
handbook
twenty-second edition

William I. Orr, WBSAI

Howard UJ. Sams 5 Co., Inc.

<2QG WEST 62ND ST. WDW/APOUS. INDIANA *6253 USA



Copyright © 1967, 1970, 197Z, 1975, 1978 and 1981 by

Howard W. Sams & Co., Inc.‘, Indianapolis, IN 46268.

TWENTY-SECOND EDITION
FIPvST PRINTING—1981

All rights reserved. No part of this book shall be repro-

duced, stored in a retrieval system, or transmitted by any

means, electronic, mechanical, photocopying, recording, or

otherwise, without written permission from the publisher.

No patent liability is assumed with respect to the use of

the information contained herein. While every precaution

has been taken in the preparation of this book, the pub-

lisher assumes no responsibility for errors or omissions.

Neither is any liability assumed for damages resulting from

the use of the information contained herein.

International Standard Book Number: 0-672-21874-7

Library of Congress Catalog Card Number: 40-33904

Edited by: Welborn Associates

Illustrated by: D. B. Clemons

Printed in the United States of America.



Preface to the 22nd Edition

The editor and staff of Radio Handbook are pleased to present the twenty-second

edition of this popular work. At the time the previous edition was published, communi-

cation services including the Amateur Radio Service were awaiting the completion of

the World Administrative Radio Conference (WARCJ ,
held in Geneva, Switzerland,

under the auspices of the International Telecommunications Union.

Happily, the Amateur Radio Service emerged from the Conference greatly strength-

ened, with little loss of spectrum space and with three new amateur hf assignments at

10, 18, and 24 MHz. In addition, the 160-meter assignment was expanded in many 2reas

of the world. Vhf and uhf assignments, the region of tomorrow’s great amateur expan-

.sion, remained relatively unscathed.

Today, amateur radio stands upon a new frontier, looking forward to major tech-

nical advances in the coming decades: spread-spectrum modulation, digital communica-

tions, and speech synthesis, to name a few. Radio Handbook has helped bring amateur

and commercial radio communication from where they were to where the)' are, and

the editor, staff and publisher look forward to the next decade of development with

anticipation. . , . , ,

The great technical advances made in the past have been reflected m the pages of

Radio Handbook And, in the future, this publication will remain m the forefront of

communication progress.
William I. Orr, W6SAI
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CHAPTER ONE

ntroduction to Amateur Radio

Communication

The field of radio is 2 division of the

much larger field of electronics. Radio Itself

is such z broad study that it is sail further

broken down into 2 number of smaller fields

of which only short-wave or high-frequency

radio is covered in this book. Specifically the

field of communication on frequencies from

3.S to 3255 MHz is taken as the subject

matter for this work.

The Urges: group of persons interested in

the subject of high-frequency communica-

tion is the more than 800.000 radio ama-

teurs located in nearly all countries of the

world. Strictly speaking, a radio cmsteur is

anyone noncommerciallr interested in radio,

but the term is ordinarily applied only to

those hobbyists possessing transmitting

equipment and 2 license to operate from their

government.

ft wzs for the radio amateur, and particu-

larly for the serious and more advanced ama-

teur, that most of the equipment described

in this book was developed. The design

principles behind the eauicmen: for high-

frequency and vhf radio communication are

of course the same whether the equipment

is to be used for commercial, military, or

amateur purposes. The principal (Hfierences

lie in construction practices, and in the tol-

erances and safety factors placed on

components.

MTrh the increasing complexity of high-

frequency and vhf communication, resulting

primarily from increased utilization of the

available spectrum, it becomes necessary to

delve more deeply into the basic principles

underlying radio communication, bom from

the standpoint of equipment design and

operation 2nd from the standpoint of signal

propagation. Thus, it will be found that this

edition of the RADIO HANDBOOK has

been devoted in greater proportion to the

teaching of the principles of equipment

design and signal propagation. Also included

are expanded and revised sections covering

solid state devices and the principles of

operation of modem equipment. The mathe-

matics chapter, in addition, has been revised

in the light of the modem pocket electronic

calculator. All of these factors, of course,

are resected in the changing picture of

amateur radio today.

]-] Amateur Radio

Amateur radio is 2 fascinating scientific

hobby with many faces. At the same rime

it is z public service zs well 2? 2 recognized

Radio Service and. 2s such, is assigned spe-

cific bands of frequencies by the Jr.ierr.c-

fior.d TekcoKJKttKicafton; Union, to which

body the United States of America is 2

signatory power.

From 2 few thousand amateurs a: the end

of M’orld Mar L amateur radio has grown

into a world wide institution of communi-

cators 2nd experimenters joined in the com-

mon interest of communication by means of

radio. So strong is the fascination offered

by this hobby that many executives, engi-

neer and military and commercial electronic

experts, as well as students and citizens not

otherwise engaged in the field of electronics

are united by the common bond of amateur

radio.

Radio amateurs have rendered much pub-

lic service, especially in the United Sates,

through funrismng emergency communica-

tions to and from the outside world in cases

where a natural disaster has isolated zn zrez

by severing all normal means of communi-

cation. Amateurs have innumerable records

of service and heroism on such occasions.

The amateurs fins record of penormaucs

u
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wiilt the "wireless” equipment of World War

1 was surpassed by hit outstanding service in

World War M
The induci ion of thousands of radio

amateurs in the Armed forces during 1 9^1 O'-

UMf and the explosion of electronic

technology during that, period created ait

expansion of amateur radio, the direct result

of which is that many of those amat eurs arc

now the leaders of our modern electronics

Uwhwtvy,V is through the comAiwung expan-

sion of amateur radio in the future that

many of tomorrow's engineers, technicians

and electronic executives will come.

The Amateur Radio Service has been

proven to he a national and international

resource of great benefit to all nations and

to mankind. In addition, of equal importance

is the effect of the service as a stimulus to

economic growth and scientific knowledge.

Radio amateurs continue to play a significant

role in the development of the state of the

radio art and are continuing to make major

contributions both to basic radio theory and

to practical applications thereof.

In recent years radio amateurs have con-

tributed to the state, of the. art in numerous

ways including the discovery in 193d of

reflection and refraction of vhf signals in

the lower atmosphere, the development and

adaptation of S$» techniques for widespread

usage, the achievement of random "moon-
bounce" communication between amateurs

and the development of the OSCAR, series

of satellites and the relatively inexpensive

equipment and technique for communicat-
ing through the satellites.

Continuing into the closing quarter of

the Twentieth Century, the status of ama-
teur radio in the communities of the world
emphasize to the beginning radio amateur
that, his hobby is the gateway to a career

**\ expanding field of electronics, if he
wishes it, and that amateur radio is indeed
an impressive introduction to one of the
most exciting fields of endeavor in ibis
century.

1-2 International Regulations

Ike domestic regulatory pattern of the

United States agrees with the international

agreements established by the International

Telecommunications Union ami to which

the United .States is a signatory power. The

frequency bands reserved for the Amateur

Radio Service are included in the ITU

frequency allocations table, as one of the

services to which frequencies are made avail-

able. In the lower-frequency amateur bands,

the international allocations provide for joint

use of the bands by several services in addi-

tion to tin: amateur service in various areas

of tlw world.

Article ) of the ITU Radio Regulations

defines the amateur service as: '71 service

of self-1reining iulercominnnicafhn, end

technical inventilations carried on by am-

lairs, IhdI is, by duly autbrked persons

interfiled in radio technique solely will) a

personal aim and without a pecuniary Met-

esl" Within this concept, the U.S. radio

regulations governing radio amateur licens-

ing and regulation are formulated.

By reciprocal treaty, the United States

now lias a number of agreements with other

countries permitting amateurs of one coun-

try to operate in the other. One the other

hand, by international agreement, notifica-

tion to the ITU may forbid international

communications with radio amateurs of

certain countries.

Tlio World In December, 1979 the

Administrate) World Administrative

Radio Conference Radio Conference of the

(WARC-791 International Telecom-

munications Union made

important changes in the international Table

of Frequency Allocations for users of the

radio spectrum. Many of these changes

affected amateur radio.

Certain small segments of the radio-

frequency spectrum between UQQ kHz.

and 210 GHz, are reserved for operation of

amateur radio stations. These segments arc

in general agreement throughout the world,

although certain portions of different ama-

teur assignments may he shared with other

services or used for other purposes in vari-

ous geographic regions. For purposes of

definition, a chart of the regions, as defined

in the Frequency Allocation Chart is repro-

duced in Chart I,

Region t includes the area limited on
the east by line A, on the west by line B,
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excluding any portion of die territory of

Iran which lies between these limits. It also

includes that part of the Territory of

Turkey and the Union of Soviet Socialist

Republics lying outside of these limits, the

territory of the Mongolian People’s Repub-

lic and the area to the north of the U.S.S.R.

which lies between lines A and C.

Region 2 includes the area limited on

the east by line E and on the west by line C.

Region 3 includes the area limited on the

east by line C and on the west by line A,

except the territories of the Mongolian

People’s Republic, Turkey, the territory of

the U.S.S.R. and the area to the north of

the U.S.S.R. It also includes that part of

the territory of Iran lying outside of those

limits.

As can be seen from the map, the Ameri-

cas including Greenland and Hawaii fall

in Region 2.

Footnotes to the allocations chart modify

it in many countries, particularly for the

fixed and mobile services in the uhf region

and many amateur bands in the hf, vhf,

and uhf region. A summary of the ama-

teur bands follows.

1-3 The Amof-eur Bands

The designated bands in the allocations

table are indicated as primary, permitted,

and secondary with regard to the assign-

ments. Primary and permitted services have

equal rights, except that, in the preparation

of frequency plans, the primary service

shall have prior choice of frequencies. The

secondary service shall not cause harmful

interference to the primary or permitted

services and cannot claim protection from

harmful interference from stations in these

services.

160 Meters In Region J the 160-

U8G0 kHi-2000 kHz) meter amateur as-

signment is complex.

The primary assignment is limited to 1810-

1850 kHz, Footnotes provide an alterna-

tive allocation of 1830-1830 kHz to the

fixed and mobile services in a number of

countries. Other countries may allocate the

amateur assignment in the bands of 1715-

1800 kHz or 1850-2000 kHz on a nonin-

CHART1

ITU WORLD FREQUENCY ALLOCATIONS
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terference basis to fixed and rootle services

of oilier countries. Final settlement of the

assignments Is subject to the condition that

existing stations In other services presently

in this hand may receive replacement

assignments.

Jn Region 2, the 150-meter band covers

j SOU—2000 kHz, The potion 3209-3839

kJfz Is a primary assignment, subject to

the limitations Imposed by the Loran A
chain of stations, which w5JJ cease operation

at the end of 1582. 'fa 3839-2999 kHz

portion of the band Is shared with fixed and

mobile services Including radiolocation.

In legion 3, the 149-meter band covers

3800-2000 kHz and is shared with hxed

and mobile services including radionaviga-

tion, subject to the requirements of Lo/an

A.

ZO Metere Jn Region 3, the

(2500 kHz-4909 kHz) 80-meter band is

restricted to 3300-

3800 kHz and in some countries Is shared

with fixed and mobile, and radiodetermi-

nation systems having a radiated mean power

of less than 30 watts.

Jn F-eglon 2 the band 3300-3730 kHz is

an exclusive amateur assignment, with the

proviso that 5300-3730 kHz Is also allo-

cated to the fixed and mobile services in

some Central and South American countries.

The band 3730-4000 kHz is allocated to

the amateur and fixed and mobile services

and also to the radiolocation service in some

South American countries. Jn addition, in

Canada and Greenland the band 3539-

4000 kHz is also allocated to the broadcast

service on a primary basis.

Jn Jkeglon 3, the band encompasses 3300-
3500 kHz on a shared basis with the fixed

and mobile services.

Jn all three ?,ezm
7009 kHz-7390 kHz) the band 7000-730

kHz it in exclusive
amateur assignment, with the exception o:
certain African countries v.here the banc
7000-7030 kHz it allocated to the Sxw
service on a primary basis. J.n Felons 3 2n<

7 7305-7300 kHz is allocated to
1-!l

;

omacc?sting service, whereas in F.ejpor

^Heated to the amateur service pro-
icing t.nis use does not impose constraints

on the broadcasting service intended for

use within ?>egions J and 3-

20 Meter: This is a new band

(1 0,100-30,120 kHz) a-'igned at T7APC-

77 to the Amateur

Jbadio Service. Occupancy of the band wfjJ

be permitted when the services presently

in this range can be moved elsewhere. Pri-

mary assignment is to the fixed service, with

secondary service assigned to the Amateur

Sendee 5n all regions.

20 Meters Jr, HI Regions the

314,909-34,259 VHzl band 34,000-14,250

it assigned to the

Amateur Service cm a primary basis. The

band 34,230-34,330 kHz 5s also assigned in

a similar fashion, with the exception that

certain countries in Regions 3 and 3 allo-

cate the band to the fixed service on a

primary baas.

37 Meter. This new, narrow
(32,952-32,153 kHz) amateur band has

been assigned on a

primary basis to the Amateur Service for

future occupancy, subject to the completion

of satisfactory transfer of all assignments

to stations in the fixed service operating in

this band, Jn the TJ.S.xR. ibis band Is also

allocated to the fixed service on a primary

basis.

35 Meters jp Z]J regions tHf
(21,999-23/59 kHz) band ?<• m

the Amateur Service

on a primary basis.

12 Meters This new, narrow
(24,220-24,55 9 kHz) amateur band nas

been assigned on a

primary basis to the Amateur Service for

future occupancy, subject to the completion

of satisfactory transfer of all assignments

to stations In the fixed service operating in

this band. Jn the 'Ao.S.?-. this band is also

allocated to the fixed and land mobile serv-

ices on a primary basis.

Jn all regions this band is

assigned to the Amateur

Service on a primary basis.

3 9 Mater:

'22-25.7 MHz)
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6 Meters In Region 1. tills Band Is

(50-54 MHz) allocated to the broadcast

service, with the exception

of certain African countries where the band

is allocated to the Amateur Service on a

primary basis. In Regions 2 and 5 the band

is allocated to the Amateur Service -with

certain restrictions imposed by various

countries for broadcasting purposes.

2 Meiers In a{J regions, the band
(144-148 MHz) 144—146 MHz is allocated

to the Amateur Service on

a primary basis, -with an additional allocation

in certain countries to the fixed and mobile

sen-ices. In Region 2, the bad 144-148

MHz is assigned to the Amateur Service on

a primary basis. In Region 5, the band 146-

148 MHz is assigned to the Amateur, fixed

and mobile services, with allocation in cer-

tain countries to the fixed and mobile serv-

ices on a primary basis.

1 Vi Meters in Region 2, the allocation

(220-225 MHzl i5 220-22 5 MHz with the

band 216-225 allocated to

the radiolocation sendee on a primary basis

until January, 1990, No amateur operation

is permitted in this band in Regions I and 3.

420-450 MHz The amateur assignment in

this band is complex. In

the United States, the band allocated by-

footnote to the Allocations Table is 420-

450 MHz on a shared basis and in Canada

430—450 MHz. In other countries the band

is divided between amateur, radiolocation,

fixed, and mobile services on a splinter basis.

In New Zealand an additional allocation of

610-420 MHz is assigned to the Amateur

Service on a secondary basis.

902-928 MHz |n Region 2, tins band is

*k> 'ivt AmtsJit

Service on a secondary- basis, shared with

radiolocation and fixed and mobile services.

The assignment also applies to industrial,

scientific, and medical applications. As of

writing, the band has not yet been author-

ized for amateur use in any countries. The

band is assigned to other services in Regions

1 and 3.

1240-1300 MHz This b2nd has z primary

assignment of radiolo-

cation 2nd radio navigation with a secon-

dary- assignment to the Amateur Radio

service. In many countries the primary

service is fixed and mobile or radionaviga-

tion, with Amateur 2s a secondary service.

2300-2450 MHz Primary service in this

band is fixed and mo-
bile, plus radiolocation. The band 2400-

2$W1 hffix is '2c& derigTcad itn investrial,

scientific and medics! services,

3300-3500 MHz The band 3300—5400

MHz is assigned to ra-

diolocation on a primary basis, with Ama-

teur as a secondary service in Regions 2 and

5. The band is footnoted by many countries

for different categories of service and is not

available to amateurs in all countries. The

band 5400-5500 MHz is assigned to the

Amateur Service on a secondary basis in

Region 2.

Additional Amateur The following bands are

Service AHceotions available on a secondary

in the uhf-shf allocation to the Ama-
Spectmm teur Service. Exact as-

signment varies from

country to country.

5650-5925 MHz (Fixed-satellite and Ra-

diolocation primary)

10.0-

10-5 GHz (Fixed, mobile, and Ra-

diolocation primary)

24.0-

24.25 GHz (Amateur Service pri-

mary in 24.0—24.05 GHz)

47.0-

47.2 GHz (Amateur Service pri-

mary)

75. 5-81.Q GHz (Amateur Service pri-

mary- in 75.5-76 GHz)
119.98-120.02 GHz (Amateur Service

secondary)

142.0-

149 GHz (Amateur Service pri-

mary in \42-d44 GHz)
241-250 GHz (Amateur Service primary

in 248-250 GHz)

A graph of the high-frequency bands for

the Amateur Service in the United States

is given in Chart 2. The 17- and 12-meter

allocations shown in Chart 2 may become

effective in the raid 1980s. The 30-meter al-

location becomes effective January 3, 1982,
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subject to adoption 0/ the necessary changes

in FCC regulations.

1-4 Charaeteristfcs

of fhe Amafewr Bands

The high-frequency amateur bands are

characterized by ionospheric propagation,

(jroundv/ave propagation, important on 3 <50

meters and to a lesser extent on 30 meters,

grov,-s progressively less important on the

higher frequency bands.

The 140-meter band is least affected by
the 11 -year tolar sunspot cycle. The mm-
mum uufble frequency (MUF) even during
years of decreased sunspot activity rarely
drops bcW 4 MHz, therefore this hand is

not subject to the violent fluctuations found
on the higher frequency band;, Tong dis-

tance contacts on this band are limited by
ionospheric absorption which is quite high

in daylight hours. At night the absorption

is often low enough to permit distant con-

tacts during the winter season.

The ?0-meter band has low ionosphere

absorption during the years of minimum

sunspot activity and long distance contacts

are posable during the winter night hours.

Daytime operation is limited, in general, to

contacts of fOO miles or less. During high

portion; of the sunspot cycle, increased

ionospheric absorption will tend to degrade

the long distance possibilities of this band.

The 40-meter band is high enough in fre-

quency to be severely affected by the 11-year

sunspot cycle. During years of minimum

activity, the MUF may drop below 7 MHz
and the band becomes erratic, hoypmz com-

pletely out during the dark hours. As the

MUF rises, the ship distance increases, espe-

cially during the winter months. During

periods of high MUF, daylight ship distance

is quite long and the band is open for long-

distance communication during the dark

hours.

The new 30-meter band is expected to re-

semble the 40-meter band in many respects.

The 20-meter hand is high enough in fre-

quency to be severely affected at the bottom

of tbc solar cycle, yet still provides good

daylight long-distance communication dur-

ing daylight hours. During the summer

month, the band is active until the late

evening hours, hut during the winter months

the band is only good during the daylight

hours.

As the sunspot count rises and the MUF
increases, the 20-meter band opens ior hnpp
hours during the winter. Maximum ship dis-

tance increases and "long-path" signal; (130

degrees opposite the Great Grcle path) 2re

useful for communication.

The band is susceptible to "fadeout"

caused by solar disturbances, and all except

local signals may completely drop out for

periods of a few hours to a day or so.

The new 17-meter band is expected to re-

semble the 20-meter band in many respect?/

The V) -meter band is useful during low

portions of the sunspot cycle, particularly

during the late fall and early spring months.

North-south communication p?-ths wjj] re-

main open even though east-west paths may
be closed. As the sunspot count and MUF
rise, the band may remain open 24 hours 2
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day, especially in equatorial areas of die

world. As in the case of 20 meters, long-

path openings to remote areas of the world

will be useful during years having high sun-

spot numbers. The new 12-meter band is

expected to resemble the 15-meter band in

many respects.

The 10-meter band supports excellent

worldwide communication during periods of

high MUF. The combination of long skip

and low ionospheric absorption make reli-

able long-distance communication with low-

power equipment possible. The great width

of the band (1700 kHz) provides room for

a large number of stations. The long skip

(1500 miles) prevents nearby amateurs from

hearing each other, thus reducing the inter-

ference level. During the summer months,

sporzdic-E (short-skip) signals up to about

1200 miles will be heard. Extremely long

daylight skip distance is common on this

band and during periods of high MUF the

band will support intercontinental commu-

nication well into the evening hours.

The 6-meter band is considered a local

band except 2t the peak period of 2 high

sunspot cycle when long distance communi-

cation is possible. Spo:adic-E propagation

also provides beyond-horizon contacts. The

proximity of the band to television channel

1 often causes interference problems to ama-

teurs and viewers. Interest in this band

wanes during periods of lesser solar activity

as contacts are normally restricted to ground-

wave communication.

The vhf bands are the least affected by

the vagaries of the sunspot cycle and the

ionosphere. Their predominant use is for

reliable communication over short distances.

Much long-distance, weak-signal operation

takes place in the three lowest vhf bands.

Experimental moonbonnce (earth-moon-

earth) transmissions, meteor scatter, spo-

radic-E, aurora reflection, and other erotic

modes of communication take place in these

bands. Satellite communication through die

use of OSCAR satellites also takes place.

Vhf £m repeaters are popular for short dis-

tance communication. The higher Thf bands

are useful for wideband tv transmission,

spread-spectrum communication, and other

interesting modes of communication.

The shf bands are largely unexplored by

radio amateurs because of the past unavail-

ability of equipment, but more and more

experimenters are investigating these fre-

quencies as radio amateurs forge ahead into

the microwave regions.

i-5 Amateur SfaNons and

Operator Licenses

Every radio transmitting station in the

United States (with the exception of certain

low-power communication devices) must
have a license from the Federal Government

before bring operated; some classes of sta-

tions must have a permit from the govern-

ment even before being constructed. And
even- operator of a licensed transmitting sta-

tion must have an operator’s license before

operating a transmitter. There are no ex-

ceptions. Similar laws 2pply in practically

every major country.

Clones of Amcieur The Amateur Radio
Operofcr Licenses Service in the United

States is in the process

of going through 2 major change in the

license structure. At the time of publication

of this Handbook, there exist six classes of

amateur operator licenses authorized by the

Federal Communications Commission. These

classes differ in many important respects, so

each will be discussed briefly.

'Novice Class—The ivovice Ckss license

is available to an}' U.S. Citizen or national

who has not previously held an amateur

license of any class issued by an 2gencv of

the U.S. Government, military or civilian.

The license is valid for a period of rive years

and is renewable.

The examination may be taken only by

mail, under the direct supervision of an

amateur holding a General Class license or

higher, or 2 commercial radiotelegraph li-

censee. The examination consists of 2 code

test at a speed of 5 words per minute, plus

a written examination on the rules and

regulations essential to beginners operation,

including sufflcieat elemental}' radio theor}

for the understanding of these rules.

Technician Class—The Technician Class

exists for the purpose of encouraging 2

greater interesr in experimentation and de-

velopment of the higher frequencies among
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experimenters and radio amateurs.

Tins Class of license Is available to any U,S.

Citizen or national. The examination is

similar to that given /or tbe General Claes

license, except that tbe code test in sending

and receiving Is at a speed 0/ J -words per

minute.

General Clast—Tbe Genera] Class license

Is tbe standard radio amateur license and Is

available to any US. Citizen or national.

Tbe license Is valid /or a period 0/ five years

and is renewable on proper application. Ap-
plicants /or tbe General Class licence must

take tbe examination before an PCC rep-

resentative (with certain exceptions) dis-

cussed tinder tbe Conditional Class license)

.

Code speed /or the Genera) Class license Is

13 words per minute.

4

Conditional Class—Tk Conditional Class

license is equivalent to tbe General Class

license in tbe privileges accorded by its use.

This license is issued to an applicant v/bo;

(!) lives more than 175 miles airline dis-

tance from the nearest point at which tbe

I-CC conducts examinations twice yearly, or

ofuner; (2) is unable to appear /or exami-
nation because of physical disability to trav-
el; (3) is unable to appear /or examination
because of military service; {A) k tempo-
rarily resident outside the United States, it?

territories, or possessions for a year or more.
1 he Conditional Class license may be taken
only by mail and is renewable.

Advanced Class—‘rk Advanced Class li-

cense » available to any US. citizen or na-
tional. I he license k valid for a pcrj0 ,j of
Jive years and is renewable on proper appli-
cation,

Amfeur Extra Class-Tk Amateur
tra Class license is the bigbest-gradc aim
license issued by tbe FCC and tbe reap
on request, may receive ^ special diph
type certificate from the District FCC
8inw-in.CW

?c. The Ikcme is valid j
period of five years mj ; 5 ftnr .,rj^

"""* 'If Prides certain op,m« '
,nv,l

'-f
• the Roles and Regufr

f
verning the Amateur Service,'„ J,. U,

States arc m a state of flu* and the
requirements and privileges for all cl
arc subject to change.

A comprehensive coverage of United
States licensing procedure for radio amateurs
and applicable rules and regulations may be

found in The Radio Amateur*s License

Manual, published by tbe American

Relay league, Newington, Conn. 05111.

The Amofeur The station license autbor-
Sw.on License

'

im fa nfa 2pp2rztus 0£

the radio amateur for 2 par-

ticular address and designates tbe official

.call sign to be used, Tbe license j.s a por-

tion of tbe combined station-operator license

normally issued to tbe radio amateur. Au-
thorization is included for portable or mobile

operation within the continental limits of

the United States, its territories or posses-

sions, on any amateur frequency authorized

to the class of license granted tbe operator,

Tbe station license must be modified on 2

permanent change in address, Tbe station

license is customarily renewed with tbe oper-

ator license,

Recfprowf Lr'cenring (USA) UnderPublic Lav/

92-31 resident
aliens who have filed a Declaration of Inten-

tion to Become A Citizen may apply for

amateur station and operator licenses, Other

special rules apply to resident aliens. Visits-

mg amateurs from certain countries may
operate their own stations using their own
calls upon receiving permission from the
TW* '

1-6 Sfarfing Your Study

V/ben you start to prepare yourself for

the amateur examination you vrilJ find that

the circuit diagrams, tube and transistor

characteristic curves, and formulas appear

confusing and difficult to understand. But

after a few study sessions one becomes suffi-

ciently familiar with the notation of the

diagrams and the basic concepts of theory

and operation so that tbe acquisition of fur-

ther knowledge becomes easier and even fas-

cinating.

Since it takes a considerable time to be-

come proficient in sending and receiving

code, it r; a good idea to intersperse techni-

cal study sessions with periods of code prac-

tice. Many fart code-practice sessions bene-

fit one more than a small number of longer

sessions, Alternating between one study and
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the otter keeps the student from getting

"stale” since each type of study serves as a

sort of respite from the other.

When you have practiced the code long

enough you will be able to follow the gist of

the slower-sending stations. Many stations

send very slowly when working other sta-

tions at great distances. Stations repeat their

calls many times when calling other stations

before contact is established, and one need

not have achieved much code proficiency to

make out their calls and thus determine

their location.

The Code The applicant for any class of

amateur operator license must be

able to receive the Continental Code (some-

times ailed the Internationa] Morse Code).

The speed required for the receiving test

may be either 5, 13, or 20 words per minute,

depending on the class of license, assuming

an average of five characters to the word in

each case. The receiving test runs for five

minutes, and one minute of errorless recep-

tion must be accomplished within the five-

minute interval.

Approximately 50% of amateur appli-

cants fail to pass the test. It should be

expected that nervousness and excitement

will, at least to some degree, temporarily

lower the applicant’s code ability. The best

insurance against this is to master the code

at a little greater than the required speed

under ordinary conditions. Then if you slow

down a little due to nervousness during a

test, the result v.-ill not prove fatal.

Memorizing There is no shortcut to code

the Code proficiency. To memorize the

alphabet entails but a few eve-

nings of diligent application, but consider-

able time is required to build up speed. The

exact time required depends on the individ-

ual’s ability and the regularity of practice.

While the speed of learning will naturally

vary greatly with different individuals, about

70 hours of practice (no practice period to

be over 50 minutes) will usually suffice to

bring a speed of about 13 wpm; 16 wpm
requires about 120 hours; 20 wpm, 175

hours.

Since code reading requires that individual

letters be recognized instantly, any memor-

izing scheme which depends on orderly

sequence, such as learning all
r
dcif letters

and all
r
'dif” letters in separate groups, is to

be discouraged. Before beginning with a code

practice set it is necessary to memorize the

whole alphabet perfectly. A good plan is to

study only two or three letters a day and

to drill with those letters until they become

part of your consciousness. Mentally trans-

late each day’s letters into their sound

equivalent wherever they are seen, on signs,

in papers, indoors and outdoors. Tackle two

additional letters in the code chan each day,

at the same time reviewing the characters

already learned.

Avoid memorizing by routine. Be able

to sound out any letter immediately with-

out so much as hesitating to think about

the letters preceding or following the one

in question. Know C, for example, apart

from the sequence ABC. Skip about among

all the characters learned, and before very

long sufficient letters will have been acquired

to enable you to spell out simple words to

yourself in
!:
dit dabs

”
This is interesting

exercise, and for that reason it is good to

memorize all the vowels first and the most

common consonants next.

Actual code practice should start only

when the entire alphabet, the numerals,

period, comma, and question mark have been

memorized so thoroughly that any one can

be sounded without the slightest hesitation.

Do not bother with other punctuation or

miscellaneous signals until later.

Sound— Each letter and figure must be

Not Sight memorized by its sound rather

than its appearance. Code is a

system of sound communication, the same

as is the spoken word. The letter A, for ex-

ample, is one short and one long sound in

combination sounding like dit deb, 2nd it

must be remembered as such, and not as

"dot dash.”

Proetice Time, patience, and regularity are

required to learn the code properly.

Do not expect to accomplish it within a few

days.
.

Don’t practice too long at one stretch; it

does more harm than good. Thiny minutes

at a rime should be the limit.

Lack of regularity in practice is the

most common cause of lack of progress.
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PERIOD (.) f *

COMMA (,) “
INTERROGATION IV **

COLON (0 «
SEMICOLON ft) «

WAIT 3ISN* (AS) »»
DDLBIZ DASH (3REA‘0 m f

ERROR SRASESISN) r rl

FRACTION BAR (/) • 1

END DF MESSAGE tAR.1

END Or TRANSMISSION (S‘0 * * *

INTERWAT. DISTRESS Sl£. 305) tn

The Continental {or Inte-natinnnl iwdtbe] Cutis is csst .far substantially all usnactamrlfc saSir

anmnunlsatiDn. DO WOT tnsniDrcs frcrr tes printer: pap; satis s t tenprap uT SX1KD, an*,

must not bs isameti visually; mam by listening as rxDlahiEC In tes tent.

Irregular practice is rerg lads hems: rim

to practice at 2! TFibe down what you

hare heard; then forget it; Co voi hor. bath

If your mind dwells even for an Instant on

a signal abort which you nave doubt, yon

will miss the nert few characters while year

attention is dirertef.

Thhe Tenons arromzac code nadges,

cassette tapes, etc., will dre you practice, by

far the best practice is to obtain a stair

enrnoanion who is also interested in learning

the cone, Then yon bare both nenorbed

the alphabet yon can mart sendbg no each

other. Practice with a hey and osbUator nr

icy .and burner generally praxes superior no

all .automatic etnbmenr. Two such set?

operated between two rooms are £ne—or
between your house and Ins will he jus: that

much better. Avoid talking to ronr namer
while practichr. If snu must nsr b'm -

oaestbn. do it in code. It makes more mner-

esrbg pracnce than connnhg yourself to

random practice -nr-p-jrl

_

Then two co-leamers nsre menorhef
me code ant are read}- no start sending to

each other for pracnce. m Is a good idea to

snust toe aid rC an emersencec tmeratnr for

me ms: practice session tr two so that nosy

will get an Idea of bow prroafly formed

characters sound.

Dufhg the fist practice pefbd the speed

should he men that subscurfhlly sd5d cory

can he made without strain. Iversr rrdnd it

this is only two or three words per menus.

In the nem period the speed should, be in-

creased slightly to 2 point where nearly mi

conscious effort. Then the student becomes

profeienr at this mew meed, another .shunt

Tntss sad* sferaatsu are ussi 1r. Knjjiajpi

itlnr tear English. They may BssBsl3Tsilly
sTirmmteTEf nt T.

rsweH 5t 'fcnw Snsm.
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increase may be made, progressing in this

manner until a speed of about 16 words

per minute is attained if the object is to pass

the amateur 13-word per minute code test.

The margin of 3 wpm is recommended to

overcome a possible excitement factor at

examination time. Then when you take the

test you don't have to worry about the

"jitters” or an "off day.”

Speed should not be increased to a new

level until the student finally makes solid

copy with ease for at least a five-minute

period at the old level How frequently in-

creases of speed can be made depends on in-

dividual ability and the amount of practice.

Each increase is apt to prove disconcerting,

but remember "you are never learning when

you are comfortable.”

A number of amateurs are sending code

practice on the air on schedule once or

twice each week; excellent practice can be

obtained after you have bought or con-

structed your receiver by taking advantage

of these sessions.

If you live in a medium-size or large city,

the chances are that there is an amateur-

radio club in your vicinity which offers

free code-practice lessons periodically.

Skill y^hen you listen to someone speaking

you do not consciously think how his

words are spelled. This is also true when you

read. In code you must train your ears to

read code just as your eyes were trained in

school to read printed matter. With enough

practice you acquire skill, and from skill,

speed. In other words, it becomes a habit,

something which can be done without con-

scious effort. Conscious effort is fatal to

speed; we can’t think rapidly enough; a

speed of 23 words a minute, which is a com-

mon one in commercial operations, means

123 characters per minute or more than two

per second, which leaves no time for con-

scious thinking.

Perfect Formation Wfien transmitting on the

of Charocfers code practice set to your

partner, concentrate on the

quality of your sending, not on your speed.

Your partner will appreciate it and he could

not copy you if you speeded up anyhow.

If you want to get a reputation as hav-

ing an excellent "fist” on the air, just re-

Diagram illustrating relative lengths of dashes

and spaces referring to the duration of a dot A
dash is exactly equal in duration to three dots;

spaces between parts of a letter equal one dot;

those between fetters, three dots; space between

words, five dots. Note that a slight increase be-

tween two parts of a letter will make it sound
like two letters.

member that speed alone won’t do the

trick. Proper execution of your letters and

spacing will make much more of an im-

pression. Fortunately
, as you get so that

you can send evenly and accurately, your

sending speed will automatically increase.

Remember to try to see how evenly you can

send, and how fast you can receive. Con-

centrate on making signals properly with

your key. Perfect formation of characters

is paramount to everything else. Make every

signal right no matter if you have to prac-

tice it hundreds or thousands of times.

Never allow yourself to vary the slightest

from perfect formation once you have

learned it

If possible, get a good operator to listen

to your sending for a short time, asking him

to criticize even the slightest imperfections.

Timing It is of the utmost importance to

maintain uniform spacing in char-

acters and combinations of characters. Lack

of uniformity at this point probably causes

beginners more trouble than any other sin-

gle factor. Every dot, every dash, and every

space must be correctly timed. In other

words, accurate timing is absolutely essen-

tial to intelligibility, and timing of the

spaces between the dots and dashes is just as

important as the lengths of the dots and

dashes themselves.

The characters are timed with the dot as

a "yardstick.” A standard dash is three rimes

as long as a dot. The spacing between parts

of the same letter is equal to one dot, the

space between letters is equal to three dots, j
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and that between words equal to five dots.

The rule for spacing between letters and

words is not strictly observed when sending

slower than about 1 0 words per minute for

the benefit of someone learning the code

and desiring receiving practice. 'When send-

ing at, say, 5 wpm., the individual letters

should be made the same as if the sending

rate were about 10 wpm., except that the

spacing between letters and words is greatly

exaggerated. The reason for this is obvious.

The letter L, for instance, wifi then sound

exactly the same at 10 wpm. as at 5 wpm.,

and when the speed is increased above J

wpm. the student will not have to become

familiar with what may seem to him like a

new sound, although it is in reality only a

faster combination of dots and dashes. At

the greater speed he will merely have to

learn the identification of the wme sound

without taking as long to do so.

Figure 4

PROPER POSITION OF THE FINGERS
FOR OPERATING A TELEGRAPH KEY

The fingers hold the V.nsb end act as z cush-
ion. The tend recti lightly on the Y<sy. The
muscles of the foreerm provide the power, the
wrist acting g; the fulcrum. The power should
net come from the fingers, but re the r from the

foreerm muscles.

Be particular!)' careful of letters like B,
Many beginners seem to have a tendency to

2 =F« «Kr tbe (fci than
that which they place between succeeding
lotv, tiro; making it mid Eke TS. Sbni-
larly, malt rare that you do nor leave
a longer apace after the fort dot in the
letter C than you do between other part;
of the tame letter: B&embt it 7,oil tooni
like 7W.

Semfrnj vr. Once you have memorized the

Recervtrjc code thoroughly you should con-

centrate on increasing your f?-

cetvtn? speed. True, if you have to practice

with another newcomer who is learning the

code with you, you will both have to do

some sending. But don’t attempt to prac-

tice endin'; just for the take of seerearing

your sending :pd.

"Then transmitting code to your partner

so that he can practice, concentrate on

the qudtiy of your sending, not on your

speed.

Because it is comparatively easy to learn

to send rapidly, especially when no particu-

lar care is given to the quality of sending,

many operators who have just received their

licenses get on the air and send mediocre

(or worse) code at 20 wpm when they can

barely receive good code at 13. Most old-

timers remember their own period of initia-

tion and are only too glad to be.patient and

considerate if you tell them that you are

a newcomer. But the surest way to incur

their scorn is to tty to impress them, with

your "lightning speed,” and then to re-

quest them to send more slowly when they

come back a: you at the same speed.

Stress your copying ability; never stress

your sending ability. It should be obvious

that if you tty to send faster than you can

receive, your ear wfil not recognize any

mistakes which your hand may make.

Urmc tfie Key Figure 4 shows the proper po-

sition of the hand, fingers and

wrist when manipulating a telegraph or

radio key. The forearm should rest naturally

on the desk. It is preferable that the hey be

placed far enough back from the edge of

the table (about 1? inches) that the elbow

can rest on the table. Otherwise, pressure of

the table edge on the arm will tend to

hinder the circulation of the blood and

weaken the ulnar nerve 2t a print where it

is close to the surface, which in turn will

tend to increase fatigue considerably.

The knob of the key is grasped lightly

with the thumb along the edge; the index

2nd third fingers rest on the top towards
the front or far edge. The hand moves with
a free up 2nd down motion, the wrist acting

as 2 fulcrum. The power must come entirely

from the arm muscles. The third and Index
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fingers will bend slightly during the sending

but not because of deliberate effort to ma-

nipulate the finger muscles. Keep your finger

muscles just tight enough to act as a cushion

for the arm motion and let the slight move-

ment of the fingers take care of itself. The

key’s spring is adjusted to the individual

wrist and should be neither too stiff nor too

loose. Use a moderately stiff tension at first

and gradually lighten it as you become more

proficient. The separation between the con-

tacts must be the proper amount for the

desired speed, being somewhat under 1/16

inch for slow speeds and slightly closer to-

gether (about 1/32 inch) for faster speeds.

Avoid extremes in either direction.

Do not allow the muscles of arm, wrist or

fingers to become tense. Send with a full,

free arm movement. Avoid like the plague

any finger motion other than the slight

cushioning effect mentioned above.

Stick to the regular bandkey for learning

code. No other key is satisfactory for this

purpose. Not until you have thoroughly

mastered both sending and receiving at the

maximum speed in which you ate interested •

should you tackle any form of automatic or

semiautomatic key such as the Vibropkx

(“bug”) or an electronic key.

Difficulties Should you experience difficulty

in increasing your code speed

after you have once memorized the charac-

ters, there is no reason to become discour-

aged. It is more difficult for some people to

learn code thaD for others, but there is no

justification for the contention sometimes

made that “some people just can’t learn the

code.” It is not a matter of intelligence, so

don’t feel ashamed if you seem to^ experience

a little more than the usual difficulty in

learning code. Your reaction time may be

a little slower or your coordination not so

good. If this is the case, remember you can

still learn the code. You may never learn to

send and receive at 40 wpm, but you

can learn sufficient speed for all noncom-

mercial purposes (and even for most com-

mercial purposes) if you have patience, and

refuse to be discouraged by tbe fact that

others seem to pick it up more rapidly.
^

'When the sending operator is sending just

a bit too fast for you (the best speed for

practice), you will occasionally miss a sig-

nal or a small group of them. When you do,

leave a blank space; do not spend time fu-

tilely trying to recall it; dismiss it, and

center attention on the next letter; other-

wise you’ll miss more. Do not ask the sender

any questions until rhe transmission is fin-

ished.

To prevent guessing and get equal prac-

tice on the less common letters, depart oc-

casionally from plain language material and

use a jumbie of letters in which the usually

less commonly used letters predominate.

As mentioned before, many students put

a greater space after the dash in the letter

B, than between other parts of the same

letter so it sounds like TS. C, F, 0, V, X, Y,

and Z often give similar trouble. Make a list

of words or arbitrary combinations in which

these letters predominate and practice them,

both sending and receiving until they no

longer give you trouble. Stop everything else

and stick to them. So long as these characters

give you trouble you are not ready for any-

thing else.

Follow the same procedure' with letters

which you may tend to confuse such as F

Two inexpensive “hobby'Mype transistors and

g 9-yolt battery, plus a handful of parts m2ke

up a code-practice oscillator. Volume and tone

are controlled by the potentiometers. Lew-im-

pedance earphones may be substituted for the

speaker, if desired.

and L, which are often confused by begin-

ners. Keep at it until you always get them

right without hiving to stop even an instant

to think about it.
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If yon do not instantly recognize tie

sound of any character, yon have^ not

learned It; go "back and practice your alpha-

bet further. You should never hare to cent

grritm®’ down every signal you hear except

when the transniisnon is too fast for you.

"Write downwhat yon hear, not what you

Think it should he. It is surprising how often

the word which you guess trill he wrong.

CspjTnc Behind AH -rood operators copy sev-

eralVoids bounds that is.

-while one -word is hang received,^they are

-writing down or typing, say the lourth or

fifth previous ford. At first tins is very

diSctdts hut alter stundent practice ii. fill

he found actually to he easier than copying

dose up. It also results in more accurate

copy and enables the receding operator to

carnalize and punctuate copy 2s he goes

dong. It is not recommended that the be-

ginner attempt to do tins until he can send

and receive accurately and with ease at a

speed of at least 12 -words a minute.

It requires 2 considerable amount of train-

ing to disassociate the action 0* the suocon-

scious mind from the direction of the

conscious mind. It mar help some in obtain-

ing this training to irate dorm two columns

of short -words. Spell the first -word in the

first column out loud while writing down

the fist word in the second column. At first

this f21 he a hit awkward, hut you fUl

rapidly gain facility with practice. Do the

same with all the words, and then reverse

columns.

Next try spealdng aloud the words in

the one cohum while writing those in the

other column: then reverse columns.

Arts: the foregoing nan be done easily.,

ut sending with your hey the words in one

column while spelling those in the other.

It wont be easy at rust, but it is well worth
heeping^after if you intend to develop any
red code pnndency. Do -no: zttenoc to

catch up._ There is a natural tendency to
ciose up the gap, and you must train your-
self to overcome this.

Next nave your code comp
: word ertner trom 2 list or

tent: no not write ft down "

setout word, write down the rest word.

Piter* :

lHSTRUCTOKSTESTaCKES CODE

This soliS-stete layer Is loeal fn: ienshTnj larn

sotis classes. Tt provides mntioir group? of

Worse letters
1
umrfcsrs, puneteatiDS inf v'cr;

aoboes zi Tandem, jr a sbuuettss v-WsTi .never

easily rsasats Itself. Code sosst Is adjustablt

front 4 tc 5C wp ta. photo sDnSesy tertis 2iso-

tro DEvises, Ins., Sc:: 4:232, WDurtair Tier, tl.

Sflocc.)

After recevmg the third word, vfu the

second word; and 30 co. Never mind how

slowly you must go, even if ft is only two

or three words per minnte. Szry bs&fcL

It will probably tab tmte a number of

practice sessions before you can do mis with

any factShy. After ft is rektrvely easy, then

try staying two words behind; beep tins up

until ft is 2257. Then my three words, four

words, and five wards. The more you prac-

tice beeping received materia! in mind, the

easier it will be to star behind. It wfH be

tonnd easier at £rst to copy material with

widen one is fairly immhar. then rradniTy

witch 10 less fr-rfor material.

-serninr A vaneu

xvaddbie to neb me would-be

ootn code practice and theory fx the N~-
ice examinanon. Other cassettesme rmfiatue

words per miumL Long-pkwngmb records

cems that spsmalite cn trnubg aids.

: hiarrn I/Iennrcal Statbm TUrSv.
oarTndb

r mauxsTiky League (plus omer wmar

messages to Horse Code on tzuous

urmt5.ee
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bands. Transmission speeds vary from J to

20 words per minute. Copying "live” code

off the air is a very effective means of in-

creasing receiving speed.

Tabfe I, Cfass D CB Frequencies

MHi Channel MH: Channel

26.965 1 27.215 21

26.975 2 27.225 22

26.905 3 27.255 23

27.005 4 27.235 24

27.015 5 27.245 25

27.025 6 27.265 26

27.035 7 27.275 27

27.055 e 27.285 28

27.065 9 27.275 2?

27.075 10 27.305 30

27,085 71 27.315 31

27.105 12 27.325 32

27.115 13 27.335 33

27.125 14 27.345 34

27.135 15 27.355 35

27.155 16 27.365 36

27.165 17 27.375 37

27.175 18 27.385 38

27.185 19 27.395 39

27.205 20 27.405 40

Once you can copy about 10 wpm you

can also get receiving practice by listening

to slow-sending stations on your receiver.

Many amateur stations send slowly partic-

ularly when working far distant stations.

When receiving conditions are particularly

poor many commercial stations also send

slowly, sometimes repeating every word.

Until you can copy around 10 wpm your

receiver isn’t much use, and either another

operator or a cassette or records is necessary

for getting receiving practice after you have

once memorized the code.

As a good key may be considered an

investment it is wise to make a well-made

key your first purchase. Regardless of what

type code-practice set you use, you will need

a key, and later on you will need one to key

your transmitter. If you get a good key to

begin with, you won’t have to buy another

one later.

The key should be rugged and have fairly

heavy contacts- Nor only will the key stand

up better, but such a key will contribute to

the "heavy” type of sending so desirable for

radio work. Morse (telegraph) operators use

a "light” style of sending and can send some-

what faster when using this light touch.

But, in radio work static and interference

are often present; and a slightly heavier dot

is desirable. If you use a husky key, you will

find yourself automatically sending in this

manner.

An example of the audio-oscillator type

of code-practice set is illustrated in Figure J.

Two inexpensive "hobby”- type transistors

are used and the unit is powered by a 5-volt

transistor radio battery. low-impedance

(4-8 ohms) earphones may be substituted

for the speaker, if desired. The oscillator may
be built up on a phenolic circuit board.

A new training aid for large code classes

in the hntructohyer (Figure 6) ,
a solid state

device which sends random groups of Morse

letters, numbers, punctuation and word

spaces in an ever-changing sequence which

never exactly repeats. Code speed is adjust-

able from 4 to JO wpm. Code groups are

of varying lengths but average fire charac-

ters per group. A rear panel switch selects

alphabet only or full aIpbanumenc code

groups. The Instructokeyer provides an in-

finite variety of code groups allowing un-

limited practice for higher proficiency.

The Personal Radio Service In 1577 the Fed-

eral Communica-

tions Commission expanded the Citizens

Band in the United States to include 40

channels extending between 26.965 MHz
and 27.410 MHz (Table 1).

In addition, the FCC established a band

between 45.82 MHz and 45.50 MHz for

low-power communication devices, such as

the popular 100 mW "walkie-talkies.” Spe-

cific channels of 45.830, 45.84J, 45.860,

45.875 and 45.850 MHz are assigned for

this service. Either amplitude or frequency

modulation can be used as long as the emis-

sions are confined within a 20-kHz channel

centered at the carrier frequency.

Addresses of FGG District Offices

Listed below are the addresses and tele-

phone numbers of the FCC district offices.

This list also -includes offices in Puerto

Rico and the District of ColumbiafWash-

ington, D.C.},
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fnstorap Distnci Office, Enginaar in

Charge, Fader- i Conmunicsiixs

Commission, 1311 E.Tudor P.d, Room 1-1

?.0. 3c>; 2355, Anchorage. Waste 33510

!3O7)Z75-7452,037)27^325I

Atlanta District Dfrbe, Engines: in Charge,

Federal Commur.icEfions Commission,

Room 440, Wassail Building, 1355 Psastfeas

Street ME, Atiarria, Georgia 35303

(454) S51-3D54/5, (4M) S'l-TBE'r-

saiSar-rs District Offics, Engineer in

Charge, Fadars! Communications

Commission, 1317 Fadars! Building, 31

Hopkins Pies, 3s Itimore, Miarrlend 21231

001) 352-2723/3, 031) 332-27Z/'-

Bssnnsnt OSes, Enginssr in Charge,

radars 1 Communiosiions Commission,

Jack Brooks Federal Bulbing ?.m, 323,

333 Wiilow Street, Beaumont, Taras 77701

Boston District Dribs, Engineer in Chsrga,

Federal Communications Commission,

1533 Customhouse, 155 Ststs Street,

Boston, Massachusetts 32133 '517) 221-3303

1517)22-3333, (517)225-5537/3’-

E uteris District Ofnca, Enginaar in Charp,
ftetael Communications CornrrTssbn,

1307 radars! Building, 111 West .Huron

Street, Burble. Haw Ycrl; 14232

(715! 3S5-4511/2 (715) 355-220--

Chicago District Dines, Engineer in Charge
Federal Ccmmunications Commission, 230
S. Dearborn St.. Boom 3315. Chicago,

I libels 53334 312} 353-3125/5, S!2)

Parte! Communications Domrnreston,
122 teton Poac. Chobnail. Ohio 45231

i'S-iJSs i- !Strict C*TTI22, 'Z.ng!H92Tb Ch-iTSE,
^ed^iE, unninunnations CDrnTribsInn.
~r‘^ pabeK r*:>=-! Bulbing, ij.3.

w^irthuUas. 13E7.XXpjmrers

Denvsr DaJnCfc Ciacs, EnginssrIn Charge
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New York District Office, Engineer in

Charge, Federal Communications

Commission, 201 Varick Street,

New York, New York 10D14 (212) 620-3437/8

(212) 620-3435 >,(212) 620-3436 1

Norfolk District Office, Engineer in Charge

Federal Communications Commission,

Military Circle, 870 N. Military Highway

Norfolk, Virginia 23502 (804) 441-8472,

(804) 451-400Q 1

Philadelphia District Office, Engineer in

Charge, Federal Communications

Commission, 11425 James A. Byrne

Federal Courthouse, 801 Market Street,

Philadelphia, Pennsylvania 19108

(215) 597-4411/2, (215) 597-4410

Pittsburgh Office, Engineer in Charge,

Federal Communications Commission,

3755 William Penn Highway, Monroeville,

Pennsylvania 15146 (412) 823-3380,

(412)823-3553'

Portland District Office, Engineer in

Charge, Federal Communications

Commission, 1782 Federal Building.

1220 S.W. Third Avenue, Portland, Oregon

97204(503) 2214114,(503)221-3097'

St Paul District Office, Engineer in

Charge, Federal Communications

Commission, 691 Federal Bldg. & U S.
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St Paul, Minnesota 55101

(6121725-7810,(612)725-7819'

San Diego Office, Engineer in Charge,

Federal Communications Commission,

7340 El Cajon Blvd, Room 406, La Mesa,

California 92041 (714) 293-6478,

(714)293-5460'

San Francisco District Office, Engineer

in Charge,, Federal Communications

Commission, 323-A Customhouse,

555 Battery Street, San Francisco,

California 94111 (415) 556-7701/2,

(415) 556-7700

'

San Juan District Office, Engineer in

Charge, Federal Communications

Commission, San Juan Field Office,

747 Federal Building. Hato Ray,

Puerto Rico. 00918 (809) 7534008,

(309)7534567

Savannah Office, Engineer in Charge,

Federal Communications Commission,

238 Post Office Building and Courthouse,

P.O. Box 8004, (125 Bull Street),

Savannah, Georgia 31412 (912) 2324321

Seattle District Office, Engineer in Charge,

Federal Communications Commission,

3256 Federal Building. 915 Second Avenue,

Seattle, Washington 98174 (208) 442-7853/4,

(206)442-7610’

Tampa Office, Engineer in Charge,

Federal Communications Commission,

ADP Building, Room 601, 1211 N.

V/estshcre Blvd., Tampa, Florida 33607

(813)228-2872,(813)228-2805'

Washington District Office, Engineer in

Charge, 6525 Belcrest Road, Room 901-B,

P.O. Box 1789, Hyattsville, Maryland 20788

1301} 436-7591, (301) 435-7590

'
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CHAPTER TWO

Direct-Current Circuits

All naturally occurring matter (exclud-

ing artificially produced radioactive sub-

stances) js made up of 92 fundamental con-

stituents called elements. These elements can

exist either in the free state such as iron,

oxygen, carbon, copper, tungsten, and alu-

minum, or in chemical unions commonly

called compounds. The smallest unit which

still retains all the original characteristics of

an element is the atom.

Combinations of atoms, or subdivisions of

compounds, result in another fundamental

unit, the molecule. The molecule is the small-

est unit of any compound. All reactive ele-

ments when in the gaseous state also exist in

the molecular form, made up of two or

more atoms. The nonreactive gaseous ele-

ments helium, neon, 2rgon, krypton, xenon,

and radon 2re the only gaseous elements

that ever exist in 2 stable monatomic st2te

at ordinary temperatures.

2-1 The Atom

An atom is an extremely small unit of

matter—there are literally billions of them

making up so small a piece of material as 2

speck of dust. To understand the basic

theory of electricity and hence of radio, we

must go further and divide the atom into

its main components, 2 positively charged

nucleus and a cloud of negatively charged

particles that surround the nucleus. These

particles, swirling around the nucleus in

elliptical orbits at an incredible rate of

speed, are called orbital electrons.

TTie Nucleus The nucleus of the atom has

been split open by applying

high energy, primarily with accelerators.

The nucleus is composed of protons and

neutron existing in an "atmosphere” of

mesons, of which there are many types. This

basic knowledge led to the release of nuclear

energy through fission and fusion processes.

Despite the knowledge that the nucleus is

complex, the picture of the planetar)’ atom is

still valid, as more than one concept is re-

quired to explain matter in its various states.

The various particles and states of matter

2re developments of nuclear force which,

taken with gravitational, electromagnetic,

and interaction forces are responsible for the

order, shape, and change in the visible world

we see and the invisible world beyond our

senses.

Or&ifol It is on the behavior of the elec-

Efectrons trons when freed from the atom,

that depends the study of electric-

ity and radio, as well as allied sciences.

The atoms of different elements differ in

respect to the charge on the positive nucleus

and in the number of electrons revolving

around this charge. They range all the way

from hydrogen, having a net charge of one

on the nucleus and one orbital electron, to

uranium with a net charge of 92 on the

nucleus and 92 orbital electrons. The number

of orbital electrons is called the atomic

number of the clement.

The electron may be considered as 5 mi-

nute negatively charged particle, having 2

2.1
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mass of 9 X lO'
2
* gram* and a charge of

— \.)3 X 10'M coulomb. Electrons 2re al-

ways Identical, regardless of the source from

which they are obtained.

Action of the prom the foregoing it must

EEecfror.t not be thought that the elec-

trons revolve in a haphazard

manner around the nucleus. Rather, the

electrons in an element having a large

atomic number 2re grouped into rings hav-

ing a definite number of electrons. The only

atoms in which these rings are completely

filled are those of the inert gases mentioned

before; all other elements have one or more

uncompleted rings of electrons. If the un-

completed ring is nearly empty, the element

is metallic m character, bring most metallic

when there is only one electron in the outer

ring, If the incomplete ring lacks only one

or two electrons, the element is usually non-

metellh. Elements with a ring about half

completed will exhibit both nonmetallic and

metallic characteristics; carbon, silicon,

germanium, and arsenic are examples. Such

elements are called semiconductors.

In metallic elements these outer ring elec-

trons are rather loosely held. Consequently,

there is a continuous helter-skelter move-
ment of these electrons and a continual

shifting from one atom to another, The
electrons which move about in a substance

are called free electrons, and it is the ability

of these electrons to drift from atom to

TABU 1.

PREFIXES TO ELECTRICAL DIMENSIONS

atom which makes possible the eleclrk cur-

rent.

Ccndcfclorr, Sendeetsdt/eterr, If the free dec-

end Intvlfffurr trcms are num-

erowand loosely

held, the element is a good conductor. On the

other hand, if there are few free electrons

(as is the case when the electrons in an outer

ring are tightly held), the element is a poor

conductor- If there are virtually no free

electrons, the element is 2 good mvMor.
Materials having few free electrons are

classed as semiconductors and exhibit con-

ductivity approximately midway between

that of good conductors and good insulators,

2-2 Fundamental Ifecfrrcal

Umfs and Relationships

Basic Electrical Electrical dimensions,

Dimeniicwr, Umfc, units, and .qualities are

end Symbek expressed 2s letters, com-

binations of letters, and

other characters that may be used in place

of the proper names for these characteristics.

In addition, various prefixes are added to the

symbols to indicate multiples or submulti-

ples of units (Table 1).

The international system of fundamental

units which covers mechanics, electricity,

and magnetism is designated the Rational

VjKS (meter-kilogram-second) System,

In this system, length is measured in

rur/m, mass in hlv?/sinn, and time in ser-

ous, A summary of important dimensions

is given in Table 2.

The MKS System is a subsystem of the

International System of Units (I960). To
unite the mechanical system with electricity

and magnetism, the coulomb is taken 2S a

fourth fundamental unit.

Fcmdsmenfcl -nd Electrical measurements
Secondary Unite expressed in the !•£<$

System are traceable to

the National Bureau of Standards in the

United States. Aside from the meter, kilo-

gram, and second, the major electrical unit

is the coulomb (Q), 2 unit of charge (6.2?

X 10
3x

electron charges). The coulomb is

defined a; an ampere-second, or that steady
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TABLE 2

FUNDAMENTAL DIMENSIONS

DIMENSION EQUIVALENT

Meier 3-281 feel-one foof=0J0<8 meter

Kilometer 1000 melers=0.6214 riefute miles

Centimeler 10‘J me!er=0.3937 inch

Meier 10
!:
angstrom unih (A)

Kilogram 1000 grams=2*205 pounds

Grom 3-527 x 10*: ounces

Coulomb I empere flowing for 1 second

current Herring through 2 solution of silver

nitrate, which will deposit silver at the rate

of 1.118 X 10*5 kilograms per second.

Secondary, or derived units, are based on
the above listed fundamental units. The
r2te of current flow is the ampere (I), whose
dimensions are in coulombs per second. The
unit of energy or work is the joule (/)
whose dimensions are volts X coulombs. The
unit of power is the watt (W), whose di-

mensions are joules per second. The electrical

pressure that moves a coulomb of charge
past a measuring point is the volt (£ or V),

dimensions are joules per coulomb,
he unit of opposition to current flow is

1

f whose dimensions are volts
per ampere. Two units express charge storage
m

.

a c™- The first is the farad (F), a
unit of capacitance whose dimensions are
C0U om ‘5s Pef

volt. The second is the henry

(//), a unit of inductance whose dimensions
are volts per ampere-second. These and other
electrical units are summarized in Table 3.
Other complex quantities may be built up
from these units.

The Electronic An electrified particle is
Force

specified by its mass at rest

and by the magnitude and
sign of the electric charge. In addition to

the electron charge mentioned earlier, the
charge of a proton is equal, but of opposite

sign.

Associated with each electric charge is a

force field which tends to impart motion to

other charges in the field. The field surround-

ing a particle is represented by lines of force

that originate 2t the center of the charge and
radiate outward in all directions. The force

of attraction or repulsion between two elec-

tric charges is proportional to the product of

the charge magnitudes and inversely propor-

tional to the distance between them and to

the characteristic of the medium, described

25 the permittivity:

r _ Qi X Q2

4re/2

where,

F equals the force in Newtons,

Q equals the numerical value of charge in

Coulombs,

r equals 3.14,

TABLE 3. ELECTRICAL UNITS

CHARACTERISTIC SYMBOL UNIT DESCRIPTION

j

_ Chois* Q or q coulomb 6.28 x ID" electric charges
j

Vollsg* E cr e

V or y

Veil inmigiHf
Current 1 cr i Aw"' Ei§i|S
Resistance R cr r Ohm

Conductance G or g mho reciprocal cf resistance

Energy J Joule quenfity of weri:

fvolls x coulombs)

Power V/ V/ctt unit of power

(foules per secondj

Fcrod unit of charge storage

(coulombs per volt]

Henry
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e equals permittivity in Farads per meter,

) equals the distance between charges in

meters.

In the case of charges in a vacuum, the

permittivity is 8.S 5 X 10
'32

. Permittivity is

also termed dielectric constant.

A representation of a two-dimensional

electric held about isolated electric charges is

shown in figure 1 .

The electric potential difference between

two points in an electrostatic held is equal

to the work done in transferring a unit of

positive charge from one point to the other.

The potential or voltage of a point may be

expressed as the ratio of the energy of trans-

fer to the charge. Maximum work is done on

a charge that moves along the lines of elec-

tric force, whereas no work is done on a

charge that moves perpendicular to lines of

electric force. The potential difference be-

tween two points in the MKS system has the

dimension of joules per coulomb, and is

termed the volt.

THE ELECTRIC FIELD

Line of force about electric charges, a negs-
tive sign indicates en excess of negative
charges End a positive sign indicates a

deficiency of negative charges.

Electromotive Force: The free electrons * ,

Potential Difference conductor more con

_

stantlv about and chang
tiiar position in a haphazard manner. To pro
duce a drift of electrons, or electric current
along a wire it is necessary that there be •

dmerence in "pressure” or potential betwee:
the ends of the wire. This botcnficl dif-

F^ced bT connecting
;aura o, tkclned totmlid to the ends o

the wire.

-'u -.ill be explained tier, there itma
e*iCC

?
,as

,

at negative terminal o:
2 ^ 2 deficiency of electrons at th
1 3-.tive lemunal, due to chemical action

When the battery is connected to the wire,

the deficient atoms at the positive terminal

attract free electrons from the wire in order

for the positive terminal to become neutral.

The attracting of electrons continues through

the wire, and finally the excess electrons at

the negative terminal of the battery are at-

tracted by the positively charged atoms at

the end of the wire. Other sources of elec-

trical potential (in addition to 2 battery) are:

an electrical generator (dynamo), 2 thermo-

couple, an electrostatic generator, 2 photo-

electric cell, and a crystal or piezoelectric

generator.

Thus it is seen that a potential difference

is the result of a difference in the number of

electrons between the two (or more) points

in question. The force or pressure due to a

potential difference is termed the electromo-

tive force, usually abbreviated e.m.f. It is ex-

pressed in volts.

It should be noted that for there to be 2

potential difference between two bodies or

points it is not necessary that one have a

positive charge and the other 2 negative

charge. If two bodies each have a negative

charge, but one more negative than the

other, the one with the lesser negative

charge will act as though it were positively

charged with respect to the other body. It

is the algebraic potential difference that

determines the force with which electrons

are attracted or repulsed, the potential of the

earth being taken as the zero reference point.

The Electric The electric current through 2

Current conductor is the time rate at

which negative charges (elec-

trons) flow through it. The flow may be in-

duced by the application of an electromotive

torce. This flow, or drift, is in addition to

the irregular movements of the electrons.

However, it must not be thought that each

free electron travels from one end of the cir-

cuit to the other. On the contrary, each free

electron travels only 2 short distance bercre

colliding with an atom; this collision gener-

ally knocks off one or more electrons from
the atom, which in turn move a short dis-

tance 2nd collide with other 2toms, knocking

off other electrons. Thus, in the general drift

01 electrons along a wire carrying an electric

current, e2ch electron travels only z short

distance and the excess of electrons 2: one
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end 2nd she ddidszcy zz die other see bal-

anced by zhs source of zhs a*n.f. 'SThen this

source is removed the state of normalcy re-

turn?; there is still the rapid interchange or

ires electrons between atoms, bat there is no

general trend or “ns: movement*
7
in either

one direction or the other—in other votes,

no current Sows.

In electronics, the terms "electron Sow"'

and “current” are synonymous and the cur-

rent fiosr in a conductor is the electron drift

irons the negative terminal of the source

voltage, through the conductor to the posi-

tive terminal of die source.

The number of free electrons in a con-

ductor is a function of temperature so that

the electrical properties of conductors are a

function of temperature. In general, the re-

sistivity to the £o“ of current in a con-

ductor increases “irh temperature.

Conductors include those materials that

have a large number of free electrons. Jfost

mstzh (those elements srhich hare only one

or two electrons in their outer ring) are good

conductors. Silver, copper, and aluminum, in

that order, are the best of the common met-

als used as conductors at normal tempera-

tures, having the greatest conductivity, or

iovesr resistance, to the flov of a electric

current (Table 4).

|
TABLE 4. TABLE OF RESISTIVITY

j

H=!»rid

Ek-i'y'?/- F-

Cr-Tj p*r

Gttt'it

Hi!-?::!

7e-s. C«*“ «!

ftiiiissrj p*r e
C-

c) 2S1 C.
j

A!yrfes-t 1? CXCJ5

t-SSS •G 0K3 !: CXC7
1

Cc£-wr. G ore;-;

g-.-ot;-.- 1£ exo !

Ce^osr 1IU 0r<*29

Iren S? 0XC5 :

Sih-r 9X OXM
j

Zb-n 34 01/zs
Nx&es* <£53 0x032
Ccrs'rfsn 2?5 0X0X1

Sri.? 5*3 OXCCC-1

H.y«! 213 CXC19

Residence Ke-iifcr.ee is ihzz property of an

electrical circuit which derer-

mines for a given current the rate ac which

electric energy is converted into heat or ra-

diant energy. Generally speaking, resistance

is an opposition to current Sow fo 2 mate-

rial, and is one of its physical properties.

The unit of resistance Is the ob/p (*}).

Even' substance has a specific reiitfsr.ee; usu-

f

Figure 2

TYPICAL RESISTORS

Shewn Jtivf are nrisus types ef ftsistrs us ti in elettrtrfe cine;

larger units are p:wsr resistrs. Or. the left is s wriztJ* c:wtr resrit:'

crecisijn-type rssirtJ.i are shewn Jr ift? renter with tw; s—an c:t;

reststsrs tsr.ez'h them. A! the right is 2 n.Tn^iticn-typt tsisntcris.e

fsr 2Ci<: cirruxtry.
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ally expressed -as ob«; f>rr mil-foot, which

is determined "by the materials molecular

structure and temperature. A mil-foot is a

piece of material one circular mil in area

and one foot long. Another measure of re-

sistivity frequently -used 5s expressed in the

units microhm per centimeter cube. The

resistance of a uniform length of a given

substance is directlyproportional to its length

and specific resistance, and inversely propor-

tional to its cross-section?! are?.. A wire with

a Certain resistance for ?. given length will

have twice as much resistance if the length

of the wire is doubled. Tor a given length,

doubling the cross-sectional area of the wire

will helve the resistance, whole doubling the

diameter will reduce the resistance to one

fourth, This is true since the cross-sectional

area of a wire varies as the square of the

diameter. The relationship between the re-

sistance and the linear dimensions of ?. con-

ductor may he expressed by the following

equation 3

where,

P equals resistance in ohms,

r cq uals resistivity in ohm: per mtLfoof,

l equals length of conductor in feet,

A equals cross-sectional area in circular

mils.

Tor convenience, two larger units the
I’Jlohm {W ohms) and the me vohm (20

p

ohms) are often used.

The •resistance also depends on tempera-

ture, rising with an increase in temperature

'or most substances (including most mewls),
due to increased electron acceleration result-

ing in a greater number of impacts between
electrons and atoms. However, in the case

of some substances such as carbon and glass

the temperature coefficient is negative and
the resistance decreases as the temperature
increases-

iTCutaon the molecular structure of many
materials such as glass, ceramic,

and mica all electrons are tightly held within
Ueir orbits and there are comparatively few
J ree electrons. This type of material -will con-
duct an elect-ic current only with great dim-
cuhy and it termed an rmnislor, fa insulator

to have high electrical resistance.

An insulator Is classified as £ material hav-

ing a reasirvlty of .greater than 1 fT ohms per

centimeter. A wcricooductor Is cWlfied -as

having 2 resistivity from 1 ir* ohms to 1 'A

ohms per centimeter.A conductor Is classified

ass having ?. resistivity of less than 1 IT* ribas

per centimeter.

An important property of an insulator 5s

its power loss, or the ratio of the energy

dissipated in the insulator to the energy

stored. This ratio is termed the dtaSpefiW

factor. The better insulators have .a very low

dissipation factor over a very wide frequency

range. T-f measurement of the dissipation

factor provides a guide 2s to the excellence

of an insulator; some materials that are 2

satisfactory insulator forlow frequenciesmay

have .a high dissipation factor at higher fre-

quencies and are relatively worthiest as an

insulator.

Stcondcry Thine veils are the rob, xhc

Elected Unift empire, rnd the obw. They

were mentioned in the pre-

ceding paragraphs, but were not completely

defined in terms of fixed, hnowr quantifies.

The fundamental rsrit of current, or rtU

of few of -electricity 5; the ampere. A cur-

rent of one ampere will deposit silver from

a. specified solution of silver nitrate at a

rate of M2 1 milligrams per second.

The international standard for the ohm is

the resistance offered by a uniform column

of mercury at 0* C, l-4-ri;21 grams in mast,

of constant cross-sectional area, and

centimeters in length.

A volt is /be e,rn,j, that will produce a

current of on? cmjiere through £ rwJezrf

of one ohm. The standard of electromotive

force is the Merton cell which at Vj
j

C.

has a potential of 1.0123 'volts across its

terminals. This -ctJ} is -used only for reference

purposes in a bridge circuit, since only an

infinitesimal amount of current may be

drawn from it without disturbing its char-

acteristics.

Cftrr'j Lr* The relationship between the

electromotive force (voltage),

the fbw of current famoeres), and the re-

sistance w.nlch impedes the Sow of current

(ohms), is very clearly expressed In a simple

but highly valuable law inown as C'bnfV



DIRECT-CURRENT CIRCUITS
2.7

Uti'. This law states that the current in m-
peres is eqrnl to the voltage in volts divide!
by the resistance in ohms. Expressed as an
equation:

If the voltage (E) and resistance (R)
are known, the current (I) can be readily

found. If the voltage and current are

known, and the resistance is unknown, the

resistance (R) j, equal to y /Wien the

voltage is the unknown quantity, it can be
found by multiplying I X R. These three

equations are all secured from the original

by ample transposition. The expressions are
here repeated for quick reference:

Application «f

Ohm's Lew
AI! electrical circuits fall into

one of three classes: series

circuits, parallel circuits, and
series-parallel circuits. A series circuit is

one in which the current Rows in a sincle
continuous path and is of the same value at
every point in the circuit (figure 3). in a

Figure 3

SIMPLE SERIES CIRCUITS

At (A) the battery is In series with a single re-
sistor. At (B) the battery is in series with two
resistors, the resistors themselves being in se-
nes. The arrows indicate the direction of elec-

tron flow.

i=
-f-

R-j- E = 1R

where,

f IS the current in amperes,
ft is the resistance in ohms,
n electromotive force in volts.

Taken in a broader sense, Ohm’s Law ex-
presses a ratio of voltage to current when

e

^fu,t resistance is known. This con-
cept is important in transmission-line studies
ana antenna work.

uctence
Instead of speaking of the re-

,
sistance of a circuit, the con-

uc once may be referred to as a measure
0 1 e ease of current flow. Conductance is

the reciprocal of resistance ~~ and is meas-

J^ed in mhos (ohms spelled backwards) and
15

yL
,^natc

^
ky c^ e letter G,

e relation between resistance and con-
ductance is:

G -J,R=l-orl = £C

n electronics work, a small unit of con-
uctance, which is equal to one-millionth
* mho, frequently is used. It is called

a ntermbo.

parallel circuit there are two or more cur-

rent paths between two points in the circuit,

as shown in figure 4. Here the current di-

vides at A, part going through R. and part

through R: , and combines at B to return

Figure 4

SIMPLE PARALLEL
CIRCUIT

The fwo resistors R, and R, are said to be in

parallel since the flow of current is offered

two parallel paths. An electron leaving paint
A will pass either through R, or R,, but not

through both, to reach the positive terminal
of the battery. If 2 large number of electrons

arc considered, the greater number will pass
through whichever of the two resistors has

the lower resistance.

to the batter}’. Figure f shows 2 series-

parallel circuit. There are two paths between

RRure

5

I.

SERIES-PARALLEL I J T*
CIRCUIT P%J_i

In this tvee of circuit the resistors zte arranged

in series' groups, and these groups are then
placed in parallel,

points A and B as in the parallel circuit, and

in addition there are two resistances in series

in each branch of the parallel combination.

Two other examples of serles-parallel ar-

rangements appear in figure 6. The way in

which the current splits to flow through

ft]
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the oar/ilej branches is shown by the arrows.

some resistance: the batteries or generator,

the connecting connectors, no the appa-

ratus itself. Thus, if each pen lias some re-

sistance. no natterhow Tizfe. no a current

is fleeing through it, there wTi he a volt-

age crop across it. In other words, there wfli

he £ potential difference between the two

ends of the circuit element in question. This

iron in voltage is eruai to the orodurt tf

the current ant the resistance hence it is

CaTlei theR /rep.

Enfrnel The source of voltage has an h?-

T.esisircnss fate! resistance, ant when con-

nected into a circuit so that

current flows, there wT] be an R crop

in the source just as in ever,- other part

of the circuit. Thus, if the terminal Toltsge

of the source could he measurer in a way

that would cause no current to now, -it

would he fount to he more than the voltage

measure! -when a current flows by the

amount of the R drop in the source. The

voltage measure! with no current flowing

is terms! the -no loci voltage,; that measure!

vita current flowing is the hnc voltage.

It as apparent that s voltage source having

a low internal resistance is most desirable.

T.tscVoitcsr ibe -current hewing in a series

ns aeriei

^
circuit is equal to the voltage

impressed Siring! hr the ivicl

resistance across which the voltage i? im-
pressei Since the same current hows through
sVe7 P”1 oi toe mrenir. it is only necessary

10 .and all the individual resistances to obtain

tStW^T
be the resista

number of r;

tne resistances happened to be
(.•lie. mg totai resistance wo* 1 !***

tree or one miihiipiie! bv the

Z— 19 volts
T— I?

-1 amoere
Jti — J?u ohms jX>D

Ll

x,— ID voits

T-=
1?

Tv. rr I H ohm; IP
..=ds=

of LI ampere; is flowing through the >ror-

inctor from the battery to JL, and again

from 3 through the conductor to the bur-”

tent Since this is more current than flows

through the smaller resistor ft is evident

that the resistance of the parthe! combins-

titc must be less than 13 ohms, the re-

distance of the smaller resistor.. This value

can be round by applying Ohm’s law:

j

r: = I J voitr. II)

T-r= J.p? snmJ
J= j.i amperes i.j

The resistance of the par/SeS combination

it 5-35 tome.

The foTowlng is a simple formula for

finding the effective resistance of two re-

sistors connects! in partTel.

X Ti
c> — -

where,

/hr eonahruthnownreaitance.

T- eouals resistance of the first resistor-

If the eteefbe vpie repuinc is hnowm

resistor m parcel with one or imow- tsuos.

a transposition -tf the above formula, ru
simplify £h£ problem of obtrmbg trie

inown ''•aloe:

T-rr
p>.
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Tie resultant value of placing a number

of unlike resistors in parallel is equal to the

reciprocal of the sum of the reciprocals of

the various resistors. This can be expressed

as:

The effective value of placing any num-

ber of unlike resistors in parallel can be

determined from the above formula. How-

ever, it is commonly used only when there

are three or more resistors under considera-

tion, since the simplified formula given

before is more convenient when only two

resistors are being used.

From the above, it also follows that when

two or more resistors of the same value are

placed in parallel, the effective resistance of

the paralleled resistors is equal to the value

of one of the resistors divided by the num-

ber of resistors in parallel.

The effective value of resistance of two

or more resistors connected in parallel is

always less than the value of the lowest re-

sistance in the combination. It is well to

War this ssrople rule in mind, as it -will assist

greatly in approximating the value of paral-

leled resistors.

Resistors in To find the total resistance of

Series-Parallel several resistors connected in

series-parallel, it is usually

easiest to apply either the formula for series

resistors or the parallel resistor formula first,

in order to reduce the original arrangement

to a simpler one. For instance, in figure J

the series resistors should be added in each

branch, then there will be but two resistors

in parallel to be calculated. In figure 6A the

paralleled resistors should be reduced to the

equivalent series value, and then the series

resistance value can be added.

.Resistance in series-parallel can be solved

by combining the series and parallel formu-

las into one similar to the following (refer

to figure 6B)

:

ff, + R.
+ R! t R<

2.9

OTHER COMMON SERIES-PARALLEL

CIRCUITS

Voltage Dividers A voltage divider is a series

of resistors across a source of

voltage from which various lesser values of

voltage may be obtained by connections to

various points along the resistors.

A voltage divider serves a most useful

purpose in electronic equipment because it

offers a simple means of obtaining voltages

of different values from a common power

sunply source. It may also be used to obtain

very low voltages of the order of .01 to .001

volt with a high degree of accuracy, even

though a means of measuring such voltages

is lacking, since with a given current the

voltage across a resistor in a voltage divider

is proportions ) to the resistance value. If the

source voltage is accurately known, and the

resistance can be measured, the voltage at

any point along a resistor string is known,

provided no current is drawn from the tap-

on point unless this current is taken into

consideration.

VeHoge Divider Proper design of a voltage

Coleulotions divider for any type of elec-

tronic equipment is a rela-

tively simple matter. The first consideration

is the amount of "bleeder” current to be

drawn. In addition, it is also necessary that

the desired voltage and the exact current at

each tap on the voltage divider be known.

Figure 7 illustrates the flow of current

in a simple voltage-divider and load circuit.

The light arrows indicate the flow of bleeder

current, while the heavy arrows indicate the

flow of the load current. The design of a

combined bleeder resistor and voltage dr-
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- SIMPLE VOLTAGE-DIVIDER

CIRCUIT

The arrows indicate the manner in which the

current flow divides between the voltage divider

itself and the external load circuit.

vider, such as is commonly used in radio

equipment, is illustrated in the following

example:

A power supply delivers 300 volts and is

conservatively rated to supply all needed cur-

rent and still allow a bleeder current of 10

milliamperes. The following voltages are

wanted: 75 volts at 2 milliamperes, 100 volts

at 5 milliamperes, and 250 volts at 20 mil-

liamperes. The required voltage drop across

Ri is 75 volts, across R2 25 volts, across Rs

150 volts, and across R 4 it is 50 volts. These

values are shown in the diagram of figure 8.

The respective current values are also indi-

cated. Apply Ohm’s law:

„ £ 75
ft i
—

~Y — qj
— 7500 ohms

MORE COMPLEX VOLTAGE DIVIDER

ILLUSTRATING KIRCHHOFF’S LAW

The method for computing the values of the

resistors is discussed in the text.

KirchhoFf's Lows Ohm’s law is all that is

necessary to calculate the

values in simple circuits, such as the pre-

ceding examples; but in more complex prob-

lems, involving several loops, or more than

one voltage in the same closed circuit, the

use of Kirchhofs laws will greatly simplify

the calculations. These laws are merely rules

for applying Ohm’s law.

Kirchhoff’s first law is concerned with net

current to a point in a circuit and states

that:

„ E 25
= 2083 ohms

n R 150^ ~
~Y
—

~oi 7
~ ~ °hms

„ £ 50
A-i — -y _ =: 1-3n ohms

ftTotal = 7500 -j- 2083 + 8823 -j-

1351 = 19,757 ohms

A 20,000 ohm resistor with three adji
able taps may be used, the wattage be
equal^ to that maximum value required
any single resistor in the string. If four s
arate resistors are chosen, their "naiad
values would be: R„ 7500 ohms; R,, 2C
ohms; R* 8800 ohms and R J? MOO* ohi
1 he power dissipated in each resistor is ;

proxunately 0.15 watt, 0.3 watt, 2.6 w2
and 1.9 watts, respectively, as discussed i
ttmowing section.

At any point in a circuit the current

flowing toward the point is equal to

the current flowing away from the

point.

Stated in another way: if currents flowing to

the point are considered positive, and those

Sowing from the point are considered nega-

tive, the sum of all currents flowing toward

and away from the point — taking signs

into account— is equal to zero. Such a sum

is known as an algebraic sum; such that the

law can be stated thus: The algebraic sum

of all currents entering and leaving a point

is zero.

Figure 9 illustrates this first law. If

the effective resistance of the network of

resistors is 5 ohms, then 4 amperes flow to-

ward point A, and 2 amperes flow away

through the two 5-ohm resistors in series.

The remaining 2 amperes flow away through
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I

=iii£i

Figure S

ILLUSTRATING KRChOFFS
FIRST LAW

The current flowing toward point "A" is equal
to the current flowing sway from point “A,"

the 10-ohm resistor. Thus, there are 4 am-
peres flowing to point A and 4 amperes flow-

ing awap from the point. If R7 is the effec-

tive resistance of the network (5 ohms),

K.l = 10 ohms, il2 — 5 ohms, = 5

ohms, and £ = 20 volts, the following

equation can be set up:

zero. One equation for each unknown to be

determined is required. Then the equations

are solved for the unknown currents in the

general manner indicated in figure 10. If the

answer comes out positive, the direction of

current flow originally assumed was correct.

If the answer comes out negative, the cur-

rent flow is in the opposite direction to the

arrow which was drawn originally. This is

illustrated in the example of figure 10, where

the direction of flow of li is opposite to the

direction assumed in the sketch.

t. i£T VER.TA6E 0=CP5 ARSukS E/CH UX= EQUAL To ZE»0.

I?z
(cws)+2 (t‘ -I*J+3*° (wrux?)

-6 + 2(ll~IlK3tj*0 (secCK3L2W*)

E E £

Rt Ri K2 d-£3

n_ 20 20

5 10 5 7- 5

“

4 — 2 — 2 = 0

2. siuRLifr

2JI+2JI-2I3 +3*0

3. EQUATE

£!i+3, 2IH-6
2 ' 5

2Ia-2Jj+3J2-6*0

5l2-2I>-6*0

Kirchhoffs second law is concerned with

net voltage drop around a closed loop in a

circuit and states that;

In any closed path or loop in a circuit

the sum of the IR drops must equal

the sum of the applied e.m.f.’s.

The second law also may be conveniently

stated in terms of an algebraic sum as: The

algebraic sum of all voltage drops around a

closed path or loop in a circuit is zero. The

applied e.m.f.’s (voltages) are considered

positive, while JR drops taken in the direc-

tion of current flow (including the interna!

drop of the sources of voltage) are consid-

ered negative.

Figure 10 shows an example of the appli-

cation of Kirchhoff’s laws to a comparative-

ly simple circuit consisting of three resistors

and two batteries. Firsr, an arbitrary direc-

tion of current flow in each closed loop of

the circuit is assumed, drawing an arrow to

indicate the assumed direction of current

flow. Then the sum of all IR drops plus bat-

tery drops around each loop are equated to

4. siuplift

2011 + 15* 4II-M2
ll*-£ AuR£«

5. FE-SUSSMTUTE

'-£+3 2t ,— =— * it

Figure 10

ILLUSTRATING KIRCHOFF’S

SECOND UW
The voltage drap around any closed loop «n a

network is equal to zero.

Power in In order to cause electrons

Resistive Circuits to flow through a conduc-

tor, constituting a current

flow, it is necessary to apply an electromotive

force (voltage) across the circuit. Less pow-

er is expended in creating a small current

flow through a given resistance than in

creating a large one; so it is necessary to

have a unit of power as a reference.

The unit of electrical power is the watt,

which is the race of energy consumption

when an e.mi. of 1 volt forces a current

of 1 ampere through a circuit. The power

in a resistive circuit is equal to the product
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of rhe voltage applied across, and the cur-

rent flowing in, a given circuit. Hence: P

(watts) = £ (volts) X J (amperes).

Since it is often convenient to express

power in terms of the resistance of the cir-

cuit and the current flowing through it,

a substitution of IR for £ (E — JR) in the

above formula gives: P = JR X I or ? —
PR. In terms of volrage and resistance, P

= E- P\. Here, J = E/R and when this is

substituted for J the original formula be-

comes Pr Ex E/R, or P = E2
'ft To

repeat these three expressions:

P = EJ,P = PP,, and P= £2 /R

where,

P equals power in watts,

£ equals electromotive force in volts,

J equals current in amperes.

To apply the above equations to a typical

problem: The voltage drop across a resistor

in a power amplifier stage is 50 volts; the

current flowing through the resistor is 150

milliamperes. The number of watts the re-

sistor will be required to dissipate is found
from the formula: ? = £J, or 50 X -150 =
7.5 watts (.150 ampere is equal to 150 mil-

liamperes). From the foregoing it is seen

that a /.5-watt resistor will safely carry the

required current, yet a 10- or 20-watt re-

sistor would ordinarily be used to provide a

safety' factor.

Efficiency The efficiency of any device is the
end Energy r2 tio of the usable power output

to the power input. For electrical

devices, the equation is:

E =
Pla

where,

E equals eSciency expressed as 2 decimal,
P„ equals power output in watts,

P

i

n equals power input in watts.

Electrical energy is work and mav be ex-
pressed in wet t-hours (Vn);

/ = PT

whei

/ equals energy in watt-hours,
P equals power in wans,
T equals time in hours.

h adasm, easjy is isndly amend i

Mmclt-krm (KTj).

Power, Energy It is important to remember

and Work that power (expressed 5n

watts, horsepower, etc.), rep-

resents the rate of energy consumption or

the rale of doing work. But when we pay

'm
|

Figure 11

-I

RL

|

MATCHING OF
-I 1 RESISTANCES

To deliver the greeted emsunt M cower ts the

lo2d, the JdesJ resistsnee R
L,
shsyld be eque! to

the internal resistance of the battery P...

our electric bill to the power company we

have purchased 2 specific amount of energy

or work expressed in the common units of

kilowatt-hours. Thus rate of energy* con-

sumption (watts or kilowatts) multiplied

by time (seconds, minutes, or hours) give;

us total energy or work. Other units of

energy' are the W2tt-sscond, Bru, calorie, erg,

and joule.

Heating Effect Heat is generated when 2

source of voltage causes 2

current to flow through a resistor (or, for

that matter, through any conductor). As

explained earlier, this is due to the fact

that heat is given or? when free electrons

collide with the atoms of the material More

heat is generated in high-resistance materials

than in those of low resistance, since the

free electrons must strike the atoms harder

to knock or? other electrons. As the heating

effect 15 a function of the current flowing

and the resistance of the circuit, the power

expended in heat is given by the formula:

? = PR.

Lethcl Electric *j7hile the examples given in

Current: the preceding P2ges have been

concerned with relatively low

voltages, certain electronic equipments con-

tain extremely high voltages which 2re a

deadly hazard. The human body is very

sensitive to electric currents and apprecia-

tion or the dangerous effects of electric shock

is necessary to maintain eternal vigilance in

matters pertaining to electrical safety.

Alternating current, in particular, ;s es-

pecially dangerous, since a current of only
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a few milliamperes Sowing through the body

will C2uss muscular contraction, resulting in

the inability of the victim to release his

grasp on a live conductor. The maximum
current at which a person is still capable of

releasing a conductor by using muscles af-

fected by the current is termed the let-go

current

.

Currents only slightly in excess of

this value may '‘freeze” the victim to the

circuit with lethal effects. The average let-

go current, found by experiment at the Uni-

versity of California in carefully controlled

tests, was approximately 16 milliamperes for

men and I0.J milliamperes for women. Safe

let-go currents for men and women are con-

sidered to be 9 and 6 milliamperes, respec-

tively.

A severe electrical shock can produce ven-

tricular fibrillation, or heart spasm, in a hu-

man which can bring death within minutes.

Resuscitation techniques must be applied

immediately if the victim is to be saved.

The accepted treatment consists of prompt

rescue and immediate and continuous appli-

cation of artificial respiration, preferably

the mouth-to-mouth method.

Figure 12

TYPICAL FIXED CAPACITORS

The two large units are high-value filter wpae-

iters. Shawn beneath these are various types of

bypass capacitors for r-f snd audio applications.

If the rescuer has been trained, artificial res-

piration should be combined with closed-

chest cardiac massage, and resuscitation con-

tinued all the time the victim is being trans-

ported to the hospital. In addition to cardiac

arrest, high currents may produce fatal dam-

age to the central nervous system and deep

bums.

Experimenters working with solid-state

circuits often develop sloppy work habits,

adjusting and modifying the equipment

while the primary power is left running.

This is a dangerous habit, because if the in-

dividual turns to work with vacuum-tube

circuits or high-voltage power supplies, he

may inadvertently expose himself to lethal

high-voltage circuits. For safety’s sake, elec-

tronic equipment of any size or power should

never be worked on, or tested, unless the

power is removed. I£ tests are to be run

under operating conditions, the experimen-

ter should be well dear of the equipment

before the power is turned on.

2-3 Electrostatics and

Capacitors

Electrical energy can be stored in an elec-

trostatic field. A device capable of storing

energy in such a field is called a capacitor

(m earlier usage the term condenser was

frequently used but the IEEE standards call

for the use of capacitor instead of conden-

ser) and is said to have a certain capacitance.

The energy stored in an electrostatic field

is expressed in joules (watt-seconds) and is

equal to CE’ 2, where C is the capacitance

in farads (2 unit of capacitance to be dis-

cussed) and E is the potential in volts. The

charge (0) is equal to CE, the charge being

expressed b coulombs.

Capacitance end Two conducting areas, or

Capacitors plates, separated from each

other by a thin layer of in-

sulating material (called a dielectric

,

in this

case) form a capacitor. VThen a source of dc

potential is momentarily applied across these

plates, they may be said to become charged.

If the same two plates are then joined to-

gether momentarily by means of a switch,

the capacitor will discharge.

^hen the potential was first applied,

electrons immediately Sowed from one plate

to the other throagh the battery or such
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Figure 13

At top left are three variable air capacitors intended for hf/vhf use. At the right is a small var-

iable vacuum capacitor intended for high-voltage service. Across the bottom are (left to right):

two sub-miniature variable split-stator capacitors, a precision "plunger" capacitor, a compres-
sion mica capacitor, and a variable ceramic trimming capacitor.

source of dc potential as was applied to

the capacitor plates. However, the circuit

from plate to plate in the capacitor was in-

complete (the two plates being separated

by an insulator) and thus the electron flow

ceased, meanwhile establishing a shortage of

electrons on one plate and a surplus of elec-

trons on the other.

When a deficiency of electrons exists at

one end of a conductor, there is always a

tendency for the electrons to move about
in such a manner as to re-establish a state

of balance. In the case of the capacitor here-
in discussed, the surplus quantity of electrons
on one of the capacitor plates cannot move
to the other plate because the circuit has
been broken; that is, the battery or dc po-
tential was removed. This leaves the capaci-
tor m a charged condition; the capacitor
plate with the electron deficiency is [wsi-
lj™y charSed > ^e other plate being nega-

In this condition, a considerable stress ex-
KX

l '.

n tlie insulating material (dielectric)
which separates the two capacitor plates,
due to the mutual attraction of two unlike
potentials on the plates. This stress is known

TABLE S. DIELECTRIC MATERIALS

Power
Factor

10 MHi

Softening

Point

Fahrenheit

0.004 260*m 1.0
-

0.04 180”

Glass, Window Poor 2000”

Glass, Pyrex 0.02

Kel-F Flvorothene 0.6 -M 0.007 160”

0.0003

&IJW1 0.002 650“

mm 0.015 270”

u 0.03 350”

Porcelain KZJHi 0.005 2800°

Polyethylene 2.25 0.0003 220”

Polystyrene 0.0002 175”

Quartz, Fused Em 0.0002 2600”

Rubber Hard-Ebonile 2.0 0.007 150”

Steatite 6.1 0.003 2700”

Sulfur OiM 0.003 236”

Teflon Bfli .0006 -
Titanium Dioxide 100-175 0.0006 2700”

Transformer Oil 0.003

Urea-Formaldehyde 0.05 260”

Vinyl Resins 0.02 200”

Wood, Maple 4.4 Poor
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known as electrostatic energy, as contrasted

with electromagnetic energy in the case of

an inductor. This charge can also be called

potential energy because it is capable of per-

forming work when the charge is released

through an external circuit. The charge is

proportional to the voltage but the energy

is proportional to the voltage squared, as

shown in the following example.

The charge represents a definite amount of

electricity, or a- given number of electrons.

The potential energy possessed by these elec-

trons depends not only on their number, but

also on their potential, or voltage. Thus, a

l-/xF capacitor charged to 1000 volts pos-

sesses twice as much potential energy as

does a 2-/xF capacitor charged to 500 volts,

though the charge (expressed in coulombs:

Q = CE) is the same in either case.

The Unit of Copae- If the external circuit of

itonce: The Farad the two capacitor plates

is completed by joining

the terminals together with a piece of wire,

the electrons will rush immediately from

one plate to the other through the external

circuit and establish a state of equilibrium.

This latter phenomenon explains the dis-

charge of a capacitor. The amount of stored

energy in a charged capacitor is dependent

on the charging potential, as well as a factor

which takes into account the size of the

plates, dielectric thickness
,
nature of the di-

electric, 3nd the number of plates. This

.factor, which is determined by the fore-

going, is called the capacitance of a capaci-

tor and is expressed in farads.

The farad has the dimensions of one cou-

lomb of electricity added to a capacitor by

an applied voltage of one volt. Since this unit

is too large for practical use in electronics, a

smaller unit, the microfarad (10*° farad) ab-

breviated /xF, is used. A smaller unit, the

picofarad (10'
12 farad) abbreviated pF, is

also used in the communication industry.

acteristics are particularly suited to the job

at hand. Air is a very good dielectric ma-

terial, but an air-spaced capacitor contains

a large volume per unit of capacitance, as

the dielectric constant of air is only slightly

greater than one.

Certain materials such as lucice and other

plastics dissipate considerable energy when

used as capacitor dielectrics. This energy loss

is expressed in terms of the power factor, or

dissipation factor, of the capacitor which

represents the portion of the input volt-am-

peres lost in the dielectric.

Better materials such as mylar, polysty-

rene, mica, ceramic, and titanium dioxide

are especially well suited for dielectric ma-

terial, and capacitors made of these mate-

rials are discussed at length in chapter 17.

r CHARGING CURRENT

Figure 14

SIMPLE CAPACITOR

Illustrating the imaginary lines of force repre-

senting the paths along which the repelling

force of the electrons would act on a free elec-

tron located between the two capacitor plates.

Dielectric The capacitance of a capacitor is

Consfont determined by the thickness and

nature of the dielectric material

between plates. Certain materia fs offer a

greater capacitance than others, depending

on their physical makeup and chemical con-

stitution. This property is expressed by a

constant K, called the dielectric constant.

(K = 1 for air.)

Dielectric Although any substance which has

Materiols the characteristics of a good in-

sulator may be used as a dielectric

material, commercially manufactured ca-

pacitors make use of dielectric materials

which have been selected because their char-

Dielectric If the charge becomes too great

Breakdown for a given thickness of a cer-

tain dielectric, the capacitor will

break down, i.e., the dielectric will puncture.

It is for this reason that capacitors are

rated in the manner of the amount of

voltage they will safely withstand as well
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as the capacitance in microfarads. This rat-

ing is commonly expressed as the dc VJQrhng

voltage (dcvjv).

The breakdown voltage of a dielectric at

50 Hz is substantially the same as fee: dc

conditions, however, as the frequency is

raised a lowering of the breakdown voltage

below the dc value occurs. Typically, at 3.5

MHz the breakdown voltage in air for 2

given gap is about 30 percent of the dc

value and at 14 MHz it is about 75 percent

of the dc value. In the vhf region, at snail

gap lengths, the Breakdown volt2ge resem-

bles that for the high frequency region until

a critical potential is reached when, for 2

further increase in gap length, there is a de-

crease in breakdown voltage. This is thought

to be a function of oscillations or electrons

in the gap.

CIRCULAR R’LATE CAPACITORS
CWCtTANCt von i. tlV[K JPAC INS

J 11
1 J-A

JL1tnX s \
n \ s.

1 _x v/N.5 s*.

"
lz
—

5Lr1< L n J
CA»«r:x.NSE in SMCCffARfcDS

CHART 1

th
,

?
.
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Ths cspsc'rtznce given ts between aifepp-f £41

of the two ple'M,
’ "

rf lie capsritencB of nom.
CopsdtmEs aliel plates any i>; dtterai*3

, r
gmi zcemiy ij tSis

Jollowing formula:

c = 0.224? y. KX~
t

<tP ALLEL CAPACITORS SEP I£5 CA«C ITORS

Figure 15

CAPACITORS IK SERIES
AND PARALLEL

where,

C equals capacitance in picofarads,

J( equals dielectric constant of tearing

material,

A equals zrea of dielectric in square inches,

/equals thickness of dielectric in inches,

This formula indicates that the capaci-

tance is directly proportional to the area of

the plates and inversely proportional to the

thickness of the dielectric (spacing between

the plates). This simply means that when

the area of the plate is doubled, the sparing

between plates remaining constant, the ca-

pacitance will be doubled. Also, if the area

of the plates remains constant, and the

plate sparing is doubled the capacitance will

he reduced to half.

The above equation also ,
shows that

capacitance is directly proportional to the

dielectric constant of the sparing material

An air-spaced capacitor that has a capaci-

tance of 500 p? in sir would Pare a

capacitance of 447 pF when immersed in

castor oil, because the dielectric constant of

castor oil is 4.47 rime; as great as trie dielec-

tric constant of air.

“vThere the 2rea of the plate is definite./

set, when it is dearsd to know the sparing

needed to secure a required capacitance,

, _ A X 9.224s X K
l ~

C

where 21I units are expressed just as in trie

preceding formula. This formula as not con-

rined to capacitor; haring only square or

rectangular plates, but also applies when the

plate; are circular in .shape. The only criange

will he the calculation of the J?r« of such

circular plates; this area can be computer

by squaring the rud/ar of the plate, then

multiplying by er (5.14).
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The czpcdtosce of a sultipkts cxpscttor

css be c^cuhisd By tskbg ths cspscz:sacs

of <ne section end multiplying this By the

number of dielectric spsces, lb such case,

htprever. the forsnk grre- no censtdextton

£o the erects of edge capacitance: so the

capacitance as cslcskted ”21 not he entirely

sccETste. These zdcftfonsl czptdtsncsj adli

be bn: a snail oerr of the e£sctrre tots!

capacitance. pardcukrly ”hes the pistes

are ressosafcly large sr£ this, zsd the find

result ~ill therefore, be ~ithin practical

limits of sccorscy.

Capcicrfcrs in fojastions for cslcaktbg cs-

Perellsl end padtscces of csosdtors in tar-

h Series sfW connections are the ssme

as those for resits in rerfpr-

Cz^oAOA -re:
Capacitors in jot?; cQacscaaa are csl-

cukted in the same rescuer as sre resistors

in /tfw/jf’J connecton.

lie formulas sre repeated: (i) For tvo

or j»swe capacitors of unequal aviatcno’

in senes:

C; * C:
' Cj

JLaJLii-xL°7
’ Q-

-
C; '

C:
'

c,

(2) Two espadtors of unequal capacitance

In senes:

^“cTTc;

J_ j. j_ J_ < _L
Q ' C% Cz ‘ C{ C:

*** g

castors in AC Then s capacitor Lf con-

end DC Crrevih peered into a dl’ect-cur-

rent drcait, it "21 block

the dc. or sop the £ov of current. Beyond

period -srfcen the capacitor is being charged,

there mSI be no £o~ of Current because the

circuit is drecdvely broken by the dielectric

of the cagsritcr.

Strictly s?sHag, a very small current

may actually £o~ because the dielectric of

the capadtor may no: be a perfect insulator.

This minute current £ott is the leakage cur-

rent previously referred to and Is dependent

on the internal dc resistance of the espsd-

tor. This leakage current is usually quite

noticeable in most type of electrolytic ca-

pacitors.

^Ttst an altercating current is spplied to

a capadtor, the capadtor ”iij charge and

discharge a certain number of ocr.ss per

second in accordance vith the frequency of

the alternating voltage. The electron £ov*

in the charge and discharge of a capadtor

vrcea an ac potential is applied constitute

an alternating current, in effect. It is for

this reason that s capadtor vtii pass ar.

alternating content yet offer practically in-

nrJte opposition to a direct current, these

tvo properties arc repeatedly in evidence Is

electronic armies.

(3) Three capacitors of equal capacitance

in series':

C;=4

vnz.%

C« is the common capacitance.

(4} Three or more capacitors of fowl ca-

pacitance in seder.

C — Yg]«; of common capacitance

Number o f capacitors in series

(3) Sit capacitors in sents-paralkl:

Ye!fc=c PcSfr.g Any good, modem-dielectric

cf Ccpecjtert capacitor hr. such a high lo-

rn Series tema! resistance that the ex-

act redstasce rill vary con-

siderably from capadtor to espadter even

hciurcr and arc of thr am rating. Thus,

--hen 1C-00 ^velts depart connected : trots

evenly; one capadtor ”:7i receive more than

Ey connecting a ha’f-mrgthm, a-r-utt

the voltage -'ill be c-rualrred figure 14).
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Figure 16

SHOWING THE USE OF VOLTAGE

EQUALIZING RESISTORS ACROSS

CAPACITORS CONNECTED IN SERIES

current. Such a divider would draw ex-

cessive current and be impracticable.

The safest rule to follow is to use only

capacitors of the same capacitance and volt-

age rating and to install matched high-

resistance proportioning resistors across the

various capacitors to equalize the dc volt-

age drop across each capacitor. This holds

regardless of how many capacitors are series-

connected.

Energy Storage Energy stored in a capacitor

is:

where,

/ « the unit of energy in Joules,

C is the capacitance in farads,

E is the average charge in volts.

The energy stored in a large capacitance,

high voltage capacitor is formidable, the

charge varying with the square of the volt-

age. Experimenters are cautioned to stay

clear of large, high voltage capacitors and

not touch them until the charge has been

dissipated by shorting the terminals.

Capacitors in "ty/hen two capacitors are con-

Scries on AC nccted in series, alternating

voltage pays no heed to the

relatively high internal resistance of each

capacitor, but divides across the capacitors

in inverse proportion to the capacitance. Be-

cause, in addition to the dc voltage across

a capacitor in a filter or audio amplifier cir-

cuit there is usually an ac or audio-frequency

voltage component, ir is inadvisable to series-

connect capacitors of unequal capacitance

even if dividers arc provided to keep the dc
voltages within the ratings of the individual

capacitors.

For instance, if a SOO-voit capaci-

tor is used in series with a 4-//.F 500-

volt capacitor across a 250-volt ac supply,

the 1-/J
:

capacitor will have 200 ac volts

across it and the 4-/jE capacitor only 50

volts. An equalizing divider, to do any good
in this case, would have to be of very low
resistance because of the comparatively low

impedance of the capacitors to alternating

Electrolytic fflftfrolytic capactfon use a very

Capacitors thin film of oxide as the dielec-

tric, and are polarized; that »s,

they have a positive and a negative terminal

which must be properly connected in a cir-

cuit; otherwise, the oxide will break down

and the capacitor will overhear. The unit

then will no longer be of service. V/bcn elec-

trolytic capacitors are connected in series,

the positive terminal is always connected

to the positive lead of the power supply;

the negative terminal of the capacitor con-

nects to the jmthc terminal of the next

capacitor in the series combination.

2-4 Magnetism

and Electromagnetism

The common bar or horseshoe magnet is

familiar to most people. The magnetic field

which surrounds it causes the magnet to at-

tract other magnetic materials, such as iron

nails or tacks. Exactly the same kind of

magnetic field is set up around any conduc-

tor carrying a current, but the field exists

only while the current is flowing.

Magnetic Fields Before a potential, or yolt-

age, is applied to a conduc-

tor there is no external field, because there

is no general movement of the electrons in

one direction. However, the electrons do

progressively move along the conductor

when an e.m.f. is applied, the direction of

motion depending on the polarity of the

e.m.f. Since each electron has an electric

field about st, "the flow of~electroj):^ CAUSts

these fields to build up intj?_a_x£sult2nt

external field which acts in a plane^at-right

*ang]c7To~tBe~d)rection in 7rhich thejairrent

IT hov/jng. This field iTTnov/n &Tthe awtfg-
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nelk fieU. Tb: mzgnslic field is coarosed of

magnetic lines of farce, is ilhsasted in Eg-

ure 17.

Tbs direction of this magnetic field dec-ends

entirely on the direction of electron dnfc. or

current Sow. in die conductor. Wien tnt

flow is toward the observer, the field about

the conductor is clockwise; when the Soy

is away from the observer, the field is

counterclockwise. This is easily reiEemberea

if the left hand is clenched, with the thumb

outstretched and pointing in the direction

of electron Sow. The Sagers tnen indicate

the direction of the magnetic field around

the conductor.

A A AIf, ‘./V if

Figure 17

LEFT-HAND RULE

Shewing the direction of the/55*SLS1|5 -l
fores produced sreuni a conductor carrying an

electric cumn-

Each electron add; its field to tae total

external magnetic held, so that the gray:

the number of electrons moving along toe

conductor, the stronger be the resulting

field. The.strengzh of the field, thus, is^d-

rectly pronertiopai to
m

tne conductor.
_ 1 4 r ^

"One of the fundamental laws or rn2gu°L*

ism is that like poles repel one snothercr.j

unlike poles attract one ariotbx. This .s

true of current-carrying conductors as

as of permanent magnets. Thus. «»

conductors are placed side by side 2nd

current in each is flowing in the same >-

rection, the magnetic fielcs will also - ,a

the same direction and will combine *
orra

a larger and stronger field. If 'p- current

flow in adjacent conductors is in opposue

directions, the magnetic fields oppose esc

.

other and tend to cancel.

The magnetic field around^ conductor

may be considerably increased in «renc
}

.

by winding the wire into a coil. Ti.e

around each wire then combines
"'bbynos-

of the adjacent turns to form a to.^-

Through the coil which is concentrator!

along the axis of the aril 2nd behaves ez-

temaliy in a way similar to tbs field of =

If the left hand is held so that the thumb

is outstretched and parallel to the axis ot 2

coil, with the finger; curled to indicate the

direction of electron Sow arouzs the turns

of the cci me thumb then poms is zas

direction or tie north pole or tr.e magnetic

field.

The Magnetic la the magnetic circuit, tbs

Circuit units which correspond to

current, voltage, and rens:-

<nc* ip the electrical circuit are £££ S’
gciomothe jorce._zzo rchctcncc^

Flax; Flax As a current Is made up cf_g

Density crirt or electrons, so
y

2 m2i~

asiic sejd: made us of lines_or

force, and thTmta! number of iinesgf jortt

iSTr*1

nrTfhi £uz depends on the material, cress

iiction. and length of the magnetic circuit,

sad it varies direct!*' as the current -owme

ia the circuit. Tbs unit of fiux is the veber,

or ir.cxv.-ell and the symbol is 6 (phi)

.

Flax density is the number of lines Oi

fo'C” t>-r unit area. It is expressed in gc«r

if the'uni: of area is the square centimeter

fi gauss = ! Hne of force per square cen-

timeter}, or in lines ter square inch. Tr.e

srmbot for ftsc density is B Hi: is expose,

ir. gauss, or B if expressed n hues per sc
;
. n.

lefcmcrire The torce wnich produces <

flux in 2 magnetic circuit

is ailed xwetowthe

-. Jr is abbreviated m.m.f. and is d:s;c-

3 bv the letter r. Tne unit of magneto*

ve force is the #rrr. which is cqdv:-

ro I.a6 y*
iVI*

d f is the current towim

io amperes.

m.m.f. recess::}' to produce

jnsitv j; stated m picerts , -

foersteds) fH '• or in amp

t

b (K).

ir, the
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Rsfecfer.ee Magnetic reluctance corresponds

to electrical resistance, and 5s

the property of -a material that opposes the

creation of a magnetic Hux in the material

Jv js expressed 5o tri;, and the symbol it we

letter R. h material hat* a reluctance of 1 rel

when an rn.m.f. of 5 ampere-turn OH) gen-

crates a flux of 3 line of force in it. Com-

binations of reluctance are treated the

same as remittances in hndinz the total ef-

fective reluctance. The ipcafi t relitrfwttr of

any substance is its reluctance per omt vol-

ume.

Jixcept for iron and its alloys, most com-

mon materials have a specific reluctance

very nearly the tame as that of a vacuum,

which, for all practical purposes, may be

considered the tame as the specific reluct-

ance of air.

The relations between fha, magnetomotive

force, and reluctance are exactly the same a.s

the relations between current, voltage, and

resistance in the electrical circuit. These can

be stated as follows;

$=4-

where,

d> equals flux,

/ equals n%m.f.,

/i equals reluctance.

Pwneebtlity Pernictibjltf) expresses the ease

with which .a magnetic field

may be set up in a material at compared

with the effort required in the caw of air.

Iron, for example, has a permeability of

around 29DO times that of air, which means

tnat a given amount of magnetizing effort

produced m an ;ron core by a current fkw-
m& through a cod to wire wflj produce

ZO'.'D time: the jbu denuty that >j)c. same

magnetbinj; effect would produce in air. Jt

may be crprewed by the ratty 3 Jj or b 53.

Jn other words,

i-
— <y JL

v.vier*. jt the permeability, £ j. *he flux
dvnij'.y jn giutstt, }} as the flux densitv in
- net per square -neb* H is the m.m.f. jn

gilberts per centimeter forrr/r/f), ?nd H
as the rn.m.f. art mptW'lwni per inch.

ft can be seen from the foregoing that

permeability is inversely proportional to the

spedfle reluctance of a. material

Srferrfwt permeability is similar to rhz'/ric

cwiwlhity This is, however,

one important difference: the permeability

of magnetic materials is not independent or

the magnetic current ffieri flowing tbroprb

stantia]]" independent of the electric cur-

rent in a. wire. Tfhen the dun density of ?

magnetic conductor has been increased to

the ^duration point, a further 5ncrea.se m
the magnetizing force will not produce a.

corresponding increase in fur denbty.

2-H Cy ry$ To simplifv magnetic circtut

calculations, ?. magnetization

curve may be drawn for a given unit 07

material. Such ? curve 5s termed a 2rH
curve, and may be determined by experi-

ment. TThen the current 5a an iron-core

coll it first applied, the relation between the

winding current and the core flux is shown

at A-3 in figure 5?. If the current is then

reduced to zero, reversed, brought hacx

again to zero and reversed to the odjouat

direction., the flux passes through a. typical

hysteresis loop as shown.

Figure

TYPICAL HYSTERESIS LOOP
(B-H CURVE= £-2)

S^iWSnj xtSt
,

Sfc*’sV-ji Sh* jrT

e 1-
.*: Yfir.i'riz ’A t”. :%•>sf'ft ^ Jfit

itt{ fl«x A C’’'£-1 s;*r,fj'»r‘ jfijR'Vf; t*:'; vfr. tOS
ffCestfise i*is r's^C'ifCis yt?Ss " toe

The magnetism remaining in a. material

after the magnetizing force it removed is
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called residual magnetism, Ketentivity is the

property which causes a magnetic material to

have residual magnetism after having been

magnetized,

Hystereisis is the characteristic of a mag-

netic system which causes a loss of power due

to the fact that a reverse magnetizing force

must be applied to reduce the residual mag-

netism to zero. This reverse force is termed

coercive force. Hysteresis loss is apparent in

transformers and chokes by the heating of

the core.

Inductance Inductance
(L)

is the property

of an electrical circuit whereby

changes in current flowing in the circuit pro-

duce changes in the magnetic field such that

a counter-e.m.f. is set up in that circuit or in

neighboring ones, If the counter-e.m.f. is set

up in the original circuit, it is called self-

inductance and if it it is sec up in neighbor-

ing circuit it is called mutual inductance.

The unit of inductance is the henry
(
H

)

and is defined as that value of inductance in

which an induced e.m,f. of one volt is pro-

duced when the inducing current is varied at

the rate of one ampere per second. The henry

is commonly subdivided into several smaller

units, the millihenry (I
O'3

henry) abbrevi-

ated mH, the microhenry (10‘° henry) ab-

breviated jJ-H and the nanohenry (10'
fl

henry), abbreviated nH.

The storage of energy In a magnetic field

is expressed in joules and is equal to Ll
2
f2

and the dimensions are in watt-seconds.

Mutual Inductance When one coil is near an-

other, a varying current

in one will produce a varying magnetic

field which cuts the turns of the other

coil, inducing a current in it. This induced

current is also varying, and will therefore

induce another current in the first coil. This

reaction between two coupled circuits is

called mutual inductance, and can be cal-

culated and expressed in henrys. The symbol

for mutual inductance is M. Two circuits

thus joined are said to be inductively cou-

pled.

The magnitude of the mutual inductance

depends on the shape and size of the two

circuits, their positions and distances apart,

and the permeability of the medium. The

extent to which two inductors are coupled

is expressed by a relation known -as coeffi-

cient of coupling (k). This is the ratio of

the mutual inductance actually present to

the maximum possible value.

Thus, when k is 1, the coils have the maxi-

mum degree of mutual induction.

The mutual inductance of two coils can

be formulated in terms of the individual

inductances and the coefficient of coupling:

M= i\/l. XI.

For example, the mutual inductance of

two coils, each with an inductance of 10

henrys and a coupling coefficient of 0.8 is*.

M = 0.8 V 10 X 10 = 0.8 X iO = 8

The formula for mutual inductance is L
~

L, -f L r 2M when the coils are poled

so that their fields add. When the}* are poled

so that their fields buck, then 1 = L, t
L, — 2M (figure 1 9).

jTJWj pwj

Figure IS

MUTUAL INDUCTANCE

the quantity M represents the mutual induc-

tence between the two coils L, ano L.

Inductors in Inductors in parallel are corn-

parallel bined exactly as are resistors

in parallel, provided that they

are far enough 2part so that the mutual

inductance is entirely negligible.

Inductors in Inductors in series are additive,

Series just as are resistors in series,

again provided that no mutual

inductance exists. In this case, the total in-

ductance L is:

L — Lt -r I; 4- . .
. ,

etc.

Where mutual inductance does exist:

L=U+U + 2M

where,

M is the mutual inductance.
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This latter expression assumes that the

coils are connected in such a way that ah

flux linkages are in the same direction, i.e..

additive, if this is not the case and the

mutual linkages subtract from the self-link*

ages, the following formula holds:

1 == i, -f* I; — 2M
where,

M is the mutual inductance.

Core MeferisI Ordinar)' magnetic cores can-

not be used for radio frequen-

cies because the eddy current emit hystrrtm

losses in the core material become enormous

as the frequency is increased. The principal

use for conventional magnetic cores is in the

audio-frequency range below approximately

15,000 Hem, whereas at very low frequen-

cies (50 to $0 Hertz) their use is manda-

tory if an appreciable value of inductance

is desired.

An air-core inductor of only 1 henry in-

ductance would be quite large in size, yet

values as high as 500 henrys are commonly

available in small iron-core chokes. The in-

ductance of a coil with a magnetic core wjll

van’ with the amount of current (both ac

and dc) which passes through the con.

For this reason, iron-core chokes that are used

in power supplies have a certain inductance

rating at a predetermined infer of direct

current

.

ins permeability of air does not change

with flu?: density; so the inductance of iron-

core coils often is made less dependent on
flu?: density by making pan of the magnetic
path air, instead of utilizing a closed loop of

iron. This incorporation of an err pp i$

necessary in many applications of iron-core

cods, particularly where the coil carries t

considerable dc component. Because the per-

meability of air is so much lower than that

or iron,
^
the air gap need comprise only

I. traction o: the magnetic circuit in
crcer to provide a substantial proportion of
me total reluctance.

IsiucfWT ef

tls iis frtcuercie:

gion. hi r. iron.

Inductors of dJ terms are

usen a: frequencies pp
into tne microwave re-

lemie ana crass are com-

mon- core materials and the coils may either

be the solenoid type, or toroidal. The design

and use of these coils is covered in chapter

17 of this handbook-

WHIST a *?«H1C D' LOU TOXNU? W'lfit

3’ 12NOTHy OOC

tl» y-ywis

Figure 10

FORMULA FOR
Ci.LCULA.HKE INDUCTANCE

Through th; use of the sruetfon snS the pKeieh

shewn above the iniuetsneE ef j-bEis-lrj'cr

so!ennli tells e?n bs saieifEaiei With ?s»

euraej ef shevl ens osresrt far the fipet rf

certs eermaitv etai in the hf end rM range.

Figure 2i

TIME CONSTANT 0FA.K
P.C CIRCUIT

Shewn at (X) rj ;h? eireuit peer, vhish ij pzssf
the mrs; (S) sni (Cl. f-] -h?we ih* rate
ef -v'h'ish eepsciter ' wifi sharp? from the tr-
ot?::'. ft whifh switch S ie plaerf in position 1.
tC) ehewe th? cheherps vxvh of oe oaoko: O
frjn the rnofan: e‘ which swiiih S to pj‘sp®^ in

position 2.
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TIME CONSTANT OF AN
RL CIRCUIT

Mote that the time constant for the increase in
current through an R L circuit Is identical to

the rate of increase in voltege across the ca-

pacitor in an R C circuit.

2-5 RC and RL Transienfs

A voltage divider may be constructed as

shown in figure 21. Kirchb off’s and Ohm’s

Laws hold for such a divider. This circuit

is known as an RC circuit.

Time Constant- '\Tkn switch S in figure 21

RC end RL is placed in position 1, a

Circuits voltmeter across capacitor C
will indicate the manner in

which the capacitor will become charged

through the resistor R from battery B. If

relatively large values are used fo R and C,

and if a high-impedance voltmeter which

draws negligible current is used to measure

the voltage (e), the rate of charge of the

capacitor may actually be plotted with the

aid of a timer.

Yoffoge Gradient R wilL be found that the

voltage (e) will begin to

rise rapidly from zero the instant the switch

is closed. Then, as the capacitor begins to

charge, the rate of change of voltage across

the capacitor will be found to decrease, the

charging taking place more and more slowly

as capacitor voltage e approaches battery

voltage £. Actually, it will be found that

in any given interval a constant percentage

of the remaining difference between e and £

will bs delivered to the capacitor as an in-

crease in voltage, A voltage which changes

in this manner is said to increase logarithmi-

cally, or follows an exponential curve.

Time Constant A mathematical analysis of

the charging of a capacitor

in this manner would show that the relation-

Flgure 23

TYPICAL IRON-CORE INDUCTANCES

At the right is an upright mounting .fitter choke
J“J ‘SL^L1

and audio equipment. At the center is a hermetically scale-

”

* or
if.h i small iren-

vironmenlal conditions, to the left is an inexpensive recei* n^.WJ. •

core r-f choke directly >fl front of rt.
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Ycftcse De«y Vcs the STritch in figure

21 h moved to position 3

after the csoacitor his been charged. the

csndrcr rokage will drop in the manner

sho-vn in £gur= 2I-C. In this csss the tc!c-

ape across the caosdter vd!I decrease to 56-S

percent of the Lddai voltage Mi make

65.2 per cent of the rota drop) m a period

of tine equal to the time constant of the

?x.C circuit.



CHAPTER THREE

Alternating Current, Impedance, and

Resonant Circuits

Tr.s study cfclsamnignsdcviresirj ri-

ch KiaiTOsjioa begbs v-'ith the observation

of electrons h motion, which constitutes an

electric current. Of paramount importance

is z type of current whose direction of flow

reverses periodically. The reversal may cahe

place a: a low rate, ori: may take place mil-

lions of times a second, in the case of com-

munication frequencies. This type of current

is termed cUcmtir.g current (ec)

.

3-7 Affernafing Currenf

An alternating current is cr.e vh«e am-

plitude of current few periodically rises

frem zero to a maximum in one direction,

decreases to zero, changes its direction, rises

decreases to zero again. This complete pro-

cess, starting frem zero, passing through

:v'o maximum! in eppetrie directions, and

returning tc zero again, is called a r>c/r.

is called the fnattnc} >/ c; the current.

One and cne-cuarte: cycles of an alternating

c.ally in figure 2.

Fffijtftrcy $7tt*.tv~!
4
s,j present the usable

C’»£cra-=s£*,r

Figure 1

ALTERNATING CURRENT
AND DIRECT CURRENT

Cra;*;:«! ce-iyrfsr! tftwtr :"it

(e.'rtetl ec.*rt»t are ansrttmf esrrt-! *s

pitstti ifr-tt Sirt.
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The frequencies falling between 3 kHz

and 30 GHz are termed radio frequencies

(r-f) since the)' are commonly used in ra-

dio communication and the allied arts. The

radio spectrum is divided into eight fre-

quency bands, each one of which is ten times

as high in frequency as the one just below

it in the spectrum. The present spectrum,

with classifications, is given in Table 1 .

TABLE W

frequency classification

FREQUENCY CLASSIFICATION DESIGNATION

3 to 33 kHz Very-low frequency VLF

30 to 300 kHz Low frequency IF

303 to 3000 kHz Medium frequency MF

3 to 33 MHz High frequency HF

30 to 303 MHz Very-high frequency VHF

3TO to 3030 Mb UftreVigh frequency UHF

3 to 30 GHz Superhigh frequency SHF

30 to 300 GHz Eztremely high

frequency

EHF

For industrial 2nd military purposes the

vhf and uhf portions of the spectrum are di-

vided into sub-bands which have no inter-

national standing at present, but which are

commonly used in the United States. These

bands in round numbers are listed in Table
2 .

TABLE 2,

RADAR FREQUENCY BANDS

DESIGNATION FREQUENCY (GHz)

L-b;nd 1.0 - zo

S-b?nd 2.0- 4.0

C-b=nd t.O- E.O

X-bend 2.0- 12.0

K'bznd
12.0 - 13.0

K-bend
13.0- 27.0

Kc-bsnd
27.0 - 40.0

Millimeter
40.0 - 309.0

Generation of

Alternating Current

circuit is moved

Faraday discovered that

it a conductor which
term; part of a closed

mrough a magnetic Feld

so as to cut across the lines of force, a cur-

rent will Sow in the conductor. He also dis-

covered that, when 2 conductor in a second

closed circuit is brought near the first con-

ductor and the current in the first one is

varied, a current will flow in the second

conductor. This effect is known as induc-

tion, 2nd the currents so generated are

induced currents

.

In the latter C2se it is the

lines of force which are moving and cutting

the second conductor, due to the varying

current strength in the first conductor.

Semi-scfiemetic representation of the simplest
form of the alternator.

A current is induced in a conductor if

there is 2 relative morion between the con-

ductor and 2 magnetic Feld, its direction of

flow depending on the direction of the rela-

tive morion between the conductor and me

held, and its strength depends on the in-

tensity of the Feld, the rate of cutting line?

of force, and the number of turns in me
conductor.

The Alternator X machine that generates an

alternating current is csllsG

2n alternator or ac generator (figure 2)
- st

consists of two magnets, the opposite poles

of which face each other 2nd which have

2 common radius. Between the two poles 2

magnetic field exists and a rotating con-

ductor is suspended in the field in such 2

way thzt induced voltage may be taken off

by means of collector rings (R) 2nd brashes

(B) to an external circuit (X-Y).

When driven from 2n external source, the

direction of current flow in the rotating con-

ductor is continuously changing from posi-

tive to negative and back again 2t a rate de-

termined by the speed of rotation and toe

construction of the alternator.

The current does cot increase directly as

the angle of rotation, but rather as rise sine
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of the angle and the current is said to vary

sinusoidally (figure 3).

The rate at which the complete cycle of

current reversal takes place is called the fre-

quency, expressed in cycles per second, or

Hertz (abbreviated Hz) . The magnitude of

the cycle is called the amplitude, which is

measured at the peak of the cycle.

Another term used with reference to an

alternating current is the period of the wave,

which is defined as the reciprocal of the fre-

quency:

Period ==—
Frequency

linu c* react

Figure 3

OUTPUT OFTHE ALTERNATOR

Graph showing sine-wave output currant of the

alternator of figure 2.

The arrow rotating to the left in figure

3 represents a conductor rotating in a con-

stant magnetic field of uniform density. The

arrow also can be taken as a vector repre-

senting the strength of the magnetic field.

This means that the length of the arrow is

determined by the strength of the field

(number of lines of force), which is con-

stant- If the arrow is rotating at a constant

rate (that is, with constant angular veloc-

ity), then the voltage developed across the

conductor will be proportional to the rate

at which it is cutting lines of force, which

rate is proportional to the vertical distance

between the rip of the arrow and the hori-

zontal base line.

if EO is taken as unit)', or a voltage of I,

then the voltage (vertical distance from tip

of arrow to the horizontal base line) at point

C for instance may be determined simply by

referring to a table of sines and looking up

the sine of the angle which the arrow makes

with the horizontal.

’frTen the arrow has traveled from point

A to point E, it has traveled 90 degrees or

one quarter cycle. The other three quadrants

are not shown because their complementary

or mirror relationship to the first quadrant

is obvious.

It is important to note that time units are

represented by degrees or quadrants. The

fact that AB, BC, CD, and DE are equal

chords (forming equal quadrants) simply

means that the arrow (conductor or vector)

is traveling at a constant speed, because

these points on the radius represent the pas-

sage of equal units of time. A sine wave
’

plotted against rime is shown in figure 4.

The frequency of the generated voltage is

proportional to the speed of rotation of the

alternator, and to the number of magnetic

poles in the field. Alternators may be built

to produce radio frequencies up to 100 kHz,

and some such machines are still used for

stand-by low-frequency communication. By

means of multiple windings, three-phase out-

put may be obtained from large industrial

alternators.

Figure 4

THE SINE WAVE

Illustrating one eycle of a sine wave. One com-

plete cycle of alternation is Broken up Into 350

degrees. Then one-half cycle is iso degrees, one-

puarter cycle is SO degrees, and so on down to

the smallest division of the wave. A cosine wave

has a shape identical to a sme wave but ts

shifted sn degrets in phase—in other words the

wave begins at full amplitude, the S3-degree

point comes at zero amplitude, the ISC-degree

point comes at full amplitude in the opposite

direction of current flow. etc.

Rodion Notation The value of an ac wave

varies continuously, as

shown in figure 1. It is important to know

the amplitude of the wave in terms of the
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peakamplitude at say instant in the cycle.

It is convenient mathematically to -divide

the cycle either into deemed degrees (3 50

represents one cycle) or into Tedious. A ra-

dian is an arc oi ^ circle equal to the minus

of the circle, there bang 2r izakns per cy-

cle (figure 5).

Both radian notation and elecrrical-degree

notation are used in discussions of alternat-

ing-current circuits. However, trigonometric

tables ate much more readily available in

terms of degrees than radians, so the follow-

ing simple conversions are useful

It radians = 1 cycle — 350’

-radians = 1/2 cycle= ISO
3

1 radian — ——-evde= 57.3
0

2r

Vhen the conductor in the simple alter-

nator of figure 2 has made one complete

revolution it h2S generated one cycle and

has rotated through It, radians. The expres-

sion 2tj then reprints the number of

radians in one cycle multiplied by the num-
ber of cycles per second (the frequency) of

the alternating voltage or current.

In technical literature the expression 2-rf

is often replaced by to, (omegc). Velocity

multiplied by time gives the distance trav-

elled, so 2rji (or t»i) represents the angular

distance through which the rotating conduc-
tor or the rotating vector has travelled since

the reference time i rr 0. In the case of a
sine wsve the reference time i — 0 repre-

sents the instant when the voltage or the

current, whichever is under discussion, also

is equal to zero.

Figrrs 5

ILLUSTPAnKS PADIMf KCTATTOH

T®*»-K)Rsnc£ trnilvHE rhss» e-’Ei"E 'u-^ vE'r.itTffih'iTt t-; siRipfitfeji v
-n;

raitsr nptEtrm *s css£.

Intfcrecrisfur Ycttse The instantaneous voli-

of Yolfsse or age or current is propor-

Currer! clonal to the sine of the

angle throughwhich the

rotating vector has travelled since reference

rime i — 0. Thus, when the peak value of

the ac wave amplitude '(either voltage or

current amplitude) is known, zud the angle

through which the rotating vector has

travelled is established, the amplitude of the

wave at this instant can be determined

through use of the following expression:

e
~

Amcr. sin 2-rji

where,

e equals the instantaneous voltage,

Btrr- equals tazsjtrem peak value cf

#
Toltage,

/equals frequency in hertz,

t equals period of rime which has elapsed

since i ~ 0 (expressed as a fraction of

one second).

It is often easier to visualize the process

of determining the instantaneous amplitude

by ignoring the frequency and considering

only one cycle of the ac wave. In this case,

for a sine wave, the expression becomes:

? ~ Emc- Sh &

wnere 9 represents the angle through width

the vector has rotated since rime (and am-

plitude) were zero. As examoles:

when 6 ~ 50
s

sin 5 = 0.H5

and s—

when d -

rin $ — '!}.?425

— ectrvs \r—

sf te

A-lfar.cHnr Crrrsrl

nut tne cyzit, so some v£hf cf an ac ware-
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between the effectiveness of an ac and a

dc voltage or current. The heating value

of an alternating current has been chosen

to establish the reference between the ef-

fective values of ac and dc. Thus an alter-

nating current will hue an effective value

of 1 ampere when it produces the same beat

in a resistor as does ! ampere of direct

current.

The effective value is derived by raking

the instantaneous values of current over a

cycle of alternating current, squaring these

values, taking an average of the squares,

and then taking the square root of the

average. By this procedure, the effective

value becomes known as the root mean

square
, or rms, value. This is the value that

is read on ac voltmeters and ac ammeters.

The rms value is 70.7 percent of the peak

or maximum instantaneous value (for sine

waves only) and is expressed as follows:

£?« otE~. — 0.707 X Ezjs, or

ha or = 0.707 X 1^

The following relations are extremely use-

ful in radio and power work:

E-s-OJOJXE^am

l

£=at = 1.414 X £_ t

Measuring instruments designed for dc

operation will not read the peak or instan-

taneous maximum value of the pulsating dc

output from the rectifier; the}' will read

only the aterage value. This can be ex-

plained by assuming that it could be pos-

sible to cut off some of the peaks of the

waves, using the cutoff portions to 511 in

the spaces that are open, thereby obtaining

an average dc value. A milliammttc-r and

voltmeter connected to the adjoining circuit,

or across the output of the rectiSer, will

read this average value. It is related to peak

value by the following expression:

Et~~ — 0.636 X E~st

It is thus seen chat the average value is 65.6

percent of the peak value.

Relationship Between To summarize the three

Peak, P.MS/ cr most significant values

Effective, and of an ac sine wave: the

Average Values peak value is equal to

I.-? I times the rms or

effective, and the rms value is equal to

0.707 times the peak value; the average

value of a full-wave rectified ac wave is

0.6}6 times the peak value, and the average

value of a rectified wave is equal to 0.9

times the rms value.

Rectified Altemoting ff -
n alternating cur-

Correni or Pulsot- rent is passed through a

rng Direct Current rectifier, it emerges in

the form of a current

of varying amplitude which Sows in one

direction only. Such a current is known as

rcctif.cd ac nr pulsating dc. A typical wave

form of a pulsating direct current as would

be obtained from the output of a full-wave

rectifier is shown in figure 6.

rms — 0,707 X peak

average — 0.656 X peak

average ~ 0.9 X rms

rms" =1.11 X average

peak = 1.414 X rms

peak =1.57 X average

AAAAAA
£ TIME
3
<

Figure 6

FULL-WAVE RECTIFIED

SINE WAVE

Waveform obtained at the output of a full-wave

rectifier being fed with t sine wavE and hav-

ing 1C3 percent rectification efficiency. Each
pulse has the $2me shape as one-half cycle cf

a sins wave. This type of current is Known as

pulsating direct current

Applying Ohm's Lew Ohm's law applies

to Alternoting Current equally to direct or al-

ternating current, pro-

vided the circuits under consideration are

purely resistive, that is, circuits which have

neither inductance nor capacitance. Then

capacitive or inductive reactance is intro-

duced in the circuit, Ohm's law still ap-

plies, but additional considerations are in-

volved; these will be discussed in a later

paragraph.



3.6 RADIO HANDBOOK

3-2 Reactive Circuits

As was stated in Chapter Two, when a

changing current flows through an inductor

a back- or counterelectromotive force is de-

veloped, opposing any change in the initial

current. This property of an inductor causes

it to offer opposition or impedance to a

change in current. The measure of imped-

ance offered by an inductor to an alternating

current of a given frequency is known as

its inductive reactance. This is expressed as

Xl and is shown in figure 7.

(CIACU17 CONTAINING PURE INDUCTANCE ONLY)

Figure 7

LAGGING PHASE ANGLE

Showing the manner in which the current lags
the voltage in an ac circuit containing pure
inductance only. The lag is equal to one quar-

ter cycle or SO degrees.

X,.= 2rfL

where,

Xl equals inductive reactance expressed

in ohms,

“ equals 3.14,

/ equals frequency in Hertz,

L equals inductance in henrys.

It is often necessary to
.tRodm Frequencies compnte indu^ re.

actance at radio fre-
quencies. The same formula may be used,
but to make it less cumbersome the induct-
ance is expressed in millihenry

:

and the
frequency in kilohertz . For higher frequen-
cies and smaller values of inductance, fre-
quency is expressed in megahertz and in-

• ductance in microhenry:. Tbe basic equation
not be changed, since the multiplying

tors for inductance and frequency appear
numerator and denominator, and are can-

c “ om - However, it is not possible in the

same equation to express L in millihenry.*

and / in Hertz without conversion factors.

Capacitive Inductive reactance is the mea-

Reactonce sure of the ability of an inductor

to offer impedance to the flow

of an alternating current. Capacitors have

a similar property although in this case the

opposition is to any change in the voltage

across the capacitor. This property is called

capacitive reactance and is expressed as fol-

lows:

Xc = ii
where,

Xc equals capacitive reactance in ohms,

r equals 3.14,

/ equals frequency in Hertz,

C equals capacitance in farads.

Copacifive Re- Here again, as in the case

actance at of inductive reactance,

Radio Frequencies the units of capacitance

and frequency can be

converted into smaller units for practical

problems encountered in radio work. The

equation may be written:

where,

/ equals frequency in megahertz,

C equals capacitance in picofarads.

Phase When an alternating current flows

through a purely resistive circuit, it

will be found that the current will go
through maximum and minimum in perfect

step with the voltage. In this case the cur-

rent is said to be in step, or in phase with
the voltage. For this reason, Ohm’s law will

apply equally well for ac or dc where
pure resistances are concerned, provided that

the same values of the wave (either peak or
nns) for both voltage and current are used
in the calculations.

However, in calculations involving alter-

nating currents the voltage and current are

not necessarily in phase. The current
through the circuit may lag behind the
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hiTe bfgr.z viiss. I its a azsd

Figure S

LEADING PHASE ANGLE

Strkkz Ibt vj.t-.it v. rtRsf. Ve csr«r.t mis
the v;:lejs fa *s 25 rfera cstititelrg ssre
Kptitarss cr.lj, Tr* mi ‘u e:*-' 2l cr.t-

tjssrtsr crets cr V, <s*zniz.

5.7

trrs reactance tshtkt crcdt. the Current

-TMi-rcIaget-JC5
.

Ssssfscjfis izdzc:rvs snc caracitrre rs-

pcsxe erect? on tbs eras

tier, ihsfr effects tend tc neutralize ted

the *af rescUr.ce o~ a arc:::, The ns: re-

ccacs fZ} fe fed % sdtmctng sh

Tb nsalt Gf red 5 combbanK cf Cure

rsacmscss may b= ebsr podtrre. is ~kkc
C25* tb pcr'dve reactance is greater so that

the re: resetsnee is bdsctrre, cr it may be

negative b ~cfcb case tbs caradsVe react-

ance is greater so that tbs net reactance is

capacitive. Tie ret reactance may also be

zero b rdicb case the deceit 1* ssli to be

rconcTTf. The ccrsStm cf resonance dell be

discussed b a later seeder. Note that in-

ductive reactance is sfcrays taker. as being

positive viib cspsanre nssasst is alvay?

taken as fcebg negative.

TABLE 3 • Qucnfifiej, Un'rfj, cri Symicl:
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tapedcnce; Circuits pure reactances dntro-

Cortcinlng Recclcr.se dues t phase -angle ox

zr.l Rerfefcmce ?0’ between voltage

and current; pure re-

finance introduces no phase shift between

voltage and current. Therefore it is not cor-

rect to add a reactance and a resistance di-

rectly. Then a reactance and a resistance

are used in combination, the resulting phase

angle of current flow with respect to the

impressed voltage lies somewhere between

plus or minus 90® and 0
r
depending on the

relative magnitudes of the reactance and

the resistance.

The term impedance is a general term

which can be applied to an)' electrical entity

which impedes the flow of current. The

term may be used to designate a resistance,

a pure reactance* or a complex combination

of both reactance and resistance. The desig-

nation for impedance is Z. An impedance

must be defined in such a manner that both

its magnitude and its phase angle 2te es-

tablished. The designation may he accom-

plished in either of two ways—one of which

is convertible into the other by simple math-

ematical operations.

The i Operator The first method of des-

ignating an impedance is

actually to specify both the resistive and the

reactive component in the form R 4 jZ.

Jn this form K represents the resistive com-

ponent in ohms and X represents the re-

active component. The
j merely means that

the X component is reactive and thus can-

not be added directly to the R. component.

Plus jX means that the reactance is positive

or inductive, while if minus jX were given

it would mean that the reactive component
was negative or capacitive.

Figure 9 illustrates ?. vector (4Aj lying

along the positive Z-azis of the usual Z-

7

coordinate system. If this vector is multi-
plied by the quantity (

— 1
), becomes

A) 2nd its position sow lies along the
b -sxis in the negative direction. The overc-
/pr ( ~~ 1 ) nas caused tie vector to rotate
.mougn an angle oi 150 degrees. Since

I - I) is tsd » (V — 1 X V'S^l),
me ram? ^reru,l

t may d* obtained by operat-

^ * 2)- nor,-ever if the vector is op-

OperatiDn ?r, tha veoipr {~t:} by the rurriit)
1

(-ij cjKses vaster ts rptrie threugh tSE ietrteu

erased on but once by the operator ( V~ li-

st is caused to rotate only ?0 -degrees

(figure 10). Thus the operator ( V ~1)
rotates a vector by 9 1) degrees. Tor conve-

nience, this operator is called the ) operate

h lihe fashion, the operator (
— j) rotates

the vector of figure 9 through .an angle of

270 degrees, so that the resulting vector

( — ]h) falls on the
(
— T) axis of the

coordinate system.

r -
-„ l

nCi
)

|

vnrn.f-»t5ousx y?*

Figure 10

Dperaifcfl ?n the vestsr t-rA) by the rsirrtifv

V— ?r srasec veetpr *.5 assists thDUgh HE
tfSCrSK.

Pole-r KsfcHon The second method of repre-

senting an impedance is to

specif)' its absolute magnitude 2nd the phase

angle of current with respect to voltage, in

the form Z IB. Figure 21 shows graphically

the relationship between the two common
ways of representing an impedance.

The construction of figure 11 is called an

impedance aic?rtm. Through the use of

auch a diagram we can add graphically a

resistance and a reactance 10 obtain 2 value

for the resulting impedance in the stair



ALTERNATING-CURRENT CIRCUITS 3.9

1- 4+J3

WhH=r.-'t.n

M.!/«

THE IMPEDANCE TRIANGLE

Showing the graphical construction of a tri-

angle for obtaining the net (scalar} impedance
resulting from the connection cl z resistance

and a reactance in series. Shown also alongside

is the aftsmatire mathematical procedure fcr

obtaining the values associated with the tri-

angle.

are plotted to the right, positive values of

reactance (inductive) in the upward direc-

tion, and negative values of reactance (ca-

pacitive) in the downward direction.

Note that the resistance and reactance are

drawn as the two sides of a right triangle,

with the hypotenuse representing the result-

ing impedance. It is possible to determine

mathematically the value of a resultant im-

pedance through rhe familiar right-triangle

relationship—//)? square of tbs hypotenuse

is equal to the sum of the squares of the

other two sides:

Z2 = K2 4- X2

or,

JZJ -VW 4- V

Note also that the angle 8 included between

R and Z can be determined from any of the

following trigonometric relationships:

S” s = -|

=
]|

“ #“T
One common problem is that of determining

the scalar magnitude of the impedance, Z

.

and the phase angle 8, when resistance and

reactance arc known? hence, of converting

from the Z = R 4* jX to the Z L 8 form.

In this case two of rhe expressions just given

can be used:

|Z| = \/R! +2!

X X
tan 6 ~

jp
(or 8 ~ tar1^ )

The inverse problem, that of convening

from the iZ- L 6 to the R 4- jX form is

done with the following relationships, both

of which are obtainable by simple division

from the trigonometric expressions just

given for determining the angle 8:

R — ;Zl COS 6

)X — -Z[
/
sta 0

By simple addition these two expressions

may be combined to give the relationship

between the two most common methods of

indicating an impedance:

R. 4- jX = [Zj (cos 8 "r j
sin 8)

In the case of impedance, resistance, or re-

actance, the unit of measurement is the

ohm; thus, the ohm may be thought of as

a unit of opposition to current flour, with-

out reference to the relative phase 2ngle be-

tween the applied voltage and the current

which flows.

Further, since both capacitive and in-

ductive reactance are functions of fre-

quency, impedance will vary with fre-

quency. Figure 12 shows the manner in

which [Z] will vary with frequency in an

RL series circuit and in an RC series circuit.

Series RLC Circuit* In j senes circuit con-

taining H, L, and C, the

impedance is determined as discussed before

except that the reactive component in the

expressions defines the net reactance—that

is, the difference between X%. 2nd Xc* (X&

— Xc) may be substituted for X in the

equations;

z' = t/r=+ (xL -xry

8 — tan
fXr,

~ Xr)

R

A series RLC circuit thus may present

an impedance which is capacitively reactive

if the net reactance is capacitive, inductively



MHCOAMCE

iZ|

3.10 RADIO HANDBOOK

Figure 12

IMPEDANCE—FREQUENCY GRAPH
FOR RLANDRC CIRCUITS

The impedance of sn RC circuit approaches in-

finity as the frequency approaches zero (dc),

while the impedance of a series Rl circuit ap-
proaches infiinity as the frequency approaches
infinity. The impedance of an RC circuit ap-

proaches the impedance of the series resistor as
the frequency approaches infinity, while the im-
pedance of a series RL circuit approaches the
resistance as the frequency approaches zero.

reactive if the net reactance is inductive, or

resistive -If the capacitive and inductive re-

actances are equal.

Mu(tip! ication and ij often necessary an

Division cf solving certain types of

Complex Quantities circuits to multiply or di-

vide t«'0 complex quan-

tities. It is a much simpler mathematical

operation to multiply or divide complex

quantities if they are expressed in the pokr

form. If the quantities are given in the rec-

tangular form they should he converted to

the polar form before multiplication or

division is begun. Then the multiplication is

accomplished by multiplying the '(L\ terms

together and adding algebraically the L 0

terms, as:

(frUff,) (IZsl Z05)
=

|Zj| fel (d.9i 4 Lh)

For example, suppose that the tvo imped-

ances |20| LAi
0
and |32| Z — 23 ^ are to be

multiplied. Then:

(|20| Z43°) (|32iZ-23
D
)
= |20-32|

(Z43
5 4 Z ~23’)

= 640 120°

Division is .accomplished by dividing the

denominator into the numerator, 2nd wb-

iracting the angle of the denominator from

that of the numerator, as:

Addition of The addition ox complex
Complex Quantities quantities {for example,

impedances in series) is

quite simple if the quantities are in the rec-

tangular form. If they are in the polar form

they only can be added graphically, unless

they are converted to the rectangular form
by the relationships previously given. As an

example of the addition of complex quanti-

ties in the rectangular form, die equation

for the addition impedance is:

(Kt 4 IX) + (*. 4 jX») =
(?vi 4 K:) 4 j(X + X-)

For example if ve -wish to add the imped-
ances (10 4 fSQ) 2nd (20 " /30) srt ob-
tain:

HO 4 fj 0) 4 (20 - }30)

~ (10 4 20) 4 ft SO 4 (-50)]

~ 50 4 j(50 - 30)

“ 30 4 j20

\Ui^ _ jz,i

|Z,| U, IZrl
^ 15,5

For example, suppose that 2n impedance of

|S0| Z67° is to be divided by an impedance

of |l0| Z45
5
. Then:

|50[467
p _|J0i

Il0| Z45
3

J30!

U67°-L45°)
~

)5|(Z22

Ohm's Lew for The simple form of
Complex Quantities Ohm’s lav.* used for dc

circuits may be stated

in 2 more general form for application to tc

circuits involving either complex quantities

or simple resistive elements. The form is:

in which, in the general case, 1, E, and Z
are complex (vector) quantities. In the

simplg case where the impedance is a pars

resistance -with an ac voltage applied, the

equation simplifies 10 the familiar I nr F it
in any case the applied voltage may be ex-
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la :us more general case veeror algebra

rau-t b used to solve the ecmzior.. Aeg.

vcived. the complex eeaatities should be

:abe th^cass of dee ‘dss circa:: sHowe b

Figure 13

SERIES RLC CIRCUIT

psdaace of the sens? circs: caa best be Gb-

taiaec fin: b :b rectangular term. a;:

260 *r /if 100 — 5GG) = 26C' — /260

Now, to obtab tee Current ~e must con-

vert this imuedance to the tolar form..

the same Then, Z ecusis

Z = y 200- -r (-260y-

- 'f+O/m -T 40,000

an: cos
— — 6.707

z=w =JJ2fe

ence fer the currents ns voltages within

?r.o /o
;

/ = ‘
,

-
0,5 X4 Z0

:- (-v ’’)

111 L~~S' 1

= 0.:54 Z45
:
amperes

This same current must £ov through ah'

cure elements of the arc:::, since they are

in senes sen the current through cue must

already hare passed through the other two.

The vdtags crop acre:: the resistor fwhose

phase angle of course is 0'} is:

£ = (0.554 '45=) (200 /0
C

/

= 70i L4 5
:
vcIts

The vo-tzee drop across the inductive re-

;— tan
-

" ( 1/

E = 1X:.

E = dC.5X4 Z-X
c
)
HOC' /SO'}

— 55.4 Zf 35
:
volts

Similarly, the voltage drop across the capac-

Therefore, Z= 111 Z~4J'

Note that in 2 series circuit the resulting

impedance tabes the sign of the larges: re-

actance in the series combination.

£ =&
£=f 0 .5 f-/4 J

c
)

f:0C*/-f 0
:

;»

Vote that the vcltage drop mrcss tne a-

voltage. Tha concumn o*:en occurs m a

series R£C circuit, and is explained by the
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to make sure that they add up to the supply

voltage or (to use the terminology of iiircb-

hoif’s Second Law) to make sure that the

voltage drops across all elements of the

circuit, including the source taken as nega-

tive, is equal to zero.

In the general case of the addition of 2

number of voltage vectors in series it is best

to resolve the voltages into their in-phase

and out-of-phase components with respect

to the supply voltage. Then these compo-

nents may he added directly:

Eb = 70.8 Z45’

= 70.8 (cos 45
5 + 7 an 45’)

= 70.8 (0.707 + fO.797)

= 50 4- j50

Ll =35.4 Z 135’

“ 35.4 (cos 135’ 4 75b 135°)

= 35.4 (-0.707 4 j0.707)

= -25 4 ;25

Prrofiisal soncirucliw ?f the iTiftsiE© -rxci Sl-

Lvc'ir.iti with ths series F.J.G slrsjSt figirs lit.

across the rerinor as one tide and the ns
voltage drop across the capacitor plus the

inductor (these may he added algebraical!}'

as they are 159’ out of phase) as the ad-

jacent side. The vector rum of these rap

voltages, which is represented hy the diag-

onal of the parallelogram as equal to the

supply voltage of 100 volts at zero tte
angle.

£c = 105.2 LA)°

= 105.2 (cos-45’ 4 7 sin— 45
2

)

= 105.2 (0.707 — 70.797)

= 75 —775

E?. 4^,4£c» (59 4759)

4 (-25 4 j25) 4 (75-j75)

— (59— 25 4 75) 4
j(30 + 25-75)

La 4 £t -f Er; = 109 4 jo

.. , .
=100 Z0’,

vouch as equal to the supply voltage.

Checkins ty t,
* ' , . . .

r ,

Afc ® frequently seara;
Construction or. line *0 A«.~V _ .

- t computatic
Wttjfax ?;-r.e ;-rniv- ^ „ (avojvng complex qua

^
hy construct!:

0.. . -j—.LiU* -ne quantities on t
compjer plane. Figure 14 shows a -0

f **£**&« * the' prohle
J

r‘ A -e that the ansr,--

- * ^.ailelogram w>rn the voltaae dr

P.eristrr.ce end ?.e- Ja 2 series c:cr+ ttn
ccfcnse Sr. PsrriSel - just discussed, the •cur-

rent through all the ele-

ments which go to make up +2 series ssf-

cuit is the same, 2ur the voltage drops

across each of the components are, 33 g£>
eral, dinerent from one another. Conversely,

in a parallel ?dC or ?Jf crcnt the voltage

is, obviously, +2 tame across each of the

elements. But the currents through each cf

the elements 2re usually different.

There are many ways of solving 2 prob-

lem involving paralleled resistance .and re-

actance; several of these ways wall be de-

scribed. Jn general, it may be arid that the

impedance of 2 number of elements in

allel is solved using the same relations as are

used for solving resistors in parallel, excess

that complex quantities are employed. The

baric relation is:

3 _ 1

Zjt'lii i z,
r
z. ‘ zT

'

or when only two impedances .are involved:

2W= ZZ«

Z,4Z.
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As an example, using the two-impedance

relation, take the simple case, illustrated in

figure IS, oi a resistance of 6 ohms is paral-

lel with a capacitive reactance of 4 ohms.

To simplify the first step in the computa-

tion it is best to put the impedances in the

polar form for the numerator, since multi-

plication is involved, and in the rectangular

form for the addition in the denominator.

_ __ «Z0°) (4Z-9fl
c
)

7Z77
6 ft

_ 241- 90
*

e->4

PARALLEL
CIRCUIT

EQUIVALENT SERIES

CIRCUIT

.. Figure 15

THE EQUIVALENT SERIES CIRCUIT

Showing a parallel P.C circuit antf the equiva-

lent series RC circuit which represents the sane
net fopetanu as the pgnVe} circuiL

Then the denominator is changed to the

polar form for the division operation:

6
~

tan*
1 —~= tan

-: ~ 0.667 — — 55.7
s

!zi
=-

cos — 33.7" 0-832

6 ~/4 — 7.21 L —35.7

Then:

24 L - 50
c

- = 7.21 ohms

Zjotal — '

\2l L -
— 5.35 /— 56.3

composed of impedances in sens, An equiva-

lent series circuit is one which, as far as the

terminals are concernec: acts identically to

the original parallel circuit: dee current

through the circuit and the power dissipa-

tion of the resistive elements are the same for

a given voltage at the specified frequency.

The mathematical conversion from series

to parallel equivalent and vice-versa is im-

portant in antenna and circuit studies, as

certain test equipment makes one forts of

measurement and others make the opposite

form. This conversion exercise may be re-

quired to ccmpare the two types of data.

It is possible to check the equivalent series

circuit of figure IS with respect to the

original circuit by assuming rxs2r one volt

ac (at the frequency where the capacitive

reactance in the parallel circuit is 4 ohms)

is applied to the terminals of both the series

and parallel circuits.

In the parallel circuit the current through

the resistor will be tc sntpJ'e (0.166 amp)

while the current through the capacitor will

be
j / ampere (~

j
0.2 S amp). The total

current will be the sum of these two cur-

rents, or 0.166 -r j 0.25 amp. Adding these

vectori2lly, as follows:

T; = Vo.165
5 + 0.25= = Vm9

= 0.5 amp.

The dissipation in the resistor will be l*/6

~ 0.166 watts.

In the case of the equivalent series cir-

cuit the current will be:

E 1

\ll
— •— — = 0.5 2I71D

Z }.»

And the dissipation in the refistorwill be:

W = r-R = 0.5
s X 1.8J

= 0.09 x I.S5

— 3.35 (cos — S6.5
C
*f j’sin — 56.5°)

= 5.33 £0.3548 -w ; (—0.832)3

= 1.8 J - j
2.77

Equivalent Series Through the series of op-

Circuit erations in the previous

paragraph a circuit com-

posed of two impedances in parallel has been

converted into an equivalent series circuit

= 0.166 wacts

Thus the equivalent series circuit checks

exactly with ‘the original parallel circuit.

Parallel RLC In solving a more complicated

Circuits circuit made up of more than

two iroredances in parallel it

is possible to use either of two methods of

solution. These methods are called the cl-
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mittencc method and the cssinnei-i'olicgc

method. However., tbs two methods are

totals equation:

1 _J_j.i_u.i_
Zjjrtd —i Aj -Ai

In the admiti22.es method ire use the rela-

tion y = l/Z, where T =z G ~r j3;T is

called the cdrrr.iictc^ denned above, G is

the conductme or E/2? 2nd 3 is ths sm-

ccpicr.cc or —jZ.Tr. Then Ttmi ~ 1/Zraa
= Ti 4 Tn 4 T3 .. . . - In the nssmaed-

voltage method ire multiply both side; of

the equation above by E, the assumed volt-

age, 2nd add the currents, zf:

7 7 ' 7 •‘7
-- ^ ' lJ= '

Annei Ai Ad

Tien the impedance of the parallel com-

bination may be determined from the rela-

tion:

-Arm! “ -n/IzTr.ci

at the same time the tmplimde is redaced.

Several dividers of this time are shown in

figure 17. T»
T
srs that the ratio of ortpet

voltage is equal to the rado of the ontptt

impedance to the total divider Impedance.

This relationship is true only if
-recf-gnls

terminals.

/.Cv3l‘oae “voltage dividers for use ~ith
Dfvlden altsmatir17 current are -mite

similar to da voltage divider.

However, since capacitors and indnetor; z
veil as resistors oppose the rime of at Cur-

rent, voltage divide.*; for alternating volt-

ages mar tale any of the corfrlttbrn
shown in agars 15.
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3-3 Resonant Circuits

A series circuit such is shows in figure IS
is said to be in mmsna *-h*n the applied
frequency is such that the capacitive reac-

tance is exactly balanced by the inductive

reactance. At this frequency the two reac-
tance will cancel, and the impedance of the
circuit -.'ill be at a minimum so that maxi-
mum current will flow. The net impedance
of a series circuit at resonance is equal to
the resistance which remains in the circuit

after the reactances have been cancelled.

Resanonf Frequency Some resistance is always

present in a circuit be-
cause it is possessed in some degree bv both
the inductor and the capacitor. If the fre-

Figure 16

SERIES-RESONANT CIRCUIT

quency of the alternator E is varied from
nearly zero to some high frequency, there

will be one particular frequency at which
the inductive reactance and capacitive re-

actance will he equal. This is known as the

resonant frequency, and in a series circuit

it is the frequency at which the circuit

current will be a maximum. Such series-

resonant circuits 2re chiefly used when ir is

desirable to allow a certain frequency to pass

through the circuit flow impedance to this

frequency)
. while at the same time the cir-

cuit is made to offer considerable opposition

to currents of other frequencies.

If the values of inductance and capaci-

tance both are fixed, there will be only one

resonant frequency.

If either the inductance or the capacitance

are made variable, the circuit may then be

changed or tuned, so that a number of com-

binations of inductance and capacitance can

resonate at the same frequency, This can be

more easily understood when one considers

that inductive reactance and capacitive re-

actance change in opposite directions 2s the
frequency is varied. For example, if the

frequency were to remain constant and the

values of inductance and capacitance were

then changed, the following combinations

would have equal reactance:

L xL c Xr

.1 65 100 26.1 100

2.65 1000 2.65 1000

26.1 10,000 .265 10.000

261.00 100,000 .0265 loo.ooo

2,610.00 1,000,000 .00265 1,000.000

Frequency is constant at 60 Hz.

L is expressed in henrys.

C is expressed in microfarads (10*' farad).

Frequency From the formula for r«o-
cf Resonance nance [2wfL = \'2vfC) the

resonant frequency is deter-

minded by use of the following equation:

1

f
~

-vVZc

where,

/ equals frequency in hertz,

L equals inductance in henrys,

C equals capacitance in farads.

It is more convenient to express L and C
in smaller units for radio communication

work, as shown in the following equation:

t _ 10 *

' ~2?yjTX

where,

/equals frequency in kilohertz (kHz),

L equals inductance in microhenries (/rid),

C equals capacitance in picofarads (pF).

Impedance of Series The impedance across

Resonant Circuits the terminals of a series-

resonant circuit (figure

IS) is:

Z = lxi — Xc)
:

where,
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Z t;m!sfafafa fa,
r enWls resistance In ohms.

Jr'Vuds capacitivereactance in tires,

ju5r2alj inductive reactance
h ohms.

rjrora tbs equation, it can he seen bat

the impedance is erual to ms vector sum O-

the circuit resistance ni the Hfsrmcs he-

C'j-rsrtf vrii rormrlas for cc-toniaC'

1r. Ssnes-r.ssofcn? in§ currents tnt TP:t-

Cirscfe ages b s 3sries-resorsmt

thosebr Obntbstr..

The complete erections are:
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thpv-'inr the variator in reactance pT ;te sera-

rate elements tint in the -net impefiancs v\t
series resonant s'rafit '.suss tc Tfcure it) v-itt

shencinc frenuensy, The vertical line is ti rav'ft

at the paint p? resonance >T -X, = T) in tnc

eerier circuit

treen the two jeactances. Since zi the

resonant frernenry X% eou»3s £r„ me die-

ferer.ee hervesn them future 15 j is zero,

so that at resonance the impedance is sim-

ply erual to the rbrtance of the circuit:

therefore, because the resistance of most

low order, the impedance is also low.

At frerumcles higher and lower than toe

resonant frequency., the difference between

the reactance: viO he a definite pnantity

impedance higher and higher a: the circuit

i: tuned or the resonant frecuent}'-

oer, roovei’er. vnen one difference h sccared

tne procure it tjvrv: -positive. Thh means

'"-’’r tne iar;;er, rtsartiest of whether it he

Inspection or the above tortrtcas f.tJ

shoo- the fsuhwjsg to apply to series-reso-

ncrt circuits: ^’hen the impedance is jot:

,

the current w£] be high: nonvsrsdiy.- tc

love

Since the impedance .:s vary .lev.' at tne

resor.cn: frequency.. r: fblows the: the nor-

rent veil he a mm;‘.mom r: this point- Jt a

trr.ph is pbttsd of the currsc* t«5os -he

frequency e.lher side of resonance. tne r>

sviitani cone is known as a r'v.'.’jjerr.e n/rts-

Ohpv-'ini: ths mc'sase in imper;<mre pair
ranee icr a raraKeO^sprarf. srciftt, suit. -qri*-

la'll-, ehe incn«5£ in cura-nt art 'ecsrarcs

a is'rsc-rsswsffli crcUit Trtf jra'pnKt i> .pisr-

nanse r. tietsmTiTef hj' trs t tne sipUr.. a-

illpc*.r?*teC hi' t ramrariCDn neiv-eer. ms -arts

ts
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frequency being plotted against current in

the series-resonant circuit.

Several factors will have an effect on the

shape of this resonance curve, of which re-

sistance and L-to-C ratio are the important

considerations, The lower curves in figure

20 show the effect of adding increasing val-

ues of resistance to the circuit. It will be

seen that the peaks become less and less

prominent as the resistance is increased;

thus, it can be said that the selectivity of

the circuit is thereby decreased. Selectivity

in this case can be defined as the ability of

a circuit to discriminate against frequencies

adjacent to (both above and below) the

resonant frequency.

Voltage Across Coil Because the ac or r-f

cni Capacitor b voltage across a coil and

Series Circuit capacitor is proportional

to the reactance (for a

given current), the actual voltages across

the coil and across the capacitor may be

many times greater than the terminal

f

volt-

age of the circuit. At resonance, the voltage

across the coil (or the capacitor) is Q
times the applied voltage, Since the Q (or

merit factor) of a series circuit can be in

the neighborhood of 100 or more, the volt-

age across the capacitor, for example, may

be high enough to cause fiashover, even

though the applied voltage is of a value con-

siderably below that at which the capacitor

is rated.

Circuit Q— Sharp- An extremely important

ness of P.eso nonce property of a capacitor

or an inductor is its fac-

tor-of-merit, more generally called its 0.

It is this factor, Q, which primarily deter-

mines the sharpness of resonance of a tuned

circuit. This factor can be expressed as the

ratio of the reactance to the resistance, as

follows:

SKIN EFFECT, OBDEgH OF PENETRATION

. r( .... |R * conductor increase

The resistance and
M

J

e^ becmt theW-
With the square '^“' decreases in thickness as
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where,

transmitter circuit operation. A circuit is

shown in figure 22.

ft equals total resistance.

Skin Effect The actual resistance in a wire

or an inductor can be far greater

than the dc value when the coil is used in a

radio-frequency circuit; this is because the

current docs not travel through the entire

cross section of the conductor, but has a

tendency to travel closer and closer to the

surface of the wire as the frequency is in-

creased. This is known as the skin effect.

In the hf region, skin effect limits the

depth of electron flow in a conductor to a

few thousandths of an inch. The resistance

and r-f losses in a conductor increase with

the square root of the frequency and become

of increasing importance above 100 MHz.

(figure 21).

Voriotfon of Q Examination of the equation

with frequency for determining Q might

seem to imply that even

though the resistance of an inductor in-

creases with frequency, the inductive react-

ance does likewise, so that the Q might be

a constant. Actually, however, it works out

in practice that the Q of an inductor will

reach a relatively broad maximum at some

particular frequency. Thus, coils normally

are designed in such a manner that the peak

in their curve of Q-versus-frequcncy will

occur at the normal operating frequency of

the coil in the circuit for which it is de-

signed.

The Q of a capacitor ordinarily is much

higher than that of the besr coil. Therefore,

it usually is the merit of the coil that limits

the overall 0 of the circuit.

At audio frequencies the core losses in an

iron-core inductor greatly reduce the Q
from the value that would be obtained sim-

ply by dividing the reactance by the resist-

ance. Obviously the core losses also represent

circuit resistance, just as though the loss

occurred in the wire itself,

Porollc!
[n radio circuits, parallel rcso-

Resonance nance (more correctly termed

ditHresunanec) is more frequently

encountered than series resonance; in fact,

it is the basic foundation of receiver and

PARALLEL-RESONANT CIRCUIT

The inductance L and capacitance C comprise
the reactive elements of the parallel-resonant

{antiresonant; tank circuit, and the resistance

R indicates the sum of the r-f resistance of the

coil and capacitor, plus the resistance coupled
into the circuit from the external load, (n most
cases the tuning: capacitor has much lower r-f

resistance than the coil and can therefore he
i£norcd in comparison with the coil resistance
and the coupled-in resistance. The instrument
M, indicates the “line cvtrenV’ vrhich keeps the

circuit in a state of oscillation—this current is

the same as the fundamental component of the
plate current of a class-C amplifier which mfehf
be feeding the tank circuit. The instrument M,

indicates the "tank current” which is equal to

the line current multiplied by the operating Q
of the tank circuit.

The "Tenk" In this circuit, as contrasted

Circuit with a circuit for series reso-

nance, L (inductance) and C
(capacitance) are connected in parallel, yet

the combination can be considered to be in

scries with the remainder of the circuit. This

combination of L and C, in conjunction

with ft, the resistance which is principally

included in L, is sometimes called a lank

circuit because it effectively functions as a

storage tank when incorporated in electronic

circuits.

Contrasted with series resonance, there

are two kinds of current which must be con-

sidered in a parallel-resonant circuit,' (I)

the line current, as read on the indicating

meter Mj, (2) the circulating current which

flow's within the parallel LCR portion of the

circuit.

At the resonant frequency, the line cur-

rent (as read on the meter Mj) will drop to

a very low value although the circulating

current jn the LC circuit may be quite large.

The parallel-resonant circuit acts in a dis-

tinctly opposite manner to that of a series-

resonant circuit, in which the current is at
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2 maximum and the impedance is minimum
at resonance. It is for this reason that in a

parallel-resonant circuit the principal con-

sideration is one of impedance rather than

current. It is also significant that the im-

pedance curve for parallel circuits is very

nearly identical to that of the current curve

for series resonance. The impedance at reso-

nance is expressed as:

z= iMai
R

where,

Z equals impedance in ohms,

L equals inductance in henrys,

/ equals frequency in hertz,

A equals resistance in ohms.

Or, impedance can be expressed as a func-

tion ofQ as:

Z = IrrjLO

showing that the impedance of a circuit is

directly proportional to its effective 0 at

resonance.

The curves illustrated in figure 20 can be

applied to parallel resonance. Reference to

the curve will show that the effect of adding

resistance to the circuit will result in both 2

broadening out 2nd lowering of the peak of

the curve. Since the voltage of the circuit

is directly proportional to the impedance,

and since it is this voltage that is applied to

2 detector or amplifier circuit, the imped-

ance curve must have a sharp peak in order

for the circuit to be selective. If the curve

is broadtopped in shape, both the desired

signal and the interfering signals at close

proximity to resonance will give nearly equal

voltages, and the circuit will then be non-

seJective; that is, it will tune brozdly.

Effect of L/C Ratio In order that the highest

in Parallel Circuits possible voltage can be

developed across 2 paral-

lel-resonant circuit, the impedance of this

circuit must be very high. The impedance

will be greater with conventional cods of

limited Q when the ratio of inductance to

capacitance is great, that is, when L is large

as compared with C. When the resistance of

the circuit is very low, Xj, will equal Xq at

maximum impedance. There are innumer-

able ratios of L 2nd C that will have equal

reactance, at a given resonant frequenev,

exactly as in the case in 2 series-resonant

circuit.

In practice, where 2 certain value of in-

ductance is tuned by 2 variable capacitance

over a fairly wide range in frequency, the

L !C ratio will be small at the Iowest-fre-

quency end and large at the high-frequency

end. The circuit, therefore, will have un-

equal gain and selectivity 2t the two ends

of the band of frequencies which is being

tuned. Increasing the 0 of the circuit (low-

ering the resistance) will obviously increase

both the selectivity and gain.

Circulating Tank The 0 of 2 circuit has

Current or Resonance 2 definite bearing on

the circulating rant

current 2t resonance. This t2nk current is

very nearly the value of the line current

multiplied by the effective circuit 0. For

example: an r-f line current of O.OfO am-

pere, with a circuit 0 of 100. will give a

circulating tank current of approximately

5 amperes. From this it can be seen that

both the inductor and the connecting wires

in a circuit with a high 0 must be of very

low resistance, particularly in the case of

high-power transmitters, if heat losses 2re

to be held to a minimum.

Because the voltage across the tank 2t

resonance is determined by the 0 , it is pos-

sible to develop very high peak volrages

across 2 high-0 tank with but little fine

current.

3A Coupled Circuits

Two circuits 2re said to be coupled if the}'

have a common impedance through which

the current flowing in one circuit afreets the

current in the second circuit. The common

Impedance may be resistive, capacitive, or in-

ductive or a combination of these. The co-

efficient of coupling (k) was briefly discussed

in Chapter Two. Coupled circuits are useful

as unwanted frequencies may easily be re-

jected and power efficiently transferred from

a pnmsry circuit to a secondary circuit by
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Figure 'll

EFFECT QF COUPLING ON CIRCUIT IMPEDANCE AND G

means of the proper degree and type of

coupling.

In tie case of simple inductive coupling of

a parallel-resonant circuit (figure 23), such

as an antenna coupler, the impedance and

effective Q of the parallel-tuned circuit is de-

creased as tie coupling becomes tighter. This

effect is tie same as if an actual resistance

-ere added in series with tie parallel-tuned

circuit. Tie resistance thus coupled into tie

parallel circuit can be considered 2s bang

reflected from tie output crrcuir to tie in-

put, or driver, circuit.

Tie behavior of coupled circuits depends

largely on tie amount of coupling, as shown

in figure 23. Tie coupled current in tie

secondary circuit is small, varying frith fre-

quency, bring maximum at the resonant

frequency of tie circuit. As tie coupling

is increased between tie two circuits* the

secondary resonance curve becomes broader

rad the resonant amplitude increases, until

the reflected resistance is equal to tie pri-

mary resistance. This point is called the rr;r-

ird coupling point, “vita greater coupling,

tie secondary resonance curve becomes

oroeder and develops double resonance

humus, -which become more pronounced and

farther apart in frequency as the coupling

bctrraa the two circuit! is increased.

*

In the case waters both omnzrv and sec-

ondary- circuits are tuned, the ceSgiassStn
can be given wideband characteristics by
inuntirg the primary anc secondarv resonant

circuits by resistances as riiown in 5cure 24
“ orcer to acmeve low vaiues of circuit 0
zri- rv adjusting the coenelect of couting.

If the primary 2nd secondary circuits 2ts

identical, with equri shunt resistances, so

that Q V2ives zre equal 2nd tie coupling h

critical, tie half-power bandwidth is:

Half-power bandwidth = y^Vlf-power

bandwidth -of 2 ringle-ransd stage

Figure V-.

WIDEBAND COUPLED CIRCUIT

Sanhwipths 6s£8tzii!)9£ iy sfmrEirg raslrtan-es

zzi easSr'isrt rf spiffing.

Compared with 2 ringle-tuned stage hir-

ing tie same half-power bandwidth me

double-tuned circuit has 2 response that is

flatter near the resonant frequency 2nd -225

steeper rides, as shown in figure 25.

The bandwidth is denned as that fre-

quency band over when the power response

does not •drop to less than -one-half, or ^3

cS, of the power response sr resonance, itus

corresponds to the voltage response droppmg

is commonly referred to as the "3-d3 banc-

"wideband runed ampriners ot tmr top-

2rs useful for nasring signals modulated m*
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and complex shapes are -used in electronics,

particularly square waves, smooth wares,

and treated waves.

Yt'cve CorsppssHari „Ajjr periodic war? (one

nite time intervals) is composed of sine

waves of different frequencies and ampli-

tudes, added together. The sine ware which

has the same frequency as the complex, peri-

odic wave is called the pinSavumlcl. The

frequencies higher than the fundamental are

called harmonics, and are always a whole

number of times higher than the funda-

mental. Por example, the frequency twice as

high as the fundamental is called the second

harmonic.

Tf<e Srucre Wcve Kgure 22 compares ^

square ware with ^ ~ne

"'avs [Ji

)

of the same frequency. If another

sine wave (3) of smaller amplitude, bni

three times the frequency of A, called the

third harmonic, is added to A. the resultant

wave (C) more nearly approaches the de-

sired square ware.

This resultant curve (figure 23) is added

to a hfth-harmoinc curve (T). end the rides

of the resulting curve (3) are steeper than

before. This new curve is shown in figure

30 after a Tth-hamonic component hat been

added to it, malting the rides of the corn-

posit? wave even steeper. Addition of more

higher odd harmonics will bring the result-

ant wave nearer and nearer to the desired

square-wave shape. The square ware wU be

achieved if an infinite number of odd har-

monics are added to the original sine wave.

riair? S3
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Irregular jn the same fashion, a saw-
Woveforms tooth wave is made up of dif-

ferent sine waves (figure 51).

The addition of all harmonics, odd and even,

produces the sawtooth waveform.

Figure 32 shows the composition of a

peaked wave. Note how the addititon of each

successive harmonic makes the peak of the

resultant higher, and the sides steeper.

discussed in Chapter 2. the same principles

may be applied in the analysis of the tran-

sient behavior. An RC coupling circuit is

designed to have a long time constant with

respect to the lowest frequenqr it must pass.

Such a circuit is shown in figure 33. If a

nonsinusoidal voltage is to be passed un-

changed through the coupling circuit, the

time constant must be long with respect

to the period of the lowest frequency con-

tained in the voltage wave.

R*C=5O0C0 UJECOV33
rzmsc* £* lunus'-awt

Figure 33

RC COUPLING CIRCUIT WITH
LONG TIME CONSTANT

RC Differentiator An RC voltage divider

end Integrator that is designed to distort

the input waveform is

known as a differentiator or integrator, de-

pending on the locations of the output taps.

The output from a differentiator is taken

across the resistance, while the output from

an integrator is taken across the capacitor.

Such circuits will change the shape of any

Figure 32

COMPOSITION OF A PEAKED WAVE

The three preceding examples show how

a complex periodic w3ve is composed of a

fundamental wave and different harmonics.

The shape of the resultant wave depends on

the harmonics that are added, their relative

amplitudes, and relative phase relationships.

In general, the steeper the sides of the wave-

form. the more harmonics it contains.

AC Transient Circuits ]f an ac voltage is

substituted for the dc

input voltage in the RC transient circuits

Figure 34

RC DIFFERENTIATOR AND
INTEGRATOR ACTION ON

A SINE WAVE
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complex ac waveform that as impressed cm

them. This distortion is a function of the

value of the time constant of the circuit as

compared to the period of the waveform.

Neither a differentiator nor an integrator

can change the shape of a pure sine wave,

they will mere]}' shift the phase of the wave

(figure 3A). The differentiator output is a

sine wave leading the input wave, and the

integrator output is n sine wave which lags

the input wave. The ram of the two out-

puts at any instant equals the instantaneous

input voltage.

Srusre-Wfve Input Tf 2 square-wave volt-

age is impressed cm the

circuit of figure 35, 2 square-wave voltage

output may be obtained across tbe integrat-

ing capacitor if the time constant of the

circuit allows the capacitor to become fully

charged. In this particular case, the capacitor

never fully charges, and as a result the out-

put of the integrator has 2 smaller ampli-

tude than the input. The differentiator out-

put has a maximum value greater than the

input amplitude, since the voltage left on

the 0202 citor from the previous half wave

will add to the input voltage. Such .a circuit,

when used as a differentiator, is often called

a jirckcr. peahs of twice the input amplitude

may be produced.

Scvtssefc-Wcre Input jf 2 hact-to-bad saw-

tooth voltage is applied

to an ?vC cycuit having a time constant

one-sixth the period of the input foliage,

>Lar £)

:
1 ‘"'liMn* oir*ir

vm-

the result is shown in figure 35. The capsfi-

tor voltage wili closely follow the input

voltage, if the time constant b shorty and

the integrator output close!}' resembles the

input. The amplitude is slightly reduced

2nd there is 2 slight phase lag. Shoe the

voltage across the capacitor is increasing at

2 constant rate, the charging and ciscnarg-

ing current is constant. The output voltage

of the differentiator, therefore, os constant

during each half of the sawtooth input.

Miscs1Jcr<g:>ur Vnious voltage waverorsns

Inputs other than those represented

here mat' be applied to short-

time-constant RC profits for the purpose of

producing across the resistor an output volt-

age with an amplitude profiriimd io ibc

Tcie of chanic of the input signal The

shorter the time constant is made with

respect to the period -of the input wave, the

more nearly the voltage across the capacitor

conforms to the input voltage. Thus, the

differentiator output becomes of particular

importance in very short-time-constant ?£

circuits. Differentiator outputs for various

types of input waves are shewn in figure 37.

3vu5r£.wrvE Te-i. ytjg c: a

Anew Ssrutprasat square-wars input fig-

nal to audio equipment)

and the observation of the reproduced out-

put signal on an oscfiloscops will provide

0 quid and accurate checi of the .oveufi!

operation of audio equipment.

r.C iiIrrz?.EJmt.TGr. ih'D IhTHSr^.TO?. ATHOK DK
ASEUAr-SY.AVH
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Lor-frequency and high-frequency re-

sponse, as well as transient response can be

examined easily.

If the amplifier is deficient in low-fre-

quency response, the flat top of the square

ware will be earned, as in figure )8. If the

high-frequency response is inferior, the rise

time of the output wave will be retarded

(figure 39).

An amplifier with a limited high- and

low-frequency response will turn the square

wave into the approximation of a sawtooth

wave (figure 40).

Figure 3G

RC DIFFERENTIATOR AND
INTEGRATOR ACTION ON
A SAWTOOTH WAVE

Figure 37

Differentiator outputs of sfiort-time-constant RC
circuits for various input voltage wave-shapes,
‘he output voltage is proportional to the rate

of change of the input voltage.

5-6 Transformers

When two coils are placed in such induc-

tive relation to each other that the lines of

force from one cut across the turns of the

other inducing a current, the combination

can be called a transformer. The name is

derived from the fact that energy is trans-

formed from one winding to another. The

inductance in which the original flux is

produced is called the primary; the induct-

ance which receives the induced current is

called rhe semritry. In a radio-receiver

power transformer, for example, the coil

through which the 120-volt ac passes is

the primary, and the coil from which a

higher or lower voltage than the ac line

potential is obtained is the secondary.

Transformers can have either air or mag-

netic cores, depending on the frequencies at

which they are to be operated. The reader

should thoroughly impress on his mind the

fact that current can be transferred from

one circuit to another only if the primary

current is changing or alternating. From

this it can be seen that a power transformer

cannot possibly function as such when the

primary is supplied with nonpulsating dc.

A power transformer usually has a mag-

netic core which consists of laminations of

iron, built up into a square or rectangular

form, with a center opening or window.

The secondary windings may be several in

number, each perhaps delivering a different

voltage. The secondary voltages will be

proportional to the turns ratio and the

primary voltage.

Transformers are used in alternating-cur-

rent circuits to transfer power at one volt-
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Figure U
Amplifier deficient in iew-frepuency resnonSE will fitter! srn-rs wavs applied is the irpa!

circuit, £$ shown. A SC-tfz sruare wave may he used.
A: Drop In gain *1 lor fregaencies
2 : Leading phase shift at low frequencies
C: legging phase shift at low frequencies
D: Accentuated low-frequency rein

Figure SS

Output
,
waveshape of emptier hrvinr isfi.

ciency in high-frecuensy response. Tested with
It-fcHz square revs,

Figure 49

Outset wsveshepe of amplifier hevinc limit*-
bw-frequenoy znd ^TB^nvy hsS^l

Tested with 1 fcKz spuere revs.

age ad impedance to another circuit at

another voltage and impedance. Here are

tnree main classincsTions oi transformers;

‘hose made for use in po~er-frsqnencv cir-

cu:;s. those made for audio-frectsfiacr aooH-
catiens, and tnose made fox radio frequencies.

Trie Trcvtiformrrion U 2 P;.

?‘cti’ ail t£
liner -

primary Tending Uni cross

‘-he secondary vincing (Sr.
z :rcnrtermer, the ratio of

secondary voltages is the same as the ratio of

the number of turns in the t^o “hidings:

ti, tv

Tl

Np * ip * i lj

z, >v?
Zj '

I Ms

,

Figure 41

THE LOW-FEEU'JENCY
TRAHSFOP.MER

Power is transformed from the prjT.try is *f>S

secondary winding try means of the varying

megneiic freid. The rr.'tege Induced in the ss>
cridary for e given primary rdtage is propor-

tional to the ratio of sscor.dary to primary turns.

The impedance transformation 5s pronerfionr’

to ttis srcare of the primer'' to se-erndery

turns ratio.

7.7 V
1

JV»!

~nere,

A> equals number of turns in the primary-.

A7r equals number of rums in the sec-

ondary,

£: equals voltage across the primary..

£>• equals voltage across the secondary.

ings.
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Ampere Turns (Nl) The current that flows in

the secondary winding as

a result of the induced voltage must pro-

duce a flux which exactly equals the primary

flux. The magnetizing force of a coil is ex-

pressed as the product of the number of

turns in the coil times the current flowing

in it;

NvXh =Ns Xls,m-~L=—
A's Jr

where,

Jp equals primary current,

Is equals secondary current.

It can be seen from this expression that

when the voltage is stepped up, the current

is stepped down, and vice versa.

Leokagc Reactance Since unity coupling does

not exist in a practical

transformer, part of the flux passing from

the primary circuit to the secondary circuit

follows a magnetic circuit acted on by the

primary only. The same is true of the sec-

ondary flux. These leakage fluxes cause leak-

age reactance in the transformer, and tend

to cause the transformer to have poor volt-

age regulation. To reduce such leakage re-

actance, the primary and secondary windings

should be in close proximity to each other.

The more expensive transformers have inter-

leaved windings to reduce inherent leakage

reactance.

Impedance the ideal transformer, the

Transformofion impedance of the secondary

load is reflected back into

the primary winding in the following rela-

tionship:

Zr — N2
2s, or N — yfZpjZs

where,

Z\. equals reflected primary impedance,

Ar
equals turns ratio of transformer,

Zs equals impedance of secondary load.

Thus any specific load connected to the

secondary terminals of the transformer wr

be transformed to a different specific value

appearing across the primary terminals of

the transformer. By the proper choice of

turns ratio, any reasonable value of second-

ary load impedance may be '’reflected” into

tbe primary winding of the transformer to

produce the desired transformer primary im-

pedance. The phase angle of the primary

"reflected” impedance will be the same as

the phase angle of the load impedance. A

capacitive secondary' load will be presented

to the transformer source as a capacitance,

a resistive load will present a resistive "re-

flection” to the primary source. Thus the

primary source "sees” a transformer load

entirely dependent on the secondary load

impedance and the turns ratio of tbe trans-

former (figure 41).

The Auto* The type of transformer in fig-

transformer ure 42, when wound with heavy

wire over an iron core, is a com-

mon device in primary power circuits for

the purpose of increasing or decreasing the

line voltage. In effect, it is merely a con-

tinuous winding with taps taken at various

points along the winding, the input voltage

being applied to the bottom and also to

one tap on the winding. If the output is

taken from this same tap, the voltage ratio

will be J to 1; i.e., the input voltage will be

the same as the output voltage. On the other

hand, if the output tap is moved down to-

ward the common terminal, there will be

a stepdown in the turns ratio with a conse-

quent stepdown in voltage. The initial set-

ting of the middle input tap is chosen so

that the number of turns will have sufficient

Figure 42

THE AUTOTRANSFORMER

Schematic diagram of an autofransformer shew-

ing the method of connecting it to the lute and

to the load. When only.a small amount of step

up or step down is reouired, the autotransformer

may be much smaller physically than would be a

transformer with a separate secondary winding.

Continuously variable 2utotransformers (Vanae

and Powerstat) are widely used commercially.
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reactance to Lola the no-load primary cur-

rent to 2 reasonable Tahss.

Letkcoe In 2 practical transformer, lech-

Recctases up reccf-ancs is caused by the

small amount of magnetic huz

which is riot common to both windings.

The more closely "die transformer windings

2re interlesvei the less leakage reactance

there is, up to the limits imposed by the

layout and design of an indmdial trans-

former*

Current doling through the leakage re-

actance causes 2 roltage drop in die trans-

former "which degrades the voltage regu-

lation of die unit 2nd results in 2 lower

secondary voltage under load than would be

indicated by the turns ratio of the trans-

former* In some transformer designs, the

leakage reactance may be controlled by 2

small amount of dc power flowing in 2 spe-

cial winding permitting adjustment of die

secondary voltage.

3-7 The Toroid Coll

The ioroli coil is doughnut shaped, with

the winding coredng the entire core. Air-

core toroid cals were used in some of the

broadcast receivers of the mid-thirdes. Mod-
ern toroid cods have 2 ferrite or powdered-

iron core to provide high permeability and

good O-versus-frevuency characiensncs. In

addition, the toroid configuration provides

self-shielding as the magnetic held is con-

changing the inductance. In addition* core

pfsmeataliry changes with temperature.

Iran-rewssr JxQn-^Ojvdsr i-iyr-bidcl coxa are

Toroidal Coras svhlable in numerous hzss

than 5” in outride 'diameter. There are two

basic material groups: carbonyl irons and

hydrogen-reduced irons. The carbonyl irons

Their penneaHUtr (p) range is from unde?

5u to 35» and they are rhtahie for use eve?

the frequency range cf TO kHz to 220

MHz. They provide 2 combination of good

staHEiy and Hgb O.

Tie hydrogen-reduced iron cores nave s

permeaHSty range of 35^ to SDjl Somewnat

lower 0 can be expected from adds group cl

cores and they sue mainly used for low-fre-

quency work, such as audio and power-line

Stem.

rsrrifv-Prvcisr p^-fte toroidal cores are zvaci-

Tarwiid Ceres £ble in sizes ranzinz from

•D-I
?r

to more than 5
V

in cut-

side diameter- with a permeaHHty range

from 20p to more than 3DSD0D^. They sue

suitable for use in 2 variety of rf crcm:

applications providing 2 combination cf Hgh

inductance values with tdrfmum inductor

size.
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than the ferrite and less change in penusa-

bility with respect to temperatures. Ferrite,

on the other Band, provides a permeability

factor as high as 5000, whereas the upper

permeability for iron powder is about 75.

For either core material, each toroid with

a given size, shape and psmeabilit}' has an

inductance index (/iL )
which is used to

determine the inductance of the winding:

7oroid CoJJ inductance The inductance of a

toroid coil is a func-

tion of the core material 2nd the number of

rums in the winding. The inductance index

(Al) is given for various cores and the

resulting coil inductance (or coil turns) is:

N = 100

,
IX 10*

A^-W
where,

Ax. equals microhenries per turn,

L equals the measured inductance in

microhenries

N equals the number of turns.

The index is determined by plzcing a few

turns of wire on the core and measuring the

inductance. Once the index is determined,

it may be used to calculate the number of

turns required for a desired inductance

value. In most cases, the index is specified

by the manufacturer.

where,

N equals number of turns required,

L equals coil inductance in microhenries,

Ai equals microhenries/per rurn

A wire chart is used to determine if the

required number of turns will fit on a chosen

core size.

When Ai is given in millihenries per turn,

the coil inductance (or coil turns) is:

TEMPERATURE CURVES
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Key io FHP.RS7E TOHOJDAL CGsr c*rf rsra&es

Practical Toroidal Cores A range of ferrite

cores is shown in

I able 4. This information is provided by

Amidon Associates, 12055 Otsego St.. North

Hollywood, CA 91607. Representation of

permeability versus temperature is shown in

figure 45. A similar range of iron-powder

cores is shown in Table 5 .

The power capability of an iron-powder

toroid core is related to the ability* of the

core to dissipate heat and the upper limit of

saturation of the core. Generally speaking, a

core which is used in a low impedance,

broadband circuit (such as found in a medi-

um power, solid-state h-f amplifier) will have

about ten rimes the power handling capa-

bility' of the same core used in a high imped-

ance resonant circuit. For example, a 2-inch

outer diameter iron-powder toroid haring a

permeability of 10 can safely handle about

700 watts in a low impedance circuit but

only about 70 watts in 2 high impedance,

tuned tank circuit.

Power capability of an iron-powder core

may be increased by increasing the core

area. This may be done by stacking several

cores, wrapping the core assembly with

glass tape before placing the winding on

the core sack. It is also possible to use

Teflon-insuhted wire for tbe winding to

prevent Sashover at high r-f voltage. Form-

var coated magnet wire may be used for

power levels less than 500 watts in low

impedance circuits.

R-F Transformers Conventional transform-

er theory is applicable to

devices working in the vhf spectrum but

the physical design of the transformer is

considerably different from audio or power-

type units. Different core materials are used

for the high-frequency designs and the de-

sign of the windings is critical if broad-

band characteristics are desired.

To achieve maximum bandwidth for a

given transformer, the core material and

» « 61

. . \ .. ~V T
ramig icrera Cuter dirr-efsr Hs'.zni

L'-K)
Tores = 1025

the inductance of the winding must be

specified. For the hf range (2-50 MHz) a

core permeability of 950 is often used. A
high value of permeability is chosen so that

a minimum number of turns are usd to

reduce winding resistance. The winding

should have an impedance of about four

rimes the load impedance of the transformer

at the lowest frequency of operation. This

is readily achieved with a high permeability

core.

A different form of h£ transformer is the

transmission ike transformer. In this design

a mulriwire transmission fine is wound on

the core. The impedance transformation

ratio depends on the characteristic impedance

of the line, the core material and the react-

ance of the winding at the lowest operating

frequency. The number of turns, 2nd the

ratio of the turns, unlike conventional trans-

formers. are not a factor in the design.

Broadband transformers are useful in low-

imosdance circuits where external reactances

have a minor effect on transformer perform-

ance. Their use in high-impedance circuits

is impaired by such external influences.

3-8 Wave Filters

There are many applications where it is

desirable to discriminate between frequency

bands, passing one band 2nd rejecting the

other, or to pars all frequencies. Circuits

which accomplish this are termed wave fl-

iers, or simply filters. Filters differ from

simple resonant circuits in that they provide

attenuation over the stopband. Attenuation

may be made as large as necessary if a suf-

ficient number of filter sections of proper

design are employed.

Filter Operation A filter acts by virtue of its

property of offering very

high impedance to rile undcsired frquenries,

while offering but little impedance to the
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TABLE 5. IRON-POWDER TOROIDAL CORES
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desired frequencies. This will also apply to

dc with a superimposed ac component, as

dc can be considered as an alternating cur-

rent of zero frequency so far as filter dis-

cussion goes.

Figure 44 illustrates the important char-

acteristics of an electric filter. The filter

pissb&n

d

is defined as the frequency region

to the prints at which the response is at-

FREQUENCY RESPONSE OF

REPRESENTATIVE FILTER

The cutoff frequencies (Ff and F2]
of the filter

ere at the ~3 dB points on the curve, which

are 0.707 of the maximum voltage or 05 of the

maximum power. Fillers are designated as low-

pass, high-pass or bandpass. The filter illus-

trated is a bandpass filter.

tenuated 3 dB. The points are termed the

cutoff frequencies of the filter.

Basic Filters Early work done for the tele-

phone companies standardized

filter designs around the constint-k and

m-derivcd filter families. The constant-*

filter is one in which the input and output

impedances are so related that their arith-

metical product is a constant (A*)- The

^-derived filter is one in which the series

or shunt element is resonated with a react-

ance of the opposite sign. If th£ comple-

mentary reactance is added to the series arm

of the filter, the device is said to be shunt-

derived; if added to the shunt arm, it as

said to he series'derived.

The basic filters are made up of elemen-

fcry filter sections (L-sections)
which con-

sist of a series element (Za) 3 P313 e

element (ZE) as shown in figure 43- A num-

ber of X-sections can be combined into a

basic filter section, called a T network, m

a r network Both the T and r networks

may be divided in half to form half sections.

£i£u-?.TAsr ruts?. .

Figure 45

Complex filters may be m2ife from these basic

filter sections.

Each impedance of the m-derived section

is related to a corresponding impedance in

the constant-^ section by some factor which

is a function of the constant m. In turn, m

is a function of the ratio between the cutoff

frequency and the frequency of infini te at-

tenuation, and will have some value between

zero and one. As the value of rn approaches

zero, the sharpness of cutoff increases, but

the less will be the attenuation at several

times cutoff frequency. A value of 0.4 may

be used for m in most applications. The

"notch” frequency is determined by the

resonant frequency of the tuned filter ele-

ment. The amount of attenuation obtained

at” the "notch” when a derived section is

used is determined by the effective 0 of the

resonant arm (figure 46) -

Filter Assembly Constant-^ sections and rt-

dsrived sections may be cas-

caded to obtain the combined characteristics

of sharp cutoff and good remote frequency

attenuation. Such a filter is known as a

composite filter. The amount of attenuation

will depend on the number of filter sec-

tions used, and the shape of the transmission

curve depends on the type of filter sec-

corn used. Ail fleers have some inertim

loss. This attenuation is usually uniformro

all frequencies within the passband. The

insertion loss varies svitb the type of filter

the 0 of the components, and the tjpc or

termination employed.
_ .

Tie basic data for classic pi-scction filters

is shosvn in figure -7-
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3-8 Modern Filter Design

Tie constant-A and m-derived fife,
tradmonal imaaa-pa^^^
tenmpawdtyneTrertechiq^
- gns based upon Butterworth 2nd C
c

polynomials. Optimized filter
figurations for sharp-cutoff filters (,u»ng less components than the more t

ri°“
d“? Slter) ca” k derived

filter tablesi based upon the nevr designs«hm,n= « ,-ell suited to corner

E"S“* J
licb Smer2te5 2 fit tf pr

designs no,nS
c-i-off frequency of one Hz o-adian per second (1/6.2? Hz or 0.16

m v f
m,n

?,
I,n7f ME o!m ^ ca,

scint' ^Tl t0 2 lpscific us

cutoff r,
normalized parameters to

de-ircd''To°“‘T^ termmating resist
• o -cafe frequency, all £ JD

values are divided by tbe nevr frequency'

and to scale impedance, all R and L values

are multiplied, and ail C values divided, by
<-ne new impedance level. The filter response

remains the same after scaling as before.
The Butterworth filter has a smooth re-

sponse 2nd does not exhibit any pwbsrd
ripple. Its stopband, or cutoff, contains no
point of infinite rejection except at infinite

frequency. The steepness of the cutoff re-

sponse depends on the number of -poles in
the filter.

The Chebyrhev filter exhibits a steeper
cutoff slope than a Butterworth filter of the
same number of poles, but has a hnown
amount of passband tipple. The elliptic-

function filter has a steeper cutoff slope than
the Butterworth and exhibits infinite re-

action frequencies in the stopband (figure

Detailed inrormatlon on filter defign may
be round in ^ Handbook on Electrical TiU



Figure 47

PI-SECTION FILTER DESIGN

types of pi-section filters.

ters—Theory and Practice, White Electro-

magnetics, Rockville, MD; Preference Data

for Radio Engineers (sixth edition), Howard

V. Sams & Co., Inc.; and Approximation

Methods for Electronic Filter Design, Dan-

iels, McGraw-Hill Book Co. These books

may be available at the engineering library

of any large university.

Computer- Designing a filter is time

Designed Filters consuming 2nd requires

specialized knowledge, and

rhe designs frequently yield circuits with

nonstandard components. The chart of fig-

ure 49 is based on selections from computer-

calculated filter designs. The}' will work 2t

frequencies from I kHz to 100 MHz, and

use standard capacitor values.

_

Thirty-six designs (18 low-pass and 18

high-pass) of five-element circuits were

chosen for tabulation, and they were nor-

malized for fO-ohra terminations and a

0.1- to 1-MHz frequency range. To select a

filter, simply choose a frequency nearest the

desired 5-dB cutoff frequency (/„)• Read

the L and C component values from the

table, and assemble the components in ac-

cordance with the appropriate diagram. Al-

though the filter tabulation covers directly

only a 0.1- to 1-MHz frequency range and

jO-ohm terminations, filter parameters for

other cutoff frequencies and termination

impedances can easily be determined by a

simple scaling operation.
.

Termination of input and output with

equal impedances makes possible equal val-

ues for the inductors (U ~ U) 3fld capac-

itors (Ci — Cs)- This simplifies component

selection. Aiso a - configuration for the low-

pass filter, and T for th high-pass, mini-

mizes the number of inductors.
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Figure «
PASSBAND OF MODERN FILTERS

A-Euttenrcrth filter

B-Chtbyrhev filter

C-aiiptic-fursc'Jon filter

T}je tabulated filter cutoff frequencies

In megahertz at
—

3 dB) have been
selected^to provide values to within about
V),

'
r- any value in the 0.1- to 1-MHz

^nge. The designs 2re keyed to indicate
turee levels of standard capacitor use. For
sample, those with die symbol "0* have all

capacitors of the more common standard

;

!7"- /'^er- the choice of cutoff frequency
3j 01 designs with a grater
numkr of the more common standard
capacitance values makes component pro-
curement easier. Inductor values are non-

standard, but this should present no problem,

since inductors 2re often hand-wound or

available with s slug adjustment.

Filter attenuation slops, YyVS. (voltage

standing-ware ratio), and passband ripple

are interrelated. In the first octave after

cutoff, the tabulated designs have a mini-

mum and maximum attenuation slope that

lies between 30 and 40 dB/octave. The min-

imum 2nd maximum values of YfTYB. and

passband ripple are 1.00 to 1.29 and zero to

0.079 dB, respectively. The attenuation slops

increases as the filter V5Tv7?v and passband

ripple increase. Beyond 3 /«, the attenuation

slope becomes 30 dB/octave and is indepen-

dent of the YSvTR. Because the YS"Y?v. and

passband ripple of these designs are low, they

should prove adequate for most ordinary fil-

ter requirements. Attenuation curves plotted

for the filters are normalized in terms of

flfv.o for low-psss filters or /«// for high-

pass.

For termination resistances other than 20

ohms and cutoff frequencies outside the 0.1-

to 3-hiHz range, use the scaling equations

shown with the tabulations. However, to

retain the new capacitor values in .standard

sizes, the resistance or frequency' multipliers,

F or A, must each be an integral power of

10. For example, if z 200-ohm, 2-kHz low-

pass filter is required, the resistance and

frequency multipliers are Fv = 10 and F —
2 0'2

. The tabulated 0.20-MHz low-pats fil-

ter design would be selected The corre-

sponding capacitances and inductances—.02

//.?, .033 pF, and 42.2 /iH—then become

0.1 //.F, 0.35 /iF, and 42.2 mK, respectively.

To match a 200-ohm filter to a 400-ohm

line, two minimum-loss, 200/400-dhm L-

pads can be installed, one at each end of the

filter. For instance, each pad could consist

of 2 series-connected, 240-ohm resistor zuU

2 shunt-connected, 2200-ohm resistor. The

insertion loss of these two pads is approxi-

mateiy 7.2 dB.

Though capacitors and inductors wjti

tolerances of 2 or 20% can be used, the

actual cutoff frequency obtained will vary

accordingly from the tabulated ;?0 value:.

(The preceding section material and ffius-

rration 2re reprinted with permission from

Fkcirvmc Dsvyn, Hayden publishing Co*,

Inc. Fvochelle Pari;, NJ 07442. The material

v.'a; compiled by E. E. ~7enherhold-)
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CHAPTER FOUR

Semiconductor Devices

Part I—Diodes and Bipolar Devices

One of the earliest detection devices used

in radio was the galena crystal, a crude ex-

ample of a semiconductor. More modern ex-

amples of semiconductors are the selenium

and silicon rectifiers, the germanium diode,

and numerous varieties of the transistor and

integrated circuit. All of these devices offer

the interesting property of greater resistance

to the flow of electrical current in one direc-

tion than in the opposite direction. Typical

conduction curves for some semiconductors

are shown in figure 1. The transistor
,
a three-

terminal device, moreover, offers current

amplification and may be used for a wide

variety of control functions including am-

plification, oscillation, and frequency con-

version.

Semiconductors have important advan-

tages over other types of electron devices.

They are very small, light and require no

filament voltage. In addition, they consume

very little power, are rugged, and can be

made impervious to many harsh environ-

mental conditions.

Transistors are capable of usable amplifi-

cation into the microwave region and pro-

vide hundreds of watts of power capacity at

frequencies through the vhf range.

Common transistors are current-operated

devices whereas vacuum tubes are voltage-

operated devices so that direct comparisons

between the two may prove to be mislead-

ing, however economic competition exists

between the two devices and the inexpensive

and compact transistor has taken oyer most

of the functions previously reserved for the

more expensive vacuum tube.

4-1 Atomic Structure of

Germanium and Silicon

Since the mechanism of conduction of a

semiconductor is different from that of a

vacuum tube, it is well to briefly review the

atomic structure of various materials used

in the manufacture of solid-state devices.

It was stated in an earlier chapter that

the electrons in an element having a large

atomic number are conveniently picrured as

being grouped into rings, each ring having a

definite number of electrons. Atoms in

which these rings are completely filled are

termed inert gases, of which helium and

argon are examples. All other elements have

one or more incomplete rings of electrons.

If the incomplete ring is loosely bound, the

electrons may be easily removed, the element

is called metallic, and is a conductor of

electric current. Copper and iron are ex-

amples of conductors. If the incomplete

ring is tightly bound, with only a few elec-

trons missing, the element is called non-

metallic, and is an insulator (nonconductor)

to electric current. A group of elements, of

which germanium, gallium, and silicon are

examples, fall between these two sharply

defined groups and exhibit both metallic and

nonmetallic characteristics. Pure germanium

or silicon may be considered to be a good

insulator. The addition of certain impurities

in carefully controlled amounts to the pure

element will alter the conductivity of the

material. In addition, the choice of the im-

purity can change the direction of conduc-
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mainly mace cf germanium but most mod-

ern transistors possessing power capability a;£

made of silicon. Experimental tranrinotf

are bring made of gallium arsenide videh

combines some of tbs desirable features of

both germanium and silicon.

Both germanium and silicon may bi

''grown” in a diamond lattice crystal con-

figuration, the atoms being held together

by bonds involving a shared pair of electrons

(figure 2 ). Electrical conduction within the

crystal takes place -'hen a bond is broken,

or when the lattice structure is altered w
obtain an excess electron by the addition vs

an impurity. Then the impurity is added)

it may have more or less loosely held elec*

trons than the original atom, thus allowing

an electron to become available for conduce

tion, or creating a vacancy, or /ode, in tbs

shared electron bond- The presence cf a hols

encourages the flow of electrons and may bs

considered to have 2 positive charge, rises

it represents the absence of an electron. Tbs

hole behaves, then, as if 5t were an electron,

but it does not exist outride the crystal

4*2 MfetfrcTiisTTl Cff

Conduction

There exist in semiconductors both net'

arively charged electrons 2nd absence ol

electrons in the lattice (holes'), which be-

have 2s though they had 2 positive electrical

charge equal in magnitude to the negates

charge -on the electron- These electrons an-

holes drift in an electrical Arid with 2 ve-

locity which is proportional to the nee?

itself:

Figure 1

DIODE CHARACTERISTICS
AMD CODING

Tht SEmlccnjSucicr ClcCc efrsrt ttp?1** -**rv
to tb, IM, M amrai'g If?,,®:

‘•;£n sWMrte Cwtdicn. Kcte •tstmi'
tupeat tni pscitivs rstttce scale
a shewn ibcve. Wr*h net?*!''"

ucctlly pitesi on cethsis (psssirrsfsr.i cf rini

V®,= y-iE

where,

«

7
(ih equals drift velocity of hole,

£ equals magnitude of electric Arid,

ft. equals mobility of hole.

u.:ty mrougn the element, vome impurities
mcreaimg conductivity to positive poten-

o:ni:rr
,

yvtearmg conductivity to
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Figure 2

SEMICONDUCTOR CRYSTAL LATTICE5tMU.0NUUl.UJK unujinuuMi iwj.

F* r ci C1SKTC..S. V..
t electron wcanqr c r conducting “hols (C).

such as germanium or silicon, which is both

chemically pure and mechanically perfect

will contain in It approximately equal num-

bers of holes and electrons and is called an

intrinsic semiconductor. The intrinsic resis-

tivity of the semiconductor depends strongly

on the temperature, being about 50 ohm cm

for germanium at room temperature. The

intrinsic resistivity of silicon is about 65,000

ohm cm at the same temperature.

If. in the growing of the semiconductor

crystal, 2 small amount of an impurity, such

2 $ phosphorus is included in the crystal,

each 2tom of the impurity contributes one

free electron. This electron is available for

conduction. The crystal is said to be doped

2nd has become electron-conducting in na-

ture and is called jV (ncguiiie)-type silicon-

The impurities which contribute electrons

are called donors. X-type silicon has better

conductivity than pure silicon in one direc-

tion. and a continuous stream of electrons

will flow through the crystal in this direc-

tion as long as 2n external potential of the

correct polarity is applied across the crystal.

Other impurities, such as boron add one

hole to the semiconducting crystal bv ac-

cepting one electron for each atom or im-

purity, thus creating additional holes in t e

semiconducting crystal. The material is noa

S2id ro be hole-conducting, or P (positnej

-

type silicon. The impurities which create

holes are called acceptors. P-type silicon 2s

better conductivity than pure silicon in one

direction. This direction is opposite: to that

of the N-rvpe material. Either the X-type or

the P-type silicon is called extrinsic con-

ducting type. The doped materials have

lower resistivities than the pure materials,

and doped semiconductor materia! in the

resisrivirv range of .01 to 10 ohm cm is

normally used in the production of tran-

sistors. „ .

The electrons and holes are called curriers;

th- electrons ure termed majority carriers.

2nd the holes are called minority earners.

4-3 The PN Junction

The semiconductor diode is a PN junction,

or junction diode having the general electri-

cal characteristic of figure 1 and the electri-

cal configuration of figure 5. The 2flode of

the junction diode is always positive type

Figure 3

PN JUNCTION DIODE

i-tvn» and K-type materials form junction dj-

current flow when P anode i* positive

rith respect to the ft cathode (forward bias),

•flrtrrtr* and hales are termed earners, with

iores behaving as though they have a positive

charge.
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(P) material while the cathode is always

negative-type (N) material. Current Sow

occurs when the P-2node is positive with

respect to the N-cathode. This state is

termed forward bias. Blocking occurs when

the P-anode is negative with respect to the

N-cathode. This is termed mersr bias.

When no external voltage is applied to the

PN junction, the energy barrier created at

the junction prevents diffusion of carriers

across the junction. Application of a positive

potential to the P-anode effectively reduces

the energy barrier, and application of a

negative potential increases the energy

barrier, limiting current Sow through the

junction.

In the forward-bias region shown in figure

1, current rises rapidly as the voltage is in-

creased, whereas in the reverse-bias region

current is much lower. The junction, in

other words is a high-resistance element in

the reverse-bias direction and 2 low-resist-

ance element in the forward-bias direction.

Junction diodes are rated in terms of

average and peak-inverse voltage in 2 given

environment, much in the same manner 2s

thermionic rectifiers. Unlike the latter, how-
ever, a small leakage ament will flow in

the reverse-biased junction diode because of
2 few hole-electron pairs thermally gener-

ated in the junction. As the applied inverse

voltage is increased, a potential will be
reached at which the leakage current rises

abruptly at an avalanche voltage point. An
increase in inverse voltage above this value
can result in the flow of a large reverse cur-
rent and the possible destruction of the
diode.

Maximum permissible forward current in
the junction diode is limited bv the voltage
drop across the diode and the heat-dissipa-
tion capability of the diode structure. Power
diodes are often attached to the chassis of
the equipment by means of a heatsink to
remove excess heat from the small junction.

iihcon diode rectifiers exhibit a forward
voltage drop of 0.4 to 0.6 volts, depending
on the junction temperature and the'impur-
u

- concentration of the junction. The for-

- 5 .

€
i

dr°? is n0t coastM^ increasing
irectly as me forward current increases,
internal power loss ia the diode increases as

^V"?U2T5 c
1

1
.

t^£ current and thus increases

levels

=t curren: 2nd temperature

ZEHER-DIQDE CHARACTERISTIC
CURVE

Between zenEr-fcnee tni paint of rairintmt cur-

rent. the zener vsltzge is esserfety ccnstcnt
at 20 volts. Units are available with zener volt-

ages from approximately < to 200

After 2 period of conduction, z silicon

rectifier requires a finite time interval to

el2pse before it may return to the reverse-

bias condition. This reverse recovery time

imposes an upper limit on the frequency at

which a silicon rectifier may be used. Opera-

tion at 2 frequency above this limit results in

overheating of the junction and possible

destruction of the diode because of the power

loss during the period of recovery.

The Zener The zener diode (referen ce diode)

D *°^e is a PN junction that C2n be used

as a constant-voltage reference,

or as 2 control element. It is 2 silicon element

operated in the reverse-bits avalanche break-

down region (figure A). The break, from

nonconductance to conductance is very

sharp and at applied voltages greater than

the breakdown point, the voltage drop across

the diode junction becomes essentially con-

stant for a relatively wide range of currents.

This is the zener control region. Zener diodes

are available in ratings to 59 watts, with

zener voltages ranging from approximately

4 volts to 200 volts.

Thermal dissipation is obtained by mount-

ing the zener diode to 2 heat rink composed

of a large area of metal having free access

to ambient air.

The zener diode has no ignition potential

as does 2 gas regulator tube, thus eliminating
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the problems of relaxation oscillation and

high firing potential, two ailments of the gas

tube. Furthermore, the zener regulator or

combinations can be obtained for almost

any voltage or power range, while the gas

tubes are limited to specific voltages and

restricted current ranges.

Actually, only the zener diode having a

voltage rating below approximately 6. 8 volts

is really operating in the zener region. A
higher voltage zener diode displays its con-

stsnt voltage characteristic by virtue of the

avalanche effect, which has a very sharp knee

(figure 4). A diode for a voltage below 6.8

operates in the true zener region and is char-

acterized by a relatively soft knee.

Avalanche and zener modes of breakdown

have quire different temperature character-

istics and breakdown diodes that regulate in

the 5.6- to 6,2-volt region often combine

some of each mechanism of breakdown and

hare z voltage versus temperature charac-

teristic which is nearly flat. Many of the

very stable reference diodes are rated at 6.2

volts. Since the avalanche diode (breakdown

voltage higher than 6.8 volts) displays a

positive voltage-temperature slope, it is pos-

sible to cemperature-compensace it with one

or more series forward-biased silicon diodes

(D,) as shown in figure 5. The 1N93 5 series

‘•UXBECULATE3

National Semiconductor also has a series

of 1.8 to 5.6 volt regulator diodes that dis-

play sharp knees compared to zener equiva-

lents- These "diodes” are actually very small

IC chips with a number of transistors on

them. Only two leads are brought out of

the package for use as a diode. The LM-
103-1.8 through LM-103-5.6 comprise the

diode family of 1 3 devices. A more complex

IC is available as a 1.22 volt reference diode.

theLM-113.

Silicon epitaxial transistors may also be

used as zener diodes, if ihe current require-

ment is not too large. Most small, modern,

silicon signal transistors have a Vbeo (back

emirrer-base breakdown voltage) between 3

and 5 volts. If tbe base and emitter leads are

used as a zener diode, the breakdown will

occur at a voir or so in excess of the VBE0
rating. Figure 6 shows NPN and PNP tran-

Figure S

SMALL-SIGNAL SILICON TRANSISTOR

USED AS ZENER DIODE

r SPECULATED

Figure 5

TEMPERATURE-COMPENSATED
ZENER DIODE

(9 volt) is apparently of this sort, since the

voltage is not 6.2 or some integer multiple

thereof.

Several manufacturers have been success-

ful in extending the avalanche mode of

breakdown into the low-vohage region nor-

mally considered the domain of zener

breakdown. By using such z low-voliage

avalanche (LVA) diode instead of a zener,

a sharp knee may be obtained at breakdown

voltages below 6.8 volts.

sistors used in this fashion. For safety, no

more than one quarter the rated power dis-

sipation of the transistor should be used

when the device is operated this way.

All types of zener diodes are a potential

source of noise, although some types are

worse than others. If circuit noise is critical,

the zener diode should be bypassed with a

Iow--inductance capacitor. This noise can be

evident at any frequency, and in the worst

cases it may he necessary to use LC decou-

pling circuits between the diode and highly

sensitive r-f circuits.

Junction The PN junction possesses ca-

Copocrtonce pacitance as the result of op-

posite electric charges existing

on the sides of the barrier. Junction capaci-

tance may change with applied voltage, as

shown in figure 7.
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meter which provides magnitude and phase

angle of 2n unknown 2t a given irequency

on two panel meters. Operational range of

a typical device is 500 kHz to 10S MHz 2nd

the reading is in the form of a series equiva-

lent impedance.

31-8 Antenna and

Transmission-Line

instrumentation

The degree of adjustment of any amateur

antenna can be judged by a study or the

standing-wave ratio on the transmission line

feeding the antenna. Various types of in-

struments have been designed to measure the

ratio of forward to reflected power by sam-

pling the r-f incident ana reflected waves

on rile transmission line, or to measure the

actual radiation resistance and reactance of

the antenna in question. The most important

of these instruments are the slotted line,

the directional coupler, and the r-f imped-

ance bridge.

instrument frequency used. Such an instru-

ment. shown in figure i 5, is an item of tss:

equipment which could be constructed in a

home workshop which includes a latte aqd

other metal-working tools. Commercially

built slotted lines are very expensive since

they are constructed with a high degree of

accuracy for precise laboratory work. The

slotted line consists essentially of 2 section of

air-dielectric line having the same character-

istic impedance as the transmission line is03

which it is inserted. Tapered Strings for the

transmission line connectors at each ecu of

the slotted line usually are required due to

differences in the diameters of the slotted line

and the line into which it is inserted. A nar-

row slot from Vs inch to V- inch in width

is cut into the outer conductor of the line.

A probe then is inserted into the slot so that

it is coupled to the field inside the line.

Some sort of accurately machined track Or

lead screw must be provided to ensure tear

the probe maintains a constant spacing from

the inner contractor as it is moved from

one end of the slotted line to the other.

The probe usually induces some type of rec-

tifying element whose output is fed to an

indicating instrument alongside rite slotted

line.

The Sfctted Line The relationship between

the incident and the re-

flected power and standing wave present on

a transmission line is expressed by:

K =
2 wft

i-R

where,

K — Standing-wave ratio,

R = Reflection coeacient, or ratio of

rekrire amplitude of reflected sig-

nal to incident signal

Vhen measurements of a high degree of
accuracy are required, it is necessary to
psert an instrument into 2 section of line
in order to ascertain the conditions existing

within the shielded line. For most rhf
measurements, wherein 2 wavelength Is of
manageable proportions, a shtisd line is the

Figure 15

THE UHF SLOTTED LINE

The conductor ratios in the slotted fins, includ-

ing the tapered end sections, should fie such

that the characteristic impsd2ncs cf the equip-

ment is the sarnE as that of the transmission

line with which the equipment is to he used.

The indicating instrument may fie operated try

the tic output of the rectifier coupled to the

pubs, cr it m2y be operated by the ac com-

ponents cf the rectified signal if fire signal gen-

erator or transmitter is amplitude-modulated at

a constant percentage.

The uniortanzte psrz of the slowed-line

system of measurement is that rise Use must



electronic test equipment 31.13

Bridge circuit, many other types of networks

that can be adjusted to give zero transmis-

sion 2re employed at higher frequencies.

At ven -high frequencies, where imped-

ances can no longer be treated as lumped

elements, null circuits based on coaxial line

techniques are used. The upper frequency

limit of conventional bridge circuits using

lumped parameters is determined by the

magnitude of the residual impedance of the

elements and the leads. The corrections for

these usually become unmanageable at fre-

quencies higher than 100 MHz or so.

The "General An r-f bridge suitable for

Rodio," Bridge use up to about 60 MHz is

shorn in figure 14. The

bridge can measure resistances up to 1000

ohms and reactances over the range of plus

or minus J'000 ohms at 1 MHz. The react-

ance range varies inversely as the frequency

in MHz. Measurements are made by a series-

substitution method in which the bridge is

first balanced by means of capacitors C? and

Ca with a short-circuit across die unknown

terminals. The short is then removed, the

unknown impedance connected in its place,

and the bridge rebalanced. Tbe unknown

RE*CW.TE *'' \cn ' CpS i

Figure 14

THE "GENERAL RADIO” R-F BRIDGE

This bridge is suitable for r-f measurements up

to 6o MHz or so. Calibrated reactance ICp] zne

resistance [CA) dials allow direct mEasuremens

at 1 MHz. At other frequencies reactanre read-

ing must be divided by the frequency ,n

Wide band bajim input transformer allows snap

to be driven from signal generator via a coarrflf

fine.

resistance ano reactance vriues are then read
trom the difference between the initial and
anal balances.

The bridge measures the equivalent series

resistance and reactance (r ~r jx) of the

unknown impedance, whereas some other

types of r-f instruments provide zn answer in

terms of an equivalent parallel combination

of resistance and reactance or conductance

and susceptasce. The numerical results be-

tween equivalent series and parallel measure-

ments will not be the same although the

equivalent series impedance can be mathe-

matically convert into the equivalent par-

allel impedance (or admittance) and vice

versa.

A vhf variation of the r-f bridge pro-

vides direct measurements up to 500 MHz
by sampling the electric and magnetic fields

in a transmission line. Two attenuators are

controlled simultaneously,- one receives en-

ergy proportional to the electric field in the

line, and the other receives energy propor-

tional to the magnetic field. The magnitude

of the unknown impedance is determined by

adjusting this combination for equal output

from each attenuator. The two equal signals

may also be applied to opposite ends of

another transmission line, and phase angle

can be determined item, tbrir point of

cancellation.

Above 500 MHz, impedance measure-

ments are normally determined by inserting

a detector probe in a slotted section of trans-

mission line, as discussed in the next section

of this chapter.

The R-X Meter A version of the r-£ bridge

is the R-X 7vefer. This de-

vice is a package combination of an r-f

generator and detector, plus a calibrated r-f

bridge. The R-X meter reads the parallel

combination of resistance and reactance over

a frequency range of 500 kHz to 250 MHz.

The resistance range is 15 to 100,000 ohms

and the reactive range is zero to 20 pF.

capacitive. Inductive reactance is measured

in terms of negative capacitance, the value

being equal to that required to resonate the

negative capacitance reading at the test

frequency. The maximum value of negative

capacitance readable is 100 pF.

The latest development in impedance

measuring devices is the vector ic.pdcr.cc
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but oriented oppositely. It is necessary, more-

over, to have both couplers identical in

coupling factor and directivity.

Directivity The fraction o£ forward power

that is sampled by the coupler

is termed the coupler factor, and the direc-

tivity is the ability of the coupler to discrim-

inate between opposite directions of current

flow. If, for example, one percent of the

power is coupled out, the coupling factor is

20 decibels. If the coupler is now reversed

to sample the power in the reverse direction,

it may couple out, say 0.001 percent, of the

forward power even though there may be

actually no reflected power. It is thus cou-

pling out an amount of power 50 decibels

below the power in the line. The discrimina-

tion between forward and reverse power is

the difference between the coupled values,

or 30 decibels. A directivity of 30 dB is

common for better types of reflectoroeters

and SWR measurements derived from tbe

measured reflection coefficient are sufficiently

accurate for adjustment of simple beam an-

tennas. It should be noted, however, that it

is difficult to make measurements with any

degree of accuracy at low SVR values with

inexpensive directional couplers, because the

directivity power ratio at SW. values below

about 1.5/1 or so falls within tbe error

limits of directivity capability of all but

the best and most expensive reflectometers.

The SWR Bridge The SWR bridge is a use-

ful device for determining

the standing-wave ratio on, and the power
transmitter along, a transmission line. When
the SWR on a given line is unity

5
the line is

terminated in a pure resistance equal to the
characteristic impedance of the line. If the
line and terminating load are made p2Tt of
an r-f bridge circuit, the bridge will be in
a balanced condition when theSW is unity
(figure 17). A sensitive r-f voltmeter con-
nected across the bridge will indicate bal-
ance and the magnitude of bridge unbal-
ance, and may be calibrated in terms of
S^TR, power, or both. It may be seen in
figure 17A that the meter reading is pro-
portional to bridge unbalance, and is thus
proportional to the reflected power and is
not influenced by the forward power in the

©

Figure 17

THE BRIDGE DIRECTIONAL COUPLER

A-ViTien r-f bridge is balanced any change in

load (Z,) will result in bridge unbalance and

cause a reading on meter M. Reading is due

to reflected voltage. SWR may be derived

from:

where,

Ee equals incident voltage,

E
t
equals reflected voltage.

B-Equivzlent bridge circuit. Bridge must be

individually calibrated since performance

differs from formula due to nonlinearity vF

voltmeter circuit leading, and line discon-

tinuity introduced by presence of bridge.
_

C, D-Prectica! bridge circuits having one side

of meter grounded to line.

circuit. The meter will read zero if, and

only if, the transmission line is properly

terminated an Zj so that Zj = Z,3 of

the line, so as to have unity standing-wave

ratio.

Various forms of the SWR resistance

bridge east as shown In. the illustration, but

all of them are based on the principle of

measurement of bridge balance by means of
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be somewhat over one-half wavelength long

at the test frequency, and for best results

should be a full wavelength long. This re-

quirement is easily met at frequencies of

420 MHz and above where a full wave-

length of 28 inches or less. But for the lower

frequencies such an instrument is mechani-

cally impractical.

mined and construction of a ample, com-

pact r-f voltmeter that presents a linear

reading over a wide frequency range and

at various power levels is not simple.

In order to sample forward and reverse

power, it is necessary to reverse the orien-

tation of the directional coupler in the line,

or to employ two couplers built in one unit

The Directional The r-f voltage on a trans-

Coupler mission line may be consid-

ered to have two compo-

nents. The forward component {incident

component) and the reverse component (re-

flected component). The reverse component

is brought about by operation of the line

when terminated in a load that is unequal

to the characteristic impedance of the line.

A directional coupler is an instrument that

can sense either the forward or reflected

components in a transmission line by taking

advantage of the fact that the reflected

components of voltage and current are 180

degrees out of phase while the forwar

components of voltage and current are in

phase. . ,

The directional coupler is inserted in the

transmission line at an appropriate location.

For a coaxial line, the instrument consists or

a short section of line containing i ®
loop coplanar with the inner coni u

(figure 1 6). The loop is connected through

a resistor to the outer conductor, and tbs

resistor is capacitlvely coupled to

conductor of the line. The voltage app

across the series arrangement of loop and

resistor is measured when the voltage across

the resistor and the voltage indued m the

loop are aiding and again when t ej

opposition to each other. By rot2

J>
loop through 180 degrees, the readings ma}

be used to determine the amount d

match and the power carried y

Operation is substantially m
<p
en

load impedance and meter impe anc

frequency within the useful range

OTetheSTOortkrcfeno”C«f5a™

Ac line, the value obtained for “®

itines depends only on the r

«~*'aa*ZXZ£?£‘more stringent, since the

ransmission line voltage must be de

SiO/S

Figure 16

THE DIRECTIONAL COUPLER

directional coupler (reflectometer) is ^ ««*

ne section containing an r-f voltmeter which

= the incident or reflected component of

ge depending on the position of the pickup
1

device in the line,

ntage relationships for a series resistance-

ipacitance combination placed Mlwwn the

inductors of a coarial line; e> *

m wDpled I® ^ner conductor will pw

Iltage (erf
proportional to current flcwi .&

rJresiSaliori «! rtmwmtej. «««»"«

provitM W proximity «' >'»

nductor, with secondary winding art*'1*- -
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£dcountered in most amateur teem antennas,

the readings obtained at frequencies on

resonance approiimate the reastme compo-

nent of the radiation resistance o: the

antenna.
, . .

Construction information tor 2 practical

Antennascope 2nd Diner S'S'H instruments

R'ill be described in the following section q*

this Handbook.

31-9 Practical SWR
Instruments

Simple forms of the directions! couple:

and the bridge are suited to home

construction and will wort well ever the

range of 1.8 to 150 MHz. Ho special tools

are needed for construction and calibration

may be accomplished with the rid of s

handful of l-watt comporirion resistors of

blown d-c value resistance.

The Ar.termeswps The Ar.ienr.azcoi? is a

modified SW& bridge in

which one leg of the bridge is composed of a

nomnducrive variable resistor (figure 1 8D).

Ibis resistor is calibrated in ohms,, and when

its setting is equal to the radiarion resistance

of a resonant antenna under test, the bridge

is in 2 balanced state. If a sensitive volt-

meter is connected across the bridge, it will

indicate a voltage null at bridge balance.

The radiation resistance of the antenna may

then be read directly from die calibrated

dal of the instrument.

vThen the test antenna is nonresonant,

the null indication on the Antennascope

will be incomplete. The frequency of the

exciting signal must then be altered to the

resonant frequency of the antenna to obtain

accurate readings of radiation resistance. The

resonant frequency of the antenna, of course,

is also determined by this exercise.

The circuit of the Antennascope is shown

In figure 20. A 100-ohm noniaductive po-

tentiometer (Hi) serves as the variable leg

of riie bridge. The other legs are composed

of the 200-ohm composition resistors 2nd

the radiation resistance of the 2ntenn2. If

the radiarion resistance of the antenna or

external load under test is 50 ohms, 2nd the

. potentiometer is set at midscale, the bridge

is balanced and rile diode voltmeter will rad

zero. If the rs&ara resistance of As

aa is any other value between tnor*.

100 ohms, the bridge may oe btisz

rids new value by jarring me scaj

potentiometer, whscn is cxhr-rrted m
Building for £r.icvr.czcofc-—Jbe -

nascope is constructes witnm sa mu:

box chassis measuring about A *
1%*, 2nd placemen: of

^

the mapr :

nents mav be seen in the pnotog;

l344ati'&B»Br Sols is SnW
lower uorrion of the nanei arc tns

ueo to

on the

2* y,

h the

potentiometer 3 mtimten m —*s a-u-. v-* *

thin niece cf insularing matenil sucn p
micarta or Wake. Tne temrinals^or ns

potentiometer and the case are at r-^ p.ts>

rial, so i: is essential for proper onCrsjOpsr-

ation to have a minimum nr capamtan.ee

between the potentiometer and grount.

The two 200-ohm, ifi-watt rerismrs .shoud

be matched 02 an onmneter, and a ntm-ner

of the 500-pF capacitors should be checret

02 2 bridge to find two units ci^ ---t-

eziariaacs. Tas eaz“ “slue sr less*as

Figure 13

THE AKTEKKASDOPE

Th, ueaasa* »s 6 ayg»M
rasDnsrt j2iteS53 ressfenss *

frertreacles up Id "53 MS. Sr53^3? ‘

g
is cseplsi ft input imp tf fsSsss&a&JB^

tsSsasst rn5?r test is wzaettet ft

terminals writ! AffAi Jisevj' )!$“*•
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a null-indicating meter. Circuit B consists

of two resistive voltage dividers across the

r-f source, with an r-f voltmeter reading

the difference of potential across the points

A and B. Circuit C is identical, but redrawn

so as to show a practical layout for measure-

ment in a coaxial system with one side of

the generator and the r-f voltmeter 2t

ground potential. Circuit D is similar, ex-

cept that one of the voltage dividers of the

bridge is capacitive instead of resistive.

SWR Bridge Various forms of the SWR
Designs bridge arc shown in figure 18.

Circuit A is the Micromatch

capacitance bridge. In order to pass appre-

ciable power through the bridge, the series

resistor is reduced to one ohm, thus requiring

the capacitance divided to maintain about

the same ratio as set in the resistive arm. For

a 50-ohm transmission line, the transforma-

tion ratio is 50/1, and the 25-pF variable

capacitor must be set at a value correspond-

ing to about fifty times the reactance of the

820-pF capacitor. The power-handling capa-

bility of the bridge is limited by the dissipa-

tion capability of the 1-ohm resistor

Circuit B incorporates a differential capac-

itor to obtain an adjustable bridge ratio.

The capacitor may be calibrated in terms of

the unknown load and may be used to in-

dicate resistive loads in the range of 10 to

500 ohms. The bridge has an advantage

over the circuits of illustrations A and C

in that it may be used in the manner of a

simple impedance bridge to determine t e

radiation resistance of 3 resonant antenna.

The bridge is placed at the antenna termi-

nals, and the frequency of the driving source

and the setting of the differential capacitor

are varied to produce a null indication on

the meter. The null occurs at the resonant

frequency of the antenna, and the radiation

resistance at that frequency may be read

from the instrument. .

A less-expensive variation of *=

r-f bridge is shown in illustrations C and D

and is called the Antenmscopi. The An-

tennascope is a variable bridge making use

of a (relatively) noninductivc potentiometer

in one leg. These simple instruments are

useful in antenna adjustment as t c} m i-

cate tie resonant frequency of tie antenna

Figure 18

SWR BRIDGES

A-Micromatch bridge.

B-Capacitance ratio bridge.

C-Ante nnascope.

n-Antennascope with calibrating resistor in ac-

tive leg of bridge.

Note: Meter M may be 0-SllD dc microammefer.

he approximate radiation resistance of

Iriven element at this frequency. At

than the resonant frequency, the an-

exhihits a reactive component and the

)f the instrument will not be complete,

so, at the low values of impedance
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excitation noff indicates the resonant irs-

gueacy of the antenna under test, and the

approximate rachaticn msistir.ce of the

antenna may he read upon the did of the

Antennascope-

On measurements made on 40- and ?0-

meter antennas it may he found impossible

to obtain a complete nnll on the Antenna-

scope. Tins is usually caused by pickup of

a nearby broadcast station, in vrhich case

the rectified signal of the station will

obscure the null 2cdon of the Antenna-

scope. Hus action is only noticed —hen an-

tennas of large size are bang checked.

The Aateaaascpps is deaped to be used

directly 2t the antenna terminals without

an intervening feedline. It is convenient to

mount the instrument and the dip oscilla-

tor 2s a angle package on a strip ci wood.

This mat may then be carried no the

loiter and attached to the terminal of the

beam antenna. It is also posable to make
remote measurements cn -an antenna —ith

the use of an electrical half-—avdength of

transmission line placed between the Anten-
nascope and the antenna terminals.

The MoRiaS-cTi Tbs Movmrirb is a dual

refbctomecer constructed

from a length of flexible coaxial transmis-

sion line (figure 22 ). The beam of the

Moaimatch is .a picknp line made from a

14-inch length of K.G’-SA/U coaxial cable.

The coupling loop of this special section is

a piece of No. 22 enamel or fonavtr cov-

ered "wire slid under the flexible outer shield

of the coaxial line for a distance of about

eight inches. The coaxial pickup line is then

conveniently ~oxad around the inside -alls

of the mounting box so that the protruding
ends ot the coupling loop fall adjacent to
the simple switching craft. The Doubling
loop and center conductor of die coaxial
hne roim a simple reflectometer terminated
at either end by a nonhdncnve potenti-
ometer. Choice of termination is determined
jj the panel svritch. Then the potentiometer
is adjusted to me balance prim, the bridge
is calibrated and ready for use. The select*
sviim permits reaning icnvard or reverse-
psycr in the Kami line end rm S¥3. nr
mnrv s iiacKsd iy 3 ndl jcaoiig m &
meter nr the Lerrr'rmenn

Jne rneeirj err.the tin:-- innp is emiir
mtne. A 14-inch length m XG-ti/D ceife

rigors 22

H0KWJ.TCK

t05-i>hrr, esmaKifron arteatbuistEr. Uhmlit

AS, r: Alisa Sratisj pure 2. linear irnsr

u?;t rrtatJ- siritas. SsrtrSft tas2
Oas?-;" X 7r X 2r sSssife t!»! Sail: pteisi.

s zrmrmea square at me encs mm me outer

vinyi jacket is carefulhr rumored. Two
holes to pass the pickup vfre are cartftjy

mane in the otter braid of tne section vrith

tne md of an a~i or needle. Be careful not

to break tbs the -vires of the brai The
holes are made l inches apart, and centered

on the section. The cuter shield us next

bunched up a bit id loosen it a->4 a isngto

of No. 22
'insulated vdre is threaded under

tne braid, in and out or the boles, A suit

copper vtre may be threaded through the

noles md used as a needle to pass the flexi-

ble copper vote under the braid. Hnsljy. the

braid is smoothed out to its o£gbz3 length

and the pickup "wire checked vekh an dhm-

berveen the braid and the -wire, The tr£d is

then vnraoosd -rich Tiny] tape at the mm
holes. The last step is to solder connector

hoods and coaxial receptacles on each end

of the line, mating the assemhlv Tr-f-linhaT

The special line may now be mounted in

the instrument case, zhng rich the vinous

other components, as shorn un tie ibnstra-
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ca

f
c,t3"ce m eider case is mt

l
* od>'.aecf3rT that tie comjHnim uA

b equal in value. Ore should be aim rira
soldering the small resistors in tie circuit toKS that thejr do not become orerheated,
causing tie resistance value to p-nuanentlrvW *?, manner, tie gennanmm

,

should be soldered in tie circuit nsing
3 pair of long-nose pliers as a heat ski to
remove the soldering beat from tbe unit as
rapidly as possible.

As shown m tbe photographs, copper strap
cat from flashing stock is used for wiring
the important r-f leads. Tbe output leads
terminate in an insulated terminal strip on
one side of tbe box and tbe input coupling
loop is made of a section of brass rod,
which is tapped at each end for 6-32
machine nuts. Tbe loop is bent and posi-

This calibration -sill bold to frequencies
well above the 2-meter band, but as the
internal lead inductance of tbe Antenna-
scope starts to become a factor, it wil! no
longer be possible to obtain 2 complete null
on the indicating meter. Tired as shorn,
the meter null begins to rise og zero in the
region of 130 MHz.
Dang tbe Anfenmcope—The Antenna-

scope is coupled to a dip oscillator by means
of the input link. Additional rums may
need to be added to the link to obtain

suficient pickup below 7 MHz or so.

Enough coupling should he obtained to

aliosv at least
3A -scale reading on the meter

with no load connected to the measuring

terminals. For general use, the measuring

terminals of the instrument arc connected

across the antenna terminals 2t tbe feed-

Figure 20

SCHEMATIC, ANTENNASCOPE

Ri-100-ofim composition potentiometer. Ohmite

AB or Alfen-Bradiey type J linear taper.

U-2 turns brass wire to fit tfip-osciilator ceil.

See photos

M-Q 200 ffa dc meter

tioned so as to slip over the coil of a dip

oscillator used as the driving source.

Testing the Anteimascope—Tien the

instrument is completed, a dip oscillator may

be coupled to the input link. The oscilla-

tor should be set somewhere in the 10-MHz

to 20-MHz range and coupling is adjusted

to obtain a half-scale reading on the meter

of the Anrennascope. Various values of pre-

calibrated 1-watt composition resistors rang-

ing from 10 to 90 ohms should be placed

across the output terminals of the Anten-

nascope and the potentiometer adjusted for

nulls on the indicating meter. The settings

of the potentiometer may then be^ mar "e

on a temporary paper dial and, by interpo

-

ation, J-ohm points can be marked on t £

scale for the complete rotation of the con-

trol. The dial may then be removed and

inked.

Figure 2t

INTERIOR OF ANTENNASCOPE

Strap connection is made between common in*

put amt output terminals. Dip-cseillalcr coupling

loop is at right.

point. Either a balanced or unbalanced

antenna system may be measured, the '’hot”

lead of the unbalanced antenna connection

to the ungrounded terminal of the Antcn-

nascope. Excitation is supplied from the

dip oscillator and the frequency of exci-

tation and the Anrennascope control dial

are varied until a complete meter null is

obtained. The frequency of the source of
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left in the transmission line to indicate

$W and relative power output of the

transmitter.

Building ike Reflectometer—Assembly of

the reflectometer is shown in figure 26. A

short length of coaxial line of the chosen

impedance is trimmed to length. The outer

insulation and outer braid are cut with a

sharp knife for a distance of about 54 of an

inch at the center of the line, exposing a

section of the inner dielectric- Around the

dielectric a length of No. 28 tinned wire is

wound to form a sleeve about Ts-inch long

for JO-ohm cable. If 70-ohm cable is used,

the sleeve should be about 5'6-inch long. The

sleeve is tinned and forms capacitor C
3

to

the inner conductor. A short length of

insulated wire is soldered to the sleeve (Ir-sd

A). The capacitor is now wrapped with

vinyl tape. Next, a short section of thin

copper shim stock is wrapped over the tape

to form a simple Faraday shield which

ensures that the coupling between the prim-

ary of Ta (the inner conductor of the coax-

ial line) and the secondary (the winding on

the ferrite core) is inductive and nor

capacitive. One end of the shield is carefully

soldered to the outer braid of the coaxial

line and the other end is left free.

The ferrite core is now wrapped with

vinyl tape and 40 turns of No. 2S insulated

wire are evenly wrapped around the core.

Jhe core is then slipped over the cable sec-

• •tfcn and positioned directly above capacitor
'

Ci. The reflectometer section is then com-
pleted by forming a copper shield around

the toroid assembly. In tins case, the shield

is made up of two copper discs soldered to

the cable braid, over which is slipped a cop-

per cylinder made of thin shim stock. The

cylinder and end rings are soldered into an

inclusive shield, as shown in the photograph,

with the three pickup leads passing through

small holes placed in the cylindrical end

sections.

The reflectometer and associated compo-

nents are placed in an aluminum box (flgure

24) having a terminal strip attached for

connection to 2n external reversal switch

2nd meter. Fmal adjustment is accomplished

by feeding power through tile reflectometer

into a dummy I020 having 2 low value of

SvTR and adjusting capacitor Cj for mini-

mum meter indication when the instrument

is set for 2 reflecred-power reading.

31-10 Frequency and

Time Measurements

All frequency 2nd time measurements

within the 11111165 St2tes 2re based on dat2

transmitted from the Nationel Bureau 0}
Standards. Several time scales are used iot

time measurement: (1 )—Universal Tine

(
VT ). Universal time, or Greenwich Kean

Time (GMT)
, is a system of mean solar time

based on the rotation of the earth about its

axis relative to the position of the sun.

Several Ui scales are used: tincorrected

astronomical observations 2re denoted Utf;

the U i time scale corrected for the earth’s

polar variation is denoted UTl; the uTl
scale corrected for annual variation in the

rotation -of the earth is denoted UT2. Time
signals transmitted by standard stations

2re generally based on the UT2 time scale.

Although U 1 is in common use, it is non-

uniform because of changes in the earth’s

Figure 24

INTERIOR VIEW OF
REFLECTOMETER

Complete assembly insisting sacssspty

components 5s placed in cast aluminum
bur., 4 X Tfz” X Vkv [Pomona 3s>
tronic #2934). Calibrating capacitor is

2djust2bls through small hole driYlsS in

box.
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on. Inc cahbrsimj po:enriom£:er it

"
/
td m “ “wklbj piste a -i- c„;

; « ™ «» » pmni Tfe raafelfc.
should be grounded only x rb coaxial
llcfp.ldci, and should oih'rmr; bt ~z;pxd
*'i:n vjnvi t!p: t0 prerra: ^
•c tte cat; or otber arapra-is.
A rosinducive !0-ohm duramy hsi h

attached ;o lie output o: a; Jfiniaalco
md it driven from an r-f sum. Pba® p

j
ac! b * (Mte* cotillon

J™ “1““ “» imitirHy comro: for a half-
-•«!: radmp of the meter. Non- nritcb a
1 •- hccn position and adjust tha <nn*'t5vii7

im.™J {«- fdll-Kilc srfej. Adjos :i;
UW/ro.V poicniiomtlc: in it; bid: of the

•'lommatdi for a null a the merer reading
jr storoM be very close :o zero on die

scale. Switch back to Calibrate again and
once again adjust the sensitivity control for
full-scale meter reading. Finally, switch
once again to Red sad re-null the meter
vith the Calibrate potentiometer. The Moni-
m«ch is now readv for use.

.
ViWjf the Monir.dcf^-Thz Moainwrch

15 *n*2rtcd in the coaxial line to the antenna.

P°»'cr is applied and the switch set to Cali-

brate position. The sensitivity control is

adjusted for full-scale reading and the switch

« thrown to the Red position. Adjustments
^ the antenna may now be made :o reach

cn STR 0f un ;tv< 2t wj,jc^ poia- me:e:

reading will be at maximum null, or close

10 zero. If desired, the Monimsrch may be

calibrated in terms of STR hr observing the

reading when various values of oonindneare

composition resistors of known vzlue are

Measured with the device.

pp: of voltage and the other reads the
rejected component. The Q

s

stas£ngWra~o on the

is tee rath or these two components.
Tfe upper frecuencv iimr of 'he reS*~

* determined Ey tb cimeStcnsof
tee ptebt-p bop which should be a small
action o: a wavelength in size. Then used
to treasure 5TR. die resulssa: jScok cV
pteds on die ratio of two measured*vobg^s
"hich ate usually valid figures regardless of
variations in load impstaace and ireewnev.
When used as a wattmeter, the ahsoius
transmisnos-Iice voitage must be measured
and tee detection devices nmst have a 3a:
frequency response with diodes operating

in the square-law region for widest fre-

quency coverage

Then used for STR measurements, calf-

bntjoa of the reSectomster is no: required

since relative readings indicate the degree

VJ J
j p Lf

-.r-L^'pkvr-®

-

f- f
-£u£j

f
r«7v.~

j

""Q §4

A PtacHcof The ref.ectorr.eler i; an ac-

^eOectomefer curate, inexpensive and easily

construeted instrument ;or

*-he experimenter. Shown in this section is

2 practical reSectometer made from a short

section of coaxial transmission line. It is

designed for use with output power of up

to 2000 watts and at frequencies up to If 0

MHz. An easily wound toroid transformer

“used for z pickup element, is conjunction

vrith two reverse-connected diode voltmeters,

affording quick indication of forward 2nd

reverse conditions within the transmission

line. One voltmeter reads the incident com-

REFLECTOMETER

Ct-Sraejo iznr.ee cf =23 linnsi wire wrap?-::!

zrcuntJ ?nn=r tflElectric ef fir.s hr ?Hr:h
length. S=3 text

7j-eo toms =2£ InsuUtefl wire eqaally spaced

zrooni tsreii cere, 0-1 aztsnel tr.ihn=-

Gsnsrel CF-114,ti5"i{feise{*r X O^fV.lA.
See figure 25 fcr assembly

of mismatch and all system adjustments are

conducted so as to make this ratio as hign

as possible, regardless of the absolute valrs.

Power mearurements may be made 1

1

the

isstrament is calibrated against a known

dummy load m both the torvard and re-

verse directions. The reSectomster may b:
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JUNCTION CAPACITANCE VARIATION
WITH RESPECT TO REVERSE VOLTAGE

A voltage-variable capacitor { varactor or

i d’ icap) is generally made of a silicon junc-

tion having a special impurity concentration

to enhance the capacitance variation and to

minimize series resistance losses.

The varicap and the varactor are funda-

mentally the same type of device, the former

used in tuning resonant circuits electrically

and the latter used in parametric amplifiers

3nd frequency multipliers. Both devices have

been designed to give a high-Q capacitance

vs. voltage relationship at radio frequencies.

The circuit of figure 8A shows a varicap

used to electrically tune a resonant circuit.

This form of tuning is restricted to circuits

which have 3 very small r-f voltage across

them, such as in receiver r-f amplifier stages.

Any appreciable ac voltage (compared to
the dc control voltage across the device)

will swing its capacitance at the r-f rate,

causing circuit nonlinearity and possible

crossmodulation of incoming signals. This

nonlinearity may be overcome by using two

varicap devices as shown in figure SB. In

this case, the ac component increases the

capacitance of one varicap while decreasing

that of the other. This tuning method may

be used in circuits having relatively high r-f

voltages without the danger of nonlinearity.

The Varactor The varactor frequency mul-

tiplier (zlso called the pure-

metric multiplier
) is a useful vhf/uhf

multiplier which requires no dc input power.

The input power consists only of the funda-

mental-frequency signal to he multiplied and

typically 50% to 70% of that r-f power is

recovered at the output of the multiplier

unit. Since the efficiency of a varactor multi-

plier drops as the square of the multiple

(«), such devices 2re not usually used for

values of n greater than five.

Examples of varactor multipliers ate

shown in figure 9. There are usually a num-

ber of idlers (series-resonant circuits) in 2

varactor multiplier. In general, there will be

n-2 idlers. These idlers are high-0 .selective

short circuits which reflect undesired har-

monics bach into the nonlinear capacitance

diode.

An interesting development in multiplier

diodes is the step-recovery diode. Like the

varactor, rhis device is a frequency multi-

plier requiring no dc input. The important

difference between the step-recovery diode

and the varactor is that the former is de-

liberately driven into forward conduction

by the fundamental drive voltage. In 2ddi-

Figure 8

VOLTAGE VARIABLE CAPACITORS

15 ,on!«»"»* circuit
‘ ? «C?5S provide increase* tuning range with irnpraveC linearity
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speed of rotation. (2 )—Epbemerh Time
(ET)- Scientific measurements of precise

time intervals require a uniform time scale.

The fundamental standard of constant time
is denned by the orbjraJ motion of the earth

about the sun and is called Ephemeris time,

and is determined from lunar observations.

0)—Atomic Time (AT). Molecular and
atomic resonance characteristics can be

used to provide time scales which are appar-

ently constant and nearly equivalent to

ET. The designation A.I has been given

to the time scale derived from the zero-field

resonance of cesium. The U.S. Frequency

Standard at Boulder, Colorado, is maintained

by reference to the A.I time scale.

Stamford Rodio High- and low-frequency

Frequency end time signals are broadcast

Time Signals on standard frequencies In

the United States by the

Nations! Bureau of Standards over radio sta-

tions WV and WVB (located near

Fort Collins, Colorado] and WVvYH (lo-

cated near Kekaha, Kauai, Hawaii). The

broadcasts of WWV may also be heard by

telephone by dialing (505) 499-7UI, Boul-

der, Colorado. Station WWVH nuy be

heard by dialing (808) 555-4563.

©

Stations WV, WVH, and WVB
broadcast nominal frequences and rime

consistent with the internationally agreed

upon rime scale, Coordinated Universal

Time (UTCj. WV broadcasts on 2.5. 5,

10, 1 5, and 20 MHz; while WWYH broad-

casts oa all these frequencies except 20

MHz. Transmissions are continuous. 'S'WVB
broadcasts Stepped Atomic Time (SAT) on

the standard frequency of 60 kHz. This

station broadcasts continuously except for

scheduled maintenance periods.

Frequency accuracy, offset, and effects of

the propagation medium are covered in the

technical bulletin KBS Time and frequency

Dissemination Services, NBS Special Publi-

cation 432, available from the superintend-

ent of Documents, US, Government Print-

ing Office, Washington D.C. 20402.

Time Announcements—Voice announce-

ments are made from WWV and WWVH
once even- minute. To 2void confusion, a

man’s voice is used on WWY and a woman’s

voice on WWYH. The WWVH announce-

ment occurs first, at 15 seconds before the

minute, while the WWV announcement

occurs at 7.5 seconds before the minute.

Tone markers are transmitted simultane-

ously from both stations. The rime referred

10 in the announcements is ''Coordinated

Universal Time,” generally equivalent to

"Greenwich Mean Time” (GMT). Local

time mzy be derived from Chart 1 of Chap-

ter 35.

Standard Time h/mvis—Tubes mark

the seconds of each minute, except for the

29:h and 59th second pulses which are

omitted. All pulses commence at the begin-

ning of each second. In alternate minutes

during most of each hour 500 Hz or 600

Hz audio tones are broadcast. A 440 Hz
tone is broadcast once each hour.

Official Forty-five second an-

Announcements nouncements are available

A-Assembly of coaxial capacitor Ci.

8-AssemhIy of capacitor, Faraday slueis ano

toroid transformer Tj. Ueds Aj B, era c

connect as shown in figure

to other Federal Agencies

to disseminate official and public service

information. Other announcements include:

Marine Storm Warnings—leather infor-

mation about major storms in the Atlantic

and eastern North Pacific are broadcast in

voice fromWV at 8, 9, and 10 minutes
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Figure 25

ASSEMBLY SEQUENCE Or

RErLECTOMETER UNIT

after each hoar. Similar storm framings are

given for the east and central North Pa-

cific from Y7Y7YH at 48, 49, and 50 min-

utes after each hour- Information regarding

these broadcasts may be obtained by writing

to: National Teacher Service, Silver Soring,

MD 20910.

BCD Tine Code—A binary coded deci-

mal time code is transmitted continuously

by T W V and TTVH on a 100 Hz sub-

carrier. The code provides a standard tim-

ing base for scientific observations made
simultaneously at different locations. Time
code information is outlined in the N3S
Spend Publicsfion 452.

Geophysics! Alerts-—Current gcoderfs zrs

broadcast fromWV at 1 B minutes after

.'Ch hour- The messages are changed ap-

proximately every six hours at 1300, 0000,

4^00, ana 1300 UiC. Part A of the message
gives the solar-terrestrial indices for the day.

Part r> gives the solar-terrestrial conditions
for tiie previous 24 hours, and Part C gives
the forecast for the next 24 hours. If streU
Terr, conditions exist, a brief advice is given
at the end of the message. The alert covers

solar activity, the geomagnetic field, the
geomagnetic storms and solar flares. Inquiries

regarding these messages should be addressed
to NOAA, Sp2ce Environment Services Cen-
ter M3, Boulder, CO 80303- Teh (303)
499- 8 125-

la addition to the NBS broadcasts, the

Dominion Observatory of Canada transmits

tune ticks and voice announcements in

English 2nd French on 5.330, 7.335.^ mm
14.470 MHz. Many other countries c: the

world also transmit standard frequency and

time signals, particular]" on 3, 10, and 15

MHz.
The standard-frequency transmissionsmar

be used for accurately determining cue

limits of the various amateur bands vim

the aid of the station receiver and a scroti-

cry frequency liarJcrl which utilizes an

accurate low-frequency crystal oscillator.

The crystal is zero-beat with TTY by

means of its harmonics and then left with

only an occasional check to see that the

frequency has not drifted -ofr with time.

Accuraie sipals at smaller frequency* inter-

vals may be derived from the secondary fre-

quency standard by the use of multivibra-

tor or divider tir-cuits to produce manners

at intervals of 25, ID, 5, or 1 kHz. In atici-

tion, a variable-frequency jnirrpolciwt os-

dJlctor may be used In conjunction witn the

secondary standard id measure irequsnnss

at any point in the radio spectrum.

Shown In figure 28 is a simple 1 MHz
calibration -oscillator which provides market

signals up to 150 MHz or so.

3I-II A Precision

Crystal Calibrator

Modem direct-reading h-1 receivers re-

quire a high order -of calibrator accuracy.

Shown in this section is a versatile crystal-



HOURLY
broadcast

SCHEDULE OF MW AND VAWH



31.25 RADIO HANDBOOK

controlled secondary frequency standard uti-

lizing a 1 MHz AT-cut crystal of excellent

temperature stability. The circuit of this

instrument is shown in figure 29.

The crystal is used in an FET oscillator

(Qi) having a high input impedance cou-

pled to an amplifier (Q;), followed by an

impedance transformer (Q ;i )
to the logic

circuit level. Integrated circuit Ui is a

quadruple TTL-type gate used as a Schmitt

trigger to provide fast rise and fall rime

for the decade divider (U«) and the dual

flip-flop (Us). The available outputs are: 1

MHz, 500 kHz, 100 kHz, 50 kHz, and 25

kHz. The IC (U2) is configured 2S a divide-

by-two and a divide-by-five combination to

provide the ;00-kHz and 100-ffiz markers.

A dual-voltage, regulated potter supply pro-

vides plus fourteen and plus five volts with
very low ripple and good regulation.

Frequency of tie 1-MHz crystal is set

by adjusting capacitor Ci while zero-beating

one of the 1-MHz harmonics with a trans-
mission of WV, or the frequency my be
set with the aid of a frequency counter con-
nected to the 1-MHz output.

For receiver calibration, a S-pF capacitor
at the receiver end of a short length of low
capacitance coaxial cable (?; ohm) will
permit maximum harmonic signal to be de-
livered at the antenna terminals.

!V

Figure 28

inexpensive crystal calibrator

31-12 A Silicon Diode

Noise Generafor

The limiting factor in ngnal reception

above 25 .MHz is usually the thermal noise

generated in the recover. At any frequency,

however, the tuned circuits of the recover

must k accurately aligned for best rignal-

to-noise ratio. Circuit changes (and even

alignment changes) in the r-f stages of a

leceiver may do much to either enhance or

degrade the noise figure of the receiver. It

is exceedingly hard to determine whether
changes of either alignment or circuitry are

really providing a boost in signal-to-noise

ratio^cf the receiver, or are merely increas-

ing the gain (and noise) of the unit.

A simple means oi determining the degree

Oa actual sensitivity of 2 receiver is to inject

\*T1*aUK I3 *he input circuit and
then measure the amount of this signal that
is needed to overcome the inherent receiver

noise.^ The less injected signal needed to
override the receiver noise by a certain,
feed amount, the more sensitive the receiver
is.

A simple source of minute signal may be
obtained from a silicon crystal diode. If a
small dc current is passed through a silicon

crystal in the direction of higher resistance,
2 small but constant r-f noise (or hiss) is

generated. The voltage necessary to generate
this noise may be obtained from a few flash-
ight cells. The r.ohc gmcrdor is a broad-
band device and requires no tuning. If built

.

short leads, it ma}T be employed for
receiver measurements well above 150 JfHz.

E uoise generator should be used for com-
parative measurements only, since calibra-
tion against a high-quality commercial noise
generator is necessary for absolute measure-
ments.

A Practical
Described k this secrica is

oise enerefor
2 simple silicon crystal noise

r _
generator. The schematic

01 this unit is illustrated in figure 30. The
1K21 crystal and ,003-pF ceramic canad-
tor are connected in series directly across

e output terminals 01 the instrument.
Three small flashlight batteries are wired in
series and mounted inside the case, along
with the 0-2 dc mlHiammeter and the
noise-level potentiometer.
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ume control is adjusted until the output

meter advances to one-quarter scale. This

reading is the basic receiver noise. The noise

generator is turned on, and the noise-level

potentiometer adjusted until the noise out-

put voltage of the receiver is doubled. The

more resistance in the diode circuit, the bet-

ter is the signal-to-noise ratio of the receiver

under test. The r-f circuit of the receiver

may be aligned for maximum signal-to-noise

ratio with the noise generator by aligning for

a 2-1 noise ratio at minimum diode current.

3145 The R-F Noise

Bridge

Conventional impedance measurements on

an antenna system usually call for an r-f im-

pedance bridge, signal generator and a bridge

detector. Such heavy and expensive devices

are not suited for work on an amateur an-

tenna where the operator and equipment may

be balanced atop a ladder or hanging from

the tower by one arm. A simple alternative

that is light, inexpensive and accurate enough

for most amateur hf antenna measurements

is the r~f none bridge. By combining a sim-

ple r-f bridge with a wideband noise gen-

erator in a small shielded box, an adequate

impedance measuring device can be built.

Since the r-f source is a wideband noise gen-

erator, the system selectivity is derived from

the station receiver. This is a very important

point- it is the receiver alone which estab-

lishes at what frequency the impedance

measurement takes place, as the signal source

may he considered to be “white noise.”

R-f noise bridges are commercially avail-

able and there are three different types of

Figure 32

THE BASIC NOISE BRIDGE

The noise bridge is composed of z wideband
noise source, 2n r-f bridge and a selective de-
tector. The antenna farms one leg of the bridgL
The bridge is balanced by nulling the noise
signal in the detector. No reactive compensa-

tion is provided in the fctidga.

instruments that are used. The first design

has the bridge configuration shown in figure

32. The bridge is balanced by equating the

resistance of potentiometer Ri to the resis-

tive portion of the antenna impedance. Since

no provision is made for a reactive leg in

the bridge, this unit is only useful for

measurement of an antenna at tbe resonant

frequency.

Tbe second design is the modified noise

bridge shown in figure 53. This uni: makes

it possible to measure both resistive and re-

active impedance. Vhen the 140-pF variable

capacitor, Cx, is set at half-value, or 70 pF,

the bridge is balanced for reactance. Thu

allows the user to increase the capacitance

for nulling an antenna that has a net par-

allel capacitive reactance, and to decrease the

Figure 33

NOISE BRIDGE YiTTH

PARALLEL CAPACITANCE RANGE

Addition of 2 cspacfencs dial permits miss

bridge bo measure both resistive 2nd rssotJve

impefi2noe in 2ntsnn2.

capacitance for nulling an antenna having

a net inductive reactance. In either case, the

capacitor dial reads out equivalent parallel

capacitance in picofarads. Vhen the antenna

exhibits an inductive reactance, the equiva-

lent negative capacitance is that value which

would cause a coil of that reactance to reso-

nate at the frequency of measurement, lo

obtain the equivalent series R “h jX values of

the antenna, the operator must go through

a mathematical parallel-to-series conversion.

The r-f noise bridge described in this sec-

tion uses the bridge configuration shown m
figure 34. Note the similarity to figure 53,

except that the capacitors in this design are

in series, rather than in parallel, with the re-

sistance potentiometer and the antenna ter-

minals. This allows (as before) inductive or

capacitive reactance to be observed. The dif-

ference is that the reading oi the two cials

at null is R -r jX directly.
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Figure 34

NOISE BRIDGE WITH SERIES

CAPACITANCE RANGE

Inductive and capacitive reactance of antsnna

under test are read as a series impedanee in

the form of R t jX.

The Noise The complete noise bridge cir-

Eridge Circuit cuit is shown in figure 3 J. A

zener diode, Z?, is used 2s a

"white noise” source, followed by 2 broad-

band noise amplifier (QrQs) • ^

tant to use devices that have good bigh-fre-

quency response to provide adequate white

noise,” especially at the upper frequency lim-

its of the bridge. The transistors listed pro

vide good results above 30 MHz.
_

.

The choice of zener diode is not critical

so long as breakdown voltage is between a.

and 6.8 volts. The bypass and coupling ca-

pacitors in the noise amplifier are • "fi

ceramic disc types. Coupling transformer!,

is quadrifilar-wound on a ferrite toroi •

68-pF bridge capacitor should be a a

mica unit and potentiometer Pm ^ 2

inductance, composition type-

Noise Bridge Construction of the noise

Construction bridge is shows in figures 36

and 37. The unit is built with-

in a cast aluminum box measuring 4Vl* X

3% " X 2
1/ The receiver and ur.kr.ov.-n

(antenna) coaxial receptacles are mounted

between the two panel controls. All com-

ponents are mounted on a piece of copper-

plated circuit board which is bolted inside

the lid of the bos. The stator of the variable

capacitor is grounded to the board surface

with 2 short, wide length of copper strap.

The various components are mounted by

their leads to insulated tie points soldered to

the copper plane as shown in the rear vjc«

photograph. Placement of parts is not criti-

cal, provided attention is paid to lead length.

The transformer is wound by winding four

wires in parallel on the core. The indicated

dots on the scheamtic of Ts in figure 33

represent the same end of all windings.

Aligning Calibration of tbc bridge is sun-

the Bridge pie if a capacity meter and obm-

meterare available. The resistance

dial for potentiometer R, can be calibrated

rich dJctamaa. To cJibns jh= ««-

coco dial, set capacitor C. toi
rooghli ton-

es,.,dance and lOTpo.tnIrdOTec.th.

fed to R,. Drill ! H-snch dimeter Ioj »

the hot in a spot next to the

stator temonal of C, and close the box. P.ss
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Figure 36

THE R-F NOISE BRIDGE

Components ere racnntefi on the [id of 2 cast
aluminum box. The Series-C (capacitance) tlia!

is st the left and the Series-R (resistance) dial

is st the rfcht The coaxial receptacles for the
detector [receiver) 2nd snter.na (unknown) tre
st the center cf the panel. Diels tre tend caO-

bratsd, ss discussed in the text.

a small probe from 2 capacitance meter (such

as the Tektronix 1 50, or equivalent) into the

hole to touch the stator terminal Using the

meter as a reference, C* is adjusted to read

70 pF to ground, i he dial is marled, then

Cl is varied to provide plus and minus dial

markings from 70 pp to 10 pF in small steps.

The values below 70 pF are plotted on the
dial as being measured from zero, which is
7f

'

^us,^ dial in a typical instrument
l'brated 70-0*70 pF, with the m;\-

^
• di capacitance marled as "in-

**
on the diri.

Using rtis The station receiver is con-
Notse Bridge cected to the receiver port of

the bridge with a length of
coaxial line and the bridge is connected to
the antenna directly, or through 2 coaxial

,
« & electrical half-wavelength at

the irequencv of measurement, VTien the
noise bridge is activated, the "white noise”
*^i_ be heard as a strong hiss in the receiver,
ihe series R and series C dials are adjusted
to null, or balance out the mss, and the ra-
toon resistance and reactance of the 211-

teima ^er sst is read directly on the dials

Figure 37

INTERIOR OF THE R-F NOISE BRIDGE

The series cepacifcr is at upper left anS tbs
series variable resister is at upper right, with
the coaxial connectors between then. The small
ferrite trersferaer is between the prtengrmetcr
and the lower car.nector. The components cf the
nsrse generator are meurted cn solier terminals

in the fcrejrcuni.

of the bridge. The reactance reading is in

picofarads, which may he converted directlv

to reactance with the rid of 2 slide rale cr

pocle: computer.

In some cases, when measurements are

maoe in the vicinity of a strong, local broad-

casting station, the bridge null mar he ob-
scured, as riie bridge element is reacting to

the pickup of the signal by the antenna
under test.

31-14 A Universal

Crystal Test Unit

This simple test unit will test crystals

ranging in frequency from 2 few hundred

kHz to over 90 MHz (figure 55). Transis-

tor Q] forms a variation of the Colpitis os-

cillator with feedback adjusted by capacitor

Q. The r-f voltage of the oscillator is rec-

tified by two diodes and the resulting cc

voltage provides forward 1x25 for Q- whose

emitter current lights an indicating lamp, if

the crystri fails to oscillate, the lamp remains

dark. Various crystal sockets can be incor-

porated in the tester for different styles of
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Figure 38

UNIVERSAL CRYSTAL TEST UNIT

Crysrar fcctffcaei: is certrouca by capacitor Ci.

An aOjustaOlc mica capacitor may he used. Emo
is 10-volt. K mfi (CM7-7300, Chicayo Miniature

Lamp, or cquivjlenlJ.

-ifj

holder?. The unit is built within a small

aluminum utility box with a self-contained

batter)*.

31-15 An Inexpensive

Transistor Tester

This compact and inexpensive transistor

checker will measure the dc parameters of

most common transistors. Either NPN or

PNP transistors may be checked. A six-posi-

tion test switch permits the following param-

eters to be measured; (1) Ico“Dc col-

lector current when collector junction is

reverse-biased and emitter is open circuited;

(2) Ico.-u—collector current when base cur-

rent is 20 microamperes; ()) Iro-ioo—collec-

tor current when tasc current is 100 micro-

amperes; (4) lri~o—collector current when

collector junction is reverse-biased and base

is open circuited; (J) lens—collector current

when collector junction is reverse-biased and

base is shorted to emitter; (6) Ieo—emitter

current when emitter junction is reverse-

biased and collector is open circuited.

Using the data derived from these tests,

the sialic and ac forward-current transfer

ratios (hrE and hln respective]}-) may be

computed as shown in figure 40. This data

may be compared with the information listed

in the transistor data sheet to determine the

condition of the transistor under test.

The transistor parameters are read on a

0-100 dc microammeter placed in a diode

network which provides a nearly linear scale

to 20 microamperes, a highly compressed

scale from 20 microamperes to one milliam-

pere, and a nearly linear scale to full scale

Figure 39

TRANSfSfOR CHECKER

An expamled-sc 2 te meter provides accurate meas-
urement of transistor parameters in this easily
built instrument. Six dc parameters may be
measured and v/i!b the data derived from these
tests, the ac forward-current transfer ratios
may be computed. Two transistor sockets are
mounted at the left of the tester, with the three
selector switches to the right. Six-position test

switch is mounted to bottom side of box. Tip
jacks are placed in parallel with transistor socket

terminals to permit test of transistors having

unorthodox bases.

at 10 milliampcrcs. Transistor parameters

may be read to within 10 percent on all

transistor types from mesas to power alloys

without switching meter ranges and with-

out damage to the meter movement or

transistor.

By making the sum of the internal resist-

ance of the meter plus series resistor R,

equal to about 6K, the meter scale is com-

pressed only one microampere at 20 micro-

amperes. lieter adjust potentiometer R2 is

set to give 10 millhmperes full-scale meter

deflection. The scale may then be calibrated

by comparison with a conventional meter.

If the NPN-PNP switch (S2j is in the

wrong position, the collector and emitter

junctions will be forward biased during the

Ico and Ieo tests (switch positions 1 and 4).

The high resulting current may be used as

a check for open or intermittent connections

within the transistor.

The transistor checker also measures hFE

with 20 microamperes and 100 microam-

peres base current. Depressing the hfe switch

(Si) decreases the base drive about 20 per-
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TO
TEST W'H£U ADJUST

Si TO RESULT

Ico VCS*6 V. 1 “SAD meter pi sect

It 3= 2DUA 2

1C 3bs iddjja 3 *

3 CEO VCE-OV. A

Ices vcE^ev. 5

3 to VEO-fiV. &

hr£ 18*20.114 2

Cw.tyi.ATE-

fc«- 1C - VETSR READINK

3? ED lit

h7£ I3-10DJJA 3

calculate-

krr- JC , VETER P'AC-ND
1? 10511*

hit I3*201IA 2

CALCULATE:

h
Itsto
2xicr5

WHERE

|C1= METER
RuOlNi

JC2=WCTER
n*5lNCW.T».
S* CLOSED

hit Is : IDOilA 3

CALCULATE:

.
_.lCl-]C2

k" -HwT

6V.

BATTERY
— WITH 165.1 REliSTD® CON-

NECT* 5 TO C-S OF T*ET
SOCKET, FULL-SCALE WET£*
teFL-CTlON WH_l RESULT
WHEN S3 IS PRESS'S

Figure 40

SCHEMATIC OF
TRANSISTOR CHECKER

Sit, B, C-Tfiree-ppls s-ppsiticn, CertrstEp 1021
&, S>, S,-CBnM!S tj'ps 1400 nmshprfiar levpr

switch

M-0-20D Sc mlcrcEmmster. c-engrel Hr-M- «r
Simpson [ttfei)

cent, permitting hjv to be estimated £
tie corresponding cWge in collector .

rent (iambs 1 and 2 ). All tests are c

ducted "irl a 330-olnj resistor Ihnitraa
Collector current to about 12 rmlfenn
and the mnamum transistor disunion
about 20 milliwatts. He decler fed
cannot harm a transistor regardless of 1
it is plugged in or bow the test switches
set.

Tie ta -

ry test prods full-scale mi
deflection of 1 0 milliaiiiperes when the 1
tery potential is 6 volts. This is achieved
connecting a 1 50-ohm resistor from collec
to emitter of a test socket.

Figure 41

INTERIOR VIEW OF
TRANSISTOR CHECKER

Compsnerts rf meter s'ipts sirs-ii trt maertei
to thenslit bsari zttechei te meter ternmels.
Other trail resistors may be wires Srestly to

switch lugs. The few Ira-va’l batteries are be3'
in 2 smell tters? et the rear rf the csss. Chassis
is cot out for 1ever-*:iim switches Errf spfcfflE

is ervereb with three-pssition switch plrte.

Test Set Tbs transistor checker 5s built

Ccnrh-jcHsn in 23 riuminum box measur-

ing 5
" X 5

” X 7\ as shora

in the photographs. Test —itch Si is

mounted on the end of the box; and tbs

transistor sockets, microammeter, and the

various other scratches are placed on tbs

top of tbs box. Three insulated tip jacks

are vised to tbs leads of one transistor test

socket so that transistors baring -unorthodox

bases or leads may be clipted to the tester

by means of short test leads. Four lkb-voh

flashlight cells are mounted to the rear -of

the case by an aluminum -clamp. Potenti-

ometer Rjv, the merer diode, and associated

components are fastened to a phenolic

board attached to the meter terminals.

Svitch Si has an indicator scale made 01

heavy vhite cardboard, lettered ~ith India

ink and 2 lettering pen.

31-16 An Inexpensive

IC Capacitance Mefer

Described in this section is a simple, In-

expensive, and accurate capacitance meter

built 2iound 2 single IC (figure 42). The
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J441&Z TRAP
4T.S22, 1/4* D. 432 MHz 432 MHz

258 MHz
IDLER LOOP

Figure 9

BASIC VARACTOR DOUBLING AND TRIPLING CIRCUITS

If “step-recovery’’ diode is used, idler loop may be omitted.

tion, the step-recovery diode multiplier re- used as uhf mixers, having noise figures as

quires no idler circuits and has an output low as 6 dB at 3 GHz. The 1N21-1N26

efficiency that falls off only as I n. A “times- series and the IN82 are typical versions of

ten" frequency multiplier could then ap- point-contact silicon diodes for mixer use.

proach 10Cr efficiency, as compared to a The germanium point-contact diode, as ex-

varactor multiplier whose efficiency would emplified by the IN34 and IN270, has been

be in the neighborhood of 1
c'
t . A typical most used as an r-f detector at vhf and lower

step-recovery multiplier is shown in figure frequencies. The germanium point-contact

10, Diode multipliers are capable of provid-

ing output powers of over 25 watts at 1 zavui zees uhz

GHz and several watts at 5 GHz. Experi-

mental devices have been used for frequency

multiplication at frequencies over 20 GHz,

with power capabilities in the milliwatt

region.

Point-Contecl A rectifying junction can be

Diodes made 0f ;j metal "whisker’’

touching a very' small semi-

conductor die. When properly assembled,

the die injects electrons into the metal. The

contact area exhibits extremely low capaci-

rance and point-contact diodes are widely

Figure 10

STEP-RECOVERY FREQUENCY
MULTIPLIER

Stec-reccvery diode is used as multiolier. He
idler circuits ere required, such as used with

varactor.
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Figure «
SCHEMATIC, 1C CAPACITANCE METER

A~ScTiern2 ttc ef metsr.

B-Powsr supply.

7t-S0 Y tenter tip. Trafl wax or epuivEl^L

01
res!a" sre: ™ fF- « <=w «*•£

steady signals separated by tie frequency dif-
tereice of tie tyo audio tones. Tie resultant,
or beat, between tie tyor-f signals ptodnces

;.s pattern ylicb, yhen observed on an oscil-
-oscope ias tie appearance of a carrier 10(1-
percent modulated by a series 0f
“Wares.

Vith a tvo-ajual-tone test signal, tbe fol-
e9“nms JH«trimas the rekrion-

stups between rsvo-tone meter readings,

envelope poster, and average poster for class-
AiS or class-B operation:

Dc plate current:

Plate ?o~er Inpot

Average ?o~er Ontps: (vans)

:

Plate eadencj:

fjm eqnals peak of the plate cnrre

equals peak rains ot plate rcltas

Pi equals dc plate voltage, sr eqi
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INEXPENSIVE CAPACITANCE METER

This accurate capacitance meter makes use of

a single P.C 55SDP (Raytheon) Vt, Built in a

sni2!! instrument cabinet, the device makes use

of a surplus, large-scale microammeter salvager!

from a war-surplus voltohmmetar. Only the o-

tc-joo scale is used. The range witch is at the

left, with the test capacitor terminals directly

below it The zero-set control is to the right.

device measures capacitance values ranging

from 1 pF to 1 jxF in five decade ranges-

The readout is a large, surplus dc mic.o-

anuneter. Linear scale relationship vri v

spect to capacitance is achieved b} ® *• ‘

ing the dc value of z Pu^e '

applied to the test capacitor, the va ue -

ing a linear relationship with ^P6
f
b

,

,

duty cycle of the waveform. If &
of the pulse is directly

proportional to *

value of the capacitor, the meter readrng

will be linear. A one-shot multivibrator pro-

vides a pulse width proportions »

ing capacitor, as stovn in *8“* «
Tie constant-fccqnencv tngg« ?

one-half an RC JK opiating as an »• -

oscillator. The output o. the

pin S is about TOO Hz with a p’

mi. Of about 12 vote. The other haL

the RC JI« is a one-shot

The pulse width is proF':ional "
uv a

where R is the timing resistor seta* *
paael switch, and C the capacu

^
test. The meter reading is p*opo ‘

d,tr“^aA^ 1

thf™uS"I-
sistor, thus providing tne

relationship.

Capacitance The resistors associated with

Meter Circuitry the range switch should have

a tolerance of five percent,

or less. A 200K variable resistance in senes

with the meter provides a one-time calibra-

tion. Once this adjustment is made, no fur-

ther calibration is required.

A zero-adjustment control is placed on

the front panel fo: the lower capacitance

ranges as the stray circuit 2nd input capac-

itance total about 20 pF. This produces a

false reading on the 100-pF scale without

the bucking voltage which cancels out this

stray pulse effect.

Calibration A simple IC-regulated power

end Operation supply is included in the de-

sign (figure 44). The capac-

itance meter is turned on 2nd the range

switch set to 100 pF. With no capacitor

attached to the test terminals, the zero-set

control is adjusted for a meter reading of

zero. A 100-pF, one-percent mica capacitor

is attached to the test terminals and the

200K calibration control adjusted for 2 full-

scale merer reading.

Each rime the range switch is set to a

new position, the zero-set control requires

readjustment before the measurements arc

made, as is common with other capacitance

meters of this general design.

Since ac is not applied to the capacitor

under test, polarized capacitors may be

checked, with the negative lead of the ca-

pacitor connected to the grounded tesL ter-

minal. Any capacitor may be tested with

this device provided it has 2 voltage rating

of 2: least S volts.

31-17 A 2-Tone

Generator for

SSB Testing

To examine linearity of an ampJifio'by

bantu* of the output signal some m^r

oust be provided to van' the output -igna

Mttrn Ax is ante
A ™P

.

is to us: m> audio toon »' t?“- 1

0* is tenon! 0

trior: cruses the tramo.:. .0
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Figure 45

TWO-TONE AUDIO SENERATOF,

Figure 47

INTERIOR OF SEKE8STOR

Components are mounteri an small ssr-
fror, a? glass-apcxy beard. The ID 5$ z*
ssetsr, mounted in a sestet. TsrminaT

EOnnsatiiins ars at fight, rear.

ano tbs other 013 £ xor 570 fit, altho" ~r

?
'Dt
^f ZX!a

^ t0as camHnstions nay be osei.
^Ths device is constnscted Trash an sh-

hhmn aalirr bos neasnrhp 5^i
r X

X lid" fere 45), AH convenes Ire
anointed on z psrrmsied errh: board, as
shoxva in toe interior pbotopratih (fpere
47), The 5-tdIi battery is rnotnted beneath
‘i- board in z snail dip.

.
The 7ir^iW Tnif—The tesi oshiktoris

-onnected to the tadio system of the SSB

^
^snitrer witch Is mned trp into a femr

load with an Dsc3Dscope cozpled to the
hzi to show a tymed test ninen. The

transmitter is ao]itceO tor ntjdnnrn power

ontpo: without waveform iatropphe. "Un-

der these conditions, the prwer input iso

4S

YAKIASIS-FR55.UHKCV AUDIO
2EKHRAT0R

This nomsact. snTiS-aiais aunit gsnsTtfcir srv*
-hs Tangs ct to Kr tc 2D TSt -vStt a iiisinr-

5on lei’s! p? t.03 asrEEnt cr leas. The TreirusnEj1-

EDutm] pDfsrSnmEtsr !s iriEar nentsf, with itiE

frsaiiETiEii-Ttnrs sv'Ttsh at the fight, fnlt is

haiit in a small aluminum rSfity aablnst.

31-18 A Variable-

Frequency Audio Generator

Described in this semion is z Hp-rntHrr.

varizble-frernenry aniio penertror thatjorv-

distortion level of D.OV% or less '(£prrs-4f)-

UnlfV? the exocnsrve laboratory csnllt-

tors which rertdre thsd '(traoEnp) wciable

resistors or canadxnrs, this compact rstir-

inp. Tbe croift is shown in metre 4?.

titer, LJj serves as a broadband amphner.
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Figure 44

INTERIOR OF THE
CAPACITANCE METER

Components of the meter are mounted on a

smaff section of Perf board attached to the

Panel. The regulated tic power supply is placed

on a small aluminum Bracket behind the

instrument.

Hoafir. p&k-tnvelope-poweroutputunder
these conditions is twice the 2Yerage-tx)wer

output. Thus, using 2 two-tone test signal,

a linear amplifier may be tuned up at 2

power-output level of half that normally

achieved at the so-called "two idWart
PEP” input level. Pi'over-input level, on the

other hand, of the two-zone rest condition.

is about two-thirds that of the single-cone

condition.

The Two-Tone Shown in figure 45 is the

Generator schematic of 2 simple two-

tone audio generator which

provides 2 pair of linearly added sine waves.

The second harmonic and intermodular}on

products are reduced 21 least 35 decibels be-

low one tone. It is designed for either a sin-

gle-ended audio input circuit (common to

most SSB exciters] or a balanced line input.

The generator operates from an internal 9-

volt battery and contains no transformers so

no power-line frequency associated compo-

nents are produced in the two-tone signal.

Two bridge-type audio generators and as-

sociated buffer stages are contained on a sin-

gle IC One generator is adjusted for 1000

Figure 45

SCHEMATIC OF TWO-TONE GENERATOR

... buffer stages. Sij*t®II fight^trtttfng

fflnife IC cult pronto* »» R®""' 1"5 Bcm
time (LEO) pmiles “on" ,"S^!im«l3303,»rM“i0'1”1
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for this application. This device has three

separate output ports for the waveforms in

question, and no external integrators or shap-

ing circuits are required. The only auxiliary

equipment to make the IC a complete item

of test equipment is a power supply and

an output amplifier.

The output amplifier is comprised of an

operational amplifier output driver. The

driver has only a 6-ohm impedance so 45

ohms is placed in series with it to provide a

50-ohm. port when it is required to drive a

matched coaxial line.

Dc offset is provided by a 10R potenti-

ometer placed across the ±15 volt supply

through a series connected 100R resistor to

the inverting input of the op amp. The out-

put waveform from the 8085 IC is fed to

the noninverting input of the op amp via

a 10R potentiometer which serves as the out-

put level control of the function generator.

The voltage gain of the IC combination is

about four which is enough to boost the

various output signals of the 8038 to a 10

volt peak-to-peak level. Individual trim-pots

on the three outputs (R„ R3, R,) of the

8038 are used to assure that all three sig-

nals have the same peak-to-peak level

Coarse frequency control is accomplished

by means of switched capacitors. The given

values of 1500 pF to 15 pF in 5 ranges pro-

vide an output frequency range of 1 Hz to

100 kHz. Resistors are simultaneously

Figure 50

COMPONENTS OF AUDIO GENERATOR
ARE MOUNTED ON P.0. BOARD

Ui, the inexpensive IC used as a dual zener
diode, is in the foreground at left. The two
op-amps are placed in sockets supported on

small terminals soldered to the board.

switched with the capacitors to relieve the

necessity of using precision capacitors. The

resistor values fall in the vicinity of 100

ohms and are chosen during the calibration

process. The fine frequency control is a IOR

potentiometer in series with switch SjA.

Aside from the fine frequency, output

level, offset and the three trim-pots for the

relative levels of the three waveforms, there

are three other adjustments: potentiometers

R; , R:,, and Rr,. These are respectively:

square wave offset, sine wave distortion

adjust, and symmetry adjust. These will

be discussed in detail in the section on

calibration.

The power supply delivers ±15 volts, 100

mA regulated. A packaged unit may be used,

or the supply shown in figure 53 can be

built. The power regulator is meant to he

operated on a heat sink with a mica insulated

washer and the appropriate he2t sink grease

for thermal conductivity.

Generator Construction—The generator is

built within a small aluminum cabinet meas-

uring 7" X 514" X 4ii
n

(figure 54).

The generator components are mounted on

a small piece of perforated glass-epoxy cir-

cuit board measuring 3 Vi
11 X 2¥l

n
. The

board is supported above rile chassis on

Figure 51

THE FUNCTION GENERATOR

This function generator delivers sine, triangular,

or square waves over the frequency range of 1

Hz to 100 kHz. Panel controls (left to right) are:

DC Offset, Fine Frequency, Coarse Frequency,

Waveform Selector Switch, and Output Level.

Dual output connecters are provided for coaxial

lead or for test leads. Output impedance is £0

ohms.
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znd U3 is used as 2 dud zener diode. The
feedback loop that sustains oscillation in-

volves 180 degrees of phase shift around U,
and 180 degrees of phase shift around U2.

To permit oscillation, sufficient circuit gain

occurs only at the maximum response fre-

quencj- of the active b2ndp2ss filter that is

designed around U2. The frequency of oscil-

lation is thus controlled hy varying the

center frequency of the bandpass filter.

Level stabilization is obtained by clipping

the sine ware by means of IT, the 0 of the

active filter circuit removing the harmonics

created by the clipping. Only the base-

emitter diodes of the two input transistors

of Uj ate used (figure 50), the other leads

are left floating. The Of 709C W2$ used

because of its very low price in comparison

to the cost of a good seven-volt zener diode.

A test point is provided for the builder

to monitor the percentage of sine-wave

clipping in use, the level being set by poten-

tiometer Rj. This is normally set so that

about 20 percent of the sine wave total

amplitude is cEpped -J,. fmcHCV
aralrol psoamaa (R.) is a ^ j0

J
ireqoenq- (maximum rtmtanaj p0~;jD;L

,
*• F°TO Ae audio oscillaaa, , ™I,

cual-rohago njdnrf supplr provide ofe
and mums IS rote is indud-d.

31-19 A Funcfion

Generator

One of the most recent and useful nieces

of test equipment available for the amateur
is the function generator (figure 51), The
generator described in this section has three

symmetrical outputs: sine, triangular and
square wares. While the function generator
does not replace either the sine wave oscilla-

tor or the pulse generator, it is more versatile

than either because of its variety of output
signals.

The schematic of the generator is shown

in figure 52. It is designed around the Inter-

!il £01

S

IC that was specifically developed

Wt, 301 H (Nzfionaf Semiccnicctor)
_ . „

Ui—LM70SC usEd as dual Trr.tr (pins 2 and 3) (Mliaral Structrdutti?)

U*-$Q 35QIB (Silicon General}

DcHEP 376
Ti—32-voTt, can ttr-tapped, Triad F-S2X
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IK potentiometer in series with the #3 con-

tact of switch SjA and the center- tap of

potentiometer Rfi. Set this temporary control

for maximum resistance and place the coarse

frequency switch to position 3 (100 to 1000

Hi). Turn the fine-frequency control po-

tentiometer to the high end and the offset

control (Re) to midposition (zero offset).

Triangular waveform will be checked first

since it will most clearly indicate proper

symmetry. Connect an oscilloscope to the

output terminals and apply power to the

generator. With the amplitude control (o?ri-

ptit level
)

at maximum, adjust potentiom-

eter Rc for proper symmetry and then

adjust the temporary potentiometer for a

frequency of 1000 Hi. The oscillator fre-

quency with the fivc-frcqticncy control set

at minimum should reach 100 Hz, or less.

The sine wave output is checked next.

With the amplitude control at maximum,

adjust potentiometer R3 for a 10-volt peak-

to-peak output signal. Adjust trimmer

potentiometer R } for minimum observed

distortion of the sine wave.

Next, switch to square wave output. Both

potentiometers R; and E* must be adjusted

for the desired 10-volt peak-to-peak signal

Trimmer R2 will cancel out the offset volt-

age present for the square wave output and

trimmer R: will control the amplitude. There

is interaction between these two adjustments

and thej' should be reset a few times to

accomplish the desired results.

Measure the resistance value of the tempo-

rary potentiometer and make a note of the

required value for this range. Switch to each

of the remaining ranges in turn and deter-

mine a value of resistance to calibrate each

one. Remove the test potentiometer and

install fixed calibrating resistors at the

proper positions on the bandwswitch.

31-20 An Electronic

Multimeter

Probably the most important piece of test

equipment for the radio enthusiast is the

multimeter. The electronic multimeter is

capable of measuring a wide range of ac

and dc voltages resistances and currents.

The multimeter shown in this section has

been designed specially for building and

maintaining radio transmitting and receiv-

ing equipment, both solid state and with

vacuum tubes. It is well suited for this

type of service (figure H).
An accurate d’Arsonval meter with a

conventional pointer is used rather than the

popular digital readout. Often it is neces-

sary to tune or adjust circuitry for a maxi-

mum, minimum or zero reading, while the

actual voltage is of secondary importance.

Using a digital meter for this task is diffi-

cult ar best. In addition, the voltage sensi-

tivity of this circuit extends to 10 millivolts,

full scale, on both ac and dc ranges. This is

important when the instrument is used as

an t-f probe at low signal levels. This sensi-

tivity can be achieved very simply in this

analog design.

Figure 54

INTERIOR VIEW OF

FUNCTION GENERATOR

Trim-pots and ICs are mounted on per-

forated circuit board in the foreground.

The associated capacitors and resistors

are mounted to the terminals of switch

S,A-B {Coarse Frequency'). The unitized

power supply is at the rear of the chas-

sis, with line cord 2nd fuse directly be-

low it. Zener diode regulators and tents-

lytic filter capacitors are mounted to a

small terminal strip below the Output

Level (amplitude) control.
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Capacitors above f if are fantalytic types

Capacitors below 1 ?F are mylar types

Zt, z,~e.vo» zener, Motorola hep-zwcs
Potentiometers R,-n t are multitum Trim-pots (Atlen-Eratiley, Bourns, or equivalent)

Power Supply is Analog Devices BM or equivalent (see figure 53)

«nal] metal spacers. The zener diodes, filter

capacitors and 270-ohm series resistors are

supported on a terminal strip in front of

the board. The resistors and capacitors

associated with the frequency control switch

ate mounted between the two decks of the

ceramic switch. The remainder of the space

is taken up with the compact dc power

supply.

Colifcretmg To calibrate the function

the Generator generator, first press all trim-

mer potentiometers (R:-fU)

to midposition and temporarily connect a

ALTERNATIVE PGY/ER SUPPLY FOR FUNCTION GENERATOR

DrD«-McteroIa KM S20-3

Ti-34 vs Its, center-tapped at ^DmAjnad F-83X

Capacitors above 1 *F are entalytic types

Regulator is Raytheon RCAtMTX



SCHEMATIC OF MULTIMETER
U'-U<-RCA inteirarea circuits

Capacitore-Mylar
Voltap regulatcr-FairciiilrJ or HMnrote S,lj pllie 3 ,»sition
Precision resistore-Metal oiifle Sim units &j s=-4 pot,' « position

tRC or Dale Meter-50 pA. Simpson or Triplett



electric test equipment

accuracy }f about y;. Tin input impoi-

Jnct i; ;o megohms ir. parallel T.-ith lf>0

?•' fas' l-c'tlj ic and i!c ranges.

•® ffmeter Cttccrtfry T|»<r circuit of the

. multimeter it fhowt
in ^’urc f *>• The device consists of a power
*uPp»v 2nd four integrated circuit FET
inpar operational amplifiers. The four op-

s^ps provide the three basic circuit func-
Cionj. Amplifier U« is a wideband, de-

coupled times 70" amplifier used for all

SMI

dc functions end JO

f a: function. This

regulator fU,>

fphrd to the meter

ii wale, Integrated

hiif-vave rectifier

jttrta! to dc for ti t

-rn of this stare is

meter ,'rhich reads

voltage) is

rm- value of :

and l' cor.'titute

tree for resistance

ter- apply a fixed voltage

:.-• *t:r.c: and measure t'r.:

*n re-Jt- ir. .1 nrdinear

:: re'i'tarcc scale of

n.rrtrodaeii cifneul:

> ca'-i rate. The constant

> a linear rc'istar.cc

tine can hr read directly

Thr range ''arch is : two-part attenuator.

T?-; input decade attenuator (S;A) has five

'teps and tr.: output J-to-1 attenuator

fF.B) has rvo steps, matins; a total of 10

lip- rj atscntuaripn requiring only fsve pre-

vivirs mister*.

Th: meter is protected two ways. First,

: damping editor is placed saws the roove-

mrnt. If an overload is applied, the over-

damped painter will move slowly off the

rcale, with no damage. In addition, the

h.-aw damping prevents the pointer from

moving during transit of the instrument.

The *ccond meter protection limits over-

load current through the mete: to a safe

amount, controlled by the saturation volt-

ape of the operational amplifier. Even

though the input may be overloaded by a

factor of 1 000 times the full-scale value,

the meter will not be damaged.

Overall accuracy of the multimeter

depends primarily on the accuracy of the

meter movement. A new meter is expen-

sive, but a surplus meter can often be

turned up a: a bargain price. The attenuator

resistors arc onc-pcrccnt devices, but the resc

of the resistors may have s five percent

tolerance. Film resistors are recommended

for stability.
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diode is still quite useful as a detector, but

is being replaced in more modern designs

by tbs silicon Schottky-bertm [bot-i'srrkr)

diode. The Schottky-barrier diode is similar

to the silicon point-contact diode, with the

metal-to-silicon interface made by metal

deposition on silicon. This device behaves

like a silicon point-contact diode, having a

lower forward voltage drop than an equiva-

lent silicon unit, good high-frequency re-

sponse, and a lower noise figure.

Other Oiois Jmpatt, Trapatt and Gunn
Device: diodes are used to produce r-f

directly from dc when used

in microwave cavities. The PIN diode is

useful as an attenuator or switch 2t radio

frequencies. This is a PN junction with a

layer of undoped (intrinsic) silicon between

Figure 11

PIN DIODE USED AS R-F

ATTENUATOR OR SWITCH

Diode D, appears re:

period is shorter the:
voiieje varies r

;‘.ive lo frequencies whole
“carrier'' lifetime. Control
attenuation of diode.

the P sad N upon. Because of the neutral
mtrinric layer, the cliarve carriers j:j the
diode art relatively sWj'iJut is, tier have
* !”E *» Meti.™. If this lifetime is

bar compared to the period of the radio
‘ r-“Uency impressed on the device, the diode
appears resistive to that frequency. Since

,

-,0j® sP?«r resistive to frequencies

Zfy is shorter than their carrier
...ciDht, t.oese diodes can be used as attenua-

^ rrl^tv,-2Vne:. An example of such an

4-4 Diode Pover Devices

Semiconductor devices have ratings which

are based on thermal considerations similar

to other electronic devices. The majority of

power lost in semiconductors is lost inter-

nally and within a very small volume of the

device. Heat generated by these losses must

flow outward to some form of heel -r.v-

ebanver in order to hold junction tempera-

ture to a reasonable degree. The largest

amount of heat flows out through the case

and mounting stud of the semiconductor

and thence through the heat exchanger into

the air. The heat exchanger (or href iink)

must be in intimate contact with the case

or leads of the semiconductor to achieve

maximum uniform contact .and maximum

heat transfer. The matching surfaces are

often lubricated with a substance having

good thermal conductivity to reduce made;

or galvanic products from forming on the

surfaces (Dw-Corwijg Siliconr Grrrw

#200 and Conw»g PC-4 2re often used).

The latter is silicone grease loaded with zinc

oxide for improved heat transfer.

Care must be exercised in the contact

between dissimilar metals when mounting

semiconductor devices, otherwise electrolytic

action may take place at the joint, with

subsequent corrosion of one or more surfaces.

Many rectifiers come with plated finishes to

provide a nonactive material to be placed in

contact with the he2t sink.

"when it is necessary to electrically insulate

the case of the semiconductor from the neat

sink, a thin mica or -plastic washer may he

placed between the device and the heat rink

after lubricating the surfaces with a thermal

lubricant.

Semiconductor power rectifiers are

P.ecfifisrs the most-used solid-state .devices

in the electronics industry. Cop-

per-oxide disc rectifiers have been used for

decades, as have selenium disc rectifiers- The

germanium junction rectifier, too, has been

stive type Jl\91 is still available.

Almost all new rectifier system fieri£3 to-

day -uses the ;fifro« jxr.aior. rectifier (St-

ure 12). This device oner: the mom promts-
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UnUifKPicr Asscnb!)—-The interior her-

out of the instrument is snows n toe photo-

gsaplss. The entire electronics package 1?

mounted on a perforated board except for

t'ce power transformer, rectifiers. ana 51-

ters, which are mounted in an aluminum

bos (figure S7). Because of the very low

signal levels involved, 2]} precautions must

be taken to prevent sc hum pickup. The

power cord goes directly into the box and

tfce power switch on the panel s intercon-

nected with shielded wires. There is no

power line ground connection, nor are there

anr line bypass capacitors.

Meter Calibretm—The meter scale must

be modified unless the builder is fortunate

enough to have a meter with the correct

markings. The scales in the multimeter pro-

gress in s I-to-J sequence: that is. 1, S. 10,

JO, etc., full scale, whether the macing is

volts or tmlliainpercs—sc. or dc. The ohms

scale is decade; that is, 1 , 10, 100, ere., full

scale. .Additional markings are therefore

required in order to accommodate all of the

multimeter ranges.

To accomplish this task, remove the glass

from the meter and, using a screwdriver

free of magnetic particles, remove the meter

face. Using dry transfer letters, mark 2 new

scale above the graduations of tie old one.

Figure 57

INTERIOR VIEW OF MULTIMETER

p.zrtge switch is St fcp cf tts psrs! wits itsW-

rnsnt efreurt tioari rftreclly Me* it. Th;

supply is inclatfefl in tte staratmrm tl V-

resr ef tie chassis.

placng a I cv- ds f mark, a 2 over tfc

JO r;
rfr

T
2 10 C7sr ^

ItzhsTZtitr i esf;~g—After the device

has been trii: and tbVisng checked, pis*
the runecon switch h the dc rofo position

anc the range switch on 100 coifs. Adjust

ircnc pmsi mro control to zero the

An acermte voltage source a required to

used in cocjvncdcz with z cce-percea:

meter, may be used, as long as open dreuir

voltage is S rolts. or slightly fess. Three

series-connected 1.5 to!; cells will do the

job. Conner; the calibrating source to the

'o'h probe and reduce tee range switch to

5 voles. Adjust potenriomKer R; so that

Ae mtidmear reads die same as the cali-

bredug voltmeter. Now switch to the 70-

range and adjust potentiometer R- to

provide the same voltage reading as before.

Next, set the function switch to obr.s, the

range switch to 10K obros anc short tee

obrr.s probe ro ground (chassis). Adjust

possriomesr R? for a zero meter reading.

Xow, connect a I OK, one percent resistor

between me obrr.s probe and ground and

adjust potentiometer R* for a full-scale

meter defection. This completes the align-

ment procedure.

Th El Probe crJ Volfs Probe—Jht volts

probe is a specially constructed shielded

probe (figure St). A commercially avail-

able YOU probe set was purchased and the

black probe used unmodified for me obffif

function. The red probe was modified by

removing the wire ss-d replacing it with 2

shielded lead. The shield was carried to with-

in Vi inch of the probe rip. A ground lead

is then brought to fire top of me probe body

and secured with hear-shrink tubing or elec-

trical taps. An alligator clip is attached to

the end of this ground wire.

A shielded microphone connector is placed

on the free end of the i-i probe cable.

Shielded wire is also used inside the insrro-

mea: to connect the input receptacle to the

sseasator. A ground lug on the input

microphone connector serves as a common

ground past. Gc#2 shielding sr.d ice com-

mon ground point are necessity to prevent

gc hum pickup and to prevent ground loops
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Figure 58

MULTIMETER PROBES

Ground (blade) probe is at top, the ac voltage probe is at center. The do (red) probe is at the

bottom of the photograph.

from destroying the accuracy of the low

voltage ranges.

The excellent sensitivity of the multime-

ter allows very low rf voltages to be meas-

ured with a simple r-f probe. It is possible

to measure levels as low as 10 microwatts

across a 50-ohm load with this probe. The

circuit of the r-f probe is a half wave recti-

fier and filter (figure 59). For best fre-

quency response a point-contact diode, the

1N82A, is used. Good results have been

obtained up to 1000 MHz.

Very short leads should be used within

the probe. The de-blocking capacitor should

be a mylar or mica unit. The probe housing

should be of metallic material in order to

reduce hand capacity. The calibration of the

r-f probe will not be exact. Response will

vary with frequency and the impedance of

the circuit being measured. Furthermore, at

low signal levels, the response will become

"square law,” that is, the input signal is

.001

II

1NE2A

?S03£ »

10K <

:

.

1 .01:

IV KUllIKflffl

—

Figure 58

R-F PROBE FOR MULTIMETER

Figure 60

RESPONSE OF R-F PROBE

proportional to the square of the output

signal, Figure 60 shows a typical response

of the probe. From this response, it can be

seen why a 10 mV full-scale meter reading

is valuable for the probe as a 50 mV r-f

signal produces only 3 mV of dc output.



CHAPTER THIRTY-TWO

The Oscilloscope

The cathode-ray oscilloscope is an instru-

ment which permits visual examination of

various electrical phenomena of interest to

the electronic engineer. Instantaneous

changes in voltage, current and phase are

observable if they take place slowly enough

for the eye to follow, or if they are periodic

for a long enough time so that the eye can

obtain an impression from the screen of the

Cathode-ray tube. In addition, the cathode-

ray oscilloscope may be used to study any

variable (within the limits of its frequency-

response characteristic) which can be con-

verted into electrical potentials. This con-

version is made possible by the use. of some

type of transducer, such as a vibration pick-

up unit, pressure pickup unit, photoelectric

cell, microphone, or a variable impedance.

The use of such 2 transducer makes the

oscilloscope a valuable tool in fields other

than electronics.

Oscilloscopes have become more versatile

and complex in the last decade. A new order

of measurement capability bas made the

’scope into a device now used in computers,

calculators, and the very heart of many com-

plex electronic products, as well as serving

as a measuring and indicating device.

Oscilloscope bandwidth, or the highest fre-

quency signal the ’scope can display, is the

most important factor indicating the degree

of performance. The price of a ’scope is usu-

ally directly related to bandwidth. Risetime

is a measure of how quickly the ’scope can

Beam deflection in a

deflection pfates in tfie

^UFIED oscilloscope circuit

32.1
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respond to an instantaneous change in volt-

age level at the input. It, along with band-

width, Is an important, but not sufficient

judge oi performance. Bandwidth 2nd rise-

time are -usually interrelated by 2 simple

formula:

Riserime ~ 0-3 J bandwidth

Tube risetime is an important specification,

although not always given by the manufac-

turer. it relates to the ability of the ’scope

to reproduce an ideal pulse. A pulse would

be perfectly reproduced if the instrument

had infinite bandwidth (or infinitely fast

risetime) . This is because the vertical leading

edge of the pulse contains high-frequency

components, which must pass through the

oscilloscope amplifier system undistorted, in

order to appear on the display exactly as

generated.

Gain compression is a measure of the faith-

fulness of reproduction of a waveform on

the screen. The ratio of change in signal

amplitude of a waveform at different posi-

tions on the screen with respect to the wave-

form displayed at midscreen indicates the de-

gree -of gain compression.

Imc-basc accuracy represents how ac-

curately, in terms of time period, the hori-

zontal defection is maintained and ihnc-vw

ImsrHy indicates how constant the rate of

travel is for the ’scope trace, when moving

Other parameters relating to oscilloscope

performance includemm prr&tenc^ urii-

jyfri. 2nd J fat riur, all c: which should

be described for 2 modem, multipurpose os-

cilloscope.

32-1 A Modern

Oscilloscope

For the purpose of analysis, the operation

of a modem oscilloscope will be describe!

The ’scope is completely solid state except

for the cathode-ray tube. The simplified

block diagram of the instrument is shown

in ngure 1. This Dscillosucpe (the Krrir-

kit model 10-102) is capable of reproducing

sine waves up to 5 2<£Hz and has a rise rime

of BO nanoseconds. The sweep speed is con-

tinuously variable from 10 Hz to 5 CD kHz

in fve ranges, 2nd the electron beam cf

the cathode-ray rube can be moved vari-

es]]}* or horizontally, or the movements may

be combined to produce composite patterns

on the screen. As shown in the diagram- rihs

C2thode-r2T robe receives signals from two
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•MJWLlt*:

Figure 2

VERTICAL AMPLIFIER

Die vertical amplifier &
;.

e,

J fit ;s essentially ,ndsF*^t ' ef th«

Iter and peaking circuits sSgna! necessaryy «»«-*- p
jurel;„ c

% is coupled to amplifier Q, te fipliietfe Sy Min 0, end D. m

caUiotfe-ray tube. TTie input signal

{nexpinsin bipslar transisters).

, • • ITT -nd diodes D, and D,. hold the

rces: the wrtfed (Y-atis)
Q. a: a cottar.: voltage. Since Q: :i

till (X-aris) tmtHfin, “d^ rd
f . ;0:E of endear &ter. as km

“‘tag fate tint remove uoiaan
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Figure 3

THE SWEEP CIRCUIT

The sweep msy be triggered either by the input signet cr by en external ssurce. Sthrnitt trigger cirsurl

(aiB and aiw) produces a regular pulse each time it is triggered driving the a.stable multrvibrrtcr

[Q.m and e„
B
). Timing capacitor' and the frequency vernier pcter.liometer determine sweep speed.

During the wait period between trigger pulses, the CRT is cut off so that the blanking waveform is

not seen. Negative pulse from blanking amplifier

perform

plifier -whose base is held constant by the

vertical position potentiometer. Tie signal

at tie collector of transistor Q5 is ISO*

out of phase vrith tie signal at tie collector

of Qj, thus forming 2 push-pull configura-

tion required to drive the deflection pktes

of the cathode-ray tube.

Drive transistors Q: and Qs are common-
emitter amplifiers which drive output ampli-

fier transistors Q-, and Q10 which have their

collector potential derived from the 4-150

volt supply.

The Sweep Investigation of electrical wave-
Circulf forms by the use of a caihode-

ray tube requires that some

means be readily available to determine the

variation in the waveforms with respect to

time. An X-axis time base on the screen of

the cathode-ray tube shows the variation in

amplitude of the input signal with respect

to time (figure 3 ). This display is made
possible by 2 time-base generator (sweep

generator

)

which moves the spot across the

"screen 2t a constant rate from left to right

«een selected prints, returns the spot 2I-

instantaeouslv to its original position,

Q..„ is applied to pin *2 cf the calhtde-ray tube to

this function.

and repeats this procedure at 2 specified

rate (referred to as the sweep frequency).

The Sweep-Trigger Circuit—An external

synchronizing impulse which may be either

2 portion of the amplified signal or a signal

applied to the external sync terminals is

coupled to the gate of source follower Qim-

Two limiting diodes protect the transistor

from high voltage surges. Constant-current

source Qik is adjnsied by tie sync Ittfl

control to provide proper bias ior me S)n-

cbronizing circuits- ibis ensures that even

a small signal can synchronize the sweep

generator.
.

Transistors Q30S 2nd Q104 atnplity t„e sig-

nal and apply it to the Schmitt Trigger cir-

cuit consisting of Qios 2nd Qim- This^trig-

ger circuit is a regenerative bistable circuit

which produces a regular pulse output each

rime it is triggered and reset. Devices Q1D?

and Qaio form an astable multivibrator

whose frequency is controlled by the switch-

able riming capacitors, ins capacitors are

charged through Qua and disenarged

through the constant-current source circuit

of Qiir. The frequency vernier potenti-

ometer determines the current flowing
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Figure 4

HORIZONTAL AMPLIFIER

2!XJ"7“™ ? 4l"P'*“ sw”» is ipHiri n the hetiaoUMeSeetien [Isles et the erfcsuslne the elides seem t0 stop emss the fete ef th, M , [njB: i»r j Bgy, tnte Tn ’iistte
Js eimtter fulled to pertm SDSMull Ofi-lst sipsl tor 1_ eni mtium! mi

tioning of signs! on screen ef CRT is determined by ih» base bias efC

tiirogh qm wKrf,, n turn, determines

the discharge current and discharge time of

the timing capacitor. As the capacitor dis-

charges, 2 positive-going sawtooth voltage

is generated and coupled to the horizontal

amplifier. The frequency of the horizontal

sweep is determined by the particular tuning

Mpaator and the discharge current.

The Blanking Circuit—During the wait

period between trigger pulses, the cathode-

T3y take is completely cut oft so diet the

blanking waveform is not seen. Since tran-

sistors QJc: and Qjo? We a common emit-

ter resistor, a signal applied to the base of

Qior is emitter-coupled to transistor Q:v-

The pulse output of the Schmitt trigger

(Qics) is coupled to Qj®. This causes this

transistor to turn on and Qi:o to cut ofr and

•stare the sweep fust prior to rbe rime it

"should normally begin. When the signal at

the emitter of Qrj3 goes positive, a positive

pulse is applied to the base of blanking

amplifier Q10s. A negative-going output

pulse is coupled to the grid of the eachode-

ray tube which turns o5 the electron beam

during retrace.

Ths Horizontal Amplifier— Since the

amplitude of the sweep wz reform at the

output of the sweep generator is cot large

enough to drive the horizontal defection

plates of the cathode-ray tube, further am-

plification is needed. The signal from the

sweep generator is applied to the horizontal

amplifier, whose circuitry is similar to that

of the vertical amplifier (figure 4), The

major difference is that the horizontal ampli-

fier does nor have z PSP amplifier stage

corresponding to Q.- and Q, in the vertical

2mpfifitr. The posave-going sawtooth wave

from the sweep generate: is amplified and

applied to the horizontal plates of the

esrieds-ray tube. This increasing voltage

causes the electron beam to sweep across

the face of the tube producing a visible

trace. The sweep rare of the electron beam

is determined by the sawtooth frequency.
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POWER SUPPLY

Power supply provides -1503 volts for CRT end various low voltages for solid-state circuitry of lire

oscilloscope. Intensity and focus voltages are supplied from a voltage-divider network. Optimum focus
is obtained when the deflection plates of CRT and the astigmatism grid are at the same potential,

vide —1500 volts to the cathode-ray tube-

Intemit

y

and focus voltages are also sup-

plied from 2 voIt2ge-div:der network. A
separate 6.3 -volt winding supplies the fila-

ment volt2ge for the cathode-ray tube. Op-

timum focus is obtained when the deflection

The Power The power supply provides posi-
Swppiy tive and negative voltages for

the various stages of the oscillo-

' ype, 2s shown in figure 5. A high-voltage
- inding of the power transformer is con-

s nected to a voltage-doubler circuit to pro-
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DISPLAYED5«'?is

©

Figure 6

SYNTHESIS OF A WAVEFORM BY SAMPLING TECHNIQUE

A—Tt?0 sampling technique displays a synthesized reproduction of the original sip si anil is similar
to the stationary image of a rapidly spinning wheel produced by an optical strobe light. The display
appears as a series of image-retaining dots rather than the usual continuous presentation or a con-
ventional oscilloscope.

0 The relationship between real time and equivalent time, fn practice, a large number of dots form

Jbe display so that the trace appears continuous. The new time base of the synthesized display
is adjusted to provide a picture equivalent to the original wave, the trace being independent of

the repetition rate of the observed sipal.

PW 0f t}jC cathode-r-ay rube and the 32-2 The Softlpling

S grid are at che same potential. Oscilloscope
n« the vertical-deflection plate voltages

(collectors of Q:i and Q,„) are adjusted to

q° dc by the constant-current source

xn the astigmatism potential is also adjusted
.

to 1 do volts. A low-voltage regulated supply In 2 conventional scope, the visual exam,

provides +9 and “9 volts and a third ination and analysis of raveforms in the uhf

s«PPly provides the various other voltages spectrum are restricted by the gain-band-

«Wd by the oscilloscope circuits.
width limitations of the deflection circuits
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TABLE 1

P!ug-tn Characteristics for the Type 545 Oscilloscope

Colibroled

Deflection Factor !

Minimum

Bandpass Fusetime

Input

Capacitance

50 tnv/cm to 20 v/cm
j

5 mv/cm

dc to 33 MHz
dc to 23 MHz

10.6 nsec

15.2 nsec

15 pF

Type 1A2* 50 mv/cm to 20v/cm dc to 33 MHz 10.6 nsec 15 pF

Type B 0,005 v/cm to 20 v/ cm

0.05 v/ cm to 20 v/ cm

2 Hz Jo 12 MHz
dc to 20 MHz

30 nse:

13 nse:

<7 pF

0.05 v/cm to 20 v/cm dc to 24 MHz 15 nse: 20 pF

EfiSEM 1 mv/cm to 50 v/cm 0.1 8 Msec <7pFH 50 Mv/cm to 10mv/cm 0.05 Hz to 20 kHz

>60 kHz

6 Msec 50 pF

dc to 20 MHz 18 nse: 47 oF

Type H 5 mv/cm to 20 v/cm dc to 15 MHz 23 nsec 47 pF

dc to 30 MH: 12 nse: 20 pF

ttB 5 mv/cm to 2 v/cm

0.05 v/cm to 20 v/cm

3 Hz to 24 MHz
dc to 30 MHz

15 nsec

12 nse:

20 pF

EH 0.02 v/cm to 10 v/em dc to 20 MHi 17 nsec 47 pF

BEE®;,® 10 mv/cm dc to 600 MHz 0.6 nse: U.WSfRH
38 Ig dc to 25 MHz 14 nsec rm

10 Mstrain/cm to

10,000 Mslralr./em

dc to 6 kHz 60 Msec
|

Adjustable

EH - _ _
ES22H |

0.05 v/ cm to 0.5 v/cm _ _
|

Type Z**
j

0.05 v/em to 25 v/cm dc to 13 MHz 27 nsec 24 pF

+
Mu!tichannei plug*in units.

**$pecid feature plug-in units.

and associated video amplifiers. Fast rise

timers obtained at tie expense of reduced
amplifier gain and high sensitivity is achieved
.at the expense of fast rise time. In addition,

en a conventional ’scope is used to display

cuJy fast changing signals of low am-
.

rude, the trace becomes dim and the
presentation may no longer be visible.

To offset these problems, pulse sampling
techniques ate used ".'hereby fast, repetitive
waveforms in the thousands of MHz range
are converted into slow-speed signals of
much lower frequency and identical wave-
torm.

Sampling is the electronic equivalen
tbe optical stroboscope principle used
the visual examination of rapid media:
motion. The syrhesis of a recurring w
““ is sil0WI> ™ £g“re 6 wherein the

plaj appears as a series of image-retai

dots rather than the continuous present;

of a conventional oscilloscope. The dots,
formly spaced in time, are produced by

speed sampling pulses superimposed on the

input signal along the contour of the vave-

form. Each time a sample is taken, the spot

is moved along the X-axis and is repositioned

on the Y-axis to the corresponding voltage

amplitude of the signal. This process is con-

tinued until a replica of the original infor-

mation is presented on the screen of the

instrument.

The sampling gate of the ’scope is con-

trolled by a strobe generator activated by
the trigger signal, which ffl2y be derived

internally or externally to the instrument.

The amplitude of the input signal is mea-

sured so as to control the vertical output

signal of the ’scope amplifier to an amplitude

equal to the sampling signal level.

At the start of each sampling pulse, the

cathode-ray display tube is unbknbed, the

pulse height samples are mixed with the ver-

tical input signal and the resultant signal-

modulated sample is amplified,lengthened in

rime and applied to theY-axis of the scope.
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Figure 12

SILICON RECTIFIER

Silicon pellet i$ soldered to copper stud to pro-
vide low thermal resistance path between PN
Junction amt heat sink. Copper anode is sol-
dered to top of junction. Temperature of junc-
tion must be held to less than H559C. as a
result of increasing temperature on reverse cur-

rent flow through junction.

to high temperature, and from 2 few watts

of the output power to very high voltage

and currents. Inherent characteristics of sili-

con allow junction temperatures in the order

of 200'C before the material exhibits intrin-

sic properties. This extends the operating

range of silicon devices beyond that of any

other efficient semiconductor 2nd the excel-

lent thermal range coupled with very small

size per watt of output power make silicon

rectifiers applicable where other rectifiers

were previously considered impractical.

Silicon The current density of a

Current Density silicon rectifier is very high,

and on present designs ranges

from 600 to 900 amperes per square inch of

effective barrier layer. The usable current

density depends on the general construc-

tion of the unit and the ability' of the heat

sink to conduct heat from the crystal. The

small size of the crystal is illustrated by the

fact that a rectifier rated at J 5 dc amperes,

and HO amperes peak surge current has a

total cell volume of only .00025 inch. Peak

currents 2re extremely critical because the

smalt mass of the cell will heat instantane-

ous!}' and could reach failure temperatures

within a rime lapse of microseconds.

Operating The reverse direction of 2 *11-

Choracferisfics icon rectifier is characterized

by extremely high resistance,

up to 10' ohms below 2 critical voltage

point. This point of avalanche voltage is the

region of a sharp break in the resistance

curve, followed by rapidly decreasing resist-

ance (figue 15A). In practice, the peak in-

verse working voltage is usually set at least

20(
/c below the avalanche point to provide

a safety factor.

A limited reverse current, usually of the

order of 0,5 mA or less flows through the

silicon diode duing the inverse-voltage cycle.

The reverse current is relatively constant to

the avalanche point, increasing rapidly as

this reverse-voltage limit is passed. The maxi-

mum reverse current increases as diode tem-

perature rises and, a: the same time, the ava-

lanche point drops, leading to a "runaway”

reverse-current condition at high tempera-

tures which can destroy the diode.

i

|

j

V

I

i _/S£iS_i 1——
itJ (

fTT r\ 1

PERCENT RArEO PEAK INVERSE VOLTAGE

© Figure 13 ®
SILICON RECTIFIER CHARACTERISTICS

A—Reverse direction of silicon rectifier is characterized W extremely hr£h resntar.ee up to psmi si

6-tS.M .1 Mil it about o.s volt at* tota
creases exponentially with small increments cf vollaje, Men nearly ((nearly en a very st.ep s.op,.
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Fctterns Plotted A sine “are is typical of

Aceinst Tine such a pattern and is con-

venient for this study. This

wave is amplified hy the vertical amplifier

and impressed on the vertical (Y-axis) de-

flection plates of the cathode-ray tube. Si-

multaneously the sawtooth W2ve from the

time-base generator is amplified and im-

pressed on the horizontal (X-axis) deflection

plates.

The electron beam moves in accordance

with the resultant of the fine and sawtooth

signals. The enact is shown in figure 7 where

the sine and sawtooth waves are graphically

represented on time and voltage axes. Points

on the two waves that occur simultaneously

are numbered similarly. For example, point 2

on the tine ware 2nd point 2 on the saw-

tooth wave occur at the same instant. There-

fore the position of the beam at instant 2 is

the resultant of the voltages on the hori-

zontal and vertical deflection plates a: in-

stant 2. Referring to figure 7, by projecting

lines from the two point-2 positions, the

position of the electron beam at instant 2

can he located. If projections were drawn
from every other instantaneous position of

each wave to intersect on the circle repre-

senting the tube screen, the intersections of

similarly timed projects would trace out a

sine wave.

In
^

summation, figure 7 illustrates the

principles involved in producing a tine-

Ftgure S

PROJECTION DRAWING SHOWING THE
RESULTANT USSAJOUS PATTERN

WHEN A SINE WAVE APPLIED TO THE
HORIZONTAL AXIS IS THREE TIMES
THAT APPLIED TO THE VERTICAL AXIS

V2T£ trace on the screen of z cathode-ray

rube. Bach intersection of similarly rimed

projections represents the position of the

electron beam acting under the influence cf

the varying voltage waveforms on each pair

of deflection plates. Figure F shows tie effect

on the partem of decreasing the frequency

of the sawtooth —are. Any recurrent wave-

form plotted against rime can he displayed

and analyzed hy the same procedure as used

in these examples.

The sine-w2v= nrohlem just illustrated is

typical of the method by which any wave-

form C2u be displayed on the screen cf the

cathode-ray tube. Such w2veforms as square

wave, sawtooth wave, and many more ir-

regular recurrent waveforms cm be observed

by the same method explained in the preced-

ing paragraphs.

32-4 Lissajous Figures

Another fundamental partem is the lr.nc-

jovs jjgVTrs, named after the 13th-century

French scientist. This type of pattern is ci

particular use in determining the frequency

ratio between two tine-wave signals. If one

of these signals is known, the other can he

easily calculated from the partem made by

the two signals on the screen of the cathode-

ray tube. Common practice is to connect the

known signal to the horizontal channel and

the unknown signal to the vertical channel

The presentation of lissajous figures can

be analyzed by the same method as prrri-

Figurs 10

METHOD OF CALCULATING

FREQUENCY RATIO OF

USSAJOUS FIGURES

ously used for tine-wave prssentafion^A

simple example is shown in figure 2. i-Q=

frequency ratio of the signal on the hori-

zontal avis to the signal on the vertical axis

is 3 to 1- If tbs known signal on the hen-



THE OSCILLOSCOPE 32.9

Plug-in Many modem oscilloscopes css

Modules plug-in modules which oner great

operational flexibility. Probably ms

most common, and one of tbs earliest of

these 'scopes, is the Tektronix

series. These units are often available to the

amateur at a reasonable price in surplus

electronics stores. There are 17 plug-in. pre-

amplifier modules for this sens of instru-

ments (Table 1).

The type CA plug-in head for the 5 54 / 53 S

series is the one most often seen ”ith tois

'scops and is a dual-trace, dc to 2*t-.»IHz

head. With this plug-in, taro preforms can

be observed on the screen, each with essa-

aallr the full bandwidth o* the 'scope. No.e

that “dual trace” in most modern oscillo-

scopes is not synonymous -rich
’ dual beam;

the basic ’scope has only one electron gun

and deflection system, and rite dual presen-

tation is accomplished hr chopping, o. al-

ternately displaying the two inputs (e-rery

other sweep). Other plug-in heads pwg

greater sensitivity, differential input an

other features are available.
. .

The Tektronix HI uses the next logical

level of modularization; the front end /pre-

amplifier) is a plug-in uni* and so u

sweep control system. In this way it « F3
*

sible to not only use different types
?

‘m ~

plifiers for the Y-axis input, and ^ni
sweep control modules, hut it h aho po® -

to use two identical input afflpliners m

X- and Y-axes for applications such as ns.-*

jous figure phase and frequency cou.p*

sons.

The plug-in design is carried tojour um

per oscilloscope in the Tektronix t ••

’scope has slots for four plug-in moo
^

•

some advanced 'scopes, the U£5

Amr li-

smaller slots for submodules. These
^

cated modular techniques are used >-0 •

the greater and greater range 0 112 1

demanded by today’s technology-

32-3 Display of

Waveforms

Together with a working

the controls of the oscilloscope.
.n

^
standing of how the patterns . a

the screen must be obtained .0 . . ‘

knowledge of oscilloscope
ope-.tio-

Figure 7

PROJECTION DRAWING OF A SINE

WAVE applied to the vertical

AXIS AND A SAWTOOTH WAVE DP

THE SAME FREfiUENCY APPLIED

SIMULTANEOUSLY ON THE

HORIZONTAL AXIS

this in mind a careful analysis of t^-o funda-

mental waveform patterns ts focussed ur.-e.

the fcllowiiig Leadings:

!. Pattern! pkad on: fring

the sweep generator for horizontal de-

jection). .

2. iirtairn fj*» (ra»S ! *ne ,i
'
lv= for

horizontal dejection).

Figure

!

ection
orawingshoi*

IsSSr
IN FIGURE T
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4. Adjust the vertical amplifier gain so

as to give about 3 inches of deflection

on a 5-inch tube, and adjust the cali-

brated scale of the oscilloscope <o that

the vertical axis of the scale coincides

precisely with the vertical deflection

of the spot.

5. Remove the signal from the vertical

amplifier, being careful not to change

the setting of the vertical gain control.

6. Increase the gain of the horizontal am-

plifier to give a deflection exactly the

same as that to which the vertical am-

plifier control is adjusted (3 inches).

Reconnect the signal to the vertical

amplifier.

Figure 13

PROJECTION DRAWING SHOWING THE
RESULTANT PHASE-DIFFERENCE PAT-
TERN OF TWO SINE WAVES 45° OUT

OF PHASE

The resulting pattern will give an accu-

rate picture of the exact phase difference

between the two waves. If these two pat-

terns are exactly the same frequency but

different in phase and maintain that differ-

ence, the pattern on the screen will remain

stationary. If, however, one of these fre-

quencies is drifting slightly, the pattern will

drift slowly through 360". The phase angles

of 0°, 45
s

, 90
s
, 135', 1 B0

=

,
225

s
, 270%

and 315" are shown in figure 12.

Each of the sight patterns in figure 12 can

be analyzed separately by the previously used

projection method, figure 13 shows two sine

waves which differ in phase being projected

on to the screen of the C2thode-rav tube.

These signals represent a phase difference of

45
s

.

Determirinarton of The relation commonly
the Phase Angle used

‘

m determining the

phase angle between sig-

nals is:

where,

Sine $ = Y intercept

V maximum

ti equals phase angle between signals,

y intercept equals point where ellipse

crosses vertical axis measured in tenths of

inches (calibrations on the calibrated

screen),

Y maximum equals highest vertical point

on ellipse in tenths of inches.

Figure 14

EXAMPLES SHOWING THE USE OF THE INTERCEPT FORMULA FOR
DETERMINATION OF PHASE DIFFERENCE
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zonta! a* is HO Hertz, the signal on the

vertical axis is 60 Hertz.

Obtaining a Ussnjous 1. The horizontal am-

Pattern on the Screen; plifier should be fl»-

Oscilloscope Settings connected from the

sweep oscillator, the

2. An audits oscillator signal should be

connected to the venial amplifier of the

oscilloscope. , i

3 , By adjusting the frequent)' of <K

audio oscillator a stationary pattern should

be obtained on the screen of the oscilloscope^

It is not necessary to stop the pattern, but

OTHER

gniiov*

Figure 1

1

USSAJOUS
PATTERNS

merely ro slow it up enough to count the

loops at the side of the pattern,

t„ Count the number of loops V tilth in-

tersect ar, imaginary vertical line AB and

the number of loops which intersect the

imaginary horizontal line BC a shown a

5gure 10. The ratio of the num.er of oops

which intersect AB is to the number of loops

which intersect BC as the tequency e he

horizontal signal is to the frequency of the

T^n'sWs other aamples of Uss,

jous figures. In each case the frequency ratio

down ride frequency ratio of the stgulm

the horizontal azis to that on the verocal

axis.

phase Differ- Coming under the W«E
;

”f

formed (dlipses
different degrees

CC

Theftilnwing steps should he taken to ob-

tain a
phase-difference

pattern:

, 4th no sizoal input “ t1"

scope, the spot should he centered on

theseswnofthetube. ntoUm _

z
-wtSU * f
£signalt'otheh»rironulamph-

Jannec. a common ground^
the two frequencies unde. » -

tion and the oscilloscope.

USSAJOUS PATTERNS
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The linearity The linearity tracer is an -aux-

Tracer iliary detector to be used with

an oscilloscope for quick ob-

servation of amplifier adjustments and para-

meter variations. This instrument consists of

two SSB envelope detectors the outputs of

which connect to, the horizontal and vertical

inputs of an oscilloscope. Figure 17 shows a

block diagram of a typical linearity test set-

up. A two-tone test signal is normally em-

ployed to supply an SSB modulation envelope,

but any modulating signal that provides an

envelope that varies from zero to full ampli-

tude may be used. Speech modulation gives a

satisfactory trace, so that this instrument

may be used as a visual monitor of transmit-

ter linearity. It is particularly useful for

monitoring the signal level and clearly shows

when the amplifier under observation is over-

loaded. The linearity trace will be a straight

line regardless of the envelope shape if the

Figure 17

BLOCK DIAGRAM OF
LINEARITY TRACER

amplifier has no distortion. Overloading
causes a sharp break in the linearity curved
Distoraon due to too much bias is also easily

observed and the adjustment for low dis-
tortion can easily be made.

.

Another feature of the linearity detector
is that die distortion of each mdmfail
stage can tie observed. This is helpful in

troubleshooting. By connecting the input
envelope detector to the output of the SSB
generator, the over-all distortion of the en-
tire r-j circuit beyond this point is observed.
The unit ean also serve as a voltage indicator
riich is useful m malting inning adjust-
meats.

. ^ ttcmt of a typical envelope detector
is shown in figure IS. Two matched ger-
manium diode are used as detectors. The
detectors are not linear at low signal levels'

but if the nonlinearity of the two detectors

is matched, the effect of their nonlinearity on

Vf SSB INFUT
f-OVVOl.T*tt fc,

divide* to v£r

FiCKU»CO'L

CU'J'JT
TO OSL1U.CKOBE

Figure 18

SCHEMATIC OF

ENVELOPE DETECTOR

the oscilloscope trace is cancelled. The ef-

fect of diode differences is minimized by

using a diode load of 5000 to 10,000 ohms,

as shown. It is important that both detectors

operate a: approximately the same signal

level so that their differences will cancel

more exactly. The operating level should be

1 volt or higher.

It is convenient to build the detector in 2

small shielded enclosure such as an i-f trans-

former can fitted with coaxial input and

output connectors. Voltage dividers can be

similarly constructed so that it is easy to in-

sert the desired amount of voltage attenua-

tion from the various sources. In some casts

it is convenient to use a pickup loop on the

end of a short length of coaxial able.

The phase shift of the amplifiers in the os-

cilloscope should be the same and their fre-

quency response should be flat out to at least

twenty rimes the frequency difference of the

two test tones. Excellent high-frequency

characteristics are necessary because the

rectified SSB envelope contains harmonics

extending to the limit of the envelope de-

tector’s response. Inadequate frequency re-

sponse of the vertical amplifier may cause 2

little "foot” to appear on the lower end of

the trace, as shown in figure 15. If it is

small, it may be safely neglected.

Another spurious effect often encountered

is a double trace, 2s shown in figure 20. This

can usually be corrected with an RC net-

work placed between one detector and the

oscilloscope. The best method of resting the

detectors and the amplifiers is to connect the

input of the envelops detectors in parallel

A perfectly straight fine trace will result

when everything is working proper!)'- One

detector is then connected to the other T-*

source through a voltage divider adjusted so

that no appreciable change in the setting of
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Several examples of the use of the formula

are given in figure 14. In each case the Y

intercept and Y Maximum are indicated to-

gether with the sine of the angle and the

angle itself. For the operator to observe these

various patterns with a single signal source

such as the test signal, there are many types

of phase shifters which can be used. Circuits

can be obtained from a number of radio

textbooks. The procedure is to connect the

original signal to the horizontal channel of

the oscilloscope and the signal which has

passed through the phase shifter to the verti-

cal channel of the oscilloscope, and follow

the procedure set forth in this discussion to

observe the various phase-shift patterns.

32-5 Receiver I-F

Alignment

with an Oscilloscope

The alignment of the i-f amplifiers of a

receiver consists of adjusting all the tune

circuits to resonance at the intermediate ire-

quency and at the same time permitting pas-

sage of a predetermined number ol si

bands. The best indication of ch.s adjustment

is a resonance curve representing the response

of the i-f circuit to its particular range

frequencies.
,

• r

A representative response or a recei er -

system is shown in figure IS. A response

curve of this type can be displayed on a

’scope with tbe aid of a ssveep generator.

The Resonance To present a resonance curve

Curve on on tbe 'scope, a frequency-

the Screen modulated signal source must

be available. Some signal gen-

erators have a built in sweep circuit in the

Figure 15

FREQUENCY RESPONSE OF

HIGH-FIDELITY I-F SYSTEM

form of a voltage-variable capacitor (WC)
which sweeps the signal frequency f to 10

kHz each side of the fundamental frequency.

In addition, a blanking circuit in the gen-

erator is applied to tbe ’scope to blank out

the return trace so- that a double-hump res-

onance curve is not obtained,

32-6 Singie-Sideband

Applications

Measurement of power output and distor-

tion are of particular importance in SSB

transmitter adjustment. These measurements

are related to the extent that distortion rises

rapidly when the power amplifier is over-

loaded. The usable power output of an SSB

transmitter is often defined as the maximum

peak envelope power obtainable with a spec-

ified sigiul-lo-Jistorlm ratio, Tne oscillo-

scope is a useful instrument for measuring

and studying distortion of ail types that may

be generated in single-sideband equipment,

Single-Tone When an S5B transmitter is

Observolions modulated with a single audio

tone, the r-f output should be

, single radio frequency. If the vertical

pistes of the oscilloscope ate coupled to the

output of tbe transmitter, and the hori-

zontal amplifier sweep is set to a slow rate,

tbe scope presentation will be as shown in

figure K. if unwanted distortion products

or carrier are present, the top and bottom of

,be pattern will develop a "ripple propor-

tional to the degree of spurious products.

Figure 15

SINGLE-TONE
PRESENTATION

i aa n? ssb siznsl twioWti by

lilloscope
we. of CT l

tie »»• <M
' sum moUMeil <n-

SstflOf
A + B

A-B
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Figure 23

TRAPEZOIDAL MODULATION PATTERN

trapezoidal pattern is presented on the screen

by impressing a modulated carrier-wave sig-

nal on the vetical deflection plates and

the signal that modulates the carrier-wave

signal (the modulating signal) on the hori-

zontal deflection plates. The trapezoidal pat-

tern can be analyzed by the method used

previously in analyzing waveforms. Figurew
AA
Figure 24

MODULATED CARRIER-WAVE PATTERN

PROJECTION DRAWING SHOWING
TRAPEZOIDAL PATTERN

25 shows how the signals cause the electron
beam to trace out the pattern.

The modulated-wave pattern is accom-
plished by presenting a modulated carrier

ave on the vertical deflection plates and by
tsing the time-base generator for horizontal

deflection. The modulated-wave pattern also

can be used for analyzing waveforms. Fig-
ure 26 shows a representative modulation
pattern.

Figure 25

PROJECTION DRAWING SHOWING

MODULATED-CARRIER WAVE PATTERN

The trapezoidal pattern is obtained by

applying a portion of the audio signal to the

horizontal input of the ’scope. This may be

taken from the modulator through a small

coupling capacitor and ^ high resistance

voltage divider. Only a fraction of ^ volt of

signal is required for the ’scope. A small

amount of modulated r-f signal is coupled

directly to the vertical deflection plates of

the oscilloscope. This may be taken frosty

loop coupled to the Anal tank circuit or via

a resonant circuit coupled to tbe transmission

line of the transmitter.

On modulation of the transmitter, the

trapezoidal pattern will appear, fly chanpng

the degree of modulation of the carrier wave

the shape of the pattern will change. Figures

27 and 28 show the trapezoidal pattern ror

various degrees of modulation. The percent-

age of modulation may be determined by tbe

following formula:

Modulation percentage =

Emu ~ £.1. y jp0

jjnax *v Btnir

where,

JEa» and £min are defined as in figure 27.

An overmodulated signal is shown in fig-

ure 29 .

The Modulated- The modul2ted-wave pat-

Wsve Pcttern tern is obtained by qpply*

ing a portion of the modu-

lated r-f signal to the horizontal input cir-

cuit of the ’scope. The vertical amplifier is
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Figure fS

EFFECT OF IK'AOEGUATE

RESPONSE OF VERTICAL

AWPLIF1EF,

Figure 2!

DOUBLE TRACE CAUSED
BY PHASE SHIFT

*~£ey. i t':; £ *j crj.r-K err
*ziitz^izs

plzte czttszz in c,ztt~£ c: cl-ss-B

cr s
~ :if ncrr. T& snic lizsc-

sipri iWri lEr-'c 2* csc^2seE Trs't
Figure 22

ORDINATES OK LINEARITY CURVE FOR

3RD-0R0ER DISTORTION EQUATIOK

32-7 A-M Applications

rp. -v

figure 21

TYPICAL LINEARITY TRACES

a
«m.
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TRAPEZOIDAL PATTERNS

Figure 27 Figure 2B Figure 29

(LESS THAN 100% MODULATION) (100% MODULATION) (OVERMODULATION)

CARRIER-WAVE PATTERN

JW|7
Euik

j
Emm.

"lA/Vl

W
Mi

mm
Figure 30

Figure 31
Figure 32

(LESS THAN 100% MODUUTION) (100% MODULATION)
(OVERMODULATION)

connected to the internal sweep circuit of

the instrument, which is synchronized with

the modulating signal by appljing J sm!l1

portion of the audio signal to the ex tree

sync input terminal of the oscilloscope, e

percentage of modulation may be determine

in the same fashion as with a trapezoid pat

tern. Figures 30, 31, and 32 show the modu-

lated wave partem for various leve s o

modulation.

32-8 The Spectrum

Analyzer

'he spectrum mdyitr is a receiver-

llothope combination that provides a

venient means of measuring the amph-

E and frequency of radio signals because

an discriminate the energy of individual

Figure 33

nr a SPECTRUM ANALYZER

"K
Input spectrum .s

d.sptayea



4.10 RADIO HANDBOOK

The forward characteristic, or resistance

to the flow of forward current, determines

the majority of power lost -within the diode

at operating temperatures, figure 13B shows

the static forward current characteristic rel-

ative to the forward voltage drop for a typi-

cal silicon diode. A small forward Has (a

function of junction temperature) is re-

quired for conduction. The power loss of a

typical diode rated at 0.5 ampere average

forward current and operating at 100°C,

for example, is about 0.6 watt during the

conducting portion of the cycle. The for-

ward voltage drop of silicon power reamers

is careful^1' controlled to limit the heat dis-

sipation in the junction.

Diode Refines Silicon diodes are rated in

end Terms terms similar to those used

for vacuum-tube rectifiers.

Some of tbe more important terms and their

definitions follow; Peak Invent Voltage

(PIY) . The maximum reverse voltage that

may be applied to a specific diode type be-

fore the avalanche breakdown point is

reached.

Maximum RMS Input Voltage—The max-
imum nns voltage that may be applied to a

specific diode type for a resistive or induc-

tive load. The PIY across the diode may be
greater than the applied nns voltage in the

case of a capacitive load and the maximum
rms input voltage rating must be reduced

accordingly.

Maximum Average Poniard Current—
The maximum value of average current al-

loweo to flow in the forward direction for
a specified junction temperature. This value
is specified for a resistive load.

Peak Kentrrent Forward Current— The
maximum repetitive instantaneous forward
current permitted to Sow under stated con-
ditions, This value is usually specified for 60
fit and a spscinc junction temperature.

^Maximum Single-Cyle Surge Current—
i ne maximum one-cycle purge current of a

j.-nz me wave a: a specific junction tem-
perature. Surge currents generally occur
vhen the diode-equipped power supply is

" r*T turned on. or when unusual Vofog*
tran: lent; ^ are introduced in the supply line.

„
^rrs?rC Porn erd Current—The value of

c:re:t current -that mry be parsed through a

,

-was tor a ova ambient temperature. '?or

higher temperatures, less current is allowed

through the diode.

Maximum Reverse Current—The maxi-

mum leakage current that Sows when the

diode is biased to the peak-inverse voltage.

Silicon diodes may be mounted on a con-

ducting surface termed a beat sink that, be-

cause of its large area and heat dissipating

ability', can readily dispose of hear generated

in tbe diode junction, thereby safeguarding

the diode against damage by excessive tem-

perature.

Improved A recent silicon rectifier de-

Recfrfier Type: sign has been developed hav-

ing most of the advantages

of silicon, but 2lso low forward voltage drop.

This device is the Schottky-barrier or hot-

carrier diode in a large format for power

use. Por two equal volume units, the

Schottky-harrier type provides a higher cur-

rent rating than does the equivalent silicon

unit, bought about by the lower forward

voltage drop.

The Schotrity-barrier device is also a very

fast rectifier; operation in high-frequency

inverter circuits
(
up to several hundred

kHz) is quite practical. So far the ?1Y of

these diodes remains quite low (less than 5 1*

volts).

A second semiconductor rectifier which

combines most of the features of the

~
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CHAPTER THIRTY-THREE

Construction Practices

With a few possible exceptions, such as

cabinets, brackets, neutralizing capacitors

and transmitting coils, it hardly pays one to

attempt to build the components required for

the construction of an amateur transmitter.

This is especially true when the parts are of

the type used in construction and replace-

ment work on receivers and TV, as mass

production has made these parts very in-

expensive.

Those who have and wish to spend the

necessary time can effect considerable mon-

etary saving in their equipment by build-

ing them from the component parts. “Hie

necessary data is given in the construction

chapter of this handbook.

To many builders, the construction is as

fascinating as the operation of the finished

transmitter; in fact, many amateurs get so

much satisfaction out of building a well-

performing piece of equipment that they

spend more time constructing and rebuilding

equipment chan they do operating the equip-

ment on the air.

33-1 Tools

Beautiful work can be done with mera

chassis and panels with the help °f 3

few inexpensive tools. The time required for

construction, however, will be greatly re-

duced if a fairly complete assortment of

metal-working tools is available. Thus, while

an array of tools will speed up the work,

excellent results may be accomplished with

few tools, if one has the time and patience.

The investment one is justified in mak-

ing in tools is dependent upon several fac-

tors. If *you like to tinker, there are many

tools useful in radio construction that you

would probably buy anyway, or perhaps al-

ready have, such as screwdrivers, hammer,

saws, square, vise, files, etc. This means that

the money raken for tools from your radio

budget can be used to buy the more spe-

cialized tools, such as socket punches or hole

saws, taps and dies. etc.

The amount of construction work one

does determines whether buying a large

assortment of tools is an economical move.

It also determines if one should buy the less

expensive type offered at surpnsmgly low

prices by the familiar mail order houses, five

and ten*’ stores, and chain auto-supply stores

or whether one should spend more money and

get first-grade tools. The latter cost consid-

Lb!)- more and wort but hit c better when

aw but ril ootlasr s£rcrl1 of thc

cheaper tools.
Therefore the;- arc a

investment for the carper,menter u-bo does

lots of construction wort The amateur Jw

constructs only an occasional piece of aPPa-

ratus need not he so concerned with too.

33.1
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life as even the cheaper grade tools will last

him several years, if they are given proper

U
The hand tools and materials in the ac-

companying lists will bcfmmdveryrasrful

around the home workshop. Materials no,

listed but ordinarily used, such as paint,

can best be purchased as required *or each

individual job.

ESSENTIAL HAND TOOLS

AND MATERIALS

1 Dual heat soldering gun, 100 * HO watts

1 Spool resin core solder, 60 -40 alloy
^

1 Set screwdrivers, Vs” and 14" blade, S

shaft

1 Set Phillips screwdrivers, *1, -2 and w*

1 Set outdrives, Va\ 1 fi

" n,$‘"

1 Hand "nibbling” tool

1 Long-nose pliers, 4"
^

1 Combination pliers,
6"

1 Diagonal "oblique” cutting pliers,
5

"

1 Hand drill (egg-beater type)

1 Electrician’s pocket knife

1 Combination steel rule and square, 1 foot

1 Yardstick, or steel tape

1 Multiple connection outlet box and ex-

tension cord

1 Set twist drills,
,

/4
" shank, ^r" to /”

(12 pcs.)

] Set Allen and spline-head wrenches

1 Hacksaw and blades

'•
• 1 Set medium files and handle

Roll vinyl electrical tape

;

( Can paint thinner, or cleaner

HIGHLY DESIRABLE HAND TOOLS

AND MATERIALS
1 Soldering iron, pencil type, 40 watt with

interchangeable rips

1 Controlled temperature soldering stand

1 Electric drill, y/\ variable speed

3 DYMO label embosser

1 Cutting pliers, end-cut, 4”

1 Tap and die set for 4-40, 6-32, 8-32,

10-32 and 10-24

1 "Pop” rivet gun

1 Bench vise, 3 jaws

1 Metal snips

1 Center punch, spring-loaded

1 Set round punches, -Vs . *//', '/s . 1/4

1 Pluorescent light 2nd magnifier, f lens.

1 Crescent wrench, 6
r

1 Set taper reamers

1 Set jeweler s screwdrivers

4 Small C-clamps

1 Wire stripper

1 Set alignment tools

1 Dusting brush

1 Small welding torch (gas)
^

1 Ratchet and socket set, 6
to 1

a

1 12 drawer portable storage cabinet

1 Desoldering tool

Nit listed are several special-purpose radio

tools which are somewhat of a luxury, tu

are nevertheless quite handy, such as i*i-

ious around-the-corner screwdrivers and

wrenches, special soldering iron tips, etc.

These can be found in the larger radio parts

stores ana are usually listed in that mail

order catalogs.

33-2 The Material

Electronic equipment may be built on a

foundation of circuit board, steel, or alumi-

num. The choice of foundation maternal is

governed by the requirements or the electri-

cal circuii/the weight of the components of

the assembly, and the financial cost ot the

project when balanced against the pocke.-

book contents of the constructor.

Erescboerd end Experimental circuits m<o

Brcssbocrd he built up in a temporal'

fashion termed bradboerrf-

mg, a term reflecting the old practice oi the

"twenties" when circuits were buiL to

wooden boards. Modem breadboards may • -

built upon circuit board material or upon

prepunched phenolic boards, me p^epunci e

boards contain a grid ot small holss inm

which the component leads may be anchore

for soldering.
, z ~

A brassboorl is an advanced rorm Oi ts

sembly in which the experimental circmt as

built up in semipermanent form on a nw*

chassis or copper-plated circuit board.^ Man-

ufacture and "use of printed-circuit boaros

is covered later in this chapter.

Spscicl For high-powered r-i W®;
Frens'orks manV amateur constructor

prefer to discard the more con-

ventional types ot construction —d -

instead special metal iramewo,^ -n
^

kets wHch they design

which they mtersu to use. . < ~j *
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arranged to give the shortest possible r-f

leads and to fasten directly behind a panel by

means of a few bolts, with the control

shafts projecting through corresponding

holes in the panel.

Working with Jhc necessity of employing

Aluminum "electrically tight inclos-

ures” for the containment of

TVf-producing harmonics has led to the gen-

eral use of aluminum for chassis, panel, and

inclosure construction. If the proper type or

jluminum material is used, it may be ciu

and worked with the usual woodworking

tools found in the home shop. Hard, brittle

aluminum alloys such as 2024 and 6061

should be avoided, and the softer materials

such as 1 100 or 5003 should be employed.

Reynold’s Do-it-Yourself aluminum, which

is being distributed on a nationwide basis

through hardware stores, lumber yards, and

building material outlets, is an alloy which

is temper selected for easy working with or-

dinary took. Aluminum sheer, bar. and angle

stock may be obtained, as well as perforated

sheers for ventilated inclosures.

Figure si through 4 illustrate how this soft

material mzy be cut and worked with ordi-

nal shop took', ^d 6gure 5 shows a simple

operating desk that may be made from

aluminum angle stock, plywood, and a Hush-

type six-foot door.

Figure 2

CONVENTIONAL

WOOD EXPANSION

BIT IS EFFECTIVE IN

DRILLING SOCKET

HOLES IN SOFT

ALUMINUM
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Figure 3

SOFT ALUMINUM

TUBING MAY BE

BENT AROUND

WOODEN FORM

BLOCKS. TO PREVENT

THE TUBE FROM

COLLAPSING ON

SHARP BENDS, IT IS

PACKED WITH

WET SAND

simple construction methods, and shot, cuts

in producing inclosures.
_ ,

The simplest type of aluminum indoran

is that formed from a single sheet of per-,

forated material as shown in figure 6. IP

top, sides, and back of the mdosure are

one piece! complete with folds that permit

the formed inclosure to be bolted togner

along the edges. The top area of the mclosm

should match the area of the chassis to

A WOODWORKING PLANE MAY BE USED
TO SMOOTH OR TRIM THE EDGES OF

ALUMINUM STOCK.

TVl-Proof

Inelosures |

ac

Armed with a right-angle square, tin-

snips and a straight edge, the home construc-

tor will find the assembly of aluminum in-

closures an easy task» This section will show

riguiG j

sssssssE

FRO
woodandaflush.typedoor
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jure a dose fir. The front edge of the in*

closure is attached to aluminum angle strips

that are bolted to the front panel of the

unit; the sides and back can either be bolted

to matching angle strips affixed to the chassis,

or may simply be attached to the edge of the

chassis with self-tapping shcet-mctal screws.

A more sophisticated inclosure is shown

in figure 7. In this assembly aluminum angle

stock is cut to length to form a framework

on which the individual sides, back, and top

of the inciosurc are bolted. For greatest

strength, small aluminum gusset plates

should be affixed in each corner of the in-

Figure 6

TVI INCLOSURE MADE FROM

SINGLE SHEET OF

PERFORATED ALUMINUM

Reynolds Metal Co. mAuyoutstW aluminum

sheet may be cut and folded, to form jvi-

proof inclosure. One-hair inch lip on cde
.

1

bolted to center section wilh 6-32 machine

screws.

closure. The complete assembly may be held

together by No. 6 sheer-meral screws or

"pop” rivets.
,

Regardless of the type of inclosure to te

made, care should be taken to ensure t at

joints are square. Do not assume t

prefabricated chassis and panels ate i u

true and square. Check them before }
ou

?

3

to form your shield because any dimensional

errors in the foundation will cause en

patching and cutting after your me °s“r

bolted together, finally, he sure t a P

is removed from the panel and c 3S
V

the point the inclosure attaches to t e

dation. A clean, metallic contact * on

J
.

seam is required for maximum harmonic

suppression.

HOME MADE SHIELDED INCLOSURE

Perforated aluminum sheet is screwed or riveted

to angle stock to form r-f tight Inclosure. Small

perforations in sheet provide adequate ventila-

tion for low power equipment but do not impair

quality of shielding.

33-4 Inclosure

Openings

Openings into shielded inclosures may be

made simply by covering them by a piece of

shielding held in place by sheec-meraj screws.

Openings through vertical panels, how-

ever, usually require a bit more attention to

prevent leakage of harmonic energy through

the crack of the door which is supposed to

seal the opening. Hinged door openings,

however, do not seal tightly enough to be

called TVl-proof. In areas of high TV signal

strength where a minimum of operation

above 21 MHz is contemplated, the door

probably is satisfactory as-is,

To accomplish more complete harmonic

suppression, the edges of the opening should

be lined with preformed, spring-alloy pl»

stock (figure 8) to act as electronic weath-

erstripping.”
Harmonic leakage through

such a sealed opening is reduced to a mini-

mum level. The mating surface to the finger

stock should be paint-free and should prov.de

a good electrical connection to the stoett.

33-5

Chassis

Uycuf

qll sides

Sheet Mefai

Construction Practice

The chassis first should be covered

with a layer of wrapping paper,

which is drawn tightly down on

and fastened with scotch tape. This
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*,sr or* a piece o:

FINGER STOCK PROVIDES R-F

TIGHT OPENING

FitiEer stock secured to edges of Sect pans' will

provide good electrical contact with mctosure

Wills.

allots aav number of measurement lines

and bole centers to be spotted in tbe correct

positions without mailing any marks on tbe

chassis itself. Place on it the parts to be

mounted and play a game of chess with

them, trying different arrangements until

all the leads are made as short as possible,

tubes and transistors are clear of coil fields,

r-f chokes are in safe positions, etc. Remem-

ber, especially if you are going to use a panel,

that a good mechanical layout often can

accompany sound electrical desip, hut that

the electrical design should he green first

onsideration.
"<k

All too often parts are grouped to give a

symmetrical panel, irrespective of the ar-

rangement behind. Then a satisfactory ar-

rangement has been reached, the mounting

holes may be marked. The same procedure

now must he followed for the underside,

always being careful to see that there are no

clashes between the two (that no top

. meanting screws come down into the mid-

,

;
ttle of a paper capacitor on the underside,

that the variable capacitor rotors do not hit

anything when turned, etc.)

.

Then all the holes have been spotted, they

hould he center-punched ilnmtgh the paper

into the chassis. DonT forget to spot holes

for leads which must also come through the

chassis.

For transformers which have lugs on the

bottoms, the clearance holes may be spotted

by pressing the transto: -

paper to obtain impressions, when may

be transferred to the chassis.

punching In cutting socket holes one

should use socket pun cues. These

punches m easy to operate rod raft a it*

nrecauticn; are necessary, l^e p* ,£
iff

5

‘should fit snugly in the awe Me
.

^

increases the accuracy of location tu u
socket. If this is rot of great importance,

one may well use a drill of ^ larger

diameter than the guide pin.
^

Tbe male pan of the punch ^houb be

placed in the vise, cutting edge up and tbe

female portion forced against the metal with

a wrench. These punches can be obtained a

sizes to accommodate all tube sockets an

even large enough to be used lor mete- no «-

In the Urge socket sizes they require the

use of a 3/b-inch center hole to accommou^e

the bolt.

Transformer Cutouts for transformers 2nd

Cutouts chokes are not so simply^han-

dled. After marking on the

part to be cut, drill about 2 14-inch hole on

each of the inside comers and tangent1- to

the edges. After burring the holes, damn

the piece and a block of cast iron or

in the vise. Then, take your burring chisel

and insert it in one of the comer holes.^

our the metal by hitting the chisel wi 2

hammer. The Urns should he bfri

numerous. The chisel acts ag«B «
in the same way that the two_bh

‘ 5

pair of scissors work against each £j -

same process is repeated for the other a •

A file is used to trim up the complex

cutout. . ,
.

Another method is to drill the -our corn

holes large enough to taka a haC-‘^ /,

then saw instead of chid. The four holes

permit nice looking corners.

Rfitnovinu is both dfilBoS

Burrs hull is U»J% ,c‘: ’
;

There ere three simple ?

removing these. Perhaps the her. is

a chisel <
1* af““^{““^1

and set it so that its bo.
.

; ^
to the piece. Then gently op t.^ - «
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mer. This usually will make a clean Job with

a lirric practice. If one has access ro a

counterbore. this wit! also do a nice job. A

countersink will work, although it bevels

the edges. A drill of several sizes larger is a

much used arrangement. The third method

is by filing oft the burr, which does a good

job but scratches the adjacent metal surfaces

badly.

Mounting There arc two methods in gen-

Ccmponents era! use for the fastening ot

transformers, chokes, and sim-

ilar pieces of apparatus to chassis or bread-

boards. The first, using nuts and machine

screws, is slow, 3nd the manufacturing prac-

tice of using self-tapping screws or rivets

is gaining favor. For the mounting of

small parts such as resistors and capacitors,

"tie points” arc very useful to gain rigidity

.

They also contribute materially ro the ap-

pearance of finished apparatus.

Rubber grommets of the proper size,

placed in all chassis holes through which

wires arc to be passed, will give a neater ap-

pearing job and also will reduce the possi

bility of short circuits.

Soldering Making a strong, low -resistance

solder joint does not mean just

dropping a blob of solder on the two parts iO

be joined and then hoping that the) st‘c ’

There are several definite rules that mm

°
7li‘Lis 111 k lolJeml mm! k tlmhi'ly

dean. To clean a wire, lug, or whatever >

may be, take your pocket knife and scrape i

thoroughly, until fresh metal is 31 3

It is not enough to make a

scrape until the part to be soldere is '*

Male a good mechanical joint before p

flying any solder. Solder is mended p

manly to make a good electrical

mechanical rigidity should be o tai •

bending the wire into a small oo‘

end and nipping it finally aroun t

^
part, so that it will hold well e'

the solder is applied. . • -

Keep your iron properly tinne r
'

,

possible to get the wo* hot f°"S ^ [!n

tbe solder properly if tbe iron is
’

;;

your iron, file it, while hot, on

a full surface of clean metal is espo

mediately apply resin core solder until a thin

layer flows completely over the exposed, sur-

face. Repeat for the other faces. Then take a

dean rag and wipe off all excess solder and

resin. The iron should also be wiped fre-

ouentlv while the actual construction is

going on; it helps prevent pitting the tip.

Apply the solder to the mark, not to the

iron. The iron should be held against the

parts to be joined until they are thoroughly

heated. The solder should then be applied

against the parts and the iron should be held

in place until the solder Sows smoothly and

envelops the work. Tf it acts like water on a

greasy plate, and forms a ball, the work is

net sufficiently clean.

The completed join/ must be held per-

fectly still until the solder hat had time to

<oliJity. If the work is moved before the

.cider has become completely solid, a "cold

joint will result. This can be identified tm-

mediatelv. because the solder will have a dull

"white” appearance rather than one of shiny

"silver.” Such joints tend to be of high re-

sistance and will very likely have a bad e.iect

on a circuit. The cure is simple, merely

reheat the joint and do the job correctly

For genera! construction work, 60-40

solder (60% tin, 40* lead) is generally

used. It melts at 570 'F.

;hes If the apparatus is constructed on

a painted chassis (commonly avail-

in Bat black and gray and "hammer-

.”i there is no need for application of a

active coating when the equipment is

bed assuming that you are carefal not

ic atch or mat the finish while drilling

s and mounting parts. However, many

lOTB prefer ro use imprinted (zinc 0

tad) steel chassn, because, is

h sunnier to make a chasm ground con-

tion srith this type of chassis. In local

«

. rhe sea coast it is a good idea to paint

dues of the various chassis cutouts esen

a painted chassis, as rust w,11 get a good

t n these points unless the metal is

«c«d where the drill or saw has exposed

„ attractive dull gloss finish, almost vd-

. „n be put on aluminum by sand-blast-

-* a verv weak blast and fine
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somewhat the same effect as a fine-Rratn

sandblast. . ,

Metal panels and indosures may be painted

an attractive color with the aid of aerosol

spray paint, available in many colors. Alter

the panel is spray-painted, press-on ilmifs

may be used to letter the panel. Once the

decals have dried, the panel may then be

given a spray coat of clear plastic or lacquer

to hold the decals in position and to protect

the surface.

33-6 Printed Circuits

Etched or printed rfrrw/s were developed

to apply mass-production techniques to elec-

tronic assemblies, 'utilizing the processes of

the graphic arts industry. On a large-volume

basis, the etched-circuit technique provides

uniformity of layout and freedom from

wiring errors at a substantial reduction in

assembly time and cost. In this assembly

scheme, the methods of the photoengraving

process are used to print photographic pat-

terns representing electronic circuitry on cop-

per-foil clad insulating board. By using an

etch-resistant material (impervious to acid)

for the pattern of conductors, the unmasked

areas of the foil may be etched away, leaving

the desired conducting pattern, conforming

to the wiring harness of the electronic as-

sembly.

The etched board is drilled at appropriate

places to accept lead wires, thus permitting

small components such as resistors and ca-

pacitors to be affixed to the board by insert-

g the leads in the matching holes. Larger

.Components, such as sockets, inductors, and

small transformers, are fitted with tabs

which pass through matching holes in the

board. The various components arc inter-

connected by the foil conductors on one or

both sides of the board. All joints are soldered

• at one time by immersing one side of the

t
<oard in molten solder.

The foil-clad circuit board is usually made

/ of laminated material such as phenolic, sili-

con, teflon, or fibergltis, impregnated with

resin and having a copper foil of 0,0007- to

0.009-inch thickness affixed to the board

under heat and pressure. Boards are available

in thicknesses of % to !4 inch.

While large production runs of etched-

circuit boards are made by a photographic

process utilizing a master negative and

pborewmitiM board, a simpler process may

be used by experimenters to produce circuit

beards in the borne workshop through the

use of tape or ink resist, plus a chemical so-

lotion which etches away all unmasked cop-

per, without affecting the circuit board.

Homemade Circuit boards may be easily

Circuit Beards constructed for electronic as-

semblies without the need of

photographic equipment. The method is

simple and fast and requires few special

materials. The circuit board is made from

a full-scale template of the circuit. 1 recut

board is available from large radio supply

houses as arc the etchant and resist used in

this process. This is how the board is pre-

pared: ,

Step 1—A full-scale template of the ce-

sired circuit is drawn, Lead placement must

be arranged so that the conductors do not

cross each other except at interconnection

points. Holes for component leads and ter-

minals arc surrounded by a foil area for the

soldered connection. It is suggested that a

trial layout be drawn on a piece of graph

paper, making the conductors about

inch wide and the terminal circles about

I/,-inch in diameter. When conductors must

cross, a point is selected where a component

may be used to bridge one conductor; of a

wire jumper may be added to the circuit.

Special layout paper marked with the

same pattern as on perforated boards may

also be used.
,

,

Step 2—The template is transferred to the

foil-clad board. The board should be un-

warned and cut somewhat ovaW'

single-dad or dual-dad board may be

For simple circuits, the complete layout: ca

be traced on the board by eye, usmg a suto

and a pencil. For more cofflftatri a c m,

the template should be >PpW ^“7
the copper foil by the use of ru e

The circuit is traced and the
_

board hW
ccnterpunched at all drill pom's

ence. The template and cement ate now

T/rpt-Once the board has been punched

the board is cleaned to remove

A bright, uniform finish is required to emu

proper adhesion of the resist and compta

etching. Kitchen cleaning powder m y

S for this operation, followed by a thor.
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ough washing of the board is water. Care

should be taken to 2void touching the copper

foil from this point on. Now, to etch out

the circuit on the copper foil, the resist

material is applied to areas where the copper

will remain, and the areas that are not

covered with resist will be etched away.

Step 4—The conductors and interconnect-

ing points are laid down or, the copper

laminate using resist material (figure 10).

One form of resist is liquid 2nd is applied

from a resist marking pen. A second fonn

of resist is thin vinyl tape having adhesive

backing. In 2n emergency, India Ink or nail

polish may be used for resist- Using the

original templates 2s a visual guide, the

resist is applied to the clean foil and allowed

ft dry.
. n -1

Suitable etchants are ferric chloride or

ammonium persulfate. The etchant may be

liquid or a powder which is mixed witu ho«.

water according to directions. Ready-made

etchant kits using these chemicals are avail-

able from several manufacturers.

The board is now ready to be immersed

in an etchant bath, or tank. A quick and

effective etching technique makes use z

froth etching bath (figure 11), described

as follows.

Di-

DRILL cmfer Cleen
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Figure II

FROTH ETCHING IS QUICK
AND EASY

The continuous air flaw through the eeretors
creates a sir face froth that “scrubs" the circuit
board with constantly agitated etchanLThe slid-
ing clamp holder which is attached to the dish
cover permits rapid insertion or reversal cf th*
printed circuit board. Sample boerd is clamped

to cover holder in foreground.

bide hacksaw blade to notch the disk cover,

some two-part epoxy adhesive, some rubber

air tubes and a thermometer. To provide the

continuous 2ir flow, three inexpensive ce-

ramic 2quarium aerators and an aquarium

pump are used. Finally, 2 plexiglass holder

for the boards is required.

The
|

small ceramic aerators are cemented

to the bottom of the glass dish, as shown in

figure '12. The quick-change printed circuit

board holder is cemented to the glass cover

2s shown in figure 13. The thermometer and

short lengths of plastic tuhing which sen's

as holders for the air hoses are cemented to

the side of the dish 2nd the cover is notched

to provide egress for them. The complete

froth bath assembly is shown in figure 13.

The continuous air flow through the

aerators creates a surface froth that ‘scrubs”

the circuit board with constantly 2gitated

etchant. The beard is held in position in the

bath by the plexiglass holder shown in fig-

ure 14. The etchant used consists of ferric

chloride in the proportion of V/ pounds of

FeC! to every quart of v?2ter, mixed at 2

temperature of between 100^F and 110
C
F*

The froth bath is placed on 221 electric

hot pUte 2nd filed with etchant to 2 level

that just reaches the bottom of the copper-

clad board when it is mounted in the lid

holder. The etchant is heated to its lower

operating temperature (lOO^F) and the hot

plate is turned off. The board is now placed

in the holder, the cover placed on the dish

and the air supply is turned on, adjusting rt

to create a continuous, vigorous froth over

the total surface of the etchant. After 2 z&r
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Schottky-barrier and the common junction

device is the ion-implanted diode. This diode

has impurities implanted in the silicon by

means of an "atom smasher." The impurity

ions are fired from a particle accelerator into

the silicon target wafer. The resultant silicon

cystal Ja trice is modified in such a way as

to cause the diodes made from this wafer ro

have a low forward drop and a fasr recovery

time (figure 14).

SCR Devices The tbrystor is a generic term

for that family of multilayer

semiconductors that comprise silicon con-

trolled rectifiers (SCR’s), Trises, Discs,

Four Layer Diodes and similar devices. The

SCR is perhaps the most important member

of the family, at least economically, and is

widely used in the control of large blocks of

60-Hz power.

The SCR is a three-terminal, three-junc-

tion semiconductor, which could be thought

of as a solid-state thyratron. The SCR will

conduct high current in the forward direc-

tion with low voltage drop, presenting a

high impedance in the reverse direction. The

three terminals (figure If) of an SCR de-

vice are anode, cathode
,
and gate. Without

Figure 15

THE SILICON CONTROLLED
RECTIFIER

This three-terminal semiconductor is an open
switch until it is triggered in the forward direc-

tion hy the gate element. Conduction wit! con-
tinue until anode current is reduced below a

critical valus.

gate current the SCR is an open switch in

either direction. Sufficient gate current will

close the switch in the forward direction

only. Forward conduction will continue even

with gate current removed until anode cur-

rent is reduced below a critical value. At

this point the SCR again blocks open. The

SCR is therefore a high-speed unidirectional

switch capable of being latched on in the

forward direction.

The gate signal used to trigger an SCR

may be an ac wave, and the SCR may be

used for dimming lights or speed control of

small ac universal series-wound motors, such

as those commonly used in power tools. Sev-

eral power-control circuits using SCR de-

vices and triacs (bidirectional triode thy-

ristors) are shown in figure 16.

The Mac is similar to the SCR except

that when its gate is triggered on, it will

conduct either polarity of applied voltage.

This makes full-wave control much easier

to achieve than with an SCR. An example

of the triac in a full-wave power control

circuit is shown in figure 16C.

The jour layer diode is essentially an SCR

without a gate electrode. As the forward

voltage is increased across it, no conduction

occurs until the voltage rises to the holdoff

value, above which the device conducts in

much the same fashion an SCR does when

its holdoff voltage has been exceeded.

The disc is analogous to the triac with no

gate electrode. Jt acts like a four layer diode,

except that it has similar holdoff in both

directions. The diac is used principally to

generate trigger pulses for triac gating cir-

cuits.

The silicon unilateral switch (SUS) is

similar to the four layer diode and the

silicon bilateral switch (SBS) is similar to

the diac. There are also a number of other

variously named "trigger diodes” for use

with thyristors, but they are a/I found to

be functionally similar to the four layer di-

ode or diac.
, . .

There exists one other thyristor or im-

portance: it is the silicon controlled switch

(SCS). This device has two electrodes: a

gate to turn it on, and a second terminal

called a turn-off gate. The SCS has, so far,

only been available in low-voltage low-cur-

rent versions, as exemplified by the SSSI-

>NS5 seriesr
^“ 4

1

v'r
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Figure 15

CABLE PREPARATION FOR PUSS
COAXIAL PLUG

mint (“tins cuttsr utility knife sre used
to prepare RG-S/U cstile for ufif-tj'ps plug, cotie
iecket is removes end outer braid tinned with
hot iron. Breid is than out with tubing cutter
ana inner insulation trimmed with knife. Pi.
259 shell is twisted on cable and soldered in

position through holes in shank.

The 5rst step is to slide the coupling ring

of the PL-219 plug over the coaxial line.

Next, the utility knife is used to circum-

scribe a cut in the outer, black vinyl jacket

of the cable 1% inches back from the end.

The cut should be square, and the free

jacket piece is slit and removed from the

cable.

Next, using a hot iron or soldering gun,

quickly tin the exposed braid of the cable.

Do this quickly so the inner polyethylene

insulation does not- soften. Clean the flux

from the braid with print thinner after the

solder cools.

The next step is to cut the solid, tinned

braid vith the rubing cutter so that Id's inch

remains. Mark the cutting line vrith a nenril

and place the cutting wheel over the mark.

Tighten the wheel and revolve, the cutter

about the cable. The unvanted braid end

may he removed, using tvire cutters as snips.

^

Next, trim the inner polyethylene insula-

tion vith the u tilin’ knife so that bin inch

remains exposed beyond the braid. Using a

circular cut, slice the insulation and pull the

slug free vrith a tvisring morion. Tin the

inner conductor. The last step is to push the

shell of the PL-259 plug on the prepared

cable end. Scre-v it on vrith your nngers

until the tinned braid is fully visible through

GOOD SHOP LAYOUT AIDS CAREFUL WORKMANSHIP
»«!*»!!!*

C
j
m6r D* a E2r£Ee i this shop has slj features necessary for electronic work. Test ms

rrenced on shelves above bench. Numerous cutlets reduce “haywire" produced iy tan
certs. Nut shown in picture erg drill press and sender at end cf left bench.
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Figure 13

BATH LID AND CIRCUIT

BOARD HOLDER

PlKilttls holder grips We tigs *1*

circuit board, assuring uniform etch e

entire surface. One clamp is .threaded and
0{

with a nylon screw to accomodate boards

various sizes. A rubber band aro“ fld ^' .,.<5

provides tension. Observing the e,eh !”8 p/
is easily done by lifting the he

fo

f ' r

“;
r ’ J (foard

etcher cover to which the printed circuit 0

is attached. Before the cover rs removed, a«r

supply must be turned off to prevent a y

tering of the etchant.

minutes—anything from three to eight min

utes, depending on the freshness 0

solution—inspect the board by raising

cover. The air supply must be iurne
,

first to prevent splattering of ^e ctc

When the process is observed to be comp >

the board is removed and washed in

water. «

The resist material can be left on t

board to protect the conductors

board is cut to final size, clampe

wood blocks in a vise and trimme

fine hacksaw blade, The resist is t e

moved with soft steel wool or a so ven •

complete board is then
^
ven

/^ center-
ing with soft steel wool ano u

-j
ot

punched points drilled with a v

PLEXIGLASS HOLDER FOR

ETCHANT TANK

drill. The holes are then drilled out to a

larger size as required for component as-

The components are mounted to the board

on the side opposite the conductors. The

leads are passed through the appropriate

holes, bent slightly to hold the component

in place, and then clipped close to the con-

ductor surface. After checking placement

and observing polarity Are memj, the

leads raav be Individually soldered to die

conductor with a small pencil-rip iron- Use

small diameter (0.032-uach diameter or

smaller) solder and take care not to overbear

the board or components during this opera-

tion The last step is to wash the circuit

s;de „f the board with solvent to remove

„ - soldering flux and then to give the board

a coating of clear acrylic (Krylm) plastic

snrav from an aerosol can.

P
(The Froth etching technique is reprinted

fti £k/*ta, July 3, lOTi copyright

McGraw-Hill: Inc. 1372 ).

33-7 Coaxial Cable

Terminations

.nercial
electronics equipment

«u>%

, ,„ia N and *»« BNl coaxial

sxvtrtf=
sr-^Si
plug {H-213) ,

/U coaxial line. The only spemal .
took

are a Stanley 93A (or equivalent)

atife and a Crmal Hardware 123

uivalent) midge: tubing cutter.



33.14 RADIO HANDBOOK

perimeter have at hand catalogs from some

of the larger supply houses which distribute

to the electronics industry. The following

industrial catalogs of large mail-order dis-

tributors arc suggested as part of your tech-

nical library:

Allied Electronics Co., 401 East Sth St.,

Fort Worth, Texas 76102; Newark Elec-

tronics, 500 No. Pulaski Rd., Chicago, 111.

60624,

A complete 1700-page catalog of elec-

tronic parts and components [The 'Radio

Electronic Master Catalog) may be obtained

from United Technical Publications, 641

Stewart Avc., Garden CitjT
, N.Y, 11530.

Copies of this master catalog are often

available at large radio supply houses.

Other companies that supply components

are: Amidon Associates, 12033 Otsego St.,

North Hollywood, CA 91607 (ferrite cores);

Caywood Electronics Co., 67 Mapleton St.,

Malden, MA 02148 (components and hard-

ware); Peter W. Dahl, 4007 Fort Blvd.,

El Paso, TX 79930 (transformers); Ham-

mond M/g. Co., Ltd., 394 Edinburgh Rd.

No., Guelph, Ontario NlH 1E5, Canada

(transformers); Herbach t5 Radcman, Inc.,

401 East Erie Ave., Philadelphia, PA 19134

(general components); fameco Electronics

Co., 1555 Shoreway Rd., San Carlos, CA
94002 (solid state components); J.

W.

Miller division of Bell Industries, 19070

Reyes Ave., Compton, CA 90224 (induc-

tors, ferrite cores); Polypaks, Box 942,

Lynnheld, MA 01940 (surplus components)*
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the solder holes of the plug. Using on iron

with a small point, solder the plug to the

traid through the four holes, using care that

the solder docs not run over the outer threads

of the plug. Lastly, run the coupling ring

down over the plug and solder the inner

conductor to the plug tip.

33-8 Workshop Loyouf

The size of your workshop is relatively

unimportant since the shop layout will de-

termine its efficiency and the case with which

you may complete your work.

Shown in figure 16 is a workshop built

into a 10' X 10' area in the corner of a

garage. The workbench is
32" '-vide, made up

of four strips of 2"XS" lumber supported

on a solid framework made of 2"X4

lumber. The top of the workbench is cov-

ered with hard-surfacc Masonite. The edge of

the surface is protected with aluminum

’’counter edging” scrip, obtainable at large

hardware stores. Two wooden shelves 12

wide are placed above the bench to hold the

various items of test equipment. The shelves

are bolted to the wall studs with large angle

brackets and have wooden end pieces. Along

the edge of the lower shelf a metal outlet

strip” is placed that fi3s a 117-volt outlet

wery six inches along its length. A dnular

strip is run along the back of the lower shell.

The front strip is used for equipment that

is being bench-tested, 2nd the rear strip

powers the various items of test equipment

placed on the shelves.

At the left of the bench is 2 storage bin

for small components. A file cabinet can be

placed at the right of the bench. This nec-

cessary item holds schematics, transformer

data sheets, and other papers that normally

are lost in the usual clutter and confusion.

The area below the workbench has two

storage shelves which are concealed by slid-

ing doors made of Zi-inch Masonite. Heavier

toob, and large components are stored in

ibis area. On the floor and not shown in the

photograph is 2 very necessary item of shop

equipment: a large trashi receptacle.

A heavy duty workbench that may be

bolted to 2 cement block or stud wall is

shown in figure 17.

33-9 Components and

Hardware

Procurement of components and hardware

for a construction project can often be a

time consuming and vexing task as smaller

radio parts stores often have limited or in-

complete stocb of <* mst £
f-

mring Items. Larger distributors carrying

indusrrb! stocks, l»««r, men®"

house inventories of components or hare fa-

cilities for obtaining them it short nonce.

It is
recommended, therefore, that the ex-
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Sin{[V4 X {77.1 -f 16.97)]}-^

{[<7.3
a a — 3.04) -f 3.5]}

Expressions (terms) within parenthesis

must be evaluated first, then those within the

brackets, and finally those in braces. Opera-

tor expressions and complete exponents have

to be evaluated before these bracketed ex-

pressions can be completed.

The expression reduces to:

sin (
3/4 X 94.07) 4

[
(43.945 - 3.04) + 3.3 j

Then to:

sin 70.5525 + (40.643 + 3.3)

Then to:

0.9429 4- 43.943

And finally the answer

0.02146

With operator experience, and a suitable

calculator, this calculation could have been

performed with 7 number entries and only 9

operator entries, with a total of 33 buttons

to press. Longhand methods would involve

the use of tables of logarithms and sines, and

certainly a lot more time.

Although not covering all the rules of

computation, the above example indicates the

level of care that must be taken. For exam-

ple, if in the given expression, the portion

sin 3
4 X 77./ had been performed first, the

resulting incorrect answer would have been

0.4091.

The Square One operator that is not pro-

Root Operator yided on the simpler pocket

calculators is the square root

operator. However, there is a simple process

by which a square root can be obtained us-

ing a four function calculator only. The

process uses the iteration formula:

— (*/*+ *)

2

where,

a is the given square,

x is an approximation.

For example, assume that the square root

of 153 is required. The square of 12 is 144

and the square of 13 is 1 69. Thus, the square

root of 153 will be about 12.5, as an ap-

proximation. Applying the formula and sub-

stituting 12.5 for x

:

\/a —

153

12.5

' 12.5

= 12.37

This new value is substituted for x and re-

iterated:

v«=

153

12.37
4- 12.37

2

12.369316

which is correct to S significant figures.

Two methods may be used to establish

how many applications of the formula to

use. Either the formula may be reapplied un-

til there is no further change in the result, or

the result, after a couple of applications of

the formula can be squared 2nd compared

with the original number whose square root

was required, i.e. 12.369316 squared is

152.99997 which is very close to 153, the

original number.

Logarithms It can be demonstrated that

the following equations bold:

=r <P -r tf
5

In these equations a is defined as a fixed

base and p and q as indices. As an example

of the first equation, let a = 2, p = 3, and

q
~ 4. Then,

22 2
(s+4) — 2

7 = 128

gp X — 2
s X 2

4 “
8 X 16— 178

This represents a process that enables com'

plex multiplication and division to be ac-

complished more simply by addition and

subtraction. This technique has been put to

convenient use in the form of logarithms.

The logarithm is defined by the following

relationship:

where log* (y) equals x.

Thus, the logarithm is simply the exponent

to which the base (c) is raised to obtain the

number (y). The number (y), moreover,

can never be negative.

The foregoing equations involving the ex-

ponents (p) and (q) may then be rewritten

as:

logsp 4 Htf= H*(P X 4)

HU ~ — HUP 4- ?)



CHAPTER THIRTY-FOUR

Electronic Mathematics and Calculations

Amateur radio, as well as the larger field

of electronics, has advanced well beyond the

point of crial-and-error design and operation.

So much so that a general knowledge of

mathematics is required in order to perform

the calculations encountered in circuit design

and in order to interpret the results obtained

in operation.

One of the natural developments in the

progress of radio engineering has been the

quick acceptance of higher mathematical

methods as an aid in solving particular cir-

cuit needs. Just as the study of mathematics

in early times developed the logarithm as an

aid in processing numbers (multiplying, rais-

ing to powers, etc,)
,
so advances in electron-

ics, circuit theory and transmission line the-

ory have given rise to the development and

use of tools such as vector analysis, Boolean

algebra, and the Smith Chart. Some of these

techniques lend themselves to use by ama-

teurs and will be discussed in this chapter.

While the mathematical development of

these tools is rather complex, their use is not

and provided basic rules are followed, results

can be achieved for involved problems with

less effort than if a purely arithmetical ap-

proach were used. These tools are nothing

more than processes that enable solutions to

problems to be found either more quickly or

more simply than by lesser means.

The subject of mathematics falls into two

areas, the formation of the problem and the

actual calculation of the required resu

[

t’
<

?
n“

the input parameters have been established.

The calculation of a result to 2 formulated

problem, given all the necessary input param-

eters, is known as arithmetic. .

34-1 Arithmetic

The fundamental manipulation of num-

bers is well known and there is no need to

repeat it. However, the experimenter has at

his disposal one of the many developments of

our time, the desktop or pocket electronic

calculator. These are available, at low cost, in

a variety’ of complexities from a basic four

function device (addition, subtraction, mul-

tiplication, and division) to units involving

a number of trigonometric and exponential

functions, as well as some constants, inter-

mediate result storage, and even the ability

to perform programmed calculations of vast

proportions.

Having a readout to 8 or more digits, the

average calculator is accurate enough for

most purposes and takes the drudgery out of

calculation. As a result, the pocket calculator

has become an electronic scratch pad, saving

a good deal of operator time, while giving re-

sults of high accuracy. Calculators that are

more complex (and thus more expensive)

than the basic four function design, only

simplify the overall operation in most cases.

Inter Use It is unnecessary to detail the

operation of a general pocket

lator as they are accompanied by in-

ions that derail the pecularines of the

live unit. WIch any device, however,

are a few general rules that muse be

ed in the evaluation of expressions:

isider a general expression of this kind:
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with .1 telephone circuit at the microphone, terminology is often misused and terms such

When this level is applied to an impedance as "a voltage pain of x decibels are tridely

of 600 ohms (aho the nominal impedance used. The reference is only true it the un-

of a telephone line) the voltage across the pedances of the inpnt and output levels are

line is 0.775 volt. rms. Unfortunately, this identical.

Table 1. Four-Place Logarithms
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and by expansion:

!og.f = xIoj,p

In electronic calculations, base {a) usu-

ally takes one of three values: 10. f, or 2

Bose (o) — 10 The base 10 is the common

logarithm, chosen because it

i$ the most convenient one to use in the

decimal system. It is normally written as

log «; the value of (a) is not Included in

this expression as it is assumed to be 10.

The convenience of the base 10 can be seen

by referring to a table of logarithms (Table

1 ) . If jhe logarithms of numbers from n =
1 to // = 10 (or 10 to 100) are determined,

the logarithms of all other positive numbers

can be found, since log 10 = 3, log 100 —

2, etc., and log 0,1 = —I. log =
etc. Thus:

log 346 = log 100 -flog 5.46

Then, referring to figure 1, for (»)
between

1 and 10:

64.72 X 1-542 - 647

log 64.72 = I.S1 10

— log 1.542 = 0.1277

1.93S7

— log 647 = -2.8109

1.1278

A new symbol ( 1 )
is introduced. The

logarithm of a number between 1 and 10

is always positive and is called the mantissa.

The whole-number par: of the logarithm is

called the characteristic and can be positive

or negative depending on whether the num-

ber itself is greater or less than 1. The nota-

tion above, then, really means (+0.1278

— 1). Conventionally, 1 and 2 (etc.), are

used in place of -1 and —2 to indicate

that the mantissa is positive.

In these terms, the result o* the above

calculation becomes:

analog 1.1278

antilog 0.127S X M)
= 1.542 X0.1

= 0.1542

log 3.46 = 0.5591

and by the reasoning above,

log 100 = 2

Therefore.log 346 = 2.5591

In this example the logarithm of

from Table 1 teas found by oonstdenog she

first two figures in the left-hand coin™

(10 to 99) 2nd the third figure along

top row (0 to 9). The intersection of d*

row and column gives the logantnm o

number: 0.5591.

In many tables there are nine add-t onal

columns on the right-hand side.
,

called Terence columns or W°rl onal

columns. If desired, these can *

^ .

,

provide further accuracy
when the loganthm

of a four-figure number is K<
\
u
^ ’/

£
t.
e

method is to determine the logarit

first three figures, as above,
“

difference from the appropriate

column as determined by the ou
.

‘

J
ec

.
r
_

The inverse, or f moc®,
mined by the reverse of the a se

_

or alternatively by the use of ta “

logarithms. This is how these metho PP

to 3 typical numerical example-

Th. Decibel There is a convenient conven-

tion for the comparison o.

electrical power levels that makes use of the

common logarithm (Table 2). This is "nc-

"
as the accibel (dB). A oircu.t having

e

, location or attenuation is said

power out

^=10 log
(

p0
^.er i n

Tins, if an amplifier has an output of 100

,-acts resulting from an input of 1 the

amplifier is said to have a power gam of .0

dB, since:

power out . _ (og 10 g I

in fJd power in

- loX2= z0dB

This notation is also used to express a/jual

I , Circuit, but this is
meaningless un-

lasV reference is considered, since the dra-

less a tete
„lativt quantities. Tne

* h one miUiwat.

tS

“

as been chosen because ,t «

approximately the power level asso-.a.d
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Table 2. Decibel Gains Versus Power Ratios

The decibel, abbreviated <115, is a unit used to express the ratio between two amounts of power, Pj

ami P». existing at two |X)inK I5y definition numl>cr of <115 = i0 logic (Pi/Pj)- It is also used to express

voltage ami current ratios; number of (115=20 logic (l
7
i/l i! =20 logic (h ’h)-

Strictly, it can be useil to express voltage and current ratios only when the voltages or currents in

1
1
nestion arc mca<urcd at places having identical impedances.
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Table 1. Four-Place Logarithms
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© ®
Figure 16

SCR CIRCUITS FOR MOTOR OR LIGHT CONTROL

A—Haif'Weve control circuit lor series motor or light. B— Full-wave control circuit for series motor or

light. C— Trizc control light circuit. D- Symbols for SCP. 2nd Tries units.

The Unijunction The unijunction transistor

Transistor (UjT) was originally

known as the double-base

diode, and its terminal designations (emit-

ter, base 1, base 2) still reflect that nomen-
clature. If a positive voltage is placed be-

tween B:. and Bj, no conduction occurs until

the emitter voltage rises to 2 fixed fraction

of this voltage. The fixed fraction is termed

V (the Greek letter eta) 2nd is specified for

each^ type of UJT. In the manner of the

thyristor, when the emitter reaches 7 times

the voltage between B, and Bj, the resistance

between the base elements suddenly and
markedly decreases. For this reason, the UJT
makes a good relaxation oscillator. A simple
relaxation oscillator is shown in figure 17.

UNIJUNCTION TRANSISTOR SERVES
AS RELAXATION OSCILLATOR

waveforms are crtAiPtf by- n,,!e Circuit irtmg lirgl? £Kg27 PUT.

Packaged equivalents are termed programmed

unijunction transistors (PUT).

4-5 The Bipolar Transistor

The device event in the creation of the

modern semiconductor was the invention ot

the transistor in late 1947. In the last decade

semiconductor devices have grown prodig-

iously in variety, complexity, power capa-

bility, and speed of operation. The transistor

is a solid-state device having gain properties

previously found only in vacuum tubes.

The elements germanium and silicon are the

principal materials exhibiting the proper

semiconducting properties which permii their

application in transistors. However, other

semiconducting materials, including

compounds of Gallium and Arsenic have

Been used experimentally in the production

of transistors.

Classes af Thousands of type numbers ot

Transistors transistors exist, belonging to

numerous families of construc-

tion and use. The large classes of transistors,

based on manufacturing processes are:

Point Contact Transistor—The origin:!

transistor was of this class 2nd consisted oi
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loss— 10 log
(

power in

power out
) tkcMs

>lne (o) (0> 2.71 B2B The ctptaim In;;

,

, (*). « known a*

the mural logarithm; h h usually written
In {u). It k called the natural logarithm
wcause it occurs so regularly in nature,

from the hanging shape of a chain to the

voltage decay of an RC circuit. It h the

httcr case which Is of most interest jo the

amateur (figure I),

Figure 1

SIMPLE RC PARALLEL CIRCUIT HAS
EXPONENTIAL VOLTAGE DECAY

In till? simple RC decay circuit the volt-

age across the network falls to lie of it?

wrt»! value in time ft) where, f is HC
(seconds sr ohms X farads). Thus,

l"OVW)) = ln,K]L )ne=l

Figure X

DECAY CURVE OP FIGURE 1

Accordingly, In (lie time example,

l hi {J 0,QOfy)

2.3024 log fj 0,000)

2-3024 / 4

/ 5.2 J 04 secondi

'/'he inverse of this procedure may |w< used

to determine an unknown li or C, hut com-

monly only for my large values (fhoie

outside the range of available mt hr.im

menu).

An European usage of the n,uur,il loga-

rithm is the vrficr. This is a unit of power

comparison similar to the decibel, m\ Is de-

fined as:

and thus.

In (V0/Vt) -i/nc
’/here,

V« is the initial voltage and Vt is the

final voltage at time (/), as .shown in figure

J'or example, let Ji ss J megohm, C~ J

WftRCrzJand,
Vess JffOO and Vt ~ A-l

then,

1 — RC In {V„/Vt
)^rAh(m0/<H)

Izzln 1 0,000

fables of natural logarithms are Incon-

venient and are generally not available- Un

other hand, logarithms to the bate (10)

Way he used with a suitable multiplier:

In (a) = 2,3024 log (»)

and,

log (a) =s 0,43-0 In f«)

gain ts In (

power out

power in
) Wjim

Vott (a)
~

2 I/jgarithms to ilir hast (2)

arc encountered In c!«, iron res

when (lit concept of channel or tysimi nri-

fixation, or efficiency is tom/derrd, Smi-

iarly, they arc alio encountered in wm
noise calculations,

cr Utci There arc various other wt't

jcgoriihnn of logarithms, among which

arc: ///<• :////-' wlf. The arkb-

tic part of a '-fids- rule I'- bis'd on Wp-

m vi the base (10). and 'fwrivriv

Itiplir and (finds b/ adding and Mil-

:ting logarithms. Tb «'/ of jw no-

trongly advocated for all fW

,|ct( Lu! no instruction: are mdstor.

:y/;rii, because there are many Mft and
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instruction manuals supplied by slide rule

manufacturers.

Graphical Uses—Many graphical uses of

logarithms exist. For example, log/log

curves of amplitude response versus fre-

quency, since the plotted results are usually

straight lines which are easy to construct

and analyze.

Significant In most radio calculations, num-
Figures bers represent quantities which

were obtained by measurement.

Since no measurement gives absolute ac-

curacy, such quantities are only approxi-

mate and their value is given only to a few

significant figures. In calculations, these lim-

itations must be kept in mind and one should

not finish, for instance, with a result ex-

pressed in more significant figures than the

given quantities at the beginning. This

would imply a greater accuracy than ac-

tually was obtained and is therefore mislead-

ing, if not ridiculous.

An example may make this clear. Many
ammeters and voltmeters do not give results

to closer than % ampere or % volt. Thus
if we have V/a amperes flowing in a dc cir-

cuit at 6% volts, we can obtain a theoret-

ical answer by multiplying 2.25 by 6.7 5 to

get 15.1875 watts. But it is misleading to

express the answer down to a ten-thousandth

of a watt when the original measurements

were only good to '/4 ampere or volt. The
answer should be expressed as 15 watts, not
even 15.0 watts. If we assume a possible er-

ror of % volt or ampere (that is, that our

original data are only correct to the nearest

Va volt or ampere) the true power lies be-

tween 14.078 (product of 2% and 6%) and

16.328 (product of 2 3/g and 6%). There-

fore, any third significant figure would be

misleading as implying an accuracy which

we do not have.

Conversely, there is also no point to calcu-

lating the value of a part down to 5 or 6 sig-

nificant figures when the actual part to be

used cannot be measured to better than 1

part in one hundred. For instance, if we are

going to use 1% resistors in some circuit,

such as an ohmmeter, there is no need to

calculate the value of such a resistor to 5

places, such as 1262.5 ohms. Obviously, 1%
of this quantity is over 12 ohms and the
value should simply be written as 1260 ohms.

There is a definite technique in handling

these approximate figures. When giving val-

ues obtained by measurement, no more fig-

ures are given than the accuracy of the mea-

surement permits. Thus, if the measurement

is good to two places, we would write, for

instance, 6.9 which would mean that the

true value is somewhere between 6.85 and

6.95. If the measurement is known to three

significant figures, we might write 6.90

which means that the true value is some-

where between 6.895 and 6.905. In dealing

with approximate quantities, the added ci-

pher at the right of the decimal point has a

meaning.

There is unfortunately no standardized

system of writing approximate figures with

many ciphers to the left of the decimal point.

69000 does not necessarily mean that the

quantity is known to 5 significant figures.

Some indicate the accuracy by writing 69

X 10
3
or 690 X 10*, etc,, but this system

is not universally employed. The reader can

use his own system, but whatever notation

is used, the number of significant figures

should be kept in mind.

Working with approximate figures, one

may obtain an idea of the influence of the

doubtful figures by marking all of them,

and products or suras derived from them.

In the following example, the doubtful fig-

ures have been underlined.

603

34.6

0.120

637.720 answer: 638

Multiplication:

654 654

0.312 0.342

Tib? 196\Z~

2616 26|16

1962" l|308

223.668 answer: 224 224

It is recommended that the system at the

right be used and that the figures to the right

of the vertical line be omitted or guessed so

as to save labor. Here the partial products

are written in the reverse order, the most

important ones first.
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In division, labor can be saved when after

each digit of the quotient is obtained, one

figure of the divisor be dropped. Example:

L28

127 )
673

J27

J3 ) 146

106

J HO
40

34-2 Algebra

Algebra is not a separate branch of math-

ematics but is merely a form of generalized

arithmetic in which letters of the alphabet

and occasional other symbols are substituted

for numbers, from which it is often referred

to as literal notation. It is simply a short-

hand method of writing operations which

could be spelled out.
. ,

The laws of most common electrical phe-

nomena and circuits (including of course

radio phenomena and circuits) lend t em

selves particularly well to representation by

literal notation and solution by alge raic

equations or formulas,

While we may write a particular pr

,

in Ohm’s law as an ordinary division or mul-

tiplication, the general statement o a sue

problems calls for the replacement ot the

numbers by symbols. We might e expi

and write out the names of the units an

use these names as symbols:

volts = amperes X ohms

Such .1 procedure becomes too

when the expression is more involved a

would be unusually cumbersome it any 1

erations like multiplication were req

Therefore as a short way of writing

generalized relations the numbers ***

sented by letters. Ohm’s law then

£= IXR

In the statement of any particular P

lem the significance of the letters is

indicated directly below the equation ^
mula using them unless there an

higuiry. Thus the above form of °hm

would be more completely written a

E= !XK

where,

E equals e.m.f, in volts,

I equals current in amperes,

R equals resistance in ohms.

Letters therefore represent numbers, and

for any letter we can read "any number."

When the same letter occurs again in the

same expression we would mentally read

"the same number," and for another letter

"another number of any value.”

These letters are connected by the usual

operational symbols of arithmetic, “h “i

X, -r, etc. In algebra, the sign for division

is seldom used, a division being usually writ-

ten as a fraction. The multiplication sign,

X, is usually omitted or one may write a

dot only. Examples:

2 X « X b - lob

2 .3M-J*= 2X3X4XSX«

i
practical applications of algebra, an ex-

sion usually states some physical law and

letter represents a variable quantity

h is therefore called a variable, A fixed

iber in front of such a quantity (by

;h it is to be multiplied) is known as

coefficient.
Sometimes the coefficient may

nknown, yet to be determined; it is then

written as a letter; k is most commonly

for this purpose.

Negative In ordinary arithmetic we

seldom work with negative

numbers, although we may

short” in a subtraction. In algebra, how-

a number may be either negative or

We. Such a thing may seem academic

a negative quantity can have a rea* “'

ice We need only refer to a.debt being

idered a negative possession. In electrical

k however, a result of a problem might

negative number of amperes or volts,

eating that the direction of the current

Ife to the *-d» A**-**
This will be illustrated later.

laving established the existence of nega-

JStHtve must now learn hnv- to

k with these negative quantities m add-

subtraction,
multiplication, etc.

’
. a negative number atJOcd to

isitive
number is the same as subtracting

jsitive
number from >'
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7 7

( 2dd)
^ tk same* I (slAinct)

or it might be •written

7+(-5)=7-5=^

Similarly, we hare:

a -j- (—6) —a — b

When a minus sign is in front of an ex-

pression in brackets, this minus sign has the

effect of reversing the signs of every tenn

within the brackets:

— (&— b)- — i-\-b

- (2*-f 3i-5r)=-2c-3£-j-5r

Multiplication-^When both the multipli-

cand and the multiplier are negative, the

product Is positive. When only one (either

one) is negative the product is negative. The
four possible cases are illustrated below:

+ x + = 4- +x- = -
— X + = — — X — — -T

D'tvhiOTS'—Since division is but the reverse

of multiplication, similar rules apply for the

sign of the quotient. When both the divi-

dend and the divisor have the same sign

(both negative or both positive) the quo-

tient is positive. If they have unlike signs

(one positive and one negative) the quo-
tient is negative.

^
~Pqwt$ Even powers o£ negative num-

are positive and odd covers are nega-

_

Powers of positive numbers are always
'live. Examples:

-2J= -2X-2=rri-z
— 2

s = — 2 X — 2X-2
=“MX— 2 = —

g

.Roori—Since the square of a negative

number is positive and the square of a pa-
rive number is also positive, it follows that

z positive number has two square roots. The
-—-square root of ~ can be either 42 or —2

for (+2) X (+2) = -M and (-2) X
(-2) = +4.

Addition end Polynomish are quantities like

Subtraction 3sF 4 AtF — 7 FF which

have several terms of differ-

ent %emrt. When adding polynomials, only

terms of the same name C2n be taken to-

gether.

7a
3

-f-
Sc&

: Icb -j- 3

t? — StF — F

S *
s

3cF •— 3Fb — F~f 3

Colkciivg termj. When an expression con-

tains more than one term of the same name,

these can be added together and the expres-

sion made simpler:

5 ar -f 2 xy -j- 5 xtf
— 3 sr 4* 7xy=

5 x5— 3 ar -f 2 xy -f 7xy-^ 3 xf=

2*+9xy+l xf

Muitiplicction Multiolication of single terms

is indicated amply by writ-

ing them together.

c X b is written as &b

&X F is written as cF

Bracketed quantities are multiplied hr a

single term by multiplying each term:

tf [b-^c-^-i) = cb -j- c-c -{- cl

When two bracketed quantities are multi-

plied, each term of the first bracketed quan-

tity is to be multiplied by each term of the

second bracketed quantity, thereby making

every possible combination.

(e~ b) (c -j- d) = cc -j- d -f be -f^
In tins work narticular care must be taken

to get the signs correct. Examples:

(«-}-£) {a-fy—F-rFb— cb—F—
F—F

[c~h) («-f d)=r-f efr-f

F+ 2cb-±F

[c—b) (r— b) =r- Fb—Fh+F—
F— iFb-rF
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Division It is possible to do longhand divi-

sion in algebra, although it is some-

what more complicated than in arithmetic.

However, the division will seldom come out

even, and is not often done in this form. The

method is as follows: Write the terms of the

dividend in the order of descending powers

of one variable and do likewise with the di-

visor. Example:

Divide $rb «f 21b
3 + 2a

3 - 2U2
by

2a -lb

Write the dividend in the order of descend-

ing powers of a and divide in the same way

as in arithmetic.

4 gb — 7b'

la- 3b
)

2<r' + Wb - 26 ab'
: + 2W

2ij
3 — 3 orb

f &a
zb - 26 <Ar

-j- 8erb — 12 ab
:

rirs+ 2^
-.14^ + 21^

Another example: Divide X
3 — / /

x -r-

x-y) + ^ +
.v
3 — x’-y

+ *7
x-y - xy

\*i-
xf —

f
f

adoring Very often it is necessary to sim

plify expressions by finding a ac-

or. This is done by collecting two ° r

. ^
erms having the same factor and ri g

he factor outside the brackets:

6ab+ iac= U(2b + ‘)

In a four term expression one ca

her two terms at a time; the in
.

try getting the terms within t e
j.

: same after the factor has been

mc-iibc + iod-tMri.

(U-lb) (6c + 2d)

Of course, this is not always possible and

the expression may not have any factors. A

similar process can of course be followed

when the expression has six or eight or any

even number of terms,

A special case is a three- term polynomial,

which can sometimes be factored by writing

the middle term as the sum of two terms:

r — 7xy -f 12y~ may be rewritten as

x
2 _ 3xy - 4xy + 12f =

x{x-iy) — (* — 3y) =
(x - 4y) (x - iy)

The middle term should be split into two

in such a way that the sum of the two new

terms equals the original middle tern and

that their product equals the product of the

two outer terms. In the above example these

conditions are fulfilled for 1*? ^
- - 7 xy and (- >*>) (~ ~

12 rV It is not J lwai'
! pt,!sl ° e t0 “ s

Working with

Powers

ond Roots

When two powers of the

same number are to be mul-

tiplied, the exponents are

added.

a
t * a

3 = aa X «aa ~ mu“ a or

r
! Xt, =

Similarly, dividing of powers is done by

ibrracting the exponents.

« or
= «’ = 8

7“ «

bbb

if* or
b3 -

„ Ineically led into !ome

;;“ys of noU. behave seen

dividing, the exponents arc sub-

Th can be continued into neganve

‘
t„ the following series, we sue

divide by . and since this can now

f®™ '
the two ways of nota-

“E.T£» meaning and be



34.12 RADIO HANDBOOK

These examples Illustrate two rales: (1) any

number raised to ''zero" power equals one or

unity; (2) any quantity raised to a negative

power is the inverse or reciprocal of the same

quantity raised to the same positive power.

Hoofe—The product of the square root of

two quantities equals the square root of their

product.

V«x
Also, the quotient of two roots is equal to

the root of the quotient.

1NW, homersr, rtar :s addition orsnbmc-

don the square root of the sum or difference

is not the same as the sum or difference of

the square roots.

Thus, V9-V4 = 3—2 = 1

but "\/9—- 4=yT= 2.2361

Likewise \/~e -f ^Fb is not the same as

Vl+T

Hoots may be written as fractional powers.

Thus V<7 may be written as c]i because

and,^X^“^ = ^ = c

Any root may be written in this form

\fb-b* =^ \/T = bv*

The same notation is also extended in the

negative direction:

Following the previous rales that exnon-
ents add when powers are multiplied.

but also e
A X * “ — £*

therefore /* = 'f/r

Porcrs of jiou'crs—^When a power is again

raised to a power, the exponents are multi-

plied;

(/)*=:/ (b-y^
(l?y=ie i

- (b^-h*

This same rule also applies to roots of roots

and also powers of roots and roots of powers

because a root can always be written as a

fractional power.

f/ \/e— \/c for (e*
)

^

Removing redieds-—-A root or radical in

the denominator of a fraction makes the

expression diSculr to handle. If there must

he 2 radial it should be bated in the nu-

merator rather than in the denominator. The

removal of the radial from the denomin-

ator is done by multiplying both numerator

and denominator by a quantity which will

remove the radical from the denominator,

thus wf?owefereg it;

/
r

-

\/7~ ViXV*
-^ 1

Suppose we have to rationalize

3c

~J
=~—= In this case we must multiply

V c -f \/b

numerator and denominator by Yc — V&»
the same terms but with the second having

the opposite sign, so that their product will

not contain a root.

3c 3c (\t £— \fb)

\/e -f Vh~
(Yc-r \/b) (Vr“ V-&)

c— b

tssjintry Since the square of a negative

Ncrherc number is positive and the

square of a positive number ^

also positive, the square root of •£ negapve

number can be neither positive nor negates.

Such a number is said to be ivi-c&ncn'; the

•most common such number '(V— "0 35



ELECTRONIC MATHEMATICS 34.13

often represented by the letter ; in mathe-

matical work or
/ in electrical work.

V ~
~ 1 =ior/ 2ndrorf= — 1

Imaginary numbers do not exactly corre-

spond to anything in our experience and it is

best not to try to visualize them. Despite this

fact, their interest is much mere than aca-

demic, for they are extremely useful in many

calculations involving alternating currents.

The square root of any other negative

number may be reduced to a product of

two roots, one positive and one negative.

For instance:

V — 57= \/
—

~1 y$7 = f\/57

or, in general

V — c— j'Vc

Since / = V — 1, die powers of i have

the following values:

?= -1 Xi=

lion, icese are covered later in this chapter.

Equations cf the Algebraic expressions usu-

Ftrrt Degree 2!}r cerne in the form of

£=1R

One cf the three quantities may be un-

known but if the other two arc known, the

third can be found readily by substituting

the known value in the equation. This is

very easy if it is £ in the above example

that is to be found: but suppose we wish to

find I while £ and R are given, Ve must

then rearrange the equation so that I comes

to stand alone to the iefc of the quality

rip. This is known as »/i«| tht equetior.

fori.

Solutron of the equation in tnis case is

cone rirnpiv by transposing. It two mints

sre equal then they must still be equal if bath

-re multiplied or divided by the same num-

ber. Dividing both sides of the equation by

r*= 4-1

?= -f 1 X< = i

Imaginary numbers 2re different irom

either positive or negative numbers: so m

addition or subtraction they must always be

zccounted for separately. Numbers which

consist of both real and imaginary pra

called complex numbers. Examples of com-

plex numbers:

5 -f 4/=5-r4 V^T
a bixz a -f- b V — I

Since an imaginary number can nv?tr be

equal to a real number, it follows that in an

equality like

e-i-bi—c-ydi

a must equal c and bi must equal i

Complex numbers are bandied in algeb.a

just like any other expression, considering ;

2s a known auantit}
-

.
Whenever powers o * 1

occur, the)’ can be replaced by the equiva-

lents given above. This idea of h*'mg m

one equation two separate sets of

which must be accounted fo* separate ,<

,

£ IR T r_I
I=lr

=IcrJ_
K

it -tr; teouired to solve :te edition

K, -e shook divide both sides of tie

dost by I.

7= RkK=T

little more ccropEcJted extsopie is the

:ion for the reiettnee of i csctcitor:

}lve this eoustsoo for C, ve m:!-

o:h sides of tie eaostie.-, by C sr.ts

soth r.des by X

C I yf. „xxx=I7jc xr"
1

C=r^
equation is ox oi those fe-

; cord knowlfccc o. t*.s fjf
1**? *

? ,.Vcs so:vine- Uiercicte
nmii po— >•

•' c“
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we give a few examples: What is the react-

ance of a 25 pF capacitor at 1000 kHz! In

filling in the given values in the equation

we must remember that the units used are

farads, hertz, and ohms. Hence, we must

write 25 pF as 25 millionths of a millionth

of a farad or 25 X 10'w farad; similarly,

1000 kHz must be converted to 1,000,000

Hz. Substituting these values in the original

equation, wehave

%— i

2 X. 3.M X i,ooo,

m

x 2! X io-
1 -

y
1 io

5

6.28 X 10' X 21 X 10
_1!

6-28 X 2!

= 6360 ohms

A bias resistor of 1000 ohms should be by-

passed, so that at the lowest frequency the

reactance of the capacitor is 1/1 0th of that

of the resistor. Assume the lowest frequency

to be 50 hertz, then the required capacity

should have a reactance of 100 ohms, at

50 Hz.

C =
2X3.14X10X1(10^

power. Such 2n equation always has one pos-

sible solution or root if all the other values

are known.

If there are two unknowns, a single equa-

tion will not sufnce, for there are then,an

infinite number of possible solutions. In the

case of two unknowns we need two inde-

pendent simultaneous equations. An example

of this is:

3x-j- Jy= 7 4x- 10;'= 3

Required, to find r. and y.

This type of work is done either by the

substitution method or by the elimination

method. In the substitution method we

might write for the first equation:

7-Sy
lx-7-5y —

~

(The symbol means, therefore or

hence)

.

This value of x can then be substituted

for * in the second equation making it a

single equation with but one unknown, y.

It is, however, simpler in this C2se to use

the elimination method. Multiply both side

of the first equation by two and add it to

the second equation:

10
6

c= mTX 7ooo

C = 32/*F

In the third possible case, it may be that

the frequency is the unknown. This happens

for instance in some tone-control problems.

Suppose it is required to find the frequency

which makes the reactance of a 0.03 /jF

capacitor equal to 100,000 ohms.

First we must solve the equation for f.

This is done by transposition.

f L_WC ' 2 ,rCX

Substituting known values

f~
1 rx

2 X 3.14 X 0.03 X X 100,000

These equations are known as first degree
equations with one unknown. First degree,
because the unknown occurs only as a first

6x -f lQy = 14

4*~10y= 3

add

IQx - 17 x~ 1.7

Substituting this value of x-m the first eqaz-

tion, we have

5.1 -f 5y= 7 5y= 7 - 5.1 = IS

y=0.38

C 9

Figure 3

lit this simple network the current divides

through the 2000-ohm and 3000 -ohm resistors-

The current through each may he found try us-

ing two simultaneous linear equations. Hole that

the arrows indicate the direction of electron

Row.



ELECTRONIC MATHEMATICS 34.15

An application of two simultaneous linear

equations will now be given. In figure 3 a

simple network is shown consisting of three

resistances; let it be required to find the

currents /, and l-j in the two branches,

The general way in which all such prob-

lems can be solved is to assign directions to

the currents through the various resistances.

When these are chosen wrong it will do no

harm for the result of the equations will

then be negative, showing up the error. In

this simple illustration there is, of course,

no such difficulty.

Next we write the equations for the

meshes, in accordance with KirchhofPs sec-

ond law. All voltage drops in the direction

of the curved arrow are considered positive,

the reverse ones negative. Since there are

two unknowns we write two equations.

1000 (It + U) -{- 2000/, = 6

- 2000 it + woo h-o

Expand the first equation

3000 /i-f 1000

/

2 = 6

A MORE COMPLICATED PROB'

LEM REQUIRING THE SOLUTION

OF CURRENTS IN A NETWORK

This problem is similar to that in figure 3 but

requires the use cf three simultaneous linear

equations.

Multiply this equation by 3

9000^ + 3000 Is — 18

Subtracting the second equation from the

first

11000 1! = 18

/,= 18/11000 = 0,00164 amp.

Filling in this value in the second equation

3000 h = 3.28 h — 0.00

W

amp.

A similar problem but requiring three

equations is shown in figure 4. This consists

of an unbalanced bridge and the problem is

to find the current in the bridge^ranch, /a .

We again assign directions to the different

currents, guessing at the one marked }3 . The

voltages around closed hops ABC [eq. ( 1)]
and BDC [eq. (2) ]

equal zero and are as-

sumed to be positive in a counterclockwise

direction; that from D to A equals 10 volts

[eq.m

O)
- 1000 I 3 + 2000 J2 - 1000 J3

~0

(2)

- 1000 (la—

7

a )

+ iooo I, -I- mo (h+h) =o

(3)

1000 /,+ 1000 (7i— A) — 10 =r 0

Expand equations (2) and (3)

(2)

- 1000 U + 3000 h + 5000/3 = 0

(3)

2000 li — 1000 f3 - 10 = 0

Subtract equation (2) from equation (1)

- 1000 ;z — 6000 j3 = o

Multiply the second equation by 2 and add

it to the third equation

0>)
6000 /* + 9000 73 - 10 = 0

Now we have buf two equations with two

unknowns.

Multiplying equation (a) by 6 and adding

to equation (b) we have

—27000/: — 30 — 0

h = — 10/27000 = - 0.00037 amp,

Note that now the solution is negative

which means that we have drawn the arrow

forh in figure 4 in the wrong direction. The

current is 0.37 mA in the other direction.

Second Degree or A somewhat similar

Quadratic Equaticm problem in radio would

be. if power in w.itt<

and resistance in ohms of a circuit are pi'en.

10 find the voltage and the current. L\am.
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pie: Then lighted to normal brfeicy, a

100-watt lamp has a resistance of 4? ohms;

for what line voltage was the lamp designed

and 'what current 'would it take?

Here we have to use the simultaneous

equations:

? =u El and 2— IR.

hillingin the known values:

?= EI= lODandE= ni=iX4S

Substitute the second equation into the

first eauation

P= EI= (1)1X4? =4?J2 =100

•
j yMS— ^mp

Substituting the found value of 1-43 amp.

for I in the first equation, we obtain the

value of the line voltage, 70 volts.

Note that this is a srcosi degree equation

for we finally had the second power of I.

Also, since the current in this problem could

only be positive, the negative square root of

100 /45 or — 10/7 was not used. Strictly

speaking, however, there are two more values

that satisfy both equations, these are — 1.43

and — 70.

In general, a second degree equation in one

unknown has two roots, a third degree equa-

.
tion three roots, etc.

The Quudretfc Quadratic or second degree

ssuetiem equations with but one un-

known can be reduced to

the general form

where,

vis the unknown.

A p. and c are constants.

irns type ot equation can sometimes be
solved by the method of factoring a thrse-

term expression as follows:

^4 ~r ~r 5= D

factoring:
^

'

There are two pcsnHBties when a product

is zero. Ether the one or the other factor

equals zero. Therefore there aretwo solutions.

Since factoring is not always easy, the fol-

lowing general solution can usually oe em-

ployed; in this equation a b3 and r ate zie

coefficients referred to afere.

— h ± xHr— 41:

Applying this method of sefetaon to tbs

previous example:

~7 ± V 4? —• S X 5

— 7 d: \/T — 7 ± 1

A practical example involving -quadratics

is the bw o: impedance in to circuits, how-

ever, this is a simple kind of quadratic Aqua-

tion which can he solved readily without zb:

use -of the special formula given above.

Z=VFT Ph-Xrf

This equation can always be solved tor

by squaring both does of the equation, it

should now be understood that sqnarng

both sides -of an equation as we!] as muitt-

plying both sides with a term cmtrcmrg

the unknown wry lid £ r.rz> too;. Skce we

know here that X and il are positive, when

we squm-e the -expression there is no r.m-

mrmry.

also: (Aj,— Ar)'= Z'— flf



SEMICONDUCTOR DEVICES

miner and collector electrodes touching a

small block of germanium called the base.

The base could be either X-type or P-type

material and was about .Of" square. Because

of the difficulty in controlling the character-

istics of this fragile device, it is now con-

sidered obsolete.

Crown Junction Transistor—Crystals

made by this process are grown from molten

germanium or silicon in such a way as to

have the closely spaced junctions imbedded

in the wafer. The impurity material is

changed during the growth of the crystal to

produce either PNP or XPX ingots, which

are then sliced into individual wafers. Junc-

tion transistors may be subdivided into

grown
jlineton, alloy junction

,

or drift field

types. The latter type transistor is an alloy

junction device in which the impurity con-

centration is contained within a certain

region of the base in order to enhance the

high-frequency performance of the transis-

tor.

Difjitscd Junction Transistor—This class

of semiconductor has enhanced frequency

capability and the manufacturing process

has facilitated rhe use of silicon rather than

germanium, which aids the power capability

of rhe unit. Diffused junction transistors may

be subdivided into single difjitscd (horne-

tsrial), double diffused, double diffused

/dauar and triple diffused planar types.

Epitaxial Transistors—These junction

transistors are grown on a semiconductor

wafer and photolithogaphic processes are

used to define emitter and base region dur-

ing growth. The units may be subdivided

into epitaxial-base, cpifaxial-layer, and over-

lay transistors. A representation of an epi-

taxial-layer transistor is shown in figure 18.

Field-Effect Transistors—Developed in the

last decade from experiments conducted over

Figure 18

EPITAXIAL TRANSISTOR

Epitaxial, dual-epitaxial and overlay transistors
are crown on semiconductor wafer in a (allies

structure. After fabrication, individual transistors
are separated from wafer and mounted on head-
ers, Connector wires are bonded to metalized

regions and unit is sealed in an inclosure.

4.13

forty years ago, the field-effect (FET)
transistor may be expected to replace many
more common transistor types. This ma-

jority carrier device is discussed in a later

section of this Handbook.

Manufacturing techniques, transistor end-

use, and patent restrictions result in a multi-

tude of transisrors, most of which fall into

the broad groups discussed previously. Tran-

sistors, moreover, may he gouped in families

wherein each member of the family is a

unique type, bur subtile differences exist be-

tween members in the matter of end-use,

gain, capacitance, mounting, case, leads,

breakdown-voltage characteristics, etc. The

differences are important enough to warrant

individual type identification of each mem-

ber. In addition, the state of the act permits

transistor parameters to be economically de-

signed to fit rhe various equipment, rather

than designing the equipment around avail-

able transistor types. This situation results in

a great many transistor types having nearly

identical general characteristics. Finally, im-

proved manufacturing techniques may "ob-

solete” a whole family of transistors with a

newer, less-expensive family. It is recom-

mended, therefore, that the reader refer to

one of the various transistor substitution

manuals for up-to-date guidance in transis-

tor classification and substitution.

Transistor Semiconductors are generally

Nomenclature divided into product groups

classified as "entertainment,”

"industrial,” and ‘'military.” The latter class-

sifications often call for multiple testing,

tighter tolerances, and quality documenta-

tion; and transistors from the same produc-

tion line having less rigorous specifications

often fall into the first, and least-expensive,

category. Semiconductors are type numbered

by several systems. The oldest standard is

the JEDEC system. The first number of the

identifier establishes the number of elec-

trodes, or pom (I diode, 1 — triodc.

3 == tetrode and 4 = heptode). The letter

iV stands for a semiconductor, followed by

a sequential number under which the device

was registered.

European manufacturers employ .in iden-

tifier consisting of a type number composed

of two or three letters followed by two or

three numbers, the letters indicating the
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A

AN ANGLE IS GENERATED BY TWO LINES, ONE STATIONARY

AND THE OTHER ROTATING

The line OX is stationary; the line with the small arrow at the far end rotates in a counterclock-

wise direction. At the position illustrated in the lefthandmost section of the drawing It makes
an angle, A, which is less than 90' and is therefore in the first quadrant. In the position shown
in the second portion of the drawing the Angle A has increased to such a value that it now lies

in the third quadrant; note that an angle can be greater than ISO'. In the third illustration the

angle A is in the fourth quadrant In the fourth position the rotating vector has made more
than one complete revolution and is hence in the fifth quadrant; since the fifth Quadrant is an

exact repetition of the first quadrant, its values will be the same as in the lefthandmost portion

of the illustration.

A — (ISO
0 — B)

and

B= (180° -A)

In die angle A (figure SA), a line is

drawn from P, perpendicular to b. Regard-

less of the point selected for P, the ratio

a/c will always be the same for any given

angle, A. So will all the other proportions

between a, b, and c remain constant regard-

less of the position of point P on r. The six

possible ratios each are named and defined

as follows:

• a a b
sine A — cosine A ——

c c

tangent A ~T cotangent A ;
—

—

" a

Let us take a special angle as an example.

For instance, let the angle A be SO degree?

as in figure SB. Then the relations between

the sides are as in the figure and the six

functions become:

sin.

cos 60 ' = -=:—= '4

tinS°« = “ = Mi =V 3

o _ y2 i ~

Zi vl yi
1

Figure 8

THE TRIGONOMETRIC FUNCTIONS

-
n the s5tIe opposite the angle a is c, white the adjoining sides

the &OTSE* potions Of the angle a are completely defined by the ratios of
the sides o, b and c. In (B) are shown the lengths of the sides 8 and /when angle A is EC® and
sme c is t. in (c) angle A is 45®: 0 and b equal i, while < equals vs. In (E>) note that t equals

o for a right angle while fc equals 0.
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But here we i-) not know the sign of the

solution unless there are other facts which
indicate it. To find either XL or Xc alone

it would hare to be known whether the one

or tiie other is the larger.

34-3 Trigonometry

Trigonometry is the science of mensura-

tion of triangles. At first glance triangles

may seem to hare little to do with electrical

phenomena; however, in sc Troth most cur-

rents and voltages follow fews equivalent to

those of the various trigonometric relations

which we are about to examine briefly. Ex-

amples of their application to ac work will

be given in the section on vectors.

Angles are measured in degrees or in radi-

ans. The circle has been divided into 360

degrees, each degree into 60 minute?, and

each minute into 60 seconds. A decimal di-

vision of the degree is also in use because it

nukes calculation easier. Degrees, minutes

2nd seconds are indicated by the following

signs;
c

, ' and Example: 6
:

5' 25" means

sit degrees, five minute?, twenty-three sec-

onds. In the decimal notation we simply

write 8A7C
, eight 2nd forty-seven hundred-

ths of a degree.

/ SSCO'O
/ CUACtAHT

\
0»«Wfl \

/
— «’

\

\ \

\ fKU>
\ QJASUXr

KCJ5.TH /

Figure 5

THE CIRCLE IS DIVIDED INTO

FOUR QUADRANTS BY TWO

PERPENDICULAR LINES AT RIGHT

ANGLES TO EACH OTHER

The ‘northeast'’ patent tins famed is tanm
zs tie first tjiadrenl; tie cti*f* nvpnn*
canseeirtiyefy in a eauntercioonnse cireoien.

When a circle is divided into four quad-

rants by two perpendicular lines passing

through the center (figure 5) the angle

made by rhs two lines is 90 degrees, known

ss a right angle. Two right angles, or 180
s

equals a straight angle.

.

T{* raikr.~\{ ^ tab the radius of a

circle and bend it so it can cover a pert of
the circumference, the arc it covers sub-
tends an angle called a radian (figure 6),
Since the diameter of a circle equals' 2 times

the radius, there are 2r radians in 360
c

. So
we have the following relations:

1 radian=57
s
17' 45"= $7,29*S

c

=5.14152

l degree=0 .0 174 5 radians

r radjans=lSO
c

r/2 radian5=90
o

r/3 rsdians=60°

A radfen is an angle whrse are fc easily equal

to tie fength cf either side. Kite that the angle

is ccnstint regardless cf the renglh cf the side

and the arc so ting as they are equal. A radian

equals S7.2S~S !
.

In trigonometry we consider an angle gen-

erated by two lines, one stationary and the

other rotating as if it were hinged at 0

(figure 7). Angles can be greater than 1£0

degrees and even greater than 560 degrees

as illustrated in this figure.

Two angles are complements of each other

when their sum is S0
:

,
or a right angle. A

is the complement of B and B is the com-

plement of A when

A - (90
c - B)

and when

B = (90
c — A)

Two angles are supplements of each other

when their sum is equal to i straight sag,:,

or 1£0
C
. A is the supplement of B and B

the supplement of A when:
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Figure ID

For an angle in the third quadrant (HO 5

to 270°)
,
the functions are

.. —a —b
sin A — ——= neg. cos A —

tan A
— a~

pos.
^ f _~b

— a
~ pos.

In this figure, the sides e, h, and c are used to

define the trigonometric functions of angle E

as well as angle k.
sec A ——r= neg. cosec A =—= neg.— b — a

cos B nr a/c aczc cos B

tan B = b/a b == a tan B

cot B= alb a = b cot B

functions of Angles In angles greater than

Greater Than 90 degrees, the values

90 Degrees of a and b become neg-

ative on occasion in ac-

cordance with the rules of Cartesian coordi-

nates. When b is measured from 0 towards

the left it is considered negative and simi-

larly, when a is measured from 0 downwards,

it is negative. Referring to figure 11, an

angle in the second quadrant (between 90°

and ISO
0

) has some of its functions negative:

.a — h
tan A =~~ ne

S- cot A — = neg.

, C r
sec A ~ — P05, Msec A = = pos.

And in the fourth quadrant (270° to

360°):

sm A =— neg. cos A -=pos.

. —*
. b

t2n A =—j—— neg. cot A = = neg*

b — a

. c . c
sec A=-r-~ pos. cosec A = = neg.

b — s

Summarizing, the sign of the functions

in each quadrant can be seen at a glance

from figure 12, where in each quadrant are

written the names of functions which are

positive; those not mentioned are negative.

Graphs of Trigono- The sine TVtlVS—Vhea

metric Functions we have the relation

y—sin x, where x is an

angle measured in radians or degrees, we can

draw 2 curve of y versus x for all values of

the independent variable, and thus get a good

conception how the sine varies with the

TRIGONOMETRIC FUNCTIONS IN THE SECOND, THIRD, AND
FOURTH QUADRANTS

The trigonometric functions in these quadrants are similar to first quadrant values, but the
signs of the functions vary as listed in the text.
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see

C!C 60
e

V: V 3

^

Another example: Let the angle be 4J
C

,
then

the relations between the lengths of e, b, and

c arc as shown in figure SC and the six

functions are:

sin 4i
c
ss —“=r Vz V 2

V 2

cos 4J
S =—-=~ Yi yfl

V 2

sec4J° =~ = \/2

COSSCnJ* =~~ —

There arc some special difficulties when

the angle is zero or 90 degrees. In figure ^
an angle of 90 degrees is shown; drawing a

line perpendicular to b from point P makes

it fall on top of c. Therefore in this case

a = c and b = 0. The six ratios are now:

„ b 0 n

sin90
c ~

1 cos90°
c c c

tan 90° m cot 90° = ;
= °

b 0
6

sec 90° = r = -= oo cosec 90° = 5

b 0

When the angle is zero, «=» b==c-

The values are then:

sicO° ~~ —-= 0 cosO
0 -;^ 1

c C
c

. n0 a 0 -o
tan Q

5 =-= --= 0 cotO - -
0

e £7

sec 0° 1 cosec
0°=:

j
:= g-

- 03

In general, for ever}' angle, there will be

definite values of the six functions, con-

versely, when any of the ^ functions is

known, the angle is defined. Tables have been

calculated giving the value of the functions

for angles.

From the foregoing we can make up a

small table of cur own (figure 9). giving

values of the functions for some common

angles.

Releticn: Between It follows from the defi-

Functiom nitions that

sin A —
cosec A

cosA =
sec A

and tan A sr
cot A

Angle Sin Cos. Tan Cot Sec. Cosec.

0 0 1 0 ® 1 =>

30' Vi ViYl %V3 V3 2

45
e i i \

r2 n
60' BV3 Vl VI yjVI 2 Vi'fi

;p' i o°o = i

Figure 9

Values of trigonometric functions for common

angles in the first quadrant.

From the definitions also follows the re-

lation cos A=sin (complement of A)=sin

(90°~A) because in the right triangle of

figure 10 cos A-bjc-m B and 3=90 -

A or the complement of A. For the same

reason:

cot A = tan (90° — A)

esc A = «c (90° -A)

Relations in In the right triangle of

Right Triangles figure 10, sm A—cjc and

by transposition

a =:csb A

For the sme ram m hm the following

identities:

aoA=t/b ‘=bwrA

cot A = V» * = scot/!

In the same triangle "T
can do the same for

functions of the angle

*B= Vf j = C!” b
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4. Tan x = —tan (180
s —x) of

tan (s-—x)

The graph o£ the cotangent is the inverse

of that cf the tangent, see figure 15. It leads

us to the following conclusions:

1. The cotangent can have any value be-

tween -f =c and —

^

2. It is a periodic curve, the period being

it radians or 180°

3. Cotx=cor(180°-fx)orcot(:r-{-x)

4. Cot x =. —cot (180
s —x) or

—cot (t —x)

Figure 15

COTANGENT CURVES

Cotangent curves are the inverse
curves. They vary from to

pair of Quadrants.

of the tangent
-» in each

The graphs of the secant and cosecant are

of lesser importance and will not be shown
here. They are the inverse, respectively, of
the cosine and the sine, and therefore they
vary from -[-1 to infinity and from —1 to

—infinity.

Perhaps another useful way of visualizing

the values of the functions is by considering

figure 16. If the radius of the circle is the
unit of measurement then the lengths of the
lines are equal to the functions marked on
them.

Trigonometric Tobies There are two kinds of

trigonometric tables.

The first type gives the functions of the an-
gles, the second the logarithms of the func-

tions. The first kind is also known as the

table of natural trigonometric functions.

These tables give the functions of all an-

gles between 0 and 45°. This is ail that is

necessary for the function of an angle be-
tween 45° and 90

5
can always be written

as the cofunction of an angle below

Figure 16

ANOTHER REPRESENTATION OF
TRIGONOMETRIC FUNCTIONS

If the radius of a circle is considered as the

unit of measurement, then the lengths cf the
various lines shown in this diagram are nu-
merically equal to the functions marked ac-

cent to them.

Example: If we had to find the sine of 48
s
,

we might write

sin 48° = cos (90
s — 48

s
) = cos 42

s

Tables of the logarithms of trigonometric

functions give the common logarithms

(log30 ) of these functions. Since many of

these logarithms have negative character-

istics, one should add —10 to all logarithms

in the table which have a characteristic of

6 or higher. For instance, the log sin 24
s “

9.60931 -10. Log tan 1
D = £.24192 -10

but log cot I
s = 1.75808. When the char-

acteristic shown is less than 6, it is supposed

to be positive and one should not add —10.

Yectcrs \ scalar quantity has magnitude

only; a vector quantity has both

magnitude and direction. When we speak of

a speed of 50 miles per hour, we are using

a scalar quantity, but when we say the wind

is northeast 2nd has a velocity of 50 miles

per hour, we speak of a vector quantity.

Vectors, representing forces, speeds, dis-

placements, etc., are represented by arrows.

They can be added graphically by well

known methods illustrated in figure 17. We
can make the parallelogram of forces or we

can simply draw 2 triangle. The addition of

many vectors can be accomplished graphic-

ally as in the same figure.

In order that we may define vectors al-

gebraically and add, subtract, multiply, or

divide them, we must have a logical notation

system that lends itself to these operations.

For this purpose vectors can be defined by
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»s: Qjtvtrr,

Figure 12

SIGN'S Of THE TRIGONOMETRIC

FUNCTIONS

Ths furciisn lis'.ii in !«l elljasw
live; *11 ether fa«(itr.i *:e re t t.ii

magnitude of ths angle. This has b«:

« figure 13A. Vie css ic^rrt from »s

the following facts.

1. Trie sine v;:;;s fcfiwes -rl

2. J: is a periodic curve, reft*:;:

liter every multiple of 2r or

3. Sin /V — sin flSO" —x) or r.n

(-“*)
, , .

4. Sin nr s= —sh flSO* T*J» or

-sin (r-x)

The cosine icac—Mabiflg *

function y = cos at, vre obtain s cur

fer to that for /
— riii e^cep > »•

displaced by 5<f or r/2 radians «ks

to tb Y-as. This curve f%
also periodic fcu: it dots no: stare

Vfe read from the curve:

Figure 13

SINE AND
COSINE CURVES

in U) we have a sins.curve

Crrrrri in Cartesian ccortmates.

This is the usual represent-

ti;n ef an alternating c urrent

ware with out suhitantjal har-

mcrics. in (£) we have a cc*

sine wavs: nets that it it **'

zeHy similar t: a sine wave

displaced by *3* crr/2 radians-

1. i he value of ths cerise sever sots be-

yond ~i or—

i

c!e of 2r radians or 360'

3. Cos x= —cos (ISO
5 —x} cr

-CCS (r —X/

4. Cctx~ cos (360
5
—s') cr ccs

(2r -x)

Ths graph of ths tangent is illustrated in

Egure H. This is a discontinuous curve and

illustrates veil ho~ the tangent increases

from zero to infnicy when ce^angie in-

creases front zero to 50 degrees, men when

starts front minus infinity getag tc zero

:h» seccnd quadrant, and tc infinity again

in the third quadrant.

is curve

>60'

for the

re sirr-i*

sat it is

respect

•3B} is

th zero-

TANGENT curves

m art iir
*• *’7t££S = « **•

j. XL: Kogat can L;ve “T 7i‘" !

maA-asod-*
7 The curve reseats an^ me en

"
K&nsKH0'-,r.c:2-n&=

s

5 . TaI= ^(l£0'T^«-
tan (ff-r*)

|C"' IT*
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la figure 23 the angle 0 is known as the

phase angle between E and J. When calcu-

lating power, only the real components

count. The power in the circuit is then

P = J (JR)

but JR= E cos 0

.‘.P= £2cos0

The cos 0 is known as die power factor of

the circuit. In many circuits we strive to

keep the angle 8 as small as possible, making

cos 0 as near to unity as possible. In tuned

circuits, we use reactances which should

have as low a power factor as possible. The

merit of a coil or capacitor, its 0, is defined

by the tangent of this phase angle:

Q r= tan 0 = ^
For an efficient coil or capacitor, 0 should

be as large as possible; the phase-angle should

then be as close to 90 degrees as possible,

making the power factor nearly zero. Q is

almost but not quite the inverse of cos 0.

Note that in figure 24

n X ,
*R

Q=£ and cos 0 =^
When Q is more than 5, the power factor

is less than 20%; we can then safely say

Q = 1/cos 0 with a maximum error of

about 2 14 percent, for the worst case, when
cos 0 = 0.2, Q will equal tan 0 = 4.89. For

higher values of 0, the error becomes less.

Note that from figure 24 can be seen the

simple relation:

Z = R + |Xl

|z|=Viq^

34-4 Boolean Algebra

Boolean Al^bra, a language of logic, i

the simplest form of mathematics possible

Each variable has only one of two discceo

values. These values can be called of am

on, or 0 and 1, depending on usage. The re

suits derived from this branch of mathe

marics are not the familiar sums, differences

products, etc., but even more basic answer

of yes, no, or winch.

Classic mathematics has, in the past, ig

nored this type of calculation because tb

results were usually very' easily found iotu

itively and problems such as "box (a), i

colored green, and box (b) is the same a

box (a)
;
then box (b) must be green” nee;

no complex mathematics to obtain a solu

tion.

As the problems increase in complerir

(as seen in modern logic usage) the need fo

a formal mathematics of logic also increase

Boolean algebra fulfills this requirement ap

propriately.

Three symbols of operation are common!

used:

and = a • b

or = a -f- b

not (or inverse) ~ a

In applying Boolean algebra, the follow

ing seven important identities apply:

a 4~ 1 — 1 fl-j-c—

1

fl ’

1

—a a * a~

0

a * {b-\-c)n=:c t b Jc6 fC

a • c=z a

and a theorem called De Morn’s Thearer,
states:

a-\-b= a b

or, c . b~a-\-b

a

Figure 24

the Kpire of merit of a coif and its resisiani
by raiio cF the inductive r

2Ct3nce tu the resistance, which as shown
this diagram is equaf to .which equals tan

Yi,
loes Df <tfie nhase angle) this

approwmatsty equal to the reciprocal of t!

A major application of tins theory in elec>

tronics is the minimization of relay or oth®

logic functions, where the aim is to reduci

the Boolean expression to the minimum num-

ber of components in the circuit-

Calculation using "Boolean algebra con-

sists of converting from written languag1

to this mathematical form, a process rinfite

to the preparation of a computer program

This form is then simplified using the abov

identities and rules, finally giving the de-

sired result. This result must then be trans
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Figure 17

Vgtlerc may be sdcfetf as shown in these sketch-

es. In each case the long vector represents the

vector sum of the smaller vectors. For many
engineering applications sufficient accuracy can
be obtained by this method which avoids lone

and laborious calculations.

measured from 0 upwards, and negative

when measured from 0 downwards. So rite

vector, A. is described as

K 5 — 5j

Vector quantities are usually indicated by

some special typography, especially by using

a point over the letter indicating the vector,

as A.

coordinate systems. Both the Cartesian and

the polar coordinates are in use.

Vectors Defined Since we have seen how the

by Cartesian sum ${ cwo vectors is ob-

Coerdinotes rained, it follows from Fig;

ure IS, that the vector Z

equals the sum of the two vectors x and )'.

In fact, any vector can be resolved into

vectors along the X- and Y-axis. For con-

venience in working with these quantities

we need to distinguish between the .v- and

Figure 18

RESOLUTION OF VECTORS

Any vector such as 1 may be resolved into two
vectors, » and y, along the X- and Y- ayes, if

vectors are to he added, their respective * and

y components may be added to find the x and

v components of the resultant vector.

y-component, and so it has been agreed that

the v-component alone shall be marked with

the letter j. Example (figure 18):

z= 3 -Mi

Note again that the sign of components

along the X-axis is positive when measured

from 0 to the right and negative when meas-

ured from 0 towards the left. Also, the com-

ponent along the Y-axis is positive when

Absolute Value The absolute or scalar value

cf o Vector .

of vectors such as Z or R h
figure 18 is easily found by

the theorem of Pythagoras, which states

that in any ti|ht-nngUd triangle the equate

of the ride opposite the right angle is equal

to the sum of the squares of the sides ad-

joining the tight angle. In figure 18, OAB

is a right-angled triangle; therefore, the

square of OB for 2} is equal to the square

of OA (or xj plus the square of AS lor y).

Thus the absolute values of l and R m'i
t!

determined as follows:

\z ;~V7T7
^Z! = V3 s t4! = 1_
R: = a/J ! -T?= V 34 = J.S3

The vertical lines indicate that the abso-

lute or scalar value is meant without regard

to sign or direction.

AddiHon of Vectors An examination of fig-

ure 19 will show that

the two vectors

K-x,+iy>

z=x,+iy>

m add the X-xoxtpainu

wneuts separately-

r, + ie>+7(Tl+T!I

, reason «e can carry o*

subtracting the teuton

l
subtracting the vertical



THE SMITH CHART

The Smith Chart is an impedance circle diagram having a curved coordinate
f

yst®
'

, ^h scales are

posed at two families of circles, the resistance circles and the reactance circles. ”
.

. 0 f lf)e cj,art

plotted around the perimeter of the chart, as well as a phase-angle scale, ine pei i

stanCe sca le,

represents a half-wavelength. The scaled horizontal line at the center represents
center point of the

while the expanding arcs represent lines of reactance (positive and negative), i

chart is normalized in this case to 1 + jo*

to such an extent. However, the value of the

Smith Chart does not end here. Since within

the zero resistance circle all values of impe-

dance are represented, for positive values of

resistance, the Smith Chart is also useeI as

graphical representation of port imped
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latcd back to "plain language” in terms of
relay contacts or other circuit blocks.

The arithmetic processing of a Boolean
expression follows the same rules as normal
algebraic manipulation. The usual distribu-

tion rules apply, i.c.:

(tf -f b) * (c -f- d)

Identities in these equations may be ap-

plied it any time, remembering that when-

ever an expression such as (o • a • b) is found

it can be simplified to (c'b) since, by defi-

nition (a a ar a). Again, the expression

[2c) must be written as (e
-f- a), which is

equal to (a),

A Boolean Consider, for example, a relay

Relay Circuit system for a station, possibly

including overload alarms, in-

dication of drive failure, or overvoltage

alarm. There are three inputs (x), (y), and

(s) and an alarm is to be operated:

1. if A' operates or y docs not operate,

2. if x docs not operate, or z does not

operate,

3. and if x, y, or 2 operate.

This could be achieved by the circuit of

figure 21. Translating this into Boolean al-

gebra, we obtain;

Alarm =: (

x

or not y) and (not x or z) and

(xoryor z)

- (*+ y) (* + z)
1

(* -f y + 2
)

expanding this expression,

Alarm = (x+ >) * (* ' * + x ' V

-l-7*z-f x' z-f z’y-j-z'z)

This simplifies to:

Alarm zz. (x -j- )') * (* * y -{- x * z

-f x'Z-f z*y-f z)_

Again, multiplying and simplifying,

Alarm ^zx’y'Z-j-x'j’Z

-j-x'yz-j-x'z-f-yz

Figure 25

UNSIMPLIFIED RELAY NETWORK

Factoring gives,

Alarm = z‘(x-fyj
Translating this into plain language:

Alarm =r z operates and x operates or

ydoes not operate

This expression is much simpler and could
be constructed as in figure 26. k can be
seen that this has effected a worthwhile sav-

ings in components compared to figure 21.

The theory may be expanded to systems

where an output may become a new input
in order to achieve memory or provide a

logic sequence. It is possible to use even

more complex Boolean methods to solve

more complicated problems, such as a

switching network with 16 inputs.

Figure 26

SIMPLIFIED OR MINIMAL CIRCUIT

FOR RELAY NETWORK

34-5 The Smith Chart

There are several forms of chart-type cal-

culators which may be used for calculations

involving antennas, transmission lines, and

impedance marching devices. In general, the

most convenient of these, and certainly the

most generally used, is the Smith Chart (fig-

ure 27).

The Smith Chart consists of two sets of

orthogonal circles, where in one set, a given

circle is the locus of points of equal real re-

sistance, and equal reactance for the other

set. Since there are both positive and negative

values of reactance, the reactance loci are in

reality two symmetrical sets. A breakdown

of the Smith Chart into its components is

shown in chapter 26, section 2 of this hand-

book.

In addition to resistance and reactance, ad-

ditional sets of circles representing the loci

of points of equal VSWR, transmission loss

and reflection coefficients are present, or may

be applied to the chart. With all of these

parameters present in a single graphical form,

it is no wonder that the Smith Chart is used
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type of transistor and use and the numbers

indicating the sequential number in the par-

ticular classification. Japanese transistors arc

usually identified by the code 2$, followed

by an identifying letter and sequential num-
ber. In addition to these generally recognized

codes, numerous codes adapted by individual

manufacturers are also in use.

The Junction The junction transistor is fab-

Trcnricfor ricated in many forms, with

the planar silicon tape provid-

ing the majority of units. A pictorial equiv-

alent of a silicon planar power transistor is

shown in figure 19, In this type of transis-

tor the emitter and base junctions are often

formed by a photolithographic process in se-

lected areas of the silicon dice. Many varia-

tions of this technique and design are in use.

Jhe transistor has three essential action'

which collectively are called transistor ac-

Hon. These are; minority carrier injection.

Figure IS

DIFFUSED JUNCTION TRANSISTOR

emitter EtiC bsse junctions £re diffuse inta

^^i?^.l
ef

1

CErn
.
i
-
wntfU5l9r which” serve;

h6£1 15 StoisataJ thravgh
sclaer joint between collector snfl ueche^e.

connected to the two P-secrions and to the

N-tvpc base. The transistor may be consid-

ered as two PN junction rectifiers placed in

close juxtaposition with a semicondaction

crystal coupling the two rectifiers together.

The left-hand terminal as biased in the for-

ward (or conducting) direction and is called

the cmifirr. The right-hand terminal is bi-

ased in the bach (or reverse) direction mil

is called the t oiledvr. The operating poten-

tials are chosen with respect to the best ter-

minal, which may or may not be grounded.

If an HPX transistor is used in place -of the

PNP, the operating potentials are reversed.

The Pj.— junction on the left is Hased

in the forward direction and holes from the

?« region are injected into the Kt, reritc,

producing therein a concentration cf holes

substantially greater than normally present

in the material These holes travel across the

base region toward the collector, attracting

neighboring electrons, finally inersaring the

available supply of conducting electrons in

the collector loop. As a result, the collector

loop possesses lower resistance whenever the

emitter circuit is in operation. Jn junction

transistors this charts 'transport is by means

oi difibrion wheraa the charges more from

a regon of high concentration to a region

of lower concentration at the collector. The

collector, biased in the opposite direction,

acts as 2 sink for these holes, and 5s said to

collect them.

S’?-Mb JtMSSTiON— KV=C JlwCTOtf

Figure 2D

PICTORIAL EQUIVALENT OF PN?
JUNCTION TRANSISTOR

*

A-tplic It is Jmown that any rectifier biased

•in the forward direction has a very

low internal impedance, whereas one biases

in the bad; direction has a very Jrijh rntcrrv'l

impedance. Thus, current flows into dir

transistor in .a low-impedance circuit- and

appears at the output as current Sowing In

a hign-impedance circuit. The ratio or r

cnangc in cc collector current to a chance

pinration, or alpha:
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pedance, it must be divided by the charac-

teristic impedance of the system. Thus, 90

-f j
160 ohms normalized to a S 0-ohm sys-

tem would be determined by dividing each

of the coordinates by JO, to obtain the nor-

malized impedance of 1.8 ~f j
3.2.

There are variations of the normalized

Smith Chart with a center reference of 75

ohms or an admittance of 20 millimho, de-

pending upon application. Charts also exist

in an expanded form for operation near the

system characteristic impedance, 2nd which

allow accuracy up to four significant figures

in that area.

Applicct-bns ef h the case of 2 lossless sys-

tH« Swift Chert tan, the VSWR. is a constant

over a particular part of the

transmission line, assuming no stubs or other
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discontinuities. All parameters in this parr

of the line are then equidistant from the cen-

ter of the Smith Chart, that is, the)' lie on a

circle whose radius is that of the normalized

resistance component corresponding ro the

VSWRonthe zero-reactance radi»5(figure28).

One rotation of the Chart corresponds to

a half-wavelength (180=) along the trans-

mission line so that the impedance at all

points along the line may he found directly

once the impedance at a given point is de-

termined, This may be determined from a

maximum voltage measurement. At this

point the real impedance is at a maximum

and the point lies on the zero reactance line.

Thus, to locate a transmission line point on

the Smith Chart, two parameters are needed:

the first to identify the radius of the oper-

ating locus (the VSWR) and the second to

determine one position on that locus. At any

other point on the line, its location on the

Smith Chart, and thus its impedance, may be

found by direct measurement on the chart,

remembering that 560’ around the Smith

Chart corresponds to 180 electrical degrees,

or a half-wavelength. It is important to note

that the distance along the line bi
;

ln

terms of electrical wavelengths, rather than

inches or centimeters and must be increased

by the square root of the dielectric constant

of the insulation of the line to compensate

for the velocity factor of the me.

In a practical case, it may be necessaryrto

match a partly reactive antenna loadjo a

transmission line. This my be achrev^ by

means of a panallel-connected»« *

a point on the transmission ta.

components may be used, or open or shored

sections of transmission bne may

ployed to provide these reactant Me

Smith Chart provides a convenient ®thod

of establishing all the parameters of such

match once the impedance at a patticul

"SST2 Problem
f

match on a transmission lme
p.

known that at po'”1 A ^ procedure

U + ,'50 ohms (figure 2J). Mep ^
is to establish another point

j h
where a pure reactance rna> V

, _

parallel, resulting m a n0Drea
^<

. ^ char-

ing the required resist***, «
!ine .

acteristic impedance of the
J0_

For this example, a 50-ohm match lor

ohm transmission line is cons: er

Step 1: Normalize the impedance, i.e. 0.3

+ j0.6. Plot this on 2 Smith Chart

(point A in figure 29).

Step 2: Find the admittance at this point

by constructing the diametrically

opposite point (point B). This step

is necessary since the solution will

be wo impedances in parallel. The

real and imaginary parts of the ad-

mittance simply add up (see Chap-

ter 3-2).

Step 5: Rotating toward the generator,

point C is determined at which the

real part of the admittance is 1.0.

At this point, constructing to D,

there is a positive susceptance of

ji.7. The angle B' through G to C'

locates the position of the matching

reactance. The distance from the

known source A to chis point is

0.33 wavelength.
_ .

Step 4: If a pure susceptance. opposite in

sign is placed at this poinr, the total

admittance will be unity, or one,

the desired result. The value to be

added is at point E. The reactance

equivalent to this is diametrically

opposite at point E' 2nd is +.;0J8,

or reverting to ohmic expression, is

an inductance having a value of

+j29 ohms at the operating fre-

Thus, a match to 10 ohms is achieved by

placing an inductance of T j29 ohms at the

point 0.33 wavelength back along the line

towards the generator from point A.

This solution is not unique. There ezisrt

a seomd point on the chart where the re

pan of the admittance ,s unit;,
and h

whole solution repeats ever)' half-vase

^Tfe Smith Chart may be used to take

this problem a little further. Open- and

short-circuit lengths of transmission hn= at

otwlv purely reactive, the sign and valu. of

TreJoi being to™""1 SiS
length It is

common practice to u*e

englr : . general name of stubs is

•Tn

k
to tkm.

h

in terms of impedance, the

p'
G is a short circuit and the point F

!Z open circuit. (The conditions are re-

versed if
admittances are considered).

^ impedance, and the distance £ to-
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ward load to G is the stub length

for a short circuit stub, and is 0.085

wavelength. Similarly, an open cir-

cuit stub would have length E

toward load to F, or 0.335 wave-

length. Any number of half-wave-

lengths may be added to these

figures.

Thus, a short circuit stub 0.085 wave-

length long placed at a point 0.33 wave-

length back towards the generator from

point A will be one of many configurations

that will match the system to 50 ohms.

There are two important points to note:

Matching is calculated at the frequency of

interest and all lengths are in electrical

terms and velocity factors must be con-

sidered.

The Coaxial In the case of a coaxial line

Matching Stub where it may be difficult to

obtain specific stub posi-

tions, two stubs arranged 3
/g, /a* or %

wavelengths apart may be used, their length

being determined by a suitable manipulation

of the Smith Chart. The explanation for

this is that it is normally possible to cut the

stub nearest the load so as to present an ad-

mittance at the second stub whose real part

is equal to the characteristic admittance of

the system. A match can now be obtained

by the use of a susceptance of equal mag-

nitude but opposite sign at the second stub.

This is termed double-stub tuning. A re-

quirement for the double-stub match is that

the distance between the stubs not be a

multiple of half-wavelengths.

For additional references on the Smith

: Chart and its uses, the following works are

/ recommended: "Transmission Line Calcula-

tor,” P. H. Smith, Electronics, January,

1944. "The Smith Chart,” Hickson, Wire-

lea World, January, I960, "How to Use the

Smith Chart,” Fisk, Ham Radio, November,

1970.

34-6 Graphical

Representation

tions due to the variations of the quantities

involved. In some cases graphs permit us to

solve equations with greater ease than ordi-

nary algebra.

Coordinate Systems All of us have used co-

ordinate systems with-

out realizing it. For instance, in modern

cities -sve have numbered streets and num-

bered avenues. By this means we can de-

fine the location of any spot in the city

if the nearest street crossings are named.

This is nothing but an application of Cflr-

tcsian coordinates.

In the Cartesian coordinate system (named

after Descartes), m define the location of

any point in a plane by giving its distance

from each of two perpendicular lines or

ms. Figure 30 illustrates this idea. The ver-

tical axis is called the Y-axis, the horizonta

axis is the X-axis. The intersection of tnese

two axes is called the origin (O). The lo-

cation of a point (P) (figure 30) is denned

by measuring the respective distances, x an

y along the X-axis and the Y-axis. In this

example the distance along the X-axis is 2

units and along the Y-axis is 3 units. Fhus

we define the point as P (2, 3) or we might

say x — 2 and y — 3- The measurement %

is called the abscissa of the point and the

Formulas and physical laws are often pre-

sented in graphical form; this gives us a

"bird’s eye view” of various possible condi-

CARTESIAN COORDINATES

5 location of any point ran » i
»*« w ,ls

distance from the x and Y axes.
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distance y is called its ordinate. It is arbi-

trarily agreed that distances measured from

0 to the right along the X-axis shall be

reckoned positive and to the left negative.

Distances measured 3iong the Y-axis are

positive when measured upward from 0 and

negative when measured downward from 0.

This is illustrated in figure 50. The two axes

divide the plane area into four parts called

quadrants. These four quadrants are num-

bered as shown in the figure.

It follows from the foregoing statements,

that points lying within the Srst quadrant

have both x and )' positive, as is the ease

with the point ?. A point in the second

quadrant has a negative abscissa, (x), and

a positive ordinate, [y.) This is illustrated b)

the point Q, which has the coordinates x =
—4 and y = -f 1. Points in the third quad-

rant have both x and y negative, x ~ —5

and y = —2 illustrates such a point, (a).

The point (S), in the fourth quadrant has

a negative ordinate, [y)
and a positive xd-

scissaorar.
.

In practical applications we might draw

only as much of this plane as needed *o i us*

tme our equation and therefore, the sc« es

along the X-axis and Y-axis might not start

with zero and may show only that part ot

the scale which interests us.

ntofien of In the equation:

500,000

/“ *

I to be a function of >- for

: A there is a definite value of /- A

is said to be a function of ano.hu

when for every possible 'ate of

et, or irJepnM ramble, thm “

re value of the Erst or defendenf var-

* and It is called the

is a function of b.

nation can be illustrated in o£«

- system as follows. let os take »•

a for frequency ve»s **£
sample Given different

,dent variable find*
p,ot

of the dependent xarab
<Bts

„ls represented by * d*tu.t -=

kHz A-.**-,

600 500

SOO 375

3000 500

3200 250

1400 214

1600 IS7

1S00 367

2000 150

Plotting these points m Score 51 and

drawing a smooth curve through them gives

us the cun c or graph of the equation. This

curve will help us find value of / tor otaer

bbppPSENTATIQN OF A SIMPLE

function in cartesian

COORDINATES

, (his chart of ths function l - dis*

„„ ih. r aits :enpressnt warelenpJ)
jnces 2 Icrl£jJ? jinne the r s»s repre-

n meles, mttomwg I zura meh as

ent {rstiuenty in k ^een those calcu-

his helps Jo m wniK

f X (those in between the points cal-

and so a curve of an

, may serve better than a table w teh

“sSfS the coordinate system de-

„ far and when measumg hattjl

,4 us, there are«me definite mte

.the bind of curve «e get for any

Ltion. In fact, an expert can draw

e with but a vet;' few plotted po»^

e equation has told bin what kind

ThT* equation can be reduced

j = «x+ i. where * ^ 57“

abte it is known as a /meat or ffni

foioion and the curve

line.
(Mathematicians -til)
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2 "curve” when it has "become 2 straight

s*)
"Vhen the equation is of the second de-

gree, that is, Then it contains terms like rr

or 3
" or xy

t
the graph belong? to 2 group of

curves, called conic section. These include

the circle, the ellipse, the parabola and the

hyperbola. In the example given above, our

equation is of the form

xy— c} c bang equal to 300 ,000

"which is a second degree equation and in this

case, the graph is a hyperbola.

This type of curve doss not lend itself

readily for the purpose of calculation encept

near the middle, because at the ends a very

large change in A represents a small change

in j and vice versa. Before discussing what

can be done about this let us look at some

other types of curves.

Suppose we have a resistance of 2 ohms

and tve plot the function represented by
Ohm’s law; E — 21. Measuring E along the

X-aris and amperes along the T-aris, we
plot the necessary points. Since this is 2 Erst

degree equation, of the form y~mz~~b
(for £=:y,*nv—

1

and I rr 2: and b
~

0)
it -will be a straight line so we need only two
points to plot it.

1 E
(line passes through origin

) "FT
5 10

The line is shown in 5gnre 52. It is seen to
be 2 straight line passing through the origin.

Ii the resistance were -4 ohms, we should get
tne equation a = 42, and this also repre-

sents a line which we can plot in the
ngure. As we see. this line also passes through
tne o::pn hut has a dineren: slope. In this

illustration the slope dernes the resistance

and we could make a protractor which would

convert the regie into ohms. This fact may

seem inconsequential now, but use of this is

made in the drawing of loadlines to tube

curves.

Figure 33 shows 2 typical, grid-voltage,

plate-current static characteristic of a tri-

ode. The equation represented by this curves

rather complicated so that we prefer to deal

with the curve. Note that this curve emends

through the rirst and second quadrant.

A TTrlCAL SRID-YOLTASE
TUTS^CCwlBrr drkpacteristid

WRYE
The equation reqrscsntet! *.r sush a curve r

re

so cortipli^tet" that vis nc ret use It. tsta ?or
sush e curve re ototaineti ence:1m8Tiia|!y, an£ In-
tenristtate valuer car as Tt>un£ vlth suHisiart

accuracy from the tuo'E.

Fotsliier > t
>5S2 that curves

°* '*ur, ‘

5r m 2 plane can be made to illus-

trate the relation between two

variables when one of them vanes indepen-

dently.. Howgrsr, what are we going to do

when there are three variables and two of

them vary independently. It is possible to

use three dimensions and three ares but this

is not conveniently done. Instead of this we

may use a juicily of curves. Ve have al-

ready illustrated this •partly with Ohm’s Isw-

if we wish to make 2 chart which will show

the current through cry resistance with cry

voltage applied across it, we must take the

equation E — Id., having three variables.

resistance of 1 ohm. another line represent-

ing 2 ohms, another representing 3 ohms,

etc., or 2s many as we wish and the site 0:

our pqper wdJ allow. The whole set of lines

is then applicable to any case of Ohm’s law
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falling within the range of the chart. If any

two of the three quantities are given, the

third can be found.

plate voltage, plate current, 2nd grid bias of

a tube. Since we have again three variables,

«—MMM1IgamsInnanmffiSUBl
3K9261

'

hffm— a«anvim
IwHinffi'miUD UMHU
n n jr^.IU9HhanrjmnUftmmriii;p—ID

BMTMBMB—

1

BIBgg
lufViWVsansisievifs

MBMIBivoon
iKTomnniBMBB
\muum ob jjngpgR
1 nusgns wn

j^Swn
I

UUIKCI

1 if 8
#1iiii™

rifffS fi
iTifd

iimwMrimIMMHH

Figure 34

A FAMILY OF CURVES

An equation such as Ofim’s *5^ h*
r
*

shies, but can be represented «ri
Cartesian

ordinates by a family ^.curves suen as *™j”|

here. If any two quantities are given, 1

“ jj

can be found. Any point in
*„
he
JLvh satisfy

a definite value cf t, l, and *, which will

the equation of Ohm’s law. V3
J
uAsTL~5i2>ion.

uated on an r. line can be found by nfwpwwn*

Figure 34 stow such 3 family of 00"“

to solve Ohm’s law. Auy pom: ffl tie *“
resents a definite value each oi b> >

an

which will satisfy the equation. The v b

K represented by a point that is not

on an R line can be found by interpo a

'

It is even passible to draw on t e

chart a second family of curves, repres-n

ing a fourth variable, But this is 3 T;

'

possible, for among the four vans
^

should be no mote than tivo

variables. In our example such a -<Et 0

could represent power in watts; ,

drawn only two of these but there cob

course be as many as desired. A e F
^

in the plane now indicates the four r* j

fi, I, R, and P which belong
together

the knowledge of any two of them * 5

.

£

us the other two by reference to 1

^

Another example of a family o cu
. ^

the dynamic transfer characteristic
o

^
family of a tube. Such a chart c° ^
several curves showing the relation

Figure 3S

“PUTE” CURVES FOR A

TYPICAL VACUUM TUBE

0RS»»fAa
<kn*v several curves, each curve for

Tid Valor of ok °> tht vanables. I< »

30dfnJ

*
,

? COW «"« PJ!!
, , ,

S

KKpb“ C

5rfl«nto !oOSn, 5'
the resistor . p;,tor tS sub*

«*"* acJ voltage » the

plate, •

xTe can net.' pro* cn
“I*

the tne
5CI0* the ranter i-

suppiy
voU^
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PARTIAL DIAGRAM OF A
RESISTANCE-COUPLED AMPLIFIER

The portion of the supply voltage wasted across
the 50,000-ohm resistor is represented in figure

35 as the loadline,

which part across the tube for any value of

plate current. In our example, let us suppose

the plate resistor is 50,000 ohms. Then, if

the plate current were zero, the voltage drop

across the resistor would be zero and the full

plate supply voltage is across the tube. Our
first point of the loadline is £ = 250, 1 =
0. Next, suppose, the plate current were 1

mA, then the voltage drop across the re-

sistor would be 5 0 volts, which would leave

for the tube 200 volts. The second point of

the loadline is then £ = 200, 1 = 1. We
can continue like this but it is unnecessary

for we shall find that it is a straight line

and two points are sufficient to determine it.

This loadline shows at a glance what hap-
pens when the grid-bias is changed. Although
there are many possible combinations of plate

voltage, plate current, and grid bias, we are

now restricted to points along this line as

long as the 50,000-ohm plate resistor is in
use. This line therefore shows the voltage
drop across the tube as well as the voltage
top across the load for ever)- value of grid

j
Therefore, if we know how much the

d bias varies, we can calculate the amount
i vamtIjn in the plate voltage and plate

current, the amplification, the power output,
and the distortion.

Losorithnic Sccles Sometime, it is concern-

ent to measure along the
2xes the logarithm of our variable quan-
tities. Instead of actually calculating the
ogarithm, special paper is available with
logarithmic scales, that is, the distances
measured along the axes are proportional to
tbe logarithms of the numbers*marked on

them rather than to the numbers them-

selves.

There is semilogarithmic p2per, having

logarithmic scales along one axis only, the

other scale being linear. We also have full

logarithmic paper where both axes earn’ log-

arithmic scales. Many curves are greatly sim-

plified and some become straight lines when

plotted on this paper.

As an example let us take the wave-

length-frequency relation, charted before on

straight cross-section paper.

300,000
*~ \

Taking logarithms:

log / = log 300,000 — log A

If we plot log / along the Y-axis and log

A along the X-axis, the curve becomes a

straight line. Figure 37 illustrates this graph

on full logarithmic paper. The graph may
be read with the same accuracy at any point

in contrast to the graph made with linear

coordinates.

Tbis^ last fact is a great advantage of log-

arithmic scales in general It should be clear

that if we have a linear scale with 100 small

divisions numbered from 1 to 100, and if

we are able to read to one tenth of a divi-

sion, the possible error we can make near

100, way up the scale, is only 1/10th of a

percent. But near the beginning of the scale,

near 1, one tenth of a division amounts to

10 percent of 1 and we are making a 10

percent error.

In any logarithmic scale, cur possible error

m measurement or reading might be, say

%2 of an inch which represents a fixed

amount of the log depending on the 3cale

used. The net result of adding to the loga-

rithm a fixed quantity, as 0.01, is that the

anrilogarithm is multiplied by 1.025, or the

error is No matter at what part of

the scale the 0.01 is added, the error is al-

ways 2y2%.
An example of the advantage due to the

use of senfilogarithrmc p2per is shown in

figures 58 and 35. A resonance curve, when

plotted on linear coordinate paper will look

like the curve in figure 38. Here we have

plotted the output of a receiver against fre-

quency while the applied voltage is kepi con-
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stant. The curve does not give enough in-

formation in this form for one might think

that a signal 10 kHz off resonance would

not cause any current at ail and is tuned out.

However, we frequently hare off resonance

signals which are 1000 times as strong as the

desired signal and one cannot read on the

graph of figure 38 how much any signal is

attenuated if it is reduced more than about

20 times.

In comparison look at the curve of figure

39. Here the response (the current) is plot-

ted in logarithmic proportion, which allows

us to plot clearly how far off resonance a

signal has to he to be reduced 100, 1000, or

even 10,000 times.

Note that this curve is now “upside down’

;

it is therefore called a selectivity curve. The

reason that it appears upside down is that

Figure 37

A LOGARITHMIC CURVE

Many functions bEcpmp STCitlJ*'”1

niotteiMi’
some become streieW

, his
logarithmic scales such as shown «

gnm. Here the frenuenty versus ** & cot-
curve of figure 33 has been . enfy
form with logarithmic axes. Note

,?1n ‘order to

necessary to calculate two P®,nts ‘
fun c-

determine the '‘curve” since «w $»»

lion results in a straight »*'

the method of measurement is different. In

a selectivity curve we plot the increase in

signal voltage necessary to cause a standard

output off resonance. It is also possible to

plor this increase along the Y-zxh in deci-

bels; the curve then looks the same although

linear paper can be used because now our

unit is logarithmic.

An example of full logarithmic paper be-

ing used for families of curves is shown in

the reactance charts of Charts 1 and 2.

Figure 3B

A receiver resonance curve

irsssrsfjsssute

ngronu or AnaSjonKstdM""-

wBuCta* jisa of three or more sstf

of 'calcs which have be-n

il

h the chart was made, we h.ve bu.

Mil unknown hIk “X
, in its simplest form, it u fomewhat

'tip lines in figure «• <*

’

orferr E«®.!rT' f' - ,-Tlt of

. f) .
Ttecfo«. si « „

'
unit! on ill
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KHj Off RESONANCE

Figure 33

ft RECEIVER SELECTIVITY CURVE

This curve represents the selectivity of a re-

ceiver plotted to logarithmic coordinates for

the output, but linear coordinates for freouertey.

The reason that this curve appears inverted
from that of figure 38 is explained in the text.

with zero at the bottom
3
we know that by

laying a straightedge across the chart at any

place, it will connect values of <f, b , and c,

which satisfy the above equation. 'When any

two quantities are known, the third can be

found.

If, in the same configuration we used log-

arithmic scales instead of linear scales, the

relation of the quantities would become

log b= Vz (log & -f- log c) or b = y/sc

Figure 40

THE SIMPLEST FORM OF

NOMOGRAM

By using different kinds of scales, differ

ent units, and different spacings between the

scales, charts can be made to solve many

kinds of equations.
_ _ .

If there are more than three variables it is

generally necessary to make a double chart,

that is, to make the result from the first

chart serve as the given quantity of the sec-

ond one. Such an example is the chart for

the design of coils illustrated in Chart i-

This nomogram is used to convert the in-

ductance in microhenrys to physical dimen-

sions of the coil and vice versa. A pin

a

straightedge are required. The method is

shown under "R-F Tank Circuit Calcula-

tions" later in this chapter.

?

/
/

/
/

RADIUS /
VECTOR /

Figure 41

THE LOCATION OF A POINT BY

rd MftRDINATES

SHSfiKJ**
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about 0-999 are obtainable in junction

transistors.

Beta The ratio of change in dc collector

current to a change in base current

is a measure of amplification, or beta:

Values of beta run to 160 or so in inex-

pensive junction transistors. The static dc

forward current gain of a transistor in the

common-emitter mode is termed the dc

beta and may be designated fir or

Cutoff Frequencies The alpha cutoff fre-

quency (/ts) of a tran-

sistor is that frequency at which the

grounded base current gain has deceased to

0.7 of the gain obtainable at 1 kHz. For

audio transistors the alpha cutofr frequency

is about 1 MHz. For r-f and switching tran-

sistors the alpha cutofr frequency may be

fO MHz or higher. The upper frequency

limit of operation of the transistor is deter-

mined by the small but finite time it takes

the majority carriers to move from one

electrode to the other.

The beta cuto§ frequency (/.,%} is that

{requeue}' sc v,fitch the grotma'ed-emitter

current gain has decreased to 0.7 of the

gain obtainable at 1 kHz. Transconductance

cutoff frequency (f^) is that frequency at

which the transconductance falls to 0.7 of

that value obtainable at I kHz. The -maxi-

mum frequency of oscillation (f^) is that

frequency at which the maximum power

gain of the transistor drops to unity.

Various internal time constants and tran-

sit times limit the high-frequency response

GAIN-BANDWIDTH CHART FOR
TYPICAL HF TRANSISTOR

of the transistor and these limitations are

summarized in the gain-bandwidth product

(ft ), which is identified by the frequency at

which the beta current gain drops to unity.

These various cutoff frequencies and the

gain-b2ndwith products are shown in figure

21 .

The Transition Region A useful rule common

to both PNP and NPN
transistors is: moving the bate potential to-

ward the collector voltage point turn, the

transistor on, while moving the base poten-

tial away from the collector voltage point

turn the transistor off. Mien fully on, the

transistor is said to be saturated. Men fully

oft, the transistor is S2id to be cut off. The

region between these two extremes is termed

the transition region, h transistor may he

used as a switch by simply biasing the base-

emitter circuit on and oft. Adjusting the

base-emitter bias to some point in the tran-

sition region will permit the transistor to

act as a signal amplifier. For such operation,

base-emitter dc bias will be about 0.5 volt

for many common germanium transistors,

and about 0.6 volt for silicon transistors.

Hondling Used in rhe proper circuit under

Trenthtatt correct operating potentials the

life of a transistor is practically

unlimited. Unnecessary transistor failure

often occurs because the user does not know

how to handle the unit or understand the

limitations imposed on the user by virtue of

the minute size of the transistor chip. Micro-

wave transistors, in particular, are subject

to damage due to improper handling. The

following simple rules will help the user

avoid unnecessary* transistor failures:

Know bow to handle the transistor. Static

discharges may damage microwave transis-

tors or certain types of heU-eficct transis-

tors because of small emitter areas in the

former and the thin active layer between

the channel and the gate in rhe latter. The

transistor should always be picked up by

the case and no: by the leads. The FEi.

moreover, should be protected against static

electricity by wrapping the leads with tin-

foil when it is no: in use. or otherwise inter-

connecting rhe leads when the unit is moved

about or stored. Finally, no transistor should

be inserted into or removed from : socket
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Poisr Coordtntxfes Instead of the Cartesian

coordinate system there is

also another system for defining algebraical-

ly the location of a point or line in a plane.

In this, the polar coordinate system, a point

is determined by its distance from the ori-

gin, 0, and by the angle it makes with the

axis 0-X. In figure 41 the point P is de-

fined by the length of OP, known as the

radius vector and by the angle A the vec-

torial angle. We give these data in the fol-

lowing form

P = 3 Z60°

Polar coordinates are used in radio chiefly

for the plotting of directional properties of

microphones and antennas. A typical exam-

ple of such a directional characteristic is

shown in figure 42. The radiation of the an-

tenna represented here is proportional to the

distance of the characteristic from the ori-

gin for every possible direction.

Reaetcnee In audio frequency calcula-

Calculotions tions, an accuracy to better

than a few percent is seldom

required, and when dealing with .calculations

involving inductance, capacitance, resonant

frequency, etc., it is much simpler to make
use of reactance-frequency charts such as

those in Charts 1 and 2 rather than to wres-
tle with a combination of unwieldy formu-
las. From these charts it is possible to deter-

mine the reactance of a capacitor or coil if

the capacitance or inductance is known, and
vice versa. It follows from this that reso-
nance calculations can be made directly from
the chart, because resonance simply means
that the inductive and capacitive reactances
are equal. The capacitance required to reso-

^

nate with a given inductance, or the induc-
'* \ tance required to resonate with a given ca?
.-pacitance, can be taken directly from the
• chart.

While the chart may look somewhat for-
midable to one not familiar with charts of
this type, its application is really quite sim-
ple, and C2n be learned in a short while. The
following example should clarify its inter-
pretation.

.

For “stance
J following the lines to their

intersection, we see that G.I H. and 0.1 pF
intersect at approximately 1 500 Hz and 1000

THE RADIATION CURVE OF AN
ANTENNA

Polar coorfirtatM are used principally in ratfio

work for plotting the directionzl characteristics
of an antenna where the radiation is repre-
sented by the distance of the curve from the

origin far every possible direction.

ohms. Thus, the reactance of other the coil

or capacitor taken alone is about 1000 ohms,

and the resonant frequency about 1500 Hz.
To find the reactance of 0.1 H. at, say,

10,000 Hz, simply follow the inductance

line diagonally up toward the upper left till

it intersects the horizontal 10,000-Hz line.

Following vertically downward from the

point of intersection, we see that the reac-

tance at this frequency is about 6000 ohms.

To facilitate use of the chart and to avoid

errors, simply keep the following in mind:

The vertical lines indicate reactance in ohms,

the horizontal lines always indicate the fre-

quency, the diagonal lines sloping to the

lower right represent inductance, and the

diagonal lines sloping toward the lower left

indicate capacitance. Also remember that the

scale is logarithmic. For instance, the next

horizontal line above 1000 Hz is 2000 Hz.

Note that there are 9, not 10, divisions be-

tween the heavy lines. This also should be

kept in mind when interpolating between

lines when best possible accuracy is desired;

halfway between the line representing 200

Hz and the line representing 300 Hz is not

250 Hz, hut approximately 230 Hz. The

250 Hz point is approximately 0.7 of the

way between the 200-Hz fine and the 300-

Hz line rather than halfway between.
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Use of the chart need not he limited by

the physical boundaries of the chart. For

instance, the 10-pF line C2n be extended to

find where it intersects the 100-H. line, the

resonant frequency being determined by pro-

jecting the intersection horizontally back on

to the chart. To determine the reactance,

the logarithmic ohms scale must be extended.

R-F Tank When winding coils for use in

Circuit radio receivers and transmit-

Cclculflticns ters, it is desirable to be able to

determine in advance the full

coil specifications for a given frequency.

Likewise, it often is desired to determine

how much capacity is rquired to resonate

a given coil so that a suitable capacitor can

be used.

Fortunately, extreme accuracy is no: re-

quired, except where fixed capacitors are

used across the tank coil with no provision

for trimming the tank to resonance. Thus,
even though it may be necessary to estimate

the stray circuit capacity present in sbunt

with the tank capacity, and to take for

granted the likelihood of a small error when
using 2 chart instead of the formula upon
whichjhe chart was based, the results will

be sufficiently accurate in most cases,
,
and

in any case give 2 reasonably close point
from which to start "pruning."

The inductance required to resonate with
2 certain capacitance is given in Chan 2. Bv
means .of the r-f chart, the inductance of
the coil can be determined, or the capaci-
tance determined if the inductance is known.
JTien making calculations, be sure to allow

.
straT circuit capacitance, such as tub°

mterejectrode capacitance, wiring, sockets'
etc. This Will normally run from 5 to 25
picofarads depending on the components and
circuit.

To convert tie inductance in microitn.-Tt
to physical dmensons of the coil, or -rice
tern, the aoaopph in Chat 3

-

s^ A
pa md s straightedge tre learned. The
ndBcaaa 0. a coil is found is follows:
The straightedge is placed front the cor-

rect point on the mas column to the cor-
rect point on the dkmeter-to-length ratio
column the litter araplj- bemg the dimeter
divided by the length. Piece the ph it the
point on the plot axis column --here the
Stmghtedge crosses it. From this point lay

the straightedge to the correct point on the

diameter column. The point where the

straightedge intersects the inductance col-

umn will give the inductance of the coil.

From the chart, we see that a 30-turn coil

having a diameter-to-length ratio of 0.7 and

2 diameter of 1 inch has an inductance of

approximately 12 microhenry?. Likewise any

one of the four factors may be determined

if the other three are known. For instance,

to determine the number of turns when the

desired inductance, the D/L ratio, and the

diameter are known, simply work back-

ward from the example given. In all cases,

remember that the straightedge reads either

turns 2nd D/L ratio, or it reads inductance

and diameter. It can read no other com-

bination.

The actual wire size has negligible effect

on tbe calculations for commonly used wire

sizes (no. 10 to no. 30). The number of

turns of insulated wire that can be wound

per inch (solid) will be found in a copper

wire table.

34-7 Calculus

ihe branch of mathematics dealing with

the instantaneous rcie oj chcr.i

e

of 2 variable

is called cdcvhs. This -diners from other

branches of mathematics which deal with

finding fixed or constant quanriri.es when a

given value changes.

As an example, using the formula,

tbe current at any given instant (;) can

be found by the use of algebra- Calculus al-

lows the solution of the problem sd that the

rate at which the current changes at any

given instant -may be found- The rate, in

this instance, is a variable quantity. A vari-

able is a quantity to which an unlimited

number of values can be assigned, such as 1

which varies with rime. The variable may be

restricted to values falling between lir.ifs,

or it may be unrestricted. It is ronrivwoKS af

it has no breaks or interruprions over tbe

limits of investigation. A variable whose

value is determined by the firs: variable is

called 2 jzvciwr. of tbs first variable. Thus,
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the symbol f(x) indicates a function of x,

sothaty = /(x).

If, for example, f(o) and f(b) are two

values of the function, /, then {(b) — f(a)

represents the change in / brought about by

the change from a to b in the number at

which f is evaluated. The average rate of

change of / between a and b is:

/(&)-/(«

)

b~a
Such an equation may be graphed as dis-

cussed in a previous section and the slope of

the resulting curve indicates the rate of

change of the variable. The change, or in-

crement, of the variable is the difference

found by subtracting one value of the vari-

able from the next, as shown above. The in-

crement of x is denoted by Ax. In the equa-

tion y = j(x), as x changes, so does the

value of y. And as the increment Ax is made

smaller, Ay also diminishes and the limiting

case, when Ax is sufficiently small, is termed

the derivative of x and is symbolized by:

dy_ limit Ay

dx
~

Ax-*o Ax
~

as Ax approaches zero. The symbol dy/dx in-

dicates the limiting value of a fraction ex-

pressed by

Ay

Ax.

#

Various rules of differentiation may be de-

rived from the general rule and most of these

apply directly to electrical problems dealing

with the rate of change of a variable, such
as a capacitor discharge, transmission-line

theory, ere. Maximum and minimum values
of a variable can be determined by setting

the derivative equal to zero and solving the
general equation.

It is convenient to use differential expres-
sions such as:

dy ~ f (x) dx — y-’dx
J dx

which states that the differential
(,iy

)

0f a
function (x) equals its derivative (dy/dx)
multiplied by the differential (dx) of the
independent variable.

Integral Calculus The derivative process may
be inversed to find a func-

tion when the derivative is known, and this

is termed integration, or integral calculus.

Integral calculus is helpful in electronic

problems, especially those dealing with sine

waves, or portions of waves of voltage, cur-

rent or power. The symbol of integration is

the capital script s: J and,

J7'(x)dx= /(x)

Graphically, integration may be thought

of as a process of summation and is often

used in electronics in this fashion.

Shown in figure 43 is an area ABCD rep-

resenting a portion of a current wave. It is

GRAPHICAL REPRESENTATION OF

INTEGRATION PROCESS

A—Area ABCD recresents a portion of a current

wave. The area is a function of x, the distance

along the x-axis from the point of origin.

B—The area ABCD is approximated by drawing

rectangles in it and adding up the areas of the

rectangles. As the number of rectangles in-

creases, the approximation approaches the ac-

tual area. The actual area is the limit of the

sums of the individual areas as the number of

areas approach infinity.
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Chart 3. COIL CALCULATOR NOMOGRAPH
For single layer sclereii ceils, any wire size. See lent far iiisSuciitns.
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buzzer Till apt sound. An error of choice

•Kill sound the buzzer.

A second simple ’'digital computer” is

sWn in agure 45. Hie problem is to and

the three proper push buttons that —31 sound

tbs buzzer. Hie rune buttons are mounted

on a board so that the •siting cannot be seen.

Each Switch of these ample computers ex-

ecutes an ”cn-cfr” action, "^nen anr-lied to a

logical problem ’’yes-no” may be substituted

fcr this term. The computer thus can act

out 2 logical concept concerned •Kith a sntle

choice. An electronic switch may be substi-

tuted for the mechanical Switch to increase

the speed of the computer. The early com-

puters, ruth as the ENIAC (Electron? l\v-

mmccl hts^rafor cr.i Cdcxkfor) employed

over 1S,Q00 tubes for memory ana register-

ing circuits capable of "remembering” 2 10-

digit number.

tens, hundreds, thousands, etc. The bottom

device h each column represents "zero.” the

second represents "toe.” me tmra T »£>,’

and so on. Duly one device in etch column

is excited at any given instant. If the num-

©
r?)

© © © ©

© © © ©
©
©

©

©

©
©

©

©
©

©

® © © © ©

-if

s

© © © ©

© © © © ©

© © © # ©

© © 0 © ©

FfetniA?

BINARY NOTATION WAY BE USED

FOR DIGITAL DISPLAY. BINARY

BOARD ABOVE INDICATES "EEL"

her 75052 is to be displayed, number seven

in the fifth column is muted, number mree

in the fourth column, numner zero m the

A .sunnier svstem employes the hurry ir~~

nsl notation. —herein any numner trom one

Each of the four pontstms has a uumencai
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required to find the value o£ current. ~hich

is represented by tbs area under the vave

AB divided by the period CD. The zztz

ABCD may be approximated by dri~izg

rectangles in it 2nd adding up the areas or

the rectangles. The height of each rectangle

is defined by the function f{x), “nice is the

heigh: of the curve r. is units front the

baseline. If, for example, four rectangle? are

drawn with equal bases, the sum 0: their

areas is given by:

S(zzf(xz) Ar-ffi*z) *?}At—

f(Xt)±X

In this equation, At equals d M, the length

of each base.

Now, if the baseline CD is divided into r

equal parts by the pints x-. x; . . . . xs,

and if r. rectangles 2re drawn, the ram S:

of the areas of the n rectangles is given by:

+/<*)**

And Ax=— , or the length of each base,

n

S- thus is an approximation of the area

ABCD and as n gets larger, S- becomes

closer and closer to the actual area. The

actual area (A) of region ABCD is the

limit of Ss as » approaches infinity:

A—Jinn: -S-

r.-**

The limit of S- as » approaches infinity is

the definite integral of the function / from

zero to d, written in the integral form as:

d

Sf(x)A*

0

Integration commonly tabes place between

limits to restrict the scope of the problem- A

full study of calculus is beyond the scope or

this chapter and for more information c_

this subject, the reader is referred to

tronics Mathematics (Volumes I

Xunz and S&aw, WcGtaw-KS Set* Co,

Xev York, NY.

34-8 Electronic

Computers

t • _arg
Mechanical computing mtcnines tT'

produced in the seventeenth century m

34.45

trreng answer.

Computer? may be civ: c eomm two classes:

the digital and the analog. The digital com-

puter counts, and is accuracy is limited only

by the number of significant figures provided

for in the instrument. The analog computer

measures, and its accuracy is limited by the

percentage errors cf the devices used,, multi-

plied by ms range cf the variables they

DigilsI Cempufen Tee d/g/frf computer cp-

frares in discrete steps. In

aene -al. the mathematical operations are per-

*

c~ combinations of auditions, lfcus

cnPdxsffii is rerfo.-ed b? reports ad-

&;«, aid fe«3*= & ?r

•samoos. Tie fipal axprarm I*

dcupt 0: ee anW’ d.Ti«

f:03 steals tie: ether east or do no. or.

Tfa affl—oa addingm*1* i» *®fjcaa-

-•Jte: of die type. The ' «•«“. c:

of rfturfo: ie rreil sites tc r-stchc,

eitrricai relaje, or to aiid-stis creucy.

.1 <*=* electrical ciets! rooir-rter -ij-

« need a Mire the old “^er ass nred

coMea. The faster rase smfo.. - to,

i fcehti of corn, asS a »l 2 nrf“ 2

»di few. e?2fcU

,
iated.

;iej ere ether atacle- L si f-;- =-

i in the boat wr

jm. On the other bc3, it k cakes me
: com.

rn, tb for- rtffi ear the ho. Tr

, , cemneter to sc:

amoved fro:

I:T4. Ties the s-rftches

- "south shore ' to nortn

roper eeroence tie -.mica
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DECIMAL NOTATION COMPUTER NOTATION

0 © « © t

1 e © e 0

2 0 © 0 ©

3 0 € 0 0
4 0 t t

5 0 • 0
6 6 0 0 •

7 O 0 0 0
8 O « • •

9 0 « • 0
IQ 0 t 0 •

t OrF 0= ON

Figure 4S

BINARY NOTATION AS REPRESENTED
ON COMPUTER BOARD FOR NUMBERS

FROM 1 T0 10.

ers in general. Standardization between man-

ufacturers meant that a program developed

for one computer could be performed on an-

other computer, provided that the second

computer had a sufficiently large vocabulary.

As the languages developed, often for speci-

fic purposes, the programming became easier

and the computer more user-orientated.

The interface (readin, readout) between

the computer and the user became more
convenient as the older paper tapes and

punched cards gave way to the many types

of computer terminals that we have today.

Each is developed for its particular applica-

tion so. that the result is in the form most
convenient to the user,

These terminals are not always paper or
other visual displays of numbers and letters

as they were in virtually all the early com-
puters. Manufacturing machines, telephone
exchanges and a whole host of control appli-
cations are operated directly by computers
.at very high speeds. The situation has now
-veloped that a user can order a machine
perform, almost any operation requiring

gic and it will be available. Computer
technology is evident in many areas of
everyday life. The small hand-held calcula-
tors mentioned earlier are true computers,
and some of the programmable, handheld and
desktop models available now have the com-
puting power of the multimillion dollar
monsters” of fifteen years ago.

The reasons for the use of computers are
as diverse as. their application. From the
calculation point of view, the time that may

be saved by the use of a computer is very

great. On the other hand, computers are now

used to perform operations in production

line applications, for example, that would

not otherwise be possible in the time period

available.

Computer Inputs As time progresses, large

computers 2re becoming

readily accessible and many amateurs may

obtain access to at least a time share termi-

nal if they so desire. The use of multiopera-

tor time-share systems on low priority

means that even the largest and most pow-

erful computers are available at very low

cost.

It is not possible to detail a single set of

operating instructions that is suitable for

use with all computers, as most manufac-

turers adopt only a limited range of com-

puter languages such as BASIC, FOR
TRAN, and ALGOL, and usually only one

operator access language such 2s CALL 360

or CANDE. Thus, it will be necessary for

the prospective computer operator to con-

sult the literature provided by the appro-

priate computer manufacturer and learn

the language required. Some very powerful

computer packages are available,, providing

curve plotting from limited results and ac-

tual circuit design and system optimization,

as examples.

Figures 50 and 51 provide a simple ex-

ample of a computation performed on a large

computer via a time-share terminal. Figure

50 lists a program in FORTRAN IV which

enables a printout of transmit- and receive-

crystal frequencies for use in a commu-

nication system. The program operates in-

teractively with the operator to enter the

information required for computation so

that variations may be made to the inter-

mediate frequency of the system or carrier

range without having to change the main

program. A brief description of the opera-

tion of the program is shown on the right

of the printout of figure 50.

The Microprocessor Many of the recent de-

velopments that have

been put to use in radio communication

equipment involve the use of digital con-

trol, as for example in frequency synthesi-
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value that ,5 associated with its place in *.
'group More than one of the poop rear hi
“creed at once, as illustrated in fi.nreV
Tht values assigned to the position.? in this
particular group are 1, 2, 4, and S. Addi-
tion: devices may be added to the group,
doubling the notation thus: 2

, 2
, 4, i

,
\$

t

52, 64, 32S, 27 <5, etc. Any numerical value
ower than the highest group number can
he displayed bv the correct device com-
bination.
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Figure 4B

BINARY NOTATION SYSTEM
REQUIRES ONLY TWO NUMBERS,

T AND "l"

purer board showing the binary indications

from one to ten.

More recent technology has permitted

more convenient readouts, the well-known

seven segment 2nd Nixie devices, for exam-

ple. However, the theory is the same and

the binary coded decimal format is exten-

sivelv used.

Figure 47

BINARY DECIMAL NOTATION. ONLY
FOUR TUBES ARE REQUIRED TO

REPRESENT DIGITS FROM 1 TO 15.

THE DIGIT ‘'12" IS INDICATED

ABOVE.

A third system employs rhe binary noic-

,on which makes use of a bii (binary digit)

representing a single morsel of information.

Jhe binary system has been known for over

forty centuries, and was considered 2 raysti-

delation for ages since it employed only

f*° symbols for all numbers. Computer serv-

Ice usually employs '’zero" and "one” 2s these

^’mfcols. Decimal notation and binary nore-

t,0n for common numbers are shown in fig-

“re The binary notation represents 4-

numbers (thousands) with ten bits,

and 7-digit numbers (millions) with 20 bits.

uly one device is required to display an

^formation bit. The savings in components

and primary power drain of a binary-type

computer over the older ENIAC-type com-

puter is obvious. Figure 45 illustrates 2 com-

Digital Early digital computers were

Computer Use operated by keyboards, punch-

ed tapes or punched cards by means of direct

instruction in terms of additions, subtrac-

tions, core locations and printing or display

instructions. In all, a limited number of

instructions were available to the user, 2nd

all other operators such 25 squares, cubes,

trigonometrical ratios, etc., had to be pro-

grammed out in full, in terms of the avail-

able operators. The operation of these early

computers was 2 difficult and tedious pro-

cess, made even more difficult since the user

had to know exactly how the computer op-

erated. Early machines did EOt have indica-

tors to tell rhe user when one part of rhe

machine W2S full, and errors due to overflow

were quite common.

As technology improved and computer

users became more demanding, machine codes

and then computer languages were developed.

Effort W2S directed towards enabling the

MBputtr to be operated directly in terms of

the Engfeh language. Tit early computer

languages, sucl as ALGOL and FORTRAN,

n-ere developed as direct coding to compel-
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when power is applied to the socket pins.

Never me an ohm-meter for continuity
checks. An ohmmeter may be used at some
risk to determine if certain types of transis-

tors are open or shorted. On the low ranges,

however, an ohmmeter can supply over 2 50

milliamperes into a low-resistance load. Many
small transistors are rated at a maximum
emitter current of 20 to SO milliamperes
and should be tested only in a transistor test

set wherein currents and voltages are adjust-
able and limited. Don’t solder transistor

leads unless yon can Jo it fast. Always use a

low-wattage (20 watts or so) pencil iron
and a heat sink when soldering transistors

into or removing them from the circuit.

Long-nose pliers grasping the lead between
iron and transistor body will help to prevent
transistor chip temperature from becoming
excessive. Make the joint fast so that time
does not permit the chip to overheat.

In-circuit precautions should also be ob-
served. Certain transistors mav be dam-
ped by applying operating potential of
reversed polarity, applying an excessive surge
of transient voltage, or subjecting the equip-
ment to excessive heat. Dissipation of heat
rnm intermediate-size and power transistors

is wtal and such units should never be run
without an adequate beat-sink apparatus
finally, a danger exists when operating a
transistor close to a high-powered trans-
mitter. The input circuit of the transis-
torized equipment may be protected bv
shunting it with two small diodes back to
hack to limit input voltage excursions.

The electrical symbols fore,^ mon three-terminal transis,
are shown in figure 22. The ]

anNPV
faI>XPm"!is,0r- T1'^,

n>
0. an \PN tnnsuior ;s s;mj]ar

-

the direction of the arrow of the emitF^ts tway from the base. This

™
ha. Ihr anon points Umard the nefat"m"U

\

"I l,:r
I'"ti er so,me, and the sou

potentials are reversed -W „ - ,
N'PX to PXP transistors, or vice-vLa'
sc ‘Jtcd earlier, a useful rule-o-MiUTtb r

S !^XPN2”d
.

PXP-™-“
tosTard ;f

m 'UCr D,2!: Gloving the b
' collector voltage turns the tr;

.v
’

°n’
EDV‘ng the base awav fn

~@r

Figure 22

TRANSISTOR SYMBOLS AND BIAS

Moving the has? potential toward the collector
turns the transistor on. Moving the b2S® pot°n-
tie! sw2y from the collector turns the transistor

notations are: Cotlector-to-b2se volt-
age, Va : bese-to-emitter voltage, VK; collector-

to-emitter voltage, V^.

°$- As shown in the illustration, capital let-

ters are used for dc voltages. The important
dc voltages existing in transistor circuitry

are: base-emitter voltage (V^), collector-

emitter voltage (Vce), and collector-base

voltage (7CB). Signal and alternating volt-

ages and currents are expressed by lower-case

letters.

4-6 Transistor

Characteristics

The transistor produces results that may
be comparable to a vacuum tube, but there
is a basic dijference between the two devices,

e vacuum tube is a voltage-controlled
e\ice whereas the transistor is a current-

controlled device. A vacuum tube normally
operates with its grid biased in the negative,
or high-resistance, direction, and its pbte
tased in the positive, or low-resistance, di-

rection. The tube conducts only by means
£>i electrons, and has its conducting counter-
part in the form of the NPN transistor,

whose majority carriers are also electrons.
There is no vacuum-tube equivalent of the

! ,

rr2ntisror, whose majorin’ carriers are

holes.

As discussed earlier, the transistor mav be
turned off and on by varying the bias on the
base electrode in relation to the emitter
potential. Adjusting :he bias to some point

approximately midway between cutoff and
saturation^ will place the transistor in the
active region of operation. When operated
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FORTRAN IV PROGRAM FOR CRYSTAL FREQUENCIES

This prcen-m provide* piinltut of transmit «tf receive crystal fnquacjiii for use in a camraunisa.

lien systBfr,. A tisscriptisn Cf ths prcgran is shmm at the njht

zation {Chapter 12). Any control informa-

tion which can be put in logical form may

be used to control a "logical” item of elec-

tronic equipment, such as a transceiver, even

though that input control information is in

an unsuitable form. A logic transformation

system is required.

It would be possible to build a logic trans-

lation unit to record the input information

from, say, a keyboard to display the output

on a digital readout and to provide the re-

quired control signals to a transceiver.

Units of this type have been developed and

a general class of small digital computers,

called microprocessors can perform the task.

Microprocessors are very flexible and can

be programmed to perform calculations

within themselves or to be interfaced wit

calculator modules similar to those used m

hand-held calculators. The imagination o

the user would appear to be the limit.

Anolog Computers In the period before th-

rainiaturization oi the

digital computer, there was a n£t^ or
_“j

computer system of limited precision a

low cost. Before the extensive use oi elec-

tronics, mechanical computer were m

which made use of differential ge^s to

and subtract, and discs, spii2ls, sn. to

perform multiplication,
integration,

function generation. These machines ranged

from the simple slide rule through the com-

plex Vorld Var II bomb-sight computers to

even more complex laboratory machines.

Thev are no: to b: confused with the ofice-

tvpe mechanical calculator, which is a true

digital machine.

"These "computing engines” or analog

computers relied for their accuracy on their

own internal mechanical precision, and on

the ability of the operator to read the out-

put results from a scale. In general, the

larger and more precise the scale, the more

accurate the results.

Mechanical analog computers have largely

given awav to electronic machines where

operational' amplifiers and associated com-

ponents enable mathematical operations to

b= performed and diode matrices serve as

function generators. The output of the de-

vice is read on a chart or meter.

A real svsrem that has been translated

inro mathematical functions can thus_be

observed under laboratory conditions with-

out the need of the real system to actual!}'

exist. Since the system is in a mathematical

form, it is possible to change nme soles a

order to obamve tie behavior of a system

in .lose morion- However, zi digital com-

nmers improve aid become more readily

available at lose cost, the analog computer

rinds less application and may eienraa
,

be of historical interest only.
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J.-RUNNING 5208
ENTER I.F. FREQUENCY

ENTER TX/RX MULTIPLIERS
12 ; 1

ENTER STfiRT/STEP/FINISH FREQUENCIES
5£;.1;53

FREQUENCY TX XTflL PX XTfiL

52. 000000 4.333333 46.000000
52.100000 4.341867 46.100000
52.200000 4.350000 46.200000
52.300000 4.358333 46.300000
52.400000 4.368667 46.400000
52.500000 4.375000 46.500000
52.800000 4.383333 46.600000
52.700000 4.391667 46.700000
52.800000 4.400000 46.800000
52.900000 4.408333 46.900000
53. 000000 4.416667 47.000000

«ET*l:07.8 PT=0.3 IQ=0.3

-RUNNING 0548
ENTER l.F. FREQUENCY

1U.?

ENTER TV/RX MULTIPLIERS
18.3

ENTER STfiPT 'STEP 'FINISH FREQUENCIES
148*. 05; 14?

f*eo!jfw:y TX yTftL PX XTfiL
146. OfiUOfiii 8.mm 45. 100000
146. 050ftfHi 8. 1 1338* 45. 1 1666?
146. iooyno 3.11666? 45. 133332
14*. 15iTiuiii 8.119444 45. 150000
146,20011X11 8. 128228 45. 166667
146,25C»fti»ii 9. 135000 45. 183333
146. 30ftiiC«O 8. 127778 45.200000
146.35i.00U 8.130556 45. £166*7
146. 400000 8. 133333 45. 233333
146.450ijfm 8.1?.$m 45.250000
146.50O»ftii 8. 138889 45. 2666*7
146.650000 14166? 45.883333
146.60UOOO 3.144444 45,800000
346. 65 Oil 00 8.147222 45. 316667
l^fr.700t«00 8. 15UOOG 45. 333233
146. 7500UO 8. 152772 45. 350000
146.300000 8. 155556 45 . 366667
146.850001* 8. 158333 45. 383333
146.900000 3.161111 45.400000
146. 9500UO 8.163869 45.43666?
147. 0000On 8. 16666-7 45.433333

aFT=l s 13.8 PT=0,3 10=0.2

figure 51

PROGRAM PRINTOUT
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mitter multiplier of 18 and a receiver multiplier cf 3, for input fre-
quencies from 14S to 157 MHz m steps of 0.DS MHz,
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Nomenclature of Components

and Miscellaneous Data

35*1 Component

Standardization

Standardization cf electronic ccxpoter.ts

or parts is handled by severs! cooperating

agencies, among --horn are the Electronic

lrJ;utries Auocictm fEIA), the USA

SferJerJs Institute, the Joint Ekciror.fr-

licc Engineering Council (
JEDECj ann the

Kstior.s! Electrics ! Mcr.ufechirer; A'.:ocis-

tm ,'NEMA). International raniirazzEor.

h carried cat through the various technical

committees of rite hternstsoul EkciroUch

-

nice! Commium. Additional nandardizstion

is covered by rite lr.imsiior.slStsrJcri; Or*

zir.rsti'ir.. Mfttatr standards (IdTL) are is*

sued by the ITS Dspsrtvier.t of Defer.:? or

one cf its agencies. Standard outlines, sys-

terns of nomenclature and cooing and tech-

nical characteristics cf components are a fey

of the items standardized in electronic

ecu* enters*.
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Table 2. Preferred Values*

USAStandurdZ17.lt USA Standard C83.2J

Name of Series
“5” “10” ±20%(E6) ±10%(E12) ±5%(E24)

Percent step size 60 25 ~4G 20 10

Step multiplier (10)
,/s=l.S8 (10)

1M=1.26 (10)“=1.46 (10)
im— 1.21 (10)

UH=1.10

Values in the

series 10 10 10 10 10

(Use decimal — 12.51 — — 11

multipliers for —
(12) 1 12 12

smaller or larger — — ~ — 13

values) — — 15 15 15

16 16 — — 16
— — — 18 18
— 20 — — 20
— — 22 22 22
— ~ — ~ 24

25 25 — _ —
— — — 27 27
— 31.51 — — 30—

(32) I
— _

— —
33 33 33— — — — 36— — — 39 39

40 40 - - -

- _
47 47 47—

50 — — —
— — — _ 51— — — 56 56— — — _ 62

63 63 __ _
—

68 68 68— — — — 75—
80 — — —

— — — 82 82— — — _ 91

100 100 100 100 100

.iI-!!?i
S
rrl!.

<t

?,

rd
u?

83 '2 applies
.
t0 mo5t ete=<ronics components; it was formerly EIA GEN 102 and is

^ ^ Publication 63. USA Standard Z17.1 covers preferred numbers and is similar to ISO R3,

, r

]

n3jf
r

if0
wi
^,?*;

pe™"t st<3» ((»)«= 1.22 multiplier) and a “40" series with 6-percent steps
((10)”«=1.O59 multiplier) are also standard,

column ^Thl^icnir'T
1166 ±2?^’ or “5% only with the values listed in the corresponding

-SmISSSl citl,er ±10 " ±5- but not ±2° 750 be ±5'
but

e Color Code I„ gencrjlj t(,e color^ of
Table 1 is used for martini,

equipment. The tolerance specification is the
maximum deviation allowed from the speci-
fied nominal value of the component, though
for very small values of capacitance the“™" “S’ be specified in picofarads
(ph). Where no tolerance is specified, com-

ponents are likely to vary ± 20 percen

from the nominal value.

Preferred Values To maintain, an orderly

progression of sizes, pre-

ferred numbers are frequently used for the

nominal values. Each preferred value differs

from its predecessor by a constant multiplier,
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WIDER SPACE TO
IDENTIFY DIRECTION

OF READING
LEFT TO RIGHT

Figure 4

RESISTOR VALUE COLOR CODE FOR

3 SIGNIFICANT FIGURES. COLORS OF

TABLE 1 DETERMINE VALUES

Figure 5

EIA standard and MIL specification re-

quirements for color coding of composition

resistors are identical (see figure }). Colors

have the significance shown in Table 3 and

figure 4 shows the EIA standard resistor

markings. The Mil-standard resistor mark-

ings are shown in figure 5. Small mreivound

resistors in J4-, 1- or 2-watt ratings may-

be color coded as described, but band A will

be twice the width of the other bands.

A comprehensive numbering system, the

type designation, is used to identify mica

capacitors. Type designations are of the form

shown in figure 6, Fixed mica dielectric

capacitors are identified by the symbol CAf.

For EIA, a prefix letter R is always included.

The case designation is a cwo-symbol digit

that identifies a particular size and shape of

case. The MIL or EIA characteristic is indi-

cated by a single letter in accordance with

Table 4.

RESISTOR COLOR CODE PER

MIL-STD-2210.

TEMPERATURE
RANGE

DC WORKING
VOLTAGE

El A

CHARACTERISTIC-

•CAPACITANCE

TOLERANCE

•CAPACITANCE

CM 05 B 0

COMPONENT—

1

CASE-
[
I VIBRATION

GRADE

' TEMPERATURE
RANGE

L—~ CAPACITANCE
TOLERANCE—— CAPACITANCE

0 00
-WHITE

-TEMPERATURE RANGE

Figure 6 Figure 7

TYPE DESIGNATION FOR MICA-
DIELECTRIC CAPACITORS. EIA AT TOP;

MIL AT BOTTOM

STANDARD CODE FOR FIXED

MICA CAPACITORS

See color cade in table t. A is (he basic 6-dot

form. The 3-dot form with B on (he other side

of the capacitor is used if (he additional data

are required.

Type

ToP Row Bottom 80W

Description
left Center Right Left

Tolerance

Center

Multiplier

Right

RCM20A221M

CAWOGWM

while

b/atfe

red

blue

red

grey

black

red

fcfocl;

gold

brawn

brown

220 pF ±20?i

EIA class A.

680 pF *5%, MIL

characteristic C.
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ALTERNATE COMMERCIAL METHOD

Figure 8

COLOR CODING OF BUTTON
MICA CAPACITORS

See Table l for color code. Commercial eclor
code for characteristic not standardised; varies

with manufacturer.

The significance of the various colored

dots for EIA and MIL specification mica

capacitors is shown in figure 7, with the

colors having the meaning as explained in

Table 1. Examples of EIA and MIL type

designations are shown below.

Button mica capacitors are color coded in

various ways, of which the two most widely

used methods are shown in figure 8.

Tantalum The small "tear-drop” tantalum

Copoeitors capacitors are compact units

widely used in modern solid-

state equipment. They are available in a

Figure 9

Standard Code for Tantalum Capacitors

range of dc voltage from 5 to 35 volts and

in a capacitance range of0.1 pF to 100 uF.

The voltage-capacity product of representa-

tive units is about 300. That is, the larger

capacitances are only available in lower volt-

age ratings. The capacitors are polarized and

the sum of the dc and peak ac voltages

should no: exceed the rated voltage, nor

should reverse voltage in excess of 0.3 volts

be applied to a capacitor. Nominal capacit-

ance tolerance is =20 percent and maximum

operating temperature is 8J
SC (1S5

6
F).

The color code used for these units is shown

in figure 9.

Film end Mica Film and mica capacitors are

Capacitors manufactured with a hard,

dipped coating and 3re avail-

able in various voltage and capacitance

ranges. Some types have short, crimped leads

First digit of

capacitor's value: —

Second digit of

capacitor's value: —

Multiplier Multiply the—
first & second digits by
the proper value from the

Multiplier Chart.

To find the tolerance of

—

the capacitor, look up
this letter in the Tolerance

columns.

CODE FOR FILM AND MICA CAPACITORS
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Table 4, Fixed-Mica-Capacitor Requirements by

MIL Characteristic and EIA Class.
5

MIL-Specification Requirements! EIA-Stsadard Requirements

Maximum ! Maximum ;

Fangs of Range of Minimum

MIL Maximum Temperature Maximum Temperature
:

Insulation

Characteristic! Capacitance
'

CoeScient Capacitance CoeScient Reristence

or EIA ,Clas3
j

Drift (ppm/^C] Drift (ppm/'C) (megohms)

A - ±(5%+l pF) ±1003 3033

B — — ±(3%-HpF) ±500 0033

C ±(0.5%-HUpH ±200 i(0.5%+0.5 pF) ±203 6009

I ~ — ±(0,3%+0.2nF) -59 to +159 6099

D ±(0.3%+0.1 p?) ±100 i{0.3%+0.1 pF) ±103 6093

J — ±(02%-H)2p¥) —50 to +103 6000

E ±(0.1%-H).1pF) -20 to +100 ±(0.1%+0.1 pF) -20 to +103 6033

F ±(0.05%+0.1 pP) 0 to +70 - “ _

* Maiimus dissipation factors are given in the section on Dissipation Factor. Where no data are given in this table,

such characteristics are not included in that particular standard,

t Insulation resistance of all MIL capacitors must exceed 7500 megohms.

Figure 11

A/RWQUND NDUCTORS

C01LDIA.
INCHES

TURNS PER

i

INCH
(

B&W
^

K0RE ''iNDUCTANCt
UH

COIL DIA
INCHES

raiRNS PER
INCH

Biw
,
1-C0RE

'

INDUCTANCE

3001 4D4T O 18 « - 1004
1

275

8
- i

“ 4D6T 0 <0 5 _
1 1055

1
• 3002 <067

|

0 72 1- 8 -
!

1006 i 11.2

~ 410T
;

1.12 ID _
i

1D10
]

17.5

16
!

3003 4157 2 80 IS _ 1015 ' 42 5

1
3Z • 30D4 4327 1 12 O a _ 1204 1 3.9

! f L 3095 50«T 1 0.26 6 _ 1206 6.6

i
«

I
506T 1 O 62 B _ 1206 15 6

4-
6

i

3005 S06T • Vi 10 _ 1210 2*.

5

i to ~ 510T 1.7 16 _ 1216 53.0

! .
16

i

3007 5167 <-<
—

_ 1404
,

5.2

( 32
| 3008 5327 IS 0 f _ 1408 11.9

-
4

t
3009 S0<T 0.39 S _

j
14Bb

,
21-0

i ! i
8097 0 67 10 _

1

1410 33 0

3_
‘ ^ 7—

6067 1.57

2 <6
— 16 -

n».

95 0

32 6327

60<7

26 0
2 3900 39

—

—

L
~~ 8067 2.3 16 _ i 1616 ' 105.0 J

8087 < 2 4 — 200< 10 1

10 — 61 OT 6.6
5 2005 23.0

32

8167
\

it t
2 r 3905-1 «“

NOT£:
:—

< _
(

2404
—!To

—

ppopsptioha POP 1/1
1SE LENGTH

.

6 — 1 2404

INDUCTANCE VALVE, TPIU COIL TO s -- ' 2496 1 5£0 J

»
|

2410 I
e9-°.J
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! linnriiiIIJ
11nHniKfll

1 finWAIK|||H '£ mHIill
j IHDSMWHIill
j Hi -WA331111;
i WARHIIIIm
I
muIIIIIIm

Uxmurn
llMllmiIII

Figure 12

FACTOR TO SE APPLIED TO

AIR-WOUND INDUCTORS OF

Vi", 32" AND I" DIAMETER

FACTOR TO BE APPLIED TO

air-wound inductors of

Vh." diameter, or
greater

Table 5. Requirement
far Beltefl Mi ca Capacitors.
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SEMICONDUCTOR DEVICES 4.17

Figure 23

CHARACTERISTIC PLOT OF
JUNCTION TRANSISTOR

Characteristics of Junction transistor biased in

active region may be expressed in terms of plot
of collector voltage versus collector current,
load line am) Jimjfs of operation (points A, t)
are plotted, as well as operating point (B) in the
manner shown in Chapter Six for vacuum-tube

Plots.

in this region the transistor is capable of

amplification. The characteristics of a tran-

sistor biased in the active region may be

expressed in terms of electrode voltages and

currents as is done for vacuum tubes in

Chapter Five. The plot of Vce versus lc

(collector-emitter volrage versus collector

current) shown in figure 23, for example,

should be compared with figure 16, Chapter

Five, the plot of Jb versus Eh (plate current

versus plate voltage) for a pentode cube.

Typical transistor graphs are discussed in

this chapter, and the use of similar vacuum-

tube plots is discussed in Chapter Six.

Transistor Transistor behavior may be

Analysis analyzed in terms of mathema-

tical equations which express the

relationships among currents, voltages, resis-

tances, and reactances. These relationships

are termed hybrid parameters and define

instantaneous voltage and current values

existing in the circuit under examination.

The parameters permit the prediction of

the behavior of the particular circuit with-

out actually constructing the circuit.

Equivalent circuits constructed from

parameter data allow formulas to be derived

for current gain, voltage gain, power gain,

and other important information necessary

to establish proper transistor operation. A
complete discussion of hybrid parameters and

transistor circuitry may be obtained in the

book Basic Theory and Application of Tran-

sistors, technical manual TM-] 1-690, avail-

able from the Superintendent of Documents,

U.S. Government Printing Office, Washing-

ton, D.C. 20402.

Some of the more useful parameters for

transistor application are listed below:

The resistance gain of a transistor is ex-

pressed as the ratio of output resistance to

input resistance. The input resistance of a

typical transistor is low, in the neighbor-

hood of 500 ohms, while the output resist-

ance is relatively high, usually over 20,000

ohms. For a junction transistor, the resist-

ance gain is usually over 50.

The tollage gain of a transistor is the

product of alpha times the resistance gain.

COLLECTOR VOLTS

figure 24

PLOT OF J(/NOTION TRANSISTOR

Plot resembles that of a pentode tube except that

emitter current, not grid voltage, defines each

member of the curve family. Collector current

is practically independent of collector voltage.

A junction transistor which has a value of

alpha less than unity nevertheless has a

resistance gain of the order of 2000 because

of its extremely high output resistance, and

the resulting voltage gain is about 1800 or

so. For this type of transistor the power gain

is the produce of alpha squared times the

resistance gain and is of the order of 400 to

500.

The output characteristics of the junction

transistor are of great interest, A typical

example is shown in figure 24. It is seen

that the junction transistor has the charac-

teristics of an ideal pentode vacuum tube.
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Territory (Frequency) Voltage

Nicaragua (69) 129

Panama (60) 110/220; some 120/240, 115/230

United States (60) 120/240 and 120/2®

Rest Indies:

Antigua (60) 230/400

Bahamas (60) 115/200; some 115/220

Barbados (50) 120/208; some 110/200

Cuba (60) 115/230; some 120/208

Dominican Republic (60) 115/230

Guadeloupe (50) 127/220

Jamaica (50, some 60) 110/220

Martinique (50) 127/220

Puerto Rico (60) 120/240

Trinidad (60) 115/230

Virgin Islands (60) 120/240

Sovlh America'.

Argentina (50) 220/380; also 220/440 dc

Bolivia (50, also 60) 220 and other voltages

Brazil (50,60) 110, 220; also other voltages and dc

Rio de Janeiro (50) 125/216

Chile (50) 220/380; some 220 dc

Colombia (60) 110/220; also 120/240 and others

Ecuador (60) 120/208; also 110/220 and others

French Guiana (50) 127/220

Guyana (50, 60) 110/220

Paraguay (50) 220/440; some 220/440 dc

Peru (60) 220; some 110

Surinam (50, 60) 127/220; some 115/230

Uruguay (50) 2k)

Venezuela (60. some 50) 120/208, 120/240

Europe:

Austria (50) 220/380; Vienna also has 220/440 dc

Azores (50) 220/380

Belgium (50 ) 220/380 and many others; some dc

Canary Islands (50) 127/220

Denmark (50) 220/380; also 220/440 dc

Finland (50) 220/380

France (50) 120/240, 220/380, and many others

Germany (Federal Republic) (50) 220/380; also

others, some dc

Gibraltar (50) 240/415

Greece (50) 220/380; also others, some dc
Iceland (50) 220; some 220/380

^ Ireland (50) 220/380; some 220/440 dc
Italy (50) 327/220, 220/380 and others

X Luxembourg (50) 110/190, 220/380

y Madeira (50 ) 220/380; also 220/440 dc
Malta (50) 240/415

Monaco (50) 120/240,220/380

Netherlands (50 ) 220/380; also 127/220
Norway (50) 230

Portugal (50) 220/380; some 110/190
- ‘

Spain (50) 127/220; also 220/380, some dc
Sweden (50) 127/220, 220/380; some dc
Switzerland (50) 220/380

Turkey (50) 220/380; some 110/190

Territon’ (Frequency) Voltage

United Kingdom (50 ) 240/415 and others, some dc

Yugoslavia (50) 220/380

Asia:

Afghanistan (50 ) 220/3S0

Burma (50) 230

Cambodia (50) 120/208; some 220/380

Sri Lanka (50) 230/400

Cyprus (50) ii0

Hong Kong (50) 200/346

India (50) 230/400 and others, some dc

Indonesia (50) 127/220

Iran (50 ) 220/380

Iraq (50) 220/380

Israel (50) 230/400

Japan (50, 60) 100/200

Jordan (50) 220/380

Korea (60) 100/200

Kuwait (50) 240/415

Laos (50) 127/220; some 220/380

Lebanon (50) 110/190; some 220/380

Malaysia (50) 230/400; some 240/415

Nepal (50) 110/220

Okinawa (60) 120/240

Pakistan (50 ) 230/400 and others, some dc

Philippines (60) 110, 220, and others

Saudi Arabia (50, 60) 120/208; also 220/380,

230/400

Singapore (50 )
230/400

Syria (50) 115/200; some 220/380

Taiwan (60) 100/200

Thailand (50 ) 220/380; also 110/190

Vietnam (50 ) 220/380 future standard

Yemen Arab Republic (50) 220

Yemen, Peoples Democratic Republic (50) 230/400

Africa:

.Algeria (50) 127/220, 220/380

Angola (50 ) 220/380

Dahomey (50) 220/380

Egypt (50) 110, 220 and others; some dc

Ethiopia (50 ) 220/380; some 127/220

Guinea (50) 220/380; some 327/220

Kenya (50) 240/415

Liberia (60) 120/240

Libya (50) 125/220; some 230/400

Malagasy Republic (50) 220/380; some 127/220

Mauritius (50) 230/400

Morocco (50) 115/200; also 230/400 and others

Mozambique (50) 220/380

Niger (50) 220/380

Nigeria (50) 230/400

Rhodesia (50) 220/380; also 230/400

Senegal (50) 127/220

Sierra Leone (50) 230/400

Somalia (50 ) 220/440; also 110, 230

South Africa (50) 220/3S0; also others, some dc
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35-2 Useful Reference Dote

Table 7, Conversion Table—Units of Measurement

CONVERSION TABLE — UNITS OF MEASUREMENT

MICRO = W ONE-MILLIONTH KILO = (Kl ONE THOUSAND

MILL! = (m) ONE-THOUSANDTH MEGA = (Ml ONE MILLION

TO CHANGE
FROM

TO OPERATOR

UNITS MICRO-UNITS

MILU-UNITS

KILO-UNITS

MEGA-UNITS

X 1.000,000 or X 10°

X 1,000 or X 103

A- 1,000 Or X l(H

-r 1,000.000 or X 10-*

MICRO-UNITS MILLI-UNITS

UNITS

•f 1,000 or X !0-3

-r 1,000,000 or X 10-°

MILU-UNITS MICRO-UNITS

UNITS

x 1,000 Or X 10»

4- 1,000 or X 10-3

KILO-UNITS MEGA-UNITS

UNITS

4- 3,000 or X 10-3

X 3,000 or X 10s

MEGA-UNITS KILO-UNITS

UNITS

x 1,000 or X 103

x 1,000,000 or X 100

Air Wound

Inductors

for automatic insertion in printed-circuit

assemblies. Often the capacitors have a co e

printed on them that indicates the capaci-

tance, the tolerance and the multiplier (fig-

ure 10). Note that the letter R may be use

at times to signify a decimal point; as ui

2R2 = 2.2 pF or 2.2 pF.

A typical capacitor may be coded 15

which indicates 15 ^ 10 = 150 pF "smc a

tolerance of ± 10 percent.

Printed Rigid printed-circuit base ma-

Circuit Boards terials are available in t
"

nesses varying from

H". The important properties of the usua

materials are given in Table 6. For spw* 5

|N 7HE WOEID

r.NC.PALLOVMfOLTAOE
POWERS^,

applications, other materials are available

such as glass-cloth teflon, Kcl-F, or ceramic.

The most widely used material is fsEMA-

xxxP paper base phenolic.

Commercial, air-wound induc-

tors suitable for r-f circuitry

are available. Two of the more

available types are summarized in figure 11

determine the inductance of a

Lrtgth of coil stock the factor robe

irilactt for the larger diameter eu ,

(foe coil lengths up to f ) “ ! "

figure 13.

Territory (Frequency) Voltage

Vcrl/i America :

Alaska (60) 120/240

Bermuda (60) 115/230; some 120/2QS

Belize (60) 310/220

Canada (60) 120/240 ;
some 115/230

ssSis-*'-*-
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Sudan f50) 240/415

Tanganyika (50] 230/400

Tunisia (50) 220/350; also others

Uganda (50) 2-50/415

Upper Volta (50 ) 220/350

Zaire (50) 223/350

Seta:

1, Abstracted from "Electric Power Abroad.”

issued 1963 by the Bureau of International Com-

merce of the US Department of Commerce. This

pamphlet is obtainable from the Superintendent

of Documents, US Government Printing QSce,

Washington, D.C. 20402.

2. Toe listings show electric (residential) power

supplied in each country; as indicated, in very

man;* cases other types a! supply also exist to s

greater or lesser extent. Therefore, for specific

characteristics of the power supply of particular

cities, reference should be made to "Electric Power

Abroad/’ This pamphlet also gives additional de-

tails such as number of phases, number of wire to

the residence, frequency stability, grounding regu-

lations, and some data on types of commercial

sendee.

Orecnw:.

Australia (53) 240/415; also others and dc

Fiji Islands (50; 240/435

Hawaii {60? 120/240

Xew Caledonia (50) 220/440

.Yew Zealand (Si) 230/400

3.

In the United States in urban eras, the

usual supply is 60-h^rtz 3-phase I20/20S volts;

in less denary populated areas it is usually 120/240

volts, single phase, to each customer. Any other

supplies, including dc. are rare and are becoming

more so. Additional information for the US is

given in the current edition of "Director.- ofElectric

Utilities,” published by McGraw-Hill Book Com-

pany, Yew York >'.Y.

4.

AO voltages in the table sre sc except where

speciScally stated as dc. The latte? are infrequent

and in most cases sre being replaced by ac. The

lower voltages shown for ac, wye or delta ac, or

fordcdistributionlines, are used mostly forlighting

and small appliances; the higher voltages are used

for larger appliances.

ccvpo.Vs.vr coio°. cc-nivc

poivrR 7fiA;:$*c M£S5

fP,VL°r LIADS — f-ACr

irUPPZer

—HAcr
eidtr/rHLG*
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pectipiep hlawEktwikkk:,~YZICCW
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INDEX

29.429.7

top loading, 13-15

two-element parasitic ham,

29.2-29-4

tuning parasitic array,

29-19-29-21

7, 28-5-23-6

vertical, 27.7-27-11

vhf, 19.11

polarization, 50.5

rhombic, 50.12-50.14

types, 30.1-50.7

whip, 19,11

yagi hearts, 50.22-50-26

Antenuascope, 31 -18-51-20

Arithmetic, 34.1-34.9

ASCII code, 14.18

Astable, 8-3

Atom, 2.1-2.2

Audio

circuitry, 10-10-10.11

filter, 10.42-10.43

variable active, 20.71-20.73

-frequeng phasing, 9-17

noise limiters, 10.36-10.37

processing, 15.4-15-9

Aurora propagation, 2-4-25-24-26

Automatic gain control, 9.28,

10.10, 10.32-10.34

Autotransformer(s), 3.27

variable ratio, 25-7-23-8

B

Bad-emf, 23.13

B2lun(s)

fom-to-one, 26.5-26.6

wideband, 25.13

Bandura crystal filters, 10.23

Batteries, 19.2-19-3

Beat-frequeng oscillator,

10.28-10.29

Beta, 4.15

cutoff frequeng, 4.15

Bfo, 10.28

"

B-H curve, 2.20

Bias

circuitry calculations, 420
stabilization, 4.18

supplies, G-G amplifiers, 7.25

systems, types of, 5.6

,
Bilateral amplifier, 30.25-1026

Binary notation, 34-46-34.47

Bipolar transistor, 4.12

Bistable, 8.3

Blocking oscillator, 8.5

Body static, 19.19

Boolean algebra, 3426-34.27

Brraboard, 332
Breadboard, 332

3ridge

neutralization, 21.19-2120

i-f, 5U2-5U4
noise, 3128-51-30

SWE, 31.16

‘Wheatstone, 3LI 1-31-12

C

Calculator use, 34.1-342

Calculus 34.42-34.45

Capacitance, 2.15-2.15

stray circuit, 10.17

unit of, 2.15

Capacitance reactance, 3-6

Caparitor(s), 2.13-2-18,

17.5-17-9

electrolytic, 2-18, 23.13

energy storage in, 11

6

in ac and dc rirruits, 2.17

series and parallel, 2.16-117

on ac, 2.18

inductance, 17.7

variable air, 17.8-17.9

voltage rating in series, 2.17

-variable, 4.6

Carrier-wave distortion, 13-3-15-4

Cascade amplifier 10.13

Cathode bias, 11.39-11.40

-driven

amplifier design, 21-14-21.18

circuitry, 21.4

-follower i-f power amplifier

rircuits, 7.16-720

-ray tube, 5.8-5-11

tanl: circuit, 7.18-7.19

CB frequences, 1.15

Chart, spur, 9.3-9-32

doles, high power rf,

17.11-17-12

Circuit(s)

board (s)

string, 33-9-53-11

homemade, 33-8-33.9

coupled, 5-19-321

Clamping rircuits, B2-8-3

Clamp tube, 11.41

Class-ABi

linear amplifer narzmeteis,

721-7.22

r-f power amplifiers, 720-7.22

Class-B

linear amplifier, 7.13

linear amplifier parameters,

7-13-7.15

r-f power amplifiers, 7.15-7.16

Class-C r-f amplifier^ 7-1-7-5

Classes of amplifiers, 5-5-5-6

riass-A, 5-5

dra-AB, 5.5

1194

dass-3, 5-5

Cl25S-C. 5-5

33-13-33.15

Code-practice oscillator, 1.13

Coercive force. 221

Compandor, 1-142-14-43

Compler quantities

addition of, 3-10

multiplication and division t£

3-ib

Ohm’s law for, 5.10-3.31

Computer(s), 34.45-34.50

inputs, 34.48

Conductance, 2.7

Converter stage, 9-'9

Cooling

conduction, 17.24-1725

forced-air, 17-24

Core material (5 ), 222

COSMOS hjo; 3520-18-30

Coupling

antenna system. 26.16-26.17

coeSrient, 5-19

Cfossaodclarion, 926-927

Crrstri

calibrator, 3124-5126

drive level, 11.6-11.7

filter, 1025

grinding. 11.7

holders, 11.5-11-6

offsetting. 11-9-11.10

oscillator circuit, 11.7-11-10

overtone cut, 11.6

switching, 13-9-11.10

synthesizer, 32.5-12.4

Current electric. 2.4-2.5

Curves

constant-current 7.5-7.7

families of, 5434-54.36

Cutoff frequeng

alpha, 4.15

beta, 415

nansconductance, 4.15

D

Deribd, 54-5-346

De-emphztit 15-19

Delta-matched dipole,

26.11-26.12

demodulator, 10.10, 3029-3032

Detector(s), 3029-10.52

autodyne. 102

7LL 13-16-15.17

pulse counting, 15-16

quadrature, 13-17

Dielectric

breakdown, 2.15-2.16

constant, 2.15





INDEX

Grown junction transistor, -4.13

H

Harmonic

interference, 16.4-16.5

radiation, 16.4-16.6

versus Q, ll.2B-ll.3Cl

Heating effect 2.12

Herts, definition of, 33

Hf SSB syntbesirer transceiver,

12,14-1123

High frequency power drcuitt,

11.10-11.16

Hysteresis, 211, 11.11

loop, 2.20

I

W
amplifier, 1021-1026

noise limiter, 1037

strip(s)

6*01033,1028

solid-state, 1026-1D25

transformers, 1022

Image(s), 10.6-10,7

interference, 10.5-10.6

rejection, 1042

Imaginary numbers, 34.12-34.13

Impedance, 33-324, 1045

as a function of Q, 329
circle diagram, 263-26.4

compensation, 26.1-262

diagram, 5.8-39

-frequency graph. 320

in antenna systems, 321

matching, resonant lines,

25.9-25.14

polar notation of, 3.8-3.9

scalar magnitude of, 3.9

series-resonant circuit, 323-326
transformation, 327
triangle, 3,9

Inclosures, TYIjwmf, 35.4-33.3

Inductance, 221
index, 320

mutual, 221
tit resistors, 173-175
self-. 221

Inductive

coupling, 3331-1152

reactance, 3.6

Inductor (5), 173-1742

5 radio frequencies, 222
h parallel 221

senes. 223-222

Insulators, 17.12-17.15

arc resistance, 1743

strength, 17.12

dissipation factor, 1725

resistivity, 1723

Integrated drcuit(s'), 457-451

digital and linear, 45S-4.59

Interference

broadcast, 1621-16.14

from tv receivers. 16.15

image, 103-10.6. 16.13-1 6.1-4

isolating source, 16.5

power line, 16.14-1 6.15

stereo fb, 16.1MS.11

Intermediate frequency, choice,

1023-1022

Intermoduktion, 926-927

distortion. 726

Internal resistance, 2.5

International

Morse rode, 19-1.11

regulations. 12-15

Interstage coupling,

Inverter

de to at, 19.5-199

power supply. 232

Ionospheric disturbances,

2-322-2424

Ionospheric scare* propagation.

2424-2425

Isotrooic radiation, 24.32

TTi1
*

radio regulations, 1.2-13

world frequency allocations.

13

J

JHT and IGKET devices. 453
operator, 3.5

Junction capacitance, 4.54.6

transistor, -324

K

Keyboard, buffered. 15.15

hem, 38.15-15.15

Keyed stage location, 182
Keying

break-in, IS.4-18.8

differential, 152-185

monitor, i-f operared, 18.16

transmitter, 38.3-18.4

vacuum tube. 185-15.4

Kti-chon s laws, 220-221

KdySuon, power 62-65

SW-l Mail HI linear aantifier,

2222-2229

law(s)

HSS

Ercboffs, 22D-2.il

Ohm's, 2.6-2.7

IC ratio in parallel tircmts, 3.19

leads, pass through, 1727

leakage reactance, 323

limiters, 13.17-132S

audio nose, 1036-1037

i-f noise. 10.37

impulse noise, 1035-1037

linear amplifier, dass-3, 723

IQ. 4.144.51

lineaxity tracer, 3224-3225

lissajons figures, 3220-3225

1-netwoik. 1152-1133

load, dummy, 51-9

line, 5.3-54

logarithmic scales. 3436-3437

logarithms, 342

low-frecuency parasites,

1729-1720

*

M

Magnetic rircuSt 2.19

fields. 2,18-22?

Magnetism. 225-222

residual 221
^

Magnetomotive force, 22?

Magnetron, 6.6-521

Matching networks. II32-llo5

transformers, 31-64

Maxwell's equations. 243-245

Me:e:r-bumr"propagation,
2425

Merer

IC caparitance, 5132-31or

K-X, 3125-3124

•via 5X31 5D36

Microphones. 1927

Microprocessor, -45c—

34.45. 34.-40

iScowave mbs. 62-625

Mixer (s)

stars, lO-X 7*30.19

vHftmL 10-43

MoKkiffitaEii nano®
I9.I6-I927

pjwsr sour*--, 1.-1 !'

Modulated-wrve partecn,

3226-3227

Modulation
15-3-25-4

aj£2Suri23£nt,l5-:’___ .

rjebanlcs ffi-
13-'- “

percentage, loo ^

blare. 15-12-1523^^

sanuctssor-P™



INDEX

zsziedsk, 2.15, 2.15

DiEossa junction transistor.

4.15-4.14

Digital computers, 54.45-54.46

logic 1C,, 4.59-4.45

Dimensions, fundamental, 2.5

Vsods(s)

characteristics, 4.2

alter switching. 20.24

limiter. 8.1

miner, 10.17

poorer devices, 4.8-4.12

12*1225. 4.10

reamers, 45-4.11

Dipole

idnemkd, 26.11-26.12

folded, 26.12-26.14

Direct current circuits, 2.1-2.25

Discriminator(s)

double tuned, 13.13-13.14

Foster-Seeley, 13,14-15-15

Dissipation, gimmced-grid

stages, 7.19

Distortion, 5.6

inerEodulzdoa, 7.26

r-f aaplifexs, 9-25-9-25

Doppler Shift, 14.11

DVM, 51.4-31.7

E

Cadency and energy, 2.12

85-watt supply, 19.7

Electricd dimensions, ore£xes,

2.2

calc and relationships, 2.2-2.13

secondary, Z.6

Electric current, 2.4-2.5

Electrolyric capacitors, 2.1 S

Electromagnetic -ware, 24.5-24.6

propagation. 24.l6-24.5i

ElearosaagatassJ, 2.1S-2.22

Electromotive force, 2.4

Electroa(s)

action or, 2.2

orbital, 2.1-2.2

Electronic computers, 54.45-54.50

her, 18.8-1810

tuhe(s), 5.1-5-11

wsplEers, 5.4-5^

operating characteristics,

5.J-5.4

ElKtrostaric(s), 2.13-2.18

force, 2.3-2.4

El'IE comaunicarion, 34.13-14-15

Energy and work, 2.12

storage in epadtors, 2-1

6

Epitaxial transistor, 4.13

F

Factoring, 34.11

FAX
"

FCC cisrict o£ces. 1.15-1.17

closed Icon, S.I1-S.15

Femite heads. 17.12

FET(S)

g2ihumamenice(GsAs),4.;5

cheer, I0.1S-19.-9

Fetrcn. 4.35-4.36

Fieic-erier.

devices, 4J9-4.57

transistor, 4.13

Friameu: crush cuneut, 21.43

Htsr(s)

^
basic, 3-35

computer-designed. 3.35-3.57

cyr-al 9-13-9.14

design, 3-54-3-37

low pass, 16-6 ^
rower line, 16.2

resistanre-capactarce, 23-13

sideband. 9-9, 9-12-9.14

two-meter iowpass, l6.9-l6.i0

versus charing. 9-169-17

503Z 2-LW PEP linear acp'iner,

22-19-22.27

F,ur density, 2.19

Ffvsheei enem. tank circuit,

7.4-7-5

F-m

reneater, 13-21-15217

sidebands, 13-5-15.6

Folded dipole, 26.12-26-1--

rormu5a(s),

2mplincarton factor,

hex 415, 4.21

canaritive reactance,

cathode current, 5-

conductance, 5-F5-4

cuneni and voltage

resonant estemts, r

Doppler Shiri.j4-H

34 13-51

ships, 58

for caicuinnng

mutual c-u

grid-screen E-

image rejectior

’T?

far-or, 5-4

10.12

function of Q,

C-

Gdiium arsenide

FED. 4.36

Genera tier, ci at, 3-2-5-t

G.G5=:!i£ct5—J5-;? :a-

1195
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The collector current Is practically Inde-

pendent of the collector voltage. The range

of linear operation emends from s minimum

voltage of about 0.2 volts up to the maxi-

mum rated collector Toltage. A typical load

line is shown, which illustrates the very high

load impedance that would be required for

maximum power transfer. A common-emit-

ter circuit is usually used, since the output

impedance is no: as high as when a common-

base circuit is used.

Estfrvslerrt C-trcutt As is known from net-

cf o Trcrsttfer work theory,' the small-

signal performance of

any device in any network can be represented

by means of 2n equivalent circuit. The most

convenient equivalent circuit for the low-

frequency small-signal performance of junc-

JUNCTlOK 1

TT.i.K'.vrrat.

Ut=iVJ,Vc=2v} |

; rs'twrrrtR
I rtSltTANCC 1,45)

i
t ft-IXS* 3-MU

! SlS*S=r
1 UESCHIC

'*dw
e,T7

FigurE 25

LOW-FREQUENCY EQUIVALENT
(COMMON-BASE) CIRCUIT FOR

JUNCTION TRANSISTOR

to grounded-grid, grounded-cathode, and

grounded-plate circuits in vacuum-tube ter-

minology (figure 26),

ZMKECVVW

Figure it

COMPARISON OF BASIC VACUUM-

TUBE AND TRANSISTOR
CONFIGURATIONS

its ptaziei-hs! circair is £ Jo*
- i;-;

mjahscs £a? Hgh oeie-j; inpefcce, ~-
2.0 ?i£5s rr-'—£l cf iszzl occurs ii~- I:'- 1

-'’

cuit ^has a higher incut Impedance and *



INDEX

yocclstor

balanced 9.9-9-12

Tamable emiceucr, 15.10-15.11

3Io::cnsb!c S3
lIoc:bo=s^ 14.15-14.15

3Ewa refection propagation,

24.2S-24.29

1-9-1.11

MQSFET sixer. I0.1S-I0-19

ifOS logic, 4.45-4.46

51.40-51.44

N

Narrowband voice Eoduktrra

(N3V?.f), I4.4l-I4.45

Xesir2li22ao3

bridge, 2L19-2U0

cafcodo-driva stage,

2I.1S-21.22

gad inductance, 21.20-2122

Nickel-cadmium cell, 19.5-19.4

Noise

accessor;, 19-19

akeaaror, 19.18-19.19

atmosphere 10.44, 24.24

bleaker, 10,57-10.59

galactic 10.4?

generator, 19.18-19-19,

31.26-31.2S

icenrifviac, 19.18

ignition, 19.18

instrument, 19.19

Johnson, 10.44

lisnstKs. impulse, 10.55-10.37

local oscillator, 10.21

manmade, 10.44

suppression, 19.1S-I9-19

thermal, 10.44

Voltage regulator, 19-19

Scure, 10.44

nttasurenen^ 10.3

N'oasiausoidal waves, 3-21-3.25

Nucleus, 2-1

O

Ohm’s law, 2.6-2.“

applications of, 2.7-2.12

applied to ac, 3-5

suspension, 25.3

Omega match, 26.12

1-itW linear amplifier, sir meters,

22.5422.39

1--VT P£P linear amplifier, 10.10

PEP linear amplifier,

10.160 meters, 22.70-22.77

OprtKxIsmrs. 425

OSCAE-S, 14.7

*

satellite marring. 14.9

SSTV, 14.56-14.37

Osdllatim(s)

psmmeSc 1U0
csmrlic 17.18

OsdBssrfs)

basic 112

blocking, 8.5

b-cge-nre, S.11

carrier, S-9

Cd'pitts, 11.2. 11.8

ccr.vesion. 9-9

mixics. 10.19-1021

phase shift, 8.11

Fierce: 1I.S

cnirtz cystal, 11.411.7

relaxation. 8.9-S.10

resismuce-capsatmce,

S.10-S.1I*

Seiler, 112-11.3

self-controlled 1I.1-1I.4

-smrdng. 19.6

solid-state: 1020

Twin-7, S.ll

Yadtar, 11.3-11-4

variable crystal, 11.9

VTien-Bridgs, 8.10

Oscilloscope

blanking circuit 32.5^

modem, 322-52.7

rower supply, 32.6-52.7

‘sampling 52.7.52.9

sweep drctrit. 52.452.5

vertical amplifier, 32.5-52.4

P

Parallel dreurt(s) 2.7-2.S

RC, 343

esuh-alent senes circuit. 5-13

Parallel resistance. 2.S-2.9

Parameter

class-AB. linear amplifier,

721-722

class-B linear amplifier,

7.13-7.15

Passhar.d raring. 927-925

Permeability, 220

Pereona! radio service

1197

(OS), 1-15

^

7.19-72G

*

tank drrri: design. 1127-11.32

PLL

IC 4.4S

syuthesirer. 12.412.5

?N junction, 4.54.4

Foiaxonmr: transistor. 4.12

polar notation of impedance,

3.S-5-9

Fomahle power source. 19.1-19.4

potential ciferenre, 2.4

Power. 2.12. 34.11

amplifiers)

dass-B, 7-15-T-16

cesimx Il.l6-ll.25

combine^ 1I22-II25

factor, 5.14

in resistive circuits, 2.11-2.12

kiystrou, 62-6.5

powers, 34.ll

surplyfs)

component. 23.1.-'r-15

design IV5. 2322.2;23

503-watt IV5 bridge,

2529-25.50

inverter. 232

IYS bridge rectifier,

23.29-25.50

l4riiowatt l\’S. 2527-2525

regulated 23.5 1-25.41

requirements. 2r-l0-2.'.lr

2-Hbwst: FEF, 2525

types, 23.1-252

412*MHx 20.60*20*61

til >fHi. 23.5T-rc.so

2:0 MB:.
^.60-^1

fceesfias*. !M5 .. .

PreEscs » elctr.-r.J esmtt~

P;crrrr-'r." I«> r-k

2*4.19-2120



INDEX

Q

Q, 3.17-3.18, 10.15

loaded, 7-5

tank circuit, 7.12

unloaded, 7.5

Quadratic equations, 34.15-34.17

Quarter-wave line, 1 5.14-15.15

transformer, 25.10

R

Radar frequency bands, 3.2

Radian, 34.17

notation, 33-3.4

Radiation, angle, 27.1-27-5

Radio-frequency

chokes, 17.11

classification, 3.2

phasing, 9.17

Radioteleprinter, 14.16

Radioteletype, 14.15-14.20

Random-access memory, 4.45

Ratio detector, 13.15

RC circuit time constant,

2.22-2.23

Reactance(s)

calculations, 34.40-34.42

capacitive, 3-6

in combination, 3.7

inductive, 3.6

modulators, 13.6-13.7

Reactive circuits, 3.6-3.14

Reactive power, 3-14

Read-only memory, 4.45

Receiver (s)

advanced solid-state,

20.25-20.57

alignment, 19-31-19.37

hand scanning, 10.51

bandwidth, 13.18-13-19

i-f alignment, oscilloscope,

32.13

Mark II, 20.2-20.25

performance requirements,

10.2-10.9

portable 40-meter, 19.20-19.21

power supplies, 10.11

superheterodyne, 10.5,

10.9-10.11

tuneable 2-meter, 20,61-20.71

types, 10.1-10.2

Reciprocal licensing, 1.8

'•
,

afication circuits, 23.1523.20

'Ser(s)

yidge, 23-16

fall wave, 25.15-23.16

half wave, 23.15

Reflection coefficient, 24.7-14.8,

25.S

Reflex klystron, 6.5

Regulated dc supply, 25.1

Relay(s), 17.15-17.14

circuit, boolean, 34.27

sequence, 23.9-23.10

static, 17.14

Relaxation oscillator, 8.9-8.10

Reluctance, 2.20

Residual magnetism, 2.20-2.21

Resistance (s), 2.5-2.6

and reactance in parallel,

3-12-3.13

-capacitance coupling, 5.6- 5.7

in parallel, 2.8-2 .9

in series, 2.8

Resistor (s), 17.1-17.5

bleeder, 23-14

in series parallel, 2.9

Resistivity, table of, 2.5

Resonance (s)

curve, 3.16

parallel, 3.18-3-19, 11.7

parasitic, 17.18

series, 11.7

Resonant

rircuit(s), 3.15-3.19

frequeimy, 3.15

stubs, 25.11

R-f

amplifier (s)

cathode follower, 7.19-7-20

dass-C, 7 .1-7.5

distortion, 9.23-9-25

nonlinearity, 9.23-9-25

small signal, 10.12-10.13

vacuum-tube, 10.1 3-10.14

amplifier stage, 10.11-10.17

chokes, high power, 17.11-17-12

dipping, 15,6

compression, 15.7-15.8

envelope dipper, 15.8

feedback, 11.43-11.47

power amplifier,

cathode follower, 7.16-7.20

dass-AB, 7.20-7.22

dass-B, 7.13-7.16

plate return, 7.19-7410

MOSFET, 4.32

RLC circuit (s)

parallel, 3.13-5.14

series, 3-9-3.10

RL circuit time constant, 2.23

Rms value, 3-4-B.5

Roots, 34.11

RTTY
demodulator, 14.24-14.26

duty cyde, 14.22-14.23

reception, 14.24-14.28

transmission, 14.20-14.23

video display, 14.26-14-27

1198

S

Satellite range, 14.9-14.11

Saturation, 2.20

SBS, 4.11

Scalar magnitude, 3-9

Schematic(s)

code-practice oscillator, 1.13

phase-inverter circuit, 5.7

resistance-capacitance

coupling, 5-6

Schmitt trigger circuit, S.6-8.9

SCR devices, 4.11

SCS, 4.11

S-cun-e, 7.20-7.21

Secondary electrical units, 2.6

Selectivity, 30.3

Self-bias, -11.36-11.38

Semiconductor crystal lattice, 4.3

devices, 4.1-4.54

Sensitivity, 10.2-10.3

Series arcuits, 2.7

-RLC circuits 3-9-3.10

Sideband(s), 15-M5-2

detectors, 10.31-10.32

Signal(s) demodulation, 9-28

strength indicator, 10.34

range, dynamic^ 10.7-10.9

phantom, 10.7-

Silicon, atomic structure of,

4.14.3

Sine wave, 3.3

Single-sideband (SSB)

system, 9.1-9-8

Skip effect, 3.17-3.18

Smith chart, 26.2-26.5, 34-27-34.32

Soldering, 33.7

Solid-state

i-f strips, 10.26-10.28

light sources, 4.514.52

Dsrillators, 10-20

supplies, 23-22-23.27

Space communication, 14.1-14.13

Spectrum analyzer, 52.17-32.18

Sporadic-E propagation, 24-27

Square root operator, 34.2

Squelch circuits, 13.19-13-20

SSB

application, 9-2-93

basic, 93-9-4

demodulators, 10.50-10.31

exdte, phasing type,

9.14-9-18

frequency changing, 9.8

conversion. 9-18

power advantage, 9-7-9-S

rating, 9-6

received signal, 9-5-9-6

receivers, 9.25-9-26

reception, 9-25-9-29
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selective fading, 9.8

spectrum, 9.4-9.5

transceiver, 9.29-9-30

SSTV

camera, 14.30-14.31

transmission, 14.29, 14.50

Stability, 10.4

Stabilization, 13-7

Standing wave(s), 24.6-24.8,

25.7-25.8

ratio, 25-8-25-9

Step-recovery diode, 4.64.7

Stub matching, 25-11

Sunspot cycle, 24.21-24.22

SU5, 4.11

SWR meter, 19.15-19.16

Synthesizer building blocks,

12.5-12.9

T

Table of resistivity, 2.5

Tank circuits ), 3.18-3.19

efficiency, 7.5

flywheel effect, 7.4-7.5

impedance, 11.53

Q, 11.27-11.28

Teleprinter

code, 14.16

keyboard, 14.17

Teleprinting, 14.15

Television

interference, 16.1-16.3

slow-scan, 14.28-14.58

Tetrode amplifier design,

21.7-21.14

35-watt supply, 19.7

3-100DZ linear amplifier, 80-10

meters, 22.44-22.52

Time constant

RC circuit, 2.22

RL circuit, 2.23

Toroid Coil(s), 3.28-3.31

Transceiver^)

QRP 40-meter, 19-57-19.40

single-band 9.29-9-30

Transconductance cutoff

frequency, 4.15

Trans-equatorial scatter

propagation, 24.27

Transfilter, 10.24-10.25

Transformation ratio, 3.26-3.27

Transformer(s), 3.25-3.28

broadband, 11.16

cutouts, 33.6

i-f, 10.22

power, 19.6

quarter-wave, 25.10

wideband balun, 26.5-26.11

Transient(s), 3.23

primary circuit. 23-5-25.6

protection, 17.25, 23.2 1-23.22

Transistors

)

analysis, 4.17-4.18

audio ciraiiuT, 4.22-426

bias stabilization, 418-420

bipolar, 4.12

characteristic, 4.16

configurations, 4.18

diffused junction, 4.13-4.14

epitaxial, 4.13

equivalent circuit, 4.18

field-effect, 4.13

grown junction, 4.15

junction, 4.14

nomenclature, 4.13-4.14

operation, 19.5

output characteristic curves,

4.20

point contact, 4.12

power rating, 19.5-19.6

supplies, 19.4-19-9

r-f circuitry, 4.26-4.29

symbols, 4.16

Transition region, 4.15

Transit time, 25.2-25.5

Translator, 12-19-12.20

Transmatch, 26.18

Transmission line(s)

field(s) along, 25.5-25.8

waves along, 25-5-25.8

Transmitter(s)

basic; 9-9-9-10

control, 23.8-23.10

keying, 18.5-18.4

loading, 26.16-26.17

Traveling-wave tube, 6.11-6.15

Trigonometric tables, 54.22

Trigonometry, 34.17-54.26

Triode{s), 5-1-5.5

amplifier design, 21.2-21.7

high-mu, 7-24

Tripier/amplifier, 432 MHz,

22.114-22.119

Tropospheric

ducting, 24.27-24.28

scatter propagation, 24.26-24.27

Tube types, 5-1-5.3

Tuned circuits

coupled, 9-21

selective, 9.18-9-21

Tuner

single-wire, 26.19

SWR bridge, 26.39

Tuning

capacitor air gap, 11-51

range, 10.16

rata 10,5

TV
interference, types, 16.3-16.2

receiver overload. 16.2

TVJ, 16.1

solving, 16.15-16.25

270-watt suDplv, 19,8

2-kW PEP linear amplifier,

22.39-22.44, 22.52-22.6l

Two-stage high-gain amplifier,

22.27-22.54

Vacuum-tube

mixers, 10.19

neutralization, 13.24-11.27

nonlinearity, 9-23-9.24

r-f amplifiers, 10.13-10.14

Varactor, 4.6-4./

Vectors, 54.22-34.26

Velocity of electrons and holes,

4.2

'

Vnf

amplifiers, 22.95

circuit design, 11.57

parasitic oscillations, elimin-

ation, 17.20-17.22

power amplifiers, 11.47

receiver circuitry, 10.4610.49

synthesizer, 12.9-12.14

Vhf/uhf

mixeis, 10.48

noise sources, 10.44

receivers, 10.43

Voltage

divider(s), 2.9-2-10

calculations, 2 .9-2.10

divider(s), ac, 5.14

multiplying circuits, 25.19

rating of capacitors in series,

2.17

ripple 23-12

Voltmeter(s)

digital, 31-4-31-7

electronic, 31.7.

solid-st2ie, 31.8

Voltage-controlled
oscillator,

12-23

Voltage-variable
capacitors. ->o

VOX bias control, 18.16

circuitry 1S.15-1S.16

W

Witvefs)

alone a

25-5-25-S

filters, 5-31-?

refections. 2

sslon line,

1199
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Waveforms, display, 32-9-32.10

Wheatstone bridge, 31.11-31.12

Wheel static, 19.19

'Wideband balun(s), 25.15

transformers 26.5-26.11

Wire, 17.9-17.12

leads, 17.9

2

Zener

bias, 11.40

diode, 4.4-4.6
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CHAPTER SEVEN

Radio-Frequency Power Amplifiers

Ail modern radio transmitters consist of

a comparatively low-level source of radio-

frequency energy which is amplified in

strength and mixed or multiplied in fre-

quency to achieve the desired power level

and operating frequency. Microwave trans-

mitters may he of the self-excited oscillator

type, but when it is possible to use r-f am-

plifiers in uhf transmitters the flexibility of

their application is increased.

Radio-frequency power amplifiers are gen-

erally classified according to frequency range

(hf, vhf, uhf, etc.), power level, type of

tube used, and type of service (a-m, f-m,

c-w, SSB). In addition, rhe amplifier may
be classified according to mode, or dynamic

operating characteristic of the tube (Class

AB,, B, or C); and according to circuitry’

(grid driven or cathode driven). Each mode

of operation and circuit configuration has

its distinct advantages and disadvantages,

and no one mode or circuit is superior in

all respects to any other. As a result, modern

transmitting equipments employ various

modes of operation, intermixed with various

tubes and circuit configurations. The follow-

ing portion of this diaprer will be devoted

to the calculation of dynamic characteristics

for some of the more practical modes of

tuned power amplifier operation.

T1 C[a$s-C R-F Power

Amplifiers

It is often desired to operate the r-f power

amplifier in the class-B or class-C mode

since such stages can be made to give High

7.1

plate-circuit efficiency. Hence, the tube

cost and cost of power to supply the stage

is least for any given power output. Never-

theless, the class-C amplifier provides less

power gain than either a dass-A or dasj-B

amplifier under similar conditions. The grid

of the class-C amplifier must be driven

highly positive over the small portion of

the exciting signal when the iostanraneous

plate voltage on the tube is at its lower

point, and is at a large negative potential

over 2 major portion of the operating cycle.

As a result, no plate current will flow ex-

cept during the time plate voltage is very

low. Comparatively large amounts of drive

power are necessary' to achieve this mode

of operation. Class-C operational efficiency

is high because no plate current flows except

when the plate-to-cathode voltage drop

zcross the tube is at its lowest value, but the

price paid for stage efficiency is the large

value of drive power required to achieve

this mode of operation.

The gain of a clzss-3 amplifier is higher

than that of the class-C stage, and driving

power is less in comparison. In addition, the

class-B amplifier may be considered to be

linear; that is, the output voluge is a

replica of the input voltage at all signal

levels up to overload. This is not true in

the case of the clan-C amplifier whose out-

put waveform consist of short pulses of

current, as discussed later in this chapter.

The gain of a dass-A amplifier is higher

than that of the class-B or class-C stage, but

the efficiency is the lowest of the three

modes of operation. As with the class-B

stage, the class-A amplifier is considered
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BIAS CIRCUITRY CALCULATOR

Generalized form of VDllege-tfiilCer Mas
lechniauc.

7, Values of resistors ?*i and ?v2 are cal-

culated, knowing current and value

of base voltage at midpoint of R,
and K2.

The ac input impedance is approxi-

mately qua! to the parallel combina-
tion of R„ Kz, and hu X JU

To illustrate the design method, an ex-

ample based on the 2N3J4J is chosen. It

is assumed that 1 mA of collector-emitter

current flows. Collector load resistor R* is

estimated to be 4.2K, so that the voltage drop
across it is 4.2 spits, placing the collector

at a potential of 13 — 4.2 — 8.2 volts.

The data sheet of the 2N3 3 43 shows that

tbe range value of hu at 1 mA of collector

current is 130 to 400. An ac gain value (A)
of 42 may be chosen, which is well below
the ultimate current gain of the device.

Emitter resistor is now calculated, being
equal to ?n/A =: 4200/42 = 100 ohml
Emitter resistor Rf, is now calculated to be

1*9
1 «

cl* fa *555 emitter voltage to

Tbe base-emitter drop is between 0.4 to
0.7 volt for small-signal silicon devices, so
t.ns place; the base at approximately 2.4
voSts. Assuming no base current, the values
o- resistors Rj and R2 can now be determined
a; they are a simple voltage divider. The
senes current through R, and R- h to be
one-tenth of the collector current, or 109
i
jk. Resistor R. = 2.4V/.0001 ’mA nr
24,000 ohms and s= 15 — 2.4V/,0001
mA = 124,000 ohms. These are nonstan-
dard values of resistance to 27K and 13OK

Once these calculations have bees com-

pleted, the approximate value of the ac in-

put impedance may be determined. This is

the parallel combination of R.j, and A/t

X Thus, R, and R* is parallel are 22.3K

and A;. X K4 is 15JL finally, 22.3K and

7 3K in parallel are 9Kb

Actually, the ac input impedance will be

higher than 9K because a minimum value

of A/e was used. Also, it is worth noting that

the dc collector voltage is 2.2 volts, THs is

about half-way between -f IfV and -f

2.A7
, permitting the collector to swing t± 4

volts in response to the ac input voltage

without clipping the peaks of the waveform.

This method of determining circuit pa-

rameters is quite simple and effective for RC
amplifier design, ‘Wkh practice, the designer

can juggle resistance value; a; calculations

are made to avoid doing the design over at

the end of the process,

Ovtpvt Chencterhtic Calculation of the

Ct/rvgT current, voltage and

power gain of2 com-

mon-emitter amplifier may be accomplished

by using the common-emitter output static

CHARACTERISTIC CURVES AKD
LOAD LIKE FOR COMMON-EMITTER

CIRCUIT

Cjiceiel'rtn if current, vi'-Utt tr.i pywrr in -
8 ii rr.rr, mitter eznr-rttrr rnylifisr as is 2W
wrpitihiC t/ «t,na svlps'i star* sUfirifo w/rreJ

e; Sitsststi >n the tert
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BIAS CONFIGURATIONS FOR TRANSISTORS

The voltage divider system ot C is recommended for general transistor use. Ratio of R,/R,

establishes base bias, and emitter bias is provided by voltage drop
across R

t
. Battery polarity is reversed for Npn transistors.

of a given type, attention must be given to

the bias system to overcome these difficulties.

The simple self-bias system is shown in

figure 27A. The base is simply connected

to the power supply through a large resist-

ance which supplies a fixed value of base

current to the transistor. This bias system

is extremely sensitive to the current-trans-

fer ratio of the transistor, and must be

adjusted for optimum results with each

transistor.

When the supply voltage is fairly high

and wide variations in ambient temperature

do not occur, the bias system of figure 27B

may be used, with the bias resistor connected

from base to collector. When the collector

voltage is high, the base current is increased,

moving the operating point of the transistor

down the load line. If the collector voltage

is low, the operating point moves upward

along the load line, thus providing auto-

matic control of the base bias voltage. This

circuit is sensitive to changes in ambient

temperature, and may permit transistor fail-

ure when the transistor is operated near

maximum dissipation ratings.

These circuits are often used in small im-

ported transistor radios and are not recom-

mended for general use unless the bias resis-

tor is selected for the value of current gain

of the particular transistor in use. A better

bias system is shown in figure 27C, where

the base bias is obtained from a voltage di-

vider, (R,, R2 ) ,
and an emitter resistor

(R«>) is used. To prevent signal degenera-

tion, the emitter bias resistor is bypassed

with a large capacitance. A high degree of

circuit stability is provided by this form of

bias, providing the emitter capacitance is of

the order of 10 jiF for audio-frequency ap-

plications.

Bios Circuitry The voltage-divider bias tech-

Cqleulotion nique illustrated in figure

27C is redrawn in generalized

form in figure 28. This configuration di-

vides the emitter resistor into two units

(R, and R 5 ) ,
one of which is bypassed. This

introduction of a slight degree of feedback

allows the designer more freedom to deter-

mine ac gain, while maintaining good dc

stability. The assumption is made that a

modern junction transistor is used having a

Ar* of at least 40 and a low value of !cbo

(collector-cutoff current, emitter open).

The procedure to determine bias circuitry is

given in the following steps:

1. Collector current (Ir )
is chosen from

the data sheet.

2. Collector load resistor (Rj) is calcu-

lated so that the collector voltage is

a little more than one-half the supply

voltage.

3. Ac gain value (A) is chosen and

emitter resistor R, calculated, letting

R, == %/A.
4. Emitter resistor Rr. is calculated to

raise emitter voltage (£,.) to about

10$. to Wlc of supply voltage:

R, - (EM —%
3. Total base voltage (Eh) is sum of £,.

plus base-co-emitter voltage drop

(about 0.7 volt for small-signal silicon

devices)

.

6. The sum of base bias resistors Rj and

R- is such that one-tenth the value

of the dc collector current flows

through the bias circuit.
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COLLECTOR VOLTAGE Vcs

Figure 30

CONSTANT POWER-DISSIPATION
LINE

Constant power-dissipation line is placed on out-
put characteristic curves, with collector load

hv
e
v^>-?

n
!

tl

,
sl ,t

-
f£l,

? 1

withIn arsa funded
JLTW'Uwf f

3?
r'“,nta ' *"tJ constant

power-dissipation Ime. Lced line tangent at (X)
permits maximum power gain within maximum

collector dissipation rating.

current flows continuously during the com-

plete electrical cycle, even when no drive

signal is present. The class-B transistor am-

plifier can be biased either for collector om-

en t cutoff or for zero collector voltage. The

former configuration is most often used,

since collector current flows only during

that half-cycle of the input signal voltage

that aids the forward bias. This Has tech-

nique is used because it results in the best

power efficiency. Class-B transistor ampli-

fiers must be operated in push-pull to avoid

severe signal distortion, Ckss-AB transistor

amplifiers can be biased so that either collec-

tor current or voltage is zero for less than

half a cycle of the input signal, and the

above statements for class-B service also ap-

ply for the ckss-AB mode.

A simple small-signal voltage amplifier

is shown in figure 52A. Direct-current

stabilization is employed in the emitter cir-

cuit, Operating parameters for the amplifier

are given in the drawing. In this case, the

input impedance of the amplifier is guite

low, ’JTfien used with a high-impedance

driving source such as a crystal microphone,

4-7 Transistor Audio

Circuitry

The transistor can be connected 2 s either
a common-base, common-collector, or com-
mon-emitter stage, as discussed previously.
Similar to the case for vacuum tubes, choice
ot transistor circuit configuration depend
on the desired operating characteristics o
the stage. The overall characteristics of thes
three circuits are summarized in figure 31
Common-emitter circuits are widely Use .

Jor nigh gain amplification, and common
“r“‘ts arc “CM ^r oscillator circuit

„
"‘^-frequency operation, and common

collector circuits are used for various mP-^nce transformation applications, hr.am-

S: be given in thi

Aviio

Circuitry

r*s H the case of
amplifiers, transistor

be operated Class .

class C. The first :h

--0 circuitry. The

electron-tube

amplifiers can

A. class AB.
ree classes are

class-A tran-

hst collector

COMMON £K IT7J* «MMDN'£/,SS C9VMDN OTU-tm*

Figure 31

THREE BASIC TRANSISTOR CIRCUITS

CDnric^-emijtsf Circuits .

emplrfiestisn, sorcrncri'iJs
fsr cscillatsr circuits «nS
cutis are used fsr vari:

flrrcetr

*J »£!>£**>

yils greyjsefel

an emitter-follower input should be cm-

ployed as shown In figure 323,

The circuit of 2 two-stage resistance-

coupled amplifier is shown In figure 33A.

The input impedance is approximately

corns. Feedback may be placed around sgc.n

£n amplifier from the collector of the second

stage to the base of the first stage, as shown

in figure 33B. A direct-coupled version oi
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characteristic curves (figure 29) n-hich pjqt

collector current against collector voltage

with the base current as 2 fixed value. In

this example, the collector voltage supply

is 10 volts, the load resistance is 1500 ohms,

the input resistance is 500 ohms, the peak-

to-peak input current is 20 microamperes

and the operating point
(X) is chosen at

25 microamperes of base current and 4.5?

volts on the collector.

The first step is to establish a load line

on the characteristic curves representing

the voltage drop across the load resistor

(R2). Vhen the collector current is zero,

the total collector supply voltage (10 volts)

equals the collector voltage, Vcs. Point 2
(one point of the load line) then is at the

30-volt mark on the collector voltage axis

(x-axis). When the collector current is zero,

the total collector supply voltage (10 volts)

is dropped across load resistor R?. The total

current (Q then is:

10
Ic 0.0066 amp= 6.6 mA

Point Y (a second point of the load line)

then is at the 6.6-mA mark on the collector-

current axis (y-axis). Connect points Y
and Z to establish the load line. The oper-

ating point is located at point X on the load-

line. Since the peak-to-peak input current is

20 microamperes, the deviation is 10 micro-

amperes above the operating point (point

M) and 10 microamperes below the oper-

ating point (point Ar

).

The input current, output current, and

output voltage waveforms may now be es-

tablished by extending lines from the oper-

ating point perpendicular to the /03d line

and to rhe v and x axes respectively and

plotting the waveforms from each deviation

point along the load-line excursions between

points M and Ar.
Current gain (beta) in this configuration

is the ratio of the change in collector cur-

rent to the change in base current:

^
Afc

__
fcie«) fc(ata)

Ah hiatx\ ~~ htnto]

where,

A { is current gain,

fc is collector current,

h is base current,

A equals a small increment.

Substituting known values in the for-

mula:

Current Gain (Aj =
4-7 — 2.1 2.6 mA
il-lF

-
MuA

=b0

Voltage gain in this configuration is the

ratio of the change in collector voltage to

the change in base voltage:

A t
— __ Vcs(K2i) PcE(Cio)

AVtfs ^Erfes!) — Vss(oin)

where,

Ax is voltage gain,

Pce A collector to emitter voltage,

VBE is base to emitter voltage.

(Note: The change in input voltage is

the change in input current multiplied by

the input impedance. In this case the input

voltage is: 20 microamperes rimes 500 ohms,

of 0.0 1 volt).

Therefore:

Voltage Gain (A,.) = — = 400

Power gain is voltage gain times current

gain:

Power gain = 130 X 400 = 52,000

Power gain in decibels is:

Gain =10 log 52,000 = 10 X 4.7

=r 47 decibels

Censtonr-Pewer- £ach transistor has a maxi-

Dissiptrtion Line mum collector power that

it can safely dissipate with-

out damage to the transistor. To ensure that

the maximum collector dissipation rating is

not exceeded, a constmt-powcr-dhsipation

line (figure 50) is drawn on the character-

istic curves, and the collector load resistor

is selected so thac its load line falls in the

area bounded by the vertical and horizontal

axes and the constant-power-dissipation line.

The dissipation line is determined by select-

ing points of collector voltage and current,

the products of which are equal to the max-

imum collector power rating of the transis-

tor. Any load line selected so thac it is tan-

gent to the constant-power-dissipation line

will ensure maximum permissible power gain

of the mnsistor while operating within the

maximum collector power-dissipation rating.

This is important in the design and use of

power amplifiers.
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Figure 3$

figure 3 DA- This drnat exhibits 23 inherent

distortion in the form of 2 7desd zone”

vhlch exists vhen the Incut voltage as ids

Id's* to turn on transistor 0-, and too hip

to turn on transistor 0> Tans, a sins tsars

v.onld be distorted so as to atpest as sbovti

in npcre 333. The circuit of fgnre 35 cor-

rects this problem nr mahlng the forvard

rclt2p drco in diodes Xb and IX squaJ to

the emitter-base forvard voltage drop of

transistors Oj and 0>

COMPLEMEKTARY-SYMMETRY
AMPLIFIER

Crasssvsr issiotlien is rsiasei by use rf iioies—
D, tm 3,. FarwarS vjltej* Srsp b £is5es is

e?U£l is ihs em:t‘.sr-i»s* fsrvcerS vslizEE Srw
cf tfEnsbisrs

2,, zr.t 52,.

nmg a transistor having an b» of 150 can

hare an input impedance of over 75,000

ohms. A complementary endtier rollover is

shosrn in figure 373.

A variation of the emirter-foBover design

is lie DcrJrajfiw par (fgurs 37C). This a-
rangement cascades tvo emitter-foliovej

stages r.-jth dc coupling berveen the derices.

Darlington-pnr-vired dual transistors in

monolitmc term (tor near-oerfect temcera-
rure tracking) are tradable in both X?N
and ?N? pairs, even for poorer applications.
A disadvantage of the Darlington pair
emitter fdlover is that there are tvo
cni.„er-base diode voltage drops berveen
innu: and output. The high equivalent K
o: Darlington pair., hover- allovs for

output.

tor pover output stages another rrpe cf
cm: er rollover s often used. A {mlbvvll

?sver-A.?r.plrSsr The transistor mar also be

Cfrcvlts used zs a tlsss-A ppver

amplider ns shorn in fg-

ure 39-

Commercial transistors are available that

vid proride > 0 vans of .audio cover vhen

operating from 2 2T-vol: supply. “The smaller

units provide cover levels of a few miHi-

vatts. The correct .operating point 25 chosen

so that the output signal C2n svlng ecnalh’

in the positive and negative .directions, as

shovn in the collector curves of figure 393.

The proper primary impedance 01 me
output transformer depends .on the amount

01 never to be delivered to the load;

me collector current bias is:

k=%

ac pover outtmt obtainable is limited to 2,5

tne ailcvable dissipatipn of the tzansstur.

J he product lv3r ds:

I

‘

1 '

ta_) ! V> t. *r?s

!

-3Ht=-= 1*fev-jLLy—rv
'

;
#

- <
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Figure 32

SMALL-SIGNAL VOLTAGE
AMPLIFIERS

/—Lew irnredznee. it stifciliied amplifier

B—Twe steer amplifier features hieh input

iwcedenee

the resistance-coupled amplifier i< shown in

figure 54.

It is possible to employ KPN and PXP
transistors in a common complcmentar) ar-

en't} as shown in figure 55. There is no equiv-

alent of this configuration in vacuum-tube

technology. A variation of this interesting

concept is the rmuplrmcntary-s) wmcfr) cir-

cuit of figure 56 which provides all the ad-

vantages of conventional push-pull operation

plus direct coupling.

The Emitter The cwiflrr-folloucr configura-

Follower rion can be thought of as being

very much like the vacuum-

tube cathode follower, since both have a

high input impedance and a relatively low

output impedance. The base emitter fol-

Cr !Cj'2'.l!!! S= *'P!i

Figure 34

DIRECT-COUPLED TWO-STAGE
AMPLIFIER

Qi-z’izitl.viPii

QZ'ZU!4«

Figure 35

COMPLEMENTARY AMPLIFIER USING

NPN AND PNP DEVICES

lower is shown in figure 57A. The output

s'okage is always 0.6 to 0.7 volt below the

input (for silicon small-signal devices) and

input and output impedances are approxi-

mately related by the current gain of

the transistor. Thus, a simple emitter fol-

lower with an emitter resistance of 500 ohms

A—Input impeflance-cf amplifier is about 1600 ohms.

B—Feedback amplifier with feedback loop from collector of Q, to base ci o,.
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each transistor. Power transistors, such as the

2N5 14 have collector dissipation ratings of

80 watts and operate with class-B efficiency

of about 67 percent. To achieve this level oi

operation the heavy-duty transistor relies on

efficient heat transfer from the transistor

case to the chassis, using the large thermal

capacity of the chassis as a bvai sink. An in-

finite heat sink may be approximated bv

mounting the transistor in the center of a

{>" X h" copper or aluminum sheet. This

area may be pari of a larger chassis.

The collector of most power transistors is

electrically connected to the case. For appli-

cations where the collector is not grounded

a ih’in sheet of mica may be used between

the case of the transisior and the chassis.

The "Bopfc+rep" The bipolar transistor in

Circcif common-eminer configur-

ation presents a low input

impedance unsuitable for use with high-

impedance driving sources such as a crystal

microphone or a diode voltmeter probe.

The boolsimp circuit of figure 41 provides

2K3A'5/HE?-25<

Figure 41

high input impedance
(BOOTSTRAP) AMPLIFIER

53 lwjfn5^*n6B.5rwMrt by sitr.sis feed-

ust
!**/*"* *n*r,ftr tttrwSre fa:

“GT* micmpfisnes er.d ether high-- 'TOeSeaa* tatrSa
..w.„ 1D0K ts *D megohms.

impedance for these sps-

tow-ixpcdancc base-bias

-£_
D~ Ae input circuit by
•*1E signal is fed to the

or and the output signal
emitter^ r£riftor, is also

am oi the Kl0K isolating

error. ’^Tnen a signal zp-
: also appears a: ibe edit-

ing resistor and little or no signal cur-

rent flows through it. The resistor then

resembles an infinitely high impedance to

the signal current, thus effective!}' iso-

lating the base-bias resistors. Since the

isolating resistor has no effect dij the Has

level, the base bias remains unchanged. In

practice, the signal voltage at the emitter

is slightly less than at the base, thus limiting

the overall effectiveness of the circuit- For

example, if the emitter-follower voltage

gain is 0.99, and the value of the isolating

resistor is 100K, the effective resistance io

the ac input signal is ]()0}£ raised to 10

megohms, an increase in value by a factor

of 100 times.

4-8 R-F Circuitry

The bipolar transistor, almost from its

commercial inception, proved io be operable

up into the hf range. The device has been

refined and improved to the point where,

now, operation into the gigahertz region is

feasible. Externa] feedback circuits are often

used to counteract the effect; -of internal

transisior feedback and to provide more

stable performance at high gain figures.

It should be noted, however, the bipolar

transistor is not like a vacuum tube or

FET device .and must have its base-emitter

I

unction forward-biased to display grin.

The result of this requirement is that the

driving stage is driving a nonlinear diode

into torward conduction by the r-i sig-

nal intended to be amplified. Tins indi-

cates the bipolar device is a nonlinear ampli-

fier. to a greater or lesser degree. It toe

bipolar transistor is only required to arrjpihy

one irequency at a rime, and that frequency

is ot constant amplitude, the bipolar transi.-

tor makes a satisfacion' amplifier- hen an

ensemble of signals of dimsren: frequencies

and or amplitudes is present, the typical bi-

polar device w31 demonstrate the effect ot i'-
1

modulation distortion. Toe fact the Hpr-ar

polar device depends to a degree upon now

:
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Figure 38

PUSH-PULL EMITTER-
FOLLOWER OUTPUT

STAGE

A—Cresscver distsrtiofi exists
when trtntrt vslt 2 gj is tse
low te turn cn Q. and tea

high lo turn en Q..

0—Waveform distorticn. Circuit
of figure <s corrects this

problem.

Figure 35

TYPICAL CLASS-A
AUDIO AMPLIFIER

Operating paint is chosen so
thzt output signal can swing
equally in a positive cr nega-
tive direction witfiaut exceed-
ing maximum celieetsr dissi-

pation-

values is shown in figure 39B. The load line

should always lie under the dissipation curve,

and should encompass the maximum possible

2rea between the axes of the graph for max-

imum output condition. In general, the load

line is tangent to the dissipation curve and

passes through the supply-voltage point at

zero collector current. The dc operating

point is thus approximately one-half the

supply voltage.

The circuit of z typical push-pull class-B

transistor amplifier is shown in figure -0A.

Push-pull operation is desirable for transistor

operation, since the even -order hamonics

are largely eliminated. This permits transis-

tors to be driven into high collector-current

regions without distortion normally caused

by nonlinearity of the collector. Crossover

@ ®

distortion is reduced to a minimum by pro-

viding a slight forward base bias in addition

to the normal emitter bias. The base bias

is usually less than 0.1 volt in most cases.

Excessive base bios will boost the quiescent

collector current and thereby lower the

overall efficiency of the stage.

The operating point of the class-B ampli-

fier is set on the Ir — 0 axis at the point

where the collector voltage equals the sup-

ply voltage. The collector-to-collector im-

pedance of the output transformer is:

Kc-c —

-

P0

In the class-B circuit, the maximum ac

power input is approximately equal to three

times the allowable collector dissipation of
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Figure 45

THE AUTODYKE CONVERTER CIRCUIT
USING A 2N168A AS A MIXER

emitter and collector rad is often used in

inexpensive transistorized broadcast receivers.

The circuit has only economy to recommend

it and often requires selection of transistors

to mate it oscillate.

Trcnsisror The bipolar transistor may be
Oscillator! uscg 5n .t.j

oscillator circuits dis-

cussed in Chapter 11 (Gmm-
lian oj Reilio Emjttncy Energy). Because

of tile base-emitter diode, the oscillator is of

the self-linsitinp type, which produces a

waveform with hiph harmonic content. .4

representative NFN transistor oscillator cir-

cuit is shown in fipurc 46. Sufficient coup-

f

Figure 46

NPN OSCILLATOR CIRCUIT

tentt.
'

'

Imp between input and output circuit. .

n-TT
07“ M,1«or-base

o- « rttwnal rennuy wiH p::mk mciI1.

or !“*IkI
J- above tfe alpha-cuto

btcaus. of the relatively I,-.
inpefa,

associated wun bipolar transistors, |»y a-
best us;0 with crystals operating in Se *

Figure 47

SERIES-MODE TRANSISTOR
OSCILLATOR

Crystal is utecstJ in fztibzzk path and esciitrtss

in series meCe.

ries mode, zs shown in figure 47. If 2 stand-

ard parallel-mode type crystal is used in cue

of these series circuits, it will oscillate at its

series-resonant frequency which is slightly

lower than that frequency marked cn the

holder.

Transistor The bipolar device C2n be used

Defectors iS 2n amplitude detector, very

much zs a diode is used since

the emitter-bzse junction is, after all, 2

diode. The transistor detector ofiers gain,

however, since current passed by the base-

emitter diode is multiplied by the factor hs,-

The detected signal is recovered at the col-

lector. Since germanium transistors have 2

lower forward conduction voltage than sili-

con types, the;.' are often used in this circuit.

This allows the detector to operate on a K*
tenths of a volt (peak } as opposed no about

•J.6 volt (peak) required for a silicon tran-

sistor. The bipolar transistor can also be used

zs a product detector for SSB 2nd c-w, such

as shown in figure 42.

nu

Figure 4 3

PRODUCT DETECTOR

2(5 fe injected »nts the emitter sfreutt z

(rw-tnps^r.ce sseice. Strife is tasrerti »r tf.e

Ktfectsr circuit.
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cfency is ro use the transmitter in a common-
emitter configuration to optimize gain. This

circuit configuration also unfortunately opti-

mizes nonlinearity. The common emitter cir-

cuit may be improved bv leaving a portion

of the emitter resistor unbypassed as shown

in figure 42. This reduces stage gain, but

also reduces nonlinearity and resultant cross-

modulation problems to a greater degree. The

unbypassed emitter resistor also boosts rhe

input impedance at the base of the ampli-

fier.

Figure 42

COMMON EMITTER R-F AMPLIFIER
linearity rs improved by leaving a portion of the

emitter resistor unbypassed. Stage gain and
cross modulation are bath reduced.

R-F Amplifiers A representative common-

base r-f amplifier is shown

in figure 43. This configuration generally

has lover gain than the common-emitter

circuit and is less likely to require neutrali-

zation. The linearity is better chan that of

the common-emitter circuit because of

matching considerations. The input imped-

ance of a common-base amplifier is in the

region of 50 ohms, so no voltage step up is

involved in matching the transistor to the

common 50-ohm antenna circuit. In the

common-emitter stage the input impedance

of a small hf transistor is about 500 ohms

Figure 45

COMMON-BASE R-F AMPLIFIER

tinea n'ty of tfifs circuit is better than that

of cammon-emitterconfiguraton.

and a step-up impedance network must be

used, causing rhe base voltage to be higher

and aggravating the crossmodulafion prob-

lem.

The relatively low gain of the common-
base circuit may not he a detriment for hf
operation because good receiver design calls

for only enough gain to overcome mixer

noise at the frequency of operation.

Mixers end As mentioned previously, the

Converters bipolar transistor is an inher-

ently nonlinear device and, as

such, can be used as an effective miter or

converter. Figure 44 shows two widely used

Figure U

REPRESENTATIVE MIXER CIRCUITS

A—Base circuit injection of local oscillator.

B—emitter injection fmm low-impedance source.

transistor mixer circuits. The local oscillator

signal can be injected into the base ricuit in

parallel with the r-f signal, or injected sep-

arately from a low-impedance source into

the emitter circuit. The mixer products ap-

pear in the collector circuit and the desired

one is taken from a selective output circuit.

A single transistor may be used in an

cufodyne converter circuit, as shown in fig-

ure 45. This is a common-emitter mixer

with a tuned feedback circuit between
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This current represents the tnaasmaj cur-

rent flow •viTr’h the gate-source diode a: zero

bias. As the gate is made more negative rela-

tive to the source, the P-region eipands cut-

ting down the size of the X-channel through

which current C2n flow. Finally, at a nega-

tive gate potential termed the pmrb-nf,

t ullage, conduction in the channel ceases.

The region of control for negative gate

voltages lies between zero and the gaic-to-

source cutoff voltage (\
r
S5.oir). These toIt-

ages cause the gate-source junction to be

bcck-bicwd, a condition analogous to the

vacuum mbs, since drain current is con-

trolled by gate voltage. In t'ne vacuum tube

fl>5*!rnBN7**S) ^NHMCCMtNTTr**)
N-&KC.MHC1. W-JHtNNE). H-ShANWSL

:nArir(*L

SRAIIJ

Mima

:*t».rw£L

WJ»

30U5TCS

Ffpw l

SYMBOLS AND NOMENCLATURE =0 P

FIELD-EFFECT TRANSISTORS

a potential on the grid affects the plate cur-

rent. however the charge carrying the sig-

nal does not flow in the region between
cathode and plate to any si unmeant meat.

It is possible to build a P-channd IFFI
device that requires a negative dram voltage
r.r>d is biased with poshn c uate voltage.
Combining both \'-rhr.r.nel and P-channel
,J ^ ^ tnages it p>c."-v.t?jt’ to design comole-

to form the source -and drain. The
(
gate as ,ti

layer of metalizarion laid down directly -ever

the P-type region between source end -drain,

but separated from the region by a this

layer of insulating silicon dirabde '(-silicon

nitride is also used in some types)., 5f a pos-

itive voltage is applied to the drib- relative

I NSUi-'V-S

FfewtS

INSULATED-CATE FIELD-EFFECT
i nANSISTOR

iern fie: tr.selates gate element ani surrsni
vontrtil is iy means sapiistianes rsriatior..

iTihansemerv. mods (pMit'vE gate nontra'l smi
tfspleiton mois taegalive gate -PPnirrr) ItfiTs
ire mfitobte. Ziti roKags limtefron -is acini r

?

dreekdown r r
vitiate uistectris in ttis gnte.

-'isie-omteslefi 'ISrFT her zerer HTtoHez an the
ship is limit potential between pate ®njJ its

at ietfpE.

to the source, and there is no potential cb-

terence between gate and substrate, too cu>

rem v-OJ fbw because the oath appears as

two bach-To-badi diodes (KP-PX)- If a

positive voltage is applied to the gate relative

to the substrate, it will jr.thur an X-rephtt

between source and drain and conducrior

will occur. This type cf 1GP3T is termed up

rtihenmncrt vnnh: type: that is, arplication

ct terward bias to the gate enhances current

bow from source to drain. (It is no: possible

to build an enhancement mode JF5T because

the gate is a diode which wul conduct ri

forwgrd-biased).

A tlcplahu mode JGFET is bud: by •h
:i-

t using a small l'1'

1

-region between the source

and drain an cause conduction even if there

is no voltage applied between gate a.nd sub-

depletion mode jGFET is used ir. the same
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and Numeric Displays

4-9 Field-Effect Devices

The jiiiii'limi ficU-ejlcii /nrit.'t'it

(JF£T) , or unipolar transistor was cap.oxo

in 1928 but it was not until 19SS that tilt

first practical field-effect transistor w-s e-

veloped. This device may be most easily

visualized as a bar, or channel, of semicon-

ductor material of either N-type or V-type

silicon. An ohmic contact is made to each

end of the bar as shown in figure 1 « ^ |C

represents an N-type field-effect transistor

in its simplest form. If two P-regions arc

diffused into a bar of N-maier.al (from

opposite sides of the M-channel) an ex-

ternally connected together electrically, a

$ate is produced. One ohmic contact is ca c

the source and the other the drain, it nut

ters not which if the gate diffusion is in the

center of the device. If a positive voltage is

applied between drain and source (figure 1 )

Figure 1

JUNCTION FIELO.EFFECT

TRANSISTOR

A-Pa*c jrET is channel of N- or f' lvi'o

rial with contact nt nth fin'.
]
Wl' 1

s
p
L^,,fr

ciotn arc diffusert into ihc b#r, » W "'*

S'KiVn'fftaTMnrffi-A Jl

"'".

bias chatters emtent

'» «'-’ in ""Set*'?.t “S *

and the gate is connected 1st the ’

current will How. This is the mini imp.Mi >m

definitive current in a JicItUHrct d<Mu‘ »'d

is termed the zero Iw drtnt iunoil \ i
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c,

2iomi

Figure 6

A 5-WATT PEP OUTPUT AMPLIFIER USING VMOSFET

This circuit may be ussd either 2s z 5-w2tt linear amplifier far 2 maters or as a lnr-n:iss

preamplifier.

up to two amperes and potentials up to 50

xolts and can produce 12 dB g2in 2nd a 2.4

dB noise figure at 146 MHz. A 5-watt ?E?
output linear amplifier using 2 VPMl derice

:s shown in figure 6. This amplifier has a

power gain of about 12 dB.

The VMOSFET was originally developed

for use as output stage devices for high fidel-

ity audio systems to provide extremely linear

characteristics that certain low-/i triode

tubes (such as the 2A3) can produce with

-2«v

Figure 7

7TL LOGIC-COMPATIBLE
HIGH-CURRENT RELAY DRIVER

negative feedback As such, the TMOSEEi

makes a very fine audio amplifier. In addi-

tion, since this device has 2 high impedance

MOS gate, it has a perfect input impedance

for interfacing MOS or PM05 logsc tanfily

ICs to power load, such as a lamp or 2 relay-

An example of this use is shown in figt^
'

The R-F Fewer Power MOSFET devices are

MOSFET currently 2vaikble tor t-a

power amplifiers for sernce

to over 175 MHz. Devices made by Sm-

corJx, Cwtimvnications Trendsfor Corp-

and others provide coHecxor dissipation rat-

ings to 100 watts with power gain Jgnres

of about 10 dB. Typically, the power MOS-

EETs operate from 2 drain supply o: 2? to

3 5 volts and are designed for class-AB coer-

2tion. These devices are very useful astneu

efficiency is good and the sptcirri pvviyjs

treater wng-i for bipolar devices of 2 sunun

power level
’
The CTC BF100-35, for exampk can

provide over 100 watts output at 175 Mkz
with a drive power of about 12 watts.

Power oumut at 2S volts is somewnat a-T-

At the other end cf the power scale, tne
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potential of the gate-source and gate-drain
circuits. In the IGFET, on the other hand,
the gate voltage limitation is the paint of
destructive breakdown of the oxide dielectric

under the gate. This breakdown must be
avoided to prevent permanent damage to

the oxide.

Static electricity represents the greatest

threat to the gate insulation in IGFET de-
vices, This type of charge accumulation can
be avoided by wrapping the leads in tinfoil,

or by otherwise connecting the leads when
the devices are being transported and in-

stalled. The user of the device, moreover,

may accumulate a static potential that will

damage the IGFET when it is handled or

installed and a grounding strap around the

electrodes is recommended. Gate protection

is often included within the device in the

form of zener diodes on the chip between the

gate and the body, forming a JfoJe-pro-

tected IGFET.

FET Terminal Note in figures J and 5 there

Leo^ arc really four terminations

associated with any FET de-

rice. In the JFET they are source, drain, and

the two connections to the two P-diffusions

made in the channel. In the IGFET they are

source, drain, gate, and substrate. In some

JFETs all four leads arc brought out of the

package and in others only three leads arc

available. In a three-lead configuration, it

is considered that the two P-diffusion gate

connections are tied together inside the pack-

In the case of the IGFET, all foor leads

arc generally available for use; bur more

ofien rhan not. the substrate is externally

connected to the source in the actual circuit.

The advantage of the four-lead package is

the ability to allow separate control ports,

much like a multigrid vacuum tube.

jaiSTfiTE

Figure -1

DUAL-GATE IGFET

Depletion type, dual-gate IGFET is intended for

use through the vhf range. One port is for

An improved Jml-gaie IGFET of the de-
pletion type he; recently become available
intended for r-f use through the vhf ranee.
The jXliO. 5N] 41 ' and 40673 of RCA,
and the Motorola MFE-3006 and JlfT-3007
are representative types. Their construction
ts shown in figure 4. These devices serve
V'here dual pom are required, such is in

miters, product detectors, and age-controlled

stages, with one gate used as the signal port
and the other the control port.

V-MOS The VUOSFET is a relatively net-

addition to the family of available

semiconductors, !t is named "V” JJOS be-
cause of its physical crosssecrioa vrhich is in

the form of a V (figure !) . This is quite dif-

ferent from the 1IOSKT cross-section

shown in figure 3, Because of the vertical

sa?cg e»?t

Figure 5

CROSS-SECTION OF VMOS CHANNEL

H-!- nateriEl is used as sufcstrate. The gste
is positive wilh respect to the source result-

ing in an H-type channel, with electrons

flowing from the source, through the channel
and N-epi fayer into the substrate, cr drain,

penetration of the V-shaped gate, the

VMOSFET is sometimes called a Vertical

MOSFET.

The VMOSFET provides high-voltage,

high current, and high-frequency perform-

ance which was previously unavailable in

conventional designs. The first devices avail-

able were the VPMl, VPM1I and YPMJ2
(Silicorix) packaged in the TO-J configura-

tion. These device arc capable of currents
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12 T2TT loir oztDZZ nt 13- i.

icpzrsi AC rxhvvrk -whsnsb sadh 2£ tar

ti2s the ccne ttne consort her saccssh-sh-

Hper rnoedcnce. 1tie rnddK-T m5 Tha
hridFe arcrirs list sisp: -hg-raVy? ssafr

to the ZrT as shrrwr fn Anrres 1-4 end 15.
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of jDne of its nnicae

characteristic. In narricukr., the 7P7 has

z transfer chsacsasw the: is rsassisiih-

tree t-i third-order currcrrre, -winch en-
scres tnr.r icremocnlciiDn .distortbn rent

crassaoSuktirc -will he 2: 2 nab® in s
properly designed circuit. A txpbtl IGPET

j
depletion node) t~ >: tntpHer is shewn

ml devices nsr- second order ciirvrtr
in their treaster tunction' end ooerrte
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CTC Bfv-iS c:n provide over 7 vt, 0-

«,. Gbraiar for rb? power MOSFET
.eamSfe ;k : shovn ;n SpCT (

4-10
Circuifry
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A iOM-ol- fed 1;-. j

.^ccorvefeC&ja-pifr^.
• ° n-;;:K f°- •- P*fe robje „f - ?

JFET and dtpk:im.ffiodr iGFFr d-v-~ "Kd «* » re.-.-rA£“«">•«»nottwaaKb-Tw
t

S * d» ebb, dear,tmwc of m ineipendvc or.s FT
»«,.-,.vE300) arewhovroiog:; ^la!tiu'« w*fe) vCe= 0 !> ^“V;r-
"P«nts rk zero-bii, &fa ce-A'iS
roirfr‘

• A*5! t0 SBUrce P«»*al of 30A “ 1

5

ra.Ban.pete, er.d, accordbo to

f ** Ip co'uld be anv vafct t,-4-

rCS
“J? --e IS ^ir3v typical at r* 5n~f~«w. «* &.Y*;

‘.piral, u K the value of Ip rad fora ;t.

Figure B

DRAIN CHARACTERISTICS OF
E30D FET

SSaSSF*^ rarm cf^ resale ft*

as Hie
rofec curves of psnfEfie vacuum tot;

i!nDp ..^
Urrs

i

nt Plots zre r.sarfy hcnznntal in

tow* *
re Vc: * 8bDui 6 vcfc- Lc2[f *

rc)ta*B «t
p,

.

of fsr 22(5 6 ‘2S -1 trsIL drain
s- of ~is volt, and drain currant cf 7

fnKframpsrcS,

r^ P®® ^b characterises loob very

to the characterises of a
-n»Gg vacuum tube; that is, sr V* (drab

vo3

-
?

Potential) greater tbs about 6

,
s
a tbs drain current curves are neariv

JWco»»td in slons.

V
V*

Figure 2

COMMON-SOURCE
AMPLIFIERS USING

E300 FET

0;5reti'* us5?r an-tf?L-' s S-C1ra * fiS«« 2- ^-Separate gate fc«,
B-S:urc® ScIf-tUs,

£ drain voltage of ~1J volts, and a

? ten cur.rest of 7 jsfaperes. The
t of a corr.rr.'jr.-ionrce amplifier oper-
under these conditions is shewn b

coKKor.-zcte configuration sb*'n in
i 0 say ce cospared in performance

cathode-driven vacuum-tube arnoli-

isvbg a rather !o~ value of brat

figure

Sgure

to the

Sc, fc

,:;;f

T't|"
'

* Figure 10

COMMON-GATE AMPLIFIER
USING E!0D FET

Jnput irr.paiencs cf wmrcsn-gata circaft ts

aS:at 150 eftms. sage gzin Is imer tten cam-
msn-scurcs circuit

impedance. A cyplczl value of bput imped-

ance is approiuna tely l/gf, vhere g«. is the

transconductar.ee (similar to g- b the vac-

cam rubes). The g;, for the E500 device

is about 6600 microbnas; so tb circuit of

cgure 7 sdS have an bpnr impedance around

ISO ohms.

The FET analogy to the cathode rollover

is shovrn in figure II. This source follower.
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characteristics can be chosen to simulate the

dynamic performance of a tube. Two JFET;>

are required to simulate the performance of

.a pentode- Fetrons feature long life* low

aging, and reduced power consumption a:

compared to an equivalent vacuum tube,

//Jcrov-crve Gdlkm Arsenide (GsAs
)
FETS

FET: have been developed that prom-

ise superior low-noise perform-

ance for microwave applications. Typical

noise figures for these devices are about 3

dB at 4 GHz, 4 dB at ? GHz, and > dJ3 at

12.3 GHz. developmental GaAs FETs with

c Schottky-barrier gate exhibit a noise figure

of 3-3 dB at 3
fJ GHz and a power gain of

9 dB. Many of these new experimental FETs

have an imz in excess of 30 GHz. Enhanced

noise figures have been produced by cooling

the FET device with liquid nitrogen to

77’ & <
.Recent advances in Gallium Arsenide FET

technology have produced devices capable of

1 watt output at 10 GHz. These state-of-

the-art GaAs FETs are very expensive, and

for the present murr be consider#! as
1

com-

ponents used in high priority systems, such

as avionics,

Anctoj Switcher
'J h» example of using an en-

hancement mode MOSFET
as an analog switch in the sample-and-hold

circuit of figure n show; the general con-

Figure 15

H0L2 c'Rcuit Vi'ith
EfiHAKCdlEUT MODE IGrET

ill/ Wt7*-J]
l-y*,*. wr>‘f,s ,'r

j i; c?

»

»*3 « tWft •,

r? et c? i-.p./j v; i* {•£* tr,-
lhiS«ch cpfiV-'rA

-- J - Stjf'li.f
'< ttW'.'M ’

5fC7

cept of analog -switching, A "bole class 0
JC-pachaged analog twitches have been de-

veloped for this purpose, malting circuit de-

tails much simpler than, with the use of other

devices. The control input to these new de-

vice is usually compatible with one or more

of the standard digital logic families such as

TTL or CMOS, Figure 1?A shows an analog

gate using a DG20Q (.Stlfconfa) as a noise

pulse gate -such as employed in an 5-f miss

silencer. Note that TTL control is used and

®
02200

AKA

L

0$

»!
IN

X

5A7S0
AMALOS

tsm
Oir

©

''HO

FJji’re IS

THE /mOS SWTCH
*—Use A. n?J!5srf/ tv2tt *; ?'n ssj'fj gate, /

pvf'Or? jjs^s* S5tr:S swXsh,
E—'It'.'jfrsr. A Ctavtn frer-err/.
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Fip/re 15

WIENBRIDGEAUDIO OSCILLATOR
USING HEP 801 AND2NJ08

Figure 17

FET
£!i

D ZENER DIODE PROVIDE
improved regulation

P—Coiwtent current source. 0—Variaon current

^—Sy/vaniam MB lamp.

JFET in 1 similar manner by connects the

f
'" “ ™f«- If the EET is used rich

> unable resistance in the source lead, as
shorn, in figure I7B, an adjustable but con-
stant-cunent source is available.

DSj r*
1”

itl 1'™ 1 ”’

Figure 16

LINEAR RAMP GENERATOR
Hpp t0

,

3
. IP u

l
ea as conslanl current souree

10 Efnarate linear ramp viareforms.

enhancement-mode IGFET (P-chan-
"e

) « almost exclusively used as a switch

f
r £°ropirting or for logic circuits and
e ®ajic building block upon which one

,

0nn logic integrated circuit is based, as

^Cussed in a later chapter. Discrete en-

J
nAm

rT:
md' ^FETs are used in sample

18 Th
®rc®t5» suc^) as shown in figure

j

waveform at the input is sampled

?
y "^hen the negative sample pulse, applied

efween substrate and gate, is present. The
capacrtor (C) is then charged to whatever
a

.

Ue fhe input received during the sample

irpPT
3nd ^*°^s t^s Ta^ue because the

represents an open circuit at all

01 er rimes. The voltage on the capacitor

b£ USfid to drive another FET (depletion

so that the input impedance of the

sensing amplifier does not discharge the ca-
pacior to any degree during sampling tinR
I be enhancement-mode IGFET also serves
as a fast switch hi chopper service or as a
senes switch in certain types of noise sup-
pressron devices,

As the wtoology of FET construction
Mops, JFETSi and IGFETs continue lo
mvade new circuit areas. JFETs for t-GHz
operat,on are available and so are 10-watt
stud-mounted types for lower-frenuency
power application. IGFETs are being j

i

signed tor I-GHz operation to satisfy the
demands of UHF-TV reception. Some re-
penmenta! FETt have been built to operate
at !0 GHz. Other experimental JFETs avail,
able for low-frequency work can withstand
100 volts between source and drain.

It appears that virtually every circuit
that can be realized with receiving type vac-
uum tubes can also be eventually dupli-
cated with some sort of FET package and
interesting variations of this efficient and
inexpensive solid-state device that will apply
to high-frequency communication are on
the horizon.

The Fetron A JFET called a frtrm, has

been developed that replaces a
vacuum tube in a circuit directly, without
requiring major modifications in the circuit.

High-voltage FETS are used and the Fetron
can either be a single JFET or two csscodc
connected JFETs in a hybrid integrated

circuit. Tbe Fetron is packaged in an over-

size metal can that has the same pin config-
uration as the tube it replaces. The JFET
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with an insulating oxide layer which can be

opened in areas to permit metalization and

interconnection.

The metalization process follows next,

connecting circuit elements in the substrate.

Electrical isolation farriers (insulators) may
be provided in the iorm of reverse-biased

PX junctions, or the resistance of the sub-

strate may be used. Dielectric insulation,

making use of a formed layer around a

sensitive region is also employed. Successive

diffusion processes produce transistors and

circuit elements of microscopic size, ready

to have external leads bonded to them, and

suitable for encapsulation.

Typical IC dice range in size from less

than 0.02" square up to 0.08" X 0.2".

Many package configurations are used, the

most popular being the mkipin TO-)
package, the duel in-line package, the flat

package, and the inexpensive epoxy package.

Digtfol end Integrated circuits may be clas-
Lmeer tC s

sified in terms of their func-

end-use into two fami-
lies:

Digital--.A family of circuits that oper-
ate effectively as "on-of” switches. These
circuits are most frequently used in com-

s*'y

Figure 22

differential integrated-circuit
amplifier

puters to count in accord with the absence

or presence of a signal.

Linear (Analog)—A family of circuits

that operate on an electrical signal to change

its shape, increase its amplitude, or modify

it for a specific use.

The differentia] amplifier is a basic cir-

cuit configuration for ICs used in a wide

variety of linear applications (figure 22)-

The circuit is basically 2 balanced amplifier

in which the currents to the emitter-cou-

pled differential pair of transistors are sup-

plied from a constant-current source, such

as a transistor. An operational amplifier is

.1 high-gain direct-coupled amplifier which

is designed to use feedback for control of

response characteristics (figure 23). The cir-

cuit symbol for these amplifiers is a trimgk

with tht apan pointing in the direetton c-

operation.

Figure 23

OPERATIONAL INTEGRATED-CIRCUIT

AMPLIFIER

The MOSFET Jt, to,* jnojsoJishic Spiff
^ IC requires a seven-musk

process: that is. seven airier-

cut photographic masks {negatr-us) must be

used :n diffusen, etching, and oxidizing

cycles. The necessity for all of these masks

to exactly overlay for register) is cue very

critical tactor in cetting the vis’d ct an 1C
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that the DG200 uses standard ±15 volt

power, as do most IC op amps and some

other linear ICs,

A plot of isolation vs. frequency (figure

19B) shows that the DG200 is usable up to

about 100 MHz. Also, since there are two

analog gates in each DG200 package, the de-

vice can be used as a single-pole, double-

throw switch for analog signals or to form a

series-shunt analog gate for increased isola-

tion, as shown in figure 20.

OG2008A

+IS

Figure 20

SERIES-SHUNT ANALOG SWITCH

4-11 Integrated Circuits

The mltprinl circuit (IC) comprises »

family in the field of microelectronics in

which small, conventional components arc

combined in an orderly fashion in compact,

high-density assemblies (
micromodules )

as

shown in figure 21. Integrated circuits may

be composed of passive elements (resistors,

capacitors, and interconnections), and active

elements such as diodes and transistors, c

IC family may be divided into monoUW

and multicliip, or hybrid
,
circuits. The for-

mer category consists of an entire circuit

function constructed in a single semicon-

ductor block. The latter consists of two or

more semiconductor blocks, each containing

active or passive elements interconnected to

form a complete circuit and assembled m a

single package. .

Integrated circuits offer relief in comp ex

systems by permitting a reduction in the

number of pieces and interconnections mak-

Figure 21

INTEGRATED CIRCUIT ASSEMBLY

This 36-lead integrated circuit complex is

smaller than a postage, stamp and include!i 285

gates fabricated on a single chip. It is used for

access to computer memory circuits. (Fairchild

TT/'L SMS).

mg up the system. J reduction In overall

system sire, better transistor matching and

potentially lower system cost.

Using very small monolithic IC’s makes

it possible to malic thousands of circuits

simultaneously. For example, several hundred

dice (plural of die) may be produced side

by side from a single silicon slice in the

simultaneous processing of about a hundred

slices. Each die contains a complete circuit

made up of ten to one hundred or more

active and inactive components.

The silicon slice is prepared by an rp: tr-

ial process, which is defined as the place-

ment of materials on a surface. ’ Epitaxy

is used to grow thin layers of silicon on the

slice the layer resistivity controlled by the

addition of N-typc or P-type impum.es

Ijilim) to the silicon atoms being de-

posited. When localized regions are diffused

into the base material (sirbs/ra/r), isolated

citcuits are achieved. Diffusion of additional

p-typc or N-type regions forms transistors.

Once the die is prepared by successive

diffusions, a photomaskmg and etching proc-

ess cuts accurately sized-and-located win-

dows in the oxide surface, setting the circuit

element dimensions simultaneously on ever)

ircuit in the slice. The wafer ,s then coated
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figure 25

BASIC MOS INTEGRATED CIRCUIT

Device C, serves at ective device end 0, serves

as drain resistor.

a> 3Z>
3>

OP.

NOT

Figure 2S

EXAMPLES OF SYMBOLIC LOGIC
CIRCUITRY

output level drop? to a volt2ge near ground.

The logic statement expressed in binary

mathematics by the NOR. gate is (in Boole-

an algebra) ; AtB—C, or if A or B is one.

then C is mo. Simply, the statement says

input at gate l or gate 2 yields a zero

(NOR) at the output.

By adding a NOT circuit after the NOB,
or OR circuit is formed (figure 27C); now

if either A or B are owe, then C is owe. In

Boolean notation: A -f B = C.

If one is termed to and zero termed

/tfhe, these terms relate the circuits to logic

in the common sen.se of the word. An AND
gate is shown in figure 27D,

These simple AND, OR, and NOT cir-

cuits can be used to solve complex prob-

lems, and systems may be activated by the

desired combination of true and false input

statements. In addition to use in logic func-

tions, NAND, NOR, and NOT gates can

be wired as astable (free-running) multivi-

brators, monostable (one-shot) multivibra-

tors and Schmitt triggers. Representative ex-

amples of such functions are thown in figure

28.

grams show symbols based on the specific

functions performed and not on the com-
ponent configuration which may consist of
many microscopic particles on a semicon-
ductor chip. Typical examples of symbolic
circuitry arc shown in figure 26.

P.TL Logic The earliest practical iC logic

^orm v/as tcdstof/rnHiishr
/"?«' (RTL). A basic building block of
RTL is tit. inverter or NOT 9* f%nre)

,

" vrhott output ts the opprate or com-
plement of the input level. The output anti
input levels, thus, are ml the tame. The
A OR gate is shorn in figure 27B. These
8»es, plus the W/ND gate permit th. de-
signer to build up OR and AND gates, plus
multivibrators and even more complicated
logic functions,

The NOR gate (not OR) make, use of
tsvo or more bipolar devices. If both NOR
inputs are at ground frtate "(J”j th-n tit.

’ 1* However, if cither input A
*r,put R ” 21 2 positive level, then the

DTL Logie Some logic ICs are Jfodc trun-

tintor logic (DTL) as shown

in figure 29. Illustration A shows one-quar-

ter of a quadruple-two-input NAND gate.

The DTL configuration, behaves differently

than the RTL devices. If the two inputs of

figure 29A are open ("high/’ or o/^), tbs

output is "JW,” (or zero). If zny input is

grounded (zero) , the output remains high-

Current has to fiow out of the diode inputs

to place the output level at zero. This ac-

tion h termed current sinking.

The portion of the two-input NAND
gate shown in figure 29B is a member of

the TTL family, all of which can be inter-

faced electrically with each other 2nd with

DTL as far as signal levels are concerned. It

is possible to use logic ICs in linear circuits

and figure 30 shovrs two crystal oscillator;

built around PvTL 2nd TTL integrated cir-

cuits.

PvTL and DTL devices are inexpensive

and easily used in system designs. The PvTL

devices require a -f 3A-volt supply and the

DTL devices require a -f LO-volt supply.

Both these families suffer the disadvantage of
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fabrication process up to 2 reasonable per-

centage of functional chips.

Another monolithic IC, that is more

simple to fabricate, is the M05FET type.

The MOSFE7 1C is principally used in logic

type functional blocks. Unlike the bipolar

monolithic IC, no separate diffusion is

necessary to make resistors—FETs are used

as resistors as well as active devices. Since

MOSFETs have capacitors inherent in them

(gate to channel capacitance), the smali

capcitors needed are already present. So.

with every device on the chip a MOSFET,

only several maskings must be made. The

smaller number of mask processes has the

effect of increasing yields, or alternately al-

lowing more separate elements to be put on

the chip.

A simple MOS-IC circuit is shown in fig-

ure 25. This is ^ digital inverter, Qi serving

as the active device and Q: functioning as

a drain resistor. A typical MOS-IC chip has

literally hundreds or thousands of circuits

such as this on it, interconnected as a rela-

tively complex circuit system block, such

as a shift register.

4-12 Digital-Logic ICs

An electronic system that deals with dis-

crete events based on digits functions on an

"on-off” principle wherein the active de-

vices in the system are cither operating in

one of two modes: cutoff (off) or saturation

(on). Operation is based on binary mathe-

matics using only the digits zero and nnc. In

general, zero is indicated by a low signal

voltage and one by a higher signal voltage.

In a negative logic system the reverse is true,

one bang indicated by the most negative

voltage.

In either case, the circuits chat perform

digital logic exercises may be made up of

hundreds or thousands of discrete compon-

ents, both active 2nd inactive. Logic (Jia-

Figurfi 24

l-C CIRCUIT BOARD PERFORMS AS VOLTAGE REGULATOR

Complicated circuitry is reS“”^°J
lf

ri

Sny '

tSWIfVDtome cnsfscrete

ICs.'transistor mj> gj»gg&tSrA» * h at (eft with heat sin*.
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Figure 30

CRYSTAL OSCILLATORS USIKC RTL

AND TTL INTEGRATED CIRCUITS

7 umi oic'tiiftsr using RTL eusi buffer,

E—1 MHz 9*cfllst9r using TTL zeief,

devices my be interconnected to provide a

(fertile omnler (a divide-by-ten operation

with ten input pulses required to provide

one output pulse). A programmed counter

can be used to divide frequencies by V\ 10,

or any programmed number for service in

frequency counters and synthesizers. A dec-

afe' imier mb «? «f ha % ftps is

dxmn in figure 33. These flip ftps at

tabled «r clocjfad devices vli& Gznp

state as a result of an input change.

flip-flop devices to divide by a common

integer arc available on a single chip, asn

vids-by-ten counter such as shown bsdoj;

representative,

HTL Lewie Another form of OT. type h>£'c

device is designed to operate at

a higher signal level for noise and transit

immunity, W%h JbwhoU h)?jc frdTJ.)

and Ih/j N<jm hnminify Up< (BW
are devices often used in circuits that .wu

rdays and control power, such as those

found in industrial systems. These Tarm^’.s

of JCs are generally operated from *12 to

+ 15 vdts and special HTL HML devices

are available w interface with the less O
pensive &TL, PTL and TTL families.

ECLL^tc Emitter-coupled h?Jc (ZCV) b

a very high speed system capao..e

of operation as high as 1290 MHz with cer-

tain devices, A typical ECL configuration n

shown in figure 22. ECL operates ^on the

principle of nonsaturation of the intern*!

transistors. Logic swings are reduced in *n>

Figure 31

SH 7<$W USED AC DECADE DIVIDER

Dtctct erW<«f *i ffiec vf
lit fit. If P,

t
trJ P> UtM,

p

it 1< W»!l

jVf ftf’-'r f :odSs-5 e?vi^t* p'triit lift tri fine level cs/r.tH*.
'•t «f( VVintei trp Uf/nSr*!* } zn< 12 fUmpertC, iftp'A Utwn?f
t* CrflCtC 1?/ it tre *» ftFFrfrtr If, Oirtpyt wmferrn fctt

W. «»!</»>,

/
’

'
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4;^) ..ellZM/''"
7

.» sHy~‘
I

1 MQR * nor GATES EQUALS OR GA~£

-o— a>- X>- ::;o-
RTL JSOJ GATE RltHSG^E ,„j\j

“UALS AffiGAre

Figure 27

STL LOGIC

-MpISW^SMVST £s,“ fsm “ £ite °-™

low immunity to transient noise and are

sensitive to r-f pickup.

Flip Flops A flip flop « 3 device which

end Counters provides two outputs which

can be driven to zero- and

fl//r-level combinations. Usually when one

output is rCTO, the other is one. Flip-flop

Figure 28

TTL AND RTL GATES USED AS

multivibrators and triggers

A—Free-running multivibrator using
fate. B—Monostable multivibrator (onwhot)
made from half of a TTL cuad-jrate. C—Sewnin
trigger made from half of a TTL puad-fite.

Figure 25

TTLANDDTL LOGIC GATES

. nTL (wo inpul HAND gale using V.

J-SZ ’* ” s 'n ' y‘
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Figure 35

CMOS GATES USED AS

MULTIVIBRATORS

A—Aitahie multivibrator usinn CD4OO1/0 dual gates.

8—OnC'Shol multivibrator using dual CMOS gates.

Thu CMOS devices now available allow
for quite a large variety of circuitry, and like

the types previously discussed, they may be
used in nonlogic ways. Figure }J shows how
CMOS gates may be used as an astablc multi-
vibrator and a one-shor multivibrator,

CMOS is now available in two families:
tht original CDiOOl) series by RC4 (second-
sourced by at least six other suppliers) and
the 7-tCOO family originated bv Naliml
WwAr/or. The latter family has the
same terminals and generally the same usage
ruie, as , he popuiarT-tosm logic family.
Loth CMOS families arc compatible in logic
levels and it remains to be seen which will
become the dominant family.

P-MOS Memory)

Logic

modej logic provii
hl*h parity xbtfl rrg/s/rrs anc

Conventional P-MQ
iannel, enhance

orio. The shift register is a unique form of

memory device which has one input and

one output, plus a duck (timing) input.

One commonly used P-MOS shift register

has 256 bits of storage in it. The shift regis-

ter may be compared to a piece of pipe jusi

long enough to hold 256 marbles which 3re

randomly colored white and black. The

black marbles indicate a one value and the

white marbles indicate a zero value. The

sum of marbles makes up a 256-bit binary

word. The pipe is assumed to be opaque so

the sequence of marbles cannot be seen. In

order to determine the binary word, it is

necessary to push 256 marbles in at the

input end of the pipe and observe each

marble exiting from the output, noting the

binary sequence of the marbles, Each marble

pushed in the pipe is the equivalent of a

clock pulse. In a real shift register the out-

put is wired back to the input, 256 clock

pulses are triggered, and the content of the

register is read and the binary word is loaded

back into the register.

The shift register form of memory repre-

sents a valid way of storing binary informa-

tion but it is slow because interrogating the

register takes as many dock pulses as the

register is long. To speed up access to the

content of a memory, it is possible to array

Figure 35

FERRITE-CORE MEMORY

Representation of eore memory showing cores
and sensing wires. Address of representative
sample core is 0-5. This configuration is termed

a matrix.
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Figure 32

HIGH SPEED ECL LOGIC CIRCUIT

ECL OeWee optrutt up lo 3SS MHt wilb non-
saturation of internal transistors.

Figure 33

ECL crystal-controlled
OSCILLATOR

Frequency ranee is SO MHl to 100 MHz depend-
ent on crystal and resonant circuit tuning.

pjitude 2nd the fact that the stored charge

of a saturated transistor does not have to be

discharged results in the speed increase. ECL
,s

' by convention, operated from a — 5.2

volt source and the swing from zero to one

w Jogic levels is comparatively small; zero

being -- j.jy volt and one being — 0.75

volt. This Is still considered to be "positive"

Wgic because the most negative voltage level

Is defined as zero.

Representative nonlogic IC usage 2s 2

crystal-controlled oscillator 2nd an astable

Multivibrator is shown in figure 53 . Inter-

ace ICs are available to or from ECi and

RTL,DTL,and TTL,

4-'3 MOS Logic

OigUat MOS devices have been recently

developed that handle logic problems whose

solution is impractical in other logic fami-

hes, such as problems requiring very' high
capacity memories. Complementary MOS
(CMOS) will interface directly with RTL,
DTL, TTL, or HTL if operated on a com-
mon power buss. Because of the low power
consumption of CMOS, it is widely used for
the frequency-divider IC in quartz-crvstal-
controlled watches.

A typical CMOS inverter is shown in
figure 34. It makes use of 2 P-channel,
A-channel pair (both enhancement-mode
types), if the gates arc high (one), then
the N-channel MOSFET is on and the P-
channel is oft, so the output is low (zero).

If the gates are lorn (zero), then the P-
channel .*fOSF£T is on and the N-channel is

oft, so the output is high (one). Note that in

Figure 34

CMOS INVERTER

CMOS devise makes use of P-ehannel, K-ehan-
nel, enhaneement-mede devices and provides

low current consumption which is proportional
to switching speed.

either stare one device or the other is oft

and the inverter pair draws only a very

small leakage current, with appreciable cur-

rent being drawn only during rbe transi-

tion from one to zero 2nd vice versa. The
more transitions per second, the higher is

the average current drawn, thus the power

consumption of CMOS is directly propor-

tional to the frequency at which it i«

switched.

As a result of the low power consump-

tion 2nd the simplifications of MOS-typc

fabrication CMOS is moving rapidly through

medium scale integration (MSI), with hun-

dreds of FETs per chip, into large scale

integration (LSI), with thousands of FETs

per chip—ail in one package and at 3 rela-

tively low- cost.
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programmed again. Some pROMs are avail-

able in up to 2048 bits, with 4096-bit ca-

pacity expected shortly.

ROM is now available to generate "The

quick brown for jumps over the lazy dpt

I 2 3 4 5 6 7 8 9
0*”

Oriier ROM There arc several standard
Derices ROMS available that have fac-

tory mask programs of poten-

tial interest to the radio amateur. The char-

acter generator is useful for presenting let-

ters and numerals on a cathode-ray tube

such as is done in various electronic RTTY
(radio teletype) terminal units. An example

of such an ROM is the Signifies 2513 which

creates readable characters from 2n ASCII
8-level teletype code used in most rime-
shared computer terminals (figure 37).

Radio amateurs use the older 5-level Bau-
dot (‘ode in their RTTY systems, but an-

other ROM device can make the translation

from Baudot to ASCII code. Still another

4-14 Linear ICs

The linear integrated drcv.il is a device

whose internal transistors operate in the am-

plincarion region rather than snapping hue

2nd forth from one state to another (such

as cutoit to saturation). Some linear ICs are

designed to replace nearly all the discrete

components used in earlier composite equip-

ment. Others perform unique functions

heretofore unavailable.

Operational amplifiers, differential ampli-

fiers and diodr-frsmhfor arrays are impor-

tant members of the linear JC family.

INPUT tfiiQUPlCY

COWPLN3A7ION
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A more efficient organization of a large

memory bant is the use of a ferrite-core

memory, such as shown in figure 56, A bit

of information can be permanently stored

in a core by having it magnetized or not

magnetized. If the memory has 2 50 X 30

matrix, there are 900 cores 2nd 900 bits of

storage. Any X-line and Y-line combination

locates one particular core; this location is

referred to as the core address.

If. instead of ferrite memory cores, a

large number of ,MOS two-state circuits are

arranged in a similar matrix, an /C mentor
1

)

is produced. Most small ICs, however, are

pin-limited by their packaging and to bring

out 60 leads from one package is 2 mechan-

ical problem. The common package has 10

leads brought out for addressing purposes;

five leads for the X-line, and five for the

Y-line. By using all the lines in X 2nd Y to

define a location, 2
5= 32 X and Y coordi-

nates are available, thus the total bit stor-

age is thus 2
sX 2

3=1024 bits of informa-

tion.

The Random- A random-access memory

Access Memory device (RAM) is organized

in the above fashion and

52 X 52 is a common size. These memories

can be written-into and read-out of, and

are used for purposes where the stored in-

formation is of a changing nature, such as

in signal processing systems. For this reason

a RAM is often referred to as a scratch-pad

memory.

There is a feature about MOS devices

which is unique and which allows the man-

ufacture of shift registers and RAMs that

are unlike any other semiconductor memory

Since the gate of a MOSFET is a capacitor

it will store a charge, making 2 complete

two-state flip flop to store ones 2nd zeros un-

necessary if the data r2te is high enoug .

Such a 'dynamic register will only hold data

for about one millisecond. Each cell 0 1
fj

dynamic shift register is simpler than a cell

of a static shift register so the dynamic type

permits more bits on a chip and is cheaper

per bit to manufacture.

The Read- fhg read-only memory

Only Memory (ROM) can only be pro-

grammed once and is read in

sequence. Certain ROMs, however, are made

in reprogrammable versions, where the

stored information can be changed. The

ROM is used in a type of Morse code auto-

matic keyer which employs a 25 6-bit device

custom-programmed to send a short message,

such as: CQ CQ DE W6SAI K. This type

of program is permanently placed in the

chip matrix in the manufacturing process

by a photomask process. However, at least

one semiconductor manufacturer makes a

programmable ROM (pROM) that may be

programmed in the field. The way in which

a pROM is programmed is by subjecting the

bits desired to be zeros to a pulse of current

which burns out a fusible link of nichromc

on the chip. Some manufacturers will pro-

gram a pROM for the buyer to his specifi-

cation for a nominal charge.

Another type of pROM has been devel-

oped that is not only programmable, but

which may be erased and reprogrammed.

The avolancbe-indvced charge-migration

pROM is initially all zeros. By pulsing high

current into each location where a one is

desired, the device is programmed. This

charge is apparently permanent, until a

flash of ultraviolet light is directed through

the quartz window atop the chip. Following

the ultraviolet erasure, the pROM can be

Figure 37

TELETYPE-TO-CODE CONVERTER
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The <ilftreriitl ss-aro is i r,uE| fend 5c ecu-
5ls5 smsjiStr ronjsrcti; tj z jKh-scn ssep.

fs5 fram i conEtcnt-surrent sparse.

differential amplifier arc diseased in the fol-
lowing sections.

A »-

)dely used differential amplifier is the
r-f/i-f amplifier device vsed as an j-f

fier at j0.7 MHz in f-ra timers. The Tair-
child ixA703, Motorola HEP-590 and the
Signetics AE-510 are typical examples of
this device. A representative amplifier-lim-
iter is shown in figure 42. These ICr can be
wed tor a variety of other purposes and an
a-m modulator using tie HEP-550 ^
mngnre43.

The Kational Semiconductor LM-373 ICmay be used for the detection of a-m, f-a.
5!'< w 553 signals, as shown in fimare 4L
Ao-.e that the gain of the LM-373 Ls h4
oivwed into two blods, with provisions for
msernon of an j-i bandpass filter !«•«,
tils Wocks.
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Figure 42

H£P'5;£ IC USED AS
PM MODULATOR

Various IQ hzv* been developed for use

as 5-f 'f-m detectors in TV receivers. One

unit comprises 2 complete 4J-MHz TV
sound system using the quadrature method

of f-m detection similar to that employed

with the 43J\4 tube. This umt has £ quadra-

ture f-m detector, i3,7-3fKz 5-f, 2nd &>
iter in one package {£gnre 4;).

An IC package that is useful in stpd

processing applicEtionr—especial!; S52—is

shrram in figure 44, The circuit Is £ balanced

demodulator for SS3 detection.

The PLL IC ^ recent development 5s the

phase-locked hop ;rtrgtrfri

circuit which performs 2 remarkable range

of functions: selective ampliner, f-m detec-

tor, frequency multiplier, touchtone decoder,

a-m deterto.-, frequence' rynthesizer, nod

many more. The Sgnetics !v3-54 rJ3 thu*n

in figure 47 is conngured as an f-m detect#.

In this circuit the voltage-controlled osuJ-

lator (VCO) in the KL1 locks itself into 2

20* phase relationship vhb the incoming

figure <2

DSFFEP.Hf.TlAL AMPLIFIERS IS.’ H-F SERVICE
ff.if.CHLLn ,x7c: KtJ (<a H ^
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The Fairchild /tA700 series of linear mono-
lith IC devices and particularly the fiA7Q9,
are the most widely used linear IC types

and more recent IC operation! amplifiers

fop-amps) arc compatible in their pin con-
figuration to this basic family of devices. The
basic (iA/09 schematic is shown in figure

58, along with the equivalent op-2mp sym-
bol Compensating networks may be re-

quired for stable operation and some of the

newer op-amps have the necessary compen-
sation built inside the package.

The Operational The perfect operational am-
Aftiplff/cr

plifier is a high-gain dc cou-

pled amplifier haring two

differential inputs of infinite impedance, in-

finite gain, 2ero output impedance, and no

phase shift. (Phase shift is 180
c
between the

output and inverting input and 0
5
between

the output and noninverting input).

Figure 39

Two voltages may be added in a differ-
endal amplifier as shown in figure 59, In
illustration A, the noninverting (plus) in-
put is grounded and the amplifier is in the
inverting mode. The stage gain is the ratio

R;/R: and the input impedance is R.. The
circuit may be modified as shown in illustra-

tion C so that a noninverting gain of

'D

Figure 40

INTEGRATING AND
DIFFERENTIATING AMPLIFIERS

6—Inverting integrating circuit. B—Inverting
[Jifferentating circuit.

The op-amp can be connected to perform

the integral or differential of the input volt-

age as shown in figure 40. By combining

these operations in a number of coordinated

op-amps an analog computer may be con-

structed. This type of machine represents the

use of an electrical system as a model for

a second system that is usually more difficult

or more expensive to construct or measure,

and that obeys the equations of the same

form. The term analog implies similarity of

relations or properties between the systems.

The Differential The differentia! amplifier is

Amplifier a dc-coupled amplifier hav-

ing similar input circuits.

The amplifier responds to the difference be-

tween two. input voltages or currents (fig-

ure 41). The differential amplifier may be

compared to a push-pull stage fed from a

OPERATIONAL AMPLIFIER

(OP-AMP) SYMBOL

^“-Differential amplifier in inverting mcSe. 3—
summing amplifier, ir input is applies to posi;

'JIf
Output is subtractive, c—Differentia!

amplifier using noninverting mode. R, is chosen

to match input signal source.

constant current source.

Differential amplifiers are useful linear

devices over the range from dc to the vhf

spectrum and are useful as product detect-

ors, mixers, limiters, frequency multipliers

and r-f amplifiers. Various versions of the
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Figure 45

SIGNETICS N5111A AS QUADRATURE
F-M DETECTOR AT 10.7 MHz

carrier signal. Variations of this circuit are

useful in solid-state color-TV receivers.

Diode-Tronmtor A category of linear ICs

Arrays that is of great use com-

prises the diode-transistor

array family, or array for short. The various

types of arrays available contain a number

of bipolar transistors inside the package

which are more or less uncommitted to any

particular configuration. Because of pin lim-

itations there are necessarily some intercon-

nections inside the package but there is stiff

great flexibility to interconnect the transis-

tors for a specific purpose. Examples of these

array devices are the CA 303?, CA 3036,

etc, of RCA. A voltage regulator built

arovnd the CA 3032 is shown in figure 48.

Note that one of the internal transistor base-

emitter junctions of the 1C has been used as

a breakdown diode for a voltage reference.
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can perform arithmetic, logic, and decision

making as well as communicate with input

and output devices controlled bybatmctions

stored in the memory. The MFD can there-

fore replace a large number of digital inte-

grated circuits. The rktiKBij of the MPU
penults it to perform many tssks depending

on the programming that is used.

The basic microprocessor structure is

sho"n in ngure 54. The system is intercon-

nected through direis. ItU. and control

hiset The microprocessor develops the ad-

dress and control bus signals used by the

other system elements. The data bus is li-

cirectional and permits the uncronrocessor

to exchange data vith the other elements.

iPe buses allow data to be exchanged or

transferred between the elements of the uu-

cropocessor system in the form of ones and
zeros.

The microprocessor transforms data pres-

ent at its input and controls which element

the data is transferred to in accordance with
the program the microprocessor is executin'.

The input section accepts data for processing

and the output section presents processed

data for use. Data may he transferred to .and

from the input/output devices b frrVr

parallel or .serial form. Senes -data transmis-

sion is slower but requires less cable dc
parallel data transmission, ine storage ele-

ment saves values for future use. Tbs mem-

ory can const: of flciwfow Assess Jlmvvz

(HAM), i’vcci Only Jtfewra? {RCM),

magnetic tape, floppy disc, or other cigbl

stornge devices. The 3JH\i pernhs thenncr>

processor to read or write for it by piautE

the address cm the address bus, then manor-

lanng the data on the dam "bus. The 3.CM

allows be mdcrcprocessor to read from the

storage area (it cannot vasts or change tns

to be entered once and thereafter it may ne

rial wffl not be lost when the system is pe-

ered down. This proarammbp when entsrsi

bap a ZQK or T?,QM (Trogrammb-le3®3

Only TfemoryJ is called zrr.vjcrs.

The word sir.3 of the microprocessor is

usually denned as the za?j$ of the cam bus,

and the most base dasufeanon cf mis de-

vice relates to its optimum h'i handlbg napt-

Kfer. Four-bit processors are used in rmal

control systems where meed is not rermrei.

larger g-, 12-, and li-bc processors are

usedbmom .sppHnicated computer sysmnu-
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II7V~

Figure 52

FULL-WAVE CONTROL OF AC

CIRCUIT WITH SCR PHOTOCOUPLER

high as 440 voles. In addition most SSRs

have zero-voltage turn-on and zero-current

turn-off features. This aids interference prob-

lems since the SSR never turns on the ac load

at the peak voltage of the cycle, nor turns it

off at a current peak. Figure 53 represents a

Monsanto solid-state relay.

0100/200

EfcHW

Figure 53

ELECTRICAL CIRCUIT OF

SOLID-STATE RELAY

Zero voltage "on" and zero current “off” elimi-

nates damaging high current surges, high volt-

age transients and avoids RFJ from these

sources.

4-16 The Microprocessor

A recent LSI addition to the logic iC area

is the microprocessor. This device consists of

various ICs on a chip and resembles a small-

scale version of the central processor in a

computer. It is thus often called a com-

puter on a chip.” This is not literally true,

since a computer comprises mote than a cen-

tral processor, but die microprocessor is a

powerful data processing device when pro-

vided with support components, such 3'

memories, input output elements, and signal

processors.

As communication equipment becomes

more complex, it is reasonable to expect to

see microprocessors built in receivers, trans-

mitters, Morse code keyers. and combina-

tions of these as a sequence controller to

make the operator-equipment interface sim-

pler.

The Basic MPU The microprocessor unit

(MPU) is a single inte-

grated circuit chip that contains some of the

processing power of a small computer. It

©
ItTHBCDSY

.was parra

Figure 54

A-BLOCK DIAGRAM OF

MICROPROCESSOR

B-BASIC MICROPROCESSOR

STRUCTURE
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OKS INCH

Figure 1

YHFAHD UHF TUBE TYPES

At the left it en C2SS rervfcter tetrjie, repreoentetive cf the fmsfy of $s»fl Yhf tr?« ewtet
«n resefrer! ©otf Wr-pswer transmitter!. The tsesnC type :s £ SS1S pterar tstraie retoi zt 'SI

«*t& input to 1215 KHz. The ttlrf tube from the left's e 3CXlt»« jrtrwr trtoic, an rmpiwtf
MS receefl»S ver;ljfi cf the 2W3A, eng rate- rl ICO iratto input to 2S33 WKz. The frerft t±*
from the left a the Jl-StI fErnae) ptenyr trtoie £e£r£ns3 to ielrnr rrer 105 iwtto zi 25 05 KHz.
The trie is tcetf in z zn'jyiei-zriS cavity ccnfipirclicn. The tobe to the foht is £ 7215 Jtew
tetreSe, rates zt 2505 wefts input to 1215 MHz. All cf these rhf/tiM retire p15 tubes rafct
use of ceramic inmfelfoa tor the Scwest emratope less ?t the higher frequencies ttii the IirgR-

one: here cttiSt! fceses tor use in reconrnt cavities.

to reach the pke. If the grid charge is nude
sufficiently negative, all electrons leaving the

cathode will be repelled bach to it and the
plate current trill be reduced to zero. The
gild control voltage is called the g

>-id bis:

and the smallest negative voltage that t-31
cause plate current cutoffi at a particular
plate voltage is called the cutoff brn.

Piste ament in a mode is the result of the
net field at the cathode caused by grid and
plate voltages. The ratio between the change
in^gnd bias and change in plate voltage
vvn-ch v.-il! cause the same small change L
plate current « called the cmfifaiw fa-
tor and u defined 2s;

_ &Eb
!, -jx

where,

JsnpMntion hetv.
A. ccuali plat* voltage,

--- -?-4- grid T9jt2ge,

i rcjreiKKS z aull beratm.

”

'

i_ ' -;,jn lactor of .Tod,-;) triod*.ayn frra 3 M mtr 290.
'

"f f
LT'a: ® * is PT9JT-a “=-a:Ives jme- of f£

t4

Ccl-spsn slew ?f a stSisif-hESter ztst-isWr. TM
inCirictty herteC eribsCs era 1: a were? sf

electrms when beater wires reach cperaSn?

temperairrfc.

The cutoffi Has corrKpxds to

Other important coefficients of thewi
tube ares

Psihtcvci—The dynamic plate re-

finance (r. j js -Jjs ratio of change in piste



CHAPTER FIVE

Electron Tubes

Pori- !—Principles of Operation

In the previous chapters the manner m
which an electric current Sows through a

conductor as a result of electron drift has

been discussed. This drift, which takes place

between the ends of the conductor, is in

addition to the normal random electron

motion between the molecules of the

conductor.

Devices that utilize the flow of free elec-

trons in a vacuum are referred to as vacuum

lubes, or, simply, tubes or valves (in Eu-

rope) . Since the current flow in a tube takes

place in an evacuated enclosure, there must

be located within the enclosure a source of

electrons and a collector for the emitted

electrons. The source is termed the cathode,

2nd the collector the anode, or plate.

Emission of electrons from a heated sur-

face is called thermionic emission. This sur-

face is called a filament, heater, or cathode.

The most efficient cathode is the oxide

type which operates at an orange-red tem-

perature (I100
C
K) and is used for receiving

tubes 2nd low-power transmitting tubes.

The thoriated-tungsten filament is used in

medium- and high-power transmitting tubes

and operates 2t a temperature of about

2000
C
K.

The heater-cathode emitter (figure 2) pro-

vides an emitter which can be operated from

alternating current yet does not introduce

any hum modulation on the cathode emis-

sion. The heater may be operated at any

voltage from 2.5 to 120 volts, although 6.3

and 12.6 volts are the most common values.

5-1 Tube Types

TJie Diode The diode is a two element tube

made up of a cathode that emits

electrons and an anode, or plate- If a source

of dc voltage is placed in the external cir-

cuit between plate and cathode so that a

positive potential is on the plate with respect

to the cathode, electrons 2re drawn away

from the cathode.

At moderate plate voltages the cathode

current is limited by the space charge but

increasing the plate voltage will increase the

electron flow. The space charge is a cloud

of negatively charged electrons in the

vicinity of the cathode. Plate current is

determined by the plate potential and is

substantially independent of the electron

emission of the cathode. When limited by

space charge, plate current is proportional

to the three-halves power of the plate volt-

age, the total plate current being expressed

as:

h = KEJt
2

where,

EC is a constant (perveance) determined

by the geometry of tbs rube,

£fc is the anode voltage with respect to the

cathode.

At high values of plate voltage the space

charge is neutralized and all cathode elec-

trons are attracted to the plate. The diode is

now saturated 2nd 2 further increase in plate

voltage will cause only a small increase in

plate current.

The plate current flowing in the plate-

cathode area of 2 conducting diode represents

the energy required to accelerate electrons

from the potential of the cathode to that of

the plate. Vhen the accelerated electrons

strike the plate, the energy associated with

their velocity is released to the anode and

appears as heating of the plate or anode

structure.

The Triode The trioie can be thought of as

a diode with a control electrode

added between cathode and plate (figure 3).

The control electrode is called the grid and

it serves as an imperfect electrostatic shield,

permitting some but not all of the electrons

5.1
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it. The lower end of fi\, is connected to the

plate supply, and is therefore held at a con-

stant potential of 300 volts. With maximum
volume drop across the load resistor, the

upper end of Rt, is at a minimum instan-

taneous voltage, The plate of the tube is

connected to this end of R), and is there-

fore at the same minimum instantaneous

potential.

Tito Tetrode and Additional grids can he
Pentode added to a tube to create

a telndf (four elements)

or a lii'ii/ode (five elements). The additional

jpids modify the voltage and current rela-

tions within the tube in a way that is useful

for many purposes. The extra grids also pro-

vide electrostatic shielding between the con-
trol grid and the plate. This shielding is im-
portant when the tube is used to amplify
very high frequencies.

In the case of the tetrode, when the screen
voltage is held at a constant value, it is pos-
sible to make large changes in plate voltage
without appreciably affecting the plate cur-
rent,

I he pentode tube Incorporates a sulijiws-

Mr 4^/ which is operated at near-cathode
potential. I he characteristic curves of a typi-
cal pentode are shown in figure J. The sup-
ptessoi grid allows efficient operation of the
'/'be at low values of plate voltage, increas-
ing the lower limit to which the instantane-
ous plate voltage may approach under con-
ditions of excitation.

Important coefficients of the triodc and
pentode tube arc:

(iriJ->mn Mil Vnrhr-The grid scw„
'

, !
or W n analogous in ilK. amplifica-

T i"" Mm ilic screenlurnm is subsiiimeil fw pi,,^

H " A fts

Aft.,

TYPICAL It, VS. Eh PENTODE
CHARACTERISTIC CURVES

where,

I'm equals screen voltage,

Hu , equals grid voltage,

and I,if is Jicl<| constant,

Culhnic cmenl (ft) in a tetrode or pen-

tode is expressed by,

h
h I'' I

Note that total cathode current is rela-

tively independent of plate voltage in a

tetrode or pentode.

(/mlucfafire—The conductance of a te-

trode or pentode is equal to:

where,

B A/,

A Hr,

R,-t. and /;„ arc constant.

Male mhlaiwc—The plate resistance of a

tetrode or pentode is equal to:

where,

,
A/h,

A/„

ILi and ll„« arc constant.

Part II—Electron Tube Amplifiers

ll "'
“)«! lube; amplifier ,.lu

'"l>m impedance, «„ ,

!

' "'M-W and a |,ig|, („mrA
!'!"• " u * c

\
,l( » mpui power but c.i„ ;

S'.
an

!l"
l"n ' ,nl «»«'!»» power. In addii

' "nhirr* I, in that ih input eircui

not affected by the voltage at the output

circuit, Practical amplifiers differ from this

idea! in many respects.

While the advent of the transistor has

limited the use of the vacuum tube in many
cases, It U gill widely used in special appli-
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Figure 3

ACTION OF THE GRID
IN ATRIODE

(A) shews the Irisfle tubs with catcff bias en

the grid. (Jets that all the electrons emitted by

the eathsde remain inside the grid mesh. (B)

shews the same tube with an intermediate value

cf bias on the grid. Note the medium value cf

plat* current and the tict that there is a re-

serve of electrons remaining within the grid

mesh. (C) shews the operation with a rtfzlivefy

small emsunt of bias which with eertzin tube

types will allcw substantially all the electrons

emitted by the cathode to reach the plats.

current which a small change in plate voltage

produces, and is expressed in ohms.

where,

ft, equals plate current

Conductance—The conductance (G-) is

the ratio of a change in plate current to a

change in grid voltage which brought about

the plate current change, the plate voltage

being constant,

r = All -L
° 7?

5-2 Operating Characteristics

The load Line A hsd line is a graphical rep-

resentation of the voltage on

the plate of a vacuum tube and the cur-

rent passing through the plate circuit of

the tube for various values of plate load

resistance and plate supply voltage. Figure 4

illustrates a triode tube with a resistive plate

load, 2nd a supply voltage of 300 volts. The

voltage at the plate of the tube (e».) may

be expressed as;

where,

Ej equals plate supply voltage,

j. equals plate current,

/It, equals load resistance in ohms.

Assuming various values of k lowing in

the circuit, controlled by the internal resist-

ance of the tube (a function of the grid

bias), values of plate voltage may be plotted

as shown for each value of plate current

The line connecting these points is

called the load line for the particular value

of plate load resistance used. At point A on

m zv. iv.

Figure 4

THE STATIC LOAD LINE FOR A
TYPICAL TRIODE TUBE WITH A
PLATE LOAD RESISTANCE OF

10,000 OHMS

the load line, the voltage across the tube is

zero. This would be true for 2 perfect cube

with zero internal voltage drop, or if the

tube is short-circuited from cathode to plate.

Point B on the load line corresponds to the

cutoff point of the tube, where no plate cur-

rent is Sowing. The operating range of the

tube lies between these two extremes.

When the signal voltage applied to the grid

has its maximum, positive instantaneous value

the plate current is also maximum. Reference

to figure 4 shows that this maximum plate

current Bows through plate-load resistor Ki,

producing a maximum voltage drop across
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Dias Considerations The average potential

difference between the

control grid and cathode is called the grfif

bias, or simply bias. The bias value is

chosen to place the tube in the desired class

of operation,

Bias may be obtained from an external

source, such as a battery, or provided by the

voltage drop across a cathode resistor, as

shown in figure 7A-B. In the latter ease, the

cathode of the tube is placed at a positive

voltage with respect to the grid. A capacitor

is commonly placed across the bias resistor

to provide a low impedance path to ground

for the signal component of the cathode

current.

A third method of providing bias is shown

in figure 7C. This is termed %rid-mistor

bias. During the positive portion of the input

cycle, a small amount of grid current flows

from grid to cathode, charging capacitor

C,.. During the negative portion of the sig-

nal cycle, the discharge path of the capaci-

tor is through the grid resistor. Discharge

time constant is quite long in comparison to

tlic period of the input signal and only a

small portion of the charge is lose. Thus the

bias developed is substantially constant and

the average grid potential docs not follow

the positive portion of the input signal.

® ® ©
Figure 7

TYPES OF BIAS SYSTEMS

A-Pixetl bias

n-enthorie bins

C-nrid-rosIstor bias

Distortion in Amplifiers There arc four main

types of distortion

that may occur in amplifiers: frequency

distortion, phase distortion, amplitude dis-

tortion and interinoduiation distortion.

Vrajumey distortion occurs when some
frequency components of a signal arc ampli-
lied more than others. It may occur at low
frequencies if coupling capacitors arc inad-

equate, or at high frequencies as a result of
excessive circuit distributed capacities.

Phase (Iis fortion occurs when a harmonic

of an input signal is shifted in time with

relation to the fundamental signal. Phase

shift of a sine wave has no effect on the

output signal, however, when a complex

wave is passed through a coupling circuit

each component frequency of the wave may

be shifted in phase by a different amount,

so the output signal is not a reproduction

of the input waveform.

Amplitude distortion occurs when a tube

is operated on a nonlinear portion of its

characteristic curve. In such a region, a

change in grid voltage docs not result in a

change in plate current which is directly

proportional to the grid voltage change.

In/crmodiilaiion distortion is a result of a

change in stage gain with respect to signal

level when the stage is driven by a complex

signal having more than one frequency. This

form of distortion occurs in any nonlinear

device and generates spurious frequencies

falling within the passband of the amplifier.

The subject of interinoduiation distortion is

covered in Chapter 7 in more detail.

STANDARD CIRCUIT FOR
RESISTANCE-CAPACITANCE

COUPLED PENTODE AMPLIFIER

STAGE

5-4 Interstage Coupling

Circuits

The circuit of a resistance-conpled ampli-

fier is shown in figure 8. Resistor Hr, is the

load across which the output signal is devel-

oped. Capacitor Cc prevents the plate volt-

age from being applied to the grid circuit

of the next stage and its value should be

large enough to offer a low reactance to

the lowest frequency being amplified. The

grid-resistor, Ro, should offer a very high

resistance in order that the shunting effect
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cations. The voltage handling capability of

the vacuum tube satisfies the. requirements

for high-power circuits and for pulse

generators for radar and other specialized

equipment

Knowledge of the operation of vacuum-

tube circuits, however, is helpful to the

experimenter and the generalized knowledge

of vacuum-tube circuitry is useful in the

study and application of advanced solid-

state devices.

5-3 Glosses end Types of

Vacuum-Tube Amplifiers

"Vacuum-tube amplifiers are grouped into

various classes and subclasses according to

the type of work they are intended to per-

form. The difference between the various

classes is determined primarily by the angle

of plate-current flow, the value of average

grid bias employed, and the maximum value

of the exciting signal impressed on the grid

circuit.

Class-A A class-A amplifier is an amplifier

Amplifier biased and supplied with excitation

of such amplitude that plate cur-

rent flows continuously (360° of the excit-

ing voltage waveshape) and grid current

does not flow at any time. Such an amplifier

is normally operated in the center of the

grid-voltage plate-current transfer charac-

teristic and gives an output waveshape which

is a substantial replica of the input wave-

shape.

Ciass-AB Clttss-AB signifies an amplifier

Amplifier operated under such conditions

of grid bias and exciting voltage

that plate current flows for more than one-

half the input voltage cycle but for less than

the complete cycle. In other words the

operating angle of plate current flow is

appreciably greater than 180° but less than

360.°

CIosj-B a c/ass-B amplifier is biased sub-

Amplificr stantially to cutoff of plate cur-

rent so that plate current flows

essentially over one-half the input voltage

cycle. The operating angle of platc-currcnt

5.5

flow is 180°, The class-B amplifier is excited
to the extent that grid current flows,

Closs-C a clcss-C amplifier is biased to a
Amplifier value greater than the value re-

quired for plate-current cutoff

and is excited with a signal of such ampli-

tude that grid current flows over an appreci-

able period of the input-voltage waveshape.

The angle of plate-current flow in a class-C

amplifier is appreciably less than 280°, or

in other words, plate current flows less than

one-half the time. C!ass«C amplifiers are not

capable of linear amplification as their out-

put waveform is not a replica of the input

voltage for all signal amplitudes.

Types of There are three general types of

Amplifiers amplifier circuits in use. These

types are classified on the basis

of the return for the input and output cir-

cuits (figure 6), Conventional amplifiers are

called grid-driven amplifiers, with the cath-

ode acting as the common return for both

the input and output circuits. The second

type is known as a plate-return amplifier or

cathode follower since the plate circuit is

effectively at ground for the input and out-

put signal voltages and the output voltage

or power is taken between cathode and plate.

The third type is called a cathode-driven or

grounded-grid amplifier since the grid is

effectively at ground potential for input and

output signals and output is taken between

grid and plate.

C

Figure fi

TYPES OF AMPLIFIERS
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Types of Feedback may be either negative

Feedback or positive, and the feedback volt-

age may be proportional either to

output voltage or output current. The most

commonly used type of feedback with 2-f or

video amplifiers is negative feedback propor-

tional to output voltage. Figure 11 gives the

INPUT 5ISHAL £

FEEDBACK 03 B PATH

VOLTAGE AMPLIFICATION WITH PEEDSACK 3 —
t-A«

A * CAIN IN ABSENCE OP FEEDBACK

0 • FRACTION OP OUTPUT VOlTACE FED BACK

S II NEGATIVE FOS NEGATIVE FEEDBACK

rEEDBACK IN DECIBELS * 20 LOS (l -A B )

- 25 L0-
NlP-FAEa CAIN WITHOUT FEEDBACK

' W»*FP.Ca GAIN WITH FEEDBACK.

DISTORTION WITH FEEDBACK = PltTM’lON WITHOUT FEEDBACK

(1-AB)

R0* OUTPUT IMPEDANCE 0* AMPLIFIER WITH rEEDBACK

Rn * OUTPUT IMPEDANCE OF AMPUTlES WITHOUT FEEDBACK

R(. s LOAD IMPEDANCE INTO WHICH AMPLIFIES OPEPATES

Figure 11

FEEDBACK AMPLIFIER
RELATIONSHIPS

general operating conditions for feedback

amplifiers. Note that the reduction in distor-

tion is proportional to the reduction in gain

of the amplifier, and also that the reduction

in the output impedance of the amplifier is

somewhat greater than the reduction in the

gain by an amount which is a function of

the ratio of the output impedance of the

amplifier without feedback to the hzd im-
pedance. The reduction in noise and hum in

those stages included within the feedbzck
loop is proportional to the reduction in gain.

However, due to the reduction in gain of
the output section of the amplifier some-
what increased gain is required of the stages

receding the stages included within the
feedback loop.

r.pre 12 illustrates a very simple and ef.

,

c“! vt application oi negativt-vola® feed-
2 " P«K>* or tetrode

p.iiicr stage. The reduction in hum and

distortion may amount to 15 to 20 dB, The

reduction in the effective plate impedance

of the stage will be by a factor of 20 to

100 depending on the operating conditions.

SHUNT FEEDBACK CIRCUIT

FOR PENTODES OR TETRODES

This circuit requires only the addition of one

resistor (R*) to the normal circuit for such an

application. The plate impedance and distortion

introduced by the output stage are materially

reduced.

5*5 The Cafhode-Ray Tube

The cathode-ray tube is a special type of

electron tube which permits the visual obser-

vation of electrical signals. It may be in-

corporated into an oscilloscope for use as 2

test instrument or it may be the display de-

vice for radar equipment or television.

Operation of A cathode-ray tube always la-

the CRT eludes an electron gun for pro-

ducing a stream of electrons, a

grid for controlling the intensity of the elec-

tron beam, and a luminescent screen for con-

verting the impinging electron beam into

visible light. Such a tube always operates m
conjunction with either a built-in or an ex-

ternal means for focusing the electron stream

into 2 narrow beam, and 2 means for deflect-

ing the electron beam in accordance with an

electrical signal.

The main electrical difference between

types of cathode-ray tubes lies in the means

employed for focusing and deflecting the

electron beam. The beam m2V be focusec

and or deflected either electrostatically or

magnetically, since 2 stream 0: electrons can

be acted on either by an electrostatic c: 2

magnetic field. In an electrostatic field the

electron beam tends to be deflected 10ware
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of the resistor and coupling capacitor on the

circuit is small.

The response of a resistance-coupled am-

plifier varies with frequency as shown in

figure 9 for the case of a pentode tube.

Amplification is constant over a midband

frequency range, falling off at the lower and

higher frequencies. Low-frequency falloff is

caused by the reactance of the coupling

capacitor and high-frequency falloff is due

to shunting effect of circuit capacitances.

Figure 9

THE VARIATION OF STAGE GAIN
WITH FREQUENCY IN AN

RC-COUPLED PENTODE AMPLIFIER
FOR VARIOUS VALUES OF
PLATE-LOAD RESISTANCE

In the transformer-coupled amplifier, the

load impedance in the plate circuit of the

tube is the primary of a transformer, the

secondary of which is connected to the grid

of the succeeding stage. The transformer

winding may be centertapped for push-pull

service. Transformer coupling is commonly

used to drive a class-B power amplifier

which requires driving power combined

with good driver regulation.

J^Rk2
+8 300V.

Figure 10

TYPICAL PHASE-INVERTER

CIRCUIT WITH RECOMMENDED
VALUES POP. CIRCUIT COMPONENTS

A phase inverter is a form of resistance

coupling which prorides voltages equal in

amplitude but opposite in polarity for a

push-pull stage (figure JO). There are a

large number of phase-inversion circuits but

the one shown is most satisfactory from the

point of view of the number of components

used and the accuracy of the two out-of-

phase voltages. The circuit is based on the

principle that a 180° phase shift occurs

between the cathode and plate load circuits,

(Rl and Re)- Cathode bias is supplied by

resistor RKi*

5-5 The Feedback Amplifier

It is possible to modify the characteristics

of an amplifier by feeding back a portion of

the output to the input. Al] components,

circuits, and tubes included between the

point where the feedback is taken off and

the point where the feedback energy is in-

serted are said to be included within the

feedback loop. An amplifier containing a

feedback loop is said to be a feedback ampli-

fier. One stage or any number of stages may

be included within the feedback loop. How-

ever, the difficulty of obtaining proper oper-

ation of a feedback amplifier increases with

the bandwidth of the amplifier, and with the

number of stages and circuit elements in-

cluded within the feedback loop.

Goin end Phase Shift The gain and phase

in Feedback Amplifiers shift of any amplifier

are functions of fre-

quency. For any amplifier containing a feed-

back loop to be completely stable, the gain

of such an amplifier, as measured from the

input back to the point where the feedback

circuit connects to the input, must be less

than unit)’ at the frequency where the feed-

back voltage is in phase with the input volt-

age of the amplifier. If the gain is equal to

or more than unity at the frequency where

the feedback voltage is in phase with the in-

put, the amplifier will oscillate. This fact

imposes a limitation on the amount of feed-

back which may be employed in 3n amplifier

which is to remain stable.
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flection plates are commonly used for deflec-

tion. The poiilivi’ high voltage is grounded,

instead of the negative as is common prac-

tice in amplifiers, etc., in order to permit

operation of the deflecting plates at a dc
potential at or near ground.

An Aqnai!ti£ coating is applied to the in-

side of the envelope to attract any secondary

electrons emitted by the fluorescent screen.

In the average electrostatic-deflection CR
tube the spot svill be fairly 'veil centered if

all four deflection plates are returned to the

potential of the second anode (ground).
However, for accurate centering and to

permit moving the entire trace either hori-

zontally or vertically to permit display of a

particular waveform, horizontal- and verti-

cal-centering controls usually are provided
on the front of the oscilloscope.

After the spot is once centered, it is nec-
essary only to apply a positive or negative
voltage (with respect to ground) to one of
the ungrounded or "free” deflector plates
in order to move the spot. If the voltage is

positive with respect to ground, the beam™ “ “““ted toward that deflector plate.

I

"
'Yf 'I','''

ll“ lcara ond spot will
be repulsed, The amount of deflection is
directly proportional to the voltage (with

teelectrodf
lmd> ** “ a"*d “

With the larger-scrcen higher-voltage tubes
It becomes necessary to place deflecting volt-
age on both horizontal and both vertical
plates, This is done for two reasons: First,
the amount of deflection voltage required
by the high-voltage tubes is so great that
a transmitting tube operating from a

'fi -voltage supply would be required to
attain this voltage without distortion. By
using push-pull deflection with two tubes
feeding the deflection plates, the necessary
Pbee-supply

for the deflection am-
plifier is halved Second, a certain amount of
iMocuang of the electron stream is always
present on the extreme excursions in deflec-
t,™ voltage when this voltage is applied"1 to one deflecting plate. When the dc-

c ting voltage ,, fed i„ push-pull t0 bocli

P «« i" plane, there i, „„
It ocusmg because the mm-

voltage act-

J
, I

" dcctron
is zero, even

sh the «/ voltage (which causes the

deflection) acting on the stream is twice

that on either plate,

The fact that the beam is deflected by a

magnetic field is important even in an oscil-

loscope which employs a tube using electro-

static deflection, because it means that pre-

cautions must be taken to protect the tube

from the transformer fields and sometimes

even the earth's magnetic field. This nor-

mally is done by incorporating a magnetic

shield around the tube and by placing any

transformers as far from the tube as pos-

sible, oriented to the position which pro-

duces minimum effect on the electron stream.

Construction of Electro- The electromagnetic

mognetfc CRT cathode-ray tube al-

lows greater defini-

tion than does the electrostatic tube. Also,

electromagnetic definition has a number of

advantages when a rotating radial sweep is

required to give polar indications.

The production of the electron beam in

an electromagnetic tube is essentially the

same as in the electrostatic tube. The grid

structure is similar, and controls the electron

beam in an identical manner. The elements

of a typical electromagnetic tube arc shown

in figure 14. The {oats coil is wound on an

iron core which may be moved along the

neck of the tube to focus the electron beam.

For final adjustment, the current flowing in

the coil may be varied. A second pair of

coils, the tieflection coils, arc mounted at

right angles to each other around the neck

of the tube. In some cases, these coils can

rotate around the axis of the tube.

Two anodes arc used for accelerating the

electrons from the cathode to the screen.

The second anode is a graphite coating

(Aqnadaf’) on the inside of the glass enve-

lope. The function of this coating is to

attract any secondary electrons emitted by

TYPICAL ELECTROMAGNETIC
CATHODE-RAY TUBE
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the positive termination of the field (figure

13). In a magnetic field the stream tends to

be deflected at right angles to the field. Fur-

ther, an electron beam tends to be deflected

so that it is normal (perpendicular) to the

equipotenrial lines of an electrostatic field

—

and it tends to be deflected so that it is par-

allel to the lines of force in a magnetic field.

Large cathode-ray tubes used as kinescopes

in television receivers usually are both

focused and deflected magnetically. On the

other hand, the medium-size CR tubes used

in oscilloscopes and small television receivers

usually are both focused and deflected elec-

trostatically. Cathode-ray tubes for special

applications may be focused magnetically

and deflected electrostatically or vice versa.

There are advantages and disadvantages to

both types of focusing and deflection. How-

ever, it may be stated that electrostatic

deflection is much better than magnetic de-

flection when high-frequency waves are to

be displayed on the screen; hence the al-

most universal use of this type of deflec-

tion for oscillographic work. When 2 tube

is operated at a high value of accelerating

potential so as to obtain a bright dis-

play on the face of the tube as for television

or radar work, the use of magnetic deflec-

tion becomes desirable since it is relatively

easier to deflect a high-velocity electron

beam magnetically than electrostatically

An ion trap is required with magnetic de-

flection since the heavy negative ions emitted

by the cathode are not materially deflected

by the magnetic field and would burn an ion

spot in the center of the luminescent screen.

With electrostatic deflection the heavy ions

are deflected equally as well as the electrons

in the beam so that an ion spot is not

formed.

Construction of The construction of a

Electrostatic CRT typical electrostatic-focus,

electrostatic - deflection

cathode-ray tube is illustrated in the pic-

torial diagram of figure 13. The indirectly

heated cathode (K) releases free electrons

when heated by the enclosed filament. The

cathode is surrounded by a cylinder (G)

which has a small hole in its front for the

passage of the electron stream. Althougn this

element is not a wire mesh as is the usual

grid, it is known by the same name because

its action is similar: it controls the electron

stream when its negative potential is varied.

Next in order, is found the first acceler-

ating anode (H) which resembles another

disk or cylinder with a small hole in its

center. This electrode is run at a high or

moderately high positive voltage, to accel-

erate the electrons toward the far end of

the tube.

The focusing electrode (F) is a sleeve

which usually contains two small disks, each

with a small hole.

After leaving the focusing electrode, the

electrons pass through another accelerating

anode (A) which is operated at a high pos-

itive potential. In some tubes this electrode

is operated at a higher potential than the

first accelerating electrode (H) while in

other tubes both accelerating electrodes are

operated at the same potential.

The electrodes which have been described

up to this point constitute the electron gun,

which produces the free electrons and fo-

cuses them into a slender, concentrated,

rapidly traveling stream for projecting onto

the viewing screen.

Electrostatic To make the tube useful, means

Deflection must be provided for deflecting

the electron beam along two

axes at right angles to each other. The more

common tubes employ electrostatic deflec-

tion plates, one pair to exert a force on the

beam in the vertical plane and one pair to

exert 2 force in the horizontal plane. These

plates are designated 2s B and C in figure 13.

Standard oscilloscope practice with small

cathode-ray tubes calls for connecting one

of the B plates and one of the C plates to-

gether and to the high-voltage accelerating

anode. Vith the newer three-inch tubes and

with five-inch tubes and larger, all four de-

Figure 13

TYPICAL ELECTROSTATIC

CATHODE-RAY TUBE
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the fluorescent screen, and also to shield

the electron beam.

In some types of electromagnetic tubes, a

first, or accelerating anode is also used in

addition to the Aquadag.

ElectromognetJe A magnetic field will deflect

Deflection an electron beam in a direc-

tion which is at right angles

to both the direction of the field and the

direction of motion of the beam.

In the general case, two pairs of deflection

coils are used (figure 15). One pair is for

horizontal deflection, and the other p2ir is

for vertical deflection. The two coils in a

pair are connected in series and are wound

in such directions that the magnetic field

flows from one coil, through the electron

beam to the other coil. The force exerted

on the beam by the field moves it to any

point on the screen by the application of the

proper currents to these coils.

The Trace The human eye retains an image

for about one-sixteenth second

after viewing. In a CRT, the spot can be

moved so quickly that a series of adjacent

spots can be made to appear as a line, if the

beam is swept over the path fast enough. As

long as the electron beam strikes in a given

place at least sixteen rimes a second, the

spot will appear to the human eye as a

source of continuous light with very little

flicker.

Screen Materials— At least five types of

"Phosphors" luminescent screen mate-

rials are commonly avail-

able on the various types of CR tubes com-

TWO PAIRS OF COILS

ARRANGED FOR ELECTROMAGNETIC

DEFLECTION IN TWO DIRECTIONS

mercially available. These screen materials

are called phosphors; each of the five phos-

phors is best suited to a particular type of

application. The P-'J phosphor, which has a

green fluorescence with medium persistence,

is almost invariably used for oscilloscope

tubes for visual observation. The P-4 phos-

phor, with white fluorescence and medium

persistence, is used on television viewing

tubes (Kinescopes). The P-5 and P-12 phos-

phors, with blue fluorescence and very short

persistence, are used primarily in oscilloscopes

where photographic recording of the trace

is to be obtained. The P-7 phosphor, which

has a blue Sash and a long-persistence gresn-

isb-yellow persistence, is used primarily for

radar displays where retention of the image

for several seconds after the initial signal

display is required.
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Figure 2

CW KLYSTRON AMPLIFIER

Varian 890H is a four-cavity vapor-cooled klystron

used as a final amplifier tube in both visual and

aural sections of uhf-TV transmitters. The tube

covers the range of 470-565 MHz (channels 14-

29). It provides a signal gain of at least 35 dB

and 32 kW peak-of-sync output with less than

10 watts of r-f drive. Tube is about five feet tall

and weighs 270 pounds.

6-1 The Power Klystron

The klystron is a rugged, microwave

power tube in which electron transit time

is used to advantage (figure 2). The klys-

tron consists of a number of resonant cavi-

ties linked together by metallic sections called

drift lubes. The drift tubes provide isolation

between the cavities at the operating fre-

quency of the tube and the output circuitry

of the klystron is effectively isolated from

the input circuitry, an important consider-

ation in vhf amplifiers (figure 3).

The cathode, or electron gun, emits a

stream of electrons which is focused into a

tight beam. The beam passes through the

succession of cavities and drift tubes, ulti-

mately reaching the collector. The main

body of the tube is usually operated at

ground potential, with the cathode and

associated focus electrode operated at a high

negative potential. The electron beam is

held on course by means of an axial mag-

netic field created by magnetic coils placed

about the tube, The strength of the mag-

netic field is adjustable to permit accurate

adjustment of the electron beam, which can

be made to travel long distances, with less

than one percent current interception by the

drift tube walls.

Bunching The electron stream leaving the

cathode gun of a klystron is

uniform in density, but the action of the

cavities and drift tubes causes a large degree

of density modulation to appear in the beam

at the output cavity. This action, called

bunching, is a result of the beam being

exposed to the varying electric field which

appears across the gaps in the cavities. Elec-
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Special Microwave Tubes

The electron tube has been largely replaced

in low-power hf and vbf communication.

Aside from the lower cost and better per-

formance of the solid-state device, the elec-

tron tube has inherent problems that limit

its usefulness as an effective vbf amplifier.

Among the critical tube parameters that

affect vhf performance are interelectrode

capacitance, lead inductance and transit

time. Tubes designed to partially overcome

tpuui m«'w oust

Figure 1

CUTAWAY VIEW OF
WESTERN ELECTRIC 41 6-B/6280

VHF PLANAR TRIODETUBE

The 41G-B, designed by the Bell Telephone Lab-

oratories is intended for amplifier or frequency

multiplier service in the 4000 KHz region. Em-
ploying grid wires having a diameter equal to

fifteen wavelengths of light, the 41 G-B has a

transconductance of 50,000. Spacing between
Efid and cathode is .0005^, to reduce transit-

time effects. Entire tube is gold ptated.

these difficulties are expensive but can oper-

ate to over 1000 MHz (figure 1).

If all linear dimensions of an electron

rube are held at a fixed ratio to each other

there will be no change in electrical char-

acteristics for a given set of voltages regard-

less of change in the tube dimensions,

Interelectrode capacitances, lead inductance,

and electron transit time, however, are in

direct proportion to the magnitude of the

linear dimensions.

As the frequency of operation of an elec-

tron tube is raised the lead inductance

becomes so great that much of the output

voltage appears within the envelope where

it is unavailable and the electron transit

time from filament to plate becomes an

appreciable portion of the operating cycle.

Plate current is no longer in phase with

grid voltage and efficiency and power out-

put drop. At the same time, the tube is

more difficult to drive.

Reducing all dimensions of the tube

raises the maximum operating frequency

but a point is soon reached where further

reduction in size becomes impractical be-

cause of mechanical and thermal problems.

The upper frequency limit varies from 100

MHz for conventional tube types to about

2 GHz for specialized types such as the

planar mode. Above the limiting frequency,

the conventional negative-grid electron tube

no longer is practicable and recourse must

be taken to totally different types of devices

in which electron transit time and capaci-

tance are nor limitations to operation. Three

of the most important types of such micro-

wave tube types are the klystron, the mag-

netron, and the traveling-wave tube. Varia-

tions of these basic types can produce

hundreds of kilowatts of r-f power to above

100 GHz.

6.1
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atlon, the r-f outlet decreases ( curves C
and D).

rscusmj An ark] magnetic held (parallel

to the axis of the Hrsoron) 5s

required to beep the electron beam properly

formed during Its travel through the r-f

section- The mutual remulaon benreen elec-

trons causes the betm to spread la a direc-

tion perpendicular to the ?jds of the tube.

If this occurs, electrons will ctrihe the drift

tube and be collected there, rather than

passing through the tube to the collector.

The action -of the magnetic held i m
erert 2 force on the -electrons which bear

them focused Into £ narrow beam Toer

a permanent or electnmaget may be ist.

The beam Is allowed to spread hsfr® h

rtrles the 'collector, nmfmzmg com?

collector problems wHch would resch trait

the beam remaining concsrtrateo .at me

time of iotercepnom

.

- -

the r-f section of large Bystron mnpBm

to permit separate meSerhg of she slecmos

intercepted by the drift tubes tnd by cue

collector.
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Large klystrons are commonly used mi uhf-TV

transmitter service providing upward of 35 -kv/

output at frequencies up to 900 MHz. The res-

onant cavities may be integral (as shown) or

external, clamped to the drift tube which has

large ceramic insulating sections covering the

cavity gap.

trons passing through the gaps, when the

r-f field across the gap is zero, travel in the

drift regions at a velocity corresponding to

the beam voltage. When the gap appears

positive, the electrons are accelerated, and

when the gap appears negative the electrons

travel at reduced velocity. The result o

this velocity modulation is that the electrons

tend to bunch progressively..

The output cavity of the klystron k

exposed to a series of electron bunches w ic

are timed to arrive with a frequency equa

to the resonant frequency of the cavity an

a net power flow from the beam to the

cavity exists. The energy is extracted from

the cavity by means of a coupling loop.

The r-f power in the output cavity vnU

be much greater than that applied in the

bunching cavity. This is due to the ability

of the concentrated bunches of electrons to

deliver great amounts of energy to the out-

put cavity. Since the electron beam delivers

most of its energy to the output cavity, it

arrives at the collector with less total energy

than it had when it passed through the

input cavity. This difference in beam energy

is approximately equal to the energy deliv-

ered to the output cavity.

Klystron amplifiers have been built with

as many as seven cavities (that is, with five

intermediate cavities). The effect of the

intermediate cavities is to improve the

bunching process. This results in increased

amplifier eain, and to a lesser extent in-

creased efficiency. Adding more intermedi-

ate cavities is analogous to adding more

stages to an if amplifier. That is, overall

amplifier gain is increased and the overall

bandwidth is reduced if all the stages are

tuned to the same frequency. The same

effect occurs with klystron amplifier tun-

ing and is called synchronous tuning. If the

cavities are tuned to slightly different fre-

quencies the gain of the klystron is reduced

and the bandwidth may be appreciably

increased. This is called stagger tuning.

Saturation The klystron is not a perfect lin-

ear amplifier at all operating

levels and will saturate at strong signal

levels (figure 4). Curve A show typical

performance for synchronous tuning for

ENVELOPE OF

Figure 4

KLYSTRON PERFORMANCE

plot of typical klystron amplifier performance

for various tuning conditions.

maximum gain. The power output is linear

with respect to the input up to about sev-

enty percent of saturation. However, as

the r-f input is increased beyond that point,

the gain decreases and the tube saturates.

As the r-f input is increased beyond satur-
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5-2 The Mcjnsfron

The mcv-ttrirov Is 2 uhf oscillator inis

normally employed vrliir'i; vary nigh Tthes

abont 700 HHz to 20,000 MHz. Special

magnetrons liars peat power capability of

Fgisrs E

TiINtSLE KISK ?CVir?. V.JSKH7SCK

ThE STD 222 ccE)fra! nrarnctron soirgrc iht
«inpE D? 22 .D to 225 SHz, Wlimrrmro TJEtii: trover
output Is 40 kw at 2 liutv pycle of ..tTOOc. Oui-
put fittingjs 2t the bottom anti .tuning ailjint-

tnent Is on the rsar p: Ins strustors.

several megawatts me Tecnmcies 21 him as

10 GHz. Tbs norms! duty cycle of 310

devices ranges as high as 7 /III of one pr-

eset sc that tbs aterage power 'or-toni 3:

abont 1000 warts (cigars ?)-

The magnetron Is 2 diode bavins; sirens

magnetic forces szsrted so the electrons

that travel front the cathode to the anode.

The magnetic held is nscfLV provide;3 by a

strong nsrmanent magnet mounted around

the magnetron so that the magnetic fteJd is

parallel with the inns of the cathode (fines

3). The magnetron is 2 sen-contained amir,

that is, it prefaces a masrowaTg freonenty

ompnt within its enclosure wizhonc the -jns

of emernal timed xarafis.

Operation -of the magnetron is based on

the motion of electrons tnier the dnftasres

of combined electric and magnetic held:. Is

an electric held the force ssstsd by the

held on an electron is proportional to beid

strength and the electrons tend to mc'e

trom a point of negatn'e potsrtiil towarc

a positfre potential .{mgrre III), In other

words, the electrons tend to move against

the electric held and daring electron acoel'

emrion, -energy is taken from the meio 27

the electrons.

The force snerced on an -electron 22 a

magnetic Held is at night angles to both

COT;

* yjpUt fcrt''mr rmnj- trajtoPiit -ftrac vrz'vj? or steSTim
si- • "J Tnasmr*.TT>r ht- 'mfe-ha' Tssroair. orafrt*»- sot Pok
veaun. exaria: *«TT»rf troufc.
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Klystron Circuitry Some of the power sup-

plies, monitoring devices

and protective devices used in 2 typical kly-

stron amplifier are shown in figure 5, It is

convenient to operate the tube body at

ground potential eliminating danger to oper-

ating personnel The beam supply provides

the voltage to accelerate the electrons and
form the beam and the crowbar system

quickly discharges the beam supply in the

event of an internal klystron arc or other

fault condition.

Some klystrons have a grid or modulating

electrode used to pulse rite beam on or off

or to impart intelligence to the beam. Ih

most gridded klystron tubes the grid is

never allowed to go positive with respect to

the cathode,

Bod)r, collector, and beam current 2re

monitored separately. Body current is usually

limited to one or two percent of the total

beam current and excessive body current

trips an overload relay which kills the entire

supply system.

REFLEX klystron oscillator

A conventional reflex klystron oscillator of the

type commonly used as a local oscillator - in

superheterodyne receivers operating above about

2000 MHz is shown above. Frequency modula-

tion of the output frequency of the oscillator,

or afe operation .in a receiver, may be obtained

Ay varying the negative voltage on the repel!er

electrode.

The Reflex The multicavity klystron as

Klystron
described in the preceding par-

agraphs is primarily used as a

transmitting device since large amounts of

power arc made available in its output cir-

cuit. However, for applications where 2

Figure 7

REFLEX KLYSTRON OSCILLATOR

Small klystron oscillator provides TOO mV/
power for use as a pump in a parametric
amplifier. Klystron oscillators are available for

operation up to 220 gigahertz.

much smaller amount of power is requires

— power levels in the milliwatt range —
for low-power transmitters, receiver local

oscillators, etc., another type of klystron

having only a single cavity is more fre-

quently used.

The theory' of operation of the single-

cavity klystron is essentially the same as the

multicavity type with the exception that the

velocity-modulated electron beam, after hav-

ing left the input cavity is reflected back

into the area of the cavity again by a rcpel-

lcr electrode as illustrated in figure 6. The

potentials on the various electrodes are

adjusted to a value such that proper bunch-

ing of the electron beam will take place

just as a particular portion of the vclocity-

meduiated beam re-enters the area of the

resonant cavity. Since this type of klystron

has only one circuit it can be used only as

3n oscillator and no: as an amplifier. Effec-

tive modulation of the frequency of a

single-cavity klystron for f-m work can be

obtained by modulating the rcpellcr elec-

trode voltage. A representative reflex klys-

tron is shown in figure 7.
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mined by the travel rime of the electrons

from the cathode to the plain and back

again. A transfer of mlcrcvzve energy to

a lead is made possible by connecting an

external circuit between cathode and plats

oi the magnetron.

The K'sPcfVs The split-anode nega-

Kettenct Msrssfraa tire resistance magne-

tron is a variation of

the basic design vhich provides more never

output at the higher frequencies. Its gen-

eral construction is similar to the baric

derip except that it has 2 split plate (rig-

ors 15). The half-pistes are operated at

pitjT

TKESFLT7-AK0DE KABKETROM

This tissiEfi ts cspsblE cf prrrMinj niort trebei
at 2 hither frsriienry ihsr the iasi: ris^nst-an.
the huff pistes ete operstst t* Afferent pritsr-
titls tc prrvifis is Etectrar, ^rfian susfc 2

s

shovTi in TigcrE 14.

mrerent potentials to provide an electron

morion as shovn in f.pre 14. The electron

learng^the cathode and progressm:; rovzrd
the hlgp-pptKttia] plate is deflected by the
macnena neld at a cent

-A: jtas. ea' At Si* S'sil'J’T iTT
nee car more er ect upon tbs elect:

-map tne maperi: held
scenes the Imr t'Oten*--

1

fer£ V
KOVEKsKT OF ELECT-Oh7 IKA
SPUWiKODE FABlfE7ECK

Elestrar mates a saries sf irross Snmgli iiit

wagaEJc Self ns5I It rinaTlj teEs nr the ttir

natenfai plats-

cars. The electron path is 5nch that r

exhibits 2 curve haring a series of abrupt

cusps such as shovn in rigers 15- B rift

example, an right-segment anode is nsei._

This type cf magnetron is the most viney

used for nricrovrre voth and develop

high trover at rood eSciency. The average

never Is limited hr ffkmeu: srrisshn ana

peak never is priest by maximum vntrage

the derice can vifhstand vrthx;: fpurf.

Three common types of anode ninth are

shovn in feme H. The rest tvo anode
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£Si-C‘VyjI3

ELECTRON MOTION IN AN

ELECTRIC FIELD (E)

The force exerted hy an electric field IE) cu

in electron is proportional to ths strength of

the field. Electrons tend to move from a point

of negative potential toward a positive poten-

tfel, or in ether rrortfs, tend to mere egainst

the E-ffsJd-

the field aad die path of the electron so

that the electron follows 2 clockwise tra-

jectory when viewed in the direction of tfle

field (figure 11). If the magnetic field is

increased, the electron path wili bend

sharper. In. a like manner, if tbs velocity 01

the electron increases, the field around it

increases and its path will bend more

A basic magnetron design is shown in

figure 12. The device conrlsts of a cylindri-

cal plate with a cathode placed coaxially

inside ft. The tuned circuit (not shown)

is cavities physically located in the plate

structure.

0 © 0
(?} Q

20V3’CFHFS’iCT

• yiapi FELD $7k32!H-H
1 V/1UE OF
*— FiaD STT£KTTH

The force exerted on an electron m a

W> field is at right angle to 6£h »-

and the path cf the electron so that me eu

tron follows 2 clockwise trajectory when v*w«

in the direction ef the field.

Figure 12

BASIC MAGNETRON DESIGN

The negnetron consists cf a cylindrical pl2t2

with 2 cethctfe pieced c«xieiry wjL.m it Th-

toned circuits are cavities

;« «,» Plate (not shewn). The effect cf the

rustic field cn 2 single electron rs shewn
6

in the (ewer niastretica

Under the influence of die magnetic field,

electrons leaving the filament are defected

from their normal paths and move in ar-

cubr orbits within the anode cylinder (B).

If the magnetic field is strong enough the

electrons just miss the plate and return to

the filament, the plate current dropping to

zero (C). .. ,
.

Then the magnetron is adjusted to pJte

current cutofi, the device can produce

microwave oscillations by virtue of die cur-

rent introduced electrostatically by t~«

moving electron. This frequency is deter-
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ABODE

BLOCK

WHODE

Figure 21

ELECTRON PATHS IN MAGNETRON
Figure 19 DURING R-F OSCILLATION

MAGNETRON CAVITIES CONNECTED
IN SERIES

Analysis of unstrapped anode.

Cumulative effect of many electrons forms a

pattern resembling the spokes of a wheel. This

pattern rotates about the cathode at an angular

velocity of two segments per cycle of the vf

field.

Figure 20

MAGNETRON CAVITIES CONNECTED
IN PARALLEL BY STRAPPING

cathode at an angular velocity of two poles
anode segments) per cycle of the r-f field

(figure 21).

The remnant frequency of a magnetron
may be changed by varying the inductance
or capacitance of the cavities, Inductive tun-
mg is accomplished by inserting an element

in the cavities that changes the surface area

to volume ratio in a high current region

(figure 22) . The element is termed a sprocket

tuner.

Capacitance tuning is realized by insertion

of an element into the cavity slot that in'

creases slot capacitance, decreasing the reso-

Figure 22

INDUCTIVE TUNING OF MAGNETRON

Inductive tuning element is inserted in the

resonant cavity to alter surface to volume tzuo

in a high current region. As element is inserted*

the inductance of the cavity decreases.
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Figure T6

COMMON TYPES OF MAGNETRON ANODE BLOCKS

First two felocfcs require thet alienate sepnsnts are ccnssslsd, or stopped. Elcplr c.i rfebt

utilizea lar^e and small trapezcid ezrrGss Uat tfo no! require strapping

STRAPPING alternate segments

OF MAGNETRON

CariUes are connected in paransl deg la strap-

ping technique. Unstrapped ezrrSes are c:r<*

nerted in series from an electrics! paint cf tinr.

Blocks operate in stick a ~ay that altemzte

segments most be strapped to ensure that

e cli segment is opposite in polarity to its

neighboring segment on either side as shcTrQ

m figure 17. This requires an even number
D‘ cavities.

The electrical equivalent of the cavity-

! °* design is sho~.o in figure IS. The parallel

sides of the slot form the plates of a capaci-

tor “Hie the -alls of the hole act as an

inductor. The hole 2nd slot thus form a hlgh-

Q resonant circuit. The anode or a magne-

tron contains a number of these cavities.

The C2viriss are operating in series as shovrn

in figure 19 if the anode is no: strapped but

strapping the anode places the cavities in

parallel (figure 20).

Electron fiov in a mulricavity magnetron

is complex and the fiovr resembles the spates

of a vrbeel, the -heel rotating about the

Figure 18

EQUIVALENT CIRCUIT OF A
HOLE-AND-SLOT CAVITY

FSysis! 2pqeET2T.es e! tsszW uv.'.i is s*v»s

2* (»j jRi &» electrical tqylrjitc! cirecR H

sStjrs 2! {Eg 71:* pare!'.!! sides cf tte r.*ct

fjm Uis c2p2rtzr.es wfcile tts mils cf its

hcls 2tt 2$ 2 t. iciest::. H:tt sri s':‘. Utss firm

a h.'rjM iKcatt cirsfii.



6.12 RADIO HANDBOOK

;

Figure 2?

HIGH POWER TRAVELING-WAVE TUBE

A—The Vartan V7S-5754-C1 is z err tty coupled traveling-wave tubs epersting in the frtzsiosf

rengs of 3.1 *3.5 gigahertz. Peak power culput is '25 MV z\ £ tvty cycle of O.Oi. Saturation

gain is 47 rSB. B-7he Varian V7G-S222-F1 is a CW-moie Tt'u which eperetes tnf £ fr^osag*
range cf 2.D-4.0 gigahertz with a power output of 203 waits, it is vzti ftr ecmnsnfel ar<2

electronic warfare systems.

frequency-resonant constriction. It

fore not subject to tie gain-l»=sy:-^

equation, s'bici state; that as toe gam is —

'

creased, bandwidth is decreased.
f

Active electronic conntermezrury fEO-0

systems are designee ro receive a “ce ra^-

of^ inpuy frequencies and retranmut cant-

ability to provide bigb gain over ott* 1 *

band~;ctbs. Additional beneft; o“£teC

/
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to he linear with respect to input and output

waveforms.

Relationships The class-C amplifier is

in Clost'C Sfcge analyzed as its operation

provides an all-inclusive

case 0/ the study of class-B and cJass-ABj

r-f amplifiers.

The class-C amplifier is characterized by

the fact that the plate current flows in

pulses which, by definition, arc less than

one-half of the operatin% cycle. The oper-

ating cycle is that portion of the electrical

cycle in which the grid is driven in a posi-

tive direction with respect to the cathode.

The operating cycle is considered in terms

of the plate or grid conduction anpje (0),

The conduction angle is an expresion of that

fraction of time (expressed in degrees of the

electrical cycle) that the tube conducts

plate or grid current as compared to the

operating cycle of the input voltage wave-

form,

The theoretical efficiency of any power

amplifier depends on the magnitude of the

conduction angle; a tuned class-A amplifier

having a large conduction angle with a

maximum theoretical efficiency of JO per-

cent; a class-B amplifier with an angle of

1H0 degrees, and efficiency of 73. J percent;

and a class-C amplifier with an angle of

about HO degrees and efficiency of about 3J

percent.

Mgurc I illustrates a transfer curve repre*

scoring the relationships between grid and
plate voltages and currents during the oper-

ating cycle of a class-C amplifier. Symbols
dtov/n in figure 1 and given in the follow-

ing discussion arc defined and listed in the

(jfosutry of Terms included at the front
of this Handbook,

The plot Is of the transfer curve of a

typical triode tube, and represents the

change in plate current,
(/»,) for a given

amount of grid voltage (eK). The represen-

tation is of the form of the h versus Jl, plot

fora triode shown In figure 9, chapter '>.

Ue operating point
, or grid-bias level

(h.), is chosen at several times cutoff bias

and iUP'-rimposcd on the operating
point is one-half cycle of the grid exciting
voltage, r, A sample point of grid volt-

W, r,„ is ?hov/n 10 produce a value of
instantaneous plate current, All other
poinu on the grid-voltage curve relate to

Figure 1

TRANSFER CURVE FOR OPERATING

CYCLE OF CLASS-C AMPLIFIER

Typical class-C amplifier (less neutralizing cir-

cuits) it shewn with various average ano in-

stantaneous voltage: noted, A summary
symbols is given in the glossary of terms. The

plot it of the transfer curve, representing the

change in plate current for a given grid voltage.

The grid signal (c, is represented by 0 pun*

of voltage along the y-axis, with the operating

point determined by the amount of grid Dia-,

£,. At the waveform rises in amplitude, a cor-

responding pulse of plate current is developed

across the plate load impedance, (R,). A single

point of grid voltage (A) represents a corre-

sponding value of instantaneous plate current

(A'), All other points on the grid-voltage curve

relate to corresponding points on the piai?'

current curve,

corresponding points on the plate-current

curve.

As the grid is driven considerably positive,

grid current flows, causing the plate cur-

rent to be "starved’' at the peak of each

cycle, thus the plate-current waveform

pulse is slightly indented at the top, As

the v/aveform is poor and the distortion

high, class-C operation Is restricted to f-‘

amplification where high efficiency If desir-

able and when the Identity of the output

waveform to the input waveform Is relative-

ly unimportant.

The relation between grid and plate volt-

ages and currents is more fully detailed in

the graphs of figures 2 and ), which

trate in detail the various voltage and cur-
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Fipre 26

POWER OUTPUT AND GAIN POR

Ku BAND TWT

TV/! type V7U-5395AJ is a confluetiDn cooled

TWT Hat provides op to 2 KW peak power at a

duty cycle cf .02.

The long life characteristic of the TWT
has led to its extensive use in spacebome

equipment, such as the Mariner and Pioneer

missions into outer space, and commercial

and militarj' communication satellites where

continuous operation is essential.

Traveling-wave tube amplifiers provide 1

to 20 watts from 1 to 18 GHz in standard

octave bands. Amplifiers are available in the

same frequency range with power outputs in

escess of 10,000 watts. Higher-frequency

devices are available in the IS—40 GHz
bands and typical characteristics for a K-

band amplifier are shown in figure 26.

Special families of TWT amplifiers are

used in communications satellite transponders

in the down-link circuit. These tubes are

operated at low current densities and low

temperatures to achieve a high order of reli-

ability and long life.
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Figure 3

INSTANTANEOUS PLATE VOLTAGE
AND CURRENT OF CLASS-C POWER

AMPLIFIER

InstzntEneous plate volt2 £e and current re-
1 tAjites in jrid wlbp shown

...’If , .

As iu ° fcec3mes more positive, the

5^*L2
2
il.

CUrrsr!t ri
5f

s * “ using an increased

rp f,
cr*-ss thE P^te load impedance

' Tigure 1 ). Maximum peak plate current flows
atconiili.n cf minimum instantaneous plate
voltage (e.

r J and marimum voltage drop
ecrcss load impedance I

e, Plate-current pulse

f~%3'L0VS{
1 ?

c1l2n cf ,J1E ossreting cycle

V
SZbIe p5wEr i£ drived
cirr:^nert cf the plate

in* i?
5
-
me

-
W2Ve Ceveioped acrossthe resonant tank circuit, e

p ^ epuals e™
reunion, it can be seen that the slate-cur-
rent pulse exists only over a portion (Bi-
ot the complete plate operating cycle (Th
oprratmg cycle is taken to be that ’half

f
c
5
of

f*
V“;!P = police a

K?5
?

°f f *"? 'Oltrsr.) To: opr^-
,f t!"tneil cycle is 0l

as the grid merely assumes a more negative

condition and no flow' of plate current is

possible.

Peak plate current pulses, then, flow

as pictured in figure 3 over the conduction

angle of each operating cycle. The funds-

mental component of plate current [if]

however, is a sine wave since it is developed

across 2 resonant circuit
(
LC). The reson-

ant circuit, in effect, 2Cts as 2 "flywheel,”

holding r-f energy over the pulsed portion

of the operating cycle, and releasing it dur-

ing the quiescent portion of the electrical

cycle.

The patterns of grid voltage and current

shown in figure 2 are important in deter-

mining grid-circuit parameters, and the pat-

terns of plate voltage 2nd current shown

in the illustrations can be used to determine

plate-circuit parameters, 2s will be dis-

cussed hter.

The various manufacturers of vacuum

tubes publish data sheets listing in ade-

quate detail various operating conditions

for the tubes they manufacture. In addition,

additional operating data for special condi-

tions is often available for the asking, it it,

nevertheless, often desirable to detenrins

optimum operating conditions for a tcM

under 2 particular set of circumstances, io

assist in such calculations the following

paragraphs are devoted to 2 method of cal-

culating various operating conditions which

is moderately simple and yet sufficiently

accurate for all practical purposes. It as

based on wave-analysis techniques or the

peak plate current of the operating cycle,

adapted from Fourier analysis of a iimda*

mental wave and its accompanying -car-

monies. Considerable ingenuity has peer,

displayed in devising various graphical way*

of evaluating the waveforms in r-f

amplifiers. One of these techniques, 2 1 v^-

Perjormcnce Calculator, lor ckss-AB:

class-B, and Ciass-C sendee may be obtained

at no cost by writing: Application engineer-

ing Dept., Eimac Division of Varian, San

Carlos, Calif. 54070.

Tenfe-Cfreutf TFhen the plate circuit cf 2

Ryvhee! Eff&rt cIass-B or class-C operated

tube is connected to 2 Pl
-~

all el -resonant circuit tuned to the same fre-

quency as the exciting voltage for tot imp.:-
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exciting signal.

radio-frequency power amplifiers

c-“e electrical cycle

7.3

represent th

f™ cmeat variations with
!!1: x-zxb for grid

v°!fcss otrtE Grid fA. „ , -lh: c«™ of Sgare 2

£3d voltage

respect to tin:.

*coa“*7 s® (£, =“o) jb^e r +!
?”?> .face between 4 tra^i
S'.fcrf fii-fe voltage (E®
-gaming o. tne operating cycle (i r o) tee
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7.5

RADIO-FREQUENCY power amplifiers

fier, the plate current serves to maintain this

circuit in a state of oscillation.

The plate current is supplied in short
pulses which do not begin to resemble a sine

wave, even though the grid may be excited
by a sine-wave voltage. These spurts of
plate current are converted into a sine wave
in the plate tank circuit by virtue of the

Q or flywheel effect of the tank.

If a tank did not have some resistance

losses, it would, when given a "kick” with a

single pulse, continue to oscillate indefinitely.

With a moderate amount of resistance or

’friction” in the circuit the tank will still

have inertia, and continue to oscillate with

decreasing amplitude for a time after being

given a "kick.” With such a circuit, almost

pure sine-wave voltage will be developed

across the tank circuit even though power
is supplied to the tank in short pulses or

spurts, so long as the spurts are evenly

spaced with respect to time and have a fre-

quency that is the same as the resonant fre-

quency of the tank.

Another way to visualize the action of

the tank is to recall that a resonant tank

with moderate 0 will discriminate strongly

against harmonics of the resonant frequency.

The distorted plate current pulse in a class-

C amplifier contains not only the funda-

mental frequency (that of the grid excita-

tion voltage) but also higher harmonics. As
the tank offers low impedance to the har-

monics and high impedance to the funda-

mental (being resonant to the latter), only

the fundamental — a sine-wave voltage —
appears across the tank circuit in substantial

magnitude.

tank coil, its leads and switch contacts, if
any, and by the losses in the tank capacitor
which ordinarily are very low. The unloaded

Q or a good quality large diameter tank coij
in the high-frequency range may be as high
as 500, and values greater than 300 are
quite common.

Tank-Circuit Since the unloaded 0 of a tank
Efficiency circuit is determined by the

minimum losses in the tank,
while the loaded 0 is determined by useful

loading of the tank circuit from the external

load in addition to the internal losses in the

rank circuit, the relationship between the

two 0 values determines the operating effi-

ciency of the tank circuit. Expressed in the

form of an equation, the loaded efficiency of

a tank circuit is:

Tank efficiency -( - av
Q"J

IX loo

where,

Ou equals unloaded Q of the tank circuit,

Q i
equals loaded Q of the tank circuit.

As an example, if the unloaded Q of the

tank circuit for a class-C r-f power ampli-

fier is 400, and the external load is coupled

to the tank circuit by an amount such that

the loaded Q is 20, the tank-circuit effi-

ciency will be: eff. = (1 — 20/400) X
100, or (I — 0.05) X 100, or 95 per cent.

Hence 5 percent of the power output of

the class-C amplifier will be lost as heat in

the tank circuit and the remaining 95 per-

cent will be delivered to the load.

!

coded and Confusion sometimes exists as

n oaded Q t0 tJ,c relationship between

the unloaded and the loaded

Q of the tank circuit in the plate of an r-f

Power amplifier. In the normal case the

loaded Q of the tank circuit is determined

“X such factors as the operating conditions

°f the amplifier, bandwidth of the signal to

he emitted, permissible level of harmonic
radiation, and such factors. The normal

Jalue of loaded 0 for an r-f amplifier used

for communications service is from perhaps

t0 20. The unloaded Q of the tank circuit

determines the efficiency of the output cir-

CUlt and is determined by the losses in the

7-2 Constant-Current-

Curves

Although class-C operating conditions can

be determined with the aid of conventional

grid-voltage versus plate-current operating

curves (figure 9, chapter 5), the calculation

is simplified if the alternative constant cur-

rent graph of the tube in question is used

(figure 4). This representation is a graph of

constant plate current on a grid-voltage

versus plate-voltage plot, as previously shown

in figure 10, chapter 5. The constant-current

plot is helpful as the operating line of a
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,ige point on the curve. Low-/t tubes thus,

by definition, have lower voltage gain, and

this can be seen by comparing the curves

of figures 5 and 6,

v~s

Figure 5

CONSTANT-CURRENT CHART FOR

MEDIUM-,* TRIODE

Constant current plot for a 3M7H tnorfe with a

v. of 20. Note that the lines of constant plate

current have a greater slope than the cor-

responding lines of the high-* tr/ode (3-1000Z)

and that for a given value of positive grid

potential, and plate potential, the plate cur-

rent of this tube is higher than that of the

higher-;- tube.

Figure 6

CONSTANT CURRENT CHART FOR

LOW-p TRIODE

Constant-current pint for a SWTI- tnnrl* wttfl

».* of 12. Note tint more p»t, co

Been plate YOltaee can. M t*J»gL'S the
!ow

;ti tnode without driving the gno ..

positive voltage region. In ad^t'on, more
__
nJ

voltage is required to cut off
^l

he
,h
p
-« increased

at a given plate voltage. With
value of bi2S there is a correspondrn? me re 2se

m grid-voltage swing required to orive up

the zero grid-voltage point on the grap •

Lovr~[i (3-15) power modes are chosen

for class-A amplifiers and series-pass tubes

in voltage regulators, as they operate well

over a wide range of load current with low

plate voltage drop. Medium-;* (15-50)

triodes are generally used in r-f amplifiers

and oscillators, as well as class-B audio

modulators. High-^t (50-200) triodes have

high power gain and are often used in cath-

ode-driven ("grounded-grid") r-f amplifiers.

If the amplification factor (/*) is sufficient-

ly high, no external bias supply is required,

and no protective circuits for loss of bias or

drive are necessary. A set of constant-cur-

rent curves for the 3-5 00Z high-/* triode is

given in figure 7.

"
The amplification factor of a triode is a

function of the physical size and location

of the grid structure. The upper limit of

amplification factor is controlled by grid

dissipation, as high -/* grid structures require

many grid wires of small diameter having

relatively poorer bear-conduction qualities

as compared to a'low-p structure, trade up

of fewer wires of greater diameter and bet-

ter best conductivity. A set of constant-

current curves for the 250TH power triode

»i;b a sample load line drawn theteon is

shown in figure 1.

7-3 CIoss-C Amplifier

Calculations

n calculating and predicting the opera-

i of a vacuum tube as a class-C radio-

luency amplifier, the considerations which

inline the operating conditions are plate

aency, power output required, manimum

wahle plate and grid dissipation, tmxi-

m allowable plate voltage, and maaimtim

wabie plate current. The values chosen

these factors will dqiend on the demands

i particular application of the cube.

'he plate and grid currents of » class-C

alifier tube are periodic pulses, the dura-

,s of which are always less than ISO de-

s. Tot this reason the average gnd cur-

r, average plate curtcnt, power output,

,-ing power, etc., cannot be directly cal-

tied but must be determined by a Fourier

lysis from points selected at proper tn-

•ais along the line of operation as plotted

the constant-current characteristics This

,• be done either analytically or graphical-
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Note: A figure of 2v? = 0.75 is often

used for cUss-C service, 2nd a figure

of NP
— 0.65 is often used for class-

B and class-AB service.

6

.

Locate the point on the constant-

current chart where the constant-cur-

rent plate line corresponding to the

appropriate value of k mx determined

in step 5 crosses the point of intersec-

tion of equal values of plate and grid

voltage. (The locus of such points for

all these combinations of grid and

plate voltage is termed the diode line).

Estimate the value of e? a ja at this

point.

In some cases, the lines of constant

plate current will inflect sharply up-

ward before reaching the diode line.

If so, ev raiD should not be read at the

diode line but at a point to the right

where the plate-current line inter-

sects a line drawn from the origin

through these points of inflection.

7. Calculate rbTa in from:

rhialn Eh fpuli'

8 . Calculate the ratio: i
1 olx / h from:

W _ 2 y, x Et

h

(where kntx — peak fundamental

component of plate current)

.

9. From the ratio of ij nez / h calculated

in step 8 determine the ratio:

k zziz/h from the graph of figure 9.

10. Derive a new value for h ->rr from
the ratio found in step 9:

k =:ls
= (ratio found in step 9) X h

11 . Read the values of maximum positive

grid voltage, ez a£I and peak grid cur-

ren: (f
r =Li) from the chart for the

values of and kzzu found in

steps 6 and IQ respectively.

12. Calculate the cosine of one-half the

aagfe of plate-current Sow (one-half

the operating cycle, 0,/2 ).

ctKf= 2.52 I.57

1

b. Calculate the grid bias voltage (£,)
from:

**

for tetrodes, where fu is the grid-

screen amplificarion factor.

14. Calculate the peak fundamental grid

voltage, ec 3C from:

et **
m

*«=?
~ (~ BcJiimogap-

rive value of £c -

15. Calculate the ratio ez at~fEc for &-

values of Ec and e?
found in steps

13 and 14.

16. Read the ratio issaz/le from figo»

10 for the ratio eE aE2 i Ec found in

step 15.

17. Calculate the average grid current

(Ic )
from the ratio found in step 1 *

and the value of ip
found in srep

11 :

j
*c at:

c
(ratio found in step 16)

18. Calculate approximate grid driving

power from:

Vi = 0.9 es=iS X L

19. Calculate grid dissipation from:

?5 = h~ (- £, y- M

(?5 must not exceed the maximum

rated grid dissipation for the tune or

tubes selected).

Sample CelcKleHon A typical example of

class-C amplifier calc®'

Urion is shown in the following examp^ 5.

Reference is made to figures S, 9, ^ ^
in the calculation. The steps correspond 00

those la the previous section.
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P
PL17E VOra^-W-TS

Figure 8

CONSTANT-CURRENT CHART FOR 25DTH

efficiency or 65 to 75 percent at intermediate

values of plate voltage.

The first determining factor in selecting

a tube or tubes for a particular application

is the amount of plate dissipation vhic wi

be required of the stage. The total plate is

sipation rating for the rube or robes to

used in the stage must be equal to or greater

than that calculated from: PF
" “ i

°'

After selecting a tube or rubes to meet

the power output and plate dissipation Tt

quirements it becomes necessary' to dMennme

from the tube characteristics whether t e

tube selected is capable of the desired opera

tion and, if so, to determine the driving

power, grid bias, and grid dissipation.

The complete procedure necessary to
.

e

termine a set of class-C amplify ^operating

conditions is given in the following steps.

1. Select the plate voltage, power output

and efficiency.

2. Determine plate input from:

P, =W . . ,

5
Determine plate dissipation from:

Pp=(?i -P0)/ 11

(P must no: exceed maximum rated

plate dissipation for selected rate or

nsbes. Tank circuit efficiency assumed

tobe9Q5t).

i. Determine average plate current

(h) from: h ® Pi/E%*

5. Determine approximate peak plate cur-

rent (>•> viz) from:

ftea" 4.9 ffcforiVp = 0.8 f

k «. = « U for*,= 0.80

/. — 4.0 fit for iV
P
“ 0.7

i

/bKU = 3-1 h, for jV? = 0.6J
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1. Desired power output—S00 watts.

2. Desired plzte voltage—3500 volts.

Desired plate eScitncy—80%
(iV

p = 0.g). P, = m/Q.Z - 1000

watts.

WT« ks.
V

figures

fitlaticnship between the peafc value cf the

fundamental compcnent cf the tube plate cur-

rent, and zvereae plate current; as ccmpared
to the ratio of the instantaneous peat: Mice
5* tube plate currant, antf average plate current

value.

(Ure 250TH; rail ?, = 2S0T;

^ = 37).

4. Is = 1000/5500 = 0.2*5 irapere

(285 mA). (iferimum rite/ I for

250TH = 550 mi).
5. Approsiraite b el 0-2*5 X 4,5

1.28 2mp

<i =1. = 260 volts (see fiptK *>

trial point).

e,-!c = 5500 - 260 = 3240 volts:

!, ^ / fs = (2 X 0.8 X 3500) /

3240 = 1.73.

b za / Is = 4.1 (front figure 9).

'W« = -4-1 X 0.2*5 = 1-17.

?rr_-r 240 YoltS

:t -,T
~ 0.43 amp

(Both read from final pomt on figure

8 ).

cos~- 2.52 (1.75 " 1.57) = 0-57

s-»rrp e;~gr

Figure 10

Relationship between the ratio cf the psafc

ralue cf the fundamental component cf the
grid erctetizn voltage, and the average grid

ties; as compared to the ratio between in-

stantaneous peafc grid current and average grid

currant.

|y= 6*.3
c
snde5 = I56.6

S

|

= — 240 volts.

14. ci*
*= 240 - (- 240) - 480

volts.

15- *k«x/£ = 480/ —240 = -2.

16. iZ r-,JL
- 5.75 (from figure 10).

17- lr. = 0.45/5-75 = 0-075 amp

(75mA).

18. Pf, = 0.9 X 480 X 0.075 = 32.5

watts.

19. P* « 32.5 -r (-240 X 0.075)
=

14.5 watts (?.fszimam rated P% for

2S0TH = 40 watts).

20. The power output of any type of r-f

amplifier is equal to:

(1: =ss cait he determined by multiply-

ing rite ratio determined in step 8 hr
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1. The grid bias is chosen so that the

resting plate current will produce ap-

proximately 1/3 of the maximum

plate dissipation of the tube. The max-

imum dissipation of the 813 is 125

watts, so the bias is set to allow one-

third of this value, or 42 watts of

resting dissipation. At a plate poten-

tial of 2000 volts, a plate current of

21 mtlliamperes will produce this fig-

ure, Referring to figure 12, a grid bias

of “43 volts is approximately correct,

2. A practical class-B linear r-f amplifier

runs at an efficiency of about 66% at

full output (the carrier efficiency

dropping to about 33% with a modii'

hied exciting signal). In the case of

single-sideband suppressed-carrier ex-

citation, the linear amplifier runs at

the resting or quiescent input of 42

watts with no exciting signal. The

peak allowable power input to the

813 is;

PEP input power (£i)
=

plate dissipation X 100 _
(100 “ % plate efficiency)

3. The maximum dc signal plate cur-

rent is:

h max
= h-zzJll- — 0.189 ampere

Eb 2000
Y

(Single-tone drive signal condition)

4. The plate-current conduction angle

(0b)
of the class-B linear amplifier

is approximately 180°, and the peak

plate-current pulses have a maximum

value of about 3.14 rimes h au*

W = 3.14 X 0.185 = 0.553 amp.

5. Referring to figure 12, a current of

about 0.6 ampere (Point A)
will

flow at a positive grid potential of 60

volts and a minimum plate potential

of 420 volts. The grid is biased at

—45 volts, so a peak r-f grid voltage

of 60 4- 45 volts, or 105 volts, swing

is required.

6. The grid driving power required for

the class-B linear stage may be found

by the aid of figure 13. It is one-third

the product of the peak grid current

times the peak grid swing.

125 X 100

33
378 watts PEP Pa

='
0.015 X 105 _

3

0.525 watt

Figure 12

AVERAGE PLATE CHARACTERISTICS OF 813 TUBE
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4. F; — 0.79 (by reference to

figure 11)

5. lYp ~ f;X F:
~

0.91 X 0.75 =

0.72 (72 percent efficiency)

Fi could be called the pkle-voltage-swing

efficiency factor, and F: can be called the

operating-angle efficiency factor or die maxi-

mum possible efficient' of any stage running

v/ith that value of half-angle of plate cur-

rent flow.

N
f

is, of course, only the ratio between

power output and power input. If it is de-

sired to determine the power input, exciting

power, 2nd grid current of the stage, these

can be obtained through the use of steps 7,

S, 9, and 10 of the previously given method

for determining power input and output; and

knowing that ieciS is 0.095 ampere, the

grid-circuit conditions can be determined

through the use of steps 15, 16, 17, 18,

and 19.

7-4 Cfass-B Radio-

Frequency Power Amplifiers

Radio-frequency power.amplifiers operat-

ing under class-B conditions of grid bias

and excitation voltage are used hi various

types of applications in transmitters. The

first general application is as a buffer-ampli-

fier stage where it is desired to obtain a high

value of power amplification in a particu a.

stage without regard to linearity. A particu-

lar tube type operated with a gi’ en ? ate

voltage will be capable of somewhat greater

output for a certain amount of excitauon

power when operated as a class-B amp er

than when operated as a class-C amp er*

Calculation of Calculation of the operating

Operating conditions for this type o

Characteristics class-B r-f amplifier can

carried out in a manner sim-

ar to that described in the previous par2

raphs, except that the grid-bias voltage is

:t on the tube before calculation at vhe

alue: £c = ~ Bj* Since the grid bias

; set at cutoff the one-half angle of K,
urrent Sow is 90°; hence cosW B ““
t 0.00. The plate-circuit e&aencj tor a

lass-B r-f amplifier operated in this manner

an be determined in the following manne

.

N9 = 78.5 X-^-

Nore: In reference to figure 3, is

equal in magnitude to 2nd absolute

value should be used.

The "Class-B The second type of class-B r-f

linear" amplifier is the so-C2lled class-

B linear amplifier which is

often used in transmitters for the amplifica-

tion of a single-sideband signal or a conven-

tional 2mpiitude-modulzted wave. Calcula-

tion of operating conditions may be carried

out in a manner similar to that previously

described with the following exceptions: The

first trial operating point is chosen on the

basis of the 100-per.ent positive modulation

peak (or PEP condition) of the exciting

wave. The plate-circuit and grid-peak volt-

ages and currents can then be determined

and the power input and output calculated.

Then (in the case for an a-m linear) with

the exciting voltage reduced to one-half

for the no-modulating condition of the ex-

citing wave, 2nd with the same value of

load resistance reflected on the tube, the a-m

plate input and plate efficiency will drop to

approximately one-half the values at the

100-percent positive modulation peak and

the power output of the stage will drop to

one-fourth che peak-modulation value. On

the negative modulation peak the input,

efficiency and output all drop to zero-

In general, the proper plate voltage, bias

voltage, load resistance, 2nd power output

listed in the tube tables for class-B audio

work will also apply to class-B linear r-*

application.

Iclculafion of Opef- The class-B linear

ling Parameters for a amplifier parameters

;fasj.B Lineor Amplifier may be calculated

from constant-cur-

cnt curves, as suggested, or may be derived

tom tbe £„ vs 4 curves, es outlined in tins

sction.
,

.

Figure 12 illustrates the characteristic

urves for an 813 tube. Assume the plate

upplv to be 2000 volts, and the screws

Wy to be 400 volts. To determine the

iterating parameters of this tube as a class-

{ linear SSB r-f amplifier, the following

iteps should be taken:
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amperes in the quiescent state. It is necessary

to use a well-regulated screen supply to hold

the screen voltage at the correct potential

over this range of current excursion. The use

of an electronically regulated screen supply

is recommended.

7-5 Grounded-Grid and
Cathode-Follower R-F Power

Amplifier Circuits

The r-f power amplifier discussions of

Sections 7-5 and 7-4 have been based on the

assumption that a conventional grounded-

cathode or cathode-return type of amplifier

was in question. It is possible, however, as in

the case of a-f and low-level r-f amplifiers

to use circuits in which electrodes other than

the cathode arc returned to ground insofar

as the signal potential is concerned. Both the

plate-return or cathode-follower amplifier

and the grid-return or grounded-grid am-
plifier are effective in certain circuit applica-

tions as tuned r-f power amplifiers.

Disodvonfoges of An undesirable aspect o:

Grounded-Cathode
thc operation of cathode

Amplifiers return r-f power ampli

fiers using triode tubes i

that such amplifiers must be neutralized

Principles and methods of neutralizing r-1

power amplifiers arc discussed in thc chapter
Generation of R-F Energy. As the frequeues
of operation of an amplifier is increased thi
stage becomes more and more difficult t<

neutralize due to inductance in thc grid ant
cathode leads of thc tube and in the leads n
the neutralizing capacitor. In other word
the bandwidth of neutralization decreases a:

the presence of thc neutralizing capacitoi
adds additional undesirable capacitive load,
•ns to thc grid and plate tank circuits ol
the tube or tube,. To look at thc problem ir
another way, an amplifier that may be per-
'Ctly neutralized at a frequency of 50 MHt
tnav be completely out of neutralization at a
frequency of 120 MHz. Therefore, if then

tht sn
'

d jnd piatE *
is "h'ch offer appreciable impedance at

! - !£» frequency it is quite possible that
e Stage may develop a parasitic oscilia-non in the vicinity of 120 MHz.

Grounded-Grid This condition of restricted-

R-F Amplifiers range neutralization of r-f

power amplifiers can be great-

ly alleviated through the use of a cathode-

driven or grounded-grid r-f stage. The

grounded-grid amplifier H2S the following

advantages:

1. The output and input capacitances of

a stage are reduced to approximately

one-half the value which would be ob-

tained if the same tube or tubes were

operated as a conventional neutralized

amplifier.

2. The tendency toward parasitic oscilla-

tions in such a stage is greatly reduced

since the shielding effect of the control

grid between the filament and the

plate is effective over a broad range of

frequencies.

3. The feedback capacitance within the

stage is the plate-to-cathode capaci-

tance which is ordinarily very much

Jess than the grid-to-plate capacitance.

Hence neutralization is ordinarily not

required in the high frequency region.

If neutralization is required the neu-

talizing capacitors are very small m
value and are cross-connected between

plates and cathodes in a push-pull

stage, or between the opposite end of

a split plate tank and the cathode in

a single-ended stage.

The disadvantages of a grounded-grid am-

plifier are:

1. A large amount of excitation energy

is required. However, only the normal

amount of energy is lost in the grid

circuit of the amplifier tube; most

additional energy over this amount is

delivered to the load circuit as useful

output.

2. The cathode of a grounded-grid am-

plifier stage is above r-f ground- This

means that the cathode must be M
through a suitable impedance from the

filament supply, or the filament trans-

former must be of the low capacitance

type and adequately insulated for the

r-f voltage which will be present.

3. A grounded-grid r-f amplifier cannot

be plate modulated 100 percent unless

the output of the exciting stage is

modulated also. Approximately 70-per
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equivalent grid resistance of this stage

p° = JS! X

= -78J (2000-420) X 0.189- 23! watts PEP

8. The plate load resistance is:

£s 2000Rt,S
« X fb l.g x 0.188

E“ VERSUS Ef, CHARACTERISTICS
OF 813 TUBE

If a loaded plate tank circuit Q of
12 is desired, tie reactance of the

Pjate tank capacitor of a parallel tuned
circuit at resonance is:

j _ -Rn _ *870
,“

~q - ^90 ohms

10. For an operating frequency of 4.0

tie effective resonant capaci-

tance is:

Ctzz-
10*

’
6.28 X 4,0 X 490

S1 pF

Ik The inductance required to resonate

at 4.0 MHz with this value of ca-

pacitance is;

r _ ion

2 X 0.525
2 X P(

— 10,000 ohms

2. Asm the case of the ckss-B audio am-
pMcr de gnd resistance of tie linear
amplifier varies from infinity to a low
value when maximum grid current is
Prawn. To decrease the effect of this

rastanceevcnrsion, a swamping resis-
tor should he placed across the arid-

Safh”
1?'' TIYa!" E of fke resistor

Should be dropped until a shortage of
anving power begins to be noticed,
cor this example, a resistor of 3000
ohms is used. The grid circuit load for
no gnd current is now 3000 ohms in-
stead of infinity, and drops to 2)00
ohms when maximum grid current is

drawn.

3. A circuit Q of 1! is chosen for the
grid. rank. The capacitive reactance
required is:

r - 2300 = H4 ohms

4. At 4,0 MHz the effective capacitance

~«.28X4.0X»4~ 2W PF

3. The inductive reactance required to
resonate the grid circuit at 4.0 MHz
is:

r - H4
Z28 X 4.0

= U m,cnh -nV
6. By substituting the loaded-grid resist-

ance figure in die formula in the first

paragraph, the peak grid driving pow-
er is now found to be approximately
2.4 watts.

3 9.5 microhenrys

Grid-Circuit
i. Xhe maximum positive

‘^deration,
grid potential is 60

volts and the peak t-f

grid voltage is 105 volts. Required

peak driving power is 0.525 watt. The

Screcn-Cireuil By reference to the plate
Conjideiohom

characterise curve of the

813 tube, it can be seen that
at a minimum plate potential of *20 volts,
and a maximum plate current of 0.6 ampere,
the screen current will be approximately 50
mtlhamperes, dropping to one or two tr.illi-
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let ]VP = 55%, 22 rrertgs tsine for

cliss-B mode

?tl
= 2000 X 0.65 = 3500^TEP

u = 200

2000 „
4. Jr,

= = 0.67mm
5000

5. approx. "inE;
—

5.1 2b (tor 2v-p

0.55) = 3.1 X 0.55 = 2.0 S imperes

5. Locate tie point on the constmt-CuT-

rent chirr There the constint-current

line corresponding to the ippropnite

Tibs of i0 mr determined in rap 5

inflect sharply upward. Apprcnamtte

- d .mli
— IODtoIk.

7. fpmiTi = 3000 - 500 = 2500 Tolts.

s. fiats 2 X 0.65 X 5000 _

_ 3000
21. ?vt — = 2500 Dms" “ IS X 0.67

22. Total aesi dfrepr-er.

SS X 3.D5 - „ „ _ „
ft = t 35.B = 51 tits PL?

25. Total -pj-zr oarrrt of fie csss s

ecnf xd 1525 Titts (coctfhrted hy

3-lOODZ) pins tbit porfon of

porer cantshrted Ly the correfix:

of dare pcrer to nitre tTttptt ptrer.

This is- ippitrfrnitfj srntl to the

first term cf the ecntfon -E step 22.

?„ (HP) tool * 1325 t 44

5. = 3.13 (homitjm)).
h

30- W = 3.13 X 0.S7 = 2.1 aa
34. Csthois orhj irpsisacs rf

grounded gad stage is:

This sprees close]- -Kith the zpproxi-

mation made in Step 5.

13. ?\.ead fie nines mmrnrm cathode-

to-nlmenr Toluge (e
fc )
md peak gad

cnrrent {;Pmx )
from the coostznt-

cmrert chirr for fie Tshss of

tnd nc iccnd in steos 5 md 10

*k=“£B

12. r»y- 2.52 (1.55 - 1.57) = 0

(Condacnon mde a itorommiahr
1E0

S
gad cos ICO" = 0)"*

14 . ft as- = - rr-rola

SM’.nor nero hiir diss-3 mode. I- ~
0.25 L Br-. f.25 x 0.F = 02

cmn. {2 ?0sAl
-t. = W X 'it' X = 15.E

Trirti PL?
• T‘r~ 15.5 v-rtsTn?

s« = (Life of nr? l) XL

5!w,-hL 5 XL
rt

7 ~ 'JL — u Dnms
r'“

1.05 4- 0.5

A snmmiry of the typical opening ptrt-

rneters for the 5-1000 2. it c-i, — OX- *•"

DcSi»Y&«r
Zm-Spd Jfcs C=fi=:

,

333 a*,

(from cnFtat-crrraai min

!

Vim Sign! (?E?) Tfh’e

Pots: 37 Tim

Dntpat
' 126; Tim

Plice Laid Lopednce
^

2 -

; 0r njrri

CcTti^E Trrc r? Pne xthoSe ncti_

rrv-sr /jrpTSsr or dthode-foJtr'er
^

t-t

nnn-rjnannil mix
rz z£ me Jtr-
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cent modulation of the exciter stage,

while the final stage is modulated

100 percent, is recommended. How-

ever the grounded-grid r-f amplifier

is quite satisfactory ts t clsss-B

linear r-£ amplifier for single-side-

band or conventional amplitude-modu-

lated
~
2”es or as an amplifier for 2

straight c-w or f-m signaL

Figure 14 shows a simplified representa-

tion of 2 grounded-grid zero-bias triode r-f

power amplifier stage. The relationships be-

tween input and output power and the peak

fundamental components of electrode volt-

ages 2nd currents are gives below the draw-

ing. The calculation of the complete oper-

ating conditions for a grounded-grid ampli-

fier stage is somewhat more complex than

that for a conventional amplifier because the

input circuit of the tube is in series with

the output circuit as far as the load is con-

P£P »-*£> aisvzta ti ojryjr -vn- -'" u -

.1 (5-vwtxlc}

Figure 14

ZERO-BIAS GROUHDED-GRID

AMPLIFIER

The equjtjjjis in the ikvn firure

reteiisnjhfps fcetireen the entry! prrrer.crirt

tv* er, feedthrti'Eh pv*er. zr.i input zr.. cl>-

put inpeilantes expressed in fenns cim re-

tells voltages and currents ct in* sui*.

cerned. The prjmr? result of this e»ect

as stated before, that considerab.y snore

power is required from the driver stage-

norma] power gain for 2 g-g spge b .rom

3 to 15 depending on the grid-circuit condi-

tions chosen for the output stage- The .-ig -er

the grid bias and grid swing squired on the

output stage, the higher will be the require-

ment from the driver.

CcfccJsffon of Operating It is most conven-

ConiJiHeriS of Grounded- iKjt to determine

Grid R-F Amplifere tbs operating con-

ditions for 2 class

-

B or class-C grounded-grid r-f power am-

plifier in a two-step process. The first sop

is to determine the plzce-drcmt and grid-

circuit operating conditions of the tube

as though it were to operate as a conven-

tional grid-drives amplifier. The second step

is to then add in the additional conditions

imposed on the orginal cats bp the fact

that the sage is to operate as a grounded-

grid amplifier. This step is the addition of

the pardon, of the drive power contributed

by die conversion of drive power to plate

output power. Thu portion of the drive

power is referred to as converted drive p<wer,

or feedlkou^b pruer. Tte latter term is

misleading, 2s this portion of drive po^er

does not appear in tee plate load circuit o*

the cathode-driven stage until after it is

converted to a vcrying-dc plate potential

efiectivelv in series with the mam amplmer

power supplp- The converted drive power

serves a useful function in linear anpimr:

service beaus* it swamps out tne undesir-

able effects of nonlinear grin loading and

presents a reasonably constant load to the

exciter.

Soeciaf consent-current curve are o.ten

used for grounded-grid operation wheren

-b- grid drive voltage is expressed as the

cetboir-to-fpd volte# and is negative in

rign. It must be remembered, however, that

s negative cathode voltage is equal to a

positive grid voltage. 2nd norma! co.-Sv-n,-

current curves may also he employed for

cathode-driven computations.
_ ,

For the first step in the calcinations, tn:

procedure given in Section F-; is used. For

this example, a 3-1GO0Z "zero Has" tnod-e

i< chosen, operating 2 : 3000 pUre volts at

2000 witts P£P input in class-B serrice.

Computations are as follows:

3-lt?00Zat 3000 volts class-B

1,2,3. £*- 5000

P,w 5000 watts PEP



7.20 RADIO HANDBOOK

Inductive or resistive with respect to the

operating frequency. The circuit is not rec-

ommended except for vhf or uhf work with

coaxial lines as tuned circuits since the peak

grid swing required on the r-f amplifier

stage is approximately qual to the plate

voltage on the amplifier tube if high-effi-

ciency operation is desired. This means, of

course, that the grid tank must be able to

withstand slightly more peak voltage than

the plate tank. Such a stage may not be

plate modulated unless the driver stage is

modulated the same percentage as the final

amplifier. However, such a stage may be

used as an amplifier of modulated waves

(class-B linear) or as a c-w or f-m amplifier.

The design of such an amplifier stage is

essentially the same as the design of a

grounded-grid amplifier stage as far as the

first step is concerned. Then, for the second

step the operating conditions given in figure

16 are applied to the data obtained in the

first step.

7*6 Closs-AB] Radio-

Frequency Power

Amplifiers

Class-AB, r-f amplifiers operate under
such conditions of bias and excitation that
grid current does not flow over any portion
of the input cycle. This is desirable, since
distortion caused by grid-current loading is

absent, and also because the stage is capable
of high power gain. Stage efficiency is about
60 percent when a plate current conduction
angle of 210° is chosen, as compared to 65
percent for class-B operation.

The level of static (quiescent) plate cur-
rent for lowest distortion is quite high for
class-AB, tetrode operation. This value is

determined by the tube characteristics, and
is not greatly affected by the circuit param-
eters or operating voltages. The maximum
dc potential is therefore limited by the
static dissipation of the tube, since the rest-
ing plate current figure is fixed. The static

p ate current of a tetrode tube varies as the

2 power of the screen voltage. For ex-
ample, raising ihz screen voltage from 30G
jo J soils will double the plate current
The optimum static plate current for mini-

mum distortion is also doubled, since the

shape of the Ec-h curve does not change.

In actual practice, somewhat lower static

plate current than optimum may be em-

ployed without raising the distortion appre-

ciably, and values of static plate current of

0.6 to 0.8 of optimum may be safely used,

depending on the amount of nonlinearity

that can be tolerated.

As with the class-B linear stage, the mini-

mum plate voltage swing (ft, O }0) of the

class-ABj amplifier must be kept above the

dc screen potential to prevent operation in

the nonlinear portion of the characteristic

curve. A low value of screen voltage allows

greater r-f plate voltage swing, resulting in

improvement in plate efficiency of the tube,

A balance between plate dissipation, plate

efficiency, and plate-voltage swing must be

achieved for best linearity of the ampli-

fier.

The S-Curve The perfect linear amplifier de-

livers a signal that is a replica

of the input signal. Inspection of the plate-

characteristic curve of a typical tube will

disclose the tube linearity under class-ABi

operating conditions (figure 17). The curve

is usually of exponential shape, and the sig-

nal distortion is held to a small value by

operating the tube well below its maximum

output, and centering operation over th£

most linear portion of the characteristic

curve.

The relationship between exciting voltage

in a class-AB, amplifier and the r-f plate-
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ErU CURVE

Amplifier operation is confined to the mosttine2r

portion of the characteristic curve*
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capzdtscce high-voltage type. Conventional

filament transformers, however, will nor op-

erate with die High values of r-f voltage

present tn such a circuit. If £ conventional

filament transformer is to be used, tt.e cats-

ode anH coil nay consist of two. parallel

hear,' conductors (to carry the High SU-

meat current) bypassed at both the ground

end 2nd at the tube socket. The tuning ca-

pacitor b then placed between filament and

ground. It is possible in certain cases to use

two r-f chokes of special design to feed tne

filament current to the tubes, with a con-

ventional tank circuit between filament and

ground. Coaxial Ones abo may be used to

serve both as cathode tank and filament feec

to the tubes for vhf and uhf wort

Conftsl-Grid Disifpsticn Tetrode tubes may be

in Grounded-Grid Sfcges operated as grounded-

grid (cathode-driven)

amplifiers by tying the grid and screen

together and operating the tube as a^nigh-.u

triode (figure 35). Combined grid and

screen current, however, is a function ef

tubs geometry 2nd mar reach destructive

C = 23 pf per meter refts]s?t$! ro**r, S&-
RFC = Ouzl-wtntfing on L (1R-

mch isng finite rctf. <M
tfiens General).

values under conditions of full excitation.

Proper division of excitation between grid

2nd screes should be as the ratio of the

screen -to-grid amplification, which b ap-

proximately 5 for tubs such as the 4-25OA,

4-4D0A- etc. The proper ratio of grid/screen

excitation may be" 2 chirred by tapping the

grid at some point on the input circuit, as

jaoTrjL Grid dissipation b reduced, but the

over-all level of excitation is increased about

tnC over the value required tor simple

grounded-grid operation.

Plofa-Return or Circuit diagram, elec-

Ceriisde-FoJfsver R-F trode potentials and

Rcver Amplifier currents, and operat-

ing condmons for a

C2tbode-follower r-f power amplifier are

given in figure U. This circuit can be used,

in addition to the grounded-grid circuit just

discussed, a? an r-f amplifier with a triede

tube and so additional neutralization cir-

cuit. However, the circuit will oscillate if

dse Impedance from cathode to ground b

allowed to become capacitive rather than

fesvs -«=*'•*
CSfySfOtf-r- ^

4

Z*2-j

Figure IB

CATHDOE-FOLLOWER R-F

POWER AMPLIFIER

-tbCks she u»
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may possibly result -unless a protective cir-

cuit o£ the form shown in figure 21 is used.

"Zero-bias” triodes fUll-A, 3-400Z ana

5-1000Z) and certain triode-connected te-

trodes (213 and 4400A, for example} re-

quire so Has supply 2nd good linearity

may be achieved with a minimum of circuit

components. As improvement of the order

of ') to 10 decibels in intermodulation dis-

tortion may be gained by operating such

tubes n the grounded-grid mode in contrast

to the same tubes operated in class-AB*,

grid-driven mode. The improvement in the

distortion figure varies from tube type to

tube type, but -all so-called grounded-grid”

triodes and triode-consectsd tetrodes show
some degree of improvement in distortion

figure -s-hen cathode-driven £s opposed to

grid-driven service.

Cetfeo&^rires Hgh-p triode tubes may
Hirfi-/t Trisder be used to advantage in

cathode-driven (gronrdel-

grid) service. The inherent rBdding cf a

Hga-p. tube is better than that of a Bw-r

tube and the former provides better grin

per stage and requires less drive than the

latter because of less feedthrough power. S.s-

ristrve loading of the input or driving cu-

cmt is not required because of the concur.:

feedthrough power load cn the exciter as

long as sufficient 0 exists in the cathode

tanh circuit. Lcw-p triodes, on^the^other

when operated in the cathode-cri”sn cccng-

urarion, and stage gain is relatHcly small In

addition shielding between the input sar

output circuits is poor compared to urn*

exisring in high-p triodes.

W lA/'
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circuit voltage is shown in figure IS. Vi tit .•?

small value of static plate current the lower

portion of the jins is curved. Maximum un-

distorted output is limited hr the point on

the line (A) where the instantaneous plate

voltage drops dot?n to the screen voltage.

This "hook" in the line is caused by cur-

rent diverted from the plate to the grid and

Figure 18

LINEARITYCURVE OF
TYPICAL TETRODE AMPLIFIER

At point A lfie instantaneous pfate vefuze is

swinjinz Ctror. to the Mine ct the street! vett-

t\t. At point B it is swinginz well fcelcw Uis
screen and is approaching the point where
saturation, or plate-current limiting takes place.

screen elements of the tube. The character-

istic plot of the usual linear amplifier takes

the shape of an 5-curve. The lover portion

of the curve is straightened out by using the

proper value of static plate current, and the

upper portion of trie curve is avoided by
limiting minimum plate voltage .string to a

point subsran dally above the value of the

screen voltage.

Operating Pcrometerj The approximate oper-

ferthe Clou-ABj ating parameters may
Lineor Amplifier be obtained from

the constant-current

curves (£c-£:,) or the Ec-

J

b curves of the

tube in question (figure 19). The following

example will make use of the latter informa-

tion, although equivalent results may be

obtained from constant current curves. An
operating load line is first approximated.

One end of the load line is determined by

the dc operating voltage of the tnb^ and

the required static plate current. As a start-

ing point, let the product of the plate volt-

age and current approximate the plate dissi-

pation of the tube. Assuming a 4-400

A

tetrode is used, this end of the load line will
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Figure 25

Untuned cathode circuit of greunded-grid amplifier offers high-impedance path to the r-f current

fowing between plate and cathode of the amplifier tube. The alternative path is via the inter-

connecting coaxial line and tank circuit of the exciter. Waveform distortion of the driving signal

and high intermodulation distortion may result from use of alternative input circuit.

7-8 Intermodulotion

Distortion

If the output signal of a linear amplifier

is an exact replica of the exciting signal

there will be no distortion of the original

signal and no distortion products will be

generated in the amplifier. Amplitude dis-

tortion of the signal exists when the output
signal is not strictly proportional to the

driving signal and such a change in magni-
tude may result in intermodulation distor-

tion^ {IMD). IMD occurs in any nonlinear

device driven by a complex signal having
more than one frequency. A voice signal

(made-up of a multiplicity of tones) will

become blurred or distorted by IMD when
amplified by a nonlinear device. As practical

linear amplifiers have some degree of IMD
(depending on design and operating param-
eters) this disagreeable form of distortion

exists to a greater or lesser extent on most
SSB signals.

A standard test to determine the degree
of IMD is the two-tone test, wherein two
radio-frequency signals of equal amplitude

are applied to the linear equipment, and the

resulting output signal is examined for

spurious signals, or unwanted products.

These unwanted signals fall in the funda-

mental-signal region and in the various har-

monic regions of the amplifier. Signals falling

outside the fundamental-frequency region

are termed even-order products, 2nd may be

attenuated by high-Q tuned circuits in the

amplifier. The spurious products falling close

to the fundamental-frequency region are

termed odd-order products. These unwanted

products cannot be removed from the

wanted signal by tuned circuits and show

up on the signal as "splatter,” which can

cause severe interference to communication

in an adjacent channel. Nonlinear operation

of a so-called "linear” amplifier will generate

these unwanted products. Amateur practice

calls for suppression of these spurious prod-

ucts to better than 30 decibels below peak

power level of one tone of a two-tone test

signal. Commercial practice demands sup-

pression to be better than 40 decibels below

this peak level.

Additional data on IMD and two-tone

test techniques is given in chapter 9-
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E!cj Supplies for Medium-/! triode tubes that

G-G Amplifiers require grid bias may be

used in cathode-driven serv-

ice if the grid is suitably bypassed to

ground and placed at the proper negative

dc potential. Bias supplies for such circuits,

however, must be capable of good voltage

regulation under conditions of grid current

so that the dc bias value does not vary with

the amplitude of the grid current of the

stage. Suitable bias supplies for this mode

of operation are shown in the Tower Supply

chapter of this Handbook. Zener bins (figure

21) may be used for low values of bias

voltage. Approximate values of bias volt-

age for linear amplifier service data may be

obtained from the audio data found in

most tube manuals, usually stated for push-

pull class-ABj or AB 2 operation. As the cube

“doesn’t know” whether it is being driven

by an audio signal or an r-f signal, the audio

parameters may be used for linear service,

but the stated dc currents should be

divided by two for a single tube, since

the audio data is usually given for two

tubes. Grounded-grid operating data for

popular triode and tetrode tubes is given

in figure 22.

The Tuned Input waveform distortion

Cofhode Circuit may be observed at the

cathode of a grounded-grid

linear amplifier as the result of grid- and

plate-current loading of the input circuit on

alternate half-cycles by the single-ended

stage (figure 23) . The driving source thus

"sees” a very low value of load impedance

over a portion of the r-f cycle and an ex-

tremely high impedance over the remaining

portion of the cycle. Unless the output volt-

age regulation of the r-f source is very good,

the portion of the wave on the loaded part of

the cycle will be degraded. This waveform

distortion contributes to mtermoduhtion

distortion and also may cause TVI difficul-

ties as a result of the harmonic content of

the wave. Use of a tuned cathode circuit in

the grounded-grid stage will preserve the

waveform as shown in the photographs. The

tuned-cathode circuit need hare only aQof
2 or more to do the job, and should be

resonated to the operating frequency of the

amplifier. Various versions of cathode tank

circuits are shown in figure 24.

In addition to reduction of waveform

distortion, the tuned-cathode circuit pro-

vides a short r-f return path for plate cur-

rent pulses from plate to cathode (figure

2S). When the tuned circuit is not used,

the r-f return path is via the outer shield of

the coaxial line, through the output capaci-

tor of the exciter plate-tank circuit and

back to the cathode of the linear amplifier

tube via the center conductor of the coaxial

line. This random, uncontrolled path varies

with the length of interconnecting coaxial

line, and permits the outer shield of the line

to be "hor” compared to r-f ground.

== x n. x

Figure 24

Tuned cethfide network for cathode-driven circuit,may take form of bifijar coii W). Pi-network (B).

or shunt LC circuit (C). Circuit a of at least 2 is recommended. Capacitor C may b a UW
broadcast-type unit. Coils L„ L, or L, are adjusted to resonate to the operating requeney with

C. set to approximately 13 pF-per meter wavelength. Capacitor C
a

is approximately 1.5 times the

value of C.. The input taps on coils L, and L,, or the capacitance of C, are adjusted for minimum

SWR on coaxial fine to the exciter.
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Figure 2

VARIOUS DIODE LIMITING CIRCUITS

Siries diodes limiting positive end negslive peeks ere shown in ft End B. psreII eI diodes limit-

ing positive end pegEtive peeks ere shown in c end D. Pereilel diodes Uniting ebcve End beI:*
ground are shewn in E 2nd F. Parallel-diode limiters which pass negative end positive pttfcs ere

shown in G and H.

greatly reduced by a lov-pass speech, filter does not always start from tbs same refer*

following the clipper. ence point, the trace on the screen does n^

begin at the same point on the screen etc3

time the sweep is repeated and therefore 'J

q ty rr , .
"jitter}'.” If 2 ckmpang circuit is phee-

o-Z Clomping Circuits between the sweep amplifier 2nd the d~J-»*

A circuit which holds either amplitude
extreme of a waveform to a given reference
level of potential is called a cJemphsg dracii

or a dr tc:Iotct. Clamping circuits 2te used
after RC coupling circuits where the wave-
form swing js required to be ether above or
below the reference voltage, instead of alter-

Rating on both sides of it (figure 4)

.

Clamp-
ing circuits are usually encountered sn osdl-
1oscope sweep circuits. If the sweep voltage

Figure 3

THE SERIES-DIODE GATE CLIPPER

FOR PEAK LIMITING



CHAPTER EIGHT

Specialized Circuitry for

Semiconductors and Vacuum Tubes

Semiconductor and vacuum tube mage is

not limited to the field of radio or wire com-

munication, nor merely tie generation and

reception of electromagnetic signals. This

chapter covers some of the more common

semiconductor and vacuum tube circuits

encountered in computer technology and

advanced information transmission and stor-

age applications.

8-1 Limiting Circuits

A limiter is a device in which some char-

acteristic of the output signal is automati-

cally prevented from exceeding a predeter-

mined level (figure 1). limiters are useful

in waveshaping circuits where it is desirable

to square of? the peats of the applied signal

For example, a sine wave may be applied to

a limiter to produce a rectangular wave, or

a peaked wave may be processed to eliminate

either the positive or negative excursions

from the output. Limiters are used in f-m

receivers to limit signal amplitude at the

detector stage and are used to reduce impulse

noise on received signals. They may also be

Figure 1

AMPLITUDE LIMITER ACTION

used to limit input signals to special devices

or to maintain a high average level of modu-
lation in a transmitter.

The Diode Limiter The characteristics of a

diode are such that the

device conducts only when the anode is

positive with respect to the cathode. A posi-

tive potential may be placed on the cathode,

but the diode will not conduct until the

voltage on the anode rises above an equally

positive value. When the anode becomes

positive with respect to the cathode, the

diode conducts and passes that portion of

the signal which is more positive than the

cathode. Diodes may be used as cither series

or parallel limiters, as shown in figure 2, and

the diode may be biased so that only a por-

tion of the positive or negative signal is

removed:

Peak Limiting A peak limiter, or clipper,

consisting of two diode lim-

iters may be used to limit the amplitude of

an ac signal to a predetermined value to

provide a high average signal level. Limiters

of this general type are useful in transmit-

ters to provide a high level of modulation

without danger of overmodulation. An effec-

tive limiter for this service is the twin diode

clipper shown in figure 3. This circuit is a

variation of the circuits of figure 2A and

2B, the clipping level being set by the clip-

ping level control, R*.

The square-topped audio waves generated

by a clipper are high in harmonic content,

but these high-order harmonics can be

8.1
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Figure 8

BISTABLE MULTIVIBRATOR

A multivibrator is s circuit characterized

hy a large degree of positive feedback v/hich

causes the circuit to operate in abrupt tran-
sitions between two blocked end-states. The
transition rate may be stabilized by the intro-

duction of a synchronizing voltage of har-
monic^ or tubharmonic frequency. A repre-
sentai/ve multivibrator ft shown in figure 0.

basically, it is a two-stage resistance-capaci-
tance coupled amplifier with the output
coupled back to the input. In genera), the
oration of a quasi-stable state is determined

by the exponential decay of charge stored in
c 'J0Fmg circuit time constant. Action it

started by thermal agitation or miscella-
neous noise and is maintained by the charge
and discharge of energy in the coupling
capacitors The path, for these actions are
shown in figure 7,

n>e output of a free-running snultivibra-
-or may be used as a source of square wave.

>;
.an electronic switch, or a, a mean: of

ft""”*.
fre

]
UMCy division, Submuitipl.

I
e ties as lo-.v as one-tenth of the inlee-

j sjraelisoniring frequency
ssmed.

7

J of the injc'

“*7 l

A bistable multr/jbrztor, or flip-flop c>
cult, is one that is not free running but

that has tv/o conditions of stable eguflibrioffl

(figure 2), One condition is when Oj

conducting and Oj. ij cut off; the other if

v/hen 0? is conducting and Oi is cut off.

The circuit remains in one or the other d
these stable conditions until z trigger

causes the nonconducting device to conduct

The two devices then reverse their functions

2nd remain in the new condition until toe

next trigger signal is applied.

A monostable multivibrator is shown in

figure ?. This circuit accomplishes a com-

plete cycle v/hen triggered by a positive

pulse. Such 2 device is called 2 t/ne-ihoi

multivibrator. Tor initial action, Oj it C-1

off 2nd Oj h conducting. A large ps«:tfv«

pulse is 2pplied to the base of Q; causing

this transistor to conduct, 2nd the voltage

2t its collector decrease; by virtue of the

•voltage drop through resistor ??. Capacitor

Cj is charged rapidly by this abrupt change

in 0 ; collector voltage and Qj it cut off

"'bile 0: conducts. This condition exitV.

until C, discharges, allowing 0? to conduct,
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fiO.'T

:_roin:

@ POSITIVE CUVPUiS CIRCUIT © KEGA7WE CUVPlSS CIRCUIT

Figure 4

SIMPLE POSITIVE AND NEGATIVE CLAMPING CIRCUITS

non element, the start of the sweep can be

regulated by adjusting the dc voltage applied

to the clamping diode (figure f).

8-3 Positive Feedback

Amplifiers

Positive feedback my be employed in an

amplifier to execute transitions between two

distinct sable sates. Amplifiers employing

positive feedback are called multivibrators,

Schmitt-triggers, "one-shots relaxation os-

dilators, or flip-flops. They are used for

timing, frequency division, and switching.

The switching time is commonly celled

regeneration time and the time required to

reach a final steady state condition is called

resolution time.

Moncstofcfe, Bistable, Amplifiers having

and Asfable Operation heavy positive feed-

back such as shown

in this section may operate in more than one

mode. A monoslable state implies that the

amplifier has one stable state. An external

aivp

Figures

NEGATIVE CLAMPING CIRCUIT

EMPLOYED IN ELECTROMAGNETIC
SWEEP SYSTEM

trigger is required to shift the circuit to a

quasi-stable state for one cycle of a predeter-

mined interval. A Instable state implies an

amplifier having two stable operaring states.

The amplifier changes state for each external

trigger signal. This circuit is also called a

fiip~flop. An Citable state implies that the

amplifier continuously alternates between

two unstable states at a frequency deter-

mined by the circmt constants.

BASIC MULTIVIBRATOR CIRCUIT

G O'.isss «r* Cz vs-yxrsz nn>

Figure 7

THE CHARGE AND DISCHARGE PkTHS

III THE FREE-RUNNING

MULTIVIBRATOR OF FIGURE E
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8-5 The Schmitt Trigger

Circuit

Tbs Schmitt trigger circuit is similar to

the monostable multivibrator hut it is bi-

stable in operation (figure 31). It is used

as £ switching device to change sinusoidal

and other waveforms into square waveforms

for digital computer circuitry..

In a quiescent condition, transistor Q2 is

conducting and Oi is cut on because there

is no effective base Has path for Oj. Tran-

sistor Or remains on because of the Has

voltage developed across resistor Pv*

vThea a sinusoidal voltage greater in mag-

nitude that the Has voltage is applied to

Oj, the transistor begins to conduct At
the same time Qj begins to turn on very

rapidly, primarily because the conduction

current through Qa causes the Has voltage

across K.c to rise, thus making the emitter

of Q- more positive. As Qd is cut off, O3

continues to turn on very' rapidly because

the Has voltage across ?H is decreasing, pro-

ducing a corresponding increase in Oi base-

emitter forward Has.

*hen the input voltage decreases, the

circuit returns to the original state vita

0- conducting and Oi cut cm The level 2
the output signal and pulse width .are con-

trolled by varying the values cf P-r sad

The multivibrator, fip-fbp, one-shot,

and Schmitt-trigger circuits shown in £g-

nres 5, 8
, 9, and 11 are depicted as rircum

made up of discrete components. Such ri>

cults 2re rarely built up in this manner cx>

merdally, since it is much cheeper to use

ICs that are designed for these runcrime

Astable multivibrators may be simply imple-

mented with the Bgnefici IvE555 -or .oasts

the similarly numbered devices made by

other manufacturers. Hepresentarive rir-

cuits are shown in fgure 12.

The lvE555 may also be used zs z one-

shot, with 2 slightly different conpscrian,

bat more often a member of one or the IC

logic families is used. In. the TTL aamuj.

the 74122 provides 2 angle one-rhot in 22

IC package (fgure 13). If two cawHo
per package are required a 74123 is usen*

In the CMOS family, a MotmhUC 14555

provides two one-shots in one IC package

(fgure 14). The 74122 and 74125 (TTL)

will operate only over voltages close to w J

volts. The NE5J5 operates on any dc voy-

age from -f j to 4-50, and the CMOS ver-

sion (MC 34552) operates on any voltage

from +5 to -r35.

Figure 11

SCHKITT TRIGGER CIRCUIT
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MONOSTASLE (ONE-SHOT)
MULTIVIBRATOR

rasing the emitter bus of Q, until it is

once again rat off.

8-4 The Blocking Oscillator

The blocking oidlUtor shovn in figure

10 is z common-base, unity gzin current

amplifier coupled to 2 current transformer.

When the circuit is triggered, Qt and the

transformer inject a current into the emit-

ter circuit that is larger dun the collector

current. The coliector-to-ground voltage

drops abruptly and the collector junction

appears as a short circuit. The collector

current rises in an interval (f), equals the

emitter current, and the transistor is rat

off. The collector current then drops to

zero and the energy accumulated in the

inductance of the transformer vrindings

causes a nmd increase in the collector volt-

sge, as shown in the diagram. The “ring-

ing” caused by the combustion of capaci-

tor C and the magnetization inductance of

the transformer can be suppressed by an

external damping circuit.

Figure 10

THE BLOCKING OSCILLATOR
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+5

+5

Figure U

CMOS ONE-SHOT MULTIVIBRATOR

For Schmitt-triggcr dciigns it it pottiblc

to uvc tome ICt in the TTL logic family
*udi 3 *. the 7413, and some IC; in the
CMOS family such a; the MC 145?4 7/hich

vre essentially logic gate; having hysteresis

+5

Figure 15

TTL FLIP-FLOP BISTABLE

MULTIVIBRATOR

+5

Figure IS

CMOS FLIP-FLOP BISTABLE

MULTIVIBRATOR

(positive feedback) built into them. A

rble Schmitt-trigger is, hov/cver, best bunt

using one of several type; of fC comparators

figure 17). A very versatile comparator is
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i'm = 0£’}p.
i -r2?.z£i

!li

ASTABLE MULTIVIBRATOR USING NE555 IC

The astahle multivibrator using the MES35 IC produces positive end negative pulses timed by

Ci, Ri and Rj. A-Pin configuration of KESS5. B-Multivibratcr providing a squzre pulse at 2 6C0
Hz rate. C-FTrst pulser (I Hz) controls second (J05 pj- connecting cutout ct first to input

tress!} of second. Dniy when Vis first timer his high output wit! the second functicn. NfiSSS his
two NE555 devices in one case.

In the case of the flip-flop (bistable multi- great flexibility with both 2 preset 2nd 2 dter

vibrator)
, suitable units are available in all input {or esch of Its rs'o flip-flops (figure

the common IC logic families. In the TTL IS) - In the CMOS family, the 4027 (dual)

family the 7476 is a good example, offering is representative (figure 16).
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Biker of these tiro circuits can he noth'

Sed to produce a linear sawtooth —zreform

hy replacing the series resistor with z con-

stan: current diode (z JrET 'with source 2nd

gate connected together, for example). A
circuit of this type is skovn in figure 20 .

1K52C7 AM

Figure 20

RELAXATION OSCILLATOR

CcnsimJ-stirrer.l £i?de [' !vS2t7) rsplssss ssriss
rssstar to prrvk'e Tinbet sswbeift varefsra.

S-7 The Resrstanee-

Capoc'rfance Oscillator

consisting of inductance 2nd capadtmce

»

control the frequency of osdlhtiin.

The Wi&-3riige oscillator employs 1

HReti T^hi'ork in the RC feedback crcmt

2nd is sho«m in figure 21. Since the feed-

back at pin 5 of 'die pK 7-41C is is phase

with the input signal from the bridge it

pin 3 2t s31 frequencies, cscjlanon is mdn-

t2ined by voltages of my frequency that

exist in the drcuit. The badge crcm: 2s

of 2I] frequencies except the angle frequen-

cy desired it the output of the osdhaton

The bridge 2II0TTS 2 voltage of only one at-

quency to be effective in the area: bemuse

of the degeneration mo phase shift prrndec

by this drcuit. The frequency 2: ^meb

osdJladon occurs is:

1

It&Ci

"hen.

R3 X C, equalsRSX C=

In an RC vsdUtior, the frequency is

determined by a resistance capadtance net-

work that provides regenerative cording
between the output and input of 2 feedback

ampliner. No use is made of a tank drcuit

A lamp (?vj) is used is 2 tbsmxi rttm1’

izer of the oscillator amplitude. The TfiSq

don of die resistance of the lamp rein

holds the oscillator .output voltage at 1

nearly constant mtpHtude.

C tr-TTst is TO£ ski -i rst£. lire rrtr c?
therm! mbTEerr.
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the LM 311 which will operate on voltages

ranging from + f to + 30. Hysteresis is

controlled by the value of R: and the trip

level by the setting of potentiometer R;.

-f-5

Figure 17

SCHMITT TRIGGER USING

LM311 COMPARATOR

8-6 The Relaxation

Oscillator

The neon lamp oscillator, although im-

practical for many purposes other rhan ex-

perimentation, illustrates the basic operationm

i

i= is
5 x truisms

Figure 18

RELAXATION OSCILLATOR

Time constant is product of R (oiims) and C

(farads).

of a relaxation oscillator and its application

for time control. In this circuit, the dc sup-

ply voltage is applied to a series RC circuit

and the neon lamp serves as a load connected

in parallel with the capacitor (figure 18).

The capacitor is charged from the supply

through the series resistor. "When the voltage

across the capacitor becomes equal to the fir-

ing voltage of the lamp (approximately 60

volts)
,
the capacitor discharges through the

lamp, causing jt to Hash. With the capacitor

discharged, the charge-discharge cycle is re-

peated. Time constant of the RC circuit may
be determined by the information given in

Chapter 2, section 2-5,

The response of the RC circuit during

charge time results in a gradual increase in

neon lamp voltage. However, capacitor volt-

age decreases abruptly through the lamp dur-

ing the discharge portion of the cycle pro-

ducing an output voltage that has a sawtooth

waveform.

The equivalent of the neon lamp oscillator

C2n be achieved by using solid-state active

devices as shown in figure 19. IllustrationA
shows a 4-layer diode taking the place of

the lamp. Illustration B shows a unijunc-

tion transistor in an equivalent circuit. This

configuration has the added advantage of

putting out pulses as well as sawtooth

waveforms.
_ .m

figure 19

SOLID-STATE RELAXATION

OSCILLATOR

A-Using 4-layer dioie

B-Usins unijunction transistor
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Figure 24

HB3 BRIDGE-T OSCILLATOR
WITH MC 145G CG op-amp

KlUl 0<

Figure 25

BRIDGE-T FEEDBACK
LOOP CIRCUITS

Qit T I »

t

j r» *»•!( jh? null Jrt«utncy of
t'-.r tjfr'Jff, >t which fff3tf?ncy thf briCft *ticw t

f’VUrfitjfn
C'E'fifttlSofl jo (55P 7.

Figure 26

SIMPLE CLOSED'LOQP
FEEDBACK srSTEM

Pooro temper?fort (T) control; ftrel ;op?IX ^
fornzct (rj by fcetfbtc): loop Ihrsugh thcrrs-

ciat (TH) control.

over-control tvnJtwcb, yrhtfdn ihz c/xfv^

urm *Jgnai c/ould carry tLc tyttem pz'-t
*"5

point of correct operation. Under certain

tlrcumiMnc’K tlsc nerr error tignsi orcra.'d
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The phase-shift oscillator shown in figure

22 is a angle-transistor oscillator using a

four mesh phase-shift network. Each section

of the network prodaces a phase shift in

proportion to the frequency of the signal

that passes through it. For oscillations to be

produced, the signal through the network

must be shifted ISO
0
. Four successive phase

shifts of 45° accomplish this, and the fre-

quency of oscillation is determined by this

phase shift.

In order to increase the frequency of os-

cillation, either the resistance or the capaci-

tance must be decreased by an appropriate

amount,

A bridge-type Twin-T oscillator is shown

in figure 23. The bridge is so proportioned

that only at one frequency is the phase shift

through the bridge equal to 180°, Voltages

of other frequencies are fed back to the

amplifying device out of phase with the

existing input signal, and are cancelled by

being amplified out of phase.

Cam » vzs^2
tiBs . vrs* j
C*P< • vzsxt

Figure 22

THE PHASE-SHIFT OSCILLATOR

The Bridge-T oscillator developed by the

National Bureau of Standards consists of
2 two-stage amplifier haring two feedback

loops, as shown in figure 24. loop I consists

of a regenerative loop, consisting of R, and
Rj. The bulb regulates the positive feedback,

and tends to stabilize the output of the oscil-

lator, much as in the manner of the Wien
circuit. Loop 2 consists of a degenerative cir-

cuit, containing the Bridge-T.

Oscillation will occur at the null fre-

quency of the bridge, at which frequency

the bridge allows minimum degeneration in

loop 2 (figure 2S).

8-8 Closed-Loop Feedback

Feedback amplifiers hare been discussed

in Chapter 6, of this Handbook. A more

general use of feedback is in automatic con*

trol and regulating systems. Mechanical feed-

back has been used for many years in such

forms as engine-speed governors and servo

steering engines on ships.

A simple feedback system for temperature

control is shown in figure 26. This is a cause-

and-efleet system. The furnace (F) raises

the room temperature (T) to a predeter-

mined value at which point the sensing

thermostat (TH}
reduces the fuel flow to

the furnace. When the room temperature

drops below the predetermined value the fuel

flow is increased by the thermostat con-

trol. An interdependent control system is

created by this arrangement; the room tem-

perature depends on the thermostat action,

ind the thermostat action depends on the

room temperature. This sequence of events

may be termed a closed-hop feedback system.

Enet Cancellation (\ feedback control sys-

tem is dependent on a de-

gree of error in the output signal, since this

error component Is used to bring about the

correction. This component it called the

error signal The error, or deviation from the

dedrei signal, h paired through the feedback

loop to cause an adjustment to reduce the

value of the error signal. Care must be tiUr.

in the design of the feedback Iwp to reduce

Figure 23

THE TV/IN-TEE OSCILUTOR



SPECIALIZED CIRCUITRY 8.13

cause tie feedback control to overcorrect in

rbe opposite direction, resulting in hunting

or oscillation of the closed-loop system about

the correct operating point.

7(1/'—

»

Figure 27

PHASE SHIFT OF ERROR
SIGNAL MAY CAUSE OSCILLATION

IN CLOSED LOOP SYSTEM

To prevent oscillation, the gain of tte feedback

loop must he less than unity nhen the phase

shift of the system reaches ISO degrees.

Negarive'feedbacfc control vould tend to

camp out spurious system osaikiion if jt

vere nor for die rime lag or phase shift in the

system. If die overall phase shift is equal to

one-half cycle of the operating frequency of

the system, the feedback vrHi maintain a

steady sate of oscillation, vrhen die circuit

gam is sufficiently high (figure 27). La

order to prevent exdilation, the gain figure

of the feedback loop must be less than unity

v-hen the phase shift of the system reaches

ISO degrees. In an ideal control system the

gain of the loop vrould be constant through-

out the operaring range of the device, and

vould drop rapidly outside ths range to

reduce the bandwidth of the control system

to a minimum.

The rime lag in a closed-loop system may

be reduced by using electronic circuits in.

place of mechanical devices, or by the use of

special circuit elements having a pksse-kod

characteristic. Such devices make use of the

properties of a capacitor, vrherein the current

leads the voltage applied to it,
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chapter nine

Single-Sideband

Transmission and Reception

Single-sideband (S5B) communication is

2 unique, sophisticated information trans-

mission system we!! suited for wire and
radio services. Although known in theory

for several decades, "sideband” was sparingly

used in commercial sendee for a number
of years, and only in the last decade has it

achieved popularity and general acceptance

m the Amateur Sendee. Economical in cost,

sparing of valuable spectrum space, and

usable under the most trying propagation

conditions, SSB is the stepping scone to a

future era of better and more reliable rapid

hf communication.

The SSB System

Single sideband is a recent attempt to

translate human intelligence into electrical

Impulses capable of being economically

transaitted over great distances. The gen-

eral flow of information in a communication

system includes a source, followed by a

benshtor which propagates the intelligence

through a conducting medium. A second

translator is used to extract the intelligence

conveyed by the medium and to make it

available in a usable form. The vocal chords,

vibrations in the atmosphere, and the ear

drum accomplish this sequence of events

for sound; the light source, the "ether,”

2nd the human eye provide the same se-

quence for sight.

Experiments before the turn of the cen-

tury proved the existence of electromagnetic

waves which could be propagated and put

to use for transmission of information.

When voice transmission via radio waves

was successfully accomplished circa 1907,

the concept of carrier waves and sidebands

was unknown, although it was understood

that "a channel separation high compared

with the pitch of the sound waves trans-

mitted” was required. An implication that

a transmission band of frequencies was in-

volved was apparently not grasped at the

time, and the idea that intelligence could be

transmitted by a single carrier wave of

constant frequency and varying amplitude

persisted until about 1921 at which time

the sideband concept had been established by

a series of discoveries, experiments, and in-

ventions.

Early SSB experiments with single-sideband

transmission were conducted by the tele-

phone industry which was interested in

transmitting electrical impulses correspond-

ing to the human voice orer long-distance

telephone circuits. 5ince the transmission

properties of wire and cable deteriorate

rapidly with cable length and increasing

frequency, a means of frequency conserva-

tion was desired which would permit the

"stacking” of different voices in an electro-

magnetic package so that many voices could

be sent over a single circuit. The voice im-

pulses were mainly concentrated in the band

500—3,000 Hz and the problem at hand

was to translate this voice band to a higher

9.1
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and the carrier, and the transmission of
only the remaining sideband. To date, no
method exists to directly generate an SSB
signal. All translation techniques involve
the use of a carrier wave, and the resulting

signal includes the original carrier and two
auxiliary sidebands.

Hie post-Vorid War II acceptance of

S5B transmission for military and com-
mercial circuits has stimulated research and

development in this field and has contributed

to a heightened interest in the technique by
the radio amateur. Mass production of sharp-

cutoff filters and stable translation oscilla-

tors, plus the use of advanced and simplified

circuitry has brought SSB to the point

of obsolcting simple amplitude-modulation

transmission on the high-frequency amateur

bands. Undoubtedly, in the years ahead,

further design refinements and technical

advances will make the use of SSB even

more advantageous to all concerned with

transmission of intelligence by electrical

means.

The popularity of SSB for general ama-

teur use has been brought about as this

technique has consistently proved to allow

more reliable communication over a greater

range than has amplitude modulation. It has

greater ability to pierce interference, static,

2nd man-made noise than has amplitude

audio sPtcr«y« sssmcrfui/ jjtjrtcr«uM
(vote* s/oifjvp} uowcpsieieux)

® ® ©

Figure 3

RELATIONSHIP OF AUDIO AND

SSB SPECTRUMS

Bosjc SSB A single-sideband signal can be
best be described as an audio sig-

n3^ raised (or translated) to the desired

radio frequency. The translation process

may not result in the inversion of the

audio-frequency components in the signal,

depending on the sideband selected (figure

4). For example, a single audio tone of 2000
Hz is to be translated into an SSB signal

in the 455-kHz region. The tone is ampli-

fied and applied to one input of a transla-

tor stage (usually termed a balanced modu-
lator). A radio-frequency carrier is applied

to the other input terminal of the modula-

tor. For this example, the frquency of the

Figure 4

THE TRANSLATOR SPECTRUM

The SSB signal is an audio signal raised (mixed,

or translated) to the desired radio frequency. A
455-kHz carrier signal upon which is impressed
a 2-KHa: audio tone in a translator stage will

possess two side-bands, separated from the car-

rier frequency by the frequency of the tone.

The carrier has been generated by the separate

oscillator and the two adjacent signals (side-

bands] are a product of the mixing process tak-

ing place between the audic signal and the car-

rier. The output spectrum, pictured is of a

double sideband, with carrier To produce an

SSB signal, it is necessary to eliminate the car-

rier and one sideband,

carrier is 455 kHz, The translation process

takes place in the balanced modulator; creat-

ing two sidebands positioned each side of

the carrier, and separated from it by

the modulation frequency. Thus, at least

four signals are flowing within the modula-

tor: the 2000-Hz (2-kHz) audio signal,

The single-sideband components are the same
as the original audio components except tnat

fhe frequency of each is raised by the frequency
01 the carrier. The relative amplitude of tnc

various components remains the same.

the lower sideband (45 5 - 2 = 453 kHz),

the carrier (455 kHz), and the upper side-

band (455 + 2 = 457 kHz). The carrier,

of course, has been generated by the separate

modulation and is inherently resistant to

propagation abnormalities that render a-m

completely useless. In addition, the annoy-

,ng interference caused by heterodynes be-

tween a-m carriers is completely missing in

SSB service.

local oscillator, and the two sidebands are

a product of the mixing process taking

place between the audio signal and the car-

rier.

The balanced modulator is usually de-

signed to balance (or cancel) the carrier sig-
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frequency of 455 kHz (corresponding to

the suppressed carrier eliminated in the ex-

citer) -will produce intelligible speech that

is a replica of the original voice frequencies.

In order to transmit simple double side-

band with carrier (amplitude modulation)

with this SSB exciter, it is only necessary

to bypass the sideband filter and unbalance

the balanced modulator. The resulting a-m

signal with carrier may be intelligible on

the ordinary receiver without the necessity

of local-oscillator injection, the latter func-

tion being fulfilled by the transmitted car-

rier, if it has sufficient strength relative to

the sidebands.

SSB Power The SSB transmitter is usually

Rating rated at peak envelope input or

output power. Peak envelope

power (PEP) is the root-mean-square (rms)

power generated at the peak of the modula-

tion envelope. With either a two-equal-tone

test signal or a single-tone test signal, the

following equations approximate the rela-

tionships between single-tone and two-tone

meter readings, peak envelope power, and

average power for class-B or class-AB linear

amplifier operation:

Single tone:

DC Plate Current (Meter Reading)

:

Plate Input (Watts)

:

?„ = ia_2A

Average Output Watts and PEP:

P0
= * e'

z

Plate Efficiency:

Two equal tones:

DC Plate Current (Meter Reading)

;

, 2 Xf:.h ~

Plate Input (Watts)

:

n _ 2 X X Eb

"in 2

Average Output Watts:

PEP Output Watts:

Plate Efficiency:

where,

/pm equals peak of the plate-current pulse,

e? equals peak value of plate-voltage

swing,

- equals 3.14,

Eh equals dc plate voltage,

A'p equals efficiency in percent.

"Average" Section 97.67 of the Amateur

Speech Radio Service Rules of the FCC

indicates that the average

power input of an SSB transmitter in the

amateur service shall not exceed one kilo-

watt on modulation peaks, as indicated b)

a plate-current meter having a time con-

stant of not more than 0.25 second. It js

common practice among amateurs to define

this as equivalent to a peak envelope pout.

input of two kilowatts. This is convenient,

since a two-tone test signal having a peab-

to-average power ratio of two to one can

thereby be employed for tuneup and ad-

justment purposes with the reasonable

sumption that the SSB equipment will be

properly adjusted for one kilowatt average

power voice operation.

It is difficult to determine the ratio of

peak to average power in the human voice,

as the range of intensity of speech sounds

may vary as much 2S 40 decibels. "Aver-

age” speech seems to have an intensity* tinge

of about 20 decibels and a ratio of instan-

taneous peak-to-average power of about l-

decibels for 99 percent of the time of speech.
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Speech processing (clipping or compres-
sion) may alter this figure, bringing the
peat to average power ratio closer to unity,
in any event, adjustment of the amateur

.

emnsmitter to achieve a peak power
input of twice the average power input
level has proven by experience to allow
sufficient peak-power capability to cover
the majority of cases, In those situations

where the peak capability of the equipment
is exceeded at an average-power input level

of one kilowatt, the average-power level

must be reduced to conform with the maxi-
mum capability of the transmitter. In any
case, the use of an oscilloscope is mandatory
to determine the peak-power capability of
an SSB transmitter.

power permitted by the improved perform-
MCC of SSB under unfavorable propagation

fewer Advantage Single sideband is a very
0 ^ over AM

efficient form of voice

communication by radio.

The amount of radio-frequency spectrum

occupied can be no greater than the fre-

quency range of the audio or speech signal

transmitted, whereas other forms of radio

transmission require from two to several

times as much spectrum space. The r-f power
in the transmitted SSB signal is directly pro-

portional to the power in the original audio

signal and no strong carrier is transmitted.

Except for a weak pilot carrier present in

some commercial usage, there is no r-f out-

put when there is no audio input.

The power output rating of an SSB trans-

mitter is given in terms of peak envelope

power (PEP). This may be defined as the

rms power at the crest of the modulation

envelope. The peak envelope power of a con-

ventional amplitude-modulated signal at

100% modulation is four times the carrier

power. The average power input to an SSB

transmitter is therefore a very small fraction

of the power input to a conventional ampli-

tude-modulated transmitter of the same

power rating.

Single sideband is well suited for long-

tsnge communications because of its spec-

trum and power economy and because it is

.

s susceptible to the effects of selective fad-

ing and interference than amplitude medu-
ation. The principal advantages of SSB arise

from the elimination of the high-energy car-

ner and from further reduction in sideband

conditions.

.

h
,

the Pr“e
,

DK «l narrow-band manmade
interference, the narrower bandwidth of SSB
reduces the probability of destructive inter-
ference. A statistical study of the distribu-
tion of signals on the air versus the signal
strength shows that the probability of suc-
cessful communication will be the same if

the SSB power is equal to one-half the power
of one of the two a-m sidebands. Thus SSB
can give from 0 to 9 dB improvement under
various conditions when the total sideband

power is equal in SSB and regular amplitude

modulation. In general, it may be assumed
that 3 dB of the possible 9 dB advantage will

be realized on the average contact. In this

case, the SSB power required for equivalent

performance is equal to the power in one of

the a-m sidebands. For example, this would
rate a 100-watt SSB and a 400-watt (car-

rier) a-m transmitter as having equal per-

formance. It should be noted that in this

comparison it is assumed that the receiver

bandwjdrh is just sufficient to accept the

transmitted intelligence in each case.

To help evaluate other methods of com-
parison the following points should be con-

sidered. In conventional amplitude modula-

tion two sidebands are transmitted, each hav-

ing a peak envelope power equal to % car-

rier power. For example, a 100-watt a-m

signal will have 2 5 -watt peak envelope

power in each sideband, or a total of 50

watts. When the receiver detects this signal,

the voltages of the two sidebands are added

in the detector. Thus the detector output

voltage is equivalent to that of a 100-watt

SSB signal. This method of comparison says

that a 100-watt SSB transmitter is just

equivalent to a 100-watt a-m transmitter.

This assumption is valid only when the re-

ceiver bandwidth used for SSB is the same as

that required for amplitude modulation

(e.g., 6 kHz), when there is no noise or in-

terference other than broadband noise, and

if the a-m signal is not degraded by propaga-

tion. By using half the bandwidth for SSB

reception (e.g., 3 kHz) the noise is reduced

3 dB so the 100-watt SSB signal becomes

equivalent to a 200-watt carrier a-m signal.

It is also possible for the a-m signal to be de-

graded another 3 dB on the average due to

narrow-band interference and poor propaga-
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convert $ 455-fcKz $SB signal to 3.9; MHz.
The jpern'm takes place is a second bcl-

amced-rnodulator circuit. One input is the

455-hKz $53 signal, and the other input

signal 3i from an oscillator operating .oa

3.509 KHz. The output of the second rar-

er is ? partially suppressed earner f 3.5 99

MHz), the lower sideband in the 3.045-

MHz range (3.;00 — 9455 = 3.345

MHz)* and the upper sideband in the 3.95-

MHz sage (3.500 4 045; ~ 3-95 MKz).
The upper sideband is the desired ont, so a

simple auxiliary foggf filter is used to sep-

arate it from the unwanted sideband and

the partially suppressed carrier. In most

cases, this filter consists of the two or three

parallel-tuned circuits normally associated

with the following amplifier stages tuned

to 3.35 MHz.
linear Amplifier—The output of

the last mixer stage is usually of the order

of a few milliwatts and must be amplified

to a usable level in one or more iineer <wpli-

firr stages, for lowest distortion, the output
of the linear amplifier should be a nearly

exact reproduction of ;tt input signal Any
amplitude nonlinearity in the amplifier not
or.ly will produce undesirable distortion

within the >53 signal, but will also produce
annoying spurious products in adjacent

channels, Distortion may be held to a low

Figtfrt

?

PACCSAKD OF CRYSTAL LATTICE
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..y <f5«w*. Htittr.t rt *-•».
1
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value by the proper choice of tubes, their

operating voltages and drh'iug-rir.ctut con-

sideratlons, and by the zsse of external

negative feedback, as discussed in Chapter

Twelve.

9-2 The Esfsneed

Modulator

The behnetd mydvUlpr is used to mb
the audio signal with that of the local car-

rier to produce sideband components which

may be selected for further amplification.

An)' norJir^cr element will serve In a modu-

lator, producing sum .and difference signals

as well as the original frequencies. Tib

phenomenon is objectionable in amplifiers

and desirable in mixers or modulatere. The

amplest modulator is a ratud-action switch.

common!)' simulated by diode rectifiers for

r-f service. Either semiconductors -or vacu-

um-tube rectifiers may be employed and

some of the more commonly used shrub

are shown in figure 33. The simplest mod-

ulator it that of figure 10A, the two-diode

series-balanced modulator. The input trans-

former introduces the audio signal to she

balanced diode switches, which are turned

on and on by the carrier voltage introduced

in an in-phase relationship. If the carrier

amplitude is large with respect to she audio

signal, tine only current fiowlrg In the out-

put transformer is due to the action of tut

audio voltage added to the carrier voltage.

A properly designed 1953 output transformer

v.-jJl niter out the switching transients, toe

audio component, and the carrier

leaving only the desired double-sideband out-

uvt. A snunt version of this circuit is snows

m .’liustration 3 whersn the diodes form a
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9-2 A Basie Single-

Sideband Transmitter

The general outline of a practical SSB

filter-type transmitter suitable for high-

frequency operation can be assembled from

the preceding information. A block diagram

of such a unit is shown in figure 8. The

transmitter consists of a speech amplifier, a

carrier oscillator, a balanced modulator, a

sideband filter, a high-frequency mixer stage

and conversion oscillator, and a linear am-

plifier having a high-Q tuned output circuit.

Incidental equipment such as power supplies

and metering circuits are also necessary.

Many variations of this basic block diagram

are possible.

The Speech Amplifier—

A

typical speech

amplifier consists of a microphone which

converts the voice into electrical signals in

the audio band, followed by one or more

stages of voltage amplification. No appre-

ciable audio power output is required

making the audio system of the SSB trans-

mitter quite different from that of the

usual a-m transmitter, which requires an

audio power level equal to one-half the

class C amplifier power input, included

in the speech system is a speech level (audio

volume) control and additional

allow automatic voice operation (YOA)

of the equipment. ,

.

The Carrier Oscillator-A highly stable

r-f oscillator (often crystal-controlled) is

used to generate tbe carrier signal require

in the mixing process, The choice of earner

frequency is determined by the design o

the sideband filter, and frequencies in the

range of 2 JO kHz to 20 MHz are common.

Power output is low and frequency stability

is a prime necessity in this circuit.

The Balanced Modulator—The balanced

modulator translates the audio frequencies

supplied by the speech amplifier into r-f side-

bands adjacent to the carrier generated by

the carrier oscillator. In addition, the bal-

anced modulator partially rejects the carrier

which has no further use after the mixing

process is completed. A carrier-balance

(null) control is an integral part of this

circuit and is adjusted for optimum carrier

suppression.

The Sideband Filter—Selection of one

of the two sidebands at the output of the

balanced modulator is the function of the

filter. A practical filter may consist of small

tuned LC circuits, or it may consist of

mechanical resonators made of quartz or

steel. A representative passband for a side-

band filter is shown in figure 9. The filter

must provide a sharp cutoff between the

wanted sideband and the carrier, as well

as rejection of the unwanted sideband.

Tbe Converter (Mixer) Stage and Con-

version Oscillator—It is usually necessary

to obtain an SSB signal at a frequency

other than that of the sideband filter pass-

band. Frequency conversion is accomplished

in the same manner the voice frequencies

were translated to the filter frequency re-

gion; that is, by the use of a converter stage

and conversion oscillator. The process car-

ried out in this step may be referred to as

translation, mixing, heterodyning, or con-

verting. For this example, it is desired to

Figure B

BLOCK DIAGRAM

may be passed through cam” refecKon
,Lqueney. Suitable tuned circuits

the balanced modulator. Additional came
,

wgher.operatingueau^^ image signal,

output of the filter »s
translateti X » ^version oscillator signal

follow the converter stage to tmmm
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The double-diode circuits are useful but,

in general, it is more difficult to balance a

transformer at the carrier frequency, than

it is to use an additional pair of diodes.

Untapped transformers are desirable, thus

eliminating this critical component from

the circuit. Paired diodes combined with

balancing potentiometers and capacitors

usually provide a good compromise, permit-

ting a high degree of carrier balance at

minimum cost.

In recent years, however, the double-

balanced diode ring modulator has become

widely available as 2 package. These units

are a form of figure 10D, hut without the

lower transformer. The carrier input and

the modulation inputs are exchanged 2nd

double sideband comes out of the right-

most output. The transformer balancing

and diode matching is done at the com-

ponent factory.

Even inexpensive models have 0.5 to 500

MHz capability at the transformer-coupled

ports, and dc to 500 MHz at the remaining

port. Special models are available which will

operate to as high as 18 GHz. Figure 11

shows 2 typical double*balanced modulator
made by Watkins Johnson.

An integrated circuit differential ampli-

fier serves as a high-quality balanced

modulator under varying voltages and tem-

peratures (figure 12). The bias terminal

of the 1C provides 2 port for control volt-

age for cw operation, allowing the carrier

to pass through the modulator stage*

Several ICs have been created especially

for use as double-balanced modulators. The

one most commonly used is perhaps the

Motorola MC-H911, which is widely second-

sourced by other semiconductor manufac-

turers (figure 13).

9-4 The Sideband Filter

The heart of a filter-type S$B ezeiter is

the sideband filter. Conventional coils and

capacitors may be used to construct 2 filter

based on standard wave-filter techniques.

Such filters 2re restricted to relatively low

frequencies because of the rapid cutoff

required between the filter passband and

adiacent stopbands. The 0 of the filter

inductors must be relatively high when cora-

WJ-MBA DOUBLE-BALANCED
MODULATOR



BALANCED-MODULATOR CIRCUITS

Tfce 6akRc!i moderator is us*d to mix tfi* audio signal mill Oat of the cam's; to prcduw sitff.
r™«sp!fi!r.!s, It may also tj csid as a ccnftrftr cr mirsr stage to convert an SSB signal tonrpier frat;uency. The dicdes art as 2n r-f driven switch and may te arranged in series or shunt

as shown m the illustrations. A practical dicde modulator incorporating balancing circuits

is shown in fltetraUen H.

sn^ shunt-quad configuration may be

!- to tv;

o

diodes as sho~n in iilustra-

Sn^ G, substituting a balanced car-

transformer for one side of tbs bridge.
aFplying any of these circuits, r-f chokes

and capacitors must be employed to control

the p2th of audio and earner currents and

balancing capacitors are usually added to

null the carrier as shown in the circuit of

illustration H.
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Figure 14

TEN-POLE EU7TEEW0KTB-T/FE SSS FILTER

Th* stfrier freiiuerisy it 72 fcKa ?n2 fi.“.er inpaCanss H 552 o^rr*:. Sash serHs^esurart anf
pB'ftisi-resoffsn' slmifi is tuner? tj Jhs sarfier frerusnsy. ysirti; Jjigh-IL indusim, the fi!!$r yttfr

-£«$ is about x KKz wit? at ? rsspooss of -X2 si&tibsic. Kw? of frftsr ir sbost 2533 Hr Viis,

Lew-fresnency £53 filters of this *yps jeetfir5 two or more oorverrfsr stg^er ts orn'iSs Jh? 532
signal without iroL'bfvoorrit iwafsi. HifirF'frgp'yenpy r,e-'rtz-sr | ’ri:l filters, oti trig othtr 3s;nt,

Jns.h5 possible 2S3 grtsie/5 sapaile of iingte iDm-enion ppere-Sos rp is 53 WEz or is.

range. A representative lattice filter 2:

Awn in figure 15. TVo rneb filters say
be cascaded for additional ssfecrivfcy. Tbe

treowncy spread bsWeso Ae two alter

pr.As determines As alter pariwnd. A
spread of 500 Hz may be -used for a cv
53ter and a spread as great as 2 to 5 lrHz
for an SS3 alter. In general. As greater

As spread, Ae greater Ae oaetband ricole.

at center fregnendss of 250 and 455 Hti-

The 250-iKz series Is jperincrily Intense:

for sideband selection. Tbe cristririrr at-

tained by Aese flterr Is intermediate ss-

tvesa good LC niters at Iw center frsrao-

ries and enrineered cnartz-crjttai niters- X
parsband of rtro 250-iKz niters Is Aorc

in fgore 15.

Rif ere 5Sfeswnog rereV^l
resonators bare been

staffed by a nwater of conroaries and are

orf-rvd commercially iv RivhtelUCcfc.
j ney are available in a variety of bandvridAs

9-5 The Phasing Type

SSB Excrfer

4.n SS3 signal may be generated ty tar

pnasmg or tvo z-m signals m m»n * ^ry

HDf-

Firure 15

CRYSTAL-LATTICE FILTER

ff.tSxni yfp-!,. Oj-p.* ,

*
*1

Z,
A -5

”
,r,,<rT tif-tt-

nbicr.
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CSSClW

UU

Figure 12

DIFFERENTIAL AMPLIFIER USED

AS BALANCED MODULATOR

pared with rhe reciprocal of the fractional

bandwidth. If a bandwidth of 5 kHz is

needed at a carrier frequency of 50 kHz,

for example, the bandwidth expressed in

terms of the carrier frequency is 3/TO, or

6 percent. This is expressed in terms of frac-

tional bandwidth as l/lfi. For satisfactory

operation, rhe 0 of the hirer inductances

should be ten times the reciprocal of this,

or 160.

For voice communication purposes, the

lower frequency response of the sideband

hirer Is usually limited to about 300 Hz.

Frequencies above 2500 Hz or so contribute

little to speech intelligence, moreover, and

their elimination permits closer grouping

for SSB signals. Practical hirers for speech

transmission, therefore, have a passband

from about 300 to 2500 Hz or so, rejecting

signals in the unwanted passband and those

above 3000 Hz by over 40 decibels. A ten-

pole LC SSB hirer and the characteristic

response is shown in figure 14.

Crystal Filters Practical and inexpensive fil-

ters are designed around

quanz crystal resonators well into the hi

Figure 13

MC-159BG BALANCED MODULATOR

_ riimrence frequency components ant5

s;'"J '

8“pS
s

.ss-R—
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Each Balanced modulator is ddren by a

ibied-frerusncy earner oscSaiar whose out-

re: is £ho split into two "brandies ant

6-) by a i?D" r-f phase shift served: oper-

ating xt the carder frequency. The alge-

braic sen of the output signals of die two

balanced modulators appears ax the output

n^f a combining circuit and is the desired

ncl. The decree of ddehand snporessinn is

dependent on the control of audio phase

shift and amplitude hakace through the

rystem; a phase error of two hearses, for

example, will degrade the sideband attenu-

ation by ore: 2 0 decibels.

By way nf iilustradon. assume that the

carder oscillator frequency is 5.E KH~ and

that a single modcladng tone of 2DDD Hz

TKEPbASIMS-TITESSB SlrKIi

• ?ft sif^sb ht'vinr ifleniiza! snKffitrr, aint
TTu-y at combiner’ tr catJurc nr. £3= srerai.
• bf nr

TIIiEtrsiionr l. ant! t . tiny'SYET,

t®yi attnulsmsotir ST-ae^r ahrte ar-
pifst tr thi autlir ant' surfer sirrah unr v?ft?r.

unjperi:' rrrmbtnEC xmouar nr. CCI riyra: v;kse
iov/2' riricrana: nrr Birt a: nnzat rmr r.*hrae
ucp - r stafiisnts: srr ir atera.. By ist o' t?/ir
c^i&nirsE inaauiatnra, thr zettkit tn?y in sup.
bn-rset art unjjnr arnsaani’ ztitlrlrar -ant' z\li-

tn;r'mr satiirvci' fifocscibr 5;.

put. Sirmkdy, fhe output of balanced snDt-

uktor tt2 trounces 2 dgnal which has at

identical spectrum plot, as shown in hgice

2 £3 . ITzine die spectrum plots appear sasD*

deal they do not show everything uooff

the oncost signals of the two modidarou

as addition of rwo identical qmndfissyKlk

2 result winch is dmtuy twice as great .2

either quantity.. However, the result 0: tat

two .simultaneous phase shirts spouse

to the audio and gnasr dgnak hnffessee

on the modidarars produces duebanS dgea

t

for the idendcal •upper-ddehand frequency

of 3JD2 HrH btull-^ oztf of jfejff

the lover-ddeband frequency of 3 .7?£fkrrt

as shows 22 figure j?C. J-ddinos of tk

output signals of the two balanced rnffuns-

tors thus doubles the strength re the tpyt-

sideband comoonsnt while bxhnuing offtff

lover-bdabsnd comoonent. Corverseff. sur-

tracdon of the outoin; vt-r.r!s or oik ua-

anted modulator from those of the ffiff

will double the strength of the lower-tiff-

band comoonen: while uanceliint tne unnxr*

sideband component. 3n either case, at HI

sirnal is created. _E double-pole. UDiihu-

throw referring rwlcch it two or tne JBff

audio leads to the balanced moonennu^-

all that is secured to twitch from one dff-

band to the other.
^

ine dhase-shift methot wont off

n .. *wdia

' 5r uae
muon necause tne rysmra parse:

band of frequencies but beeaim

to cancel a closely adjacent nanc ff y**
-'

quendet. The result, bowiver, h eqiiffa^

V the use St boffffu:rt ootmner

m' 52
leceirfflr

riiiHr «'e?3L': jjk phasing 0:0X211

?hn=mr‘ w-usrariou due: nor 5

produce a oecter ff
"

ml that doer the dicer-type ff c.

aror. Suppression of the -urwarese

in the dhasinr cenerrrrr depcan: on --

nharacmdsdc of the audio pffff-sntt y~

wtrhr and on mateninr the diturentff-^*^"

sniff dies nerwsrh: trodui; tr rms1 t-s

eruff“
be- accornpiisned by one

‘
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Figure 16

PASSBAND OF LOWER- AND UPPER-
SIDEBAND MECHANICAL FILTER

tbt one sideband is enhanced, and the other
wideband and carrier are cancelled or bal-
anced out. This technique is known as the

{“eft
sy*[em exchanges the problems

o niter design for those of accurately con-
ro ^ phase shifts. In general, the phasing
transmitter is more economical in cost than

f “6 ^iter-type transmitter and may be
Ms complex. It requires adjustment of vari-
ous audio and r-f balancing controls for
Maximum suppression of the unwanted side-

1

™ carrier that is otherwise accom-
P is ed by bandpass-filter action in tbe filter-

vpe equipment. The phasing system has

the advantage that all electrical draftsr™ca give nse to the SSB signal can oper-
ate m a practical transmitter at the nominal
output frequency of the transmitter. Thus,
“ m SSB signal is desired at JO.l MHz, it
IS not necessary to go through several fre-
quency conversions in order to obtain an
SSB signal at the desired output frequency
The balanced modulator in the phasing
transmitter is merely fed with a 50.1 MHz
carrier and with the audio signal from a bal-
anced phase splitter. Practical consider-
rions, however, make the construction of a
6-metcr SSB phasing-type exciter a challenge
to the home constructor because of the
closely controlled r-f phase shifts that must
be achieved at that frequency.

A Procheoi A simplified block diagram
Pooling Exciter illustrating rh e phasing

.

method of SSB generation
is shown in figure 17. An audio signal is

amplified, restricted in bandwidth by a
speech filter and then split into two branches

(& and 6y) hy the audio phase network
The resulting signals are applied indepen-
dently to two balanced modulators. The
audio networks have the property of holding
a 50° phase difference between their respec-

tive output signals within the restricted

range of audio frequencies passed by the
speech filter and applied to their input
terminals. In addition, the amplitude
response of the networks remains essentially

constant over this frequency range.

Figure 17

BLOCK DIAGRAM OF A PHASING TYPE EXCITER

71,8 Phasing method of obtaining a singfe-sidebami signal is simpler than the filter system in
regard to the number of tubes and circuits required. The system is also less expensive in

regard to adjustments for the transmission of a pure single-sideband signal,
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resistance and capacitance must be carefully

held to ensure minimum deviation from a

90-degree shift over the voice spectrum.

+5

Figure 20

R-F OSCILLATOR AND
PHASE SHIFTER

Motorola HO 1035 serves as digital ,r-f phase
-Mter. The outputs of the second Me 1035 sec-
tion are two square waves, iso decrees out of

P- , "aves are divided try two
' lhl™ taction, a ring counter which also
p ondes synchronization to the phase quadra-lure The crystal frequency is thus always twice

the dented suppressed-carrier frequency.

A pass,VC audio phase-shift network
P ovmg no tithes is shown in figure 22

‘

ni-t-.orV. has the same type of opera
restrictions as those described above A
uate^ phase-shift network I, shown in
''-. Us nsizork i; prccqfej b). 2

P - au-io, filter. ,n addition selective

Mpt
• 10 ’• =ua:o frequencies. S^el

switching is accomplished by reversing the

phase of one audio channel.

9-6 Single-Sideband

Frequency Conversion

The output signal from the low-level SSB

generator is usually at a fixed frequency

and must be converted, or translated, to the

desired operating frequency. This conversion

is accomplished by a heterodyne process

involving converter or mix^r stages 2nd suit-

able oscillators. Frequency multipliers can-

not be used with the SSB signal since this

process would alter the frequency relation-

ships present in the original audio signal.

The heterodyne process mires two signals

in a manner to produce new signal compon-

ents equal in frequency to the sum 2nd dif-

ference of the original frequencies. One of

the two products is useful and is passed by

the tuned circuits of the equipment which

reject the undesired products 2s well as the

original signals. Mixing imposes many prob-

lems in beeping the output signal free from

spurious products created in the mixer. Selec-

tion of miring frequencies and signal levels

is required to aid in holding the level of

unwanted products within reasonable limits.

A discussion of frequency-conversion prob-

lems will follow later in this chapter.

Mrxer Stages A mixer stage is commonly

used to convert the SSB sig-

nal from the generated frequency to the

operating frequency'. A simple mixer st2ge

is shown in figure 24. A circuit using 2

MOSKET which provides somewhat better

isolation between the signal frequencies b

shown in figure 25. A balanced nu'xer is

shown in figure 26 which provides better

than 20 dB of carrier attenuation.

The modulator stages shown earlier in this

chapter m 2y also be used as mixers for fre-

quency-conversion techniques.

9-7 Selective Tuned

Circuits

_

The selectivity requirements of the tuned

circuits following 2 mixer stage often
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rift placement of the carrier relative to the

filter p2ssband. How well the job is done

iq each case is primarily a matter of design

and cost—not one of basic superiority of

one method over the other. Reduced cost

of high-frequency crystal filters has dropped

the price of the filter equipment to that of

the previously less-expensive phasing system

and most of today’s commercial and ama-

teur SSB gear makes use of the filter tech-

nique of sideband generation. Even so, for

equivalent qualityof components and design,

it would be hard for an observer to tell

whether a given SSB signal was generated

by the phasing method or by the filter

method.

Rodio Frequency A single sideband genera-

Phastng tor of the phasing type

requires that the tvo bal-

anced modulators be fed with r-f signals

having a 90-degree phase difference. Figure

19 shows two MC-1596G integrated circuits

used as balanced modulators. The outputs of

the two balanced modulators are summed in

the r-f transformer, A broadband, ferrite

core transformer is used to eliminate circuit

adjustment. The carrier is suppressed by

about 60 dB and the second harmonic of the

earner about 50 dB, A low-pass filter should

follow the succeeding amplifier stages to pro-

vide additional second harmonic attenuation.

A diagram of z representative r-f phase-

shift circuit is shown in figure 20. A portion

of MC-1055 serves as a flip-flop, or digital

r-f phase shifter.

Audio Frequency Audio frequency phasing

Phnsing provides a 90-dcgrec phase

shift over the voice range

of about 1 JO to 3000 Hz. A representative

circuit is shown in figure 21. The values of
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DOME AUDIO-PHASE-SHtfT NETWORK

This circuit arransemgnt is convenient fcr obtaining the Zaira phase shift when it is desired
to use a minimum of circuit components.

PASSIVE AUDIO-PHASE-SHIFT

NETWORK, USEFUL OVER RANGE

OF 300 TO 3000 Hz.

^come quite severe. For example, using in

input signal at 250 kHz and a conversion

“jera'm frequ-ncj- of -100 1Hz tit ieird

output mat- be 4250 kHz. Passing the 4250-

kHz signal and the associated sidebands

^itboct attenuation and realizing 100 dB of

2tennation at 4000 kHz (which is only 250

kHz away) is a practical example. Adding

^ requirement that this selective circuit

must tune from 2250 to 4250 kHz further

complicates the basic requirement. The oest

^utba is to cascade a number of tuned

circuits. Since a large number of such cir-

cuits may be required, the most practical

solution is to use permeability tuning, with

the circuits tracked together,

If an amplifier tube is placed benveen each

meed circuit, the overall response trill be

the sum of one stage multiplied by the num-

ber of stage? (assuming identical meed cir-

cuits). Figure 27 is a chart which may be

used to determine the number of tuned

circuits required for a certain degree of

attenuation a; sane nearby frequency. The

O of the circuits is assumed to be 50, which

is normally realized in small permeability-

tuned coils. The number of tuned circuits

with a O of 50 required for providing 100

dB of attenuation at 4000 kHz while pass-

ing 4250 kHz nay be found as follows:

AfisWO - 4000 = 250 kHz

where,

j. is the resonant frequency (4250 kHz)

,

and,
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Figure 27

RESPONSE OF "II" hukbep. OF TUtiED CIRCUITS,
assuming each circuit Q IS 50
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Figure 25

balanced modulator circuit for
SSB FREQUENCY CONVERSION

tk mint on tie dart rasre .055 bxr-

?
cts 100 d8 is b-cjreo the euro for 6 and

' on-aiiB, ® 7 tuna circcits «r;
required.

.

*’lj
*
!Q^3

°r point which must be considered

» practice is the tuning and tracking error
0t t“e c*rca*ts. For example, If tire circuits

actually tuned to 4220 kHz inroad of

«f»lHz,TfcM-CTBHliej

Checking the curves shows that 7
cjrcui:5 would just barely provide 100 dB
01 tarnation. This fflusnsses the need for
,e
y accurate tuning and tracking in cir-

CJI»ts haring high attenuation properties.

Wta, as m? as 7 torsi
VrlteUfH - ...

circuits are required so: prop-

er attenuation,, it is not

pessary to have the gain that 6 isolating

^phSer tubes would provide. Several vac-

be eliminated by using two or

coupled circuits between the amplifiers.

2 coeScEjt of coupling between cir-

r,

-\ of critical coupling, the overall

•«pOns« is very nearly the same as isolated

^•custs. The gain through a pair of circuit:

0
r .

6
.
w*psag is only egnt-tentns tea:

y
critically coupled circuit however.

.
C
?

tJ

.

CsI coupling is used between two

• V“" C:rc*-"ts, the nose of the response curve

and -tout 5 dB is lost on the

TV ®*! Kch pair C; cririealiv coupled cir-

n Sjise cases it sr.av be necessary to

Z^f
1 P Z

T' °V
ttt *9®* curve to"0:- sovenely sfccring the frecuenrv

response of die desired passband. Another
rus« aran; may be required to make up
2C
T rf.

?K ' «f«owaiJw on the skirts of
critically coupler drerits.

Frequency-Cenrenicn Th; example in th*
"•D-ms

previous section snows

the di£cu!t selectivity

problem encountered when strong onderired

signals appear near the desired frequency. A
high-frequency S5B transmitter nay be

required to operate a: any carrier frequency

in tn; range of 1.7 to 30 MHz. Tie prob-

lem is to fines a practical tad economic; i

means of heterodyning the generated SSB

frequency to any carrier frequency in this

range- There are many modulation products

In the output of the nuxer and a frequency

scheme must be found that will cot have

uedesired output of appreciable amplitude

:t or near the desired signal. TTfcen tuning

across a frequency range some products may
’'cross over” the desired frequency. Tnese

undented crcssovcr frequencies should be at

Isis: 40 dB below the desired signal to meet

modem standards. The amplitude of the

undesired products depend; on th: particular

characteristics of the mixer and the partic-

ular order of the product. In general, most

products of the 7th order and higher will

be at leas: 40 dB down. Thus any crossover

freccency lower than th: 7th order murt be

avoided since there is no way of attenuating

them, if they appear within the desired pass-

band. The book SfogJr S^ch-J PtjKdfU:

trj Gradh by Pappenfus, .McGraw Kill

Book Co., In:.. X. Y- covers the subject of

spuricu; products anC incorporaits a "mix

selector” char: that is useful in determining

spurious products for various diriment irix-

bg schemes^

^

(

^ ^

die ratio of the two trim usuries be between

5 to I and 20 to 2. This >* a <
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ence to signals on adjacent channels. The

main source of intermodukrion distortion

in 2 linear amplifier is die vacuum tube

or transistor as these components have in-

herently nonlinear characteristics. Maximum

linearity may be achieved by proper choice

of tube or transistor and their operating

conditions.

A practical test of linearity is to employ

a two-tone, low-distortion signal to drive

the tube or transistor and to use a spectrum

analyzer to display 2 sample of the output

spectrum on 2n oscilloscope (figure 2S) . The

test signal, along with spurious intermodu-

lation products may be seen on the screen,

separated on the horizontal axis by the dif-

ference in frequency between the two tones.

A reading is made by comparing the ampli-

tude of a specific intermodukrion product

with the amplitude of the test signaL For

convenience, the ratio between one of the

test signals and one of the intermodclarion

products is read as a power ratio expressed

in decibels below the test signal level.

Measurements made on 2 number of power
tubes have shown typical intermodulation

distortion levels in the range of —20 to

~40 decibels below one tone of a two-tone

test signaL

The present state of the art in commercial

and military SSB equipment calls for third-

order intermodukrion products better than

~40 to —60 decibels below one tone of 2

two-tone test signaL Amateur requirements

are less strict, running as low as —20 deci-

bels. ar.d m2}' be justified on an economic

basis since signal distortion, at least to the

listener, is a highly subjective thine. To
d;tc. the use 0 : inexoenrive Tv-rme smeeo

tubes as lini it SSB
gear Las been acceptable, regardless of the

rather high level of cistorrion

Interpreting SSB j be c
Meter Re: dints trmsrri

men:to

paratc.^ c: an SSB
!~er should closely

it prorices him with
cent operation.

Figure 29

SSB AMPLIFIER METER READINGS

A.-C2trier irsertjsr. at catena irpnt Isrfcl.
_

B-Vaice caduisSan with peaks reaahfoj man*

nun level.

C-Veits ntdtiteScn with a'.’die clipping •'

esaprsssirn. Peeks res ehioj catena JEtCs.

pkte current by carrier inserricn in toe sl-

ater or other means. An osriliKccpe cm--

are conducted to provide maximum cuty—

trom the amdiner at tnis vaiue c~ p.ate •

—

*
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9*8 Distortion Products

Due to Nonlinearity of

R-F Amplifiers

When the S5B envelope of 2 voice or mill

titone signal is distorted, a great many new

frequencies are generated. These represent 2Jl

of the possible combinations of the sum and

difference frequencies of all harmonics of the

original frequencies. For purposes of test

and analysis, a two-tone test signal (wo

equal-amplitude tones) is used as the 5bn

source. Since the SSB radio-frequency amp
*

fiers use tank circuits, all distortion products

are filtered out except those which be close

to the desired frequencies. These are all odd-

order products; third order, fifth order, etc

The third-order products are 2p q

2q— p where p and q
represent the wo

r-f tone frequencies. The fifth order products

are 3p-2q and 3q~2p. Ttee and am
higher order products are shown m ngure

A, B, and C. It should be noted that the fre-

quency spacings are always equal to t. s.

ference frequency of the two ongma ton •

Thus when an SSB amplifier is badly ove"

loaded, these spurious frequencies cane* n

far outside the original channel wi t an

cause an unintelligible "splatter’ typ8 ®

terference in adjacent channels. This is

ally of far more importance than re

tion of the original tones with repr

intelligibility or fidelity. To avoi m

ence in another channel, these !i. ,

products should be down at least 3 '

the adjacent channel signal. Using a

tone test, the distortion is gssen as t

of the amplitude of one test ^tone to

amplitude of a third-order product,

ailed the dgncUo-dhtortm rciw

and b usually given in decibels,

feedback r-f amplifiers makes S/D &

greater than 40 dB possible and prac

Vacuum-Tube Dbwrtion products caused by

Nonlineorify amplifier
departure 10

,

linear condition am termed

intermodjihtion products and the distorts

b termed miermoduhtion distorm‘ ,

dbtortion can be caused by
t

amplifier gain or phase shift with fesP“j

,

input level, and only appears when a

SlSNAL TC
usrcancN

fs/3) patio

J L
v1

?
e Tavr K-z> -KrV

ijrrif-

Flgure 28

, ,how$ ssB distortion products^ pictured op to

5-nth order B Shows SSB distortion products as

i “A*-
-•=-s£5ar“**‘

m

rant signal is used ra drive Ae ™PE'

fier This is Ae case for a voice signal whdi

reposed of

hmaSlonionviUsbovr opasa

I0M 00 the voice and mil create mterfer-
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tuning rate of the SSB receiver should be

substantially less than that of an a-m

receiver; generally speaking, tuning rates

of 25 to 100 kHz per dial revolution are

common in modern SSB receivers.

Because of variations in the propagation

path, transmitter power, and distance be-

tween stations, the input signal to an SSB

receiver can vary over a range of 120 deci-

bels or so. The receiver requires, therefore, a

large dynamic range of signal-handling capa-

bility and an enhanced degree of gain-

adjusting capability.

SSB Receiver Circuitry For minimum spurious

response it is desired

to have good selectivity ahead of the am-

plifier stages in the SSB receiver. This is

possible to a degree, provided circuit sim-

plicity and receiver sensitivity are not sacri-

ficed. For the case when sensitivity is not

important, an attenuator may be placed in

the receiver input circuit to reduce the am-
plitude of strong, nearby signals (figure 31).

To further reduce the generation of cross-

modulation interference, it is necessary to

carefully select the tube or device used in

the r-f amplifier stage to determine if it v/ill

retain its linearity with the application of

age-bias control voltage. Suitable r-f stage

circuits arc shown in the Pjidio Receiver

Fundamentah chapter of this Handbook
Avoidance of images 2nd spurious re-

sponses is a main problem in the design of
SSB receiver mixers, Due to the presence of
harmonics in the mixer/oscillator signal 2nd

Figure 31

R*F ATTENUATOR FOR SSB RECEIVER
The dynamic t«tnal range Bn SSBmy be increase-. an* trcufcie; recultin? frorr

65 tfewwes* with the vzz ef zJimpte m attenuator placed in the eeaVSi
“4

15 ™- z«™-
'» •» eWw 50- cr TO,

•

•~±£S’
,r'!

r *»» w tom i„

,

-• * 'I xifftninum f/iniber.

nonlinearity in the mizer, higher-order prod-

ucts are generated in addition to the desired

mixing product. These undesired products

vary in frequency as the oscillator is tuned

and may fall within the received p2S$bznd,

creating crossovers, or birdies (spurious beat-

notes which tune faster than the normal

tuning rate)

.

The twin problems of images and cross-

overs can be resolved through the use or

double conversion. The first (high) conver-

sion provides adequate image rejection and

the second (low) conversion may be ad-

justed so as to reduce crossover points to 2

minimum. In addition, double conversion

allows the use of 2 crystal-controlled oscil-

lator for the first converter stage, which

can provide a higher order of stability thzn

a tunable oscillator. The oscillator for the

lower mixer stage may be made tunable,

covering only 2 single frequency range?

eliminating some of the mechanical and

electrical factors contributing to receiver

instability.

Choice of an intermediate frequency lov

with respect to signal frequency minimizes

the probability of strong birdie signals

within the receiver passband. The low inter-

mediate frequency, bov/ever, may lead to

image problems at the higher received fre-

quencies.

The bandwidth of the low-frequency
j

**

system determines the overall selectivity

of the SSB receiver. For SSB voice reception,

the optimum bandwidth at the 6-dB pojnt

is about 2 kHz to 3 kHz. It is good practice

to place the selective filter in the circuit

ahead of the i-f amplifier stages so tnat

strong adjacent-channel signals are attenu-

ated before they drive the amplifier rube:

into the overload region . In addition to the

sideband filter, additional tuned circuits are

usually provided to improve overall re-

ceiver selectivity, especially at frequencies

which arc down the skirt of the selectivity

curve. Some types of SSB filters have spur-

ious responses outride the p2ssb2nd
which

can be suppressed in this manner.

Deicmifjzction, "When a receiver
"

Irfcrmodulofion, end tuned to 2 weak signs.

Crrcimodulfftien with a strong

close to the received

frequency, an apparent decrease in receiver
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main the same on the oscilloscope (C) but

the peak voice meter reading will increase.

In this example, peak current is about 325

mA.

Thus, the steady state condition (A) sets

the parameters for peak voice operation, 25

shown in B and C. Under no circumstances

should the peak voice meter reading reach

the steady state value shown in A or severe

distortion and signal spatter will occur.

9-9 SSB Reception

Single-sideband reception may be con-

sidered the reverse of the process used in

SSB transmission. The received SSB signal

is amplified, translated downward in fre-

quency, further amplified and converted

into a replica of the original audio fre-

quencies. The SSB recover is invariably a

superheterodyne in order to achieve high

sensitivity and selectivity.

To recover the intelligence from the SSB

signal, it is necessary to restore the carrier

in such a way as to have the same relation-

ship with the sideband components as the

original carrier generated in the SSB exciter.

To achieve this, it is important that the

BLOCK DIAGRAM OF AUTOMATIC

GAIN CONTROL SYSTEM

Audio or i-f derived control signal is applied to

low-level gain-controlled 5-f amplifier in typical

SSB receiver. Age system reduces the gain cJ

controlled stagefs) on signal peeks to prevent

receiver overload. Control voltage must he de-

rived from Uie modulation envelope. Since car-

rier is not transmitted with voice SSB signal.

receiver oscillators have good frequency ac-

curacy and stability.

To take advantage of the narrow band-

width occupied by the SSB signal, selec-

tivity characteristics of the receiver must
be held to narrow limits. Excessive receiver

bandwidth degrades the signal by passing

unnecessary interference and noise.

SSB Receivers In a conventional a-m re-

ceiver, the audio intelligence

is recovered from the radio signal by an.

envelope amplitude detector, such as a

diode rectifier. This technique may be used

to recover the audio signal from an SSB

transmission provided the amplitude of the

local carrier generated by the beat oscil-

lator is sufficiently high to hold audio dis-

tortion at a reasonable low level. Better per-

formance with respect to distortion may be

achieved if a product detector is used to

recover the audio signaL

The characteristics of the automatic voU

.Me control (or automatic gain control
)

system of an SSB receiver differ from those

of a conventional a-ro receiver. In the lat-

ter, the age voltage is derived by rectifying

the received carrier, as the carrier is rela-

tively constant and does not vary rapidly

in amplitude. The age system can therefore

have a rather long time constant so that an

S-meter may be used to indicate relative

carrier amplitude.

In an SSB receiver, however, the signal

level varies over a large range at a syllabic

rate and 2 fast rime-constant age system

is required to prevent receiver overload on

initial bursts of a received signaL To prevent

background noise from receiving full ampli-

fication when the SSB signal is weak or

absent, a relatively slow age release time is

required (figure 30).

The age system, moreover, must he iso-

lated from the local-oscillator voltage to

prevent rectification of the oscillator voltage

from placing an undesired no-signal static

bias voltage on the age line of the receiver.

Thus, the SSB receiver differs from the

a-m receiver in that it requires 2 higher

order of oscillator stability and i-f band-

width, a more sophisticated age system, and

the capability of receiving signals over a

very wide range of strength without over-

load or cross modulation. In addition, the



9.28 RADIO HANDBOOK

vide a rejection slot in tlic passband at any

point in the passband. The variable capaci-

tor shifts the resonant point of the crystal

across the passband. A more complicated

technique making use of a varifilter circuit

in which the i-f signal is mixed to a lov/er

frequency and passed through two selective

filters whose center frequencies arc slightly

different. Tuning the mixing oscillator

moves the new i-f channel across the filters

thus effectively varying the passband of the

i-f system.

AtifomaHc Gain Control The function of an
and Signal Demodulation automatic yin con-

trol system is to re-

duce the gain of the controlled stages on
signal peaks to prevent receiver overload
and hold constant audio output. Since the
carrier is not transmitted in SSB, the receiver
age system must obtain its signal voltage
from the modulation envelope. The age volt-
age may be derived cither from the i-f
signal or the audio signal (figure 33) . Audio-
derjved age has the advantage of easier iso-

lation from the local carrier voltage, but the

i-f system will function on both SSB and

a-m signals in a satisfactory manner.

Product detectors are preferred for SSB

reception' because they minimize intermodu-

lation distortion products in the audio signal

and, in addition, do not require a large

local-oscillator voltage. The product detec-

tor also affords a high degree of isolation

between the carrier oscillator and the age

circuit. The undesired mixing products pres-

ent in the output circuit of the detector

may be suppressed by a low-pass filter placed

in the audio line.

A Representative A typical SSB receiver is

SSB Receiver made up of circuits resem-

bling those discussed in the

previous .section. To achieve both high sta-

bility and good image rejection, many ama-

teur SSB receivers arc double-conversion

types, such as outlined in figure 34, An

accurate, stable low-frequency tunable os-

cillator is employed, together with a stand-

ard 451-kHz i-f channel and a crystal or

mechanical SSB filter. The frequency cover-

age of the vfo may be as high as 500 kHz

*u

audio derived agc circuit
V6ibCt is derived from the aL

r*>n curtnjj iptech psusts. Period
t'Knat. Device U, provides "hanjj" period to rnaintaro

one second which is determined by eapeeibnee wlttt

*t pin G ef U,.



SINGLE SIDEBAND 9.27

gain may be noted. This loss of gain is called

descnstiization or blocking. It commonly oc-

curs when the unwanted signal voltage is

sufficient to overcome the operating bias of

an amplifier or miser stage, driving the

stage into a nonlinear condition. Rectified

signal current may be coupled back into the

gain-control system, reducing overall gain

and increasing signal distortion.

Amplifier and miter stages using tran-

sistors and vacuum tubes may generate in-

band spurious products resulting from beats

between the components of the desired sig-

nal in the receiver, or between two received

signals. This class of distortion is termed

mtermohlaim distortion and is evident in

a nonlinear device driven by a complex sig-

nal having more than one frequency, such as

the human voice.

Intermodulation occurs at any signal level

and spurious products are developed by this

action. For example, assume a signal is on

900 kHz and a second signal is on 1.5 MHz.

The receiver is tuned to the 80-meter band,

Intermodularion distortion within the re-

ceiver can result in a spurious signal appear-

ing at 3.9 MHz as a result of mixing in a

nonlinear stage. The product mix is: (2 X

1.5) + 0.9 = 3.9 MHz,

This particular spurious signal (often

termed a spur) is a result of a harmonic of

the 1.J-MHz signal being produced in the

receiver and beating against the incoming

0.9-MHz signal. Other spurious signals, com-

posed of the sums and differences and har-

monics of the fundamental signals exist in

addition to the one at 3.9 MHz. Some o

these products fall at: 0.3, 1.8, 2.1, 2. ,

3.0, 3.3, and 4-5 MHz. Other spurs may be

generated by higher order linearities. Thus,

two signals passed through a nonlinear de-

vice can create a whole range of unwante

signals. Since the radio spectrum is crowded

with numerous strong signals, all o w

can createspurious intermodularion products

simultaneously in varying degrees of sever-

ity, it is important that high-Q circuits or

a number of tuned circuits he used m tfie

front-end of a receiver to prevent ouwtf-

band signals from entering the receiver,

addition, the optimum choice of transistor

or tube must be made for each receiver

stage, and its correct operating point

established.

Crossmodulation is the transfer of intelli-

gence from gn unwanted strong signal to a

wanted weak one. Thus, if a receiver is

tuned to a wanted signal at 3.9 MHz and a

strong unwanted signal is at 5.8 MHz, the

modulation on the second signal may be

imposed on the wanted signal, even though

the second signal is well outside the i-f pass-

band of the receiver. Multiple signals, more-

over, C2n produce multiple crossmodulation

effects. Crossmodulation can be minimized

by optimum selection of amplifying and

mixing devices and by careful selection of

signal levels and operating voltages in the

various receiver stages.

Intermodularion, crossmodulation, and de-

seusirizarion can all occur simultaneously in

a receiver and the overall effect is a loss

in intelligibility and signal-to-noise ratio of

the desired signal, These receiver faults may

be ascertained by injecting test signals of

various frequencies and amplitudes into die

receiver, a stage at a rime.

Generally speaking, field-effect transistors

and remote-cutoff vacuum tubes exhibit a

significant improvement in linearity and

provide enhanced rejection to these unwanted

effects as opposed to bipolar transistors,

which have a lower linearity figure than

the other devices.

Possband Tuning An unwanted signal can be

rejected in the i-f system

of a receiver by means of passband inning

(figure 52). A notch filter is used to pro-

FP.GM

If T II
*

PUTS! .01
m

K, S3 lift

Figure 32

I-F NOTCH FILTER

notch filler is used in M amplifier

trips. Adjustment of the capaeitor can attenn-

te a narrow frequency hand m the i*f passband.
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TRANSMIT SECTION

RECEIVE SECTION

Figure 35

THE SSB TRANSCEIVER

Common carrier oscillator, i-f amplifier/filter,

and vfo are used in transceiver, designed to

communicate on a single frequency selected by

proper vfo setting. Transfer from receive to

transmit is carried out by relays and by appli-

cation of blocking voltage to unused stages.

absolute frequency difference. For example,

a simple tuned circuit has sufficient selec-

tivity to reject a spur 4 MHz away from

a I-MHz frequency, while much more com-

plicated means are needed to reject a spur

that is 4 MHz away from a frequency of

100 MHz. Spur interference is dependent on

the ratio of the spur frequency to the tuned

frequency, and the lower the ratio, the

more serious the problem.

Another indication of the importance of

a particular spur is contained in the order

of response. This order may be defined 2$

the sum of the signal and oscillator har-

monics that produce the spur. For example,

a spur produced by the second harmonic of

the signal and the third harmonic of the

oscillator is known as a fifth-order spur.

Lower-order spurs are more serious because

higher harmonics of both input signals are

easier to reject by circuit design techniques.

controlled channels in the h-f and vhf spec-

trum using a crystal synthesizer for channel

control. Elaborate synthesizers permit selec-

tion of discrete operating frequencies as

closely separated as 100 Hz. Some units

include a clarifier control which permits a

slight frequency adjustment to place the

unit exactly on the chosen operating chan-
nel (figure 36).

9-11 Spurious Frequencies

Spurious frequencies (spurs) are generated

during every frequency conversion in a

receiver or transmitter. These unwanted

frequencies mix with the harmonics gener-

ated by the mixing oscillators to produce

undesired signals that either interfere with

reception of the wanted signal or can be

radiated along with the desired signal from

the transmitter. If the spurs are known, this

information can help to determine the

required r-f and i-f selectivity character-

istics, the number of conversions, the allow-

able harmonic content of the oscillators,

and the optimum intermediate frequencies.

The severity of interference from a given
spur depends upon its proximity to the
df:red signal frequency, rather than the

A Spur Graphical relationships between the

Chart frequencies of the various spurious

signals and the desired signal are pre-

sented by the spur chart of figure 37. A

given ratio of spur to desired frequency if

represented by a constant horizontal dis-

tance on the chart.

The local-oscillator frequency is repre-

sented by Fr and the relative signal fre-

quency by F0 . The curves cover all spurious

products up to the sixth order for spur-

signal frequencies thar fall within an octave

of the signal frequency. Each line on the

chart represents a normalized frequency

difference of I for mFo^^P- where m ana

n may be positive or negative integers. The

heavy, central lines labeled Fp.^Fo 20

Fo“Pa are plots of the desired frequent?

conversion when the oscillator frequency is

either higher or lower than the signal fre-

quency. Whichever line represents the de-

sired signal, the other line represents the

image spur.

To determine the spurious environment

for a given conversion, first normalize -

desired signal 2nd oscillator frequencies :

dividing both frequencies by the mixing o'^~

put frequency. Then locate the desired poim

on one of the heavy lines representing eit .er

Po~Pp. or Fr~ Fo- Since the oscillator fre-

quency does not change for spurs. sim?->
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to cover all of the low-frequency amateur

bands, or it may be restricted to only 100

fflz or so, necessitating the me of a multi-

plicity of crystals in tie first conversion

oscillator to achieve complete band coverage.

A tunable first i-f stage covering the

required passbaad may be ganged with the

variable-frequency oscillator and with the

r-f amplifier tuning circuits. The high-

frequency tuning range is chosen by the

appropriate high-frequency crystal.

To permit sideband selection, tbe bio rosy

be tuned to either side of the i-f passband.

Proper tuning is accomplished by ear, the

secring of the bfo on the filter passband

slope may be quickly accomplished by expe-

rience and by recognition of the proper

voice tones.

In addition to the special circuitry cov-

ered in this chapter, SSB receivers make full

use of the general receiver design informa-

tion given in this Handbook.

9-10 The SSB

Transceiver

The SSB transceiver is a unit in which

the functions of transmission and reception

are combined, allowing single-channel semi-

duplex operation at a substantial reduction

in cost and complexity along with greatly

increased ease of operation. The transceiver

is especially popular for mobile operation

where a savings in size, weight, and power

consumption are important Dual usage of

components and stages in the SSB trans-

ceiver permits a large reduction in the num-

ber of circuit elements and facilitates tuning

to the common frequency desired for two-

way communication.

Figure 35 shows a basic filter-type trans-

ceiver circuit. Common mixer frequencies

are used in each mode and the high fre-

quency vfo is used to tune both transmit

and receive channels to the same operating

frequency. In addition, a common i-f sys-

tem and sideband filter are used.

The transceiver is commonly switched

from receive to transmit by a mulripie-

contact relay which transfers the antenna

and removes blocking bias from the acti-

vated stages, Transceivers are ideal for net

operation since the correct frequency may

be ascertained by tuning tbe received signal

to make the voice intelligible and pleasing.

With practice, the SSB transceiver may be

adjusted to a predetermined frequency with

an error of 100 Hz or less by this simple

procedure.

Smgle-Bcnd An important development is

Transceivers the single-band transceiver, a

simplified circuit designed for

operation over one narrow frequency band.

Various designs have been made available

for the 50-MHz hand as well as the popular

h-f amateur bands. Commercial transceiver

designs are usually operated on cryswl-

IwabJe first i-f and crystal-csntrolled local os-

cillator, with tunable oscillator and fixed-fre-

quency i-f amplifier and sideband filter. This

receiver tunes selected 500-fcH2 segments of

the hf spectrum, Additional conversion crystals

are required far complete coverage of the TO-

meter band.
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IrO

A

B

Figure 36

SYNTHESIZED SSB TRANSCEIVERS

A—Crystal synthesizer for 10-meter transceiver uses 7.2-MHz i-f channel, vfo

at 23 MHZ controls operating frtgcency in 5DW&Hz ranges. Four crystals

at 1t cover the 10- meter banti.

B-Slropljfied diagram of synthesized transceiver tunable in 100-Hz steps. Transceiver

is tunable in lOB-Hz increments. The output of the Phase comparator is an error

voltage that varies the frequency of the vco (voltage- controlled oscillator)

until error voltage is zero. Good shielding and filtering is required in transceivers

of this class to keep the various mixing frequencies where they belong.

trace horizontally in either direction to de-

termine the relative frequency of the spurs.

Example: Desired signal frequency is 10

MHz.

Mixing output frequency is 2 MHz.
Oscillator frequency is 12 MHz.
Then, relative signal frequency To is 10

MHz/2 MHz ~ 5.

And, relative oscillator frequency FR is 12

MHz/2 MHz - 6.

Since oscillator frequency is higher, we use

the Fr'-Fo curve.

Locate the Fo—5, Fr—£, point on the

curve. Tracing horizontally to the left, the

spur lines intercepted on the Fa scale are:

}F0 —2Fn at Fo of 4.55, or signal frequency
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form. The resulting current is passed

through earphones which reproduce the

modulation placed on the radio wave.

The Aufedyne Since a c-w signal consists of

Defector an unmodulated carrier inter-

rupted by dots and dashes, it

is apparent that such a signal would not be

made audible by detection alone. Some means

must be provided whereby an audible tone

is heard when the carrier is received, the

tone stopping when the carrier is interrupted.

Audible detection may be accomplished by

generating a local carrier of a slightly differ-

ent frequency and mixing it with the in-

coming signal in the detector stage to form

a beat note. The difference frequency, or

heterodyne, exists only when both the in-

coming signal and the locally generated sig-

nal arc present in the mixer. The mixer (or

DIRECT DETECTOR CIRCUIT

Direct conversion receiver uses separate heter-
odyne oscillator to produce audio beat note
signal, Passband is restricted by use of audio

filter.

detector) may be made to supply the beating

signal, as in the mtadync ddrclor. A varia-

tion of the autodync detector makes use of
a separate oscillator and is termed a direct

rotitrnion receiver. A product detector may
be used and signal selectivity is obtained at

audio frequencies through the use of a low-
pass audio filter (figure 2),

10-2 Receiver Performance

Rcquircmcnfs

Receiver performance may he defined in

terms of srmitiiity, i declivity, tuning rate,

•fatality, tfiurim mfrnsr, dynamic 'signal

MUgr, and gain mmfrruhm. Other factors
enter into receiver specifications, but these
propertin are of the greatest interest to the
mec. A *•<* It -designed communication rccciv.

cr must be able to receive all modes of emis-

sion used in the band of reception while

meeting minimum levels of performance in

these important areas.

Sensitivity The sensitivity of a receiver may

be defined as the input signal re-

quired to give a signal -plus-noise output of

some ratio (usually 10 dB) above the noise

output of the receiver. A perfect "noiseless”

receiver would generate no internal noise

and the sensitivity would be limited only by

the thermal noise (or "r-f smog”) about the

receiving location. Below 30 MHz or so, ex-

ternal noise, rather than internal receiver

noise, is the limiting factor in weak signal

reception.

Random electron motion, or thermal agi-

tation noise

,

is proportional to the absolute

temperature and is independent of frequency

when the absolute bandwidth and input im-

pedance of the receiver arc constant. The

noise is expressed as equivalent noise resis-

tance, or chat value of resistance which, if

placed at the input circuit of a stage, will

produce output circuit noise equivalent to

the noise of the amplifying device in the

stage.

The degree to which a "perfect” receiver

is approached by a practical receiver having

the same bandwidth is called the noise

of the receiver. This is defined as the ratio

of the signal-to-noisc power ratio of the

"perfect” receiver to that ratio of the re-

ceiver under test. The noise figure is ex-

pressed in decibels or as a power ratio, and

the larger the noise figure, the noisier is the

receiver.

The noise figure is defined as:

SfkTB

S0/N0

where,

F equals noise figure of receiver,

S equals available signal power ff0rTl

source,

So equals available signal power from re-

ceiver,

No equal; noise power from receiver,

h equals Boltzmann’s constant (1A2 ’

10'2
" joules per

f
'V.),



CHAPTER TEN

Communication Receiver Fundamentals

Part I—The HF Receiver

Communication receivers vary widely in

their cost, complexity and design, depending

on the intended application and various

economic factors. A receiver designed for

amateur radio use must provide maximum

intelligibility from signals varying widely

in received strength, and which olten have

interfering signals in adjacent channels, or

directly on the received channeL The practi-

cal receiver should permit reception of con-

tinuous wave (c-w), amplitude-modulated

(a-m) and singh-tideband {S5B) signals.

Specialized receivers (or receiver adapters)

are often used for reception of narrowband

f-m (NBFM), radio teletype (RTTY),$low

scan television (SST\ T

) and facsimile (VAX)

signals.

The desired signal may vary in strength

from a fraction of a microvolt to several

volts at the input terminals of the receiver.

Many extraneous strong signals must be re-

jected by the receiver in order to receive a

signal often having a widely different level

than the rejected signals.

The modern receiver, in addition, must

have a high order of electrical 2nd mechani-

cal stability, and its tuning rate should be

slow enough to facilitate the exact tuning

of c-w and SSB signals. Finally, the receiver

should be rugged and reliable as well as easy

to service, maintain, and repair. All of these

widely differing requirements demand a

measure of compromise in receiver design

in order to achieve a reasonable degree of

flexibility.

Modern solid-state receivers can readily

meet most of these requirements. In many

instances the receivers are incorporated in a

transceiver package hut the fundamentals

discussed in this chapter apply equally well

to either configuration. Frequency-modula-

tion (f-m) reception is discussed at length

in Chapter 13 of this handbook.

10-1 Types of Receivers

All receivers are detectors or demodulators

which are devices for removing the modu-
lation (intelligence) carried by the incoming

signal. Figure 1 illustrates an elementary

receiver wherein the induced voltage from

the signal is diode rectified into a varying

direct current. The capacitor C. is charged

to the average value of the rectified wave-

'A'W'

Figure 1

ELEMENTARY FORM OF RECEIVER

This is Uie basts of the "crystal set" type ef

receiver. The tanV circuit (LrC,l is tuned to the

frequency it is desired to receive. The bypass

capacitor across the phones should have a low

reactance to the carrier frequency being re-

ceived, but a high reactance is the modulation

on the received radio signal.

tO.I
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NOISE-FIGURE NOMOGRAPH
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SKIRTSELECTIVITY

Receiver bandwidth is determined by seJtcfWty
of i-f system, Curye A shows fypicaf resoent?
for reception of double-sidebend, amplitude-

modulated signal, ccb reception on g good com-
munication receiver is shown by curve B, O*
selectivity >; shown by curve C, Strong-sign*!

selectivity is determined by bandwidth rt W-dB

shirt points.

Figure 5

RECEIVER FREQUENCY STABILITY

Freouency drift of receiver depends on etectric*!

and mechanical stability of lured circuits. T*?'

Perature compensation fpj reduce: warmup df,,!

to a minimum, No compensation may result r"

long term, continual drift (K) and ove'ser-pf''

s*t.on can show as reversal of drift (C?. frr

octncy comprntalicn may be achieved t/ use

of sp*c.ai capacrfors having ccnfrclfed tempera-

ture shares tr„;t*ct m CMrStl tirCV'1} i/

temperai,,„ •UbilrUMfl Of CSCtWCf CirCV
1 '/'
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T equals absolute temperature of signal

source,

B equals bandwidth of receiver.

The quantity kTB represents the available

noire power from a resistor of arbitrary

value at temperature T. Thus, a signal, no

matter how it is generated, has associated

with it a minimum amount of noise (kTB).

If the signal is passed through a receiver

that amplifies it without adding noise, the

ratio of signal power to noise power at the

output of the receiver will be the same as at

the input and the noise figure (f) will be

unity. If the receiver adds additional noise, F
will be greater than unity. The noise figure

of a good bf communications receiver runs

between I to dS below 30 MHz; a noise

figure better than this is of little use consid-

ering the high atmospheric noise level. In the

vhf spectrum, very low noise figures are ex-

tremely useful as the external noise level is

quite low.

Noise Figure Expressed in decibels, the

Measurement noise figure of a receiver is:

F= 10lou&

where,

N: and Nz are the noise power figures in

watts and represent the output from an

actual receiver, (Af2) at 290° K (63 °F),

divided by the noise power output from

an ideal receiver (JV,) at the same temper-

ature.

The noise figure of a receiver may be as-

certained by direct measurement with a

noise generator. The receiver input is termi-

nated with a resistor and wideband random

noise, generated by thermal agitation in a

suitable generator, is injected into the input

circuit of the receiver. The power output of

the receiver is measured with no noise input

and the generator output is then increased

until the receiver noise output is doubled.

The noise figure of the receiver is a function

of these two levels, and may be computed

from these measurements.

It is common practice to match the im-

pedance of the antenna transmission line to

the input impedance of the amplifying de-

vice of the first r-f amplifier stage in a re-

ceiver. However* when vhf tubes and tran-

sistors are used at frequencies somewhat less

than their maximum capabilities, a signifi-

cant improvement in noise figure can be

attained by increasing the coupling between

the antenna and first tuned circuit to a

value greater than that which gives greatest

signal amplitude out of the receiver. In

other words, in the vhf bands, it is possible

to attain somewhat improved noise figure

by increasing antenna coupling to the point

where the gain of the receiver is slightly

reduced.

It is always possible, in addition, to obtain

improved noise figure in a vhf receiver

through the use of devices which have im-

proved input-impedance characteristics at

the frequency in question over conventional

types.

The relationship between the sensitivity in

microvolts, noise figure and audio bandwidth

is shown in figure 3 which assumes an an-

tenna input impedance of 50 ohms and room

temperature of 80.J°F.

Selectivity The selectivity of a receiver is

the ability to distinguish between

the desired signal and signals on closely

adjacent frequencies. The bandwidth, or

passband, of the receiver must be sufficiently

wide to pass the signal and its sidebands if

faithful reproduction of the signal is desired.

For reception of a double-sideband ampli-

tude-modulated broadcast signal, a passband

of about 10 kHz is required. SSB passband

response may be as small as 2 kHz for voice

reception. For cw reception, a passband less

than 100 Hz is often employed. As the cir-

cuit passband is reduced, transmitter and re-

ceiver frequency stability requirements be-

come more strict and practical bandwidth in

receivers may often have to be greater than

the theoretical minimum value to compen-

sate for frequency drift of the equipment.

Receiver bandwidth is defined in terms of

skirt selectivity

,

or the degree of attenuation

shown to a signal received at some frequency

removed from the center frequency of re-

ception, as shown in figure 4. Tie bandwidth

is tbe width of the resonance curve of the

receiver and is specified at the ~6dB and

— 60 dB points. For the example shown, the

—6 dB bandwidth is about 2.8 kHz for

curve A and the “60 dB bandwidth is 12

kHz.
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of signal? from tslevjaon and f-m transmit-

ters both of which occupy a rather wide

band of frequencies, making 2 bread selec-

tivity characterisric desirable. Images are a

peculiarity common to all superheterodyne

receivers and tor mis reason they are given

a detailed discussion later in this chapter.

vhih intermediate frequencies as low as

50 kHz are used where extreme selectivity

is 2 requirement, and frequencies of 50 MHz
and above are used in some specialized forms

of receivers, many communication recarers

use intermediate frequencies near 455 cr

HOD kHz, Some recavers make use cf Hgh-

irecuencv crystal-lattice niters in the i-f

amrkner and use an intermediate frequency

as high as 5 MKz 0: ?MHz to gain image

rejection, nntertainmenr receivers normally

use an intermediate frequency centered about

455 kHz, while many automobile receivers

use 2 frequency of 252 kHz. The standard

irecuer.cy for the i-f channel of f-m re-

ceivers js 10.7 MHz. whereas the majority of

television receivers use an i-f which covers

the bar.c between 41 and 45 MHz.

Itseees There always are jtiv rignrj fre-

quencies which will combine win j

given frequency to produce the same direr'

ence frequency. Tor example: assume a super-

heterodyne with its oscillator operating on a

Higher frequency than the signal (wHth is

common practice in many supenKer>

dynes) raced to receive 2 signal at 14JDD

kHz. Assuming an i-f ampilfer frequency rd

450 kHz, the mixer input dreui: will hr

tuned to 14,100 kHz, and the oscillator to

34,100 plus 450, or 34,550 kHz. Now, a

lirorsg signal at tbs oscillator frequency tins

the intermediate frequency (14,550 pH?

450, or 15,000 kHz) will also give a differ-

ence frequency of 450 kHz in the mixer

output and will be heard also. Note rut the

image is always r2 ~.ee the intermediate fre-

quency away from the desired signal Images

cause rebret fafjrfj on the tuning dial.

The only way that the image could be

eliminated in this particular case would be to

make the selectivity of the mixer input cr-

cuit. and any circuits preceding it .great

enough so that the 35,000-kHz signal never

reaches the mixer input circuit in suSaer.:

amplitude to produce interference.

im.2 ge interference troubles become increas-

ingly greater as the frequency (to whim tn:
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Tuning Rote A good communication receiver

should have a slow hating rate.

That is, each revolution of the tuning con-

trol should represent Only a moderate fre-

quency change when compared to the band-

width of reception. SSB receivers often have

ESSENTIAL UNITS OF A
SUPERHETERODYNE RECEIVER

The basic portions of the receiver are shown

in solid blocks. Practicable receivers employ

the dotted brocks and afso usually I'ncfurfe such

additional circuits as a noise limiter, an age cir-

cuit, and a bandpass filter in the i-f amplifier,

a tuning rate of 10 to fO kHz per tuning

dial revolution. Receivers intended for c-w

reception may have a tuning rate as low as

J kHz per dial revolution. The tuning rate

may be determined mechanics!}}' by mesns

of a step-down gear train or rim-drive

mechanism placed between the tuning dial

and the tuning control of the receiver. In

some instances, electrical bandspreod (see

Section 10-4) may be employed. Regardless

of the technique used, the tuning mechanism

should have a smooth action and be free of

mechanical or electrical backlash.

The By changing the frequency

Superheterodyne of a received signal to a

Receiver lower, fixed, intermediate

frequency before ultimate

detection, high gain and selectivity may be

obtained with a good order of stability. A

receiver that performs this frequency chang-

ing (heterodyning) process is termed a

superheterodyne or superbet receiver. A block

diagram of a typical superhec receiver is

shown in figure 6.

The incoming signal is applied to a mixer

consisting of a nonlinear impedance such as

a vacuum tube, transistor, or diode. The

signal is mixed with a locally generated vari-

able-frequency signal, with the result that a

third signal bearing all the modulation ap-

plied to the original signal but of a fre-

quency equal to the difference between the

local oscillator and the incoming signal fre-

quency appears in the mixer output circuit.

The output from the mixer is fed into a

fixed-tuned intermediate-frequency ampli-

fier, wherein it is amplified, detected, and

passed on to an audio amplifier.

Although the mixing process is inherently

noisy
,
this disadvantage can be overcome by

including a radio-frequency amplifier stage

ahead of the mixer, if necessary.

Advantages of ffie The advantages of super-

Superheferodyne heterodyne reception are

directly attributable to

rbe use of the fixed-tvned

intermediate-frequency (i-f) amplifier. Since

all signals are convened to the intermediate

frequency, this section of the receiver may

be designed for optimum selectivity and high

amplification. High amplification is easily

obtained in the intermediate-frequency am-

plifier, since ir operates at a relatively low

frequency, where conventional pentode-type

tubes and transistors give adequate voltage

gain.

Spurious The mark of a good receiver is

Responses its ability to reject spurious sig-

nals outside of the passhand of

the receiver and to generate no spurious

signals within the passband. While the su-

perheterodyne receiver is universally accepted

as the best combination of circuit principles

for optimum reception, the device has prac-

tical disadvantages that should be recognized.

The greatest handicap of this type of receiv-

er is its susceptibility to various forms of

spurious response and the complexity of de-

sign and adjustment required to reduce this

response. Most of the responses, but not all,

are a result of frequency conversion.

Image The choice of a frequency for

Interference the i-f amplifier involves sev-

eral considerations. One of

these considerations concerns selectivity

—

the lower the intermediate frequency the

greater the obtainable selectivity. On the

other hand, a rather high intermediate fre-

quency is desirable from the standpoint of

image elimination, and also for the reception



10.10 RADIO HANDBOOK

Figure 11

TYPICAL DOUBLE-CONVERSION SUPERHETERODYNE RECEIVERS

Illustrated st A is the b2sic circuit cf a duel-conrersicn superheterrCyne rceeivar. Diarzn B
snows use of intermediate frequency higher ihzn the signal freruencr.

chosen so that oscillator drift is automati-
cally eliminated.

In all double-conversion receivers, the
problem or spurious responses is aggravated
because of the multiple-frequency signals

existing within the receiver circuitry. Care-
ful shielding and filtering of power leads

must be incorporated in a receiver of this

tspe if birdies and spurious signals are to
be avoided.

The

Denodutctcr
The denodvletor (detector,

second mixer or second detec-
tor as «

retrieves the intelligent*

sign:!. A simple diode

it variously named)
e from the incoming

detector is suitable

O'.riU

recer

cr.rc

reception,

^bfo) can

::b!e for c-

•o tha; pro

and a bcct-fneiver.cy

provist a heterodv-;

; ««?:*». For SSB
-ula tor must have an

range of operation,
• :ctv a strong mixing

signal for low distortion reception of street

signals. A control voltage for automatic

control may also be obtained from the de-

modulator stage.

Aummetit Automatic gar. corfro! (age)

Gam Control provides for gain regulate

of the receiver in inverse pro-

portion to the strength of the received nr*

nal The circuitry holds receiver output

relatively constant despite large changes is

the level of the incoming signal. In aC£:t:Oo

to control of gain, the age circuit can alw

provide signal strength indication by means

of an S-tr.cfcr, whose reading is proportion;,

to the age control voltage.

And is Circuitry 7T* communication retd"'-

has no nee- to renrocuce

cso frequencies outside of the^ required ccm-

response of such a receiver is usually hrrite-

ccgrion, the lower audio frecutncitr are s.s
A
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ll/ASECrWBBO W«II9 L'*fF*.'fT£3

CTft£CE!V£R AT C- FECEJVE? AT
at-?;; Irffz

FECEFTJSW FICEFTffi*!

Figure 7

IF/AGE SIGNAL

predictable frequency relationship as tbs re-

ceiver miring oscillator is toned Multiples

of tbs signal 2nd oscillator frequency are

present in 2 mixer stage which corresponds

to tbs second third, fourth, fifth, and sixth

harmonics of the miring signals. Higher

order products 2re also present but are usu-

ally attenuated sufficiently so ss not to

cause any bird's problem, h the case of tbs

lover order products, typical crossover com-

binations are:

Relation between im2£e signal ane wznletf sig-

nal when receiver local ossiliatcr operates on

high-f7efluency srtfe of wanted signal. Image cf

23X0 If.H

2

signal appears at 2ZXS MHz when
<55 kHz i-f system is used. Unwanted signal at

30-31 KHz appears as image signal when re-

ceiver is Imei lo OesirtS signs] si 2sxc m.Hz.

Conditions are reversed tor operation cf «c?I-
tator on Jnr-frequency side of signal.

signal may appear on the opposite sideband

and tune "in the wrong d!irecim
n

as com-

pared to normal signals. Figure 7 illustrates

the relationship between image signals when

the receiver local oscillator operates on the

high-frequency side of the received signs!.

The conditions are reversed for oscillator

operation on the low-frequency side of the

received signal. For reasons of economy 2nd

maximum oscillator stability, many receivers

employ “low-side” oscillator operation on

all but the highest frequency bands, where

"high-side” operation is often used.

Phenfom Signals Any combination of de-

sired 2nd undeared sig-

nals, combined with the miring oscillator

and its harmonics, C2n produce signals at

the intermediate frequency of the recover.

These, plus the spurious responses of the

mixer stage are termed birdies.

Many spurious responses czn be reduced

by inclusion of adequate selectivity ahead of

the mixer stage and by the use of shielding

and filtering to prevent unwanted signal

leak-through or pickup by later stages of the

receiver.

IntermoduUtion distortion products are

spurious signals generated in 2 nonlinear de-

vice. These signals are difficult to eliminate

unless the frequencies for the mixing signal

and the intermediate frequency are carefully

chosen, Many undesired mixer prodnets fall

within the receiver passbznd and follow 2

Odd-order products

2to -k fs

fo±*k
3jo ± h
Jo ri: 3/s

To ± 4/s

2/s ± 2/0

2/o± 2/s

3/o ± 2/s

2/o ± 3/s

... and so on.

where,

Jo equals frequency of local oscillator,

fs equals signal frequency.

Bynomie lbs dynamic range of a re-

Sijnol Range cervet is that range over which

the signal output of the re-

ceiver is a replica of the input signal At the

low-sensitivity end of the range, the limit is

set by the noise and hum "floor” of the re-

ceiver. At the high end of the range, the

limiring factors are intermodrilction distor-

tion, gain compression, and crosimoduUfm.

Dynamic measurements on a receiver are

G32d® in terms of power, specified in decibels

with respect to one milliwatt:—abbreviated

dBm. Specifically. 0 dBm is one milliwatt. A
typical communications receiver will have 2

noise Boor of — 240 dBm and at 2 signal

level of ”40 dBm the receiver may show

indications of blocking or croismoduhtion.

The dvnamic range of the receiver, then, is

the difference between the two levels, or

100 dB. Modern high-frequency communica-

tions receivers hzr« 2 dynsmic rznge from

70 dB to better than 120 dB_. as measured

above the noise floor.

The dynamic range of 2 receiver can be

specified by measuring the third order prod-

ucts and receiver gain for various levels of

input signal This is done with the test ar-

rangement shown in figure 9.

Using 2 single generator, input power

versus output power is plotted 2? shows in
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MHz. Interference immunity is very irr>

portent below 50 MHz because of the wide-

high-gain txwaii and large-signal handling

ability is usually more important to tine hi

communicator than is extreme we?b-signal

reception.

To minimize receiver overload from strong

local sign. Is, a variable attenuator such as

tns type shown in Chapter 5 may be placed

in the receiver input circuit. The attenuation

can i>e varied m 1 0-decibel steps and the unit

is useful in cropping the signal level of

strong, local transmitters.

1. high-pass filter is shown in figure 32

which eliminates crossmodulation and inter-

modulation from local broadcast stations,

both of these devices provide good front-

end protection from unwanted signals.

Imege P.cjccflwi image rejection ability of

a receiver is a function of
tne selectivity response of the tuned cir-

cuits ahead of the mixer stave. The image
rejection figure hr image response) js

expressed in decibels by which the image
signal is reduced below the fundamental
responses

jj gn r-f etave havenv cne tame N) as tne

detector tuned circuit was added, the selec-

tivity would be doubled and the image

rejection would then be '" 55 £3,

These calculations are tbmpHed by the

use of tine Universal Selectivity Ourve shorn

in figure Id-

Greatly irnpmvtd image rejection can be

which lies above the maximum tunmr range

of the receiver. The image frequency tout

falls even higher and may' easily be removed

by .a lowpass niter having ?. cutou fre-

quency below the frequency of tne K
amplifier. Selectivity is achieved by the use

of crystal and ceramic niters in the 5-c

chain.

Smell %nd Typical common solid-state

?.-r/.wpl.;fit'rs -_f ampHerr are shown m

frure M. h tvnrv/r^otv-

cmpaper it shown in illustration h- To m-

er-

come the possibility of oscillation at p£

higher frequencies, an external neu.tra.uzuar

circuit may be added, which consists m a

neutralizing capacitor placed between tas

collector and the lower end of the input

circuit, which is lifted above ground. If ~is

externa) feecba.de circuit cancels both reas-

tive and reactive changer in the inpct^c-'

cult cue to voltage feedback, the rmp-mer

is considered to be nr.iicierclbii. h orJy tot

cancelled, the amplifier is comiderec to #
neutralized, 1 Neutralization, then- 5s a specif,

case of tmikteralization- Modern imcoc

designed for vnf «se up to -*79 7-Gtz aoC
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attenuated in order to make speech crisp and

clear. An audio passband of about 200 to

2000 Hz is all that is normally required for

good SSB reception of speech. For c-w re-

ception, the audio passband can be narrowed

further by peaking the response to a fre-

quency span ranging from 100 to 1000 Hz.

High-0 audio filters may be used in the

communication receiver to shape the audio

response to the desired characteristic. In ad-

dition, audio or i-f filters may be added to

either provide a special, narrow response

characteristic, or a sharp rejection notch to

eliminate heterodynes or objectionable in-

terference.

Control Under normal circumstances, the

Circuitry communication receiver is disabled

during periods of transmission. A
standby control may take the form of a

switch or circuit that removes high voltage

from certain tubes or transistors in the re-

ceiver. Alternatively, the bias level applied

to the r-f and i-f stages may be substantially

increased during standby periods to greatly

reduce receiver gain. This will permit use

of the receiver as a monitoring device during

periods of transmission. In all cases, the

input circuitry of the receiver must be

protected from the relatively strong r-f

field generated by the transmitter. Receiver

control circuitry' may be actuated by the

transmitter control devices through the use

of suitable interconnecting relay circuits

(VOX), as discussed in Chapter 28 of this

Handbook.

Receiver Communications receivers are gen-

Power eraJly designed to operate from a

Supplies 120- or 240-volt, 50- to 60-Hz

power source, with the possible

addition of auxiliary circuit!}' to permit

operation from a 12-volt automotive elec-

trical system. In some instances, voltage

regulation circuits or devices are added to

the supply to stabilize the voltages applied

to critical oscillator circuits. In all instances,

the primary circuit of a well designed com-

munications receiver is fused to protect the

equipment from overload and the complete

receiver is designed and built to protect the

operator from accidental shock.

10*4 The R-F Amplifier

Sfoge

Since the necessary tuned circuits between

the mixer stage and the antenna can be com-

bined with solid-state devices or tubes to

ferm r-f amplifier stages, the reduction of

the effects of mixer noise and enhancement

of the image ratio can be accomplished in

the input section of the receiver. The tuned

input stages, moreover, provide protection

against unwanted signal response but, unfor-

tunately, may increase the susceptibility of

the receiver to cross-modulation, blocking,

and dcsensirizatron because of the enhanced

gain level of the received signals. In all

cases, receiver gain (and particularly front-

end gain) should be limited to that amount

necessary to only override mixer noise. Ex-

cess receiver gain usually creates more prob-

lems than it solves.

If the r-f amplifier stage has its own tun-

ing control, it is often known as a preselec-

tor. Some preselectors employ regeneration to

boost signal gain and selectivity at the ex-

pense of the signal-to-noise ratio, which

usually is degraded in such a circuit.

General]}- speaking, atmospheric and man-

made noises below about 50 MHz are so high

that receiver sensitivity and signal-to-noise

ratio is not a serious problem. Above 30

MHz or so, noise generated within the re-

ceiver is usually greater than the noise re-

ceived on the antenna. Vhf and uhf r-f am-

plifiers will be discussed in Section II of this

Chapter.

Experience has shown that about an 8-dB

noise figure is adequate for weak-signal re-

ception under most circumstances below 50

Figure 12

HIGH-PASS INPUT FILTER

This fitter provides a rejection of greater than

60 dB below 1 MHz. It has an insertion loss of

about 05 dB at 15 MHz (design by W8URHJ.
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UNIVERSAL SELECTIVITY CURVE

Image rejection capability may be determined with aid of universal curves. Selectivity required
to adequately suppress the various spurious signals is provided by tuned input circuits. The
number or circuits 'required depends upon Q, frequency, and attenuation desired. These curves

are fora single tuned circuit.

impedance and medium-to-high output im-

pedance. The first neutralized transistor

drives the second connected in common-gate

configuration which is used to transform

from a low or medium input impedance to

a high output impedance. The relatively low

voltage gain of the second stage makes dual

neutralization unnecessary in most esses. The

two FET transistors are arranged in a cas-

code amplifier circuit, with the first stage

inductively neutralized by coil Ly. FET

amplifiers of this type have been used to

provide low-noise reception at frequencies

in excess of J00 MHz, A single gate MOS-

FET amplifier is shown in figure HD.

A dual-gate diode-protected MOSFET r-f

amplifier is shown in figure 1 5A. The signal

input is coupled to gate 1 and the output

signal is taken from the drain. Gain control

is applied to gate 2 and a dc sensing current

may be taken from the source to be applied

to the S-meter circuit, if desired. With

proper intrastage shielding, no neutralization

of this circuit is required in the hf region.

An integrated circuit may be used as an

r-.f amplifier (figure 15B). It is connected

as a differential amplifier and provides high

gain, good stability and improved age char-

acteristic as compared to a bipolar device.

A dual-gate MOSFET device is shown in

figure 15C and will be more fully discussed

in the vhf section of this chapter.

TheCosecie The cascade amplifier consists

Amplifier of a grounded-emitter stage di-

rectly coupled to a grounded-

base stage (figure 16). Tne bias level is set

separately for each stage. When properly de-

signed, no neutralization is required and

stage gain is equivalent to that of a single

grounded-emitter stage.

VocHum-Tnbe A rypical hf vacuum-tube

R-F Amplifiers amplifier circuit is shown in

figure 17. A high-gain pen-

tode such as a 6BA6 or 6BZ6 may be used

with the input circuit connected between

grid and cathode. The output signal is taken

from the plate circuit. Modern pentode

tubes provide very high gain, combined with

low grid-ro-piate capacitance, and usually

do not require neutralization. Remote-cut-
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Tvnlr,; p.fn;s For s goicrfl CTWSge re-

cAve? the tele oscjjIjtor

; .T ,

frtcuencv js < junction o’ tne range "9/ wj-

(£)'

Tilt wsilJr.or tuning rrag, m'j ate Ik

Ii^i /^r tban the tignaMrequeacy tun-

in? range, When h 5: lest, the reVionship

between the iv,<o ranges is:

i'f = h 'h

Then it is greater,

U — Jv'Jt

where,

i-f is the intermediate frequency,

;, ;: the oscillator frequency,

/, •; the tijjsrj frequency,

Jd thv case of an s-m broadcast recover

the signal-frequency range is 5<9 to 3 COO

kHz giving ? frequency ratio of 3 COO

/

3<0 ~ 2/>C, The tuning range, then, is

r 2.j«/* * uc.
Jf the osciilcior tuning range it higher

than *;»{? :
:
gna1-frequency range, then:

/. « i-f + <33 »/v = i-f 4- 3 COO

JV an >f of 43 J kHz, vie '//-'ill? tor tim-

ing rrcj'.c i: the: >?5 to 2053 kHz.

The ffvouencv retb of the oscillator it

Svpetfo#zwiy?# bee?ytf* t *ie tunable loc» i tv

TfecV.nsj dilator Sjj * superheterodyne

operates "offset'*’ fm tht

o*k/ front-end circuits, •* js often sic*#*

tsrv tv nmh special provision* v> dh* ->

oscillator to trad vbsn ursfar
jf'

paeitor section* .are ganged, 7k usual nsi'*-

od of obtaining good tracking h to opera*/,

the oscillator on the Hgb-jrequency site tc

the mixer and use ? jit/w frf<~hnv wjicrfw

to retard the tuning rate of the osethte'-

The oscillator tuning rate mu: a be tbvs:

because it covers ?. smaller range torn w«

the mixer vhta both are expressed at a per-

centage of frequency, M frequencies tw*

7000 kHz and with ordinary interme.irtt

frequencies, the difference b percentage ’>'>

tween the two tuning ranges is so tmr;)
^
•>

it rnav be disregarded in receivers iwp* »

ewer only a small range, such at an a-'"*1 '

band.

A rnixer- and wato-tsaw?
ment in which a series tracking crpavtor x

provided is shown in figure 3 8A. J ne vices

of the tracking capacitor varies consider.-v}

with different intermediate frequencies ^r*:

tuning ranger, capacitances asjew « 3W/
being used at the lower tvorng-rang'

ouencies, and values tip to -
r

Jl ^r os.-'g

at the higher free uencies.

In tetraic OTdB»jq«ws*Bf,^;
,.ftw (YQkjyt'Vfnhb/!: cpf-te-'J '"''J

;

» Srure »a T««»? 5f f'
by a. potentiometer ganger >o '

tuning dial
, }

Superheterodyne receivers oesigne^ --1

cover only a tingle frequency range, •-'••• A

FfetffS 35

gAKDSPpy 2 CIPCUITS^

Fi-t!;*: tir^tr r«e ?s Jhte'f p,'

r».» tv- te.jr - fsiitc' »< t»- »»*; ,r

<’l 'W/f-i-r >t vm-}' ; !r ,- rf-

tj'.cirnri -t *-
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Figure 17

TYPICAL PENTODE
R-F AMPLIFIER STAGE

versaI-wound (air or powdered-iron core)

type shunted by variable capacitors. It is in

these tuned circuits that the causes of suc-

cess or failure of a receiver often lie. The

universal-wound type coils usually are used

at frequencies below 2000 kHz; above this

frequency the single-layer solenoid type of

coil is more satisfactory.

Impedance The two factors of greatest

and Q significance in determining the

gain-per-stage and selectivity,

respectively, of a tuned amplifier are tuned-

circuit impedance and tuned-circuit Q. Since

the resistance of modern capacitors is low at

ordinary frequencies, the resistance usually

can be considered to be concentrated in the

coil. The resistance to be considered in mak-

ing 0 determinations is the r-f resistance,

not the dc resistance of the wire in the cod.

The latter ordinarily is low enough that it

may be neglected. The increase in r-f resist-

ance over dc resistance primarily is due to

skin effect 2nd is influenced by such factors

as wire size and type, and the proximity of

metallic objects or poor insulators, such as

coil forms with high losses. Higher values

of 0 lead to better selectivity and increased

r-f voltage across the tuned circuit. The

increase in voltage is due to an increase in

the circuit impedance with the higher val-

ues of Q.

Frequently it is possible to secure an in-

crease in impedance in a resonant circuit

(and consequently an increase in gain from

an amplifier sage) by increasing the react-

ance through the use of larger coils and

smaller tuning capacitors (higher LC ratio).

tracking systems for superheterodyne receiver

A-Serles tracking capacitor.

B-Varactor-tuned oscillator. Tracking is controlled electronically.
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used in hi single-sideband equipment be-

cause of its high degree of ireedom from

intermoduktion, distortion and good isola-

tion (figure 22). Balanced transformers and

matched diodes are used for best results.

.Mixer balance is achieved as shorra in

Sgure 23. If Dj and D2 2nd the local-oscilla-

tor transformer (X3 )
are symmetrical, then

voltage at pointA is the same as 2t the trans-

former centertap (ground). In like manner,

if D; and D?
< are sjuunetncal, voltage at

point B is zero. Therefore there is no voltage

across A or 3 and no voltage across the in-

put or output ports. This illustrates ho~

isolation is obtained between the three ports.

Looking at the circuit from the signal in-

put terminal, if is equal to D 3 and D«

equal to D-, the volt2ge at point C Trill be

equal to that at point D. Thus there is no

voltage difference between C-D 2nd no input

signal vill appear 2t the local-oscillator port.

From symmetry it can be seen that the volt-

age at the output port is the same as the

voltage at C, D, or zero; thus there is no in-

put signal at the output port.

As v.'jth single- or double-diode mixers,

unbalance and a subsequent drop in isolation

“'ill result from diode junction capacitance

differences and transformer winding varia-

tions.

FET end Typical FET mixer circuits

M05FET Misers are shown in figure 2-4.

These circuits are preferred

over Dipolar mixer circuits because the dy-

namic characteristics of bipolar transistors

rete.r. thra “03 h:r,dfe
g high tigail

:tv£j? vjtaout severe intermoddztiop tiistor-

T'i-.h :r.6 osiihtcr f.-Bcccies ;pp!id
•.5 pit Sj-.-ct i-;tc:ion B -te-a'-s: 3.

I 15
J «{

is, n
' ’

1 <

7r I' up

Fipre 23

H is£t2E5 o sipiE! snS ir.p.1 psris i£

in 2 S:uilE*bElEn:Kl miner ty in* rf tllrnsei

trenefermem nrJ melstei

I J£ggj'
J i T1I7T

Ail
ill

/4-,
t |It

Fffii/rE 24

TYPICAL FET KKBR STAGES

J—Jeorfirn FET Bteruftft ir/dipr-

E—;rrr mixer vrth ssiirsf fejeeirre.

Both circuits can handle high utpu: cc

levels without overloading.

A dual gate MOSEET :i ib^’n m_a E-'

cd mixer circuit in 5gars 2;A- i ne ~

shown has no internal chip yrotemtn a

Figure 22

THE DOUBLE BALANCED MIXER
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shape than those used to tune the r-f stage.

In receivers using large tuning capacitors

to cover the shortwave spectrum with a

minimum of coils, tuning is likely to be

quite difficult, owing to the large frequency

range covered by a small rotation of the

variable capacitors. To alleviate this condi-

tion, some method of slowing down the

tuning rate, or bandspreading, must be used

as shown in figure 19.

Stray Circuit The stray circuit capacitance is

Capacitance that value of capacitance re-

maining in a circuit when all

the tuning and padding capacitors are set

at their minimum value.

Circuit stray capacitance can be attributed

to the input capacitance of the device in the

circuit and also to the capacitance to ground

of the components and wiring of the stage.

In well-designed receivers, every effort is

made to reduce stray capacitance to a mini-

mum since a large stray value, reduces the

tuning range available with a given coil and

reduces the LC ratio of the circuit.

10-5 The Mixing Process

The mixer

,

or frequency-converter, stage

of a superhet receiver translates the received

signal to the intermediate frequency by

means of a modulation process similar to

that employed in transmitters (figure 20).

The signal and local-oscillator voltages ap-

pearing in the output circuit of the mixer

are rejected by selective circuits and only the

rz

Figure 20

RECEIVER MIXER STAGE

Received signal fs translated to rntermiediat

frequency by the mixer stage. Signal =andl local

oscillator voltages and various mixer Products

are rejected by selective circuits mi^ amp

end only the mixer product at the mt

frequency is accepted.

mixer product at the intermediate frequency

is accepted.

Any nonlinear circuit element will act as

a mixer, with the injection frequencies and

sum and difference frequencies appearing in

the output circuit. Thus any diode, vacuum-

tube or solid-state device may be used as a

mixer.

The Diode Mixer Representative diode mix-

ers are shown in figure 21.

In illustration A, a single diode is used, the

input signal being attenuated below the lo-

cal oscillator signal by resistor R to provide

low-distortion mixing action. A twin diode

mixer is shown at B, the mixing signal being

applied in parallel to the diode cathode while

the input signal is applied in series with the

diodes. Mixing produces a product of the

signals, instead of sums and differences, and

this circuit is termed a product mixer.

A double diode mixer is shown in figure

22. This circuit offers good isolation between

the mixing signal and the output signal, at-

tributable to the inherent circuit balance

between the two input ports. No isolation

exists between the signal port and the output

(i-f) port and the circuit is not practical

for vhf work as wiring capacitance, trans-

former winding capacitance and location of

components can upset the circuit balance.

Di D2

vC—T—C<!

—

X“*T

Figure 21

DIODE MIXER STAGES

A-Single diode mixer, B-Doubte diode mixer

with input signal applied in series and mixing

signal applied in parallel to diodes.

The Double- The double-balanced mix-

Baiansed Mixer er has become a standard

component in vhf and uhf

communication systems and is now being
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r iwst-J.

Figure 27

PENTAGRfD M(XER STAGE

frequency of tTie miring oscillator or oscil-

lators. The overall stability of the receiver,

moreover, it determined by the frequent)'

stability of the oscillator. The frequer.tr/ ac-

curacy for S5B reception is rather precise

when compared with most other communi-

cation systems. A frequency error of, say,

50 Hz in carrier reinsertion results in notice-

able voice distortion, and intelligibility is

impaired when the frequency error is 170 Hz
or greater.

Oscillator stability should be relatively

immune to mechanical shock and tempera-

ture rise of the receiver. A tunable oscillator

should have good resetability and tuning

should be smooth and accurate. Construction

should be sturdy, with short, heavy inter-

connecting leads between components, that

resist vibration. Variable capacitors should

be mounted so tha: no strain exists on the

bearings and the capacitors should be se-

lected to have good, low-inductance wiping

the oscillator coil should be preferably

wound on a ceramic form and- the winding

W-'ld be locked in position for maximum
'.t« t'.issy. » arjanse inductors wien mo**’? cl**

core; snouic oe ; voided if possible, because

of pots: tie movement of the core under vj-

Jr. case of Coutse cor.'.'crsson recei'.’er; or.*
1

* y:v'r :r> chapter I! of trie handbook.

element is near r-f ground potential and feed-

back is between the collector and the emitter-

A JFET oscillator circuit (2) and a V.O>

FH7 circuit fC) are shown for comparison

The diode placed between gate and grounC

limits the level of gate Has to improve os-

cillator stability.

Because of the nonlinear change in the col-

lector-base capacitance during oscillator

operation, most transistor oscillators ernsult

a high level of harmonic energy. A low-pars

hiten may be required after the oscillator

to minimize spurious response in the recei-

ver caused by miring between unwanted

signals and oscillator harmonics. In f.dc:T-

<0?W

Figure 25

TYPICAL SOLID-STATE

OSCILLATOR CIRCUITS

A— IraniitSsr vtfH tmiSSer fteSfcl

«n»et:r. 2 ;rei -7^.1 C—

v

S«i;ut5f. ClsCt D. tttirii-i £*'-« *"#

liR»: fmi ;f jttt £i?; S5 Jre-cr? W.t *-

tUbXtf.

OseiUetcn

ion, one or more buffer :sages may or

!v::!-osc:l;asor cir- wired between oscillator and miner so

server:. A bipolar frequency when tV strength of :ht mcow-

/
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great care must be taken during installation

to prevent the thin dielectric material of the

gate from king punctured by static elec-

tricity. All leads should be shorted together

until after the device is connected in the

circuit. The MOSFET should be handled

by its case and it should never be inserted or

removed from a circuit r/hsn operating volt-

ages are applied.

The dual g2tc MOSFET shown in illus-

tration B has internal protection diodes that

allow it to be handled with crdinsiy care.

rtft

Both circuits offer high conversion gain,

relative immunity from cross modulation,

and do not load the local oscillator heavily.

A balanced miier using JFETs h shown

in figure 26. This miier provides excellent

immunity to intermodulation and cross-

mciuiarion effects wn5e exhibiting a noise

figure of about $ dB zz iW MHz. A com-

mon-gate configuration is used, with the

mixing oscillator coupled to the input cir-

cuit. Wideband ferrite-core transformers are

used for good performance over the 50-MHz

to 1 50-MHz range. A trifikr i-f output

transformer is used to march the input im-

pedance of the following stage.

Vccuum-Tube Vacuum tubes have been used

Mixers for decades as mixers and fig-

ure 27 illustrates one of the

more common circuits. The pentagrid con-

verier is shown. Tubes of this type 2re good

conversion devices at medium frequencies,

although their performance tends to drop

off zbove 20 MHz or so.

Triodes and pentodes may also be used

as mixer tubes, the mixing voltage being

injected on the control grid, screen grid, or

cathode.

©
Figure 25

TYPICAL MOSFET MIXER STAGES

A-Dual-gzte MOSFET miier. B-Dual-pte »^s*

FET with diode prelection. Both circuits e^er

high conversion gein 2nd relative immunity from

cress modulation.

10-6 The Mixing Oscillator

The exact frequency of reception of s

superheterodyne receiver is controlled by the
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a lower intermediate frequency in order to

pick up gain and selectivity that cannot be

economically achieved in the higher i-f.

[F Transformers Intermediate - frequency

transformers commonly
consist of two or more resonant circuits

coupled together- The circuits are usually

mounted in a metal shield. Either air-, or

powdered-iron core windings may be used,

the latter providing a higher Q and greater

selectivity.

Figure 31

IT COUPLED CIRCUITS

0-7«, imt
c.p.ciih. 1, c. npltC

e
s.-ssaig,*-' -ft

S* K™« *«•««

The transformers are tuned by means of

small parallel-connected capacitors, the ca-

pacitor being variable in some cases and in

others the capacitors are fixed and the wind-

ing is tuned by varying the position of the

slug core. Some representative examples zre

shown in figure 31. The circuit shown at A

is the conventional i-f transformer, with in-

ductive coupling provided between the

windings. As the coupling is increased, the

selectivity curve becomes broader and over-

coupling the windings provides a flat-top

response.

The windings of this type of i-f trans-

former, as well as most others used for

low-frequency work, consist of small, flat,

universal-wound pies mounted on either an

insulated core, or on a powdered-iron core.

The iron-core transformers generally have

somewhat more gain and better selectivity

than equivalent air-core units.

The circuit of illustration B utilizes ca-

pacitive coupling between the windings of

separate transformers to improve selectivity.

In some cases, three resonant circuits arc

used, as shown in illustration C. The energy

is transferred from the input to the output

winding by virtue of the mutual coupling

to the center winding.

The selectivity of the i-f amplifier depends

on the number of transformers used and the

Q of the transformer windings. A single i-f

stage operating at 455 kHz, for example,

utilizing two transformers having two wind-

ings each could exhibit a response having *

bandwidth of 3.5 kHz at the “6 dB points,

and 1 6 kHz at the —50 dB points- Addi-

tional tuned circuits, of course, will sharpen

the skirt selectivity of the amplifier, as dis-

cussed in the following section.

Shape Factor
J t \ % obvious that to accept

an SSB signal the i-f amplify

must pass not a single frequency but a band

of frequencies. The width of this passbani

usually 2 kHz to 5 kHz in a good communh
cation receiver, is known as the pwbsrA,

and is arbitrarily taken as the width between

the two frequencies at ’which the response

is attenuated 6 dB, or i 5

“
6 dBdown.”Kow-

CVc
f»

it is apparent that to discriminate

against an interfering signal which is strong*'

than the desired signal, much more than (-
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LottiJ-Oiciffotor All oscillators produce phase

Noise noise but until recently this

source of dynamic range re-

duction was overshadowed by the effects of

inrermodulation and overload. In modem re-

ceivers, however, the noise sidebands of the

local oscillator must be reduced to avoid

degrading strong signal performance of the

receiver. Noise sidebands of 2 typical oscil-

lator may be 80 dB below the intercept point

but will nevertheless mix with strong signals

out of the recover passband to create enough

noise power within the passband to mask

weak signals. A very -low-noise oscillator cir-

cuit is shown in figure 29.

(Design by DJ2LR)

The Frequency A higher order of accuracy

Synthesizer 0f frequency’ control for

both receiver and transmit-

ter may be achieved by crystal control of

the various conversion oscillators. Multiple-

frequency operation, however, calls for an

uneconomical and bulky number of crystals.

These problems are solved by the use of 2

frequency synthesizer (figure 30). This is 2

device b which the harmonics and subhar-

morncs of one or more oscillators are mixed

to provide a multiplicity of output frequen-

cies, all of which are harmonically related

to 2 subharmonic of the master oscillator A
discussion of the frequency synthesizer is in-

cluded in Chapter 12, "Frequency Synthesis.

Figure 30

FREQUENCY SYNTHESIZER

Subharmanics (F,) of crystal oscillator are com-
pared with divided signal (Fc) of voltoge-con-

trolfed variable oscillator. Error signal corrects

frequency of veitege-csnlrclled oscillator.

10-7 The I-F Amplifier

The main voltage gain of a superhet re-

ceiver is achieved in the i-f amplifier stages.

Intermediate-frequency amplifiers common-

ly employ bandpass circuits which can be

arranged for any degree of selectivity de-

pending on the ultimate application of the

amplifier. I-f amplifier circuitry is veri-

similar to those circuits discussed for r-f

amplifiers earlier in this chaprer and the

stage gain of the i-f chain m2)’ be controlled

by an automatic gab control circuit actu-

ated by the received signal.

Choice of The btermediate frequency

Intormedioie used is a compromise between

Frequency high gain, good selectivity,

2nd image rejection. The low-

er the frequency, the higher will be the gain

2nd selectivity, and the lower the image

rejection of the particular receiver. Con-

versely, the higher the i-f, the lower the

gab and selectivity will be and the higher

the image rejection. By traditional usage and

btern2tionai agreement, the most commonly

used btermediate frequencies are 262 kHz,

455 kHz, and 1600 kHz for communication

and entertainment receivers. Many sideband

equipments make use of crystal-filter i-f

systems in the 5-^IHz to 9-MHz range and

vhf equipment may have btermediate fre-

quencies as high as 1 50 MHz. When 2 high

value of i-f is employed, it is common tech-

nique to convert the signal 2 second time to
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-121
'

Figure 33

CASCADE CRYSTAL FILTER

InSuctsr l, is tuned to center frequency cf niter by C%

2 number of metal discs, and an output

transducer.

The input and output transducers serve

only as electrical-to-mechanical coupling de-

vices and do not affect tbs selectivity char-

acteristics vrhich are determined by the metal

discs. An electrical signal applied to the

input terminals is converted into a mechan-

ical vibration at the input transducer by
means of rcgurlWrifrion. This mechanical

vibration travels through the resonant me-

chanical section to the output transducer,

“here j; is converted by magnetostriction to

an electrical signal ~hich appears at the out-

put terminals.

In order to provide the most eScient elec-

tromechanical coupling, a small magnet in

the mounting above each transducer applies

2 magnetic baas to the niciel transducer core.

The electrical impulses then add to or sub-

trac: from this magnetic bias, causing vibra-

tion^oi me r.hcr elements which corresponds

to the exciting signal. There is no mechani-
cal motion except for the imperceptible
vibration oi the metal discs.

The frequency characteristics of the me-

chanical Sizer are permanent, and no ad-

justment is required or is possible. Tbs £!~

is enclosed in 2 hermetically sealed case.

In order to realize full beneft from tnt

mechanical niter’s selectivity characteristics.

it is necessary to provide shielding bervem

the external input 2nd output circuits, ca-

pable of reducing transfer of energy exte."nri

to the niter by 2 minimum value of 1 CO C3.

If the input circuit is allowed to cccpb

energy into the output circuit external to

the fjter, the excellent skirt selectivity

deteriorate 2nd the passband charactensriti

"j]J be distorted {figure 35 ).
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mmonl; chosen I0 indicete adequate die-
crramatmn against an interfeins^ •

j

J'jVFf”' " inferable ro have
tofeaMd, it SOdBdovnasnaraiwas
!®!lbI'’ but n must b; done without mik-
5”E the passband (f-dB points) too nmox
(or satisfactory reception of the desirtd sip.

.

T
, ,

“Surc of mer>t used to those theMo of band-.;idtl, at 6 dB down to that at
<> dB down is designated as ship

e fedor.
(he ideal i-f ram

(a rtctfflj|e s
t

have a shape facto: of I.Q. The i-f shape fac-
to: in typical communications receivers runs
from 2.0 to J.5.

The most economical method of obtaining
3 tow shape factor for a given number of
tuned circuits is to employ them in pairs,

adjusted to critical coupling (the value at
which two resonance points just begin to be-
come apparent). If this gives too sharp a
Mie or passband, then coils of lower 0
should be employed, with the coupling main'
tsrned at the critical value. As the Q is

lowered, closer coupling will be required for
critical coupling.

Conversely if the passband is too broad,

coils of higher Q should be employed, the

coupling being maintained at critical. If the

passband is made more narrow by using

looser coupling instead of raising the 0 and
maintaining critical coupling, the shape

(•actor will not be 25 good.

The passband will not be much narrower

for several pjjirs of identical, critically cou-

pled runed circuits than for a single pair.

However, the shape factor will be greatly

improved as each additional pair is added, up
to about J pairs, beyond which the improve-

ment for each additional pair is not signifi-

cant. The passband of a typical communica-

tion receiver is shown in figure 4.

The Crystal Filter A quartz crystal can be

used as a selective filter in

an i-f amplifier, providing
a sharply peaked response that is suitable

for c-w reception- Rejection of the audio

signal as high as JO dB can be ob-

cained with the proper circuitry. The skirt

selectivity of a single crystal filter, however,

J*
poor and the shape factor of the response

Is poor for SSB reception.

cZl,m **-«*-
of the angle cystal flier can
be mMid iy c!lc „ rf

'
*

.
' “eu“K^ mter tor SuJ re-

ceptrm mjh hm , paasbaud rf ,
!t «^y3 4000 Hzar-m dB.Rep““mfaaiwijpm 31 A

mfTjT A
iJ

i! rW’mSl:e Of
crjitifs iSirj ^ an 2momt j
ferf WriU insprov” the &

I
rf P«*«t additional crraals

FtT** .“ *= « shown! B
Provided there ss no lesbge of signal around
”• “itc\“ f 1 good shape factor
can be achieved with this filter dm™ « ,
antes Irapacy so aass of J00 MHz;
’M

moreover, have b» used
10 commercial rensmumcan'on systems.A representative cascade crystal filter j,
shown w figure 53, Filter bandwidth is d«-
ternmed by the series-resonance frequencies
ot the crystals. The values of the input and
output terminating resistances are deter-™“ b

r
lbt m‘ic of the filter and the

passoand required. For SSB reception, the
irequean- spacing between the Xa-X, and
a!'A* pairs is about 2 kHz.

^agf* Jr*
©

Figure 32

BANDPASS CRYSTAL FILTERS

A-Oinl cprslal filter. B-Meriipi, cr/stI , Bits
improves passband response.

T&e Mechanical The mechanical filter is an
^ ,er electromechanical bandpass

device about a quarter the

size of a cigarette package. As shown in

figure 54, it consists of an input transducer,

mechanical section comprised of
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function in both receive and transmit modes.

During the receive function, the bilateral

amplifier passes the signal from the miser to

the balanced modulator and during transmit

it passes the signal in the opposite direction

—from the balanced modulator to the

mixer. The same tuned circuits are used for

both transmitting and receiving. The var-

ious injection oscillators operate continu-

ously, supplying the local mixing signals

to the proper mixer stages.

Figure 38

BILATERAL l*F AMPLIFIER
FOR TRANSCEIVER

']
.

2rnpliflEr ste^e {unctions in both

?,£
,»v^tran*r

?
it mDtIes in SSB transceiver.

Xr'S ?
1"

BS
-

trensfer opfira!ion from t«n*
s stor a, to transistor R, as VOX relay is actu-
2tcl Common-emitter states are used with

base-bias control,

^

In the circuit shown, the amplifier open
ates in the common-emitter configuration
In the receive mode, the 33K base-bia
resistor is returned to the receiver cutoff
bm control line, disabling transistor Q,
.

hc Jase-bias resistor of transistor Q ;

rct
.

urnc

J.

10 tJlt transmitter bias-contra
C

!.

rCU

v^v
hlCh is 2t ground PO^ntial whet

_ .

0X
?

]iY » actuated. Thus, in the
receive mode, a signal appearing at the re-
«:vcr i. ; transformer (T-) will be amplj-

- V 27t5)5t0r Q-' :n d delivered to the
••Mransiormcr (T : ). Then the VOX dr-“U i< activates l0 the transmit mode, the

,

iin« prc inverted in polar-
:ri
r:rt0^Q: h cut off and Q :

co"a"^: - There:ore, a signal sp-

\ 7‘ :r:~- :c—- Ts is amplified bv
0:5 ’r~sfo~n' Tj. Uni-

t!i:; :rc nor rcT“i:cd on either'~ :t cr ~ce:vc may be turned off bv
reisers ;0

10-8 Solid-Sfafe

i-F Strips

A very compact i-f/a-f strip can be built

around modem ICs. The model shown is

designed for SSB reception and utilizes :

9-MHz crystal lattice filter for selectivity,

a product detector, and a local oscillator.

Various high gain, linear ICs have been

developed for i-f amplifier service, and s

typical unit is the CA 302 8A, shown in

l 6

AMPLIFIERS

A-CA-CtrtA ei"trer*ij1 irwHirr
S-CA-3S20 spsraiim! erartifter

/
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i-f

twtp.vm

±12

Figure 35

THE MECHANICAL FILTER IN AN l-F STRIP

circuits (figure 37A). A second transfilter

resonator maj' be substituted for the conven-

tional emitter bypass capacitor to enhance

i-f selectivity. Transfiitcrs may also be em-

ployed in the high-Q oscillator tuned cir-

cuits. The passband of a single transfilter

i-f stage with emitter resonator is shown

in figure 37B.

Bifetera! A bilateral amplifier is one that

Amplifier amplifies in two signal directions

(figure 38) . Such a stage is useful

in SSB transceivers wherein r-f and i-f stages

kHz

Figure 3fi

DIODE FILTER SWITCHING

e-corttrolled switching

ling between input und
n* niter,

s, thus preserving shape factorof tte ni«r.

opriate diode pairs at

:h (Si), Orb diode pair ’S ftware .

time, allowing proper filter tc

Figure 37

MECHANICAL RESONATOR

USED AS I-F FILTER

A-Transistorired i-f amplifier wing TpjnsfilttB

(TF-1, TF*2}. Addition of second Transfilter (X)

will sharpen selectivity, B-Passband of single

Transfilter H stage with emitter resonator.
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%ure 39A. This derice consists of 2 difier-

endal amplifier (Q; , Q*) •Kith the com-

mon-emitter elements connected to tie

collector of Qs. Because of the high imped-

ance of Qj, the sum of the emitter currents

of Qj and Q2 are practically independent

of the operating points of Qr and Q;. Tran-

sistor Qj is termed 2 current sink. The out-

put of the IC device is a function of the

difference between the input signals and, 2s

such, functions as an amplifier. The 3022A

can also serve 2s 2 limiter, product detector.

frequency multiplier, and mixer.

The more complex 5020 integrated cir-

cuit (figure 59B) is used as an audio

amplifier and age control device. This is a

high-gain, direct-coupled amplifier with

cascaded stages, incorporating a separate

output 5t2ge (Qc, Q,-).

The circuit of the 9-MHz i-f amplifier

chain is shown in figure 40. A 9-MHz crys-

tal lattice filter (FLj) is placed a: the input

of the amplifier to determine the overall

selectivity. The input impedance of IQ

together with the parallel-connected RC

circuit form the load impedance for this

particular filter. The signal is impressed on

the base of transistor Q- in the CA 5028A

device which, together with Qj, forms 2

low-noise cascode amplifier. Transistor Qr

is unused and connections I and 8 of IQ
are unconnected.

Gain control voltage is fed to pin 7 of

IQ and IQ to vary the base bias of tran-

sistor element Q». Maximum gain is achieved

at maximum voltage ( t/} and minimum
gain at about -fl.7 volts. This voltage

range varies the gain of the two stages over

a 45-dB range. Pin 4 of IQ is grounded

through an RC network which permits 2

varying degree of negztive feedback voltage

to be applied to the emitter of Q» (figure

59). Potentiometer R.: thus serves as 2 man-

ual gain control, permitting adjustment of

gain to achieve best overload characteristics.

The output signal of IQ is taken from

the collector of Q> which is tapped on the

interstate circuit at the proper impedance

level to achieve good interstage selectivity.

The second amplifier stage (IQ) is essen-

tially connected in the same manner as the

first stage. The output circuit is an untuned

r-f choke.

IQ forms the product detector and local

oscillator. The signal is fed to the base of

device Qi through a series of isolation circuit

which prevents oscillator voltage from

reaching IQ. Device Q> serves as 2 Coipirts

oscillator with crystal X2 for emitter injec-

tion into the differential amplifier Qi, Q-.

Figure 40

94IHz IF STRIP USING ICs

.. - j ... tnr «p Tit« alien and insludes a crystal filter [F10. twe anplifyinz

’Hus k* strtp is deseed for £SB
2B!j ,Bea , Mea[atir (ID* 7T:e euwrt

stages [IC, 2nd IC*) and
KJjJJ then so dS) and lew n:fse ffetrre, A manual

com&ines high dynamic srgrel ^ ccntrol WItJge {s F;r 7 C f the first Ws
range cf 20 dS etfe^rf was a tfesfrt ef ft R

ib. ctaiw a ib is a™.
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Figure 44

A—Load voltage follows modulating envelope.

B—Current flow through diode and load resistance,

velopcd across the load resistor varies with

respect to the modulation envelope, the value

being smoothed out by capacitor C which

acts as a filter for the r-f component of the

signal output voltage.

$SB Demodulator: The product detector is

a linear demodulator in

which two signals arc multiplied together to

produce a resultant output audio signal.

Product detectors are preferred over other

detectors for $$B reception because they

minimize intermoduhtion distortion prod-

ucts in the audio output signal and do not

rest sure excessively large local carrier voltage.

A simple double-diode product detector is

sneers in figure 45 JA. This circuit has good
»:rge-:ign:! handling capability and may be
used with ;n inexpensive high impedance i-f

allcl mode, where it is rejected by the push-

pull output configuration.

A simple transistor sideband demodulator

is shown in figure 45C, The transistor is

heavily reverse-biased to a class-0 condition

and the two input signals arc mixed in the

base circuit. The audio product of mixing

is taken from the collector circuit.

A source-follower product detector em-

ploying two Jf'TsTs is shown in figure 45D.

Its vacuum-tube counterpart will be recog-

nized in figure ¥>. The two gates provide

high-impedance input for both the i-f signal

and the carrier oscillator, while providing

good isolation bctv.'cen the two signals, liotn

intermodulation distortion and conversion

gain arc low in this circuit.

A dual-gate MOalF.T is used as a product

detector in figure •4iF, Various MOsdFTs,
designed for mixer applications, provide a

wide dynamic operating range which permits

them to handle large signal levels.

O r//d isolation between i-f signs! and car-

rier signal may be obtained w;*h simple

vacuum-tune product detector circuits. A
tr/odc product detector is shown in

figure The tube is cathode-kissed ir.’O

the nonlinear operating region ;r.d the

demodulated ::gr;s! is takers from the plate



COMMUNICATION RECEIVER FUNDAMENTALS 10.29

junct to the communication receiver for the

reception of c-w or SSB signals.

The oscillator is coupled into or just ahead

of the second detector circuit and supplies a

signal of nearly the same frequency as that

of the desired signal from the i-f amplifier.

If the i-f amplifier is tuned to 455 kHz, for

example, the bfo is tuned to approximately

454 or 456 kHz to produce an audible

(iOOO-Hz) c-w beat note in the output of

the second detector of the receiver. The car-

rier signal itself is, of course, inaudible. The

bfo is not used for a-m reception, except as

an aid in searching for weak stations.

Care must be taken with the bfo to pre-

vent harmonics of the oscillator from being

picked up at multiples of the bfo frequency.

The complete bfo rogerber with the coupling

circuits to the second detector, should be

thoroughly shielded to prevent pickup of the

bfo harmonics by the input circuitry of the

receiver. The local hf oscillator circuits

shown in Section 10-6 may be used for

beat-frequency oscillators, as can the various

Figure 42

DUALBFOs FOR USB

AND LSB RECEPTION

oscillator circuits shown in the chapter

"Generation of R-F Energy.”

Many modern SSB receivers employ sep-

arate crystal-controlled beat-frequency oscil-

lators to provide upper- and lower-sideband

reception (figure 42). Dc switching is used

m this particular circuit which is preferable

to crystal switching. A buffer stage isolates

the oscillators from the load, while increas-

ing the bfo voltage to the proper level for

the detector stage. The crj'stals are placed

on the correct frequencies by means of the

trimming capacitors.

10-10 The Detoctor or

Demodulator

Detection, or demodulation, is the process

of recovering intelligence from a signal. The
simplest and oldest detector is the diode,

which makes use of the unilateral character-

istics of a semiconductor or vacuum-tube de-

vice to produce an output voltage propor-

tional to the modulation level (figure 43).

The diode detector may be used directly on

an a-m signal and can be used for SSB or c-w

THE DIODE DETECTOR

RC is tha load impedance across which the audio

voltage is developed by the detector.

reception with a carrier oscillator. The diode

loads the driving circuit and thus reduces the

selectivity of the i-f system to a degree un-

less the transformer is designed for the low-

impedance load. To minimize audio distor-

tion on a-m signals having a high percentage

of modulation, the capacitance across the

diode load resistor should be as low as possi-

ble. The diode may be used as a single-ended

or push-pull detector, the latter circuit

having somewhat lower audio distortion than

the former.

Action, of a diode detector is illustrated in

figure 44. When a signal is applied to the

detector circuit, current flows only during

that part of the cycle over which the diode

conducts. The capacitor C is charged up to a

potential that is almost equal to the peak of

the signal voltage. Between signal peaks, a

portion of the charge on capacitor C is dis-

charged through resistor R, to be replenished

by a new charge at the peak of the next sig-

nal cycle. The result is that the voltage de-
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mg. Excessive carrier signal may also cause

overloading or desensitization of the audio

section of the receiver and also cripple the

age action. Stray coupling from the carrier

oscillator to other portions of the receiver

circuitry, then, must be carefully controlled-

10-11 Auf-omaHe Gain

Control

Modern communication receivers include

a control loop to automatically adjust the

r-f and i-f gain level. The loop holds the

receiver output substantially constant de-

spite changes in input signal level. This sys-

tem is termed automatic gain control [age).

Conventional a-m automatic volume control

systems arc generally not usable for SSB

since they operate on the level of the carrier,

which is suppressed in SSB. A system must

be used which obtains its information di-

rectly from the modulation envelops of the

incoming signal. The control voltage de-

rived from the age detector is applied to a

variable gain clement in the receiver, usually

in the r*f and i-f chain.

For optimum SSB reception, the comrol

voltage must be applied rapidly to the vari-

able element to avoid transient overload at

the beginning portion of each word, other-

wise an annoying age thump will be appar-

ent at the start of the first syllable. As the

syllabic envelope, of the SSB signal is z rep-

lica of the original audio signal, the age

voltage must rise rapidly with the start o‘

the syllable and then hold at a value cor-

responding to the average of the syllable

undulations of the signal over an extended

period of seconds. Too-rapid variations of

the age voltage with respect to syllabic peaks

may bring up background noise in an ob-

jectionable marmei termed agf Jnmphg.

The ideal age action, then, exhibits a fasr-

attack, slow-decay time constant. Circuits

having a charge rime of 50 to 200 milli-

seconds 2nd a discharge time of 0.5 to 3

seconds have proven successful.

The i-f signal may be used to control the

age system in a solid-state receiver, as shown

in figure 47. An IC is used as an amplifier

to provide gain and isolation. The resulting

signal is rectified 2nd further amplified by

cascaded dc amplifiers Q : 2nd Q> Transis-

tor Q: is forward-biased by the age voltage

to provide 2 voltage drop across the collector

load resistor. This voltage biases Q: more

heavily in the forward direction when 2

large signal arrives and increases the voltage

drop across the emitter resistor. This voltage

varies in accord with the strength of the in-

coming signal and changes the bias voltage

on various signal stages.The 2gc character-

istic is determined bribe 2 gc rime constant,

R,,R„C.

SOLID-STATE AGC SYSTEM

n :- tr; .tjifjtr *tr t-tri: is else* nstr.tr (D . c.l *-

f

-fhTT
C: r!

'
C fr;

R- t £z ’-f-j'. h tiVf. frs— er-lurr rl'Sv'-t r! £_ I'T".r'-si'r'r'^
•'.'ll! r'ftfS 1- Sf; P> ft tf It! rtlf
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A—Double diode product detector. Simple RC filter is used in audio circuit to remove r-f products
from output. B—Diode ring demodulator. C—Bipolar transistor demodulator. Input and focal oscil-

lator are mixed in base circuit. D-Source follower demodulator using two JFETs. E—Dual gate

M05FET product detector. F—Cathode-biased Mode product detector.

circuit through a simple r-f network that

filters out the unwanted r-f mixing products.

A dual-triode demodulator circuit (simi-

lar to the JFET circuit shown in figure

4SD) provides excellent isolation and low

intermodulation distortion (figure 46). The

SSB signal from the i-f amplifier is applied

to a cathode-follower stage that effectively

isolates the signal source from the mixing

circuit. The carrier signal is fed to the mix-

ing tube and is amplified. The signals mix

TO

TYPICAL VACUUM-TUBE
DEMODULATOR

Dual triotfe product detector provides low inter-

modulation distortion at high signal level.

within the tube and the product output is

taken from the plate circuit of the mixer.

Sideband Any sideband modulator can be

Detectors altered to become a demodulator

in General by feeding in carrier and a side-

band signal instead of a carrier

and audio signal and changing appropriate

r-f transformers to audio transformers. Gen-

erally speaking, the magnitude of the carrier

signal should be from 10 to 20 times as

strong as the sideband signal for lowest in-

termodulation distortion and highest signal

overload capability. All signal components

other than the desired audio signal must be

filtered from the output section of the de-

modulator if good performance is to be

achieved. Carrier injection level should be

adjusted for minimum intcrmodulation dis-

tortion on large signals, however, care must

be taken to prevent the carrier signal from

reaching the i-f stages of the receiver by

radiation and conduction along circuit wir-
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10-12 The Signal

Strength indicator
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omput level exceeds the threshold Wei
Qi condUc
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?
e' Ic hl! separate time constants*h set the age attack and drfaytitnecot,-

capadtfrr^
“SC ?*7- R“mr R ‘ ”d

apacitor Q determine the attach nme con-
stant. Capacitor C, discharges either through
trastor R, or resistors R, and R, in paralM
depending on whether fast or slow age is se-
lected by switch S, to set the delay time con-

?”t ™lt2SC. whose level is a function« the i-f output level, is fed through the
arhngran emitter follower (Qj and Qs )re it is then applied to tie integrated dr-

«Da.TT.e
tie oiitpiifrLitw^T01 ^ 50 that

trying input levels.

** 7 COQSt3nt for

Audio c -

1*55,*4™°4S4=

A/^rthTa^tx-
and returned to the control sL" ‘fepassing through a combination flte/and deVnetworh. Tractor Qliopem/

d.*

out base has so that no output is obtainednnid the mput signal exceeds a critical

li ri!

W t

l’
?°“sl “ “rn 011 tte ®n-

*ff: °?“ f®
,mJ * racH very little

addioo^l voltage is needed to achfeve full
output from the age rectifier. This results in
a very flat age characteristic.

A different audio-derived age circuit is
shown m figure «B. A JHT serves as a
source follower from the audio line, dririg

figure 48

AN ADVANCED AGO SYSTEM WITH LARGE DYNAMIC

SIGNAL RANGE CAPABILITY
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Figure 51

SIGNAL STRENGTH INDICATORS

A—HigWrn?c£2nce voltmeter measures average zi'~ vrltz££.

B-l/ete; amplifier recirtens mw^e relue of ieteriei sj?£»p.
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Figure 50

AUDIO AND ADD CIRCUITRY USING ICs

TOs compart audit anti age strip usss twe Its and two transistors. |C< serves as an at/flio amplr-

FlSr
< driving an external speaker via Ti. ICi serves as the age amplifier and wnlrcl stag*.

JJie
oc

wnlraf voltage is obtained from rectifiers fD,-Dj). A variable time constant «n thejsntral *01122* is

fcWeved, whereby small time constants are obtained at low signal levels and a *«ge Ume constant

tS achieved at a high signal level. Qj inverts the control voltage levels for wnect polanty when

applied to the i-f chain of figure «, Refer to figure «B for internal circurtry « ic«, ic*.

10*13 Impulse Noise

Limiters

.
High-frequency reception is susceptible to

interference front impulse-type noise gen-

erated by certain types of electronic equip-

n,ent
» ignition systems, switches, or like dr*

ataxy. Impulse noise, because of the short

pulse duration, has a low value of energy per

pulse and to cause appreciable interference,

must have a peak amplitude appreciably

greater than the received signal. Noise may

be reduced or eliminated by reducing the

receiver gain during the period of the noise

pulse or by clipping the pulse to the ampli-

tude of the received signal.
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10-15 Direct Frequency

Readout

Many receivers and transceivers have a

frequency counter incorporated in the design

to provide direct readout of the operating

frequency. Digital readout can provide fre-

quency accuracy comparable with the

accuracy of the measuring clock, and read-

out to 100 Hz, or better, in the ht region is

achievable with inexpensive circuitry.

The simplest readout device measures the

frequency of the conversion oscillator and

adds the intermediate frequency to it to

obtain the operating frequency (figure

5 8A ) . A counter of this type is suitable for

a-m reception, but for SSB or c-v reception,

a more complex interface between the re-

ceiver or transceiver and the counter is

required.

A representative counter for c-w and SSB

reception is shown in figure 5 SB. For SSB,

the counter monitors the frequency of the

suppressed carrier of the received signal and

for c-w, the frequency of the incoming

signal is read 6'irecih without zero-beating

or other spech

]

tuning. For 2 double-conver-

sion receiver, the counter is connected to

the three oscillators in the receiver which,

in combination, determine the received fre-

quency. The counter mixes the two hi

oscillator frequencies, then mixes the result-

ing signal with the i-f (or beat-frequency)

oscillator. Depending on the coupling be-

tween the counter 2nd the bfo, the counter

C2n either measure the actual tuning fre-

quency, or the suppressed carrier frequency

of 2 n SSB signal.

Figure 52

DIRECT FREQUENCY READOUT
l '•revt-yr p~>>» rtf ?-r 2 rttt't*!. c r MSiRjrir. /—

llid tvrtrv;*: *-£ tfc
t f't-

17 c-f
"

: e-t-f! trs cr-—.tr *er: rtesfrer c' *'/ nvt'ni
" Cn—.»• -r- « r** jtrt-itst frtretrry, er erwr fwtr.ey.
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Figure 52

AUDIO NOISE LIMITER

When noise peaks Exceed a preiteterniinsdvsit-

age determined by the diode hies, the diodes

conduct end shunt the noise peeks to ground.

Clipping level mey he fitsrcssad by mser.5 of

potentiometer.

i-f bandwidth is brad, because 2 sharp i-f

amplifier will leagues die pulses by the time

they reach the second detector, making the

limiter less effective.

The I-F Noise I-f noise limiting is more ef-

Lmrter festive than audio limiting. A
representative i-f noise limiter

is shows in figure 54. This circuit clips the

positive and negative noise peaks above. 2

certain signal level, the capacitors in senes

vith the diodes holding the diode bias con-

stant for the duration of the heavy noise

puke. The time ccnsmnt is determined by

die value of the capacitors and the shunt

resistance. The limiter is disabled by the

2N2222 control transismr.

is often tied in with the age system so as

to make the optimum threshold adjustment

automatic instead of manual
£

Suppression of impulse noise by means 0

*

an audio peak limiter is best accomplished at

the very front end of the audio system (fig-

we 53T
f , ,

The amount of limiting that can be ob-

tained is a function of the audio distortion

that can be tolerated. Because excessive dis-

tortion will reduce the intelligibility as much

as will background noise, die degree of lim-

iting for which the circuit is designed has to

he a compromise.

Peak noise limiters working at the second

detector are much more effective when the

10-14 The Noise Blanker

It- noise blanker employs 2 blanking

ste in the i-f system which silences the

-elver in the presence of certain types of

o-V Voise blanking is most effective on

feor: duration, high amplitude, low repeu-

:on nte noise such as automobile ignition

loice and make or break switching It is

ejs effective with long duration, high rep-

ays noise such * lightning crashes, some

wtrer line noise and brush arcing on mows.

The reason the noise blanker is. mencc-

ive on low-amplitude,
long-duration noise

-12

AUDIO NOISE LIMITER

• - . crises c!lJ,e
*"lSi! 5

Negstive pulses disable flistfeD, a"tJ P
3StlY '
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8O03T CUT

Figure 61

TONE CONTROL CIRCUIT

lislicd by a feedback circuit consisting of

Q., and associated components.

A 3-watt audio system capable of quite

low distortion is shown in figure 60. A
complementary-symmetry output circuit is

used, driven by a low cost optional ampli-

fier.

Tire Audio An audio filter can be used in

Filter the audio system of a receiver

to improve the signal-to-noisc

ratio, to increase the intelligibility of a weak

signal, or to tailor the audio response to meet

listening conditions. While LC filters have

been used extensively in this type of service,

the modern active filter employing RC com-

ponents has proven to give superior results.

A simple tone-control circuit which can fur-

nish up to 15 dB bass and treble boost or cut

at 1 00 Hz and 1 0 kHz, respectively, is shown

in figure 61. With controls set for fiat fre-

quency response, the circuit offers unity gain*

An active c-w filter peaked at 800 Hz is

shown in figure 62, The bandwidth of th>s

type of filter can be adjusted from a flat

response to a peaked response of less than

10 Hz. In addition, it can be arranged to

Figure 62

TV/0-SECTION C-W FILTER WITH
ADJUSTABLE BANDWITH

Esniwieth jn set by chsise el eempontnit in feedback circuit
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TWO-WATT AUDIO STAGE FOR RECEIVER

JO-16 The Audio System

Tbe audio system of many high-frequency
receivers “ of inferior qmiity. This is sur-
pn^jcg in view of the inexpensive, high
Quality stereo equipment on the market, ft

T® ,

555111 tkt some of this circuitry should

incorporated in the more sophisticated

communication
_

receivers. Such is not the
Ca

J ««*** receivers hare a high lerel of
2“ !° distortion, marginal audio power cap-

md a Jos. qrftj.
“ older tube-style receivers, while not

fiarin^ 2 "high fidelity” audio system in

most instances still surpass most new recov-
ers having an IC audio system.

It is possible to have good quality audio
when using soh'd-state circuitry. Figure 5?
is a representative circuit that wifi provide
good quality audio at a power level of about
2 watts. The audio signal from the detector
uc fed to thg base of transistor Q.. This de-
vice drives a complementary output stage
consisting of Q,-Qt . The signal for the
speaker is taken from the collector of Q,
through a large coupling capacitor which re-
moves the dc from the speaker. The frc-
quency response of the amplifier is cstab-

Figure 60

HIGH-QUALITY AUDIO AMPLIFIER FOR RECEIVER
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provide bandpass, inghpass, or lowpsss ire- response is determined by tie feedback cir-

quency response. Thus, this device is ideal cuit placed around the active device. Addi-
for shaping the audio passband of a receiver rional discussion of feedback circuits for op-
for speech, RTTY or c-w reception. Filter erational amplifiers is included in Chapter 4.

Part II—The VHF and UHF Receiver

Vhf and uhf receiver design and con- cuit resonances do not alter the proper oper-

struction follows the same general philoso- ation of the equipment,

phy discussed in the first part of Chapter 10 The outstanding factor in vhf/uhf re-

fer hf receivers, hut with important conse- ception, as compared to reception at the

quences dictated by the peculiarities of radio lower frequencies is that the ultimate system

Waves and propagation at frequencies above sensitivity is primarily limited by equipment

30 MHz. noise, rather than by noise external to the

ft should be remembered that at 50 MHz receiver. It is therefore possible to realize

a half-wavelength is about U8 inches and superior performance in terms of usable sig-

at 420 MHz a half-wavelength is only 14 ml-to-noisc ratio and sensitivity as opposed

inches. At the Utter frequency, a one-watt to an hf system, in which external atmos-

resistor is about .04 wavelength long and a pheric and manmade noise makes such re-

radio tube of the audio output variety is ceiver attributes relatively useless,

nearly an eighth-wavelength high. Thus at Vhf/uhf receivers are externally limited in

vhf and uif wavelengths, ordinary radio sensitivity only by extraterrestrial (galactic)

components approach the physical size of noise and some forms of man-made noise,

the radio wave and under these conditions Sophisticated receivers for this portion of

unusual things begin to happen to radio the spectrum can reach the galactic noise

parts that function well in the hf region. As level while rejecting manmade noise to a

a result, special small components designed great degree. The state-of- the-art receiver

for vhf/uhf operation are used, component noise figure is approximately as shown in

layout is critical and unusual precautions figure l.

must be taken to make sure that hidden cir-

jM ft} :-30 730 165 35 JK9 3330 10333

Figure 1

REPRESENTATIVE RECEIVER

NOISE FIGURE

State-of-the-art receiver noise ffprre rises from about u 4B at <15 MHz to near i cs si j

5

,cm MHz

for specialized solid-state devices operating at room temperature.
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Semiconductors Great advances have been

?n VHF/t/HF made in recent 3'ears in both

Receivers bipolar 2nd field-effect de-

vices and these improved

units have pre-empted the vacuum tube in

vhf -'uhf operation in low-noise receiver cir-

cuitry. Vhile the bipolar transistor exhibits

circuit loading due to low input impedance

and often has characteristics that vary

widely with temperature, these problems are

being overcome by new design 2nd produc-

ts;} Techniques- The ffeld-effecr device, on

the other hand, exhibits 2n input impedance

equal to, or better, than vacuum tubes in the

vhf uhf region.

The better solid-state devices 2re superior

to vacuum tubes as far as good noise factor

is concerned and noise figures of 2 dB or bet-

ter are possible up to 2000 MHz or so with

selected transistors and field-effect devices.

10-19 VHF Receiver

Circuitry

Vhf r-f receiver circuitry resembles the

configurations discussed for hf receivers to

2 great degree. Solid-state r-f circuits spe-

cifically designed for efficient vhf operation

are discussed in this section and they may

b? compared against the circuitry shown

earlier in this chapter.

The common-base (or gate) r-f amplifier

circuit (figure J) is often used with bipolar

devices in the vhf range since it is stable

and requires no neutralization. Either PNT

P

or NPX transistors may be used, with due

attention paid to supply polarity. The input

sicnai is fed to the emitter (source) ; the

base (gate) is at r-f ground potential; 2 r.d

the output sicr.a! is taken from the collector

(drain! circuit. Stage gain is lew 2nd two

c: more stages arc often cascaded to provide

sufficient signal level to overcome mixer

noise. The input impedance of the common-

bar? circuit is low and this configuration

cove no: offer as much r-f selectivity at doe:

tr.e common-emitter (source) circuit of fig-

* mb. circuit often requires neutraliza-

accomplished by feeding energy hicY.

*12

©
Figure 5

COMMON-BASE (GATE) R-F AMPLIFIER

Input signet is applied to emitter (A) cr scuree

(B) and culput signal is lafcen from collects: (A)

or drain (BJ. Stage zsm and input impetfer.ee

sre both low in this configuration,

2nd around the device. Tuning and neutrali-

zation are interlocking adjustments.

The cascode amplifier (figure 7)
is a

series-connected, ground-emitter (source),

greunded-base (gate) circuit. Neutraliza-

tion, while no: always necessary, may be em-

ployed to achieve lowest noise figure,

A neutralized, IGFET vhf amplifier st2ge

is shown in figure 2A. Protective diodes D:

and D- (discussed in the next section) are

used in the input circuit. A dual-gate, diode-

protected MOSFET is employed in the am-

plifier circuit of figure SB. Input znd output

points 2re tapped down the tuned circuits

to reduce stage gain znc 10 remove :he ne-

cessity for neutralization, which otherwise

may be necessary.

Special vacuum tubes, such as high-gain

TV pentodes ar.d low-noise triodes may be

used in these typical vhf circuits and are

often used in simple converters designed for

6 and 2 meters.

To optimize the noise figure of ali c-
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Figure 3

EQUIVALENT NOISE TEMPERATURE

EXPRESSED AS NOISE FIGURE

Thi noire figure is:

(T.JT<,-\)-Y (T:
fT*-l)

(Y—l)

where,

f equals noire figure

Tt. equals 290
SK

Ti equals ?7.)'K

7; equals 573-2 “K
Y equals A?

;AV.

between two receiver, both terms must be

gcr.rrjttr. The receiver input Is terminated

r.iv-c input :r.d the generator output is tr.en

frserrared until the receiver re:sc output is

dtwHtd. IT.: relative noire figure of the re-

ceiver js j function of there two levels, end

rvsy be computed from there measurements.

Figure <

NOISE FIGURE MEASUREMENT

Peetiw is rwltrftftf between “e:!i” jsi "her
r.?is* nurcu.

VccuL-n Tob« The vacuum, tube has been

in VHF/UHF eclipsed for iow-r.oise rcccp-

Reechren tion above 30 MHz by solid-

state devices. Because of the

ho: filament within the tube, thermal agita-

tor, end recase level arc excessive for wcak-

sigr.ai reception. Vacuum-tube noire is com-

posed of u,jt r.che (electron r.oisc), /ur/r-

tiw nwr (noise caused by a random division

of space current between the elements of

the tube)
, and irJuccJ grid r.oi-.c caused bv

fluctuations in cathode current pissing the

grid element. The summation of these noises

is expressed as the canhdcnt vohe rethferxe

of the vacuum tube. In addition to noise,

most vacuum tubes have comparatively high

input and output capacitances 2nd a low in-

put impedance, all of which inhibit the de-

sign of fcigh-Q, high-impedance tuned cir-

cuits above fO hfHz or »•
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diodes will absorb r-f energy that leaks

around an antenna changeover relay, or that

is received from a nearby transmitter.

The amplifier must also be protected from

off-frequency energy, particularly that radi-

ated by high power f-m and television- trans-

mitters. A compact cavin' resonator is often

incorporated in the r-f stage to reject offend-

ing signals (figure 9). Seriesed resonators can

provide a front-end bandwidth of less than

200 kHz in the vhf spectrum.

VHF/UHF Diodes and bipolar transistors

Mixers may be used as mixers in the

vhf/uhf spectrum. Use of the

transistor is limited because it lacks

tbc large signal capability offered by other

devices.

Various diodes are available for use as

misers and tbc hot-carrier diode serves as a

low noise mixer for applications up to and

including the uhf region (figure 10). This

device (also known as a Schottky-bsrricr

diode) is a planar version of a conventional

point-contact microwave mixer diode. The
hot-carrier diode has closely matched trans-

fer characteristics from unit to unit and a

high front-to-bsck ratio. In addition, it pro-

vide extremely fas: switching speed com-
bined with low internal noise figure. Input

and output impedances 2re low, but overall

conversion efficiency is high.

HOT-CARRIER DIODE MIXER

Schottky-barrier dictfe is a planar versicn cf z
conventional poirt-csnt2 ct microwave mixer 6b
cCe having closely matched transfer character-
ietics from unit te unit and high Fren!-ic-5ack
ratio. It provides extremely fast switching time

combined with lew internal ncise figure.

A portion or the receiver noise originates

in the local oscillator and if this noise were

eliminated, there would be z reduction in

the overall noise figure of the receiver. The
balanced mixer of figure 10 balances out lo-

cal oscillator noise products, thus reducing

receiver noise from this source.

_

i he FET or MOSFET devices make good

mixers in the vhf region. A popular mixer

circuit using source injection to a JFET is

shown in figure 11. It provides good isola-

tion between the input circuit and the local

oscillator, thus reducing unwanted oscillate:

radiation.

Figure £
“*

: ;
; **

HELICAL RESONATORS USED IN
~ — r

I'
VHF R-F STAGE

_

-

ht;/* emp’ryte ts p-rlii sw?-*
it ftl.-r.ty ft- z i*-f rtctlrtr. T>»

Zr';;" K ‘
: ^

I'
Figure it

i.*,,- ft ^ Tf te=r~ JFET j'lXER FOR VHF SERVICE
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FijsreE

COSWO!«KITTER (SOURCES P.-F AMPLIFIER

’~'y t'T-y « a-r/ri im fi* rtts IV a*i crtert s'r^' is te>ar f-T csr’sctrr (ij c.*

SrE" (£% -‘aj*- J3 “ S ’"'t* c' is c^Lir riTci-id t cstssl sijr.ji ss
s.*rr»- h (*:.

Figure 7

CASCODE R-F AMPLIFIER

Two FET CRViCBS are seri«s-«-"r.eitEd, tire fis!

treirg driven si tire gate and tire second si Its

source. Bipolar transistors cr tut=s Ere treed in

z similar arrangement Keirt/arizstreu is requires

to zttiiivs highest cverzlf gain sod

noise figure-

©
Figure J

FETs IN VHF CIRCUITRY

fi-Keulrefizne IEFET using IHIK5

diodes in input (gate) ciics?-

sglf-protected MpSFBT errant

may 6s required for m23inc2™

optimum rcis*
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Figure 14

MULTIVIBRATOR SCANNING CIRCUIT

Sevrtosth waveform from nulUvitretcr (&. GJ
sweeps estiltetcr ooross fczni. The scanning

rate is determined ty racJfiviirettr constats

zzi sweep limit 3s set ty petentiemeter R*.

harmonics pcnerctcd by a multiplier strins

mu*: bo prevented from reachinj; the mixer

jtarc by moons o: a Lish-0 :f2p circuit in

order to ovoid .invented mixing action be-

tween received signals and the various har-

monic.

When low-frequency conversion crystals

•.-0

Figure IS

FLIP-FLOP WAVEFORM TO
ACTIVATE DIODE SWITCHES

K&KD pies produce grounded cuter! 0^5
zzrz) when hath inputs ere high {log:: 1). Err-

ing first closk puls®, G of FFt and Fr; srs high

and drive pte * tf figure 17. When tb:V. pais*.

2 arrows, G cf FF, end FFS zrs high and ir;V£

pte 2. This Sequence ecnSspss through 2.13

four pulses cf the Sort, thin irperS.
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Multiple tuneS hijfh-Q circuits between steles prevent unwanted harmonics of oscillator From

reaching the mixer stape. Fundamental oscillator signal and 3rd and 5th harmonics could

produce spurious responses in receiver unless suitably attenuated.

10-20 I-F Strips and

Conversion Oscillators

To combine good image rejection with a

high order of selectivity, double frequency

conversion is normally used for vhf/uhf

small-signal reception. The first intermediate

frequency is usually rather high to provide

adequate rejection of image signals and the

second is low to provide good selectivity.

Care must be used in choosing the first in-

termediate frequency or image problems will

arise from signals in the 80- to 130-MHz

range, which includes high power f-m trans-

mitters and strong aircraft signals.

It is common practice to construct the

r-f amplifier and first conversion circuits in

a separate converter unit, the i-f output of

which is fed into an hf communications re-

ceiver which serves as the low-frequency

i-f strip. Choice of the first i-f channel js

important, since many vhf/uhf converters

provide scant selectivity at the received fre-

quency, having band widths measured in hun-

dreds of MHz. If the image ratio is unity,

the image signal may be as strong as the

wanted signal and the noise figure of the

receiving system is degraded by 3 decibels,

regardless of the noise figure of the con-

verter. The first i-f channel, and the r-f

selectivity of the converter should therefore

be sufficiently high so that images are not

a problem. Generally speaking a first i-f

channel of 1J MHz to 30 MHz is suitable

for 144-MHz and 220-MHz reception and

a frequency in the region of 144 MHz is

often used as the first i-f channel for 432-

MHz (and higher) reception.

In addition to attention to image prob-

lems, care must be taken to ensure that the

harmonics of the local oscillator of the com-

munications receiver used for the I-f strip

do not fall wirhin the input passband of the

converter. Attention should also be given

to the input circuit shielding of the com-

munications receiver to prevent break-

through of strong hf signals falling within

the first i-f passband. Unwanted hf signals

may also enter the receiver via the speaker

wires or the power cord.

Spurious signals and unwanted "birdies’’

can be reduced ro a minimum by using the

highest practical injection frequency for the

local oscillator. Most first conversion oscil-

lators in vhf receiving systems are crystal

controlled and high-overtone crystals are to

be preferred as contrasted to iower-frcquency

DIODE MULTIPLIER FOR LOCAL

OSCILLATOR INJECTION AT A

HIGH HARMONIC

One or more toned circuits or traps are used

after diode multiplier to attenuate unwanted

harmonics of local oscillator.
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is suggested, as shown in figure 12. A simple

diode multiplier may also be used in place of

a rube or transistor, as shown in figure 13,

10-21 Band Scanning

Receivers

Monitor {scanning) receivers are capable

of searching many vhf channels for activity.

The receiver sequentially looks at preset

channels and a signal on one channel will

increase the age voltage of the receiver,

causing the scanner to stop seeking and lock

onto the signal

The simplest form of scanning receiver

continually sweeps a band of frequencies and

the recover is manually locked on a received

signal by the operator (figure 14). A multi-

vibrator circuit sweeps the oscillator by

means of a varactor diode (D,). Transistors

Qi and Q2 form the multivibrator, providing

a sawtooth waveform in the base circuit.

This voltage is applied to the varactor diode

which sweeps the frequency of the variable

oscillator. The scanning rate is determined

by the values of the base resistors (Rs )
and

capacitor C2.

For crystal-control service, wherein the

channels are preselected by the choice of

crystals, the scanning receiver selects the

proper conversion crystal and also squelches

the receiver between channels. A unijunction

transistor is used as the timing clock supply-

ing a series of sawtooth pulses to the pulse-

shaping circuits and logic scanning circuits.

An "inhibit" control circuit interrupts, on

command, the series of pulses to the decade

counter.

The binary coded decimal output from

the counter is fed to a decoder which selects

one of several output lines each rime an in-

put pulse is received. Shown in figure IS is a

typical four-channel scanner using two J-K

flip-flops and four two-input gates which

sequentially selects from among four crys-

tals.

The sequence of operation is illustrated in

figure 16. The NAND gates are connected

to the flip-flops so that they produce a

grounded output (logic zero) only when

both inputs are high (logic 1), as shown in

the waveforms from FF, and FF- underneath

clock impulse 1. At this rime only the Q
outputs of FF, and FF2 arc high so they are

used to drive gate 1. When clock pulse 2 ar-

rives, the 0 outputs of FF, and FF2 are high

while all others are low. They are used ro

drive gate 2. This sequence continues through

all four pulses of the clock, then repeats.

More complex scanning receivers scan up

to 8 or 16 channels. This is accomplished

by dividing the crystals into two groups,

which are scanned alternatively. An addi-

tional flip-flop sequentially selects these

groups in an odd-even select system.
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power must be returned or fed back to the

input in phase with the starting; power

{Spire 1). The power delivered to the lord

will be the output power less the feedback

power.

Esitc Oscillation m2}’ be initially

Oscitlsfcn caused in a transistor cr rube

circuit by external triggering,

or by self-excitation. In the latter case, at

the moment the dc power is applied, the

energy level does not instantly reach maxi-

mum but, instead, gradually approaches it.

Oscillations build up to a point limited by

the normal operation of the amplifier, the

Figure 2

COMWON TYPES OF SELF-EXCITED
OSCILLATORS

j.y
z
.

r

-’

L*'1-’ ^itriers zr.Z

feedback energy, and the nonlinear condition

of the circuit. Practical oscillator circuits

employ a variety of teedback paths, and

figure 2. Either rubes, transistors, cr EETs

may be used in these circuits.

The oscillator is commonly described in

terms of the feedback circuit. The Hrr/Jry

oscillator (figure 2A) employs a tapped

inductor in the resonant circuit to develop

the proper phase relationship for the feed-

back voltage, while rile Colf.fi

i

oscillator

derives the erciring voltage by means of

a capacitive voltage divider. The Clsf edr-

tank circuit, shunted by a large capacitive

voltage divider (Q-Ce).

voltage divider (C.-C:.) to establish the cor-

rect feedback level for proper operation. At

resonance, all cL'cuits are versions c: a pi*

network in one way or another, the tuning

scheme and feedback path being ciswc:
for the various ccnfgurarions.



CHAPTER ELEVEN

Generation and Amplification of

Radio-Frequency Energy

PART I

SOLID-STATE HP CIRCUITS

A radio communication or broadcast

transmitter consists of a source of radio

frequency power, or carrier; a system for

modulating the carrier whereby voice or

telegraph keying or ocher modulation is

superimposed upon it; and an antenna sys-

tem, including feedline, for radiating the

inteUigence-carryiag radio-frequency power.

The power supply employed to convert pri-

mary power to the various voltages required

by the r-f and modulator portions of the

transmitter may also be considered part of

the transmitter.

Modulation usually is accomplished by

varying either the amplitude or the fre-

quency of the radio-frequenq
-

carrier in ac-

cord with the components of intelligence to

be transmitted or by generation of an SSB

signal (a form of amplitude modulation).

Radiotelegraph keying normally is accom-

plished either by interrupting, shifting the

frequency of, or superimposing an audio tone

on the radio-frequency carrier in accord-

ance with the intelligence to be transmitted.

The complexity of the radio-frequency

generating portion of the transmitter is de-

pendent on the power, order of stability, and

frequency desired. An oscillator feeding an

antenna directly is the simplest form of

radio-frequenq' generator. A modem high-

frequency transmitter, on the other hand, is

a very complex generator. Such equipment

comprises a very stable crystal-controlled or

synthesized oscillator to stabilize the out-

put frequency, a series of frequenq* muiri-

pliers, or mixers, one or more amplifier stages

to increase the power up to the level which

is desired for feeding the antenna system,

and a filter system for keeping the har-

monic energy generated in the transmitter

from being fed to the antenna system.

11-1 Self-Confrolled

Oscillators

The amplifying properties of a three- (or

more) element vacuum tube, a bipolar tran-

sistor, or an FET give them the ability to

generate an alternating current of a fre-

quency determined by auxiliary compo-

nents associated with them. Such circuits

are termed oscillators. To generate ac power

with an amplifier, a portion of the output

AMPLIFIER PACKAGE

Figure 1

THREE TERMINAL OSCILLATOR

A portion of the output of a three-terminal 2m-
pfiber is fed back to the input in proper phase

and amplitude with the starting power which Is

generated Initially by thermal raise. Power de-

livered to the load is output power less feedback

power. Resonant circuit in input determines

frequency of oscillation.

ii.i
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of the stunt capacitance presented by tbe
gate capacitors and a larger inductor may
be used for a given frequency than in the
circuit of figure 3.

Circulating current in the tuned circuit
is quite high and the variable tuning capac-
itor should have a constant low-impedance
path to ground through the rotor bearings.

Note that in both circuits a limiting diode

(Di) clamps the positive peaks of the gate
waveform. This places a limiting value on
the^ transconductance of the FET and also

inhibits harmonic generation caused by
changes in junction capacitance.

The output level, when properly adjusted, is

about 4 volts peak-to-psafc for a j-volt

supply. The emitter-bias resistor is bypassed
for r-f 3nd audio frequencies to eliminate
a tendency for the circuit to oscillate at a
parasitic frequency that is low in compari-
son to the working frequency. The value of
capacitors G and C

r are approximately;

JTic frequency of oscillation is approxi-

mately:

The Yacker The Vackar oscillator is a vari-

OscfllnJor
ation 0f tfie basic Clapp cir-

cuit which has improved tuning

range and relatively constant output com-
bined with good stability with respect to

a varying load. A practical Vackar circuit

designed for 30 MHz is shown in figure f.

'With the constants shown, the range is from

26.9 to 34.7 MHz, with an output ampli-

tude change of less than — l.J dB relative

to the lower frequency. Capacitor Q tunes

the circuit while capacitor G. is adjusted

for optimum drive level such that the tran-

sistor is not driven to cutoff or saturation.

' 2t V 7 (C, +Q

Figure 3

THE COLPITIS OSCILLATOR

Total capacitance in the tuned circuit is deter-

mined by the formula. Circuit feedback is deter-

mined by the ratio of C, to Cj, which is about

IS.

Figure 4

THE SEILER OSCILLATOR

Tank circuit has a better LC ratio than that cf

the Colpitis. Capacitor C» should be fzr^e in

relation to Cj. Total circuit capacitance is giren

by the formula.

It 3s important that high-quality compo-

nents be used throughout the oscillator cir-

cuit. The coil form should be ceramic with

the wire turns tightly wound on the form

2nd cemented in place with low-dielectric

adhesive, such as clear acrylic liquid or

spray. If a slug-tuned form must be used,

choose one that has s good mechanics! lock

on the slug shaft so that it will not find-
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crv::<l type; is given in figure ?-

Precision crystals for calibrating equip-

ment are vacuum-sealed in s glass envelope.

Speck! vacuym-sezkd crystals having a

relatively constant temperature coefficient

are used in higb-rtability frequency stand-

ard'. In place of the near-obsolete and

expensive temperature-controlled "crystal

Orcrtwc-etf just as a vibrating string can

Cry: fel: be made » vibrate on tvs over-

tone frequencies, 2 quartz crys-

tal will exhibit mechanical resonance <and

therefore electrical resonance) a* overtones

of its fundamental frequency. (The terms

wrtovc 2nd hffTmor.ic should sol be used

interchangeably. The overtone is a mechan-

ical phenomenon 2nd its frequency differ;

from the harmonic by virtue of the mechan-

ics) lording of the crystal. The harmonic is

an electrical phenomenon and is an exact

multiple of the fundamental frequency.)

By grinding the crystal especially for

overtone operation, it is possible to enhance

its operation as an overtone resonator. AT-
cut crystals designed for optimum overtone

operation on tne 3rd, 5th. md even the

7th overtone rre available. The 5th- and

7 in -ovenorsc types, especially the latter, re-

quire special holder, and circuits for satss-

QUARTZ CRYSTAL HOLDER

Hdd'r Fin Fir. Silt

Ty?t 5;*:»«$ Dicw. H w T

^C-E "J 0,212 <,*!*/
22/; 1 22 1 00

V 0 420 0 0:0 0 72 0 70 v.«;

"M-'O J '
1

1

0 00 '.
i
'0 — O.S'O

J2- 5 2
:

J •^ r
s '//; 0 72 0 70 0

-q/,7 <; 0 tu 072 0 7' 0 25

0 ‘.v/ 0 or. ' ;; 070 0-
'* r

S'.V/;
0 - '

J/

- 0 0.40

--A-.'"' Wvj-

nee^r jittle more consfeeratson than a rev-

mental 2nd 3rd overtone simultaneous// and

harmonic and the third overtone. Unless

specif cally desired, this operation is to be

avoided in conventional circuits,

1 he overtone treouenev tor "''men me

crystal :s designed is the v/orKng frequency

Vi'hsch is not the fundamental, since tne

frecuencv '.vnen it js :unc*!oning in tne

proper manner. The 9 of an overtone crys-

tal, moreover, i; much higher than thxt^of a

A; a. result, overtone crystals are let: prone

to frequency change brought about by

change; of oscillator input capacitance.

Many frequency-standard crystal; in the hf

range, were: ore, are overtone T*'pes.

Crpicl Drire Cn-ial ci:i?s-.!« ii a fatfe
Lord $f *]y. p-jV£ VvtL Htcesrvg

cr/ttal current rev lead to

Jrecue.ccv drift and eventual fracture of

the bJani. The crystal oscillator should be

reduce cmtal he?time JJrrsr- levels of f

milliwatts or less are recommences for

fundamental AT blrnbr in HC-fJ/U ityk

QUARTZ CRYSTAL TYPES

Mil Hdds-r

T,pt U:ci Type

qs/.rj -M
nCo.'U -ucd. P---Y

Fu-id Se-'je;

CF-17/U HC-iOic O/eusro S*»*«

C'-UA'U HC-O'1

; ?.«vi ?~c'V
:f-(7A'u r'S-0 U Sss-e-S

:=-22'U rC-'
'

O^.UsrO Sc' f.t

1A-24 ;;
J O.T-*vr<r- S~V,

0-27/U rC-/ :

J C.;-/ sw'V
:'"-22A '’j HC-C

"•
rc-^. Ss-'cs

:^22/ u r'C-0 U $*/,*'

"j “C-0 *'j S«v.ts

'j
-O-'-'J

r
Jf'.r*'jrs:

Figure c

CnYSTAL HOLDERS A!iO TYPES
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the quartz, while the inductance (L,) is a

function of the mass. The series resistance

(Ri } represents the sum of the crystal losses,

including friction, acoustic loading, and

power transmitted to the mounting struc-

ture.

Practice! Quartz While quartz, tourmaline,

Crystals Rochelle salts, ADP, and

EDT crystals all exhibit

the piezoelectric effect, only quartz has a

low temperature coefficient and exhibits

chemical and mechanical stability, The

greater part of the raw quartz used today

for frequency control is man-made rather

than natural and crystal blanks arc produced

in large quantities at low prices. The crystal

blank is cut from a billet of quartz at a

predetermined orientation with respect to

the optical and electrical axes, the orienta-

tion determining the activity, temperature

coefficient, thickness coefficient, and other

characteristics of the crystal.

The crystal blank is rough-ground almost

to frequency, the frequency increasing in

inverse ratio to the oscillating dimensions

(usually the thickness, but often the

length). It is then finished to exact fre-

quency by careful lapping, by etching, or

by plating. Care is taken to stabilize the

crystal so frequency and activity will not

change with time.

Vnphted crystals are mounted in pressure

holders, in which an air gap exists between

the crystal and electrodes. Only the corners

of the crystal are clamped. At frequencies

requiring a low ratio of length to thickness

(usually below 2 MHz or so) a "free" air

gap is required because even the corners of

the crystal move.

Control of the orientation of the blank

when cut from the quartz billet determines

the characteristics of the crystal. The turn-

ing point (point of zero temperature coeffi-

cient) may be adjusted to room temperature,

usually taken as 20
C
C. A graph of the

normal frequency ranges of popular crystal

cuts is shown in figure 7. For frequencies

between 550 kHz and 55 MHz, the AT-cut

crystal is now widely used.

Crystal Crystals are normally purchased

Holders ready-mounted. Modern high-fre-

quency' crystals are mounted within

metal holders, hermetically sealed with glass

insulation and a metal-to-glass bond. Older

crystal types make use of a phenolic holder

sealed with a metal plate and a rubber

Figure 7

FREQUENCY RANGE OF CRYSTAL CUTS
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fundamental crystals above ID MHz in KG-
6/U holders. The older FT-245 style cysts!

is capable of romemarr greater dire lerels

by virtue of the larger blank size.

Series end The shunt capacitance of

Penile! Resonance dhe electrodes end associ-

ated wiring is consider-

ably greater than the capacitive component

of an equivalent series LC circuit, and unless

the shunt capacitance is balanced out, the-

crystal will exhibit both series- sad parallel-

resonance frequencies, the latter being some-

what higher than the former. The series-

resonant condition is employed in alter

circuits and in oscillator circuits wherein

the crystal is used in such a manner that the

phase shift of the feedback voltage is at

the series-resonant frequency.

The only difference between crystals de-

signed for series-resonance and those for

parallel-resonance operation is the oscillator

input reactance (capacitance) for which

they are calibrated- A crystal calibrated for

piizlkl resonance v3l operate at its celi-

bated frequency in s series-resonant circuit

with the addition of an appropriate value of

series capacitance. Thus, a crystal cannot

be specified in frequency without staring the

reactance with which it is to be calibrated.

The older FT-245 fundamental crystals were

usually calibrated with a parallel capacitance

of 5 J pF, while man y of the new hermetic

sealed crystals are calibrated with a capaci-

tance of 32 pF-

Cryrtol Grinding Crystals may be raised in

Techniques freouency by grinding

the® to smsllerdimensions.

Hand grinding can be used to cans the fre-

quency of an already finished crystal and

this can be accomplished without the use

of special tools or instruments. In the case

of the surplus FT-243 style or crystal, the

blank may be raised m frequency up to sev-

eral hundred kilohertz, if it is a fundamen-

tal-frequency cut.

A micrometer is required to measure the

crystal thickness and grinding is done on a

small sheet of optically fiat glass. A piece oi

pkte glass will suffice for the home work-

shop. A grinding compound composed o*

carborundum powder and water is required.

A few ounces of #220 and #400 grits are

suggested.

Before grinding is stened. the crystal

should be checked in an oscillator to make

sure it is active. Activity of the crystal can

be rechecked during the grinding process to

make sure that the face of the crystal re-

main parallel.

One face of the crystal is marked with a

pencil as z reference face. All grinding is

done on the opposite face in order to main-

tain s reference fiat surface. A small amount

of #400 grinding grit is placed on the glass

disc and enough water added to make a

paste. The unmarked side of the crystal is

placed face down on die disc and the black

is nibbed in a figure-S motion over the disc,

using just enough pressure from the index

finger to move the crystal

After about a dozen figure-S patterns

have been traced (depending on the amount

of frequency change desired), the crystal is

washed with water and wiped dry. The crys-

tal is then placed in the holder for a fre-

quency check. The process is repeated a

number of times until the crystal is gradu-

ally moved to the new frequency.

For larger movement of the crystzl fre-

quency, the #220 grit mar be used.- Addi-

tions} grit should be added to the glass plate

as the compound gradually loses its cutting

power with use-

If crystal activity drops with grinding,

the blank should be measured with s mi-

crometer to determine the degree of fames'.

Normally. the corners arc one to three ten-

thousandths of an inch thinner than the

center of the blank. A thick corner will

rend to reduce activity. Grinding the edge

of the crystal will restore activity in some

cases.

When reassembling the FT-245 holder

make sure that the raised corners of the top

electrode press against the blank; t!:c<s are

the only points of the electrode that make

contact with the crystal.

11-3 Crystal-Oscillator

Circuits

A crvsul may replace the conventional

tuned circuit in a self-excited oscillator, to:
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Figure 13

DIODE SWITCHING CIRCUIT

FOR CRYSTAL OSCILLATOR

i
'

I*

Figure 14

DIODE OFFSET CIRCUIT

FOR CRYSTAL OSCILLATOR

tlu crystal a small amount a diode is used

to vary the capacitance of the shunt capaci-

tor as >hovn in figure 14.

11*4 HF Power Circuits

: h-^n.Jte.jucncy pav-cr trambrors are

!!

;

s: " ‘»s"_rat:j ot actiu- to physical area,

t :*'• jr« <; 2 (’ 1

-.at Is aver:ye power a;

mew- in the nriybbV; njof ijt MHz
b: t'-’.t'.a.;.’. fv modern -iliton power

rt OMcn. In the cem-

Circuit The power output capability

Considerations of a transistor is determined

by current and voltage limi-

tations at the frequency of operation. The

maximum current capacity is limited by

maximum breakdown limits imposed by

layer resistivity and bv the penetration of

the junction. The htgh-jrcqucncy ament

gain figure of merit (f7 )
defines the fre-

quency at which the current gain is unity,

and a high value of /? at high emitter or

collector current levels characterizes a good

r-f transistor.

In many cases, components and construc-

tion techniques used for vacuum tubes are

not appropriate for transistor circuits. This

variance in circuit considerations results

mainly because of the lower circuit imped-

ances encountered in transistor circuits. The

most troublesome areas are power dissipa-

tion and unwanted oscillation. In the case

of power dissipation, the levels reached

under a given r-f power input arc consider-

ably higher than equivalent levels achieved

under dc operating conditions, since the

junction temperature is a complex function

of device dissipation, which includes r-f

losses introduced in the pellet mounting

structure. The package, then, is an integral

part of the r-f power transistor having

thermal, capacitive, and inductive proper-

ties. The most critical parasitic features of

the package are emitter and base lead

inductances. These undcsired parameters

can lead to oscillations, most of which oc-

cur 2t frequencies brlou • the frequency of

operation because of the increased gain of

the transistor a: lower frequencies. Because

transistor parameters change with power

level, instabilities can be found in bath

common -emit ter and common-base circuits.

Some oi the more common dim cullies are

listed below;

Parametric Oiciltafior.—Parametric insta-

bility results because the transistor collector-

b:<e capacitance is nonlinear ar.d can cau't

low-frcqumcy modulation of the output fre-

quency. This effect can be suppressed by

carctu! selection of the bypass capacitor',

and by the audition oi z low-frequency by-

pass capacitor in addition to tr.; high*
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A bipolar transistor is used in circuit A. The

degree of feedback is determined by position

tap on coil Li. Coil L» is resonant at Hie over-

tone frequency with the capacitance o t vne ca

tal holder. An FET is used in circuit

loading is reduced to a minimum m this cc •

figuration. A Butler circuit is shown at c.

circuit employs an npn transistor and n-cna •

ner FET and resembles an emitter-coupieo

multivibrator.

A is a variation of the basic Hartley con-

figuration with a bipolar transistor. An Ft

version is shown in illustration B. A Butef

oscillator is shown in circuit C. * is

employs 3n npn transistor and n-channe

FET and resembles an emitter-coupled

multivibrator.

Note that in these overtone circuits the

crystal acts as a small series resistance at

the overtone resonant frequency. It resem-

bles a resonant coupling capacitor. That is,

the circuit would sail oscillate if the crystal

were replaced by a short. To prevent the

residual crystal holder capacitance from

causing unwanted oscillation at a frequency

other than desired, it is resonated out by a

means of inductor L..

•2

Figure 12

VARIABLE FREQUENCY CRYSTAL

OSCILLATOR (VXD)

The YXO A moderately wide frequency

Circuit range of operation of a crystal

oscillator may be achieved by

operaring the crystal below its resonant fre-

quency and loading it with an inductance.

Frequency stability is reduced by a factor

of about 10, but bandwidth operation up

to one or two percent of the crystal fre-

quency may be achieved. Shown in figure

12 is a circuit for use with an overtone

crystal in the ^5-MHz range which provides

a variation of plus or minus 20 kHz at the

operating frequency. A circuit of this type

is termed a variable crystal oscillator

(VXO).

Crystal Switching Crystals may be switched

omf Offsetting to obtain more tban one

oscillator frequency. An

electrical switching circuit is shown in

figure 13. The control switch (which may

be remotely located) switches diodes D t

and D: to’ remove the unwanted crystal

from the circuit. If it is desired to offset
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Figure 16

DIMENSIONS OF HEAT SINK AS FUNCTION OF
THERMAL RESISTANCE

T|1TTT
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Figure 15

WIDEBAND DECOUPLING CIRCUIT
FOR POWER TRANSISTOR

To suppress parametric oscillation collector by-pass circuit must be effective at very low fre-

r
Mo,llplG bH»*s capacitors and scries

„°.kes a n adequate filter when usedn coniunction with regular hf and vbf filtering

techniques.

octave, any parasitic low-frequency circuit

can cause oscillation. Inadequate bypassing

plus the use of high-Q, resonant r-f chokes
can lead to this difficulty. This effect can

.
eliminated by placing small resistances

w series with the r-f choke, or by the use

of low Q chokes of the ferrite-bead variety.

_

Hysteresis—Hysteresis refers to discon-

tinuous mode jumps in output power that

occur when the input power or operating

frequency is increased or decreased. This is

caused by dynamic detuning resulting from

nonlinear junction capacitance variation

with change in r-f voltage. The tuned cir-

cuit, in other words, will have a different

resonant frequency for a strong drive signal

than for a weak one. Usually, these difficul-

ties can be eliminated or minimized by

careful choice of base bias, by proper choice

of ground connections, and by the use of

transistors having minimum values of para-

sitic capacitance and inductance. Circuit

wiring should be short and direct as possible

and all grounds should be concentrated in

a small area to prevent chassis inductance

from causing common-impedance gain de-

generation in the emitter circuit. In com-

mon-emitter circuits, stage gain is dependent

on series emitter impedance and small

amounts of degeneration can cause reduced

circuit gain at the higher frequencies and

permit unwanted feedback between output

and input circuits.

Thermo!

Considerofions

All semiconductor devices

are temperature sensitive to

_

a greater or lesser degree and
the operating temperature and power dissi-

If™ of 3 einn unit must be held below
the maximum specified rating either by
limiting the input power or by providing
some external means of removing the excess
heat generated during normal operation.
Low power devices have sufficient mass and
heat dissipation area to conduct away the
heat energy formed at the junctions, but
higher power devices must use a heat sink
to drain away the excess heat.

Transistors of the 200-watt class, for
example, have a chip size up to / inch on
a side and the excess heat must be removed
from' this very small area. For silicon

desices, the maximum junction temperature
is usually in the range of 13J°C to 200°C.
The heat generated in the chip is passed
directly to the case through the collector-

case bond.

The heat sink is a device which takes the
iicat from the transistor case and couples it

into the surrounding air. Discrete heat sinks
are available in various sizes, shapes, colors

and materials. It is also common practice to
use the chassis of the equipment as a heat
sink, “pie hear dissipation capability of the
heat sink is based on its thermal resistance

,

expressed in degrees per watt, where the
watt is the rate of heat flow. Low power
semiconductor devices commonly employ a
ch’p-on heat sink while higher power units
require a massive cast-aluminum, finned,

radiator-style sink.

_

interface between transistor case and
sink is extremely important because of the

problem of maintaining a low level of
thermal resistance at the surfaces. If it js

required to electrically insulate the device
from the sink a mica washer may he used
as an insulator and the mounting holts are
isolated with nylon or tejion washers. Some
case designs may have a case mounting stud

bmdated from the collector so that it can
be connected directly to the heat sink.

.

^ transistor is to be soldered into the
circuit, the lead temperature during the
soldering process is usually limited to about
2fO°C for not more than 10 seconds and
the connections should not be made less than
1/32 inch away from the case.



11.14 RADIO HANDBOOK

gion. A form of the lumped constant cir-

cuit is 'hown in figure 21.

Figure 18

TRIPLE l-METV/ORK INPUT CIRCUIT

network steps tfewn 50-ohm termination to few

input JmptSance ol Pate circuit in the vM re-

cion, the input importance i: commonly Induc-

tive, making up the mining series Inductance

ct the third l network-

o

Figure 19

TRANSISTOR OUTPUT
V.ATCHU1G CIRCUITRY

The rtactivt component ct the output circuit

cf the transistor stage may be tuned cut by

proper design c( the collector r-t cheke (RFC»).

Tunr.g is iccemptishtd by capacitor g, and

lead matehirf; by capaeiter C ».

Wcdeol From tin? stability standpoint.

OpercticA tV,» common -emitter configura-

tion provide* a more stable cir-

c’i’t ct the V,
;."V.*:r fttnuer.cir tV.cn dor, the

•::«•* -n-bi'e circuit. Collector efficiency in

t* about tV.t same. Centrally

Vr«f.tior^T yoltagK up.-Jer r-f con-

:* *•! v s r-t p-.v cr ;o vorV. into

SVKi'. !im*

? c:?cj;{ operated at lot/

J

v
-- tr ; r:rt i* no; c-

!
*’ ' ro

y- to S"-’R

;7

:

*

.f"
5- r™

•I" ’.'It/ */'— t

*’
' '?- r* 1 " rr;*.vr>r; j; c ... J for

Figure 20

REPRESENTATIVE OUTPUT
MMCHttffi UETYfORK

Transistor presents series-conjugate lead imped-

ance to network. Center point design im-

pedances are tl and 22 ohms. Load impedance

is usually given on manufacturer's data sheet

in either series or parallel equivalent.

on-off (c)ass-C) operation and the forward

bias necessary to place them in 2 class-AB

mode leaves them susceptible to iecond

breakdown, a destructive phenomenon chaf-

actcrized by localized heating within the

transistor pellet, which leads to a regenera-

tive layer dswz^c.

Second breakdown may be controlled by

the addition of emitter resistance of las'

value. A compromise amount is usually

chosen as excessive emitter resistance can

limit power gain and output. Developmental

transistors designed for linear amplifier ser-

vice have emitter resistance in the chip, in

amounts of a fraction of an ohm. Other

transistor types may incorporate a zener

diode on the chip to provide controlled,

positive base voltage.

The forward bias mu*.:, in any event, be

maintained over a wide temperature range

to prevent an increase in idling current ac-

companied by 2 rise in chip temperature,

which leads to a destructive runaway con-

dition under maximum output conditions

when tranvtor temperature is highest.

Clsstcf I ov.level solid state r-f ampli-

Opefetlw ja5y mfj tithe: in the class

A, ft, or C mode. The claw-

A

mod; r used vhtr, tr.trimurn linear ity ir.d
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in as agreeshi* increase in overall Hne
a? compared Co tfc* more common
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lector circuit. These currents* nsB:t"fct

ntppreced by proper design of the output
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current ffigure 15). Psrsbl-tuned, or pi-
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resttrve component of :b output 2dr.it-
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inp. If the value of tb increasr is proper!?
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Figure 22

COMMON-EMITTER AND
COMMON-EASE GAIN

Cemm<m<?mitttir circuitry is normslly used In

Region A. Common-base circuitry is normally

used in Region E.

of the common -base because the drive

power feeding through to th<* output in*

create', the overall efficiency. Balanced against

this is the fact that the ability to withstand

high $TR loads is much better with the

common -base circuit.

Then mahing the decision between com-

mon-fuse and common-emitter configura-

tions, the packaging and common lead in-

ductance of the device must be very good

Wore the common -base circuit becomes use-

able. Sp'-chl common-base devices are avail-

able that provide very low base lead induct-

ance and the use of these transistors is

mandatory, especially in the vhf region.

11-5 Broadband

Transformers and

Matching Networks

I cr r.v mp; ;«d o.-sput impedances of

sh; r;r’if’or- make the use of low broad-

r'i :*-s ire c'lnicniioo:! or of transmission

I mra' : -n. Tt.' conventional trans-

" t:*i : ..o**s ; ph:*r reversal or

! *, > '* n in fsv-re 2 '. f -f transformers

r "
'‘..-r.lv t (. jr.d <y*, ferrite or iron-

Frgure 23

CONVENTIONAL COUPLING

TRANSFORMERS

The basic transformer can provide phase rever-

sal or s change In impedance level. An allcrna-

live is the autotransformer vrhlch hes a single

Upped winding instead of two separate wind-

ings. Ferrite core transformers of this general

design may be built having a frequency range

of 1.5 to 30 MKt,

The transmission line transformer consist;

of a transmission line wrapped around a fer-

rite core (figure 24). The transformers may

be configured cither balanced or unbalanced

with various transformation ratios, as indi-

cated. Two units may be cascaded to pro-

vide a wider range of transformation,

A variation of the broadband transformer

is the hybrid combiner. This device is useful

when two or more transistors deliver power

to a common load.

Because of the unusually low port im-

pedances of the power transistor, the design

of matching networks is important to achieve

maximum power transfer and harmonic sup-

pression. h representative set of output net-

works is shown in figure 25, The transistor

manufacturer usually specifies the series load

impedance required to obtain a rated spec-

ification. For power transistors, the resistive

portion of the impedance is very low.

11-6 Power Amplifier

Design

Ti.' op-s rating parameter: for linear t'f-

•
j :t present s ere tiff iris problem; for the
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Figure 21

HIGH-FREQUENCY TRANSISTOR AMPLIFIER SHOWING

INPUT AND OUTPUT CIRCUITS

ThE input circuit is similar to that shown in figure 17B and the output circuit is a simplified

version of that shown in figure 20. A magnified view of the transistor element is shown fcslcw

the amplifier.

!ty is not a consideration, cliss-C operation

provides low idling current and high stage

“Bciency.

TLe device may be operated in either the

common-emitter or common-base configura-

Cl0n (%ure 22). Common-emitter gain in-

creases on a 6-dB per octave slope until the

frequency reaches the beta cutoff. Gain at

rots point may be as high as 40 dB. Com-

mon-base gain increases on a 6-dB per octave

s
°Pe until the frequency reaches the alpha

cutoff (see Chapter 4). Below the alpha cut-

off the gain flattens out at approximately 12

10 15 dB and remains at this level.

he gains shown assume zero feedback

to any common lead inductance. If

common lead inductance is added, common-

emitter gain decreases as emitter inductance

produces negative feedback. Common base

|
3m Increases if base inductance is added

Ptcause it produces positive feedback.

Choice of Common-base and common-emit-

Circurfry ter circuits have different stability

problems. Common-emitter cir-

cuits tend to osciIl2re ar the low frequencies

where the g2in is very high. Common-base

circuits are more stable ar lower frequencies

because the g2in remains at z reasonable

level. The only real stability problem is re-

generation due to the positive feedback. If

this is minimized by holding the base in-

ductance low, common-base configuration

offers a high degree of stability.

As a linear amplifier, common-emitter

circuitry is superior. It is easier to bias and

negative feedback can be added to improve

linearity. Because there is no phase shift

from input to output negative feedback

cannot be used to improve linearity of the

common-base circuit.

Finally, the saturated power output of the

common -emitter circuit is greater than that
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Figure 24

WIDEBAND TRANSMISSION-LINE TRANSFORMERS

Transmission-line transformers provide phase reversal and impedance transformations of 1, 4, 9,
and te in conventional designs. The 16:1 transformer is composed of two 4:1 units in cascadB,
The hybrid combiner transformer converts two 100-ohm input ports to a 50-ohm output port

Any phase or amplitude imbalance is dissipated in load resistor R.

solid-state device, among which is the wide

variation in the base input impedance, which

Jitay vary widely with frequency and tun-

ing, because of the low value of impedance

and the relatively large value of collector-

hase capacitance. A representative 50-watt

transistor designed for linear service may

have a series input impedance ranging from

4 ~j2 ohms at 3.5 MHz to 0.5 -;0.5

ohms at 30 MHz.
The transistor for linear service should be

chosen on the basis of good current-gain

linearity at high values of collector current.

A transistor having rapid b(e falloff at high

collector currents will generally have poor

intermodulation distortion characteristics. In

addition to good linearity, the device should

have the ability to survive a mismatched load

and maintain a low junction temperature at

full power output. Transistors are available

which combine these attributes, at power

levels up to 100 watts PEP output, having

intermodulation distortion levels of - 30 dB

for the ratio of one distortion product to one

of two test tones. Power gain and linearity

are shown in figure 26 for the 2N5492 Mo-

torola silicon transistor, specifically designed

for linear amplifier service up to 30 MHz.
Operation of a solid-state linear amplifier

at reduced collector voltage drastically re-

duces the maximum power output for a

given degree of linearity since the device

must deliver correspondingly higher collector

peak currents for a given power output, thus

placing a greater demand upon the h!t

linearity at high values of collector current.

Bios A typical ciass-C solid-state

Considerations device is operated with both

the base and emitter grounded

and the transistor is cut off when no driving
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External capacitors have been added at or Stance to permit efficient operation at tbe

near the base of each transistor to provide dc current lea-els involved.

?.n impedance match at the operating £re- Because of lead inductance and other par-

quency and a low-impedance path to ground asiiic effects, actual capacitance values may

at the ‘econd harmonic frequency for m- deviate significantly from the design due:,

proved efficiency. In some transistors, these particularly at the higher frequencies 2nc

capacitors arc incorporated in the device. representative capacitors should be measured

ftcniror R. and It help compensate for at the desired operating frequency. For ex*

differences that may occur in transistor pow- ample, a mica capacitor having a nominal

tr '’.-.ins and input impedances and therefore low-frequency value of 125 pF can exhitet

help equalize load sharing between the two zn elective capacitance as high as 147 pF

devices. This results in improved amplifier at 175 MHz.

'tability r collector voltage and drive levels

are varied. Under symmetrical conditions,

Mgnak equal in phase and amplitude will ap- Broadbcnd The use of transmission-line type

pear on each terminal of R, and each ter- Circuitry wideband transformers permits

m:n*l of R... and thus no current will slow the construction of a single-

through the resistors. In a practical case, a ended broadband amplifier (figure 29),

••malf current will flow but its effect on the whose power gain versus frequency per-

matching network is minimal. formance is shown in figure 26. The special

The inductors I. and L, function as r-f transformers consist of a low-impedance,

i.hokc<, but also must present a low jm- twisted wire transmission line wound thru
pcdar.cc at frequencies below the lowest op- a ferrite toroid. These devices have 2 much

‘tcqucncy. This is necessary in order wider frequency response than conventional

to ;.''urc stable operation, since the device core-coupicd or air-coupled transformers due

e::in !< very high and the norma] transmitter to rhe utilization of transmission'line tech-

,<• c'whtty by series coup/ihg m’ques and design. A representative irar.s-

caprcitor C
^

at these frequencies. In addi- former is shown in figure 30. The charac-

tion, the inauctors must have a low dc re- teristic impedance of the twisted line is the

Figure 23

BROADBAND 2* TO 20-MHz LINEAR AMPLIFIER USING 2M5070

r~ *}) i**5s.*t i: tfewn tr !hf tare irptitm tj itriet-ar.r.tttti <:1 fcjjm
t:’vr trsntfrrr'tr steps up csHretsr irr.piitr.it !s 50<hr, Itnl.
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?G watts output with a two-tone test signal

The current through the £odr at the no-

sicn.il condition is about 260 mA ana when

r-f drive is applied, the transistor receives

its additional base current from the diode,

since the voltage drop across the diode is

alias's slightly greater than the base-emitter

voltage of the transistor due to the voltage

drop jn choke RFC;
.

Resistor Rt has a dual function in that it

causes current to flow through RFC: in the

no-signal condition and it also reduces sfls

impedance from base to ground, helping to

improve the stability of the amplifier.

Y ^

TL-.—«•

f :
f r fs-

Figure 2?

BASE BIAS CIRCUIT FOR 2N5070 IN

LINEAR AMPLIFIER SERVICE

Zener tjicie d, is also used ta tenperetore*

compensate the transistor by mot/flung » cn

co inmen beat sink.

Combining ^Then a single transistor is not

Power capable of providing the output

Trcnsistors pomer necessary, extra devices

may be added to tbs circuit. Or

it may be desirable to use multiple devices

to achieve better reliability or hear distri-

bution. Suitable combining choices for r-f

work include the use of transformers, the

use of hybrid coupling devices and the utili-

zation of conventional LC networks.

Difficulties ire often encountered by un-

equal load sharing and matching extremely

lov load impedance levels when power de-

vices arc connected directly in parallel. These

problems ire minimized through the use of

signal splitting techniques in both the input

and output networks.

Shown in figure 2S are two power tran-

sistors combined to provide twice the output

power capability of a single device. Induc-

tor L
:
in conjunction with capacitors C;-Cj

provides an impedance match between the

drive: impedance and the very low input

impedance of Q. and Q* This is a modified

form of pi-network, inductor I< in the col-

lector circuic divides the load between the

transistors and permits the power output of

each device to be combined at z higher im-

pedance level at the common output termi-

nating point.

| iHh '*5

uM$
I

Figure 28

„ -rum TRANSISTORS TO PROVIDE TV/ICE

OUTPUT STAGE COMBINES WO TRANSI^
DfflCE

.revise raral W stefins for tw

few onki natmrte f '“"g °* U ^ U ™
aneistere. mnvBiticMl capaciEE ere eeram.e chip.
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geometric mean between the two impedances

to be matched and the optimum length of

the line is somewhat shorter than an eighth-

wzvelength at the highest frequency of op-

eration. The impedance of the line is affected

by the wire size, tightness of the twist (des-

ignated in crests Per inch
)
and the number

of wires in the line. In general, the imped-

ance may be decreased by using larger wires,

a tighter twist, or increasing the number of

wires. In the transformer shown in the illus-

tration, four small wires connected in par-

allel are used for each line, colored insulation

being used for ready identification of wires.

The ferrite core selected for the bf trans-

former is material usually used at frequencies

below 10 MHz. Optimum performance over

the hf range is achieved with a low-fre-

quency core, since these transformers are not

core-coupled and the primary function of

the core is to increase winding inductances

to improve performance at the lower end of

the operating frequency range.

Transformation ratios of 4:1 or 5:1 may

be achieved with the proper winding connec-

tions. Two series-connected transformers can

be used to achieve greater ratios, if required.

Additional information on transformer de-

sign may be obtained in Motorola Applica-

tion Note AN-546, available from Motorola

Semiconductor Products, he., Box 20512,

Phoenix, AZ 85036. A representative ampli-

fier schematic utilizing these wideband trans-

formers is shown in figure 29.

Broadband Broadband push-pull transfonn-

Push-Pui! ers made up of a ferrite core

Circuitry stack provide hf coverage from

3 to 50 MHz (figure 31). The

low-impedance primary winding consists of

one turn of brass tubing soldered to printed

Figure 31

broadband
ferrite-core

transformer^

small transformers if tte

sm profitled will. ies»la»'S ft rode w onwletn 16= as?”1®-™'
rmer at 11,611 T«e s'“n®*.tS o,sr 11= “*bJ2k »rts. It is raM
Dkup wire. Ferrite ceres are s PP E

* diameter Fertile « .ell; PEP repot-

transformer is Vh’ '»"* Xht isV »« and ,s

EP input The transferror at right
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of fixed bias (if greater than cutoff) may

be reduced, or the value of the grid -bias

resistor can be lowered until normal rated

dc grid current flows.

The values of grid excitation listed for

each type of tube may be reduced by as

much as 5 0 percent if only moderate power

output 2nd plate efficiency arc desired. When

consulting the tube tables, it is well to re-

member that the power lost in the tuned

circuits must be taken into consideration

when calculating the available grid drive.

At very-high frequencies, the r-f circuit

losses may even exceed the power required

for actual grid excitation.

Excessive grid current damages tubes by

overheating the grid structure; beyond a

certain point of grid drive, no increase in

power output can be obtained for a given

plate voltage.

11-8 Vacuum Tube
Neutralization

Because the inpur-to-output isolation of

a vacuum tube is not perfect it is often

necessary to neutralize the interna] feedback

of the tube, especially at frequencies above

shout 100 kHz. Various tetrode and pentode

tubes in a grid-driven configuration may
operate without neutralization in the hf

re;::or,, provided the stage gain is less than

the overall feedback from output to input

circuit.

Nmtfelirir.j

Circuit

The object of rnitnUzelion is

to cancel the capacitive feed-

back path from input to out-

eara :o ; greater or lesser degree

m tube. The method common!;*

r.per.tate for the feedback is

of - capacitance bridge

::j out :r.c cite:: of grid-plate

1 ’

i

.

When the bridge is

decree of i'-obticn is

n:-; Ir-.dr; it made up of

2=1051 EQUIVALENT

Figure 1

A NEUTRALIZED HF AMPLIFIER

The equivalent neutralizing circuit is shewn.

This amplifier exhibits positive feedback at the

operating frequency even when perfectly neu-

tralized. If a split-stator capacitor (with rotor

grounded) is used in the plate circuit and by-

pass capacitor Ci removed, the amplifier exhib-

its negative feedback at the operating frequency.

In either case, feedback amounts to about 3 dB.

The circuit m2y be reversed, with the split coil

placed in the input circuit if a single-ended

output circuit is required.

in the bridge arc 180 degrees out of phase

with each other by virtue of the split out-

put coil. The centcrtap of the coil is at r-f

ground potential by virtue of capacitor C-.

To obtain z closer balance in the vhf region

a small capacitor equal to the piatc-to-fila-

ment capacitance of the tube is often added

to the circuit from point B to ground.

The neutralizing circuit may be reversed,

placing the split coi! in the grid circuit with

the neutralizing capacitor returned to the

plate of the rube. A bihnccd, or push-pull

amplifier is cross-neutralized as shown in

figure 2.

Energy feedback from plate to grid of a

tube may also be neutralized by placing an

inductor between plate and grid, if the re-

actance is of equal value and opposite sign

to the reactance of the grid-plate capac-

itance, the neutralizing circuit is resonant
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TETRODE NEUTRALIZATION

A-Briice circuit for neutrattetisr. bslcw the $e]f-nsutra!izir.E frequency. B-Screer, neutraliza-
Ucn fcr oss 2bcvs the self-neulrelizing frequency.

Illustration -?B shoe's 2 useful neutraliza-

tion circuit for 2 vhf amplifier. A variable

screen bypass capacitor is used to series-

rconsic the screen lead inductance to

ground. The circuit is frequency sensitive

and requires adjustment unless the equip-

ment is only operated over a narrow fre-

cuencv band.

CenceJIction ef for each tetrode or pentode
Screen Lccd • jreouenev exists at which
Iriuctcncc the screen capacitance and

screen lead inductance are

in 2 condition 0: series resonance. This places

the screen at a zero r*f potential with re-

spect to ground. The frequency is called the

s;./-*: jrrq::cr.c) and usually falls

between 20 MHz and 2 DO MHz, depending

Neufralirrng Voltage feedback trom output

Procedure :o Liput through the distrib-

uted constants of the vacuum
tube has 2 deleterious effect on amplifier

perlormance. The magnitude, phase and rate

0! change with respect to frequency of this

feedback voltage determine the stability of

the amplifier. Control of feedback is termed

V‘C:siTci::si;or.. The purpose of neutralization

01 an amplifier is to make the inrut and

output circuits independent of each other

~ith respect to voltage feedback. Tropr
r.mfrc

I

jzsi:or. nsy be drived si ihc itsir an

v hch, bev output evd ivt'ut ferrh erreuii!

- rc rcsovsvi, nsxinun dnur : o’fs^c. n':v-

:n;:n piste nrrevi, svd nsxinun power
outpa! occur ilnulisvrou'h.

The state of correct neutralization, there-

fore, may be judged bv observing these

operating parameters cr by observing me
degree or teedback present in the amplifier.

Neutrcltxsfius tje" •*’ t~* t--'. ~-*;h
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Hectfslircficn cf Stable operatic or t:

Ajr.plffieri gjfc) str.pice: crrer. ?

tScoSaHr above 25 .VKz c: «. Cards

Tee firs: path involve? rb e*ao«*»-

rlsic capacitance aid proper rrrtrdizatrtf:

rosy bt gcoonplisbd fcv a scs-t rcict^ncs

brides tscbrsscus 12 1222 crirrc*'; or scj'-G——e—

-

Asa :b dwas-iscscasw ckc?::.^ 2

reasonable bridge b2kr.ce over 2 ~-2/
rf

cuectr.- range may be achieves “::r £ r—

P

Tee record feedback csb krlscs tbs

pc-avakte capacitance, tbs ci^oce-o

— 7/^o^ ? r 7/ ov

—

efKJ
i

^-5

Figure 2

STANDARD CR0SS-NEUTRA.UZH1

PUSH-PULL TRIODE AMPLIFIER

- ' . - * f-bc^rcepc capacitance gas »-*» *—•-

f; ti» gria-to-gmfflE K* (“SR*

H tins path is 20: nsrrealizes. a vg.^P

pars on tee £nd or tb mb ^brea

increases or decrease? be bnjaog
<

‘

depending on tfce valet? or

certs5a frenaency exists at vxieri

feedback Ktb jzsJHfy £2C-C <CC!
^
2Z~ **"?

®d£-2£ttffiaSaag freceeacy^"
sbrat by ziemg either ptdav^er

reactance in be grid drerit, as sco*2 *** ‘T

fenfe. If tie c?sa&g 4®?SK7 °

KEUTRALIZA.no!! OF CATHODE

DRF/EK A.!i!PUFIER

uentdl f>8 1=7 t*. H*
aas; tjr ra«s * PJ'£.t £??'*£!:
t
-, --1 v- cf zvstiiiiEzs csti L,. se.it-*

s;7^t:r rsrvwc pSia verSfi frrr: retfnjifr

55.- *“

erfL-;;x; c**#*? r:-^ fcs cun

6* Su rfseft £r «=«« e? *

,r T-^-Ttrr Ls «;,-k«.t*4 iZ
':,£7^,

cf nrTS tziirnS» f«s«S ** «• « SS8,:rf

tj eSSsr rerivSJrj b&k:-

ibtre £4 si'-tKttfeg freKrov •

merits capacitates 2 c?sd to rebecs <s& grt-

assssx. If tie meazz fatpez? b

bsbr ccs ciT-zzrzi. c-r.z c'C.zr.r:
-

:
tc=

fC-- IZCZCCCT.CS 2—1 1 _e ...~T~ -—

i dLcZCzB^ k^CZSZC; fe Et7*a

® trs IF& MKz.

((.rfreltejiA' A ’czdcsT.ici xr~s.-.iTT.-

TeireieAspIfe pfer rag be

•:. _«c, K fc aS=»E»E 0;

* jiTTr- c rgc-e 4. in w-s-**

. ‘^T^L r'x^-Hc cscad^oce k k*1*

S' opAcrjCszi .VC ter

S-Etoci 'ar-TCzz-TT. of -_W fjie:

I- is itrjf-it: M oo^ »- ^ F1

N —
- . ;

—r™- ~£ sotbt e-
CT30S csr.ei--;-1 “p-

„Z-..c-JL cr.i O-XT a-.cz:-. ret,..
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is , KgUr,-™
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^7OTt "“Various rare fci
«ho-t

aS'r “ d‘‘ 0per!tor of «“«knl
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PtitopriLrit' “ •paA-
so pansle oplog aratffl. 0. d

^•^^o.oldpSerriX

Frequency

Multiplication

U-IO Pfafe Tank
Circuit Design

,

714 vara“« tufc my k used 3 2
/rejwtty aulliplitr a provide gain and
jMser at earn, aiiree. gad four draa tie

“F?
1

Circuitry is conventional,

r
,th

,
e P«te circuit tuned to the desired

tennonic. Operating efficiency is sbon: JO
P^cent at tbe second harmonic, 3J per-
cent tt rh» third harmonic, and 20 per-
cent at the fourth harmonic.
The angle of plate current Sow (Chap.

rf
‘
/. ,.

raust
Hu jfe small for 2 freqnencr

IflU r’ph’er and high grid bias is required
50

the peak excitation voltage Fill
erce

f^
“e cuto£ voltage for only a short

P°roon of the excitation cycle.

figure J illustrates doubler action show-
hov- the cutoff bias is over-come by

.

e P52-*5 of the exciting signal. The mk-
*g pulses in the plate circuit are filled in

• l^s fa'U'heel e§ecl of tbe tuned circuit.

« Cl».ai- KTPJT rccTMI

A A A A A
I

, I H * 8 * 15 * r

!«'(arovt)_
"/

tsfi

—

Figure 5

ACTION OF A FREQUENCY
MULTIPLIER

. , ;

•Jupuner draws piste

“V0?1 of F*s of store La-
]¥. P>“ i Aenfoa

.ell of faji fiwuacv knoosio ^M baraowlfem tig output circuit bv
terras Ot a and MraracKtptciance
te.. maul v-hict Hods to smooth oat the

P
.

bF !a ?“raSA or tank, lotion into
2 sine wave of r-r output.

To«kCto»0 n» piste tral cfcourraust

be sble to store enough r-f
energy so that it can deliver current in
essentially sine wave form to the load. The
ability of a circuit to store energy is desig-

nated as the effective 0 of the circuit. The
Q is defined 2s the ratio of the energy
stored to 2r times the energy lost per cycle.

The energy lost is tee sum of the circuit

losses and die energy delivered to the load.

Tank circuit 0 at resonance is equal to

the parallel resonant impedance (which is

resistive at resonance) divided br the induc-
tive or capacitive reactance (both equal at
resonance). Thus,

Ru

where,

Ri is the resonant impedance of tbe tank,

Xr is tbe reactance of the tank capacitor,

Xj. is the reacunce of the tank coil.

er*£
S
i-

fiBC
' EFE- 2ntf JKl J/rustrats iSMEpte

udm v ?UIsbs unier ctess-B opera lisa, the

X
i.

zxis be'nZ “hrff ***$. If 1116 fciss is

K Umes (the lower dashed X-axis) and

fncreasetl. Die flrirs sfjual is rapre*

p„.n“ U,B Positive, alternate ware psate.

"e antJ MN0 illustrate the missingm which are filled fn by the flywheel effect

in tbe plate tenJc cireD'A

This value of resonant impedance (Kt)
is die r-f load which is presented to the

power amplifier tub: in s single-ended cir-

cuit such as shown in figure 6.

The vrice of r-f load impedance (fiL)
which the clats-B/C amplifier tub? sees may
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Figure 8

RELATIVE HARMONIC OUTPUT
PLOTTED AGAINST CIRCUIT Q
FOR PARALLEL-TUNED TANK

s circuit Q of about 10 any increase will

no: afford appreciable reduction in the third-

harmonic energy, so that additional har-

monic filtering circuits external to the

amplifier proper must be used if increased

attenuation of highcr-ordcr harmonics is

desired. The curves also show that push-pull

amplifiers may he operated at 0 values of

C or so, since the second harmonic is can-

celled to a large extent if there is no unbal-

anced coupling between the output tank

circuit and the antenna system.

Pletc Ter* Circuit The chart of figure 7
t>f.isn Chert shows circuit capacitance

(C) required for a circuit

Q m 10
,
generally considered to be a good

com promi-e value for clas^ AB, B, and C
arr.p.Mcr stage*. The capacitance value in-
c.u.,r< t.:: output capacitance of the tub:

‘ tri
> wwh capacitances. Total stray

sapjnsarice may run from perhaps
5 pF for

. .. -p.-v er %h: *:age :o a‘ high as 50 pF

.. a\
Cr '

:*C ' ““c kd:d
s.urt are appropriate values for the

If a different value of circuit 0 is desired,

a new 0 value may be established by a

simple ratio. For example, with a given value

of plate voltage to pbte current ratio, re-

vised values of constants for a 0 of 12 may

be found by multiplying the capacitance

by 12/10 2nd the inductance by 10/12.

Then a split rank circuit is used (figure

9B, D). the capacitance value may be

reduced as shown and the inductance raised,

while still maintaining a constant value of

circuit O.

At the higher frequencies, stray circuit

capacitance may be larger than the value

determined for a O of 10. In this case, the

Q must be raised to a higher value. Circuit

®

PARALLEL-TUNEO TANK CIRCUITS

A-S;nj;tt tried, use chert cl faun? <tf v»l«*
cl l zr.d C. B— Sir.j;lf-crfed, split ijr.k. f/c'ti-

vilaet ei l ty feur. Ee'h secticn c? spirt-

stitsr espasUif is vjlut listed in flruve 7.

C-Sptit ‘.ink with linjtt-srctisn especitre. C*‘

p:cit;r vslae is -t value lilted in fitvrt 7*

D-Push-puii circuit with split-stittf capetircn

tech sretien c! C3;i;i!:r is s'* vsJjt

in fievre 7.



Figure 7

PARALLEL-TUNED
CBCUITOOTr^^ _

Component values IBM are la a « "> %ai’tr *lT
'

«A = mL, CapaniMce " 5 by B«' *' «** '

SC) ana Muttra is multiplies by «”•
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lino. To achieve proper coupling the

coupling ceil should be series-resonated to the

tank frequency. The inductance of the link

cod is such that its reactance at the opera-

ting frequency is equal to the characteristic

Figure It

AUXILIARY LOADING COIL (L)

USED IN SERIES-TUNED ANTENNA
CIRCUIT TO ACHIEVE MAXIMUM

COUPLING

impedance ot the transmission line. The
circuit 0 of the link-capacitor combination

may be as low as 2. In such ease, the value

ol <cric< capacitance is quite large and the

value may be reduced to a more practical

amount by placing an auxiliary inductance

(M in series with the link coil as shown
in figure 1!.

l, Pi, and Pi-L

Matching Networks

Yarimit types of networks arc used to

isan'iorm one impedance to another and
network types known as l, *i, and i'i-L are

tom.monly mad in transmitter circuitry for
l..i< purpve. The reason these networks arc

.v.\- ih complete a transformation i< that.

r;
'T'X'

l fl

-4-..L

;^ILS TO PARALLEL IMPEDANf
CONVERSION

for any series circuit consisting of a series

reactance and resistance, there can be found

an equivalent parallel network which pos-

sesses the same impedance characteristics

(figure 12). Such networks are used to

accomplish a match between the tube or

device of an amplifier and a transmission

line.

The l-Nctwork The L-neiwork is the sim-

plest of the matching net-

works and may take either of the two forms

of figure 15. The two configurations are

equivalent, and the choice is usually made

on the basis of other components and cir-

cuit considerations apart from the imped-

ance matching characteristics. The circuit

shown in illustration (B) is generally pre-

ferred because the shunt capacitor (C)

provides a low impedance path to ground

for the higher harmonic frequencies.

The L-nctwork is of limited utility in

impedance matching since its ratio of im-

pedance transformation is fixed at a value

equal to (0
: t 1 ) . The operating 0 may be

f, c

Figure 13

TWO EQUIVALENT l-NETWORKS

A -Ini act! nee in parallel lejr. capacitates in
«Trts tec. B-Cj petite net in parallel Ire, in-

Cuctincc in series lt{;. Imprest:* niues fer

fcitJi circuits arc r.ivcn in figure u.

network .between tha platt- i-rh of
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USUAL SSEAKOOWN RATINGS OF
COMMON PLATE SPACINGS

Att-gsp in reck vtUes*
i.itfie: bitchisvm

1000

2000

3500

£500

5203

6KO

tlPM
15.003

20,030

Recommended air-gap for use when no dc
voltage appears zcrcss plate tank capacitor

Vfchtn plate circuit is shunt fed cr when the

plate tank capacitor is insulated frem ground).

D™£' aim S
m .030 A>50

8» .050 m
755 .050 m
1000 .070 .100

1250 .070 .\U
1503 .078 .200

2003 .100 .250

2500 .175 .375

3030 .200 JOO
3500 Z53 m

Figure ID

Spacings should be multiplied by 1.5 for same
safety factor when dc voltage appears across

plate tank capacitor.

eliminate sideband clipping. The increased

Harmonic content of the output waveform,

m this instance, is reduced by placing a

suitable harmonic filter in the transmission

line from amplifier to antenna.

The tank circuit operates in the same

manner whether the tube driving it is a

pentode, triode, or tetrode; whether the cir-

cuit is single-ended or push-pull; or whether

it is shunt-fed or series-fed. The prime fac-

tor in establishing the operating Q of the

tank circuit is the ratio of the loaded reso-

nant impedance across its terminals to the

reactance of the coil and capacitor which

make op the circuit.

Effect of Land- The 0 of a circuit depends

'"9 on Q on the resistance in series

with the capacitance and

Inductance. This series resistance is very low

for a low-loss coil not loaded by an antenna

circuit. The value of Q may be from 100 to

400 under these conditions. Coupling an

antenna circuit has the effect of increasing

the series resistance, though in this case the

antenna. Mathematically, the antenna in-

creases the value of R in the expression

0 — iiL/R where L is the coil inductance

in microhenrys and o is the term 2nf (f
being in MHz).
The coupling from the final tank circuit

to the antenna or antenna transmission line

can be varied to obtain values of 0 from

perhaps 3 at maximum coupling to a value

of 0 equal to the unloaded Q of the circuit

at zero antenna coupling. This value of

unloaded 0 can he as high as 400, as men-

tioned in the preceding paragraph. How-
ever, the value of Q-10 will not be

obtained at values of normal dc plate cur-

rent in the class-C amplifier stage unless the

C-to-L ratio in the tank circuit is correct

for that frequency of operation.

Tuning Capacitor To determine the required

Air Gop tuning capacitor air gap

for a particular amplifier

circuit it is first necessary ro estimate the

peak r-f voltage which will appear between

the plates of the tuning capacitor. Then,

using figure 10, it is possible to estimate the

plate spacing which will be required.

The instantaneous r-f voltage in the plate

circuit of a class-C amplifier tube varies

from nearly zero to nearly twice the dc

plate voltage. If the dc voltage is being 100

percent modulated by an 2udio voltage, the

r-f peaks will reach nearly four times the

dc voltage.

These rules apply to a loaded amplifier or

buffer stage. If either is operated without an

r-f load, the peak voltages will be greater

and can exceed the dc plate supply voltage.

For this reason no amplifier should be oper-

ated without load when anywhere near nor-

mal dc plate voltage is applied.

If a plate blocking capacitor is used, it

must be rated to withstand the dc plate

voltage plus any audio voltage. This capaci-

tor should he rated at a dc working voltage

of at least twice the dc plate supply in a

plate-modulated amplifier, and at least equal

to the dc supply in any other type of r-f

amplifier.

Inductive Coupling The chart of figure 7

to a Coaxial Line provides data for cou-

oline the resonant tank





GENERATION AND AMPLIFICATION OF R-F ENERGY H.33

‘SZS C3"S S? 2 K'-oh:

£:•

Ho~£ver. die L-nsr^ori is irtergrdrg

siscs it fenrs da bsis of csies for die

Iks refeance; calr h dzs case die Iks

rekbtascg is eirecdy cczplsd iszo cie tank

"TLsre tts^ iosd circuit is coupled to tcs

naOektt erect. sxce tor

proper operation L znd C 22s: Be resomr

ia order ioz tbs sttrork a? gzesssz z zssis-

dre lose zo zb; ckss-C usplcr.

i. Sj Cc2 -r '1(tU£“}

!#c
s *“ *!*Xc

3

3 -4 ==&=&-sHr

- te»* 225
”*
rt”

*3? CPSMTMS £ sj£if<

Corf3: ;*=*#

Figure T4

be abort tbs r.n; e? z? 0 ccr.zer.t;7r.;l fsr.h

clrnzi.

2? is ~o "-2:0".- crondr25—or the scan!

rdru; of tee capacitance msv be obtained

for zn epersdsg 0 of 10 by reference to

zb* ebrt of figure 16.

Tbs feeretire am in the pr-cir^oi can

Be thought of as consisting of tsvo indec-

tscre? is sens, as ilienrsad ir. figure If.

-€C£; r

7Cj=-F*

*ia*

THE L-NETWORK IMPEDANCE

TRANSFORMER

l-r.zZwzfr. ts osefat niJfl 2 preisrets cpirat-

fe2 2 fcr hrzh rztiss ti tosizcx tankas*
tfSn, zrj ft ir^y fc= ersd fer zfjtfaSerts ether

tfan la Sis plsts circuit ef 2 ft*e wi* re!2-

tirsfjf lew vslces ef optraSc* 2 £•' carets

i~5JSsntE trensftrnveSsas. feet zt*3 Z?tmu-

rate dssfsn eir-’Efcsi s.’s siriz.

Figure 15

THE PI-NETWORK

Tfcs pj^rehreft fe rz!=si!s ftr css s? an te-

prCECK &2.nsfrnr-:r erff z wise «{:? ef Saw*
f: trail:.*. vzlass. ts* ej=re*J.” C sfc:s!t t; «t

last 10 irJtin the efmrrt is ts ts ursf in l>»

F.’eIe ei.ns:?; ef e cf-ss-C r-rr^Er. C’S-tn era?.

•Jins are giT-n atrn. isicstsr L. represents

a sfrgf? ieCee^ne?, essrflf nrizt!* Witt *
vsies e;«i t: ttt sen c‘ Li ats U,

He Pi-Nehferfc Tc: fArrfrS-'A cn fe ccz-

scssf a —o bd-a-bici

!-=.—c.-Ss s; i-uTO ij Egcrr 15. Tfe

“'cri ij such core general in its anpneajoo

than the L netrroi since it ode; greater

wed to rnzteh a rektivelr wtM rarge of

impedances, rrhife still jsaincdnsrg zsr

deared opersnng 0. Tfce values of C: an-

£5 La tb® pr-njCfTorb 0/ figure If can be

thought of as Karins the same raises of die

L remrorJ; ia figure H for tfcs ante oper-

ating 0, bat, 7,'hst is snore important irnsrs

th: comparison standpoint chest vslccs v:?I

The 5n?r porfion of this inductance !

L

:)

is chat vaitt; of incsccance rHds rrculd

resonate r.-i:h C: a: the operating freccwcv

—ass same as ir. a ccsresdoua! tank circuit.

Ko~cver, the serial ra!n« of hzdvctir.cc in

greater rfcas I; tor corma) nines of imped

-

den ratios L~ r; r.T! be only slichdy greater

Ir- rdll be rvice as pest as £r 1« sm°“-t

to restore reronanre and mamtam circuit



Fips-e n
r? rrcaa :rr^rr.nrtj^r!

Pi-L KE71YDEK IS VXcl Ur Dr
THREE L-KETIYCRKS IK SERIES

L nrrvT.Tj- Trrvitfft prctcr trcsrfrTnsitor r&*
rtr Write: hrmtir.te sujsnrtsslnu thsa fir

Y.r trt l‘ r: the D’-nctverls. Uicalnp asas*

t I-T 3 Bias and Screen

Yctece



generation and amplification of R-F ENERGY n,35

is obtained through use of the expression for

Xu and Xl2 in figure 15.

The peak voltage rating of the main tun-

!ng capacitor (Ci) should be the normal

value for 1 class-C amplifier operating at the

plate voltage to be employed. The inductor

C^-Tot) may be a plug-in coil which is

changed for each band of operation, or some

sort of variable inductor may be used. A
continuously variable slider-type variable

inductor may be used to good advantage if

available, or a tapped inductor may be

employed. However, to maintain good cir-

cuit Q on the higher frequencies when a

variable or tapped coil is used on the lower

frequencies, the tapped or variable coil

should be removed from the circuit and re-

placed by a smaller coil which has been

especially designed for tbe higher frequency

ranges.

The peak voltage raring of the output or

loading capacitor (C2) is determined by the

power level and tbe impedance to be fed. If

a 50-ohm coaxial fine is to be fed from the

pi-network, receiving-type capacitors will be

satisfactory even up to tbe power level of 2

plate-modulated kilowatt amplifier. In any

event, the peak voltage which will be im-

pressed across the output capacitor is ex-

pressed by:

where,

?p is the peak volt2gc across the capacitor,

Rr is the value of resistive load which the

network is feeding,

K is the maximum value of the average

power output of the stage.

The harmonic attenuation of the pi-net-

work is greater than that of the simple L-

network but is not considered great enough

10 meet the FCC transmitter requirements

for harmonic attenuation. The attenuation

to second harmonic energy is approximately

35 dB for the pi-network for 2 transfor-

mation ratio of 40, and increases to “40 dB

when the operating Q is raised from 10 to

cause the loading capacitor is placed at the
mage impedance level (X,)

, which is usually
of the order of 500 to 700 ohms, the peak
v° rage across the capacitor (C* + C*E)
will be higher than that across tbe output
capacitor of an equivalent pi-network, and
the value of the pi-L capacitor will be ap-
preciably less than thzt of the equivalent pi-

network loading capacitor. A formal calcu-
lation of the pi-L circuit parameters is given
in the article "The Pi-L Plate Circuit in

Kilowatt Amplifiers;

”

QST, July, ]%2. A
free reprint of this article may be obtained
by writing to: Amateur Service Department,
EIMAC division or Varian, San Carlos, CA
94070. Typical components for pi-Lnetwork
design for the various hf amateur bands is

given in the chart of figure 18.

For a transformation ratio of 40 the

attenuation to second harmonic energy is

about - 52 dB for a pi-L network having
a Q of 10 and an image impedance of 300
ohms, rising to “55 dB for a O of 15
(figure 19).

Network Dofo Li this decade new amateur
for Hie New bands will become autbor-

Antefeur Bands ized ne3r io.l, 18.1, and

24.9 MHz. To assist in de-

signing equipment for these frequencies, the

pi and pi-L network values are summarized

in figures 20 and 21. An image resistance of

300 ohms is chosen for the pi-L configura-

tion.

11-12 The "Grounded-

Grid" Amplifier

The cathode-driven or grounded-grid am-

plifier is well suited for linear service in the

hf and vhf region. "Grounded grid” implies

cathode drive, but in such a circuit the grid

may not be at dc ground potential (figure

22), especially with respect to screen volt-

age. The design of the plate circuit, how-

ever, applies equally we!! to this class of

amplifier and the data given in the previous

section is correct for the design of 2

71,8 B-L The pi-L network is made up of grcnndtd-gnd stage.

Network ^ l,.Mm,rk and provides a The grounded-grid amplifier requires ran-

greater transformation ratio and sidcrably more ennra than if the same

higher harmonic snpprossion than do either tube «re employed in a gnd-dnven ornnt

of the simpler nemorfa (figure 17)- S'- lh ’rJTefonn tk dnve s,SmI ™ !!
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Figure IS

HARMONIC ATTENUATION OF
Pi-AND Pi-L NETWORKS
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|
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Figure 21

Pi-L NETYi'ORK COMPONENTS
FOR 10.1, 18.1, AND 2AS MHz
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figure 21

PI-NETWORK CIRCUIT FOR
GROUNDED GRID AMPLIFIER

Zt is the inpot impedance cf the amplifier.

SsfttyBfe Sdf bhs s!k: p:erica a pro-

tecticn against excessive plat

e

current in cats of failure of too source of r-f

grid excitation. A well-regulated low-vol:-

age^ bias supply can be connected in series

«ith the grid resistor. This fixed protective

iri2S will^ protect the tube in the event of
failure of grid erection. "Zero-bias” tubes

do not require this bias source, since their

plate current trill crop to 2 safe value when
cue excitation is removed.

Cetfiode Bies A resistor can b* connected in

average dc current is constantly varying series with the cathodeor cen-
v?ith modulation. tea-tapped filament lead of an amplifier to <*-
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Scrser In feigning equipment using

frotoctinr high-power tetrodes, considers-

tion roust be given to contra] oi

secondary emission irom the screen element

of the tubs. The screen is normally operated

at a relatively low potential to accelerate tne

electrons emitted from the cathode. "Nut all

of the electrons pass through the screen grid

on the way to the plate, some of them being

intercepted by the grid. In the process of

striking the screen grid, other electrons arc

emitted, some of which may be attracted

by the higher potential of the plate. The

result is a flow of electrons from the screen

to the plate. It is possible that more electrons

"will leave the screen than trill arrive and a

screen meter trill indicate a reverse electron

flow, or negative screen current, under this

condition. A low-impedance path to ground

roust be provided for this flow, otherwise

the screen voltage will .attempt to rise to

the vabe of the plate voltage, by virtue

of the voltage drop created by the negative

screen current flowing across the high-

impedance screen circuit. As the screen volt-

a,ge rises, the plate current cd tie tetrode

.increases and the tube is in a runr.wrv con-

dition. The addition or a resistor from
screen to ground will compensate for the

effect oi negative screen current. The value

oi this resistor will he such that the bleeder

current will run from 20 roA to as high as

TROW It .

U-± w* v~vnc

i'

n

rlEWE "l

SfficsN CDKTROL GffiSmT

The da return "path to srounfi tor szrasr. of t
tetrads should hot bs brolsr.. Tlesistor 7^ rore-
Tilstas ths circuit and ssrear, hi^ti-voltage tsac
may be upsn -to reduos stajrs jair for timeup

purposes.

70 niA, depending on the tube type. Tube
data sheets normally state the amount di

bleeder current required to counteract -die

emission current.

A correct circuit for the screen simply of
a linear ampliner, including a "tune-onerate”

-witch as shown in figure 51. In •roe "time”

position, screen voltage is removed, petmh-

rmg adjustment'; to be made to the circuit

at a vsrv low newer level tor tuneun nut-

poses.

5?it' The impedance of the grid cir-

Protaefior. an i: must be considered, par-

ticularly in class AJ-: amplifiers

wherein r. regulated bias source required.

Primary grid emission can cause trouble if

the impedance of the arid circuit is too high.

The dc resistance to ground of the hiss

supply should be sufficiently low fhebr

1000 ohms nr so) to prevent, appreciable

reverse bias from being developed by the

flow of emission rnrren: through the in-

ternal resistance of the bias supply. The

reverse bias produced by this effect tends to

subtract from the grid bias, causing a tut~

cwry condition if not controlled.

Arc Ttotsztior hlonsra transmitting tubes

have very close internal spac-

ing between element? to achieve .high power

pin and good performance a: very high

operating frequencies. Components, tor.,

tend toward mors compact rices to alior

high-density construction in modern equip-

ment. Under these conditions, fbshovsrs nr

arcir.g between high- and low-potential

point? in the circuit nr tube may possibly

occur, lbs impedance of an arc is verylow.

or the order d: an ohm or so, and rtrtems'y

high values of jam: znrrcni how during the

ilashover. haul: current flowing through a

small resistance or impedance create? a high

voltage .drop in unexpected place? and may
result in damaged equipment,A jlashover in

a dc plats circuit, for example, can discharge

the power-supply miter capacitor in a frac-

tion of a second and allow thousands oi

ampere? oi current to pcs? through the arc

and any component? in series with the dis-

charge path.

A marking gap (Gi) roar be placed at c

critical noint, as shown in figure 32, to pro-

tect tube and components against transient

arc voltages and a high-vnidge,
uuicii-ac-

rinv fuse can he placed in .series with hign

canaciry filter circuits to prevent damaging

fault currents from flowing through delicate

metering circuit? prtenet diodes.IMetsasmay
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Screen Voltage In addition to plate and bias

voltages, tetrode tubes re-

quire screen voltage. Screen voltage is crit-

ical in that a change in plate potential or

grid bias will usually require a change in

screen voltage. Screen current, moreover, is

a function of grid excitation and plate load-

ing and screen dissipation can quickly be

exceeded if either of these two parameters

van- outside the design limits. In particular,

if plate voltage is removed or reduced under

excitation, the resulting voltage and current

surges in the screen circuit are apt to per-

manently damage the tube.

hand, the screen curivni may Iworoe effu-

sive. In either cp§e, damage to (lie sewn and

its associated components may result, In ad-

dition, fluctuations in the plaie Ming nf

the tetrode stage will cause changes in life

screen current of die tube. This will

in screen voltage fluctuations due (o (be in-

herently poor voltage regulation of the

screen series dropping resistor, These cfleris

become dangerous to tube life if the pjaie

voltage is greater than the sewn voltage by

a factor of 2 or so.

The Clamp Tube /, cjj#)p t vbemy Ik ?d'M

t/> jfot v.m vyetfl supply,

« imv/j3 h H The clamp w!k h nor-

mally c« t/f. hy 'dr,toe of the do grid bias

strode r;bJ Y/btr. wawtsw st removed

from to? teredo, .00 oas appears across '/k

g~c ret5tw, and doe damp tobe r/ndwt

xzyf.v, drcppbtg the soreto voltage v; a

rrf? raise, Y£*c w.&stfffi k *0 the

ctcroo? tae ouaxop tvoe is Jsopcratfiw, and

IsetSfflOEK of ea? plate Hording of to?

tetrode v.'oe ooi:2 0>v tat «qt?ws vo/qge

to rise to t. oa.ror.gitg va.Voe. of «&»

taster- ta? dh-.rrp tub? ooes or/t-

poet prsctctbr to to? *f?/YA.

Tin's?/**:.', i fiir-rfasp. Y/.VX OUppp

vksbt yupjjV -»>£•.' b? livet .'iro’/ad or toe

wr.3ir vfapsito: f&ucfw-
‘assort waa&c "<y/x. to? e/:.otr *#sr/s.

'Wpscby pcrsrKSSt; odd:. toe

ottssn do tssfr-- 'SsXf.fjk .r p "/ 0*'

•vjibagsb .esssy-iC ;:s;er. ta? 'too
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R-F Feedback R-f feedback circuits have

Circuits feet? developed by the Cofa
Radio Group of Rockwell-

International for use with linear amplifiers.

Tests with large receiving and small trans-

mitting tubes showed that amplifiers using

these tubes without feedback developed sig-

nal-to-distortion ratios no better than 30

dB or so. Tests were run employing cathode-

follower circuits, such as shown in figure

3 3A. lower distortion was achieved, but at

the cost of low gain per stage. Since the

voltage gain through the tube is less than

unity, all gain has to be achieved by voltage

step-up in the tank circuits. This gain is

limited by the dissipation of the tank coils,

since the circuit capacitance across the coils

in a typical transmitter is quite high. Tn ad-

dition, the tuning of such a stage is sharp

because of the high-Q circuits.

The cathode-follower performance of the

tube can be retained by moving the r-f

ground point of the circuit from the plate

to the cathode as shown in figure 33 B. Both

ends of the input circuit are at high r-f

potential so inductive coupling to this type

of amplifier is necessary.

Inspection of figure 33 B shows that by
moving the top end of the input tank down
on a voltage-divider tap across the plate

tank circuit, the feedback can be reduced
from 100%, as in the case of the cathode-

follower circuit, down to any desired value.

A cypicil feedback circuit is illustrated in
figure 34. This circuit is more practical than
those of figure 33., since the losses in the input
tank are greatly reduced. A feedback level of
12 dB may be achieved as a good compromise
between distortion and stage gain. The volt-

age developed across Cj will be three times

the grid-cathodc voltage. Inductive coupling

is required for this circuit, as shown in the

illustration.

The circuit of figure 33 eliminates the

need for inductive coupling by moving the

r-f ground to the point common to both tank

circuits. The advantages of direct coupling

between stages far outweigh the disadvan-

tages of having the r-f feedback voltage ap-

pear on the cathode of the amplifier tube.

In order to match the amplifier to a load,

the circuit of figure 36 may be used. The

ratio of to XCi determines the degree of

feedback, so it is necessary to tune them in

unison when the frequency of operation is

changed. Tuning and loading functions are

accomplished by varying Cz and Q. Lz may

also be varied to adjust the loading.

Feedback Around a The maximum phase

Two-Stage Amplifier shift obtainable over

two simple tuned cir-

cuits does not exceed 180 degrees, and feed-

back around a two-stage amplifier is possible.

The basic circuit of a two-stage feedback

amplifier is shown in figure 37. This circuit

is a conventional two-stage tetrode amplifier

except that r-f is fed back from the plate

circuit of the PA tube to the cathode of the

driver tube. This will reduce the distortion

of both tubes as effectively as using individ-

ual feedback loops around each stage, yet

will allow a higher level of overall gain. With

only two tuned circuits in the feedback loop,

ir is possible to use 12 to 15 dB of feedback

and still leave a wide margin for stability. It

is possible to reduce the distortion by nearly

as many dB as are used in feedback. This

B*-

Figure 33

SIMILAR CATHODE FOLLOWER CIRCUITS HAVING DIFFERENT R-F
GROUND POINTS

/
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Figure 37

BASIC CIRCUIT OF TWO-STAGE AMPLIFIER WITH R-F FEEDBACK

Feedback voltage is attained from a voltage divider across the cutout circuit end applied directly

to the cathode of the first tube. The input

Vhen the plate circuit is in resonance

(phase angle equal to zero) the input resist-

ance due to the grid-plate capacitance "be-

comes infinite. As the plate circuit is tuned

to the capacitive side of resonance, the input

resistance becomes positive and power is ac-

tually transferred from the grid to the plate

circuit This is the reason that the grid cur-

Figure 3B

SINGLE STAGE R-F AMPLIFIER
WITH FEEDBACK RATIO OF
C./C. to C

ct/G„ DETERMINES
STAGE NEUTRALIZATION

rent in an unneutralized tetrode r-f ampli-

fier varies from a low value with the plate

circuit tuned on the low-frequency side of

resonance to a high value on the high-fre-

quency side of resonance. The grid current

is proportional to the r-f voltage on the grid

which is varying under these conditions. In
a tetrode class-ABj amplifier, the effect of
grid-plate feedback can be observed by plac-
ing an r-f voltmeter across the grid circuit
and observing the voltage change 2s the
plate circuit is tuned through resonance.

If the amplifier is over-neutralized, the ef-
fects reverse so that with the plate circuit
tuned to the low frequency ride of resonance,
the voltage is high, and on the high fre-
quency side of resonance, it is low.

Amplifier

^

A useful "rule of thumb”
heutreiizotfon rnethod of checking neutraH-
®IBC^ zarion of an amplifier stage

(assuming that it is nearly
correct to start with) is to tune both grid

•nfc circuit is thus outside the feedback |wp.

and plate circuits to resonance. Then, ob-

serving the r-f grid current, rune the piste

circuit to the high-frequency ride oi reso-

nance. If the grid current rises, more neu-

tralization capacitance is required. Con-

versely, if the grid current decreases, less

capacitance is needed. This indication is Terr

sensitive in a neutralized triode amplifier,

and correct neutralization exists when the

grid current peaks at the point of plate cur-

rent dip. In tetrode power amplifiers this in-

dication is less pronounced. Sometimes in a

supposedly neutralized tetrode amplifier,

there is practically no change in grid volt-

age as the plate circuit is tuned through res-

onance, and in some amplifiers it is un-

changed on one ride of resonance and drops

slightly on the other side. Another observa-

tion sometimes made is a small dip in the

center of 2 broad peak of grid current. These

various effects are probably caused by cou-

pling from the plate to the grid circuit

through other paths which are nor balanced

out by the particular neutralizing circuit

used.

Feedback end Figure 5 S shows an r-f zm-

KeutrcItzcHon olifier with negative teed-

of c One-Sfspe back. The voltage developed

R-F Amplifier across Cb due to the divider

action of Cs and C* is intro-

duced in series with the voltage developed

Figure 33

NEUTRALIZED AMPLIFIER AND
INHERENT FEEDBACK CIRCUIT

ft'eutraiirziion Is achieved by varying the

capacity uf
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Figure 34

SINGLE STAGE AMPLIFIER WITH
R-F FEEDBACK CIRCUIT

Figure 35

SINGLE STAGE FEEDBACK
AMPLIFIER WITH GROUND

RETURN POINT MODIFIED FOR
UNBALANCED INPUT AND
OUTPUT CONNECTIONS

figure 35

R-F AMPLIFIER WITH FEEDBACK

AND IMPEDANCE MATCHING

OUTPUT NETWORK

Tuning zni loading are zeccmF&tied ty Ci and

Cn, c s and U are tuned in unison D astadlisn

Uis const? tfegrse of feeifcacfc.

circuit has two advantages that are keying

in the single-stage feedback amplifier. First,

the filament of the output rage can ccnc be

operated at r-f ground potential. Second, any

conventional j» output network may be used.

R-f feedback will correct several type? of

distortion. It will help correct distortion

catrre^br psor supply regulation, too low
grid b.'2:, and limiting on peak? when the

pke voltage raring becomes too high.

KertrslacHsn The purpose of nsutral'za-

cni R-F Feci&stk ;
;w 0f an r.f -~

?
t££r

nags is to balance out

effects of the grid-plate-capacitance coupling

in the amplifier. In a conventional amplifier

using a tetrode tube, the effective input

capacity is given by:

Input capacitance - C;i-rCr,(l tA cos fi}

where,

C,- equals tube input capacitance,

C- equals grid-plate capacitance,

A equals grid-to-plate voltage amplifica-

tion,

$ quads angle of load.

In a typical twnru realized tetrode ampli-

fier having a stage gain of 55, the input

capacitance of th* tube with the plate cir-

cuit in resonance is increased by £ pF due

to the unneutralized grid-plate capacitance.

This is unimportant in amplifiers where the

gain (A) remains constant but if the tube

gain varies, serious detuning and r-f phase

shift may result. A grid or screen-modulated

r-f amplifier is an example of the case where

the stage gain varies from a maximum down

to zero. The gab of a tetrode r-f amplifier

operating below plate-current saturation

varies with loading so that if it drives a fol-

lowing stage into grid current the loading

increases and the gain falls off.

The input of the grid circuit is also

affected by the grid-place capacitance, as

shown in this equation:

fcpKretaace^
rg~

^

This resistance is in shunt with the grid

Current loading, grid tank circuit losses, and

driving source impedance. "When the plate

circuit is inductive there is energy trans-

ferred from the plate to the grid Grant

(positive feedback) which wifi imroduce

negative resistance in the grid circuit. TTcen

this shunt negative resistance across the grid

circuit is lower than the equivalent positive

resistance of die grid loading, circuit losses,

and driving source impedance, the amplifier

will oscBkte.
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resistive load to appear across the input of

the tube. This load results from a voltage

drop across the cathode lead inductance

which drives the cathode as in a grounded

grid amplifier stage. A portion of the drive

signal thus appears in the output circuit

(termed feedthrough power) which must

be supplied by the driving stage. As the

frequency of operation is raised, input load-

ing due to cathode lead inductance rises,

roughly as the square of the increase in

frequency. Thus, input loading is nine times

as great at 432 MHz as it is at 144 MHz
for a given tube.

The cathode lead inductance may be neu-

tralized by choosing a value of cathode by-

pass capacitance such that the total lead

inductance (tube, socket, and stray circuit

inductance) is approximately series-resonant

at the operating frequency, as shown in fig-

ure 2.

Cathode lead inductance may also be

neutralized by placing an inductance (Ls )

LEAD INDUCTANCE AND
INTERNAL CAPACITANCE

A—interelectrociB capacitances of the tuhe may
approach a large fraction of the capacitance
required to establish circuit resonance. E—
Lead inductance of the tube and socket creates
voltage drops so that only a portion of the drive

voltage appears between grid and cathode.

in series with the screen-to-ground circuit

as shown in figure 3 or by utilizing the grid

structure of the tube as a screen and placing

the exciting signal on the cathode (figure

4). The cathode lead inductance is now a

part of the input tuned circuit and the

grid lead inductance (while having a voltage

drop across it) usually is of much smaller

magnitude than cathode lead inductance in

a well designed vhf tube.

The grid lead inductance can either cause

instability and a loss of drive voltage or it

may provide a method of neutralizing the

amplifier, as discussed in the previous part

of this chapter.

. mu 1! Ill
'

1 UJJ !L_ Jj.
7TrV T

/( _Ii ATilL j\ J

l
i !

!
j \ H

ij
5

\
1

i TT V
1 U| 1 Ah
1 til 2C

1M 3M1» »3» 8OTJ »»
Ci <pF>

Figure 2

CATHODE LEAD INDUCTANCE

A-Cathcde lead inductance is neutralized by

series-resonant cathode circuit. B-Voltage gain

of the tube may be peaked by adjustment of

cathode bypass capacitor.

Screen Lead Screen lead inductance may

Inductance help or hinder the operation

of the tube. Below the sell-

neutralizing frequency of the tube (see

Part II, Section 11-8) screen lead inductance

is detrimental to amplifier stability as r-£

current flowing through the inductance will

cause an unwanted r-f voltage to be devel-

oped on the screen element. At operating

frequencies above the self-neutralizing fre-

quency, a variable screen-bypass capacitor

is sometimes added to allow the self-

neutralizing frequency to be moved up to

the operating frequency.

Input The input capacitance of a

Capacitance grid-driven tetrode is the sum
of the grid-cathode and grid-

screen capacitances. The larger the input
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across the grid tank circuit and is in phase-

opposition to it. The feedback can be made

any value from zero ro \W/0 by properly

choosing the values of Cs and C*
For reasons stated previously, it is neces-

sary to neutralize this amplifier, and the

relationship for neutralization is;

crck<

It is often necessary to add capacitance

from plate to grid to satisfy this relationship.

Figure 39 is identical to figure 38 except

that it is redrawn to show the feedback in-

p {(
A F.OUT

Figure 40

UNBALANCED INPUT AND OUTPUT
CIRCUITS FOR SINGLE-STAGE

R-F AMPLIFIER WITH FEEDBACK

Port 111 Vhf

The representative circuits shown in

Parts I and II of this chapter apply equally

well to the lower part of the vhf portion

of the spectrum as they do to the lower

frequencies. Above approximately 100 MHz,

however, the clear distinction between ex-

ternal lumped circuit parameters and the

amplifying device becomes indistinct and

different design techniques arc required to

achieve proper circuit efficiency.

11-14 Vacuum-Tube

Limitations

The vacuum tube becomes progressively

less efficient as the frequency of operation

is raised, requiting more drive power for

a given power output level. At the same

hcrent in this neutralization circuit more

clearly. CN and C replace C3 3nd C4, and

die main plate tank tuning capacitance is

Co. The circuit of figure 39 presents a prob-

lem in coupling to the grid circuit, Induc-

tive coupling is ideal, but the extra tank

circuits complicate the tuning of a trans-

mitter which uses several cascaded amplifiers

with feedback around each one. The grid

could be coupled to a high source imped-

ance such as a tetrode plate, but the driver

then cannot use feedback because this would

cause die source impedance to he low. A
possible solution is to move the circuit

ground point from the cathode to the bot-

tom end of the grid tank circuit, The feed-

back voltage then appears between the cath-

ode and ground {figure 40). The input can

be capacitivcly coupled, and the plate of

the amplifier can be capacitivcly coupled

to the next stage. Also, cathode type trans-

mitting rubes are available that allow the

heater to remain at ground potential when

r-f is impressed on the cathode. The output

voltage available with capacity cqupjin|, of

course, is less than the plate-cathode r-f

voltage developed by the amount of feed-

back voltage across C.,.

Power Amplifiers

time, the input impedance of the tube drops

as does the maximum impedance realizable

in the plate circuit, had inductance of tube

and socket creates undesirable r-f voltage

drops so that the available driving voltage

does not appear across the tube elements

(figure 1A). In addition, the interelectrode

capacitance of the tube approaches a large

fraction of the capacitance required to estab-

lish circuit resonance with the result that

the tank circuit may "disappear” within the

tube (figure IB). The combination of lead

inductance and interelectrode capacitance of

the tube will cause an internal resonance

in the upper vhf region, possibly leading to

parasitic oscillation and instability.

Cathode Lead Tube gain is adversely af-

Induetonce fectcd by cathode had indue*

lance which, in conjunction

with grid-cathode capacitance, causes a
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Finite '1

CATHODE-DRIVEH VKr AMPLIFIER

c.-r-tr |r;fl t it rt'l t* !' s i'T-l

ciftlM trt, f fiejrpfljtnt f.j-.st fl-» *fr* J '5

*r*f (t,) r-sj tf utf'! f*‘ r»vJ«st'*J! t*> ft

ttJfr w!‘*n fisjrf f* !!? i\ f

f

Firurt t

REACTANCE CHART FOR VHF BAUDS

Figure 5

T-HETAVORK FOR
CATHODE-DRIVEH AMPLIFIER

Cirnplf T.r.et«trV can b^ uttd let ittp-etwr a
Mep-up trarulcimatien between catbece irpti-
ante and nominal SO-ehm teminilitn. In tMt
Circuit, n, is EFfaltr than p,. KttwifV. Q ef 2

to 5 is ccfp.tnsrlji uitd,

from the cathcvdc. Tbit increases the con-

duction angle of operation and reduce*, the

plate efficiency of the tube.

1M5 Input and Output

Circuitry

Single-ended vhf amplifiers make use of

linear versions of parallel-tuned or network
circuits in the input and output configura-

tions. A practical and simple input circuit

for a cathode-driven amplifier is the version
of the T-network shown in figure 5. For the

,
’*!

Figure 7

ELECTRICAL LENGTH OF LINE AS

FUNCTION OF X
r
/Z„

lower portion of the vhf region the network

can be made up of lumped constants.

The output circuitry, in addition to

matching the tube to the transmission line

may aho be called upon to dissipate the

anode heat of the tube. In order to do this,

and to prevent rapid detuning of the circuit

with rising temperature, the circuit Q
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capacitance the lover the reactance and the

greater the exciting current needed to charge

the capacitance. The driving stage must sup-

ply the current to charge this capacitance.

Stray input capacitance external to the tube

must be held to the minimum value, and

peak driving voltage should be limited by

operating with low bias to reduce the eSects

of charging current and accompanying waste

of drive power. The charging current can

cause heating of the tube seals and expansion

and detuning of the resonant circuits.

The cathode-driven amplifier has 2 lower

input capacitance for a given tube than the

grid-driven equivalent since the input ca-

pacitance consists only of the cathode-grid

capacitance, and its use is widespread in vhf

equipment.

Feedback The feedback capacitance in

Ccpactfonce a grid-driven amplifier is the

grid-plate capacitance of the

tube, which becomes a larger factor in cir-

cuit design as the frequency of operation is

raised. The cathode-driven amplifier mini-

mizes feedback capacitance since the cath-

ode-plate capacitance is usually quite small

in most vhf tetrode tubes, with the grid (or

grids) shielding the output from the input

circuit.

Regardless of circuitry', the higher the

operating frequency is, the greater are the

chances for amplifier instability' due to r-f

feedback from the output through the feed-

back capacitance of the tube to the input

circuit.

Circuit end The power losses associated

Tube Losses with tube and circuit 2II tend

to increase with frequency'. In

the vhf region all r-f current flows in the

surface layers of a conductor because of skin

effect. Resistance and r-f losses in 2 conduct-

or increase with the square root of the

frequency', since the layer in which the cur-

rent Sows decreases in thickness as the

frequency of operation increases. Additional

circuit Josses will accrue due to radiation

of energy from wires and components car-

rying r-f current. The power radiated from

2 short length of conductor increases as the

square of the frequency.

Dielectric loss within insulating supports

in the tube and in external circuitry increases

directly with frequency and is due to the

molecular movements produced within the

dielectric by the electric field. Both dielec-

tric and radiation loss contribute to 2 gen-

eral reduction in tube and circuit eScieney-

as the frequency of operation is raised.

Transit-Time Transit time is the finite time

Effect 2n electron takes in passing

from the cathode to the grid

of a tube and is a function of the grid-to-

cathode spacing and grid-re-cathode voltage,

increasing as die frequency of operation is

increased. If transit time is an appreciable

fraction of one operating cycle, electrons in

transit will be "out of step” with instan-

taneous grid potential, and the resulting

pkte current pulses ate not as sharp and

defined as the current pulses liberated

Cc2*ei;|=\Li. If

J.ZinV
eis sis
3~

1 i

Figure 3

VHF SCREEN NEUTRALIZATION

UMtfl lead Met™, may be ne.MM by placing indiictance

tUmiml circuit 8-Mtole and amen laafi mducBncas ft™
J
udge - ““

grid-lo-piate capacitances, Bridge balance places grid and it sam ivclia

„

tinM as

tar as internal feedback is ccncernea. Bridge » balanced by admsimen! of screan mdsBct 1,.
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HALF-WAVELENGTH PLATE CIRCUIT

WITH TUBE AT CENTER

Hcsiaimmiam
1.0 1.2 IA 1.6 1.6 2 2 -<

D/d

_ 0 TO 700 OHMS

Stripline or coaxial circuit design may be
:

aided by the charts of figures 6 and 7. For

example, a 3CX1000A7 high-mu triode in 1

grounded-grid configuration has an average

output capacitance (plate-to-grid) of 15

pF. Circuit stray and tuning capacitance are

estimated to total 15 pF. At 144 MHz, Xe

is about 35 ohms for the total value of 30

pF. For an XJZ0 ratio of 0.5 and given the

Xc value of 35 ohms the line impedance

should be about 70 ohms. From figure 7, the

point Xc/Z0 = 35 is found and the line

length noted to be 27 electrical degrees, or

about 6Vs inches. This is the total physical

length of the stripline and includes the

path through the tube anode cooler and

tuning capacitor. If this short a line poses

coupling problems, the experimenter may go

to a longer half wavelength line, with the

attendant problems of increased circuit 0
for tbe longer length.

The line, in any event, resonates with a

fixed value of capacitance and decreasing

line impedance increases the electrical length,

whereas increasing line impedance decreases

the electrical length.

The Half- The half-wavelength line or
Wavelength cavity is useful when the ca-
Lme pacitance of the tube is ap-

preciable and tbe use of a

quarter-wavelength line places the low
impedance end of the line close to the tube
socket terminals. A single ended, half-wave
stripline circuit is shown in figure 8 with
the tuning adjustment placed at the high-

PARAILEL WIRES

IN AIR

FOR D»tJ

Z0* vf

CURVE IS FOR

£ * 1.00

CHARACTERISTIC IMPEDANCE OF

PARALLEL AND COAXIAL LINES

HAVING AIR DIELECTRIC

impedance end of the line at the point of

low impedance and minimum r-f voltage.

The whole circuit, including the output

capacitance of the tube, becomes an elec-

trical half wavelength, capacirively loaded

at one end by the tube, and at the other

by the tuning capacitor.

Alternatively, the tube may be placed at

the center of a half-wavelength line,
^

as

shown in figure 9. Both ends of the line

are at r-f ground potential. The line is

adjusted to resonance by means of a snail
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Figure 8

HALF-WAVELENGTH STRIPUNE PLATE CIRCUIT

Tuning capacitor is placed at the high-impedance end of the line away from the tube. Inductive

eutput coupling loop is placed at a low-impedance on the line, near the center.

should he as low as practicable. Tie strip-

line technique (see section 11-18) is often

nsed since it provides a large thermal capac-

ity and requires a minimum of machine

ivork, as compared to a coaxial cavity.

The stripline (or cavit}') can operate in

the Zz-} or %-wave mode, with increas-

mg loaded Q, increasing impedance, and

decreasing bandwidth as the electrical length

is increased The impedance of the output

circuit is limited by tube and stray output

capacitance:

Xc ~ Z 0 X tan /

where,

Xe — tube and stray output capacitance,

Z0 — characteristic impedance of line or

cavit}',

l — length of line or cavit}- in electrical

degrees.

For minimum loaded 0 and greatest band-

width, the ratio Xc/Z0 should approximate

0.5 for a quarter-wave circuit and 0.83 for

a half-wave or three-quarter-wave circuit.
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Figure 12

PLOT OF STRIP TRANSMISSION LINE Z„ VERSUS w/b FOR VARIOUS VALUES
OF tlb.

For Iowet left family of curves, refer to left-hand ordinate values; for upper right curves, use
right-hand scale.

screen current (in the tetrode) and improves
life expectancy of the tube (Table 1).

Tube Cooling A tube operated in the vhf

region is subject to greater

heating action than one operated at a lower
frequency- This results from the flow of
larger r-f charging currents in the tube
capacitances, by dielectric losses and through
the tendency of electrons to bombard parts
of the tube structure other than the grid
and

.

plate. Greater cooling is therefore

required at the higher frequencies. Even
if no cooling is specified for a particular

tube type, ample free space for air circula-

tion is required or else air must be forced
past the tube.

Filament Yolfage At high frequencies the

Derating filament voltage of a

power tube should he

maintained at the operating voltage plus or

minus five percent. At frequencies above

250 MHz, transit-time effects begin to influ-

ence the cathode temperature. The amount

of drive power diverted to cathode heating

will depend on frequency, plate current, and

drive level. When the tube is driven to max-

imum input as a class-C amplifier, cathode

back-heating is a maximum and the filament

voltage should be reduced. For example

the 4CX250B filament voltage is reduced to

S.75 volts (from a normal value of 6.0

volts) at frequencies between 300 and 400

MHz and to 5-5 volts at frequencies be-

tween 400 and 500 MHz. Further reduc-
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Figure 11

Table I

Comparison of HF and YHF Operating

Parameters for Two Power Tubes

TUBE: 4CX250B

TYPJCA1 CLASS-C

OPERATION 150 MHz £00m
Plate Voltage 2000 2000

Screen Voltage 250 300

Grid Vollage -90 -90

Plate Current (mA) 250 250

Screen Current (mA) 20 10

Grid Current (mA) 26 10

Plate Input Power (W) 500 500

Plate Output Power (W) 390 300

Heater Voltage 6.0 5.5

EEiriency (%) 78 60

TUBE: 61 46

TYPICAL CLASS-C

OPERATION 50 MHz 175 MHz
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a control frequency several times higher

than the signal frequency hang amplified.

Efficiency in practice runs about 90

percent.

Ctrccit Transistor input and output im-
lecfcrtiques pedances are extremely low and

stray circuit inductance and
ground current return paths play a large

role in circuit design. Impedance levels of

one ohm, or less, are common 2nd lead

lengths in r-f circuitry of 0.1 inch or so

become quite critical. Special vhf ceramic

capacitors having ribbon leads may be used
in impedance matching circuits and uncased
mica/porcelain chip capacitors used for

high r-f current paths. The technique of

VHF TRANSISTOR
/—FLANGE

STUD-MOUNTED TRANSISTOR IS

BOLTED IQ HEAT SINK

nzrt£? esRfisctJvRs cf transistor steals net he
twisted cr hstiL printed-circuit tcerd is elsvetsd
£b:ve the heet sink ss that flanks leeds are net
stresses snd provide shrrtest pccsible C3rrae>
ben ts the stripling. Silicane creese is used cn
the stall ts lower thenr.el resistance between

transistor sr.d beet sink.

Figure 13

VHF TRAHSISTOR MOUNTED IK

STRIPUNE CONFI6URAT10K

W Two emitter lesis of transistor ere conneciei

to ground plane. Bess end oolisctor leads are

soldered to resonant striplines. DcaVsaiftSB

board is used with top end bottom ground

planes connected together -with straps under

eech emitter leed [E). Small ceramic sblp 85*

pacitors are often placed in parallel at isss

terminal tD form portion of input stabbing net-

wort; (C). extremely low impedance to ground is

required at this point because current Flowing

in capacitors is heavy.

grounding the r-f components becomes 2

very critical aspect of the circuit design 2s

2 result of the very low impedance char-

acteristics of the transistor-

The common-base or common-emitter

lead should he grounded ai the body of the

transistor for proper performance, with the

stripline package, the device may be

mounted to a ground plane (such as a

printed-circuit board) as shown in figure

13. Dual-surface board is used, with the

ton and bottom ground planes connected

together using straps under each emitter

lead. Capacitors in the input matching ast-

Figure 15

INPUT AND OUTPUT
MATCHING NETWORKS

(A) input impedance rf vhf transistor, typi-

cally, is bdocSvs. Tws-ssciicn nstwerk with

center irnpsdence cf 15 chms matches St-chtn

input ts the base rime?, c? the transistor. (5)

Output impedance presents z lew vales c? series

reectanc*. Two-secticn netwerk with center :nv

pedsnee sf 72 shms previses preper metok to

SD-cfen terminrticr.. Circuit S c? neirerhs is

held tc 2 cr 3 fer rptlmum trandrifSs.
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tion in filament voltage may bs needed is

puke sendee above TOO MHz. filament

derating information on other tube types

can be obtained from the manufacturer.

11-17 Solid-State VHF
Circuitry

Power transistors are available tb2t pro-

vide up to 1 JO watts power output to over

200 MHz and up to 100 watts power out-

put to TOO MHz for class-C service. Experi-

mental transistors can provide upward of

JO watts in class-C operation at frequencies

in excess of 1000 MHz. These devices make

practical, low cost solid-state power ampli-

fiers for amateur f-m service up through

432 MHz.
Yhf power transistors are tailored for

operation over certain popular frequency

ranges (25-80 MHz, 100-200 MHz, or 200-

600 MHz, for example) and the power

capability and reliability require that the

user operate the device within the intended

range, since the ruggedness of the vhf power

transistor is a function of both voltage and

frequency. A transistor rated for operation

near 17J MHz will be less nigged at 100

MHz and may be too delicate for use at

30 MHz. In addition, the device must be

operated well within rhe manufacturer’s

rating and due attention paid to the stand-

ing-wave ratio appearing on the transistor

output load network.

Tor f-m service, the vhf transistor is oper-

ated in the zero bias, class-C mode and strip-

line circuitry is commonly employed.

Transistor state devices are classified

Service
3S t0 the stage mode of opera-

c,QKes tion and efficiency much in the

same manner as vacuum tubes.

The classes are:

Clm A—Bias and drive signal are adjust-

ed to allow continuous output current at

all times. Current passing through the load

resistor generates the output voltage. Effi-

ciency is low, in practice running about 25

percent. This class of service is generally

restricted to audio and linear r-f applications.

Clm B—Bias and drive signal effect a

J0-perccnt output current duty cycle for

tach element in the circuit, which are gen-

erally arranged in push pull. Improved effi-

ciency is achieved with good linearity. When
collector voltage is at its maximum value,

current is zero and when collector voltage

is minimum, current is maximum. Input

power is proportional to average load cur-

rent and efficiency in practice runs about

J J percent. Amplitude of the output is inde-

pendent of the supply voltage up to ampli-

fier saturation.

Class C—Bias is adjusted so that drive

signal voltage produces output current for

less than half the operating cycle. The

device normally operates in a saturated

condition and is relatively insensitive to

drive variations- Modulation can be achieved

by variations in die collector supply voltage.

Linearity is very poor and efficiency in

practice runs about 7J percent. Use is gen-

erally restricted to r-f applications.

Class D—Configuration is push-pull oper-

ating in a switching mode. A square wave

is delivered to a tuned circuit that passes

only the switching (fundamental) fre-

quency. High linearity and very high effi-

ciency (approaching 100 percent) are

possible. Use is generally restricted to audio

and low frequency r-f service.

Class E—A modified switching-mode

design using only one device to combine

switching action with the transient response

of the tuned output circuit to achieve high

efficiency. Useful in the medium-frequency

range.

Class F—Similar to other switching modes

except that the tuned output circuit intro-

duces a third-harmonic component properly

phased to improve output power capability.

Efficiency in practice runs as high as 90

percent.

Class G—Two class-B amplifiers having

different voltages are combined. Small-

amplitude signals are boosted by the device

operating at the lower voltage, resulting in

high efficiency for audio signals.

Class H—A class-B amplifier wherein

the collector voltage is varied by an exter-

nal circuit so that it remains just above

the minimum value required ro prevent

saturation. This provides high efficiency for

audio signals.

Class S—A pulse-width modulation tech-

nique wherein the devices arc switched by
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DC Feed The dc feed network per-

Sysfems Design mits ihe operating voltages

to be applied to the tran-

sistor without interfering with the r-f cir-

cuitry. Voltages may be fed to the transistor

via r-f chokes, which must be carefully

designed in order to prevent low-frequency

parasitic oscillations. Transistor gain in-

creases rapidly with decreasing signal fre-

quency and a figure of 40 dB is not uncom-

mon for low-frequency gain. The dc feed

network therefore must present a load

impedance which will not sustain low-

frequency oscillation. This may he done by

using as small r-f chokes as possible con-

sistent with the operating frequency and

h c L

Figure 17

NEGATIVE COLLECTOR FEEDBACK
DECREASES LOW-FREQUENCY

STAGE GAIN

impedance level and large bypass capacitors.

In addition negative collector feedback C2n
be used to decrease the stage gain below

the design frequency {figure 17}-

Frequency Although single-transistor fre-

Multipliers qyency multipliers are most

common, it is possible to use

the push-pull multiplier for high order

odd multiples and the push-push multiplier

Figure 18

COMPLEMENTARY BASE-DRIVEN
MULTIPLIER

Circuit may be considered to be either push
pull cr push pash depending cn phasing cf the
collector windings. Only one winding need be

reversed to change mode of ope ration.

Qi

~ —12V.

Figure IS

BROADBAND PUSH-PUSH DOUBLER

Balancing potentiometer permits attenusS:n of

fundamental and third harmonic levels when

circuit is used as a frequency dcutier.

for high order even multiples of the funda-

mental frequency.

It is possible to build multipliers using

bipolar transistors that axe impossible to

realize with tubes, because both nun and

pnp types of active devices are available.

Figure 18 shows a complementary base-

driven frequency multiplier. It may be

considered to be either a push-pull or a push-

push configuration depending upon the phas-

ing of the collector windings. Only one

winding need be reversed to change from

one design to the other since it is the bal-

ance of the circuit, in addition to the selec-

tivity of the output tank, that attenuate;

adjacent harmonics in the output. A broad-

band hf push-push doubler is shown in fig-

ure 19. In this configuration, the amplitudes

of the fundamental and third-harmonic

signals are respectively 28 dB and 52 dB

below the level of the second harmonic out-

put signal.

A second mechanism that may be used

for frequency multiplication makes use ol

the base-collector depletion capacitance and

is called parametric multiplication (figure

20 j. A number of idler circuits are used to

reflect undesired harmonics back to the col-

lector-base capacitance.

11-18 Stripline Circuitry

SiripJine, or microriripline, circuitry rs

universally used for solid-state vhf and uhr

amplifiers. The microscrip line most com-
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work require a good ground and extremely

low inductive impedance. Two small chip

capacitors are often used in parallel at this

point, as shown in the illustration.

The stud-mounted transistor should he

mounted on a flat surface (figure 14) for

proper heat transfer. The flange connections

should not be misted or bent, 2nd should

not be stressed when the transistor is

rorqued to the heat sink. Silicone grease

should always be used on the stud to lower

the thermal resistance between transistor

and sink.

The transistor user should remember that

the vhf power transistor will not tolerate

overload as the thermal time constant of the

small chip is very fast, thus, the allowable

dissipation rating of the transistor must be

capable of handling momentary overloads.

Generally speaking, for c!ass-C operation,

the r-f output level of the vhf power tran-

sistor should be held to about 10 percent of

the power dissipation rating.

VHF Circuit Vhf transistor circuitry in-

Des?gn voives impedance matching net-

works and dc feed systems. It

is common practice to make networks up

of ample, cascaded l-sections which pro-

vide low-pass filter characteristics and am-

pie impedance transfer. If the Q of each

step of the network is held to a low figure

(2 or 5), the bandwidth of the amplifier

will be wide enough to cove; 2ny of the

vhf amateur bands. Representative two-

section networks for input and output

terminations zte shown in figure If.

The transistor input impedance in the vhf

range is usually inductive and a shunt

capacitor (circuit A. capacitor C«) is used to

cancel rite reactive portion of the imped-

ance. Two series-connected L-sections are

used, the first matching the f0-ohm input

'impedance down to 15 ohms and the second

matching dov:n from 15 ohms to the 5-ohm

impedance level of the transistor. The inter-

mediate impedance point is often chosen as

the mean value between the output and

input impedance levels. If a stripline config-

uration is used, line impedance may be taken

as the mean value to simplify' calculations.

The vhf transistor generally h2s a capaci-

tive reactance 2nd the proper load imped-

ance is usually given by the manufacturer.

A series inductance (circuit B, inductor Lj)

equalizes the series capacitance of the de-

vice and two series-connected L-sections step

the transistor impedance level up to 50

ohms.

A representative three-stage, vhf ampli-

fier using conventional tuned circuits is

shown in figure 16.

AD-Y/ATT, 115mi TURK STAGE AMPLIFIER

U-6 turns. 25 U»

L,~sl6 wire, %-ineh !t>n£. Mo U~S turns, as li

L., L-il6 Lin .l»»t Wit* 1>W «*“ *"
T..CIC twt BMS

,h-.y ateBt Vi" Qr-CTC type B12-12

Lt-V** X W Strap. -035 thrt* 2tj 1
q^cTC type B*M2

Ions . . „ w„,. \u> tone Hctei tW-cF eapacilirs are miss eeppnswt-.

U-Vs* X strap, .005" thick about Vf a
transistors fcy Ccstraanisftsw Tran-

U-8 turns ~I5 c-, V«" fliara.
sister Ccr?-1
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RELATIVE DIELECTRIC CONSTANT OF SUBSTRATES
Ths Bidet the stripline, the closer the relative dielectric constant is to the content of the

materiaf.

Figure 23

IMPEDANCE VS, WIDTH/HEIGHT RATIO FOR STRIPLINE
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Figure 20

PARAMETRIC FREQUENCY P"
MULTIPLIER

Bipolar transistor makes use of
fiase-collector depletion capaci-
tance to work as frequency multi-
plier. Idler circuits are used to re-

flect undesired harmonics back to

collector-base capacitance,

ffionly employed is a single conductor sup-

ported by a low loss, high dielectric material

(figure 21). The dielectric material is af-

fixed to a ground plane and has the ability

to reduce the physical size of the line for

Figure 21

MICROSTRIP LINE

The microstrip line consists of a conductor

shove a ground plane. The strip is bonded to a

dielectric sheet, the other side of which is

bonded to the metallic ground plane. The phys-

ical length of the stripline is a function both of

the electrical length, the characteristic imped-

ance of the line, and the dielectric.

any operating frequency. Propagation along

the line is the same 25 for a coaxial fine;

both propagate in the TEM mode. The

combination of the dielectric and the ground

plane is called a substrafe.

The characteristic impedance of a strip-

line is determined by its width (V), the

thickness of the dielectric material (h} 5

2nd the dielectric constant of the material

(*}.

The power handling capability of the

stripline circuit is limited by dielectric heat-

h’s and breakdown. Heating is due to resis-

tive loss in the strip conductor and r-f

power loss in the dielectric. The cross sec-

tion of the conductor and the ambient

temperature of the dielectric also influence

the power handling capability.

For general use up to 150 MHz, at power

levels up to 100 watts or so, G-IO epoxy-

glass board (e — 4.8) is commonly used.

The losses in this marerial increase rapidly

with frequency, and for work above 150

MHz teflon fiberglass board .{t = 2.5 J) is

preferred.

Because of the stripline’s asymmetrical

construction, the relative dielectric constant

(e?.) differs from that of the dielectric

substrate and also changes over the imped-

ance range and with strip width. Generally

speaking, the wider the strip, the closer the

relative dielectric constant is to the constant

of the material. The relative dielectric con-

stants of several materials are given in figure

22 and the characteristic impedance of var-

ious microstrip fines is given in figure 25.

Once the stripline design is formulated a

choice of board must be made. 'When the

fine impedance is known, the width/to

height ratio can be determined from figure

25 for a particular board material. Then

the relative dielectric constant is found from

figure 22.

For example, a 50-ohm fine is required on

a 1/16" (.0625") thick G-10 epoxy board.

Using figure 25, the 50-ohm line is followed

across until it intersects with the r curve

for epoxy-glass material. At this point, drop

down to the V/H scale and read the width/

height ratio as 2.5.

The height (thickness) of the board is

.0625", therefore the required width of the

strip is .0625 X 2.5 = .1458" to a first

approximation.

Referring to figure 22, it will be noted

that for a TF/H ratio of 2.3 and an t of

4.5. the relative dielectric constant is about

3.5. Referring back ro figure 23, it U noted

that the W/H ratio must be modified slightly

to accommodate the 50-ohm impedance.

Since a curve for the new r
r;

is not shown,

an interpolation must be made between the

closest curves (2.55 and 4.S). The revised

width/heigh: ratio is now about 2.2 and
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INPUT MATCHING NETWORK FOR

VKF POWER TRANSISTOR.

Nctvork is made up p! t scries rf L sertions.

The transistor input impoConor ir crafilJy iniur-

tivs Cue to lead induotencs inside the pastecc.
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the revised strip width is .0625 ^ 2.2 —

.1575".

Sfrtplme Circuit elements may be mod-

Cemponcnts ded in stripline configuration.

The normal lumped elements

may be approximated by means of distrib-

uted lines (figure 24). Note that in all

cases the length of the distributed element

is less than a quarter-wavelength. The ef-

fective diclctric constant used to determine

line lengths is:

where,

A equals line length in centimeters,

A, equals wavelength in free space, Figure 2:

Mi equals rclarivc dielectric constant.
SERIES-PARALLEL

CONVERSION EOUf.iiONS

For u-idc lines with iarge width/bcight

ratios the effective dielectric constant is

. *.•>’< li-

nearly equal to the actual dielectric constant works. In ;d.<it : °n

of the material. rions proride » T-
(

‘
<

output w reduce

Circuit Transistor power amplifier circuit °
ih: hr.-!? i -h

Design design primarily involves imped- ( _ 0 *
‘

j,. fW {/-t

ancc matching networks and dc lia

£
1

£ 4
.: n rey.inri

feed networks. The impedance matching °*
. Cr-:h O.ar

networks arc usually constructed of k-n ct * c ‘c““' "**

Figure 24

STRiPLINE CIRCUIT ELEMENTS

A-WM ‘>H cf ttfijiinc is reduced ts jinc'alf >r'

tt. 0-Hi£h impedance line thsjrirt
' limiriatef a shunt inductance. C-Ereil
'",,M simulates series capseitaref. far

cf series capacitance a ch'P iS '

r K inserted in pit line. D-Snant e j r,c
"

sin-.diltd by K-ieenira line t:
»*«*’ J

' '•-4prr tecJisn which increatf?

. .. . Ccrsptfte infarr.st;:*! e*

<« "Slriplire Circs;:! Cfi'£'

A Ns tree, Dedham, l'< 0 *-* •
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msintEia the Iciest latoed 0 I or the

matching step, tne test component nsec

should be a shunt capacitor equal in im-

pedance to the input impedance (Xp). Tins

makes the impedance at the bout of the

transistor purely resistive and equal to T.p.

If the input capacitance reactance is less

than about S ohms, it Is best to use two

capacitors in parallel back to eacn emitter

lead to minimize inductance and equalize

ground currents,
*"

If the parallel input impedance is higher

than 15 ohms, then the matching network

may require only one section. However if

it is quite lore (-as low as 2 ohms, m some

cases), then two I sections probably trill

be required. If Tiro sections are required, the

intermediate impedance point should be the

geometric mean of the input and output

impedances of the network.

Values for the stripline components are

determined with the use of a special Smith

Chart that has ccvtiiiCT.ee circles over-

printed on it. A writable chart, l\'ormd,ize.S

Impedcncc cr.i AtSmificncc Coorihcics,

Smith Char: form ZY-01-N may be ob-

tained from Analog Instruments Co., New
Providence, NJ 07574. The impedance por-

tion of the chart is printed in red and the

admittance part in green (ugure 50).

Somewhat easier to work with is an over-

size Imminence Cher: (form 2308) avail-

able from Cincinnati Electronics Co., 2530

Glendale-hlilford Hd.. Cbchnari, OH
45241.

Using the appropriate chart, an brer-

mediate impedance pobt is chosen for the

network (ripre 27). The best choice of

striplhe impedance for easiest calculation is

equal to this ralue—in this case 15 ohms,

ihe Srxfh Chart is nonmalbed to 15 -ohms

to mate the caicukrions.

Srer; at the armsistx impedance (5

ohms) on the chart and prepress doctwise

reariieo winch also passes through the^de-
suec output impedance fx this pxrion of
die nervxk (15 dhmsL Nxe that the
Taiuss of X- zzlz Cr me mad dirscriv on. the

(Note: The chart shown in mpnre 27^does

not indicate the .green ^admittance erriles

which do not reproduce tn repricing.)

Ths Ontpji The transistor mamta^-ter

Mtfckrar often ^spedEes the series load

Is 4 m j2 ohms. The network is started zmm

the conjugate <01 rids value on me tmpen-

ance-atbrittauce Smith Chart {“gets 25)-

in tins case, »ne cwplex t-on^—

-

is 4 ~j2. The same rechriqne as used W
tbs input maturing network is iribvm ant

the rinal vabe obtained is that vrihe seen

T,

lookbc into*’ the network. Since rids s

a single sscrion 'design, the impedance chosen

for the nricrostrin is 5D prims and the chart

is notmalbed at rids value.

Note thatb this case, ss wed ns theatric:

maturing network, the length -of the sttm-

line bduerznees in -ym of wavelengths

may be read around the perimeter -of the

-Ifi-

"1

itye

317

"X

1
1

m2

ipiVk
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appear as a capadtive reactance at die

output port, and vice-versa. At the same

time, the magnitude o£ the transformation

can he modified hy adjusting the character-

istic impedance of the quarter-wave trans-

former section.

An eighth-wave matching section has use-

ful properties when used as a shunt match-

ing element. If the line is terminated in an

Open drctdt, the reactance is capacitive and

when the line is terminated in a short, the

reactance is inductive. La either case, the

reactance value is equal to the characteristic

impedance of the line. One use of an eighth-

wave line is to replace the shunt capacitor

on the input of a transstor, as shown. A
second useful property of an open dghth-

wave line is that it appears as a short at the

second harmonic frequency thus simplifying

output filtering crcuits.



Figure 30

IMMITANCE CHART

^ mimitence version of the Smith Chart combines normalized impedance conjuration with

overlay of admittance circles.





CHAPTER TWELVE

Frequency Synthesis

Frequency synthesis is a technique that has

gained widespread use in recent years, espe-

cially in radio communication services which

are channelized. In Class D Citizens Radio

Sendee and others, channelization is dictated

by law; in vhf amateur repeaters the chan-

nelization is by mutual agreement among

the users. But regardless of how the channel

assignment occurs, this arrangement to oper-

ate at discrete (equally spaced) frequencies

makes the use of frequency synthesis attrac-

tive.

The task of frequency synthesis m2y be

accomplished in several ways, but the funda-

mental concept is to use one or more refer-

ence oscillators and combine their outputs to

produce 2 multiplicity of output frequencies

that are different from the reference fre-

quencies.

12-1 Synthesis Techniques

The first and most straightforward method

of synthesis is by mixing two reference fre-

quencies together and filtering the output to

exclude one of the two resultant mixer out-

puts {figure 1). As an example, 5 MHz and

9 MHz reference signals may be applied to

a miser stage 2nd the output filtered to pass

the difference frequency of 4 MHz; or the

output may be filtered to pass the sum fre-

quency of 14 MHz. This technique is often

referred to as the direct method of fre-

quency synthesis and most of the early fre-

quency synthesizers used this technique. The
direct synthesis method has the advantage

of being extremely fast-switching compared

to other techniques.

Figure 1

SIMPLE MIXER SYNTHESIS

Two frequencies are mire a to pro [face sum ana
difference frequencies.

Figure 2 illustrates a simple frequency

synthesizer utilizing eleven crystals to pro-

duce 25 channels in the 27-hfHz region. The

drawing shows how channel #1 is synthesized

and the frequencies involved in generating

the remaining 22 channels. This approach re-

duces the number of crystals for a 23-chan-

nel transmitter by more than one half.

The technique can be extended to the

point where one reference crystal frequency

can be used to generate frequencies every

].0 Hz (or finer) over the entire band of

j.O Hz to 10 MHz.

12,1
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SASIC ?LL STfuKESEES

If the traruans)
-
of the YSC lr oivuist tj* tar

tint
-

companst tt t TEisrsnsE frettuentr vrtiiah

:s nw-tentb She YZ2 fTenusnay, t ohasa voitr

parisnr. sar be uiaiiE. Ths auSpui of the snic-

panstor {phase tteSestor) is tilisTst anC user tc

control ttisYCS frsrtusnc;
-

.

lows the agin mTrer-nfvidsr modules to 3s
nearly identical. The diagram may 522x1

complei ‘but such designs ars being used and

work reliably using solid stne comoonents.

_
Tie advantage of this direct method of

frequency synthesis is that frequency changes

can be made in milliseconds nr less which

allows rabid frequency homing, «*gw.ri?1 in

special modes of transmission. These special

modes are generally under computer control

;i»e?LL The pbesc-hchsd hot (PLL)
* juthaassr system 01 frenuenry synthesis

is the most used method in

amateur equipment. A banc circuit is shown
m np-e -4. The use of a voferp-raKtrollsil

txr.licior (TOO) at the output allows direct

output at the desired ireonency. The TCO
has relatively low inherent rremencv staffi-

Th tr tact the \ CO is vdhage-senshdve and
varying tne da voltage input to its control
port varies the output frequency in a tre-
mctahie wav.

.7 y
n£ -squeacy of the "CO (fr.) is d>

Fiaec by tor example, and compared to
a *r;rnrrr trrrumrp (fr ) Tdnnhisrpprmd-

ptas'- comparator, it 7 ,. as rairiy close to ter

tor vcL oe a jov frerueocv that is the dif-

-erence between > anc 3 fa Tree phase

: *’=?* TC low-par* niter 'the h:j pirr

.

and is used to control the TCO at its con-

trol port. H the loop is properly designed,

the TCO win lock-in in such a way ns to

pet jT and J„/!D in z phase-quadrature re-

latbnsHb. That is, jT .and jv'iD TtiH he .9I)
E

out nl phase with each other, bet on the

same frequency- This iighmes that jr> will

he forced to be exactly ten times j~ and the

orntmi frementr then acquires tne same

lone-term jnbSirr as the reremnee trequen-

ry. 3y mating yT 2 high stahuiry "srandare

frequency"” sad Tornvg IT a programma-

ble counter (IT can be try integer) maty

output frequencies art rreSahle, each se-

lectable by means of AT -sad 22k having

the stability of 7- The frequencies will bs

2T "X jT over the range that is within tne

-voltage Tamable range ts the \ CD. J-hs

rhrurgi frequency spading will be jy.

If channel spacing yvaThr fhrr. 1DD iHr

(Ttuch is about the loves: frequency of

’’standard frequency” -crystals) is desired,

then the standard frequency is divided newt

by a feed IT frequency divider, as shown it

figure ). The best frequency .standards cur-

ate in the 1 to ) IfHr range sad thus mat:

phase-locked loop synthesizers use this reeb-

niens. otherwise rhwmpl suacing would, ns

too coarse. The fbed IT iviaon re fhesum-

naro can he carried to etrremesi tor mstante

suppose a 1 He dhsmej spacing is neuter

wkh a i IfHc standard frequency. Thessa
IT would he 1 D

c and me inputs to the phase

SOySLE i:0? ?LT IfTrl 5SUCKEL

Sr.ra= SKGLLSr. TSW
mCXTT “.HCTCV

5c3*. aanurm’ fretTUSTiey rseflKftjrr YfOTt'

'«* Sr St-Kfir Tanju; smf frcmnmp;' mtiS Ur tiq

viust iii- z fsat jl. 3f«fciev flShwv’cr Siomtc'

-snas'mr s tnr zcstsl.
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Figure 3B

FIFTEEN MIXERS
PROVIDE DESIRED

FREQUENCY

Frequencies tferired frcm tit!

"fiDTiaing block” generate.' cf
fi&ire 3A are again mixed to
proyide speoirnen frequency
of UEK321 MHZ. Hrte that
readout becomes more fine in

each succeeding mixing pro-
fess. [R£2d top to tcticm cf

diagram.]

S'ngie Crystal & ?̂ J. crycuj synthesizer is

Synthesizer shown ^ 3.A stabilized

J-}.iHz reference crj’stal os-

^llator creates a group of "budding block”

frequencies from the reference frequency by

frequency multiplication and division (i!!u<-

tration A) and then mixes them together in

eight modules that each contain one or two

mixers and one or two dhide-hy-ren count-

ers (B) (sk Chapter This technique al-



12.6 RADIO HANDBOOK

-12

Escfc-to-baek varicaps are used for best linearity with respect to control voltage.

In this actable mullivibrztDr emitter followers
®* *nd (Lt replace conventional base resistors
cf Q.I 2nd Qi. input control Yoltaje is applied
to ttse circuit. Linear collector current-input
Yottaee relationship provides a linear frequency

variation.

It is intended for rather Io~-frequency op-

eration.

ThelCVCO In recent years, several manu-

facturers have introduced IC

versions of the YCO. The Srgnefks NE566

2nd the Motorola MC4024 2re good ex-

amples. The NE566 is a square vrave/tn-

angular -wave VCQ operating on 4 10 to

*r 24 volts and the MC4Q24 is z dual VCQ
operating on 4*5 volts and producing rec-

tangular wave output 2t TTL level. Both or

these VCQs are RC types 2nd are rather

limited in upper frequency capability. The

NE566 vrill operate up to about 100 kHz

and the MC4G24 up to about 25 MHz.

Motorola also makes a VCO in their ECL

family of logic* the MCI 648. This device

will operate up to 200 MHz and uses 2n ex-

ternal coil and varicap to determine tu-

queacy 2nd provide frequency/voltage de-

pendance. Because the MCI 648 uses 2 crib

it has higher equivalent Q in the oscillator

thyn most other IC VCOs. This means tiut

the output frequency has less near-camer

noise.
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comparator wild be at I Hz. Since die

phase comparator is essentially z mixer, it

would show both the sum and difference of

the input signals in its output port. For this

example, the loop filter would have to have

an RC time constant of 2t least tens of

seconds to dkctmunzm against the sum out-

put, thus the loop would be very slow to

acquire 2nd lock.

For this reason, phase-comparison is gen-

erally not done at frequencies below about

1 kHz, but multiple phase-locked loops are

used instead. An example of a multiple loop,

phased-locked synthesizer is shown in figure

6. It is considerably more difficult to design

than a single PLL device. Merely deciding

which values of N to use in the various di-

viders can be a tedious task and computer

solutions are generally used for this sort ot

design.

12-2 Synthesizer Building

Blocks

A voltage controlled oscillator (VCO) is

shown in figure 7. The VCO is a stable r-f

osalhtar circuit, such & theHanley or Col-

pitts (or some of their variations such as the

Clapp, Va char, etc.) . with one of the tuning

capacitors replaced by 2 varicap. The varicap

(also called a varactor) is 2 back-biased

diode which has a capacitance which varies

with the amount of back-bias voltage. Vari-

cap; are usually specified as to capacity with

~4 volts applied. (The large MV-serits of

Motorola and the VC-seriss of TB.W are

representative of varicaps used in VCOs as

well as for other purposes.)

The VCO shown in figure 7 uses a pair

of varicap; in 2 400-MHz circuit designed

around a junction PET. The use of back-to-

back varicaps is a common practice in VCO
design as it allows larger r-f voltage to be

used in the oscillator without the danger of

forward-biasing the varicaps, with resulting

nonlinearity.

There are numerous other wavs of making

an oscillator voltage-variable: saturable reac-

tors in the inductance of the resonant cir-

cuit, dependence upon the voltage variable

capacitance of the base-collector junction of

a bipolar transistor, the EET equivalence of

a reactance tube. 2nd the use of a voltage-

sensitive as cable RC fifp-flop circuit. An

astable Sip-So? VCO is shown in figure S.

Figure 6

FREQUENCY
SYNTHESIZER FOR

0-60 MHz

Four fills can be programmes

to PruYide 1-kHz resolution

between 0 and 6Q MHz. Switcn-

inj response time is 2wtrt

2 ms.
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DIGITAL PHASE DETECTOR

The HC-4M4 is a digital phase detector and the MC-4C24 is a VCD.

counter, reloading must occur each time a

1001 to 0000 transition occurs.

The loop filter, as mentioned previously,

is a simple RC low-pass circuit which is very

important to the operation of the PLL. The

basic form of the loop filter is shown in

figure 11A, but it is usually implemented in

the form shown in ilB so that the output

has a lower impedance in order to drive the

VCO. In general, R2 in the loop filter is

considerably smaller than Rv Note rhac Rj

and C establish the cutoff frequency (/c )

of the filter as shown in figure 12. The pres-

ence of R, causes the filter rolloff to stop its

6-dB/octave rate and flatten out at some

frequency ft. Hus action occurs because at

the higher frequencies, Q is a short circuit

and the filter becomes a voltage divider con-

sisting of Ri and R;. The design of a PLL
is fairly complex and the stability of it de-

pends in a large part on the loop filter once

the VCO sensitivity {in MHz/volt) and the

phase detector sensitivity {in vo)ts/radm)
ate chosen.

®

Figure 11

PLL LOOP FILTER

A—Basie RC filter.
.

B—Operational filler lies low output impeame

to drive a VCO.
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TYPICAL PHASE DETECTOR

Otrtput voltage waveform as a function of phase

difference is sinusoidal. With two square-wave

inputs the output voltage is linear. With identi-

cal frequencies injected into the ports, a do

output related to the phase difference tietween

the signals will appear at the output port

The Phase The phase detector is another cru-

Detector <&] bfoi in a PLL frequency

synthesizer. While phase detec-

tors are not common in normal communica-

tion electronics, they are used in disguised

forms. Most mixers and product detectors

2re phase detectors and have the same func-

tion, that is, to multiply two signals together

and produce the difference frequency. The

phase detector always has a dc coupled out-

put, however, so that 2n average dc level can

he delivered to the YCO control port. The

common double-balanced diode mixer has 2

good phase detector characteristic, as shown

in figure 9.

It should he noted that a phase detector is

quite different from a' frequency detector,

such as a discriminator, or ratio detector.

The frequency detector has a tuned circuit

built into it and provides a dc level that is

2 function of the frequency difference be-

tween the built-in frequency "standard”

and on? external input frequency. Fre-

quency-locking of a VCO can be reversed

in seme, that is. the loop can be miswired

so that locking is discriminated against.

Phase-locking does not function that way.

and it is impossible to reverse the feedback

in a PLL provided that only phase control

is in operation. Other forms of loop insta-

bility can prevent a loop from locking,

however.

Phase detectors are available in IC form,

just as VCO ICs are. The Motorola MC4044
is 2 digital phase detector which is TTL
compatible and specifically made to operate

with the MC4024 VCO. The two devices

can operate Together in 2 TTL-PLL circuit

as shown in figure 10. Note that the MC-
4044 is both a frequency and a phase de-

tector, 2nd so its sense can be reversed, mak-

ing locking impossible. The Motorola MC-
12040 is also a phase and frequency detec-

tor, but for use at frequencies up to SO

MHz it is part of the ECL family and is

generally used with the MCl 648 VCO.

Frequency The dividers used in 2 PLL fre-

DMsrcn quency synthesizer 2re usually

IC devices since building digital

frequenq- dividers 2ny other way is extreme-

ly expensive. Programmable dividers (usu-

ally decade types) are the rule. The Motor-

ola MC4016 2nd the Texas Instrument $N-

74 19ON are representative types. These IG
can divide up to one decade per package at

speeds of 10 MHz and 20 MHz respectively.

More recently, even Iarger-scale program-

mable dividers have become available in

MOS IG; the Mostek MK50598N is repre-

sentative of 2 six decade divider that can be

loaded (programmed) and which will count

up or down. The Mostek device is only good

to I MHz, but similar IG with higher fre-

quency capability are on the horizon.

The programming of a digital counter is

done by lending a number into the counter

and then allowing the device to count down

to zero or up to its maximum design count

number. This loading must be done each

time the counter counts up or down. This

means, for 2 decade-down counter, that each

time there is a 0000 to 1001 transition, the

counter must be reloaded. For a decade-up
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Figure 12

RESPONSE OF LOOP FILTER

In practice, an fc compatible with the

lock-up time of the loop is picked (being

careful to make the time constant long

enough so that the loop filter will ade-

quately attenuate the two input frequen-

cies and the sum frequency from the phase

detector). Nest, the value of Rj is raised

enough to cause the loop to he stable. This
value of R 3 is rarely more than one-tenth

of Rj. Any attempt to make the filter roll

off at greater than 6-dB/octave by the use

of 2 sharper cutoff design will probably

cause the loop to become unstable.

12-3 A YHF Synthesizer

The synthesizer building blocks can be

put together to form 2 1 14-178 MHz syn-

thesizer suitable for the amateur and mobile

service bands. This unit provides outputs

every 50 kHz (figure 15). The system
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that are not so complex (the 55100 series)

which offer various features which should

be checked for a particular usage. Other

manufacturers also make similar synthesizer

ICs, including Micro-Pwer Systems, Ni'

tron, and several Japanese firms.

Synthesizer There are considerations and

Considerations techniques that are important

in certain synthesizer designs.

It has been stated that the long term stabil-

ity of the VCO in a PLL is the same as that

of the reference frequency. This does not

mean that the short-term stability is as
_

good as the reference. "Short-term” in/*

instance means frequencies plus or
''
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Figure 13

PULSE-SWALLOWING COUNTER

The presenter usually has e divide ratio of 10/11
cr 5 /6. U and L differ only by one end chans*
irtg S by a certain amount changes K by the
seme amount. The prescaler and swallow count-
er thus act as a single, high speed, program-

mable divider.

Yiders is used. Also a method of synthesiz-

ing 643.21 MHz is shown in Spars 1 5 -using

an ECL feed decade followed by TTL di-

dders. Since it is decided that phase com-
parison will not he done below 1 kHz for

economic reasons, the uhf synthesizer must
be limited to haring 10 kHz channel spac-

ing instead of 1 kHz.

There is a solution to the feed prescaler

problem, at least for frequencies up to 650
MHz. By using one of the divide by 10/11
units such as the Fairchild 11C50 (or the
95C90 for frequencies up to 250 MHz) the
technique of pulse swallowing C2n be used.
As the 11C90 device C2n be controlled by
either 10 or 11, it can count by 10 for a
number of counts and then count by 11
or a number Oi counts. This is illustrated
in figure IF. It can he shown that the total
count (or "divide by”) number N is given

hT “ (17-1) S +m
where,

p is the upper count (11 in this case),

L is the lover count (10 in this case),

S is the divide ratio of the swallow-

counter,

h is the divide ratio of the program

counter.

Thus, A = S *r 101*5 and the design has

achieved the equivalent of a high-frequency

programmable civider by using the tmlse-

swallowing technique.

12-4 A HF SSE Synthesiser

Transceiver

Many modern hf SSB transceivers are

fully synthesized and C2n provide discrete

frequencies in the range of IS to 30 MHz
in 100-Hz steps. Upper and lower ride-

hand, plus c-w and FSK modes, are available

in units providing up to 100 watts PE? out-

put. A representative transceiver is discussed

in this section (figure 20). The unit is a

$U7iair GSB-900DX designed for fired cr

mobile operation from plug-in, modularized

power supplies.

General Figure 21 is 2 block -diagram of

Operation the transceiver. The synthesizer

consists of six function blocks

which are built up on separate printed-cir-

cuit boards: the spectrum generator, tns

low-digit generator, the translator, the "hr

divider, the YCO, and the synthesizer master

board.

The syi.libesber generates the three local-

oscillator injection frequencies needed to

determine the operating frequency of the

transceiver. The synthesizer input is the 5-

MHz precision reference signal from the

frequency standard. The three frequencies

are obtained by a combination of direct

synthesis and digital phase-lock techniques.

The frequency accuracy of the transcerrer

is thus solely determined by the accuracy

of the frequency standard. Frequency sta-

bility is ± 1 X icr
5
over a temperature

range of — 30
cC to -v65°C and under

100% humidity at 50°C.

The fiord heal oscilkior (1D.5 MHz) 25

derived by direct synthesis -and tins signal

is used for product detector injecrion on

receiver and as a carrier generator cn trans-

mit- The second local oscillator consists cr

2 crystal oscillator (30.750 MHz) and this

signal is used in the vhf mixer assembly to

convert the first i-f of 91.250 15Kz to iot

second j-f of 10.5 MHz. Because of roe

mixing technique, any frequency error m
this ostnllator appears on the fir*! losh

oscilktor frequency and is therefore can-

celled at the output of the vhf mixer.

The frsi heal oscflhnor is a volmgs-con-

trolbd oscillator ("CO), phase-locked to

cover the range of 91.25 to’l21.2459 MHz
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the VCO output that are high enough so

that the loop filter does not pass them. Thus,

a VCO with rather poor inherent stability

will have only its average frequency stabil-

ized by the feedback of the loop. Short term

instability (showing up as phase noise)

around die VCO output frequency will be

present.

Two things can be done to improve short-

term stability. First, the VCO must be

made more stable by improving the 0 of

the VCO and mechanical stability problems

must be solved. Second, a shorter time con-

stant must be used in the loop filter. In-

creasing the Q of the VCO ultimately leads

to the use of a crystal as the resonant ele-

ment. Such a circuit is termed a Valtagc-

ConUolUi Crystal Oscillator (VCXO).

While improving stability, the VCXO se-

verely limits the range of output frequen-

cies. A representative VCXO is shown in

figure 16.

Shortening of the time constant of the

loop filter can only be done if the frequency

of the phase comparison is high enough so

that fr/Nj is not passed by this filter. In

short, attempts to clean up the phase noise

or otherwise improve the short term stability'

of the synthesizer introduce additional con-

ditions to be compromised in the total PLL

design.

Prescolmg A synthesizer for vhf or uhf

operation is complicated by the

fact that programmable dividers are most

available for frequencies of 100 MHz, or

lower. Thus, a different method of dividing

down the VCO output frequency must be

used when the VCO operates between 100

snd 1000 MHz. Since ECL dividers are

available that can operate up to about 1000

MHz, the straightforward approach is to

divide first by ten in ECL, then make an

ECL/TTL conversion and use programma-

ble TTL dividers for lower frequencies. This

is comparable to using a feed decade pre-

scaler on a frequency counter and has the

same effect, that is, the least significant digit

of frequency resolution is lost. Figure 1/

stows so eampk of synttating MM
IGk. A PLL using TTL programmable di-

Figure 18

UHF PLL SYNTHESIZER

Channel Spacing =
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in 30O-H2 steps. The exact frequency

range of the oscillator is:

F, = 91.2*0 + Fe + e

“here,

?! equals first local-osciiUtor frequency

(MHz),

?0 equals the dialed frequency (MHz),

e equals second local-oscillator error fre-

quency (MHz).

On receive, the first local oscillator con-

verts the incoming signal vp to the first f-f

channel (91.2 J MHz). On transmit, it is

used to convert the transmitted signal at the

first i-f channel down to the final operating

frequency.

The spectrum generator block diagram is

shown in figure 22. It generates the fixed

reference frequencies needed in the synthe-

sizer. The input is the 5-MHz reference fre-

quency which is amplified by U; and formed

into 2 short pulse by pulse generator U: .

The fourth harmonic (20 MHz) is filtered

hv double-tuned bandpass circuit and am-

plified by Uj. The output signal is applied

to the 17-MHz mixer and also to the buffer

amplifier (Us) at a low impedance level.

The Reference The f-MHz pulse from
Generators U sA is fed to IL, a divide-

by-five counter. The result-

ant 1-MHz signal is fed to three stages of

divide-hy-ten counters (U;. Ufi and U7)

to produce IDO-kHz and I -kHz output

signals.

A 1-MHz pulse from U4 is passed through

2 circuit tuned to 5 MHz to derive the third

harmonic. .This signs! is amplified by Qs,

filtered, 2nd applied as a mixing signs! to

mixer Q.; . The resultant 17-MHz signal

is filtered by 2 doable-tuned circuit and

matched to a 50-ohm output by a comple-

mentary emitter follower (Qr, Q?).

To derive the 21-MHz mixing signal,

the 1-MHz pulse from U4 is passed

through 2 tuned circuit 2nd through an

emitter follower (Qx, Q») to match the

iow-impedance input of the balanced mixer,

CRrCR;. The 20-MHz reference signal

from U2 is amplified by Uc and applied to

the mixer. The resultant signs! 2t 21 MHz
is passed through a filter and amplified

and transformed to 2 low impedance value

byU>.

The 21-MHz signal from U5 is also fed

to fiip-fiop Uis which generates a 10.5-

Flgure 20

100-WATT OUTPUT SYNTHESIZED HE SSB TRANSCEIVER

1 cco is 23533 MHz in 1CO-Hz frequency steps.

« GSB-300DX transceiver corsrs the rsn& » •
. ^ cft2nn sfs. ReuW cf

,

e
5
5*Ij

f"
w «b of frequency select dials ** P""*™ „Bp t£r and SVffl reeter yre .neerpereted as an

shorn in a six-digit LED display. *"“*•£ “inerts is also proved. Ite buBM/nr rs

ptiorn. Continuous tuning between the
Er SC(if=Bs. (Stmair Sectremcs, ine,

“» maaMM! Mlm vmU
FIJ.
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Figure 25

THE TRANSLATOR

The translator combines the signals from the low-digit generator and VCO and generates a signal

which, after subsequent frequency division in the vhf divider, is used to phase-lock the VCO ‘to

the proper frequency. The second local-oscillator and vfo signals are also generated in this

assembly.

low-digit generator and either the 2

1

-MHz

reference or vfo signal. The 19.4 5-MHz

bandpass filter selects the desired difference

frequency. The output is fed to U3 for

further amplification and filtering. Auto-

matic gain control (age) is provided at this

point to ensure a proper signal level to the

81.25-MHz mixer (Qn ). This mixer

combines the 19.5000- to 19.4001-MHz

signal from Q- and the 100.750-MHz sig-

nal from mixer Qv to produce the differ-

ence frequency of 81.2500 to 81.3499

MHz. A bandpass filter selects the desired

difference frequency.

The output mixer (Q4 ) heterodynes the

8 1.2 5-MHz mixer output and the VCO
signal. The output signal is filtered by a

10- to 50-MHz bandpass filter and then

transformed to a low impedance by emitter

follower Qi„. Negative feedback around
the amplifier provides flat gain well beyond
50 MHz as well as a constant input imped-
ance and low output impedance.

The VHF Divider The vhf divider is shown

in figure 26. This urut

contains a divide-by-400 high-speed

counter which ‘forms the 10-MHz, 1-1“*^

and 100-kHz frequency steps. A P“
a5'

detector compares the frequency and

of the output of this counter with t°2t

of the 100-kHz reference from the sp-o

trum generator and develops a ‘‘fine s»eer

mg correction voltage which is fed back tp

control the frequency of the VCO.

phase-lock loop, by controlling

queocy of the VCO, forces the input to

the vhf divider to follow the relationship-

Fk®10.0+ 10Njo +tf, +0.1&"

(in MHz)

where,

Nrj equals the 10-MHz digit,

Nj equals the 1-MHz digit,
_

equals the 100-kHz digit
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DIAL SETTINGS
PRESET

C0UKT

iom 1 kHz 100 kHz

0 0 0 000 2000

0 0 1 001 1999

0 0 2 002 199s

0 1 1 011 1989

1 9 9 199 1801

9 9 9 999 1001

Figure 24

DIAL SETTINGS FOR

PRESET COUNTER

The frequency control information is entered in

binary-coded-decimal (BCD) format. During the

normal counting interval the counter functions

as a divide-by-2000 counter, During the preset

interval, the clock is disabled and the counter

is loaded (or preset) to a count determined by

the settings of the frequency-control switches.

therefore, will also be low. The phase detec-

tor output voltage will decrease until the

frequency error is corrected. If there is no

frequency error, the output voltage of the

phase detector will remain constant.

The loop filter removes any 1 -kHz

components in the phase detector output

and also determines the transient response

of the loop. The 1-kHz frequency com-

ponents are further attenuated by a twin-T

notch filter following the loop filter.

The action of the phase-lock loop is to

make the YCO frequency follow the

relationship:

JVco= 17.000-D (in MHz)

where D is the count ratio. The VCO will

therefore vary from 15.000 to 11-999 MHz

in-1 kHz steps.

The output from buffer Ui is further

amplified by Q5 and fed to divide-by-ten

counter TJS. The output of U5 is filtered

to a sine wave and fed to emitter follower

Qc which matches the output to 50 ohms.

The output from the low-digit generator

is 1.5000 to 1.5999 MHz in 100-Hz

steps and follows the relationship:

Four=U000 MHz+W (kHz)

where, ,

„

N equals the knob setting of the 10-kHz,

1-kHz, and 0.1-kHz dials.

The Translator A block diagram of the

translator package is shown

in figure 25. This unit combines the signals

from the low-digit generator and VCO and

generates a signal which, after subsequent

frequency division in the vhf divider (fig-

ure 26), is used to phase-lock the VCO to

the proper frequency. The second local

oscillator (Q r )
and vfo signals are also

generated in this assembly. The inputs to

this assembly are: 20- and 21 -MHz refer-

ences from the spectrum generator; first

local oscillator from the VCO; 1.5000 to

1.5999 MHz from the low-digit generator;

and the vfo control and vfo on/off signals

from the front panel. The output is the

1 0.0- to 39.9-MHz reference signal which

is fed to the vhf divider. In the vfo mode

the internally generated 21-MHz vfo is

substituted for the 21-MHz reference from

the spectrum generator.

Since the second local oscillator is a free-

running crystal oscillator and is not refer-

enced to the frequency standard, a small

frequency error can exist. However, be-

cause of the mixing technique employed,

both the first and second local oscillators

will have the same frequency error which

can be cancelled in the vhf mixer assembly.

The vfo (Qi) is a crystal oscillator cov-

ering the range of 20.995 to 21.005 MHz,

thereby providing approximately ± 5-kHz

tuning adjustment around the dialed fre-

quency. The vfo control voltage is applied

to varactor diodes in series with the crystal.

The oscillator output is amplified by U2

when in the vfo mode. The 2 1-MHz refer-

ence from the spectrum generator is ampli-

fied by Uj when the vfo mode is not selected.

The second local oscillator (Q : ) is crystal

controlled at 80.75 MHz. A portion of this

signal is amplified by Q9 and converted to

a 50-ohm level for injection in the receiver

portion of the device.

The 100.7!-MHz mixer (Qs) letero-

dynes the second local-oscillator signal from

Q r and the 20-MHz reference signal from

the spectrum generator. A triple-tuned

bandpass {Iter at 1007! MHz selects the

desired sum frequency and rejects the 80.7!

MHz and 60.7! MHz components.

Depending on the mode selected, the

balanced mixer (CR.-CR.) heterodynes

the 1-500- to I.!?S?-MHz output of the
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During the preset interval, the dat2 strobe

lines to Us 2re held is a "zero” state by

Uid 2nd lie inputs to the preset 10-MHz
gate are held is 2 "one” state by U3D . Tic

clock, pulse to tie counters is inhibited and

tie preset information from the ten fre-

quency control lines is entered into tie

counters (U3, Uc, 2nd U-J.

Tfce "Ccrrj'" "visa all four 100-kHz nre-

Gsnerctsr set lines are programmed to

2 "zero” state by the front

panel switches, corresponding to 2 dial

setting of
"
0” on tie 100-kHz frequency

control, 2 special "caxrf’ signal must be

generated to program tie counters to tie

correct division ratio.

Mathematically, tins is necessary because

2 dial setting of zero requires tie input

counter (U*) to divide-by-zero, an impos-

sible operation. Tie count is corrected by
programming U» to divide-by-ten in this

state and taen subtracting one count from
tie next decade counter.

Quad two input NAM) gate U4 is con-
nected as a quad inverter with a common
output. One of tie four 100-iHz input
lines is connected to each section of tie
gate. This special gate enables all four onr-
pgls to he connected together. Tie output
of TJ

4 is inverted by TJ5A. If sil four inputs
to U^are "'zero” {dial set to ”0” on*the
100-iHz switch), the output of XJ4 trill

oe in a one state and the TJrA output will
^ a

.
2£r°' ^ 01 the 100-iHz inputs

are m a "one" stats, the UrA output vS
also be 2 ‘"one.

35

Tne Prasef During the normal counting in-
Genercfer

terval, the 0 output of fb-Ao?
Die is in 2 "one" state, the pre-

set bus is in a "one" state and the 10-MKz
p.eset bus is in. a "zero" state, in order to
count properly, the presetting must occur
between input dock pulses. A Hook-
tneau .ecnmque is therefore •emploved to
ecnnnate the propagation delays through
the various counters.

„
Tinczsmme that the 100-iHz dial is not

m rile "0” position (the output of UA is

it a one” state), when the preset counter
nas reamed 2 count 01 39? (that is, me
count from being niled); counter uz vfH

have 2 count of *T5
{Hntry 1DQ1), LJE

will have a count of
"
3” 2nd Or will irr»

a count of
"
5” (binary 11). The ••output

of right-input HAND gate U., will sense

this unique .stare and will go to 2 "zero'”

st2te. TJ kC inverts rids output 10 a "one”

state, making tbs input to mister/sire rib-

flop U;D a "one.” On tie next trmrifm of

the Ua input dock to 2 "zero” state, the

output of Dm will toggle to 2 'zero” stare

2nd the preset bus will also be in 2 "zero”

sure and the 19-MHz preset bus in 2 "one
1”

the next transition of the Ur, input dock

back to 2 "'one'’ state, the output of UpD

will transition from 2 "one” to 2 "zero”

state, applying 2 "zero” to the present in-

put of Uip, thus forcing the output of Tjm
back to 2 "one” state. THs terminates the

preset cycle, and normal counring sequence

is restored.

limHy, if the 100-kHz dial is set in the
"
0” position, tie U*A output will be in £

T
bero” state. The output of carry gate Ur3

will therefore always be in a "one” stare

and w31 not follow the 'Output -cf Ud. xhp-

flop U3 p will now be armed at tie 5-Uri

counter state instead of at fie 3?3fh state.

The desired carry of ten counts will there-

fore occur.

The Phase The 100-iHz reference £p&
Defecfur from tie spectrum generator re

divided in frequency ny uourto

25 kHz by duel riip-fbp tb- In pe Lb

phase defsrr-cr the frequency and phase 0:

tie output of rise preset counter re com-

pared with that of the 25-krtz reference

2nd 2 "dree” steering rritage enrrscripn^re

fed back to control fie treqnency d cue

YCO. THs voltage changes in fie copett

drrecrion to bring the "vCO mto phase joriu

Tie phase detector operates in fie yo-iuwmg

manner: If fie frequency ct the preset

counter output is greater thru mat cr tue

25-lHz reference, the phase-detector out-

put wdl decrease in voltage. If tne rrecnency

of the preset counter output re less man

fiat of fie reference, the output vu
increase in voltage. It the two trernenfies

are ssacriy the same, the phase-detector
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This unft ccntains a rffvicfe-fry-<G!3 fifgfi speed preset counter which ferns the 10-HHz, i-MHz,
and tOO-KHr frequency steps. A phase detector deralops 2 “fjee'1

steering cerrettfen voltsze
which is fed beck to centre! the frequency of the VCO,

Tie input frequency therefore varies

from 10.0 to 39.9 MHz in 100-kHz steps.

The 10-MHz input corresponds to dial set-

tings of "000” whereas tie 3.9.9-MHz input

corresponds to dial settings of "299” on the

10-MHz, 1-MHz, and 100-kHz dials

respectively.

Tie inputs to the vhf divider 2re: tic

100-kHz reference from the spectrum gen-

erator, the output signal from the trans-

lator, tie frequency control lines from

tie 1-MHz and 100-kHz switches on the

front panel, and the 10-Mifz preset lines

from the VCO. The output is the "fine''

steering voltage which is fed back to the

VCO.

Tie broadband input amplifier consists

of a tv-0-stage feedback amplifier (Qi.

Qc) followed by a complementary-emitter

follower (Q., Q,). A negative feedback

network ij placed around the firs: two

stages. Tie output of the emitter follower

provides a low impedance
.
driving source

for the subsequent high speed prcscaltr

and also establishes the proper logical "zero”

and "one” levels for the following TTL

logic ICs.

Tie prescafer (U~) is a high speed dual

Sip-Sop connected in a divide-by-four

configuration. The ourput is buffered by

NAXD gate a!c so as not to pice czcesiivc

loading on Ur.

The preset counters (V:> Lv. and Ur)

consist of two stages of preset decade count-

ers (U«. Uc) followed by a preset divide-

by-four dual flip-flop (Ur}- Device U; b

preset by the two-input XAXD gate fLV)

and gate LT. Dunne the norm;! counting

mode the data strobe lines on L’- and U*

are held in a "one” st2te by preset dip-flop

U,-. This permits these counters to function

in their normal drvide-by-ten mode. Simi-

larly, the lO-MHz preset bus is held in a

"zero" state by V... This forces the out-

put of C2tes U.A and U.B and the preset

inputs to dual Sip-Sop Ur to be in a "on:"

state. In addition, the outputs of LVC
U ;;D and the "clear" inputs to U: arc

forced to a "or.c
r

’ state. U; , therefore,

counts in its normal divide-hy-feur mode
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Figure 27

THE VOLTAGE CONTROLLED OSCILLATOR

Thres siparata cseSllztars sre usstf, «ch eorerir.s a 10-P.Hz, tetsusr.ey tar-sa in tts £155- fe

121^3S-KHz region. A typical oscillator is shorn in this drawing. “Ccarse” and “fine" steering

'roitegas are applied by means cf varartcr tfisjss.

The Voltage- Tie VCO generates toe vsri-

Confrolle'd able frequency firstiocal osc3-

Oscillatar Iztor signal that controls the

operating frequency of the

transceiver (figure 27). Three separate

oscillators are used, each covering a 10-

MHz frequency range and are selected by

the lO-.MHz switch on the panel of the

radio. The three ranges are 51.25 to 101.2-499

hftiz, 101.250 to" 111-2499 -MHz, and

111.250 to 121.495 MHz. The exact fre-

quency of each oscillator is controlled by

two dc voltages, designated "coarse” and

"fine” steering. Each steering voltage is

applied ro a varactor diode across the tank

circuit. The "coarse” voft2ge is derived

from a precision voltage divider located on

the 1-MHz. frequency control switch on

the panel. This voltzgc secs the oscillator

frequency within the acquiring range of

the phase-lock loop. The "fine” steering

voltage is derived from the phase detecror

on the vhf divider. This voltage is the dc

feedback within the loop which forces the

oscillator to the correct frequency.

Oscillator cracking is provided by ad/syr-

ment of the inductor at tbe low-frequency

end of the band and by tbe padding capaci-

tor at the high-frequency end. Logic switch-

ing applies 4*12 volts to the appropriate

oscillator circuit when rite appropriate band

control line is grounded by the 10-MHz
switch on the front panel. The LED fre-

quency dhplay is driven by digital control

signals from rise frequency dials.
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this frequency, the repeater channels are

inverted, with the input channels starting at

147.99 MHz and running down to 147.60

MHz. The output channels run from 147.39

MHz to 147.00 MHz. Simplex channels fall

in the regions of 146.40 MHz to 146.58

MHz and 147.42 MHz to 147.57 MHz.

On the 220 MHz band, the f-m channels

start at 222.30 MHz, with 40 kHz separa-

tion. The repeater input channels begin at

222.30 MHz, with the outputs 1.6 MHz
higher in frequency. Simplex channels be-

gin at 223.42 MHz and the national calling

frequency is 223.50 MHz.

On the 420 MHz band, channel spacing

is 50 kHz, with the f-m channels beginning

at 438.05 MHz. Repeater inputs or outputs

begin at 442.00 MHz, with the input or the

output channel 5.0 MHz higher (or lower)

in frequency. Simplex channels begin at

445.00 MHz, with a national calling fre-

quency on 446.00 MHz.

In this chapter various points of differ-

ence
^

between frequency-modulation and
amplitude-modulation transmission and re-

ception will be discussed and the advantages

of frequency modulation for certain types of

communication pointed out. Since the dis-

anguishing features of the two types of
transmission lie entirely in the modulating
circuits at the transmitter and in the detec-
tor and limiter circuits in the receiver, these
parts of the communication system will re-
ceive the major portion of attention.

Modulation JfoihUtion is the process of a

• i. i.

terhtg a radio wave in accoi
with the intelligence to be transmitted. T!
nature of the intelligence is of little impo
tance as far as the process of modulation
concerned- it is the mlhod, by which til

intelligence a made to give a distinguish!!
characteristic to the radio wave which wi
enab e the receiver to convert it bach in’

intelligence,that determines the type of moi
ulation being used.

Future 1 is a drawing of an r-f earth
amplitude-modulated by a sine-wave aud
voltage. After modulation the resultant moi
mated r-f wave is seen still to vary abo
the zero axis at a constant rate, but t
strength of the individual r-f waves
proportional to the amplitude of the mo
ulatton voltage.

Figure 1 Figure 2

A-H AND F-M WAVES

Figure 1 shows a sketeft of the scope pattern
o? an amplitude-modulated wave' at the bot-

tom. The center sketch shows the modulating
wave and the upper sketch shows the carrier

wave.
Figure 2 shows at the bottom a sketch of a
frequency-modulated wave. In this case the
center sketch afso shews the modulating wave
and the upper sketch shows the carrier wave.
Note that the carrier wave and the modulating
wave are the same in either case, but that
the waveform of the modulated wave is quite

different in the two cases,

In figure 2, the carrier of figure 1 is shown

frequency -modulated by the S2me modula-

ting voltage. Here it may be seen that mod-

ulation voltage of one polarity causes the

carrier frequenqr to decrease, as shown by

the fact that the individual r-f waves of

the carrier are spaced farther apart. A mod-

ulating voltage of the opposite polarity causes

the frequency to increase, and this is shown

by the r-f waves being compressed together to

allow more of them to be completed in a

given time interval.

Figures 1 and 2 reveal two very important

characteristics about amplitude- and fre-

quency-modulated waves. First, it is seen

that while the amplitude (power) of the sig-

nal is varied in a-m transmission, no such

variation takes place in frequency modula-

tion. In many cases this advantage of fre-

quency modulation is probably of equal or

greater importance than the widely publi-

cized noise-reduction capabilities of the sys-

tem. Mien 100 percent amplitude modula-

tion is obtained, the average power output

of the transmitter must be increased by 50

percent. This additional output must be

supplied either by the modulator itself, in

the high-level system, or by operating one or
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Frequency Modulation and Repeaters

Exciter systems for f-m 2ad single-side-

band transmission are basically similar in

that modulation of the signal in accordance

with the intelligence to be transmitted is

normally accomplished at a relatively Jok
level. Then the intelligence-bearing signal is

amplified to the desired poorer level for ulti-

mate transmission. True, amplifiers for the

two types of signals are basically different;

linear amplifiers of the class-A or d2ss-B

type being used for SSB signals, while class-C

or nonlinear ckss-B amplifiers may be used

for f-m amplification. But the principle of

low-level modulation and subsequent ampli-

fication is standard for both types of trans-

mission.

13 -1 Frequency

Modulation

Early frequency-modulation experiments

were conducted by Major Ed™ H. Arm-

strong of Columbia University based on the

belief that noise and static were amplitude

variations that had no orderly variations in

frequency. In 2934 Armstrong conducted

his classic f-m transmissions in the old l/i

meter amateur band in conjunction with

5F2AG in Yonkers, N.Y. Subsequent ama-

teur experiments in 1936 showed that f-m

promised excellent prospects for static-free,

reliable, mobile communication in the Thf

bands.

Postwar vhf development centered around

amplitude modulation in the amateur bands

for over two decades, aided by the flood of

surplus military vhf gear, and it was not

until the “mid-sixties” that amateur inter-

13.1

est in f-m W2S stimulated by 2 quantity of

obsolete commercial mobile f-m gear avail-

able on the surplus market a: modest prices.

Vhf commercial two-way mobile radio

is now standardized on channelized fre-

quency-modulation techniques which pro-

vide superior rejection to random noise,

interference, and fading as compared to

conventional a-m systems, YTjen the ampli-

tude of the r-f signal is held constant (lim-

ited) and the intelligence transmitted by
varying the frequency or phase of the

signal, some of the dssruptirs effects of noise

can be eliminated. In addition, audio squelch

circuits silence noise peaks and background

effects in the receiver until an intelligible

signal appears on the frequency. The combi-

nation of noise rejection and squelch control

provides superior range for a given primary

power, as compared to an equivalent a-m

power allocation.

Amateur vhf f-m techniques are based on

the channel concept. Transmitters and re-

ceivers are mainly crystal controlled on a

given frequency and random tuning tech-

niques common to the lower frequency

amateur bands are absent. F-m channels on

the 10-meter band are standardized by com-

mon agreement at 40 kHz separation, start-

ing at 29.55 MHz. A national calling chan-

nel is reserved 2t 29.60 MHz. On the 6-meter

band the f-m channels start at 52.50 MHz,

with 52.525 MHz reserved as a national call-

ing frequency. Channel spacing is 40 kHz

beginning at 52.60 MHz. F-m channels are

spaced 50 kHz apart on the 2-meter band,

beginning with 146.01 MHz, the repeater

output channels bring 600 kHz higher than

the input channels up to 14(1.97 MHz. Above
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reduction in noise at the receiver which the

system allows. If the receiver Is made re-

sponsive only to changes in frequency, 2

considerable increase in agnal-to-noise ratio

is made possible througn lbs use

qnency modulation, when tne tigazl is^ of

greater strength than the noise. The noise-

reducing capabilities of frequency modula-

tion arise from the inability or noise to cxose

appreciable frequency modulation of tne

noise-plus-signal voltage whricn is applied to

the detector in the recover.

F-MTernc Unlike amplitude modulation,

the term fercentc^emodvkfion

means little in f-m practice, unless the re-

ceiver characteristics are specified. There are,

however, three terms, deviation, mohhfhn

index, and dcmtion ratio, which convey

considerable information concerning the

character of the f-m wave.

Deviation is the amount of frequency

shift each side of the unmodulated carrier

frequency which occurs when the transnut-

ter is modulated. Deviation is ordinarily

measured in kilohertz, and in a properly

operating f-m transmitter it will he directly

proportional to the amplitude of the modu-

lating signal. "when a symmetrical modula-

ting signal is applied to the transmitter,

equal deviation each side or the resting fre-

quency Is obtained during each cycle of the

modulating signal, and the total frequency

range covered by the f-m transmitter is

sometimes known as the stwng. If, for in-

stance, a transmitter operating on 1000 kHz

has its frequency shifted from 1 000 kHz to

1010 kKz, hack to 1000 kHz, then to 990

kHz, and .again hack to 1000 kKz during

one cycle of the modulating wave, the de-

liciion would he 10 kHz and the jwwg 20

kHz.

The modvictim index of an f-m signal is

the ratio of the deviation to the audio mod-

ulating frequency, when both are expressed

in the same units. Thus, in the example

above if the signal is varied from 1000 kHz
to 1010 kHz to 950 kKz, 2nd hack to 1000

kHz at a rate (frequency) of 2000 rimes a

second, the modulation index would he 5,

since the deviation (10 kHz) Is 5 rimes the

modulating frequency (2 kKz).

The inaction refto is rirmlar to the modu-
lation index in that it involves the ratio

Between a modulating irequencTjand 'devl-

rion. In this case, however, the deviation m

question is the peal frequency shrift obtained

under full modulation, and the audio fre-

quency to he considered is the maximum

audio frequency to he transmitted. Then

the maximum audio frequency to he trans-

mitted Is 5000 Hz, for example, a deviation

ratio of 3 would call for a peak deviation or

3 X 5000, or 13 KHz at full modulation,

The noise-suppression capabilities or ireqnen-

cy modulation are directly related, to tns.

deviation ratio. As the deviation ratio Is in-

creased, the noise suppression becomes better

}f tbs signal Is somewhat stronger than the

noise- "Where the noise approaches the signal

in strength, however, low deviation ratios

allow communication to Ik mantamed. b

many cases where Kgh-deviarion-ratio j.**

quency modulation and conventional ampll

rude modulation are Incapable of grang

service. This assumes that a narrow-hand

f-m receiver is in use. par each value of r-->

signal-to-noise ratio at the receiver, there is a

maximum deviation ratio which may he used,

beyond which the output zuhojfgna. co-

noise ratio decreases. Up to rids critical

deviation ratio, however, the noise suppres-

sion becomes progressively better as tns

deviation ratio is increased,

?or Hgb-fidelity f-m broadcasting pur-

poses, 2 deviation ratio ofJ
Is ordinHuj

used, the maximum audio rrequency neng

15,ODD Kz, and the peril deviation at cutf

modulation hang 75 kHz. iocs a^swing u-

150 kKz is covered by the transmitter, it is

obvious that wide-hand ”-rn ^transmission

must necessarily he confined to tne vni range

or higher, where room ror tne rignris ismv

able. , , -

In the case of television sound, tne Gen*

tion ratio is 1.-67; the maximum moduknon

freemency is 13,000 Hz, and tne cmnsm-t~-

deviation for full modulation is 23 kHz. i£^

sound carrier frequency in a standard i '

signal is located exactly A3 hxrfz

than the picture carrier frequencv.^Jn _tn-

inicrccrrierTV sound system* wmei it wiO£'

]v used, this constant difference netween m.

picture carrier and the sound carrier is jn-

ploved within the receiver to ontrin zn

suhearrier at A5 KKz- ln's.Aj^l'Cic-

carrier then is demodulated
fp

me

tector to obtain the sound sigm.1

accompanies the picture.
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more of the transmitter stages 2: such 2 low

output level that they are capable of produc-

ing the additional output without distortion

in the low-level system as is commonly done

in SSB—a form of amplitude modulation.

On the other hand, a frequency-modulated

transmitter requires an insignificant amount

of power from the modulator and needs no

provision for increased power output on

modulation peats. All of the stages between

the oscillator and the antenna may be op-

erated as high-efficiency class-B or class-C

amplifiers or frquency multipliers.

Carrier-Wave The second characteristic of

Distortion f-m and a-tn waves revealed

by figures 1 and 2 is that both

types of modulation result in distortion of

the r-f carrier. That is, after modulation, the

r-f waves are no longer sine waves, as they

would be if no frequencies other than the

fundamental carrier frequency were present.

It may be shown in the amplitude-modula-

tion case illustrated, that there are only two

additional frequencies present, and these are

For each a-m modulating frequency, 2 pair of

side frequencies is produced. The side frequen-

cies are spaced away from the carrier by an

amount equal to the modulation frequency, and

their amplitude is directly proportional^ to the

amplitude of the modulation. The amplitude of

the carrier does not change under modulation.

the familiar side frequencies, one located on

each side of the carrier, and each spaced

from the carrier by a frequency interval

equal to the modulation frequency. In regard

to 'frequency and amplitude, the situation is

as shown in figure 5. The strength of the

carrier itself does not vary during modula-

tion, but the strength of the side frequencies

depends on the percentage of modulation.

At 100 percent modulation the power in the

side frequencies is equal to cne-half that of
the carrier.

Under frequency modulation, the carrier

wave again becomes distorted, as shown in

figure 2. But, in this case, many more than

two additional frequencies are formed. The
first two of these frequencies are spaced from
the carrier by the modulation frequency, and

the additional side frequencies are located out

on each side of the carrier and are also spaced

from each other by an amount equal to the

modulation frequency. Theoretically, there

are an infinite number of side frequencies

formed, but, fortunately, the strength of

those beyond the frequency swing of the

transmitter under modulation is relatively

low.

One set of side frequencies that might be

formed by frequency modulation is shown
in figure 4, Unlike amplitude modulation,

the strength of the component at the carrier

frequency varies widely in frequency- mod-

ulation and it may even disappear entirely

under certain conditions. The variation of

strength of the carrier component is useful

in measuring the amount of frequency mod-
ulation, and will be discussed in detail later

in this chapter.

One of the great advantages of frequency

modulation over amplitude modulation is the

YTrth frequency modulation, eath nedulaticn

frequency component causes a large number
of side frequencies (0 be produced. Tfie side

frequencies are separated from each ether and

the tamer by an amount equal to She modu-

lation frequency, but their amplitude varies

greatly as the ameunt c? rnedutatian is

changed. The carrier strength also varies

greatly with frequency modulation. The side

frequencies shewn represent a case where the

deviation each side of the “carrier" frequency

is equal to five times the modulating frequen-

cy. Other amounts of deviation with the same

modulation frequency would cause the relative

strengths ef the various sidebands to change

widely.
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be measured at each of these points by

noting the disappearance of the carrier.

The relative amplitudes of carrier and

sideband frequencies for any modulation in-

dex can be determined by finding the y-axis

amplitude intercept for the particular func-

tion. Representative spectrum plots for three

different values of modulation index are

shown in figure 6. The negative amplitude

in the Bessel! curves indicate that the phase

of the particular function is reversed as

compared to the phase without modulation.

In f-m, the energy that goes into the side-

band frequencies is taken from the carrier;

the total power in the overall composite

signal remains the same regardless of the

modulation index.
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It might be thought that the large number
of side frequencies thus formed might make
the frequency spectrum produced by zn f-m
transmitter prohibitively wide. However,
the additional side frequencies are of small
amplitude, and, instead of increasing the

bandwidth, modulation by a complex wave

actually reduces the effective bandwidth of

the f-m spectrum. This is especially true

when speech modulation is being used, since

most of the power of voice sounds is con-

centrated in the lower audio frequencies.

13-2 Direct F-M Cireuifs

Frequency modulation may be obtained

either by the direct method, in which the

frequency of an oscillator is changed directly

by the modulating signal, or by the indirect

method which makes use of phase modula-

tion. Phase-modulation circuits will be dis-

cussed in tbe following section.

A successful frequenc
5
T-modulated trans-

mitter must meet two requirements: (1)

The frequency deviation must be symmetri-

cal about a fixed frequency, for symmetrical

modulation volt2ge. (2) The deviation must

be directly proportional to the amplitude of

tbe modulation, and independent of tbs mod-

ulation frequency. There are several methods

of direct frequency modulation which will

fullfiU these requirements. Some of these

methods will be described in the following

paragraphs.

Reactance One of the most practical ways

Modulators 0f obtaining direct frequency

modulation is through tbe use

of a reactance mod'ukior. In this arrange-

ment the modulator output circuit is con-

nected across the oscillator tank circuit, and

made to appear as either a capadtive or

inductive reactance by exciting the modu-

lator with a voltage which either leads or

lags the oscillator tank voltage by 90 de-

grees. Tbe leading or lagging input voltage

causes a corresponding leading or laggmi

output current, and the output circuit

appears as capacitive or inductive reactance

across the oscillator t2nk circuit. When the

transconductaace of tbe modulator is varied

by varying one of the element voltages, the

magnitude of the reactance across the oscil-

lator tank is varied. By applying audio

modulating voltage to one of the elements,

the transconductance (2nd hence the fre-

quency) may be varied at an audio rate-

When properly designed and operated, the
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Horwwbond Narrosrbind f-m trans-

F-M Transmission mission has become stand-

ardized for use by the

mobile services such as police, fire, and

taxicab communications, and is also au-

thorized for amareur work in portions of

each of the amateur radiotelephone bands.

A maximum det'iation of If kHz has

been standardized for the mobile and com-

mercial communication services, while a

maximum deviation of 5 kHz is authorized

for amateur nbfm h£ communication. For

a maximum audio frequency of 3000 Hz,

the maximum deviation ratio is 3 -0. For vhf

f-m, the deviation ranges from 3 kHz ro

1 f kHz for a deviation ratio of up to J .0.

The new channelized f-m concept for

amateur communication has standardized on

f kHz deviation on 10 meters and 6 meters,

5 to 15 kHz deviation on 2 meters, and 40

to JO kHz deviation on rhe higher vhf

bands, F.C.C. amateur regulations limit the

bandwidth of f-m to that of an 2-m trans-

mission having the same audio characteristics

below 29,0 MHz and in the f 0.1 to f2.f

MHz frequency segment. Greater band-

widths are allowed above 29 MHz and above

52.5 MHz.

f-M Sidebonds Sidebands are set up when

a radio-frequency carrier is

frequency modulated. These sidebands differ

from those resulting from a-m in that they

occur at integral multiples of the modulating

frequency; in a-m a single set of sidebands

is generated for each modulating frequency.

A simple method of determining the ampli-

tude of the various f-m sidebands is the

family of Basel curves shown in figure 5,

There is one curve for the carrier and one

for each pair of sideband frequencies up to

the fourth.

The Bessel curves show how the carrier

and sideband frequency pairs rise and fall

with increasing modulation index, and il-

lustrate the particular values at which they

disappear as they pass through zero. If the

curves were extended for greater values of

modulation index, it would be seen that the

carrier amplitude goes through zero at mod-

ulation indices of 5.52, 8.65, 11.79, 14.93,

etc. The modulation index, therefore, can

[figmaamamHftHuiaRMnsstamIMHHSU
BB umsnBHHi| %;

hhmuuHnsnnmunmmuanUK anhhMtapmm5 ;
v .:-

KBRBmilBBOBHUgg:HPSOD aUBBlISw

ggg wSSgk
Em*81mamWBgjjjjgi H

amHiamHHH
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Figure 5

BESSEL CURVES SHOW VARIATION IN

CARRIER AND SIDEBAND AMPLITUDE

AS MODULATION INDEX IS INCREASED

The carrier and sideband frequency pairs rise 2nd Sell with

increasing modulation index and pass through zero at certain

values. Carrier drops to zero at modulation index ef 2J0. The

negative amplitude of the carrier above the 2M index inflates

that the phase is reversed as compared to the phase without

modulation.
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cult must be kept small to retain this char-

acteristic when an audio voltage is used to

vary the frequency in place of the dc volt-

TO MODULATOR
CONTROL ELEMENT

FIGURES

REACTANCE-MODULATOR

LINEARITY CHECKER

age with which the characteristic was

plotted.

The Diode When a resistor and a capacitor
Modulator are placed jn series across an os-

cillator tank circuit, the current

flowing in the series circuit is out of phase
with the voltage. If the resistance or ca-

pacitance is made variable, the phase differ-

ence may be varied. If the variation is con-
trolled at an audio rate, the resultant current
can be used to frequency-modulate an oscil-

lator (figure 10). The diode modulator
may be a vacuum tube acting as a variable

resistance or a solid-state voltage-variable

capacitor whose capacitance varies inversely
as the magnitude of the reverse bias. The
variable element is placed in series with a
small capacitance across the tank circuit of
an oscillator to produce a frequency-modu-
lated signal. The bias voltage applied to the
diode should be regulated for best results.

Vft*IA3Lt CAPACITANCE

Figure 10

THE DIODE MODULATOR

15*3 Phase Modulation

By means of phase modulation (pm) it is
possible to dispense with self-controlled os-

cillators and to obtain directly crystal-con-

trolled frequency modulation. In the final

analysis, phase modulation is simply frequen-

cy modulation in which the deviation is

directly proportional to the modulation fre-

quency. If an audio signal of 1000 Hz
causes a deviation of 0.5 kHz, for example,

a 2000-Hz modulating signal of the same

amplitude will give a deviation of 1 kHz,

and so on. To produce an f-m signal, it is

necessary to make the deviation independent

of the modulation frequency, and propor-

tional only to the modulating signal (figure

11). With phase modulation this is done by

including a frequency-correcting network

in the transmitter. The audio-correction net-

work must have an attenuation that varies

directly with frequency, and this require-

ment is easily met by a very simple resist-

ance capacitance network.

The only disadvantage of phase modula-

tion, as compared to direct frequency mod-

ulation such as is obtained through the use

of a reactance modulator, is the fact that

very little frequency deviation is produced

directly by the phase modulator. The devia-

tion produced by a phase modulator is inde-

pendent of the actual carrier frequency on

which the modulator operates, but is de-

pendent only on the phase deviation which

is being produced and on the modulation

frequency. Expressed as an equation:

fia = MpX modulating frequency

where,

is the frequency deviation one way

from the mean value of the carrier,

M
p is the phase deviation accompanying

modulation expressed in radians (a ra-

dian is approximately 57.3°).

Thus, to take an example, if the phase

deviation is fz radian and the modulating

frequency is 1000 Hz, the frequency devia-

tion applied to the carrier being passed

through the phase modulator will be 500

Hz.

It is easy to see that an enormous amount

of multiplication of the carrier frequency ss

required in order to obtain from a phase

modulator the frequency deviation of “5

kHz required for commercial f-m broad-

casting. However, for amateur and com-
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reactance moduUtor provides linear fre-

quency modulation, and is capable of pro-

ducing large amounts of deration.

There are numerous possible configurations

of the reactance modulator circuit. The dif-

ference in the various arrangements lies

principally in the type of phase-shifting cir-

cuit used to provide an input voltage which

is in phase quadrature with the r-f voltage

at the output of the modulator. A repre-

sentative tube circuit showing four phase-

shift arrangements is shown in figure 7.

A simple reactance modulator is shown in

figure $. An TFT is coupled through a ca-

pacitor to the "hot" side of the oscillator

tank circuit. The phase-shift network con-

sists of the blocking capacitor (C5 ) ,
resistor

R;, and the input conductance of the FET

(C:). The value of resistor R; is made large

in comparison with the reactance of capaci-

tor Q at the oscillator frequency, and the

current through the scries circuit will be

nearly in phase with the voltage across the

tank circuit. Thus, the voltage across capaci-

tor C; will lag the oscillator tank voltage bv

almost JO degrees. The resuit of the lagging

voltage is as though an inductance were con-

nected across the oscillator tank circuit, thus

raising the oscillator frequency. The increase

in frequency is proportional to the ampli-

tude of the lagging current in the reactance

modulator stage.

r

Figure 7

FOUR POSSIBLE LOAD

ARRANGEMENTS FOR

REACTANCE MODULATOR

Sfobilizofion £)ue t© the presence of the

reactance-tube frequency mod-

ulator, the stabilization of an f-m oscillator

in regard to voltage changes is considerably

more involved than in the case of a simple

self-controlled oscillator for transmitter fre-

quency control. If desired, the oscillator it-

self may be made perfectly stable under

voltage changes, but the presence of the

frequency modulator destroys the beneficial

effect of any such stabilization. It thus be-

comes desirable to apply the stabilizing ar-

raneement to the modulator as well as the

oscillator.

REACTANCE MODULATOR FOR

DIRECT F-M

Phase-shift network consists of blocking eapsci

•

tor C, plus R, sntf c, (the input wmfuetar.ee of

the FET].

Uneority Test It is almost a necessity’ to run

a static test on the reactance

moduUtor to determine its linearity 2nd ef-

fectiveness, since small changes in the values

of components, and in stray capacitances

will almost certainly alter the modulator

characteristics. A frequency-versus-control

voltage curve should be plorred to ascertain

rim equal increments in control voltage,

both in a posirire and 2 negative direction,

cause equal changes In frequency. If the

curve shows that the modulator has an ap-

preciable amount of nonlinearity, changes

in bias, electrode voltages, r-f excitation, 2nd

resistance values may be made to obtain a

straight-line characteristic.

Figure 9 shows 3 method of connecting

two batteries and 2 potentiometer to plot the

characteristic of the modulator. It will be

necessary to use a zero-center voltmeter to

measure the voltage, or else reverse the volt-

meter leads when changing from positive to

negative grid voltage. When a straight-line

characteristic for the modulator is obtained

bv the static test method, the capacitances

of the various bypass capacitors in the cLr-
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between input and output terminals of the

modulator* The modulator is placed after

the crystal oscillator and before the fre-

quency multiplier stages. Phase modulation

occurs as the modulator, in enact, detunes

the amplifier tank circuit and thus varies

the phase of the tank current to achieve

phase modulation. The degree of phase shift

that occurs during the detuning process de-

pends upon the 0 of the circuit, the higher

the 0 the smaller amount of detuning re-

quired to secure a given number of degrees

of phase shift, ^ith a 0 of 1 0, for example,

the relation between phase shift 2nd the de-

gree c£ detuning in kHz ether side of the

resonant frequency is substantially linear

over a phase-shift range of nearly 25 de-

grees.

Since frequency' deviation increase; with

the modulating frequency in phase modula-

tion, as contrasted to frequency modulation,

it is necessary to attenuate the higher fre-

quencies to reduce the unnecessary side-

bands that could be generated at frequencies

far-removed from the carrier.

SOLID-STATE PHASE MODULATOR

Wtrfufeler is plz;ei betwesn crystal os-
ciustor and the fclisning amplifier fr multiplier

steles.

Snorri in figure 13 is a simple phase mod-
ulator which employs a varactor diode to
V8:

y :h- phase of 2 tuned circuit. The- mod-
'•2*2tor is Installed between the oscillator 2nd
tne subsequent frequency multiplier st2ge.

t
^ phase modulator capable of 2 greater

cegree of modulation is shown in figure 14.

This configuration is often used
'

a vhf
crystal-controlled f-m transmitters. In gen-
eral a F£T is used as a crystal oscillator,
^oiiowed by a second ttT as 2 phase modu-

lator, -with the modulating network in the

gate circuit. Two inexpensive silicon diodes

used as varactors across a phasing coil 21$

driven by the rood ularing voltage. The r-f

output of the 2N545F is about 3D milliwatts.

• t'Jill IKP'JT

Figure 15

PHASE MODULATOR EHPL0Y1H&

VARACTOR DIODE

iu5So vsitEfcE apjlisd to verestsr CtaSe yens*

the pftass if the tanei circuit, Piste ties it ai-

jesiei hr .largest phase shift CMSirtsrt *'2*

linearity.

The F-M Trersatilfer The various directtnd

indirect method; of

producing f-m involve changing ether ths

frequency or the phase of an r-f carrier in

accordance with the modulating signal The

£-m signal is then raised to the operating

frequency by passing it through 2 senes 0i

frequent)' multipliers. when the frequency

is multiplied, the frequency deviation is

multiplied by a like amount.

Inexpensive 2nd highly stable crystals

available in the 3- to 19-MHz range sad

many popular f-m transmitters in the vK
region use ruth crystals, mulriplying the

crystal frequency by 2 factor of 12, IS or

24. Because the amplitude of an f-m signal

is constant, the signal may be amplified by

nonlinear stages such 2 s doublers 2nd dass-C

amplifiers without introducing signal dis-

tortion. Actually, it is an advantage to pars

an f-m signal through nonlinear stages, since

any vestige of amplitude modulation fed-

erated in the phase aoduhtor rosy b°

smoothed out by rite inherent Himring acuta

of 2 class-C amplifier.

Messvrenent . ^gle-frequency rood-

tf&eYJstfsfl ulating voltage is used ~dro

an f-m transmitter ah; rela-

tive amplitudes of rite various sidebands sst

the carrier vaiy widely as rile devotion 3

varied by increasing or decreasing theamucnt
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UOOULATIHG AMPLITUDE MODULATING FREQUENCY (kHz)

Figure 11

RELATIONSHIP BETWEEN FREQUENCY AND PHASE MODULATION

Frequency deviation is a function of amplitude and frequency of modulating signal for phase modu-
lation (left) and a function of the amplitude only of modulating signal far frequency modulation
(right). Most modem f-m transmitters use phase modulation as it may be easily applied to a crystal-

controlled circuit.

mercial f-m work only a quite reasonable

number of multiplier stages are required to

obtain a deviation ratio of approximately

one.

Many vhf f-m transmitters employ crys-

tal control with the crystal frequency one

twenty-fourth or one thirty-second of the

carrier frequency. A deviation of If kHz

at 144 MHz, for example, is equivalent to

a deviation of 0.625 kHz at a crystal fre-

quency of 6 MHz, which is well within the

linear capability of a phase modulator. Some

high-frequency f-m gear for the 30-MHz

region employs crystals in the 200- to 500-

kHz region to achieve sufficient frequency

multiplication for satisfactory phase mod-

ulation at the crystal frequency.

Odd-harmonic distortion is produced when

frequency-modulation is obtained by the

phase-modulation method, and the amount

of this distortion that can be tolerated is the

limiting factor in determining the amount of

phase modulation that can be used. Since the

aforementioned frequency-correcting net-

work causes the lowest modulating frequency

to have the greatest amplitude, maximum

phase modulation takes place at the lowest

modulating frequency, and the amount of

distortion that can be tolerated at this fre-

quency determines the maximum deviation

that can be obtained by the p-m method.

For high-fidelity broadcasting, the deviation

produced by phase modulation is limited to

an amount equal to about one-third of the

lowest modulating frequency. But for nbfm

work the deviation may be as high as 0.6

of the modulating frequency before distor-

tion becomes objectionable on voice modula-

tion. In other terms this means that phase

deviations as high as 0.6 radian may be used

for amateur and commercial nbfm transmis-

sion.

The Phase A change in the phase of a signal

Modulator can be produced by passing the

signal through a network con-

taining a resistance and a reactance. If

the series combination is considered to be

the input, and the output voltage is taken

from across the resistor, a definite amount

of phase shift is introduced, the amount

depending on the frequency of the signal

and the ratio of the reactance to the resist-

ance. When the resistance is varied with an

applied audio signal, the phase angle of the

output changes in direct proportion to the

audio signal amplitude and produces a phase-

modulated signal.

A representative phase modulator is shown

in figure 12. The basic RC phase-shift net-

work is composed of the resistance repre-

sented by the FET and the capacitor placed
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F-M DETOTIOK METER

Simple tiirest-tDrtversion receiver is couples to a meter vhcse resting is propprtiPr.tl to the ?re*

ciusncy of the applies audio signal. In this case, the audio signal is produced ty the heat between

the crystal harmonic frequency antf the observed frequency.

tion is applied to the transmitter tinder test

and the deviation level adjusted for the

amount desired, as indicated on the meter of

the instrument.

Mo&ltfion limiting Deviation in an f-m

transmitter can he con-

trolled by a circuit that holds the audio

level within prescribed limits. Simple audio

clipping circuits may he used, as veil as

more complex deviation control circuits.

Diode limiting circuits, such as discussed in

Chapter 9 are commonly used, followed hy
a simple audio filter which removes the

harmonics ot the clipped audio signal. A

representative dipping and filtering circuit

is shown in figure 15,

13-4 ReeepFion of F-M

Siepnols

A conventional communications receiver

iruy be used to receive narrow-hand r-m

transmission, although performance will r>s

much poorer than can he obtained with aa

nhfm receiver or adapter, rlcwever, a
~°~

celver specifically designed tor r-m recep-

tion must he used when it is def-reo to re-

ceive high deviation f-m such as used -h

DZ2 S.tfl .031

—1!— j HH

—

1 ]

-*•1 imiopI
! 1

:p«r,
]

K5l
j

5K> '

l

1
' ~

7.5 r.J

f

1
-

Figure 16

MODULATION UM1T1KS

BrritSon in cn f-ra_trsr.sniuer can be sontreiiEf by z slipping cirrmt rtiibfc bslfiE pci*. nntfic
cvei within prescribes limits. Simple Eufifo Hits; renrvsj higher hammips sf sTippcS signet
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of modulation. Since the relationship be- from the earner hr eke modulation ire.

men the amplitudes of the various ride- cuency. The unmodulated carrier h ic-
bands and carrier to the audio modulating curate!}- tuned on the receiver. Then
frequency and the deviation is known. 2 sim- modulation from the audio oscillator is ap-

ple method of measuring the deviation of plied to the transmitter, and the modulation
2 frequenc}f-modukced transmitter is possi- is increased until the firs: carrier null is

bJe, In making the measurement, the result obtained- This carrier cull will correspond

is given in the form of the modulation index to a modulation index of 2.40/, as previously

for a certain amount of audio input. mentioned. Successive null points will cor-

_

The measurement is made by applying 2 respond to the indices listed in the table,

sine-ware audio voltage of known frequency A heterodyne deviation meter is shown in

to the transmitter, and increasing the mod- figure 15. This device provides 2 quick and

uhtion until the amplitude of the carrier east' means of "netting" an f-m transmitter,

component of the frequency-modulated wave A diode mixer is used in conjunction with a

reaches zero. The modulation index for zero local oscillator to proride an audio signal

carrier may then be determined from the which is amplified and clipped in an open-

table below. As may be seen from the table, rionzl amplifier, IC: . The resulting signal is

the first point of zero carrier is obtained a square wave which is applied to a rectifier

when the modulation index has a vzlue of

2.405—in other words, when the deviation

is 2.405 rimes the modulation frequency.

For example, if a modulation frequency' of

1000 Hz is used, and the modulation is in-

creased until the first carrier null is obtained,

the deviation will then be 2,405 times the

modulation frequency, or 2.405 kHz. If the

modulating frequency happened to be 2000

Hz, the deviation at the first null would be

4.SI0 kHz. Other carrier nulls w ill be ob- ^
wined when the index is S.J2, 8.654, and

___

at increasing values separated approximately F£T PHASE-MODULATED IN

by r.. The following is a listing of the modu- GATE CIRCUIT

lation index at successive carrier nulls up to 7„ ,ine5a ci{;„ m mti „ v>f>-sn liK„
the tenth: * e:n CL). M einjut ef iuvr, it tbtut

S: tniirnretts. Circuit pffssttt < ir.il! Cffrtt ef

erijfitwte maSclitien i: r-:!ts cut fcr

svtettiir.t xtizrt ef f-tr exc.'ttr.

and indicating meter. The icuarewjve sig-

nal is passed through an adjustable coupling

capacitor which allows calibration for the

meter ranges of J, 30, and 20 kHz- The

meter reads average rectified current which

is proportional to frequency.

The deviation meter is calibrated by ap-

plying a low level audio signal :o fir. 2 0:

LV The frequency of the applied signal ;t

set at the indicated frequencies sr.i the ap-

propriate trimmer capacitor adjusted for fup-

scale deflection. As the audio frequent)

varied, the meter reading ebould coerrepcrd

The only equipment required for making with the frequency over the greater preum

the measurements is s calibrated audio otzd- 0 ? the range.

htor of good ware form, and a cor.mur.i- The crystal t? chews « ;f to a

cation receiver equipped with 2 narrow pats- harmonic i*m1 a: she carrier treturnty c,

band i.f filter, to exclude sidebands spaced the f-ra ceassrf tc use. Sv-wa'r menu.a.
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and with their resonant frequencies spaced

slightly more than the expected transmitter

swing. Their outputs are combined in a dif-

ferential rectifier so that the voltage across

series load resistors Pvj and R3 is equal to

the algebraic sum of the individual output

voltages of each rectifier, When a signal

OIJOPl_MlNWOI> .91

Figure 13

THE F-M DETECTOR

A—The double-tuned discriminator uses two sec-
ondary windings on the detector transformer,

W* twrt on each t'ide o> the M amplifier

center frequency. On either side of center fre-

quency a voltage of polarity and magnitude
proportional to direction and magnitude of fre-

quency chjft is developed. B—Foster-Seeley dis-

criminator employs a single, tapped secondary
winding. Vector diagram of summed output

voltages is shown in figure 20B-C.

at the i-f midfrequency h received, the

voltages across the load resistors are equal

and opposite, and the sum voltage is zero.

As the r-f signal varies from the midfre-

quency, however, these individual voltages

become unequal, and a voltage having the

polarity of the larger voltage and equal to

the difference between the two voltages ap-

pears across the series resistors, and is applied

to the audio amplifier- The relationship be-

tween frequency and discriminator output

voltage is shown in figure 20A- The separa-

tion of the discriminator peaks and the lin-

earity of the output voltage-versus-frequency

curve depend on the discriminator fre-

quency, the 0 of the tuned circuits, and the

value of the diode load resistors.

Foster-Seeley A popular form of discrimi-

Diccriminofor nator is that shown in figure

J9B. This type of discrimi-

nator yields an output vohage-versus-fre-

qucncy characteristic similar to that shown

in figure 2QB. Here, again, the output volt-

age is equal to the algebraic sum of the

voltages developed across the load resistors of

the two diodes, the resistors being connected

in series to ground. However, this Fosfer-

Seeley discriminator requires only two tuned

circuits instead of the three used in the pre-

vious discriminator. The operation of the

circuit results from the phase relationships

existing in a transformer having 2 tuned

Figure 20

DISCRIMINATOR characteristics

^urc Produces zero voltage at the center frequency, On either side of this

amount of frequency 'hifk**
3 po,ar ‘ty 2ntf ^aptitude which depend on the direction end

B~SC

,vSflm.

ef discriminator of figure fSB. Signal at the resonant frequency will cause cec

(R and R j afe equal
9 ° Ut phate wilh the primsry V8lt2ge znt3 ,he fKUll8nt ¥C,t?ses

n̂o

f

!on»pf
eha

!

,ees ‘ ,he Phate relationship changes and the resultant voltages are

difference bXeJ R Sd I?
tieteCWf h 0Md to pf0¥it,e 2n output voit^e Pfoportionet to the
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f-m broadcast stations, TV sound, and mo-

bile communications.

The f-m receiver must have, first of ail, a

bandwidth sufficient to pass the range of

frequencies generated by the f-m transmit-

ter. And since the receiver must be super-

heterodyne if it is to have good sensitivity

at the frequencies to which frequency mod-

ulation is restricted, i-f bandwidth is an

important factor in its design.

The second requirement of the f-m re-

ceiver is that it incorporate some sort of de-

vice for converting frequency changes into

amplitude changes, in other words, a detec-

tor operating on frequency variations rather

than amplitude variations. Most f-m equip-

ment operates in the vhf region, and at

these frequencies it is not always possible

to obtain optimum performance at reason-

able cost with a single-conversion super-

heterodyne receiver. When good adjacent-

channel selectivity is necessary, a low i-f

channel is desirable; this, however lowers the

image rejection ability of the receiver. Sim-

ilarly, if good image rejection is desired, a

high i-f channel should be used, but this

is not compatible with good adjacent-

channel rejection unless an expensive i-f

filter is employed.

These difficulties are compromised by the

use of a double-conversion receiver, such as

the one shown in the block diagram of fig-

ure 17. In many receiver designs, the high

i-f channel is chosen so that a harmonic of

the mixing oscillator used for the second

mixer may be used with the first mixer to

reduce the number of crystals in the re-

ceiver. In other cases, a frequency syn-

thesizer is used to generate the proper mixing

frequencies.

DOUBLE-CONVERSION RECEIVER

FOR VHF F-M RECEPTION

The third requirement, and one which is

necessary if the full noise-reducing capabil-

ities of the f-m system of transmission are

desired, is z limiting device to eliminate

amplitude variations before they reach the

detector.

The Frequency The simplest device for con-
Defeeter verting frequency variations

to amplitude variations is an

"off-tune" resonant circuit, as illustrated in

figure 18. With the carrier tuned in at point

A, a certain amount of r-f voltage will be

developed across the tuned circuit, and, as

the frequency is varied either side of this

frequency by the modulation, the r-f voltage

will increase and decrease to point C and B
in accordance with the modulation. If the

voltage across the tuned circuit is applied

to an ordinary detector, the detector output

will vary in accordance with the modulation,

the amplitude of the variation being propor-

tional to the deviation of the signal, and

the rate being equal to the modulation fre-

quency. It is obvious from figure 18 that

only a small'portion of the resonance curve

is usable for linear conversion of frequency

SLOPE DETECTION OF F-M SIGNAL

variations into amplitude variations, since

the linear portion of the curve is rather

short. Any frequency variation which ex-

ceeds the linear portion will cause distortion

of the recovered audio. It is also obvious by

inspection of figure 18 that an a-ra receiver

used in this manner is vulnerable to signals

on the peak of the resonance curve and also

to signals on the other side of the resonance

curve. Further, no noise-limiting action is

afforded by this type of reception-

Doable-Tuned A better frequency detector

Dfecnminaior or discriminator, is shown in

figure 19A. In this arrange-

ment two tuned circuits are used, one tuned

on each side of the i-f amplifier frequency,



13.16
RADIO HANDBOOK

©
Figure 22

UNUSUAL F-l/l DETECTORS MAKE USE OF INTEGRATED CIRCUITS

ft—Pulse counting oetcctor uses two small lCs and provides quiKtineane KnMr eeteoticin^ver
(

Frequency ranges. First three stages prowee IsmitenE mt pr euce * F“'“
,
wtos£ repetition

'WvMe.by.teur" pair of Hip-flops, low-trequeney pu see It gger « ™ to auto

rate varies in direct proportion to Ireriueppy verson el
phlse .,ackerl loop

signal by RC de-emphasis network at output of detector.
J

p
. n_ li

.d tQ voitage-controllecf

Sot tor f-m. Error voltage proportional to jo »«•»'> '(“"Sim signal,

oscillator, locking it to incoming signal. Error voltage is replica of frequency snm

so that age should be used on the stage pre- verted to an aucho signil bj

^

th

eeding the detector.
«!*** "etwIrk 31 tht *

The Pulse-Counting Shown in figure 22A is The Phase-Locked The phase-locked loop*

Detector a compacr detector that Loop Detector discussed in .Chapter

provides inherent quiet- is now 8va^a®
f .j

j.

*

ing and linear detection over wide frequency single IC package or in separate ui 1

ranges. Two ICs (RTL logic) provide the block ICs. The PLL consists of a P 3

|

functions of a limirer and discriminator, tector, a filter, a dc amplifier, an a vo a

The first inverter serves as a signal amplifier controlled oscillator which runs at

and the following two stages provide limit- quency close to that of an incoming *l8

ing to produce a pulse train at the inter- The phase detector produces an error

^
mediate frequency. This train is fed to a proportional to the difference in

_ ^
"divide-by-four" circuit composed of flip- between the oscillator and t e m

. flops FFi and FF; . The low-frequency sig- signal, the error voltage being app ic

^
na! triggers a monostable multivibrator voltage-controlled oscillator.

^

ny c a

(Ujr,), whose period is about 0.5 that of frequency of the incoming signa is

the i-f signal The output pulses of the and the resulting error voltage rea. I®

multivibrator have a repetition rate which oscillator frequency so that it remains

varies in direct proportion to the frequency to the incoming signal. As a result, t

vaiation of the i-f signal. The pulses are voltage is a replica of the audio va i

^
amplified by two inverter stages and con- originally used to shift the rrequen y
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secondary. In effect, as a dose examination

of the circuit will reveal, the primary cir-

cuit is in series for r-f, with each half of

the secondary- to ground. When the received

signal is at the resonant frequency o: the

secondary-, the r-f voltage across the second-

ary is 90 degrees out of phase with that

across the primary. Since each diode is con-

nected across one half of the secondary

winding and the primary winding in series,

the resultant r-f voltages applied to each are

equal, and the voltages developed across each

diode load resistor are equal and of opposite

polarity. Hence, the net voltage between the

top of the load resistors and ground is zero.

This is shown vectorialiy in figure 20B

where the resultant voltages R and R' which

are applied to the two diodes are shown to

be equal when the phase angle between pri-

mary- and secondary voltages is 90 degrees.

If, however, the signal varies from the reso-

nant frequency, the 90-degree phase relation-

ship no longer exists between primary and

secondary.

The result of this effect is shown in

figure 20C where the secondary r-f voirage

is no longer 90 degrees out of phase with

respect to the primary voltage. The resultant

voltages applied to the two diodes are now

no longer equal, and a dc voltage propor-

tional to the difference between the r-f

Figure 21

THE RATIO DETECTOR

This detector is inherently insensitive to am-

plitude modulation and does not require the use

of a limiter ahead of it. Automatic volume. con-

trol voltage is provided for controlling gain cf

r-f amt i-f stages ahead of the detector.

voltages applied to the two diodes will exist

across the series load resistors. As the signal

frequency- varies back and forth across the

resonant frequency of the discriminator, an

ac voltage of the same frequency as the

original modulation, and proportional to the

deviation, is developed and passed on to the

audio amplifier.

Ratio A third form of f-m detector cir-

Petector cult, called the ratio detector is

diagrammed in figure 21. The in-

put transformer can be designed so that the

parallel input voltage to the diodes can be

taken from a tap on the primary of the

transformer.

The circuit of the ratio detector appears

very similar to chat of the more conven-

tional discriminator arrangement. However,

it will be noted that the two diodes in the

ratio detector are polarized so that their dc

ouput voltages add, as contrasted to the

foster-Seeley circuit wherein the diodes are

polarized so that the dc output voltages buck

each other. At the center frequency to which

the discriminator transformer is tuned, the

voltage appearing at the top of the IOOK

resistor will be one-half the dc voltage

appearing at the age output terminal, since

the contribution of each diode will be the

same. However, as the input frequency

varies to one side or the other of the

tuned value (while remaining within the

passband of the i-f amplifier feeding the

detector) the relative contributions of the

two diodes will be different. The voltage ap-

pearing at the top of the 100K. resistor

will increase for frequency deviations in

one direction and will decrease for fre-

quency deviations in the other direction

from the mean or tuned value of the trans-

former. The audio output voltage is equal to

the ratio of the relative contributions of the

two diodes, hence the name ratio detector.

The ratio detector offers several advan-

tages over the simple discriminator circuit.

The circuit does not require the use of a

limiter preceding the detector since the cir-

cuit is inherently insensitive to amplitude

modulation on an incoming signal. This

factor alone means that the r-f 3nd i-f gain

ahead of the detector can be much less than

the conventional discriminator for the same

overall sensitivity, further, the circuit pro-

vides age voltage for contro.ling the gain of

the preceding r-f and i-f stages. The ratio

detector is, however, susceptible to variations

in the amplitude of the incoming signal as

in any other detector circuit except the

discriminator with a limiter preceding it.
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Proper limiting action calls for a signal

of considerable strength to ensure full clip-

ping, typically several volts for tubes and

about one volt for transistors. Limiting

action should start with an r-f input of 0.2

pY, or less, at the receiver antenna terminals,

consequently a large amount of signal gain

is required between antenna and the limiter

stages. Typically 100 dB to 140 dB gain is

used 5n modern f-m receivers, most of this

gain being achieved in the i-f amplifier

chain. The high gain level amplifies internal

and external noise and an annoying blast of

noise emits from the speaker of the f-m
receiver unless some form of audio squelch

is provided, as discussed later in this chapter.

Receiver -One of the most important fac-
Bsndwiirti tors t}ie <Jes5gn 0f aa f_n

receiver is the frequency swing
which it is intended to handle. It will be
apparent from figure 20 that if the straight

portion of the discriminator circuit covers
a wider range of frequencies than those
generated by the transmitter, the audio out-
put will be reduced from the maximum
value of which the receiver is capable.

In this respect, the term modulation per-
centage is more applicable to the f-m
receiver than it is to the transmitter, since
the modulation capability of the communi-
cation system is limited by the receiver

.

a
.

’idth and the discriminator character-

full utilization of the linear portion
ot the characteristic amounts, in effect, toM percent modulation. This means that
ome sort of standard must be agreed on,

°”7 ?
,rt,col=r W of communication,

to make ,t unneccessary to vary the iransi

mitter swing to accommodate dinerent

receivers.

Two considerations influence the receiver

bandwidth necessary for any particular type

of communication. These are the maximum

2udio frequency which the system w33 han-

dle, and the deviation ratio which will he

employed. For voice communication, the

maximum 2udlo frequency is more or less

fixed at 3000 to 4000 Hz. In the matter of

deviation ratio, however, the amount of

noise suppression vrhich the f-m system will

provide is influenced by the ratio chosen,

since the Improvement in ngnal-tonoise

ratio which the f-m system shows over

amplitude modulation is equivalent to t

constant multiplied by the deviation ratio.

This assumes that the signal is somewhat

stronger than the noise 2t the receiver, how-

ever, as the advantages of wideband fre-

quency modulation in regard to noise

suppression disappear when the signal-m-

noise ratio approaches unity.

As mentioned previously, broadcast f-m

practice is to use a deviation ratio of 5.

"When this ratio is applied to a vcfce-

commumcation system, the total swing

becomes 30 to 40 kHz. With lower devi-

ation ratios, such as are most frequently

used for voice work, the swing becomes

proportionally less, until at a deviation

ratio of 1 the swing is equal to twice the

highest audio frequency. Actually, how-

ever, the receiver bandwidth must be greater

than the expected transmitter swing, since

for distortionless reception the recover

must pass the complete band of energy

generated by the transmitter, and this band

will always cover a range somewhat wider

than the transmitter swing.

Figure 24

two-stage f-m limiter

F-m limiter circuit serves to re-
ytove amplitude variations cf
incoming f-m signal. Limiter sstp.
rales with small signal and further
increases in strength of incoming
tignal will net give any increase
in output level. Koise, which
causes little f-m but much a-n,
« virtually eliminated in effective

fimiter stages.
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tie f-in signal, 2nd the PLL functions

directly as an f-m detector. Tie functional

bandwidth of the system is determined by 2

filter placed on the error Tolt2ge line. Tie
Signetics NEJ6J is especially designed for

this service (figure 22B).

The Quadratore Tie quadrature detector

Defector (figure 23) demodulates

an f-m signal by combin-

ing two versions of tie i-f signal wiich are

in quadrature (a piass difference of 90

degrees).

Tie input stages in the representative IC
f-m quadrature detector are wideband limit-

ing amplifiers which remove the a-m com-

ponent of the wave and pass on a clipped,

squarewave series to a signal splitter which

feeds a portion of the signal to an external,

90-degree phase-shift network (illustration

B). The shifted signal is fed to one input

port of the synchronous detector. The gated

detector integrates tie pulsed signals to

extract the audio signal.

Alignment of the quadrature detector

requires that tie phase-shift coil be adjusted

for maximum audio level, or the coil may be

adjusted to null the noise level on m
unmodulated signal

Limiters The limiter of an f-m receiver

wring a conventional discriminator

serves to remove amplitude modulation and
pass on to tlie discriminator 2 frequency-

modulated signal of constant amplitude; 2
’typical circuit is shown in figure 24.

Up to a certain point the output of the

limiter will increase with an increase in

signal. Above this point, however, the lim-

ber becomes overloaded, and further large

increases in signal will not give any increase

in output. To operate successfully, the lim-

iter must be supplied with a large amount
of signal, so that the amplitude of its out-

put will not change for rather wide vari-

ations in amplitude of the signal Noise,

which causes little frequency modulation

but much amplitude modulation of tie

received signal, is virtually wiped our in

the limirer.

Figure 23

THE QUADRATURE DETECTOR

A-F-m quadrature detector using MC 13S7P Integrated circuit

B-Bloek diagram of the MC 13S7P quadrature detector



13.20 RADIO HANDBOOK

R= 220 *, C' j*opf R*«R,C*irao?f

2*100*. C= ISO?? ?.= 22ft. C* S«5?r

Figure 25

75-KICROSEOOKD DE-EMPHASIS
CIRCUIT

The eudio Ei-hEl transmit1.., by f-m End TV
stations has received high-frequency pre-emph?*
sis, so that z de-emphasis circuit should be
included between the output of the f-m detec-

tor and the input of the audio system.

A single 1C carrier operated squelch cir-

cuit is shown in figure 23. A squelch volt-

age greater than +4 volts turns the audio

stage on. The squelch sensing voltage is

taken from the rectified carrier.

A Simple Many transceivers (and CB
F-m Adopter equipment converted to the

10-meter amateur band) can
he adapted for f-m reception using the cir-

cuit shown in figure 25. This adapter works
with any receiver having a 455-kHz i-f

system and requires a single IC and a few
parts. The device is designed for tv sound
service and functions as an i-f amplifier,

limiter, f-m detector, and audio driver.

The driving signal is acquired from the
last 455-kHz amplifier of the receiver and
the audio output signal is coupled back into
the existing audio stage of the receiver.

The adapter can be built up on a small

piece of vector board and mounted within

the receiver. The input is connected to the

base of the last i-f amplifier transistor and

the audio output is connected to the top

of the audio volume control in the receiver.

The existing lead to this point must be

removed or switched off so .as not to receive

f-m and the existing receiver mode

simultaneously.

The slug of the transformer should be

adjusted for maximum audio response. A
small capacitor (C3 ) may be reguired to

achieve resonance. If the audio signal is too

large, a 10OK resistor may be inserted

between pin 8 of the IC and the top of

the volume control.

FM Stereo Two program channels are trans-

mitted. Additional signal proces-

sing in the receiver is required to recover

the separate programs. The detector output

with a stereo signal is a composite signal

that contains the baric 50 to 15,000 Hz
audio band (which is in mono form 2nd

consists of the sum of the two channels, or

L + R), a 15-kHz pilot carrier, 2nd a

double-sideband signal about a 38-kHz sup-

pressed subcarrier. This signal contains the

difference of the stereo channels (L*”R}«

After processing In the multiplex demod-

ulator, the L4K. and L—R signals are

recovered and can be combined in a resis-

tive matrix. The addition and subtraction of

these signals results in separation of the left

AUDIO OPERATED SOLID-STATE SQUELCH CIRCUIT

a merits suflio zat^SoU'IcMev^r
2nd appIIe{5 15 the gate element t>F a JFET which acts as

Sate, squelch level is controlled by trying the signal 2ele vcltege rf UPMCS
squelch amplifier stage.
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On the other hand, a low deviation ratio

is more satisfactory for strictly communica-

tion work, where readability at low signal-

to-noisc ratios is more important than addi-

tional noise suppression when the signal is

already appreciably stronger than the noise.

Deviations of IS, 5, and 2.5 kHz are

common on the amateur vhf bands and 2re

termed wideband, narrowband, and sliver

band, respectively. Bandwidth required in

an f-m receiver is about 2.4 times the devi-

anon: 36 kHz for wideband reception and

13 kHz for narrowband reception.

The proper degree of i-f selectivity may

be achieved by using a number of over-

couplcd transformers or by the use of a

ceramic or crystal filter. Shown in figure

25 is a transistorized i-f strip using a pack-

aged filter for adjacent channel selectivity

and four stages of resistance-coupled ampli-

fication to provide adequate gain. The stages

arc paired in regard to the supply voltage,

with the paired transistors placed in series

so that each has half the supply voltage.

I-f filters for vhf f-m sen-ice generally

have a center frequency of 455 kHz, 9.0,

10.7, or 21.5 MHz with bandwidths rang-

ing from 12 kHz to 36 kHz.

Pre-Empficirt Standards in f-m broadcast

ond De-Emphasis and TV sound work call

for the pre-emphasis of all

audio modulating frequencies above about

2000 Hz, with a rising slope such as would

be produced by a 75-microsecond RL net-

work. Thus the f-m receiver should include

a compensating de-emphasis RC network

with a rime constant of 75 microseconds so

that the overall frequency response from

microphone to speaker will approach linear-

ity. The use of pre-emphasis and de-empha-

sis in this manner results in a considerable

improvement in the overall signal-to-noise

ratio of an f-m system. Appropriate values

for the de-emphasis network, for different

values of circuit impedance are given in

figure 26.

Squelch Squelch circuits are used to mute
Circuits the audio of an f-m receiver when

no signal is present. In a high-gain

receiver, speaker noise can be very annoying

io the operator who must monitor a chan-

nel for a long period. "When the receiver is

squelched, no background noise is heard;

when an r-f signal comes on, squelch is

turned off and the audio system becomes

operative. Squelch circuits may be carrier

operated or noise operated.

A solid-state squelch circuit is shown in

figure 27. Audio voltage is amplified and

rectified and applied to the gate of a JFET

which acts 2s a series audio gate. Squelch

level is controlled by varying the signal gate

voltage of the MPF-103 device. The output

impedance of the MPS-A10 amplifier is quite

lew and suitable for miming into an audio

line, if required.

Figure 25

TRANSISTOR I-f STRIP USES CASCODE CIRCUIT

Transistors in pairs ana IWM atlaSor'of a" plir atll volB? across

manner of goon a^cant-channel*«»<*
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F-M REMOTE REPEATER

FOR MOBILE SERVICE

Radio relay station serves as
_

a repeater to

extend the range of base or mobile f-m stations.

Communication between units may be achieved

either directly, or through repeater. The re-

peater consists of a back-to-back receiver and

transmitter having a common i-f and remodu-

lator system, Most repeaters are limited to a

single channel, but multiplex operation permits

simultaneous transmission of different informa-

tion forms on the channel.

output. In so doing, remote bases serve on

common frequencies by winch individual

groups operating their own installation can

cros5-communicate. Frequencies above 220

MHz or direct-wire lines must be used for

remote control.

Simplex communication, on the other

hand, refers to communication between indi-

vidual units operating on a common trans-

nut and receive frequency. Thus simplex

operation can he interfaced with relay oper-

ation, using either a local or remote base.

Remote base operation must take place

under FCC license to a responsible control-

ling authority and each application for such

sendee is judged individually on the merits

of the case.

Repeater There are two basic categories of

Types repeaters; open and closed. The

open repeater is one which has

been installed for the benefit of all who

wish to use it for communications; die

closed repeater is one which is designed to

selectively benefit a specific group of users.

Both types are in widespread use through-

out the United States and many foreign

countries. Early repeaters were a-m open

types, which later gave way to the f-m

open and closed repeaters. The open repeater

is virtually always carrier operated, switch-

ing to the transmitting mode only with an

incoming signal

The closed repeater, as the name implies,

gives the benefits of repeater coverage to a

select group of subscribers or users. Special

selective circuits are used on the repeater^ to

reject all signals other than those for which

the system was designed. This function is

almost universally achieved with a system of

access tones, whereby a specific tone on the

incoming signal is a prerequisite to bring

automatically relayed to the repeater out-

put. One technique calls for a continuous

low-frequency tone (below 120 Hz) to b-

transmitted. A decoding device is employed

at the repeater that responds only to rign^

bearing this tone. This is termed a continu-

ous tone squelched private line (PL) system.

A second technique requires that the incom-

ing signal be accompanied by a short high-

frequency tone burst of a few milliseconds.

The decoder at the repeater allows the trans-

miner to be energized only when the signal

bears the proper tone. This access approach

is called the single-tone, or "whistle-oa

system, since it may be activated by an

operator with a good ear for tone and a

talent for whistling!
. .

Many repeaters make use of a transmission

limiter
, which consists of a timer which dis-

ables the repeater when input time excee

5 minutes or so. The repeater is reactivated

when the input signal is removed. More

complicated control techniques exist, too,

which make use of channelized tones

between 1500 and 1650 Hz.

Control The basic control element of

Techniques most amateur repeaters is ^ e

carrier-operated relay (COR)-

a squelch-responding circuit that provide a

relay closure (K-J with each signs *

occupies the channel (figure 32). e° x
t

repeater is at a remote location, 1
)

3nc

^
0
j

control may be exerted over 2 wire (<•

phone line) or by a uhf radio lmk. ^
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1C chip is LA 4400. Audio stage is cut off when pin G drops to low do level. Squelch voltage

greater than 4 volts turns on the audio stage, squelch sensing voltage is taken from rectified

carrier signal.

arid right program channel signals. Each

signal is then de-emphasized by a simple RC
network that has a 75 /is time constant

that rolls off the response at a 6 db/octave

rate above 2100 Hz (complementing a simi-

lar boost at the transmitter) to yield a flat

overall frequency response,

13-5 THE F-M Repeater

Since radio transmission in the vhf region

is essentially short range, a form of rzdio

relay station termed a repeater may be

employed to expand the communication

range of base or mobile stations over an

extended distance. Various types of relays

are in use in the United States, their opera-

tion depending on the requirements of the

commmunications circuit.

The relay unit is a fixed repeating station

whose specific purpose is to extend station-

to-station communication capability. The

user’s transmitter is on the input frequency

while his receiver is on the output fre-

quency of die relay (figure 30). When

desired, direct communication between sta-

tions may take place by using a closely

spaced frequency domain and a two-

frequency transmitter.

The remote base is a form of relay unit

whose location has a height or tactical

FIGURE 29

SIMPLE F-M ADAPTER FOR A

COMMUNICATIONS RECEIVER

IC cflip is MCI 358, CA30S5, or ECG712. Cspacifor

,C> is a 30-pF mica compression uniL

advantage. Means must be provided to con-

trol such an installation which in amateur

service most often is working in^ conjunc-

tion with a pair of frequencies—input and
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Figure 33

PLL DECODER BUILDING BLOCK

Phase-loch loop (PLL) basic builtfing hloch. Seven KE 557 JCs are usei in the Sesoisr section,
eech centereS on a particular tone frequency. Four 7TL caafi gates ere uses in the logic s*>s5fn.
When a tone is received, the output goes from a logic 'high to z bgic lor. The output cf the
gate can be used to drive a relay or a function decoder. Proper interconnections to the logic
sections een provide for encoded pair cf tones, two lor inputs switching the gate to t high

level, for example.

may be achieved through the use of a single

decoder by the use of tone filters and phase-

locked loops (figure 33).

One of the most promising tone-control

techniques makes use of the mulritone

(
Touchtone) technique. Touchtone com-

mand signals are generated with a conven-

tional Touchtone telephone dial which has

an integral multitone encoder. The system

makes use of eight discrete tone frequen-

cies arranged in two groups of four tones

each (a high group and a low group).

Sixteen digits can then be represented by

the combination of one tone from the high

group with one tone from the low. The indi-

vidual frequencies and various combina-

tions are shown in figure 33, which is a

schematic of the standard 2 5A3 10-button

Touchtone telephone pad. The supply volt-

age is fed to the pad over the same path

as the output of the tones.

The Touchtone encoder pad can be con-

nected directly into the microphone ampli-

fier of an f-m transmitter for transmission

fhe tones over the air to the decoder unit
2t the repeater site.

^The Touchtone signal can be decoded by

£J.
5lbg the two-tone combination via

grou^ ^ band-elimination filters into

IhnitS
5° tiiat^ 1032 031 k plated,

circuit’
*3<i a?P^ed to the desired control

Other tone systems exist, including xbs

dual-tone {Secode) system and the .single-

tone approach. The latter may be used with

a telephone dial pulsing system, as shown

in figure 3 5. Control pulses are sent serially

at a rate of about 10 pulses per second to

initiate a command function at the repeater.

The Repscfer The repeater is a receiver-

transmitter combination cap-

able of duplex operation. That is, the receiver

must be capable of functioning regardless

of whether the transmitter is activated or

not Since the repeater equipment must run

continuously (probably in a remote .spot

without air conditioning) it must be well

ventilated. Most repeaters have air contin-

uously circulated about within the cabinet

or enclosure by means of exhaust and intake

fans as shown in figure 3 6.

Transmitter Noise—Broadband noise may

be radiated by any r-f generating equipment

as the result of random noise components

generated and amplified in the driver stages,

which are amplified and passed on to tne

antenna through the relatively broad selec-

tivity of the amplifier output circuitry.

Enough ndse may be radiated to degrade tne

performance of a nearby receiver operating

several MHz away (figure 37A). Transmit-

ter noise is bothersome as '’on-channel



Figure 31

TYPICAL REMOTE REPEATER INSTALLATION

A rfif emitter remet! lepeitsr instalteticn at e ccmmjitBl Bcilltr alee BtMect Bleuieea

Summit in Csiiftmi2.

control scheme is teed upon the trails- ad automatic ame-our derices. The audio

mission of specific and precise audio fa- frequencies are generated by a tone getter-

Ouencv signals rinds activate turn-on ani star termed tn cxcoln tad the responding

shut-dosrn systems, freonracv selections, device Ls caSed a *rofa. Multiple funcaons

Figure 32

CARRIER-OPERATED RELAY

Adjustable delay circuit permits tspiztet
^^5? c'ff.

C°
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METHODS FOR K0UKTIR6
YEKTILHINe FANS

A-Toswntiuntefl Eriaust ftn. B-Bottom-
jnDurtsfl forceiS-air tj^pe-

(*h=)

noise "which cannot be filtered out at the

receiver, competing 'with the desired signal

and reducing elective recsrrer ssnsitfrirp.

Recover Dcscnsffizctiov-—This font of

interference is the result of 2 strong oS-

rhrTT7.pl frequency signal entering the front-

end of the receiver, upsetting critical -voltage

2nd current levels, and reducing receiver

gain.

IvicrmoiiUttivn—hternodulatioa is the

generation of spurious frequencies in 2 non-

circuit element. The tindesired

r^TJendes correspond to the sum and dif-

‘p^es of the fundamental and harmonics

u- more frequencies passing through

25 *h5CIEs£“ 23 Chapter 15.

TBXaiaa =aj- occcr
w**~s nutans tne normal oneradnr

h-BrcaUiranf tioIse is raniaisC t>r zr. tars*
njfer 2s rasult uf ranSom Tinlse rnmprmErte
smaUfisi zntf pzssaS to untsnrrr. ihraoclt teIe-

Srefy hraat sslssSvity tif output artafity.

f
T,DH£« UtfiSE 3TV iie SHTiEtSfi tO SsrotiE T3ST-

tonnaneE tf rasrSy TStefjver nasrafitii several

WSz ev.ti- -fmrr; trassmltfins Travuerer. 5-
Szn:ip2s ttvHf tm zutput t? transmitter tmf
Input ti: rscshte: -praviziss surriceni zitents?*

tlnn anS rsle-tinn of oSchannaf nose te umtsst

receiver rrain dassnslfmafror-

: the s

net “Hen c

qtnpment to nrorace 2 prot-

dspd.
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SirsrHG'

5. co=?z= sis* - sis: j i C'.i'i't z'k cf t- •n? i’c c*.;w.'
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Figure 38

DESIGN DETAILS OF THE 144- TO 148-MHz CAVITY

tl0n,£ntJ spurious transmitter no1st. Receiver

P'Otection may be brought about by physi-

_

3‘ separating the receiver 2nd transmitter

-Bteanas in space 2nd by the use of 2 Hgh-

- bandpass cavity at the input of the

rec
^
rrer to reject frequencies outside of the

**% Passhand (figure 5S). The cavity

resonator is placed in the antenna circuit in

such s tray ss to pass the received frequency

and reject the transmitted frequency. A

second cavity on the output of the trans-

mitter will reduce ofi-frequency transmitter

noise passing to the antenna, as shown in

figure 37B.
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group completed their first satellite in about

a year of spare time work. The satellite con-

tained a simple 100-milliwatt radio beacon

transmitting on 1-44.98 MHz.

Amateur radio entered the space age on

December 12, 1961 when OSCAR-1 was

successfully launched as ballast aboard a

scheduled research vehicle of the U.S. Air

Force (figure 1). Before the historic flight

/

OSCAR-1, AMATEUR RADIO'S

FIRST SPACE SATELLITE

.'FIPWW
M I! 1

Jlliili

i

r

11

1

Figure 2

OSCAR TELEMETRY SENDS “HI"

SIGNAL TO AMATEURS WORLDWIDE

Early OSCAR satellites sent the Horse letters

“Hi" in the form of telemetry on the

bend. This photograph of the OSCAR-3 sipul

was recorded by FSNE5 near Paris, France inm
over 700 different amateur stations through-

out the world.

By 1962, then, the first two satellites

were successful in introducing radio ama-

teurs to space communications. The telem-

etry beacons provided useful propagation

data as well as continuous observations of

the satellites’ behavior, thus paving the way

for OSCAR- 3, amateur radio’s first active

communications satellite.

Fifty years after Marconi sent the letter “S"
across the North Atlantic, amateur radio oper-
ators entered the space age with the launch of
OSCAR-1. This tiny space satellite was launched
from California and transmitted a telemetry sig-
nal in the amateur Itt-MHz bard. Radio ama-
teure in all continents and 28 countries filed
more than 5W0 telemetry reports with Project
OSCAR headquarters. OSCAR-1 operated for

about 3 weeks before batteries expired.

ended three weeks later, the beacon signal
a een tracked and logged by amateurs in

all continents and 28 countries, and more
than 5000 telemetry reports were received
by the Project from interested amateurs
(ngure 2).

Amateur radio’s second satellite, OSCAR-
2. was launched in June, 1962. It consisted
“ a 144-MHz telemetry beacon and gave
amateurs further training in this new and“c“,nS asPect o{ amateur radio. More than

00 receptl°n reports were received from

Satellite History OSCAR-3 made telecom-

Mcde in 1965 munications history. By be-

ing launched a month be-

fore Early Bird (the first International

Telecommunications Satellite Consortium

INTELSAT) it holds the distinction of be-

ing the world’s first free-access communi-

cations satellite (figure 3). In many in-

stances amateur communication through

OSCAR-3 marked the first time that a

space communication project had been con-

ducted in overseas countries. Over 400 ama-

teurs in 16 countries communicated through

the satellite repeater during the two week

life of the device. The Atlantic Ocean was

bridged twice with contacts logged between

the United States and Germany and Spain-

and California amateurs heard Hawaiian s?'

nals through OSCAR-3. The first Aria*

Europe contact was logged between Israel



CHAPTER FOURTEEN

Specialized Amateur

Communications Systems and

Techniques

Electromagnetic communication include?

various modulation techniques and propa-

gation modes that lie afield from the more

common voice and code modulation systems

and ionospheric reflection propagation used

h}' the majority of radio amateurs. Great

strides have been made in recent years by

small, dedicated groups of radio amateurs

operating in the forefront of technology,

exploring new methods and techniques of

intercommunication.

Chief among these interesting, new modes

and techniques are satellite communication,

earth-moon-earth communication, radio

teletype, slow-scan television, broadband

television, facsimile, and radio control of

models. Of these new modes and techniques,

satellite communication and earth-moon-

earth (moonbounce) have excited the great-

est interest, both in the United States and

abroad as they have pointed the way to a

•fore extensive utilization of the vhf bands

for long distance communication.

The very nature of amateur radio is such

that from its beginning more than 70 years

ago, it has not only kept pace with the de-

velopment of other radio services, but it has

often been well in the vanguard. It is not

surprising, therefore, that the radio amateur

should be among the first to utilize new,

J4.f

specialized techniques and modes of com-

munication. This chapter will cover some of

the more interesting developments.

14-1 Amateur Space

Communication

Radio amateurs have been interested in

space communication ever since the first

Sputnik was placed in orbit in the fall of

1957. Thousands of amateurs monitored the

20-MHz signal and shortly thereafter some

cf them began to discuss the exciting pros-

pect of constructing a satellite of their own.

The first space experiments consisted of

monitoring telemetry signals from satellites

launched in other sendees. In 1959, how-

ever, a group °f radio amateurs in California

formed the Project Oscar Association, Oscar

being an acronym for Orbiting Satellite

Carrying Amateur Radio. The objective

was to design, build, and launch an amateur

radio space satellite. The satellite would op-

erate in a band allocated to the amateur

service and would permit radio amateurs

everywhere to make useful contributions to

the new field of space communications. The

task was enormous, but the Project Oscar
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Figure 4

OSCAR-4 SATELLITEWITH
432- TO 144-KKz REPEATER

OSCAK-5 wee e trEHEiEior Series hrvinw z iw-
KKE up-link EM s E32-KKI HowMink. Ssler
c.lls covered the tetrEhetiron-shEped vehicle.

7p
E

n‘i
n2t5

-!
s 2 sera'isynchronBiis satellite for m

IE,ODD- mile orbit, OSCfcR-t ves placed in t
mpty elliptical orbit when one of the launch
stages felled to ignite. First satellite contact
between the United States and the Soviet Un-

ion was made through OSCAR-4.

Be controlled in the event interference de-
veloped thus greatly enhancing the pracn-
calit]- ot operating amutenr satellites in thosi
amateur bands shared trith other services.

OSC.4S.-5 was the first amateur satellite
ffl transmit in the hf a, veil as the rhi
sp-ctrom, permitting propagation studies tc

• po hstinctly diSerent frequency

"S. S’5nlSant number of propagation
anomalies 'cere reported, such as ori-tfe.
comon and antipodal reception of the 10-
dieter beacon.

OSCAR-S OSCAIU, !amdri b [ne

satellite
4"'Y 2Y OTrE

Y ThisT d™= -o beacon turns-

mitters and a 144 to 2B MHz repeater.

A block diagram of the satellite is shown in

5gure 5. A command recover is incorpo-

rated in the package "which accepts pulsed

commands from the ground control station

and converts them to level commands "which

turn on and off the 435.1-MHz beacon

transmitter. In 2 similar manner, the control

logic converts ground commands to change

the modulation modes of the beacon trans-

mitters. Either Morse Code telemetry or the

Codestore system cm be commanded to key

the beacons. Additional commands control

the 24-channel telemetry system incorp>

rated in the satellite. A block diagram of

the 144 hfKz to 28 MHz repeater is shown

in figure 6.

The Linear The linear Tspecfrr, or fraqiancy
Repecfer fTcnsIcioT, is the heart of the re-

peater satellite. This device re-

ceives 2 segment of one band 2nd re-

transmits the segment on another frequency.

The transmitted band may or may not be

in the same band as the input spectrum.

Many separate signals can be accommodated

within the spectrum and all signals receive;!

by the satellite in the spectrum are trans-

lated and rsbroadcast simultaneously.

As more signals appear in the passhand,

the output power of the translator is divided

between the signals, so that an ultimate

limit is reached when the translator is satu-

rated with signals. In a similar manner, 2

strong signal can overload the translator cir-

cuitry 2nd cause weaker signals to be

suppressed in signal strength. Improved

circuitry is constantly being developed to

overcome the limitations of translator de-

vices, especially those designed to accept

random signals.

In the case of OSCAR- 5 the translator is

designed to receive amateur signals in me

frequency range of 145.9 to 146.0 MHz,

relaying them in the down-link frequency

range of 29.45 to 29.55 MHz. The repeats.'

makes use of input and output filters in or-

der to reduce spurious responses and to pre-

vent the repeater from listening to the

"'white noise” signal of the transmitter. AH

stags, except the mixers, operate in the lin-

ear mode and the output of the repeater u

an exact replica of the input. This device

differs from the mors commonly known 4
-"
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Figure 3

BLOCK DIAGRAM OF OSCAR-3 SATELLITE

OSCHR.J was a frequancy-transMns satellite met 1 /SL™
1

JL£!S™
Sana, amjlitita It, ana translated it to anotlltr port.cn of list Uni far Km.™

transmitter nnwer was \ watt PEP There was no detection and remodulation, and wilhin tne

5
»’Lnten enr made o[ cominMliMlion »>s passible. Tins nes the

tion, A second antenna was used to radiate tne receive

reduce overload front strong stgnais.

and Bulgaria and Alaskan amateurs Heard

signaJs from the United States via the satel-

lite.

Continuing the program, OSCAR-4
launched in December, 1965 (figure 4).

This communication satellite featured 3n up-

link in the 144-MHz band and a down-

link in the 432-MHz band. The goal was to

place the 3-watt repeater in a semisynchro-

nous orbit, about 18,000 miles above the

^tth. At this altitude, the satellite would

move with the speed of the earth’s rotation,

and thus hang steady over the northern tip

of Brazil, providing vhf communication

ov'er the American hemisphere for radio

amateurs.

While the satellite equipment functioned,

the desired orbit was not achieved, the sate -

lite being placed in a highly elliptical orbit,

tumbling rapidly as it revolved about the

earth. Nevertheless, a number of success u

contacts were made through the repeater, in-

cluding the first two-way satellite contact

between the U.S.A. and the U.S.S.R.

Australis Demonstrating the worldwide na-

OSCAR-5 ture of Project Oscar, the fifth

amateur satellite was designed and

constructed by students at Melbourne Uni-

versity in Australia, under the auspices of

the Wireless Institute of Australia. Working

with the Radio Amateur Satellite Corpora-

tion (AMSAT) ,
a Washington, D.C. based

international organization of radio amateurs,

the satellite was prepared and qualified for

launch by NASA in early 1970. It was car-

ried as a secondary payload on the ltos-1

weather satellite mission. OSCAR-5 included

a two-band beacon on 144 MHz and 29.45

MHz, the latter incorporating a command

control permitting it to be turned on and

off from the ground rracking stations. This

was an important demonstration that the

emissions from the amateur satellite could
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The linear repeater “listens" over the renge of 145.5 MHz to 146.0 W.Hz, converiint receives

signals to the first i-f of 22.1 MHz and the second i-f of 3.5 MHz. After 35 tiS of amplification,

the p2cc6£ntf Ts up-convertsd to 25.45 to 25.55 KHz. ftsamtnn power output is T.3 wefts, PSP.

The power source is a 24-volt Niced battery charget! by solar cells. The repeater also contains

t beacon oscillator on 2S.45 KHz. Input and output filters are used to reduce spurious responses

and to eliminate television-band signal interference with the repeater.

nitudes more complex than the previous powerful solar cell poorer supply (£gtxre B),

amateur satellites and was designed for long The satellite contained two repeaters and

life. Ir was built in an octahedral coafigu- two rraching beacons and both Morse Code

ration to allow suscient surface area for 2 2nd teletype telemetry encoders. Down-link
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OSCAR-3 FREQUENCY TRANSLATION

The frosuency trrnclrtisn satellite reserves t 55-fcHz cermer! fellinc between t«.r?5KKz
cn5

_

*W;125 KHz. All energy in this spectrum win be processes by the trcnclrtor. This
Prriet inverts the spectrum, thtt is, signtls cl the Jow-frepuency en£ cf the input han£
fS„ S,3 Eppttr zt the hirh-frtpuency m2 rf the output tzni. A station trensmittinjr
cppcr-ti£tbtn2 SSE^wit! be retrensmittel es 1 lortr-cifiebenC SSI scrub Other titeTnttt
mry net necessarily irrrert the spectrum, but tht principle cf tTmcfetion stiff applies.
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Block diagram of the repeater showing command and control circuitry. OSCAR-d incorporated

2 digital decoder activated by an up-linfc command signal. Twenty one command functions are

available. Codestore system uses a reprogrammable shift-register memory to^ transmit binary

messages loaded on ground command. Repeater block diagram «s shown m figure E.

repeater in that the satellite repeater repro-

duces a frequency spectrum which may con-

tain a multitude of separate signals. In some

instances, spectrum ‘'translation" is inverted,

as shown in figure 7.

Using the The spacecraft repeater of OS-

Repeoter CAR-6 is typical and its use

will be described briefly. While

the repeater will handle most forms of nar-

row-band modulation, SSB and c-w are rec-

ommended as they make the most efficient

use of the repeater because a number of

users can operate simultaneously, each tak-

ing different proportions of the repeater's

power capability at a given moment.

Most amateurs engaging in. repeater con-

tact$ monitor their own down-link signals

which enables them to hear their signal as

others heat it. This requires that a separate

receiver and antenna be available for down-

h'nk reception while up-link transmission is

being accomplished. This type of operation

makes break-in, or duplex, contacts possible

and the power level and frequency of each

station can be adjusted for best perform-

ance. If a transmitter is vfo controlled, its

frequency can be continually adjusted to

keep the apparent down-link frequency con-

stant in the presence of Doppler shift, which

can be as much as ± 4.5 kHz during an

overhead pass.

Experience with satellite-repeated signals

leads to operating expertise and various tech-

niques have been developed to assist the op-

erator in making the best use of a particu-

lar satellite. Additional information on the

subject may be obtained from AMSAT, Box

27, Washington DC 20044.

OSCAR-7 The OSCAR-7 spacecraft was

launched in late 1974, while

OSCAR-6 was still functioning. For the

first time, amateur radio operators had two

operable communication satellites in orbit

at the same time. OSCAR-7 was many mag-
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Figure 9

AMSAT OSCAR 8 SATELLITE

This is the eighth of a series of satellites built by
radio amateurs that began with the faunch of

OSCAR 1 in 1S61. The spacecraft was built by
AMSAT (Radio Amateur Satellite Corporation) a
Washington, D.C.-based international organization
of amateurs end was provided to NASA at no cost
for launch on a noninterference basis. (Photo by

NASA).

fhe Mode A transponder is a two-to-ten
device similar to the one on OSCAR-7 and
with the same frequency passband (input
passband of 145.85 to 145.95 MHza and
output frequency passband between 29.40
and 29.50 MHz). A 250 mV telemetry
beacon provides telemetry data in Morse code
at a frequency of 29.402 MHz. Approxi-
mately — 95 dBm ^ required at the trans-
ponder input

.

terminals for an output of
one watt. This corresponds to an effective
radiated power (ERP) from the ground of
80 watts for a distance to the satellite of
1200 miles and a polarization mismatch of
3 dB. The transponder translation frequency
(input frequency minus output frequency)
is 116.458 MHz. Thus, the relationship be-

• tween the uplink (fc ) and downlink (fe)
is:

fa — f* —116.458 ± Doppler shift

where both f4 and fB are in MHz.
As in the recent satellites, the passband

is not inverted and upper sideband uplink

signals become upper sideband downlink sig-

nals. Output power is one to two watts.

The Mode ] transponder uses the same re-

ceiving antenna as the Mode A device, a

canted turnstile fed by a hybrid and match-

ing network so as to develop circular polari-

zation. Left-hand circular polarization can

be used by amateurs in the Northern Hemis-

phere and right-hand circular polarization

by users in the Southern Hemisphere. The

Mode A ten meter dipole is oriented perpen-

dicular to the stabilization magnet in the

spacecraft. The Mode J 435 MHz downlink

antenna is a monopole, linearly polarized, on

top of the spacecraft.

The spacecraft contains solar panels on its

four sides and on the top. The solar cells,

combined with a 12-cell, six ampere-hour

battery should be adequate to power the

spacecraft for several years. A battery charge

regulator is also contained which converts

from the 28-30 volt solar array voltage to

the 12-16 volts required by the battery.

OSCAR- 8 was launched from the NASA
Western Test Range as a secondary payload

with the LANDSAT-C earth resources tech-

nology satellite on a two-stage Thor-Delta

2910 launch vehicle. The orbital parameters

were programmed to be:

Apogee: 577 statute miles

Perigee: 549 statute miles

Period: 103 minutes

Inclination: 99.0 degrees

Time of descending mode: 9:30 AM

The orbit is sun-synchronous, with passes

repeating at the same time each day on a

one-day cycle. Because the satellite operates

in a 560 statute mile orbit, at just about

half the altitude of the 910 statute mile or-

bit of OSCAR-7, the communication range

will be less. The usable time on an over-

head pass will be about 18 minutes and tbe

horizon range will be about 2000 miles. Tbe

schedule of orbits for OSCAR-8 is a fea-

ture in OST magazine.

In this rapid and exciting fashion the sci-

ence of amateur space communication has

advanced over the few short years between
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MHz to 146 MHz repeater, switching every

24 Bouts. TBs riser could h= ground con-

trolled so that the mode change could Be

conducted zt approximately the same rime

each day.

OSCAR-7 confined automatic power-

supply monitoring circuitry so that if the

Battery voltage cropped Belov a predeter-

mined level, the spacecraft would switch to

2 iov-pover condition for recharge from

the solar cells.

While many amateurs communicated via

OSCAR-7, some o£ the most meaningful

contacts took place via satellite repeater, us-

ing Both OSCAR-6 and -7 satellites work-

ing together. Thus, a 432-MHz ground ste-

tson could be repeated by OSCAR-7 on the

144-MHz band to OSCAR-6 which would

re-repeat the signal on the 10-meter band.

Figure 8

AMSAT OSCAR-7

This is an applications communications spwt-

craft designed for noncommercial public service

and educational use by the amateur radio com-

munity. OSCAR stands for Orbiting Satellite

Carrying Amateur R2dio. Developed by the Ra-

dio Amateur Satellite Corporation (AMSAT}, a

nonprofit scientific corporation headquartered

in Washington, D.C« the purpose of the space-

craft is to have students around the world wort:

with their teachers to get a direct understand-

ing of space science by acluelly participating

in demonstrations through local radio amateur

operators anywhere in the world. OSCAP.-7 was

launched by the national Aeronautics and

Space Administration—the third OSCAP. to be

launched by HASA as a piggy-back spacecraft

aboard a Delta rocket from Vandenburg Ajt

Force Base, California. (Photograph courtesy of

KASA3

telemetry and stored message data could be

routed to either of the beacons. It ^25 thus

possible, for example, to receive Morse Code

on the 10-meter beacon and Codestore in-

formation on the 435-MHz beacon at the

same time, using two ground receivers.

The satellite normally alternated between

a 144 MHz to 10 meters repeater 2nd 2 452

OSCAR 8 The OSCAR-8 stellite was

launched in early March, 1978.

It was built by radio amateurs in the United

States. Canada, "west Germany and Japan.

This satellite cams transponders for two

modes of operation. There is a conventional

145.9- to 29.4-MHz transponder and a new

145.9- to 43 5.!-MHz transponder, a similar

frequency combination that was pioneered

by the OSCAR-4 spacecraft in 1966. Six

channel? of telemetry are provided to moni-

tor the onboard status of the spacecraft.

The principal objective of OSCAR-8 is

the educational use of a low orbiting satel-

lite. It is to provide a means for the use of

such a satellite as an educational axd in

schools and other institutions. Other objec-

tive; include the conrinuarion of communi-

cations demonstrations by amateurs, and of

the feasibility of using satellites with small

amateur terminals for "hush” communica-

tion. emergency communication and sstel-

lite-to-home broadcasting to amateur re-

SofetTrfe Operation TBe OSCAR-8 satellite

coprains two communi-

cations transponders and command and

kIctsot sj-Kems. Tie sjsceoat is soh:

postered, £0 poi^jfls, srd is i IS

bci ratanjokr soEd 15 ecIk Kg' (“S‘

o-e 9). Its antidpated useful life is three

years.
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Each successive orbit vill progressively cross

the earth’s equator farther vest from the

original point of observation and, to the ob-

server at the ground station, each successive

orbit has moved further vest from his point

of observation. In reality, the observer has

moved east vith the earth’s rotation, and

the orbit of the satellite has remained fixed

in tbe sky. 'When the ground station’s posi-

tion has rotated ISO degrees (12 hours), the

observer is looking at the reverse side of the

orbit and if he vas matching norrh-to-south

passes, he is nov matching south-to-north

passes (figure 15).

Hov long the satellite v?:ll remain —ithin

range of a ground station is dependent on

tsvo factors: the distance it vill be at the

point of closest approach (PCA) to the sta-

tion and the altitude of the satellite. The

longest duration at any altitude -will occur

on orbits that pass directly over the station

location, and the duration of die p2ss vill

decrease for orbits that pass further 2Way

earth rotates within satellite
ORBITAL PUNE

** the ezrth relates within the erhit cf the
ssteihte, aft areas cn the earth’s scrfece will

beneath the sateime if a * in a psfer «.
r'- _

If tfte erfeilzl plane is tipped, areas cf high

rlf
1 wi" V,t 8Bts;is crtit cf the sttet-

lit- Oft it Burster 1 starts when the satellite
-fst cresses the epcztrr ir. t srctft-ts-wrth

tfireclisn.

from tbe station (figure 14). For example,

a satellite in z 1000 mile high orbit vould

be vithin line of sight range of a ground

station for about 25 minutes on 2n over-

head p25S, about 20 minutes "hen it comes

vithin 1000 miles of tbs ground station and

only about 10 minutes —ith a 2000-mile

distance of closest approach. "When using a

satellite for rsro-vay communication, it is

therefore necessary to take into considera-

tion. the length of time the satellite —ill be

vithir the simultaneous range of all ground

stations involved. Communication mill be

possible vith any other ground station hav-

ing the satellite —ithin its range at the same

time, but the length of time of contact mill

vary with the position of the ground sta-

tion relative to the satellite, as shovrn in

figure 14.

The higher a satellite is, the greater the

effective range of a ground station using it

mill have. Since higher satellites are further

avay from the ground station, signal

strengths vrili be less due to path losses un-

less either more powerful transmitters or

higher gain receiving systems are used. The

7Y?mKt« ran

Figure T3

EARTH REVOLVES WITHIN

SATELLITE ORBIT

Satellite erbit remains fixed in spjre while the

eerth rev: Jres inside it F:r example, if z spzre

setetfite is hunched firm Ceiifrrr.ie, in z scuth-

weri tfirerti:n, eU future daytime penes will

£e in z spctr.-rcrth direuUtn. Frr daytime

passes the chserrer is at print A end fsr rirht-

time passes z' print B.
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lie,

Figure io

PERIOD OF SATELLITE AND

ALTITUDE REUTIONSHIP

TCe Orbital ptfisa cl the eetellite is relate- te

the aljjjufe as shewn in this graoh fsr a c,,l
;

u'

Ur orbit. For example. H the period is tC3 rn<n-

trtes, the altitude is SC-3 miles- If the fttiti rf

fcetrw approximately £3 minutes, the satellite

Quickly falls back te earth after a few orbits.

OSCAPv-l and tilt modern, sophisticated

space satellite of today.

OSCAR Satellite To communicate through

Tracking sn OSCAR repeater satel-

lite, it is necessary to

tnow the location, orbit, and orbital tun*

of the spacecraft in addition to the param

cters of the onboard repeater.

In general, communication satellites are

launched in a circular orbit about the earti -

Orbital height and period of orbit are re

lated to each other, as shown in figure 10.

the period drops below 8* minutes, the satel-

lite will not remain in. orbit, but will P

back to earth. Once the satellites hagb

bzs been determined from the orbita pert >

the maximum ground range (range to

horizon from a point on earth benea ’

satellite) may be determined, as shown

%ure 11.

Satellite Unlike earth-moon-earth (moon-

fiensc bounce) communication, space

satellites in orbit relatively close

to die earth’s surface appear to move rap-

idly across the sky from horizon to horizon.

It is confusing to picture yourself on 2 sta-

tionary earth with the satellite whirling

overhead on various erratic passes, some-

times goinc north to south and other times

going south to north. A much clearer pic-

ture m2y be gained by visualizing the satel-

lite 2s rotating about the earth in a fixed

plane, with the earth revolving inside the

satellite orbit (figure 12).
^

Thus, when a

satellite passes over a ground station on one

orbit, the rotation of the earth will cause

the satellite to pass over a different spot,

Iving to the west of the ground station, on

4>« next orbit. This is termed progression,

p'^-ASI'. STtfltZ

Figure II

GROUND range as a function of
GR

SATELLITEALTITUDE

: is
;l 171 - n!J rf, :::< raiifs

If, lit P'HJLS to <u sateDK Pi™

w ““S' ,Sh W# * w®'
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TAILS 7.

Toml Dopplsr Shift for Overheat frrr

g.lfiiude 2?ff

&

1*5 Wife Z36 KHz

103 si. nil. 1310 ft: 7550 Hz 72X0 rz

530 si. ml. 1-OOffc 7213 'Hr 51,5325*=

1333 st. nil. 1360 "Ha 533^ Hz 23,53!! .Hz

Stellite In determining the position of 2

Fssifbn sateUits 2nd predicting its future

location .some hnosrlsdge of t^ms

2nd orbital rektionBmps is lassfnl Satellite

distances and speeds may 1)5 expressed m
different -ways. Nanacal and statute roles,

as fell as meters and Blomsters are com-

monly used. A summary of these terms is

shown In Table 2.

Figure 15 summarizes satellite position,

line ABC is the distance from the center

of the earth to a satellite In orbit (pint

C). The spot -where this line intersects the

earth’s surface is called the snb-zitirllife

point (3). "Point X) is the location on the

earth of an amateur station. line CD is

called the ilani wage to the satellite. Arc

3D is the distance along the earth’s surface

between the station and the siib^eirTJitr

point This distance can he plotted on a

map of the earth to locate the satellite to

see if it is -within range -of 2 particular

ground station. The distance may he ex-

pressed as a distance of angular degrees (one

degree on the earth’s surface being equal to

5?-0? statute miles, 59.97 nautical miles, or

111.14 bn). All points on the diagram ex-

cept points A and D are continnallT chang-

ing as the earth rotates and the satellite

mores. A station at point 3 -would observe

the satellite directly overhead.

All factors in a satellite’s orbit are inter-

related and much can he determined from

a few known facts. For instance, the Telo-

city of a satellite through space is a func-

tion 0: altitude, and the period and time cf

one revolution are a function of altitude

and velocity. Fvouah orbital predictions can

he made if three pieces of information are

ORBITAL TRAVEL TIME

FROM HOWTO

R

Tiis travel tins c! a satellite ts react) t SOW
latitude, 25 sjprsssei! 25 t oeTsri a: ioia'l v>

blfe! tlTTie. Tor samalt, 2 the sbssrvsT fss »-

cate£ £t aliitutie 4D depress, ant tbs satellite

he’s’ an orbital iaciinsiioa vz. Ut liersss. 31 taV.es

abput ’l percent r? total nsriotS Sms to travel

frem ibe eraatortt that latitubs.

is] crossint 2nd the angle at wHub me satel-

lite crossed the equator.

Informational broadcast are pommonm

tiven during an OSCAR. timet jsv tne

A?vKl Headquarter station. TlAT. ant

selected OSCAPv stamens. These broaocarts

include tracking data for the ffisShs

provide the rremeted tunes os soptn-.o-

noith senatorial crossings vmJ*
-J-

points -of crossing in degrees or west innp-

tude and the tune ci pass over major L.mes

on the earth. Once ha neart^a vzzii-

rsailr needed to predict woer "t tram

be -within your range u the orbital neruc.

the progression per orbit ant tne^tune at

tabes* tcTrearh your location from the srna-

tprial —oming pint (drum !£>

ailable: the altitude or period of the satel-

TAFLE 2- Ccwcrrfcc Tuple

1 3*. -mile = Tisvt. mils = IdOP.t^m = 1J&nU- r.tn i

1 r.ilDiwter= 3*. tnii* = 052*5 rwirf. toIk = 'OX rnste-r.
j
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GROUND RANGE UNO POINT OF

CLOSEST APPROACH

Srocttf nr.ii ef two SUUsns crerlip rrher

satellite passes between them. Tfts longest tfo-

ration cf pass cccure en an crtlt that passes

directly ever z &vjr.i station, but mainasi
ground range occurs cn z pass to ttf side cf

the ground sutlers, fn this erampfe two ground

stzticns are within range ef the satellite and

the Cm cf eommvriicztiei} is shrrrr. by the

sheded are2.

greater the line-of-sigbc path distance be-

tween ujsr and satellite, the more circuit

gam "ill be required to maintain adequate

signal levels. Therefore, although high alti-

tude satellites will allow Contacts with more

distant stations, 2 more elaborate ground

station 'a.-jll be required, cr else a satellite

with larger transmitters and antennas.

Doppler Shift fhe movement of a satellite

relative to the ground stztion

results in a change of frequency of signals

received in either direction. This change,

known as Doppler Shift, can be determined

from the following formula:

U, = 5A(h-fc)V
where,

ir shift on either side of the center

frequency fifBz),

fv
— frequency of ground station (up-

link) in .MHz.

ft = frequency of the satellite-repeated

signal (down-link) in MHz,

V —sped of the satellite in mles/ssc-

ond (a function of the altitude).

Maximum Doppler Shift will occur on

overhead passes, ft can be seen in the for-

mula that Doppler Shift is a function of fre-

quency as well as sped and is greater a:

the higher frequencies. Table I indicates the

total shift that mar be expected at various

altitude? and frequencies.

"this shift is frequency of course must be

takes into account when tuning receivers

asd transmitters for satellite communica-
tion. The frequency of a satellite transmit-

ter moving toward s ground station will

appear higher than the actual satellite trans-

mission frequency and will drop as the sat-

ellite approaches until at the exact point of

closest approach, when it will he 02 the

true frequency. Pest this point, the received

signal will continue to drop lon er is fre-

quency as the satellite moves away from the

ground station.

Problems of tuning transmitted and re-

ceived frequencies ere reduced when the

satellite receiver and transmitter frequencies

are sumriently far apart to permit the

ground station to monitor its down-link

while it is transmitting, as for example,

when the up-link is 2 meters and the down-

link is 10 meters. This allows maximum ef-

ficiency of spectrum use since mutual inter-

ference between stations on the same fre-

quency can be Immediately detected-

POSITION OF THE $A7£U1TE

Une ABC is the distance Iran the earth’s eer-

ier to a sateiflte Ir. eriit (C). The pet trtrra

this fiog Intersects the earth (Bj ts V-.! <i'.-

sstetlite paint. Pcir.l 0 It the Fscaticn cf 1

fkscS flafjtn tr.i tfistera* CO is the si*rt

nr.a te tbs satellite. Arc ED is the distance

a'cr? the earth's surface between the station

ani the scHalefffte paint An ebsarrar at 8

weald see the satellite directly evertead.
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W1BU using dish antennas and experimen-

tal, 1-kilowatt tM klystron tubes in the

transmitters. From these early tests, mmn-

bounce communication has grown rapidly,

as interested vhf operators turned to this

new and exciting mode of communication.

Today, moonbounce activity is taking place

on the various vhf hands, with the major

interest concentrating on the 144- and 432-

MHz bands (figure 18).

fused all over space and only a minor portion

of it is returned to earth. A smaller fraction

of the returned signal is captured by the

receiving antenna, which is small compared

to the earth surface area facing the moon;

about 38,470,000 square miles. Thus, the

EME path loss is quite high and moon-

bounce communication at the maximum

amateur power level is a challenge to the

best talents of many of the worlds most

skillful radio amateurs.

Radio signals travelling through space are

attenuated as the square ratio of the fre-

quency. Consequently the EhfE path loss is

about 8.3 times (9 dB) greater on 144 MHz

than on 50 MHz, 2nd a similar increase m

path attenuation takes place between the

144-MHz and 432-MHz hands. In addition,

transmitter efficiency tends to decrease and

receiver noise figure and transmission line

loss increase with increasing frequency.

On the other hand, the power gain of a

directive antenna of a given size increases

by the same ratio that the path loss in-

creases and, because the antenna gain is real-

TOTAl

AIOM
GAIN ft

Figure 18

THE 144-MHz MOONBOUNCE
ANTENNA OF WGPO

The array consists of 1B0 elements arranged in

32 Vagi beams formed into eight 20-element

collinear assemblies, stacked four wide. Over-

all antenna size is 33 feet wide, 24 feet high,

and e feet deep. Gain is estimated to be

approximately 23 decibels. Similar arrays are

also in use on the 432-MHz band by active

“moonbouncers’'.

The EME The moon is about 2160 miles in

Circuit diameter and orbits the earth at a

distance that varies from 221,463

miles to 252,710 miles. The orbital period

is 28 days and because the orbit is some-

what eccentric, the moon travels along a

somewhat different path each night of the

lunar month.

As a target for radio reflection, the moon

subtends an arc of about one-half degree

when seen from the earth. The reflection

coefficient of the moon’s surface is about 7

percent so the remaining 93 percent of the

signal striking the moon is absorbed. The

portion of the signal that is reflected is dif-

HSQMWY
MHz

5033 -r

3309

1

12%

/
420

50 MHz-

AVERAGE SIN

RATIO 03 /
--7-20 /

/
—10
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-2D

-39

-49

Figure 19
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•65

•70

•75

39

93

ANTENNA GAIN REQUIREMENT

FOR EME CIRCUIT

This graph is based on GOO watts transmitter

power output, a zero-dB receiver noise figure,

and 100-Hz receiver bandwidth. At 144 MHz, for

example, for an average signaMo-noise ratio 01

zero decibels, a total antenna gain is about 42

dB. Two 21-dB antennas should be satisfactory.
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Grouni Station The mos: recent OSCAR
Anfennos

satellites have operated in

the 452-MHz. 144-MHz,
2nd 10-meter amateur bands. For 10-meter
reception of satellite signals a 1 0-mscer ro-

tarj' beam is satisfactory. When mounted
^•eil in the clear it provides a low angle of

radiation which is desirable for maximum
communication range when the satellite is

just over the horizon. For passes close to the

ground station, a dipole antenna mounted
at 2 lower height (having a high angle of

radiation) is useful.

For transmitting to the satellite on the
vht bands, many amateurs use a simple high
gain. Yagi antenna. Experience with the

OSCAR satellites, however, has shown that

rapid fading of the signals repeated by the

satellite is partially due to the radiation pat-

tern nulls of the vhf beam antenna. In addi-

tion. because of the random positioning of

the satellite in the orbital path, cross polar-

ization of the transmitting and receiving

2nteanas can contribute to observed fading.

Cross-polarization fading can be reduced

by using Circular polarizarion at the ground

station and radiation pattern nulls can be

compensated for by using either a null-free

antenna or a continuously tracking antenna

that holds the satellite at the center of the

radiation pattern.

A simple turnstile antenna mounted about

2 cuarter-wavelength above a reflector screen

will provide a circularly polarized pattern.

The maximum lobe of the radiation pattern

is vertical, providing a broad lobe that is

effective at all elevation angles above ap-

A 3 CD

mc-$v
F8BLVZ

Figure 17

proximately 40 degrees. A practical turn-

stile antenna array for 144 MHz is shown

in figure 17.

Crossed-Yagi antennas can be used to pro-

vide circular polarizarion and details on the

construction of such an antenna is contained

in the VHF Handbook For Radio Amateurs,

available from Radio Publications, Inc., Box

149. Hilton, Conn., 06S9/. Additional in-

formation on satellite techniques may be

found in StecisUzed CommurJcafions Tech-

niques, published by the American Radio

Relay League, Newington, Conn., 06111. A

quarterly newsletter covering amateur satel-

lite activity is published by AMSAT, Box

27, Washington, DC 20044.

turnstile antenna v/ith screen

REFLECTOR FOR SATELLITE

COMMUNICATION AT 144 MHz

T4is simple antenna provides an omnidiroc-
uonal, high-angle pattern suitable for satellite

reception etjove the horizon. Full coverage is

provided at angles above 20 degrees. Crossed

Oipoies are mounted above a ground screen

Measuring 50 inches on a side. The screen

Rector may be made of galvanized wire bav-
ins openings less than one-half inch square,

mndovv screen can serve as a substitute. The
turnstile antenna is placed 12 Inches above the

screen. A phasing harness (B) provides tbs
r«M SD-degfge phase difference between the

O'Poles, Antenna is designed tc be fed with a

70-ohm coaxial line.

14-2 EME (Mocnbounce)

Communication

Tie moon predate 2 good radio urge;

riea it rides high at die sip ind by tie

nd of TVorld TFar n circuits and tedtoiques

rere available to use it !s J passive reJecto:

or radio rituals. Tie first instance of araa-

etir ntoon-reSected signals *-as the rtap-

ion of VFAO’s 144-MHz signals by

F3GKP in tnid-WiO. In W«0, tie first

e-o-way moonbounce contact took place on

be 1296-MHz band between VSHB and
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izsd during bom transmission. gnd reception

at each end of the drcct, dis:s b s ss:
signal grin ~i:h increase in frequency, nor-

withstanding the incMsssd circair losses.

The free space less for the BE circuit

varies about 2 dB depending on ~Leri:er the

isswa Lc at perigee or apagss, TjpicsUj; tks

arcuit loss at perigee (the print of clcsesr

approach of the moon) is 2H dB fee SO

JiHz, 22J dB for 144 2.1Hz, 255 dB for

432 i5Hz, gnd 244 dB for 1254 MKz. The
nomograph of 5gure 19 ilkmmtK antenna
gain and average sigaal-to-noise resuire-

menis as a function of frequency for an

average path loss. This graph and the circuit

losses are based cc a transsatter power out-

put of 400 vatts to the antenna, a zero-

decibel noise figure and a receiver bandwidth

of 100 Hz. As an example, at 144 MHz, fer

an average signri-to-ncise ratio of zero deci-

bels, the total antenna gain should be about

42 decibels. Thus, trzo 21-dB antennas are

required, one at each end of the path. If the

gain of one antenna is higher than this, the

gain of the other nay be ccrresponemglv

lover to achieve rite same jignal-to-nrise

ratio.

Under the best of conditions, then, using

the maximum legal pover, rise most sesri-

rire receiver and the largest possible antosa

array, two-way amateur communication via

the moon is a marginal mean; of communi-

cation. Even so, the cumber of successful

c-w and S5B contacts via moon refection

speak “ell for the experimenters doing this

fascinating, space-age means of world-wide

vhf communication-

Farcdoy Rrfction During the passage of a

radio signal to and from

the moon, it may rotate in polarization sev-

eral rimes. This effect is called Tcrsiiy Ro-

tetion and is thought to be produced by the

the effect of the earth’s magnetic field on

the signal Faraday Romricn produces a cy-

clic fading in the signal received- as the

pari; length between the earth and the moon

is constantly changing. The fade is quite

rapid at the lover frequencies and the pe-

riod increases with frequency until i: ceases

to be significant above 1089 MKz. Special

antennas can be used to combat Faraday &o-

tarioa, at a loss in signal gain, but most er-

perimesters accept rise slow fade and work

abound h, especially on 244 MHz, where
the fade period is rather hag, typically 20

minute; between rigeal peaks.

A second fading phenomena known as I;-

brefhn jdir.g 0£ moon refected signals is

caused by * rocking morion in the move-

rnent of rite moon in orbit. Tie fading is

characterized by a rapid flutter in the re-

ceived signaL

The IME Because of the weakness and cn-
Rep5rts?.3 predictiHhcy of inwa-nEsttd
Syrfen signals, special reporting sys-

tems have been devised by q.
perimentsm to provide quick and reliable

ccnSrmaricn of a valid contact. Each of the

majority of which convey informsrim via

a series cf dashes, since dots hare a few

energy content and tend to disappear in the

noise.

On 144 MHz, for example, rite 77-10 Jtr-

£pr/ Sys/rr: is used. The letter T is sent re-

peatedly -hen the signal car. be heard but

no intelligence can be detected. The Itmer

l
r
, is sen: when portions of all letters car.

be copied, and the letter 0 is sen: when a

complete call set is copied. Once contact is

Htahbshed, and the signals are loud enough,

normal amateur procedure is commonly

used. At 144 MKz. where the Faraday Pota-

tion is long, the usual m.mmbounce calling

sequence is 2 minuter, whereas at SO ?.(Hz.

where the Faraday Rotation is rapid, the

calling sequence is 30 seconds- h all cases,

the sequence is agreed to beforehand and

synchronized vfch rime signals from VW.
For mors information about tr.PDr.bcur.ee

experiments and activity, —rite to .nmatter

Service Department. EIMAC division of

Virian. 3C1 Industrial Tay. Sat Carim. Ch
54070 and ask for th.rir free bulletin serin

A5-45 (Afaosf Eirryih ':ng T«.' Ten,' to

K.r.ov. About ytoor.br-r.cc}

,

14-B Rodiofelelype

Systems

T&pnr.tir.i is t form c: communication

based cr. i simple binary fcr.-cn; code de-

signed for elsctremechaKcal trammisr.on.

Tr.e code conrists cf cc cubes ceneratec

hr a special electric typewriter, srnrc.n car.

be reproduced at a distance cy a separate
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BIT POSITION NUl Null, or ellrrot

SOH Sund hceiin;

STX S*nsfitjS

S!t. Ends'!**!

SCT Ends5t-««minlSfi

CLJQ ErKfi/ry

ACK Asbowled?.

Sa 5ell.s-.lrm

5$ EebpKt
H7 HrizXKcltibiHetm

IF linefttd

\'F Venrcriitbulritan

Cl CrriDttriiMt

SD Shift mu

D«1« link tss.pt

DDT Dts-rs- Lijiftrai 7

D3 Stvfettg-rt'912

DQ Drviaon! si3

DC* Shb tnntbsl <

MC Ncjsf^t tstrrawtefj.

SYN Strckrsrcrai idle

ITS End pf V.samgs’on bb:T

CAN Ctnsel

£*f &d simelon*

SUB Substitute

ESC Baw
FS FUttepe-wr

£75 G-nup irpsrrljr

IS P.ctnrd jrn.reta-

US IhtTtsmrMat

S= 5?«
SSt Driert

7 6 5 7 i J 7 6 5 67 5 7 6 5 7 6 5 7 6 5 7 6 5

0 0 0 0 O 1 0 1 0 0 1 1 1 0 0 1 O 1 1 1 O 1 1 1 <321

MIL DIE S’ D © t P DODD
SOH 0C1 1 1 A Q « a 0 0 3 1

STX DC2 2 S * * r Silt
ETX DO f 3 c S c . S011
KJI SO s < D T i » STOP
ENQ NMC % 5 E U « V 0 10 1

ACC SYH A 6 f V f V 0 110

EEL RI 7 G w B w 0 111

IS CAN ( I H X h * 10 0 0

K7 EM ) F 1 * y 10 0 1

If 5U3 7 1 1 1010

VT ESC 4 ( l 4 { I 0 t

FF FS < E \ : 110 0

Cl es - - * ] m } 1 1 0 1

59 IS . > N A « - 1110
ST US 1 7 O " 8 DEI 1111

TABLE 3

ASCII Code and names of control characters. The ASCII code contains many more symbols
than does the older Baudot code. The keyboard is arranged in the same manner as a type-
writer with the extra symbol keys arranged to the right, or around the main bank of characters.
The typewriter keyboard is an array of single-pole switches arranged in the standard pattern.

A binary number is assigned to each key on the board.

rate of 0.7 X 1200 = 840 data bits per

second. All-electronic systems may use one

of tbe following rates: 300, 600, 1200,

2400, 4800, or 9600 baud. Radio amateur

hf transmissions are commonly at a 45-baud

data rate.

When a circuit lias separate paths for

simultaneous send and receive it is called

full duplex. If a single two-way path is used,

only one device can talk at a time and it

is termed half duplex. A one-way path is

called simplex.

The parallel output of a keyboard is con-

verted to serial by loading a 10 -bit shift

register and taking the information out in

a series mode. This may be accomplished in

a single IC UART (Universal Asynchronous

Receiver-Transmitter) having eight parallel

inputs and a series output, plus other inputs

and outputs to register change of state. The
UART is commonly clocked at 1 6 rimes the

baud rate. The output may go to a video

display monitor that draw's lines and writes

in the fashion of a television screen. Raster

scanning is used, with the screen driven by
a character display circuit (see Section 1 4-5.)

14-4 RTTY Transmission

The pulsed dc voltage generated by the

teleprinter is used to operate a keyer circuit

in the radio transmitter to shift the carrier

frequency back and forth in accord with

the mark and space signals of the RTTY
code. Audio frequency-shift keying (AFSK)

is generally used on the amateur bands. For

many years the frequency shift was 850 Hz
(equal to an audio shift of 2125 Hz to

2975 Hz). The newer systems employ 2

closer shift, 170 Hz being commonly used,

with tones of 2125 Hz and 2295 Hz com-

prising the audio shift. In AFSK, the nom-
inal transmitter frequency is chosen as the

mark and the shift condition is chosen as

the space signal.

Frequency shift keying (FSK) may be

accomplished by varying the frequency of

the transmitter oscillator in a stable man-

ner between the mark and the space fre-

quencies. The amount of shift must be held

within close tolerances 2s the shift must

match the frequency difference between the

selective circuits in the receiving unit. The
degree of frequency shift of the transmit-

ting oscillator is, of course, multiplied by
any factor of multiplication realized in suc-

ceeding multiplier stages of the transmitter.

In most simple heterodyning systems, there

is no frequency multiplication so the oscil-

lator shift is equal to the desired mark/space

relationship. However, depending on which
side of the carrier the miring process occurs,





14,22 RADIO HANDBOOK

SPACE

(Off)

MARK-

(OK)

w- 1

BAUD

1

1 5TW5T
j

1 1

5 1 1

1 > 1

bj \ b* i bj 1

i i i

1 !

,

I 1

i l % :

i i

! i

t \ 1

l i

l !

I

i ) nm 1

t j

i i

(

|

SiU?

TIME *-

'OKECHWJWTtR-

Figure 27

TIME SEQUENCE OF
ASYNCHRONOUS SERIAL

TRANSMISSION

the shift may be inverted on one or more

bands.

Frequency Shift A widely used FSK device

Circuitry js the diode switch (figure

29 ) . Upon receiving a pulse

from the teleprinter, the diode conducts and

places the open terminal of the shift capac-

itor at ground, thus lowering the frequency

of the oscillator. The series-connected choke

and associated bypass capacitors remove the

r-f from the keying leads. C-w identifica-

tion is provided by an auxiliary key, the

series potentiometer permitting the operator

to adjust the amount of frequency shift used

for identification.

To invert the keying, the diode is biased

to conduct with a small auxiliary supply,

the teleprinter pulses removing the bias dur-

ing the keying cycle (figure 30).

Audio shift keying (AFSK) is primarily

used by radio amateurs for compatibility

with SSB equipment. An audio oscillator is

employed to generate the mark (2123 Hz)

and space (2295 Hz) tones when driven by

the teleprinter or by a tape unit. The audio

signal is then applied to the microphone

jack of the transmitter and the resulting

frequency-shifted signal is detected and put

to use by an audio converter. A simple AFSK
keying oscillator is shown in figure 31.

RTTY Dufy Cycle The duty cycle during

an RTTY transmission is

unity; that is, the average-to-peak power

ratio is one. Most amateur equipments, par-

ticularly SSB equipments, 2re designed with

a speech duty cycle in mind and must be

derated for RTTY service. Generally speak-

ing, the duty cycle for RTTY equals 2 X
the plate dissipation rating of the tube or

tubes (or the collector dissipation of the

transistor or transistors) in the amplifier

stage. Thus, if the amplifier has a pair of,

say, 6LQ6 tubes having a combined plate

Figure 28

HOMEBUILT KEYBOARD
Keyboard under construction by K4TWJ. Alt circuitry ezeept power supply and keyboard inter-

lace is contained on the single printed circuit-board designed by WBOZA.
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Figure 25

BASfC KEYBOARD

The keyboard has 64 keys in an 8 X 8 matrix. The counter drives s decoder, which grounds
each horizontal wire, one at a time. The data selector interrogates each vertical wire for a

closed key. When one is found, the data selector is grounded and generates a pulse.

Figure 26

SERIAL ASYNCHRONOUS
TRANSMISSION

A—Serial voltage interface.

B—Serial current loop interface.
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14-5 RTTY Reception

The RTTY receiving system must re-

spond to 2 sequence of pulses and spaces

transmitted by wire or radio. Trequency-

shift keying may "be demodulated by a beat-

frequency technique, by means of a dis-

criminator as employed in f-m service or

by a pulse counting technique. The received

signal is converted into dc pulses which 2re

used to operate the printing mechanism in

DISTRIBUTOR SLIPRTNBS
AND COMMUTATOR SYNC MOTOR

Figure 3Z

TRANSMITTER DISTRIBUTOR

(T-D) UNIT

T-D unit is an eiectTcrnsotenica! device which
senses perforsticns in a teleprinter tape and
translates this information irtto the electrical

impulses of the teleprinter code. Information

derived from the taps by contact fingers is

transmitted in proper time sequence by a com-
mutator-distributor driven by a constant-speed

motor.

A

the teleprinter. Conversion of RTTY sig-

nals into proper pulses is accomplished by 2

recavrn* converter [fcrmincl writ, abbrevi-

ated TU, or demohlstor) . RTTY convert-

ers may be either i-f or audio units, the

former having been used quite extensively

by the military. A block diagram of an

intermediate-frequency converter is shown

in figure 33A. The RTTY signal in the i-f

system of the receiver is considered to b-

2 carrier frequency-modulated hy a 22.3-

Hz square wave having a deviation of plus

and minus $5 Hz (for 170-Hz shift).

Amplitude variations in the signal am re-

moved hy the limiter stage and the discrimi-

nator stage converts the frequency shift

into a 22.8-Hz waveform, applied to the

teleprinter by means of an electronic keys’.

In its simplest form, the i-f demodulator

requires that adequate selectivity and inter-

ference rejection be achieved hy tbs is

system of the recover. I-f demodulators do

not provide good selectivity or rejection of

interfering signals 2nd they are not well

suited for operation in the crowded amateur

hands.

The Aodia RTTY The audio converter, or

Demodulator demodulator, is generally

considered to be superior

to the i-f device, and the former unit is

preferable for amateur work. A block dia-

gram of a simple audio-frequency demodn-

3

Figure

I-F AND AUDIO TERMINAL UNITS

A shows a hlacfc ft2grsm cf zn i-f terminal onit employing f-m dissrimisetDr technicse. i-f

converter requires thet selectivity t-nd interference rejecticn be schteved by means of SElecrirs
tuned circuits cf the receiver, s shews z bin;* dfegrzm cf sadia-frercenry terminel rnrt. KsA
end space filters ere used sheed cF eadia discrimiratcr, fariawed by 2 Jrw-psss acdis Slier.
Beet csciHetrr cf the receiver is osed ta prcvids eadia beet ianes of 2T25 and 2225 Kz re-zired

fsr nansinel 170-Kz shift system.
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Figure 29

DIODE KEYER FOR FRESUENCY-
SHIFT KEYING OF VFO

A simple diode switch may be used to vary the

frequency of the transmitter in a stable manner
between two chosen frequencies. The amount
of shift must match the frequency difference

between the selective filters in the receiving

demodulators unit.

. rjl'iST

Figure 30

DIODE KEYER FOR INVERTED

KEYING

dissipation of 60 watts for continuous ser-

vice, the maximum input to the amplifier

for RlTY service is limited to about 120
W2ttS.

Auxiliary RTTY RTTY transmission by pre-

Equipment punched tape is made pos-

sible by means of a trans-

mitter-distributor (T-D) unit. This is an

electromechanical device which senses per-

forations in a teleprinter tape and translates

this information into electrical impulses of

the five-unit teleprinter code at a constant

speed. The information derived from the

punched ape bv contact fingers is trans-

mitted in the proper time sequence by a

commutator-distributor driven at a constant

speed by a synchronous motor (figure 52).

Used in conjunction with the T-D is a tape

perforator which punches the teleprinter

code in a paper tape. The perforator operates

mechanically from a teleprinter keyboard

for originating messages. A reperforator

may be connected to receiving equipment

to “tape” an incoming message for storage

or retransmission.

The dicde is biased to conduct, the teleprinter

pulses removing the hies during the keying

Figure 31

SIMPLIFIED SCHEMATIC OF AFSK KEYING OSCILLATOR

Since the VJT gen awr^^ when anting from marie to space.
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of the selector magnets in the printer. The

teleprinter keyboard may be connected in

series with the printer magnets, both seriesed

through jack Ji, if desired.

An Advanced The Mainline ST-6 de-

RTTY Demodulator modulator, designed by

W6FFC, is a popular

unit and provides many advantages over

the more simple circuits. The ST-6 accepts

frequency-shifted audio tones from the sta-

tion receiver and converts them into dc

pulses to operate a teleprinter or a video

display (figure 35).

The ST-6 is designed to accept various

shifts, the most widely used of which are

850 Hz and 170 Hz. Bandpass filters at the

input of the device provide a high order of

selectivity to eliminate interfering signals.

The filters are followed by a limiter having

a dynamic range of about 90 dB to correct

for signal fading. The output signal from

the limiter is fed to a discriminator and

detector stage which provides the low-fre-

quency switching pulses. A lowpass active

filter after the discriminator/detector pro-

vides over 50 dB attenuation to transients

normally encountered above the keying speed

in service.

The filter is followed by a threshold cor-

rector which provides symmetry to the

pulses and corrects the effects of the low-

pass filter, which tends to change the de-

sired square wave into a sine wave. The

processed signal then passes to a slicer which

is a low-frequency amplifier compensated

for proper response to the control signals.

The output of the slicer drives the keyer

stage which provides a mark-hold signal to

the teleprinter when there is no input from

the slicer. Auxiliary equipment includes a

loop supply for the teleprinter, automatic

start control, and an antispace circuit that

locks the printer to mark-hold when a non-

RTTY signal in the space channel tends to

activate the printer. A tuning meter is

provided to allow the operator to correctly

tune the receiver to "straddle” the RTTY
signal.

Additional features of the ST-6 are a

normal-reverse switch for copying stations

having inverted mark/space characteristic

and an optional limiterless operation where-

in copy may be made from mark-only or

space-only signals.

RTTY Video A recent development in

Display RTTY apparatus is the video

display generator which con-

verts the output of a demodulator unit into

RTTY readout which may be fed to a TV
monitor or to a standard TV receiver (fig-

Figure 35

BLOCK DIAGRAM OF ST-6 RTTY DEMODULATOR

The Mainline sm demodulator accepts frequency-shifted tones from the station receiver and
converts them into dc pulses to operate a teleprinter or video display. A commercial version of

the ST-6 is produced by HAL Communication! Corp.



SPECIALIZED AMATEUR COMMUNICATIONS 14.25

lator is shown in figure 33B. An 212 dio

limiter is followed by mark-frequency and

space-frequency filters placed ahead of the

discriminator stage. A low-p2js filter 2nd

electronic keyer provide the proper signal

required by the teleprinter. The beat oscil-

lator of the receiver mar be used to provide

the beat tones of 2125 and 2295 Hz re-

quired in the 170-Hz shift systems. Either

frequency may be used for either mark or

space, 2nd the signal an be inverted by

tuning the beat oscillator to the opposite

side of the i-f passband of the receiver.

The demodulator may ignore one tone and

concentrate on the other tone, the space

tone generally being used to actuate the

printer, which is biased to rest on the mark

tone. It is more reliable, bowerer, ro take

advantage of both tones, providing nega-

tive keying voltage for one tone and posi-

tive voltage for the other, as is done in the

more sophistiated converters.

High-frequency RTTY signals often ex-

hibit severe fading, with the mark and space

frequencies fading independently as sky-

wave reflection varies. Selective fading can

often obliterate one frequency ;nd then the

other in a random sequence and even the

demodulation of both tones will often not

permit proper copy during a prolonged fade

period, but with properly designed circuitry,

normal operation of the demodulator and

teleprinter will continue even during periods

of severe fading.

A representative audio frequency RTTY
demodulator is shown in figure 34. This

simple unit works with 2125-2295 mark
and space tones required by SSB receivers.

Two small op-amps and a 500-voit rated

transistor are used, along with nine diodes.

The first op-zmp is 2 high g2m limiter.

Reverse-connected zener diodes, in the input

circuit protect the amplifier against an ex-

cessive signal level. The 25K balance po-

tentiometer compensates for a small degree

of offset input voltage.

The output of the op-2mp is fed to the

discriminator filters which use surplus S8-

xnH toroidal inductors (T: , T). Full-wave

rectification 2nd z simple RC iow-p2Ss filter

remove the audio component of die signal

as the shifting audio tones are converted

into dc pulses in a slicer stage. This op-amp

takes the small voltages from the tuned

filters and changes them to t 10 volts for

mark, and — 10 volts for space. Overall gain

is sufficient so that the unit will operate

with shifts as low as 2 few cycles.

The keyer transistor (Qc) has 2 300-volt

collector-emitter rating and will pass the

60 mA loop current required for teleprint-

ers. A simple RC network hr the collector-

emitter circuit protects the transistor from

the back-emf developed by the inductance

This solid-state audio RTTY demodulator Is based on ejap H *TS. S tSS
It oses wo 709C operational amplifiers, on. as an audio [falter, and ®o otter as aI trasor

Hare ts Mrs firs War transistor, which has a allHroIt eoHecter-emitter ratios- Emrao-

coimacted saner diodes limit the drive sisoal to the demodotettr port and the

tones ora separated try toned filters, which are tout 2rounfl sorplos 88-mH toroid inductors

(Ti, TaJ.
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Mgtire jy

DIVERSITY TERMINAL Uk'IT

ihfi Drveiron TVI?C-10DDC uiuTtlpaiii tirvsrsT# ten
Ing signal fiistnristl ±ry mulSpaih reasstiDns.

recent implementation of the in-hand diver-

sity method as the milnpih dh’nUty ier-

nfacl unit (figure 37)- Tins design also

provides special circuits for correcting ag-

nals distorted dj multipath reflections. The
block diagram of the system is shown in

figure 3 8. A detailed functional block dia-

gram of the banc terminal unit is shown in

figure 59.

14-6 Slov-Sccn

Television

SloK'-sccr. tdnizov (SSTV) is a nurrov-
oand system for transmitting video images

approved by the rCC for use m various

amateur bands. Signal bandwidth of an
iSl mage is limited to 3 kHz. This trans-

formation is commonly accomplished by
convening the video information to z vary-

rilral unit provides special Circuits fpr sdvbcI-
Sbcl; tfiagraja sf unit *s stiov.v In fifurs 2£.

ing tone which is fed into the audio rystem

or f-m transmission may he used. 553 is

used for SSTY on the M bands .and f-m

on the vbf bands. Because of the restricted

bandwidth, the video signal may be received

on a communication recover and may be

preserved on an audio tape recorder running

at 5Yu inches per second, or mom.
The first srpsfiments with SSTY were

conducted hy ~YE30?Jl in the early 5D’s on

the then-avfilable 11-meter band, the only

portion of the if spectrum where 'emissions

of tins type were permitted. As z result d
these early etoeriments, the ?CC granted

permission for SSTY transmissions on m
erperimental basis on the 14- and 2£-ldHt

bands. Sines 195 8 SSTY has been permittee

in the Advanced and Erma Ckss porches

of .-all hf bands, .and in the General Class

portion (phone) of the ID- and 5- meter

hands, as well as in the vhf bands. Inde-

Fir-TS Zl

BLOCK OlASRAK
..soEKESAUVE HTTY TERMINAL SYSTEM
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ire 56A). The display generator block dia-

gram is shown in figure 36B. The RTTY
characters are shown as white letters on a

slack background and are made up as a

5 X 7 dot matrix. There are 40 characters

per line and 25 lines per page, displaying

1000 characters per screen. Characters are

continually on the screen and new informa-

tion is written letter by letter as it is re-

vived on rhe bottom line of the display,

nuch in the manner of a typewritten page.

fc
7hen the screen is filled, the top line is

pushed oft the screen by the next bottom

line of display.

Video signal bandwidth is about 4 MHz,
:hc line rate is 15/50 kHz and the field

•ate is 60 Hz. Frame rate is 30 Hz, with

162.5 lines per field and two fields per

Tame, with interlaced lines. This provides

a compatible signal with U.S. television

standards.

Diversity Reception At best, RTTY com-

munication over an hf

path is subject to fading. Various methods

of diversity reception and signal process-

ing have been utilized to combat this prob-

lem. The methods include space diversity

with the attendant requirement of multiple

antennas and frequency diversity with the

required multiple transmitters, anttums, and

receivers.

Another less common approach is the in-

band diversity technique whereby use of

the redundant information inherent to the

mark/space FSK signal provides an im-

provement over a nondiversity system. A

Figure 38

RTTY VIDEO DISPLAY GENERATOR

The hal KVD 1005 display generator converts

the output of RTTY demodulator into read-

out which is fed to a standard TV receiver

or monitor. RTTY characters are shown as

white letters on a black background. The

generator takes the output of an R77Y de-

modulator and converts the pulsed signals

into impulses compatible with any televi-

sion receiver. The unit works with speeds

of 60, 65, 75, and 100 words per minute, at

40 characters per lire and 25 lines per

page. {Photo COUrtesy Ml CemmtinirctfoB*

Cerp.).
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Figure 40

REPRESENTATIVE SSTV STATION

Tape recorder should not be the type that records and plays back simultaneously.

knowledge of audio and dc circuitry is the

only prerequisite for building this type

monitor.

Stripped of extras, the operational con-

cept of all P-7 monitors is basically the

same. The block diagram of a hypothetical

unit is shown in figure 41. Incoming SSTV
signals are applied to an audio amplifier and

limiter stage, producing a constant ampli-

tude fm signal which can be applied to

video and sync discriminators. The fre-

quency-sensitive video discriminator pro-

duces minimum output for black (1500
Hz) and maximum output for white (2300
Hz). These signals are then detected, am-
plified and applied to the picture tube as

instantaneous cutoff bias (video). During
this same time, 1200 Hz sync pulses arc re-

moved from the signal by the sync discrim-
inator. These pulses are then detected, am-
plified, and used to trigger ramp generating
circuits in the horizontal and vertical sweep
stages. Since the vertical frequency is much
lower than the horizontal frequency, a tim-
ing circuit is used to eliminate false trig-
gering caused by interference or noise on the
signal. If infrablack sync pulses (1200 Hz)
get through the video discriminator they
cannot be seen as they do not develop any
picture tube voltage. A simple high-Q tuned
circuit can be used for the sync discrimina-
tor while the video discriminator can be a
lowcr-Q tuned circuit resonant at 2300 Hz.

The video amplifier is usually a single tran-

sistor stage capable of linearly driving the

picture tube from cutoff (black) to satu-

ration (white) . Likewise, the sync amplifier

amplifies sync pulses to the proper level for

accurately triggering the horizontal and

vertical sawtooth generating circuits. The
output of these sweep circuits can be am-
plified with complementary-symmetry solid-

state circuits, if necessary.

An SSTV Comera The cameras used for SSTV

operation fall into two gen-

eral categories: plumbicon units and con-

ventional vidicon units. The plumbicon tube

employs a form of cesium oxide target which

has sufficient time lag to permit its direct

use at slow scan rates. Conventional SSTV
circuitry is employed in such homebuilt

units. Plumbicon tubes are expensive and

often TV station “pull-outs” are logical

sources for these devices. Vidicon units, on

the other hand, have a short time lag and

thus must be operated at fast-scan rates and

their signal output sampled at the appro-

priate times. Each of the video samples is

then used to modulate a voltage-controlled

SSTV oscillator. A simplified block dia-

gram of a sampling camera is shown in fig-

ure 42.

Two sets of sync signals are employed in

this unit: one set for fast scan and one for

slow scan. The fast scan circuitry drives the



SPECIALIZED AMATEUR COMMUNICATIONS
14.29

Figure 39

BLOCK DIAGRAM OF BASIC TERMINAL UNIT

pendent sideband transmission is permitted,

•with picture information in one sideband

2nd voice in the other sideband.

SSTV Transmission A representative SSTV

signal consists of a 1500-

fiz tone which is shifted down to 1200-Hz

for sync information and modulated up-

ward to 2300-Hz for video (picture) infor-

mation. Tbe 1500-Hz frequency represents

the black level and the 2500-Hz frequency

is the while level, with tones in between

giving shades of gray. The sync pulse dura-

tions are 5 milliseconds for the horizontal

and 30 milliseconds for tbe vertical. The

scanning sequence Is left to right and top

to bottom. Normally, 120 lines are scanned

per frame, with an aspect ratio of 1:1. For

60-Hz areas, the horizontal sweep rate is

U Hz and the vertical sweep rate is 6 to

8 seconds. Since picture transmission time

is only a few seconds, it permits rapid alter-

nation of the voice 2nd picture transmission

over the same circuit. See Table 4 for 2

summary of SSTV standards.

A representative SSTV installation is

shown in figure 40. The input of the SSTV
monitor connects in parallel with the re-

ceiver speaker and the audio input circuit

of the transmitter is switched to select either

video or audio inputs. A good quality cas-

sette or reel-to-reel tape recorder may also

be used to record either incoming or out-

going SSTV material.

The P7 Monitor—The simplest and leas:

expensive method of getting started with

SSTV involves the use of a P-7 cathodc-ray

tube type monitor. Such units may be pur-

chased commercially or homebuilt from

readily available components. A working



14.32 RADIO HANDBOOK

Figure 42

SAMPLING CAMERA FOR SSTV

Vidicon camera tube !s scanned with a

43DD-HZ vertical rets and a 15-Hz horizontal

rate. A timing and sampling circuitry picks

individual picture elements cut cf the fast*

scan picture. Elements are then stretched

in rime and form to form a baseband slew*

scan signal. Diagram is of the &!»? 70A

Wcarter. [Photo COIirtSSjr IdBdI lestarcb, Inc.).

OUTPUT

-sc operations. Dus to the relatively large

memory requirements and the time consum-
jr.g task ot constructing such scan convert-
ers commercial units are commonly used,

the Rohf Model *400 being a representative

device.

In addition to converting scan rates both

ways (fast to slow and slow to fast) the

unit also functions as 2 complete SSlV

station control, gray-scale test generator

and auxiliary storage device for any single

fast or slow scan picture. The concepts as-
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TABLE 4. SSTV Standards

14.31

firm

60 Ht

fine

frequency

50 Ht

line

frequency

Hofizei'i! sweep rate 15 Hz 16% Hz

Vertical sweep rate Ssec. 72 sec.

Scanning lines 123 120

Picture aspect ratio 1:1 1:1

Direction o‘ horizontal scan M 1ft

Directicn sf vertical son Tcp to bottom Tcp to bottom

Horizontal sync pulse 5 ms 5 ms

Vertical sync pulse SOrr.s 20 ms

Subcarrier frequencies:

Sync 1200 Hz

Black 1500 Hz

White 22CO Hz

vidicon 2nd triggers rfie SSTV sync gener-

ator. The vidicon output signal is passed

to the video amplifier during the time each

raster lire is scanned. Then, during prede-

termined times of each line, the comparator

senses proper levels of fast and slow scan

sweep and sends a "load pulse” to the

sample and hold circuit. This permits cer-

tain video picture elements (pixels) to move

into storage and their consequent levels

modulate the SSTV voltage-controlled os-

cillator. The SSTV sync generator is peri-

odically shifted to a preset level for driving

the SST VCO to sync frequency.

Digifof Sean Conversion One of the most re-

cent innovations to

SSTV has been the application of digital

scan conversion techniques. These concepts

permit unmodified fast scan equipment to

be used directly in a slow scan mode. Two

modes of digital scan conversion are possi-

ble: fast to slow and slow to fast. Essen-

tially, a scan converter may be considered

as a time buffer which stores incoming in-

formation, accelerating or decelerating it

approximately 1000 times, providing out-

put at the required data rate. Approximate-

ly 65,000 bits of memory 2re required for

Figure 41

BLOCK DIAGRAM OF TYPICAL SSTV MONITOR
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pictures) can be viewed in a brightly illum-

inated room.

Living Color SSTY The first techniques of

real-time color SSTV em-

ployed a modified concept "used in. commer-

cial fast scan television. A 500-Hz subcar-

rier was modulated in quadrature with blue

and red video information while green

video, which contains 59 percent of the

composite video information, modulated the

regular SSTV carrier. Frequency-interleav-

ing concepts were also investigated during

this early period.

Three digital memories were required for

this system: one for red, one for blue, and

m«W«uiirrC
j f^Uunnci

Mi 1WE OF SSTV PICTURE

1255 FIXES)

Figure ft

VECTOR ANALYSIS OF
COLOR BURST

Picture element multiplexing is shown Delow.

one for green. Because of the complexity

and cost, a more flexible technique was de-

veloped. The resulting system, which is

presently gaining popularity was primarily
developed by Dr. Don Miller, W9NTP.
There are only two colors used in this
system (figure 45). The colors arc cyan
and magenta. The logic of using these col-
ors may be visualized by reference to the
color burst shown in the illustration. Cyan
» the complement (inverse) of red and
magenta is the complement of green. Addi-
tionally, blue may be synthesized by com-
bining nomnverted cyan and magenta. Con-
ventional black-and-white SSTV installations

receiving these cyan and magenta color
multiplexed pictures display them as con-
ventional slow-scan television. Meanwhile, a
color SSTV installation demodulates the

signals using the condensed technique illus-

trated in figure 46.

Incoming color-multiplexed SSTV in-

formation is demodulated and A to D con-

verted, then demultiplexed and alternately

bided into the proper 65K hit memory.

Then, at the proper fast-scan times, the one

line keyer alternately extracts information

from the memories as required to recon-

struct each line of the color picture. Next,

the D to A converter and fast-scan circuitry

encode this information into conventional

Y, I, and Q signals which can be applied to

a regular fast-scan color television receiver.

Y, 1, and Q are descriptive terms for the

constant luminance principle used in con-

ventional (fast-scan) color TV systems.

This principle is necessary for full black-

and-white and color compatibility. Essen-

tially, this means that all brightness varia-

tions (gray scale) are transmitted in the

regular luminance, or Y, channel while col-

or-difference signals containing the specific

shades of colors (hue) and their amounts

(saturation) are conveyed by the color sub-

carrier. The luminance, or Y, channel is

amplitude modulated with black-and-white

video, and the subcarrier is modulated in

phase and amplitude with color information.

The subcarrier's color modulating signals

are either in Phase (I) or 90 degrees out of

phase (Q) with the luminance (Y) signals.

Black and white TV’s receive and detect

only "Y” information. Color TV's receive

and detect I, Q, and Y information. Since

only "color information” is contained in

the I and Q signals, the color TV combines

this information with "Y” to determine all

variations of color brightness.

This interesting two-color SSTV system

provides full black-and-white compatibility

and picture element multiplexing also allows

the maximum amount of full color informa-

tion to be displayed in fine detail. The sys-

tem simplicity is a virtue and many digital

scan converters commonly in use can be

modified for live color slow scan by the

addition of a second 6 5K bit memory board.

During black-and-white television oper-

ation, the additional memory board can also

perform these interesting operations: ]ntcr-

ference-Proccsshtg, 3-D and limited motion

SSTV. If each of the 65K memories is

loaded with partial or distorted black-and-
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Slow to fast mode, Approximately 65,000 bits of memory are required to resolve sixteen shades
of gray in reproduced pictures.

sociatcd with digital scan conversion tech-

niques arc basically identical, thus a simpli-

fied description of slow to fast conversion

will suffice (figure 43).

An incoming slow scan picture is initially

received and impressed on an SSTV demod-

ulator which functions in a manner simi-

lar to the input circuitry of many P7 moni-

tors. The resulting video voltages from the

demodulator arc then converted to digital-

ized equivalents by an analog to digital

converter and stored in the single-line buf-

fer. An example of the operation performed

by the A to D converter is shown in figure

44.

Figure 44

A-TO-D CONVERSION

Analog lo digital conversion is accomplished by

taking approximately 256 samples of the voltage

in each fine of the picture, then producing a

binary coded equivalent signal. Usually four bits

are utilized to describe sixteen shades of gray.

After each line of SSTV video has been

received, an SSTV sync pulse is extracted

and used to trigger the slow speed clock.

This clock then directs data from the line

buffer to the main memory during the next

available rccirculate/update pulse. This op-

eration permits one full line of SSTV to

enter the high speed 65,000-bir main mem-

ory. A complete SSTV picture is loaded in

the memory after approximately 128 of

these load functions have been implemented

(about 8 seconds). As the fast-speed clock

is continuously directing data in the main

memory to recirculate a fast scan rate while

also updating with new data from the line

buffer, the necessary scan rate conversion

is performed,

The next step is to release this data. The

digital to analog converter performs this

function by monitoring data from the main

memory and delivering voltage equivalents

to the fast-scan circuitry. The fast-speed

clock sends preset (sync) levels to the D
to A converter at the end of each fast scan

line- Finally, the video and ,sync voltages

applied to the fast-scan circuitry are used

to modulate a vhf oscillator which is at-

tached to the antenna terminals of a con-

ventional television receiver. Meanwhile, ad-

ditional incoming SSTV signals continue

to refresh the main memory and are con-

sequently displayed on the TV screen. The

resulting pictures (which bear a striking

resemblance to ordinary black and white TV
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RAH? FUNkTlOK

Figure 47

BASIC VIDEO SAMPLING TECHNIQUE

the ramp builds in amplitude for 150 micro- variables such as satellite tracking, Doppler

seconds. Voltage developed by the ramp shift, roll rate, etc. Then, alter successruLy

generator is then amplified and applied to communicating via the satellite, slow-scan

the cathode-ray tube a bias—high bias for TV may be included in future experiments

black picture elements and low bias for (figure 48).
___

white picture elements. Incoming video C2n A typical OSCAR SSTV experiment is

also be convened to digitalized equivalents shown in figure 49- Separate tape recorders

using this technique. Por example, the “ini- are used for transmitting and receiving

tiate” pulse at point D can start a counter SSTV, permitting maximum operational

and the "stop” pulse at point E can stop flexibility and reducing the many variables

the counter. These digital counts then reo- which could inhibit operation. Transmitting

resent precise shades of gray for each pic- a prerecorded program during 2 satellite

rure element. The sampling process restarts pass is very desirable, as it allows the oper-

with C2Ch new alteration of incoming video. 2tor to concentrate on such aspects as figtiri

The use of 2 coincidence deactor circuit levels, antenna positions and the possibility

betore the ramp generator also permits this of monitoring the transmitted signal re-

sampling concept to be used for amplitude- turned via the satellite. Once 5STA opera-

modulated (fast-scan) video systems. rions have begun during a pass, tbs receiv-

er’s tape recorder should run continuousiy

OSC« SSTV Opening SSTV via m OS- 10 opralo.- » '^y. “f-
'

.
CAR satellite ca be 2 did- rise onK tie BaUke ias P*®5 Ir0:B r:~°

lcncing and rewarding experience. The tange.
^ _

array of experiments via this medium is onlv One 106 13051 2=}
-
:>:3rtsar ccnr-!--'

limited by the imagination. Initially, the a««is in satellite SSTV work is the use o*

operator should operate cw and SSB via the transmip^power.^ The 100 percent

satellite to gam knowledge in working with aQ*y cycle or Sil ^ can neavLy .me st,*
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Figure 46

TOO COLOR SSTV SYSTEM
USING PIXEL MULTIPLYING TECHNIQUE

This system will reproduce full color, real-time television pictures from S5TV.

white SSTV information during periods of

interference, and pixel averaging techniques

arc used, a relatively high quality picture

can be produced. Likewise, 3-D (three-

dimension) SSTV can be produced by load-

ing each memory with color-keyed eye

viewing information, and viewing the resul-

tant pictures through color-polarized glasses.

These color-keyed 3-D pictures may initially

be produced by loading two 65K memories

from one camera, which is moved approx-

imately four inches between frames and its

lens covered with the appropriate color-

key filter.

Limited motion SSTV may be accom-

plished by initially loading the first of a

"motion series” of Slow Scan pictures into

one memory, then allowing the next frame

of "difference information” (the motion)

to load the second memory. Consequent

SSTV frames are then used to update each

memory in a leap-frog manner. Special sync

and memory-select signals are required for

this system.

Video Sampling One of the most outstand-

Techniques ing means of securing the

highest possible video reso-

lution from a transmitted SSTV signal

involves video sampling. This technique,

which may be applied to any SSTV mom-

tor, is similar to that used in modern digital

voltmeters. Sampling operates on the prin-

ciple of time detection rather than fre-

quency detection, that is, a sine (or square)

wave for 1500 Hz will have a longer time

rate than a wave for 2300 Hz. Thus each

incoming alteration of video is compared

with a 150 microsecond ramp (frequency

— 1/time) and a corresponding voltage for

each alternation of video is delivered to the

video amplifier. The basic concept of video

sampling js shown in figure 47-

Incoming slow-scan signals are initially

amplified and limited in amplitude, produc-

ing square waves at point A. Positive video

alternations of these waves then "fire” the

top Schmidt trigger (point B) while nega-

tive transitions "fire” the bottom Schmidt

trigger (point C). The top single impulse

produces an output pulse for each input

pulse, and the bottom single impulse does

likewise. The time between these pulses

(point D and E) is determined by the time,

or frequency, of each incoming video alter-

nation. The gated ramp generator produces

a sawtooth of voltage each time an initiate

pulse hits the input (point D). The ramp

will increase in amplitude for 150 micro-

seconds, unless it is stopped by an incoming

pulse from the bottom single impulse (point

E). If the incoming frequency is 1500 Hz,
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Figure 50

SSTV INSTALLATION AT K6SVP

Camera and taps deck ere to the left of the

transceiver. Fast s«n monitor is at right of

desk atop digital scan converter.

Figure 51

SSTV INSTALLATION AT NGWQ
SSE Scanvislon P7 monitor features built-in cas-
sette tape deck. A second recorder above monitor
permits sddibonal station flexibility. SSTV key-

board is hoiTie-built.

:ndy and ca, be placed at the operatb

±:o Ie fitf rfjrot

handy

6-.

ments to the

The transmitter output power should be
:

^r?
Z
.

-° ***¥ lIls SSB ratin§ "'hen
u^anrouting S$T\ . This can be accom-
pi.K.ea by decreasing microphone gab.

c-'Ur^ tne exciter or 2inpliner, as
t..is p.sees unaue strab on the output rubes

As an example, assume ihe station watt-

meter registers 400 watts SSB output on

TOice peaks. The transmitter gab control

should be reduced until the wattmeter reads

not oxer 200 watts on SSTV transmission.

An extra fan directed toward the fin?l am-

plifier tubes of the exciter and amplifier

should be used during the rime of trans-

mission. Half-power -signal reduction at the

transmitter will result in approximately

equal video and audio levels at the receiv-

ing station.

Figure 52

PLANET SATURN VIA SSTV

SSTV picture of Voy2g5r 1 apprsaching Ssturr..

Picture W2s transmitted to K47WJ by KSSVF.

The majority of SSTV activity on the

amateur bands at the rime of writing will

be found approximately ±10 liHz of the

followbg frequencies: 5B4S kHz, 7171

kHz, 14,230 kHz, 21,340 kHz and 2B,6$0

kHz. Amateurs desiring additional informa-

tion or assistance with special problems

should look for the International Slow Scan

Net which meets each Saturday 2i 15D0Z

co 14,230 kHz.

14-7 Amateur Facsimile

Fsnrisils (FAX) Is the process whereby

graphic or photographic information is

either transmitted or recorded by electrode

means. Commercial use of FAX includes

transmission of weather maps, drawbgs, and

photographs.

FAX transmission is permitted b toe

United States above 50.1 MHz on the 6-

meter band, above 144.1 MHz on the 2-
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Operating 5$7V Transnritricg and receiv-

ing SSTV picmres viz the

hf and vhf amateur bands css be an enjoj-

able experience provicsf the operator takes

rims a? plan and organize as efrisnt: -rideo

setup (figures 5C'; 51}- Several high quality

audio cassettes. prerecorded ~lzh station

identification, operator vievrs. etc« mill esse

tie operating morklosd during periods of

high acririrr. A cart rack or cassette 'lazy

su=an~ are ideal for holding zh&s cartridges-

In addition, operaring controls and lights

should be placed so that the operator does

cot Bare to reach over the equipment to

One vicelr used setup technique involves

placing all equipment in a desired location,

then sasmlarisg operation before perma-

nently connecting all gear for operation.

As optimum location for the S5TV cam-

era mould slbm it to view a mall-mounted

pegboard covered mirh an appropriate pat-

tern for quick focus, then by turning the

tripod handle, shift the viem to the station

and operator. An incandescent light dim-

mer for controlling camera floodlights is

Figure 4S

REPRESENTATIVE SSTV STATIONS FOR OSCAR OPERATIONS

Figure 48

SSTV VIA OSCAR SATELLITE

Slrw-Scari Tsftvfcftn pfctnre tnrsr.ftfei irr

WASUHV cn KS-SS KHz sni rtzihsl by V&ITP
W 25.53 KHz rfz OSCAR <. An 2nstier reifo
“first" (Octzisr, 1S72J. Retire frterftrer.es is

czarei fc7 ctfter tressmissiens ttreirtf tfta

satellite.

eliite transponder. Returned signals should

never be allowed to be as strong as the

satellite’s beacon.
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Sensitized paper is placed on a revolving

drum in contact with a stylus which ad-

vances along the paper in unison with the

movement of the photoelectric device trans-

mitting the picture. A current is passed

through the stylus onto the paper on the

drum, which is treated with a special elec-

trolyte. The variations in stylus current

cause a variation in the darkness of the

paper. In some machines, a lamp replaces the

stylus and photosensitive paper is used. After

exposure, the paper is developed, in the man-

ner of a photographic negative.

14-8 Amateur Television

Amateur television (ATV) transmissions

first took place in the prewar 160-meter

band using primitive scanning-disc tech-

niques. Electronic television transmissions

were experimentally run in the prewar 112-

MHz amateur band, but it was not until

after 1950 that amateurs used the present

432-MHz band for wideband picture trans-

mission. ATV transmission is growing in

popularity, with video transmission in the

432-MHz band and audio transmission in

the 144-MHz band.

ATY Transmission The amateur television

transmitter employs the

same standards as commercial television. In

the United Slates, this consists of 525 lines

per picture at 50 frames per second. The

video channel is 4.25 MHz wide and nega-

tive modulation is used. The line frequency

is 15.75 kHz (525 lines per frame X 30

names per second). Other standards are in

use in other countries.

The video modulator of a television trans-

mitter must pass up to 3.5 MHz for black
and white service. V7hile the r-f portion of
a television transmitter is conventional, the

video modulator is unique, and z representa-

tnc grio-modulation system is shown in

figure 55. High-irequencv response is en-

hanced by reducing shunt capacitances and
byjjsng series or shunt peaking circuits.

ihe video signal to be transmitted con-
s:sts oi: (1) impulses corresponding to the

brightness of the scanned picture elements
conveyed by the camera signal; (2) the

GRIDS Of

iAOOULViSD

AMPLIFIER

VIDEO MODULATOR FOR
ATV TRANSMISSION

The video modulator can transmit a dc com-

ponent. Ctemping diode provides do restoration

for maximum brightness at the peek of the

sync signal Video modulator plate potential is

-170 volts with respect to ground, with screen

at -200, cathode at -500 end control grid

biased to -525 volts. Actual plate and screen

voltages ere 330 and 303 volts.

blanking of the scanning signal at the re-

ceiver during the retrace motions, by the

blanking level, or pedestal oi the signal; 2nd

(3) the synchronization of the scanning

signal by the vertical and horizontal syn-

chronization signals. "When the video signal

is imposed on the carrier wave, the envelope

of the modulated carrier constitutes the

video signal waveform.

The portion of the carrier envelope below

the black level is called the camera signal

and polarity
r of transmission is negative,

that is, increased light on the camera results

in a decrease in carrier amplitude. The maxi-

mum white level is 15 percent or less of

maximum carrier amplitude.

The synchronizing pulses are above the

black level (in the infrablack region) and

do not produce light in the received image.

The synchronizing signals contain horizon-

tal impulses for initiating the motion of the

scanning spot along each horizontal line and

vertical impulses for initiating motion of the

scanning spot vertically at the beginning of

each field.
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meter band and on all amateur frequencies

above 220 MHz. F-ra facsimile is permitted

above 220 MHz.

FAX Transmission In general, a facsimile

image is created by pho-

toelectric scanning of a printed image (fig-

ure 53). The most common technique is to

wap the material to be transmitted around

Figure 53

FACSIMILE PHOTOGRAPH
VIA SATELLITE

This facsimile photograph was rees/verf from the

ITOS-1 satellite showing the Middle East area of

the Red Sea, Nile amJ Delta, Dead Sea, Cyprus,

etc. The light sandy terrain of North Africa shows

Up as near-white. fPhoto courtesy Of Sclent* De-

portment, Ambonodor College.!

a cylinder which is rotated about its axis

while a light spot is projected on the image.

The light reflected from the image is fo-

cused on a photomultiplier tube whose out-

put is a function of the varying light

intensity reflected from the image on the

drum. As the drum is turned, the photo-

electric tube is moved slowly by a lead

screw causing a slight separation of the

scanning lines, much in the manner of

operation of a stereo pickup head on a rec-

ord (figure 54).

A second technique is to use a "flying-

spot” scanner, similar to that process dis-

cussed in the previous section. Scanning, in

either case, is the same as the normal read-

ing process: from left to right and top to

bottom.

PATH Or SCAJ.7,I*.'G SPOT

FACSIMILE SCANNING SYSTEM

Material to be transmitted is placed on a re-

volving drum. A scanning spot of light explores

the area of the subject material. The light is

focused on the drum and the reflection is

picked up by a photocell. The optical system
moves along the axis of the revolving drum to
provide coverage of the subject by the scanner.

The voltage output of the photoelectric

device is called the baseband which consists

of varying dc levels representing the range

of contrast from white to black. Maximum
output may be taken to be cither white or

black. The baseband signal is then used to

control the frequency of a voltage-con-

rrolied oscillator to generate a subcarrier

in which the shades of black and white are

represented by a band of frequencies.

The FAX transmission is synchronized

with reception by the use of synchronous

motors locked to the 60-Hz fine frequency.

In addition, a series of phasing pulses sent

by the FAX transmitter control the start of

each line scan so that the receiving unit

starts each line of reproduction at the same

point on the page.

In general, drum writing speed is 120

lines per minute, with a scan density of 96

lines per inch. Drum speed, and other speci-

fications, vary greatly between equipments

of different manufacture and no universally

accepted standards are in effect, at least as

far as amateur facsimile is concerned,

FAX Reception FAX may be received on

a communications receiver,

the signal being detected and demodulated.

The resulting signal has a varying dc com-

ponent which corresponds to the light shades

in the transmitted subject material. The

transmission process, in effect, is reversed.
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radio develop. This is especially true in. die

vhf region because this band has particu-

larly good characteristics for mobile use.

Two modem technologies have been re-

cently introduced that permit significant

improvement in signal-to-noise ratio and

required band width for a communication

circuit. These are the avipUfndc compandor

which compresses signal amplitude on Trans-

mission and expands it on reception and

the frequency compandor which compresses

bandwidth on transmission and expands it

on reception.

The amplitude compandor is well known

in amateur terms as a “speech compressor,”

or "speech processor” which compresses the

amplitude on transmission. The companion

device which expands- the signal back to its

original proportions on reception is not 2s

well known. Frequency compression and ex-

pansion, on the other hand, are relatively

new concepts. Both systems modify the

basic voice signals, one in the amplitude do-

main and the other in the frequency domain,

to make more efficient use of a frequency

channel.

The Comper'd or The amplitude compandor

works by reducing the

amplitude of loud syllables and increasing

the amplitude of weak ones to achieve a

transmitted signal more even (compressed)

in power level. After transmission and re-

ception, the -signal is restored (expanded)
to its original form (compressor plus es-
pandor equals "compandor ’). The result is

that noise occurring during quiet passages
is greatly reduced- noise during loud pas-
sages is increased, but it is masked by the
loudness of the passage itself. For the aver-
s

g ifa*--. FCC tstsw tbs 231-
plitude compmoor results in an apparentM ct> imp.orement in s;pji-to-noise ratio.
lilZ

l
15 co~?«ndored signal sounds as

.

i! 1 »psl Ast is 15 ffi less

ffr 'A 15 © Jn^caot s
.or amplitude compression giring

T—Jtion for every 2 cB of

^chmqus, jrcqsncy tern-

p.^sec prior ^o^emnsmisrion and expanded

the lower frequences to be voiced (ca

vowel sounds) or the higher frequencies to

be voiced (on consonant sounds), but nor

together. Tins system “folds” the higher

frequencies down over the lower frequen-

cies and transmits both together, itxpanrion

at the receiver gives z high-quality signal

that, in this particular system, has been

transmitted in about 0.60 of the bandwidth

normally required for intelligible voice.

These two techniques are applied to the

basic voice signal prior to modulation oi

the transmitter and 2t 'the receiver before

the speaker, or reproducer. Alteration of

the baric transmitter and receiver is sot

required.

Shown in figure 56 is the block diagram

of 2 practical frequency compandor. Illus-

tration A outlines the frequency compressor

system used at the transmitter. Distortion

that may reduce speech intelligibility is re-

duced hy the use of z 2500-Hz audio filter

before the compandor. By the use of addi-

tional filters the speech is separated into two

bands, one from dc to 600 Kz and the sec-

ond from fj to 2500 Hz. The frequency f:
is chosen based upon the 'characteristics of

the second lowpass filter cutoff frequency.

A practical frequency for fa is 1600 Hz.

The frequency range of dc to £00 Hz is

passed essentially straight through the sys-

tem. The characteristics of the SSB exciter

generally limits the audio frequences below

250 Kz. The other range, however, is

inverted by the balanced modulator and

local oscillator and down-converted. The
resulting speech range is then added to the

first one and passed through a 1600-Hz
lowpass filter. Although a gap does srist in

the final output spectrum, the speech is of

high intelligibility and has high rscqpuu-

abllity. The process is reversed for reception

(SustrariDn B).

Acoustically, voice consonants are empha-
sized and lolded, edertricallv. into

sptca; not occupied by vowels as speech

occurs. This is Possible since vowels ?-?

consonants do not interfere in time domain
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Figure 55

BLOCK DIAGRAM OF FREQUENCY COMPANDOR SYSTEM
A-The frequency compressor is placed between the microphone ana the transmitter The speech

IS divided into two voice bands and the higher frequency voice band is inverted by the bal.anced modulator and “folded" down into the lower speech band.
B-The reverse process takes place at the receiver with the frequency expandor placed between

the receiver and the speaker. The “folded" speech is “unfolded" in a continuous manner
and the natural balance of the voice is restored. (This diagram is based upon the compandor
design of VBC, Inc. of San Mateo, Calif.).

*

TV Reception Since ATV standards are

the same as commercial TV,
ie least expensive reception technique is

' make use of a conventional black-and-

hite TV receiver, in conjunction with a

'2-MHz converter. Tunable converters

e in general use, as opposed to a crystal-

ntrolled converter, as it is desirable to be

le to tune off to one side of the ATV
rrier to obtain the clearest picture con-

tent with local interference and the shape

the receiver passband. Since amateur TV
tnsmits both sidebands, instead of one as

done in commercial practice, it is con-

nient to be able to tune to either sideband

' best reception.

14-9 Norrowbond Voice

Modulation (NBVM)

The increasing demand for hf and vhf
spectrum space has brought about various

methods for reducing channel separation in

commercial and military service and for

allowing more amateurs to operate com-
fortably in the narrow frequency bands as-

signed to them.

Narrowband voice modulation has been

under investigation for many years and
various solutions to this problem have been

advanced. The demand for spectrum space

will continue to increase as new uses for
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up in the frequency spectrum by z conven-

tional double-sideband amplitude-modulated

signal, is equal to twice the Highest modu-

lating frequency. For example, if the Highest

modulating frequency is 5000 Hz, then tbe

signal (assuming modulation of complex and

varying waveform) will occupy z band ex-

tending from 5000 Hz below the carrier to

5 0 0 0 Hz above the carrier.

Frequencies up to at least 2000 Kz, and

preferably 2500 Hz, are necessary for good

speech intelligibility. If a niter is incorpo-

rated in the audio system to cut out all fre-

quencies above approximately 2500 Hz, the

bandwidth of an a-m signal can he limited

to 5 kHz without a significant loss in intel-

ligibility. However, if harmonic distortion is

introduced subsequent to the niter, as would

happen in the case of an overloaded modula-

tor or overmoduhtion of the carrier, new

frequencies will be generated and the signal

will occupy a band wider than 5 kHz.

Figure 2

AMPLITUDE-MODULATED WAVE
Top Crewing A represents an unmodulated ear-
ner wave; B shows the audio output of th°
msdulaior. Drawing c shows the audio signal
impressed on the carrisr wave to the extent of
SO percent modulation; D shows the carrier with

1C3 percent amplitude modulation.

powr or voltage will be a miitcr.t oi two
or more o£ the component', end tie zmpli-

tilde of the resultant will vary at the mod-
ulation rate.

If a carrier frequency of 5000 kHz is

modulated hy a pure tone of 1000 Hz, or 1

kHz, two sidebands are formed: one at 5001
kHz (the sum frequency) and one ar 4999
kHz (the difference frequency). The fre-
quency of each sideband is independent of
the amplitude of the modulating tone, or

finite; the frequency of
each sideband is determined only by the fre-
quency of the modulating tone. This assumes,
o. course, that the transmitter is not modu-
latd in excess of its linear capability.

tea the inoculating signal consists of
, multiple frequencies, as is 4s case with

' c
;
nu-rk inoculation, two sidebands

-ui he termed by each modulaang freouen-
cy (one on each side of the carrier),' and
the raciated signal -3! consist of a berj 0£
trequenmes. The toiaidlb, or tWl, taken

15-2 Mechanics of

Modulation

A c-w or unmodulated r-f carrier wave is

represented in figure 2A. An audio-frequency

sine wave is represented by the curve of

figure 2B. "'Then the two are combined or

"mixed,” the carrier is said to be amplitude

modulated, and a resultant similar to 2C or

2D is obtained. It should be noted that under

modulation, each half cycle of r-f voltage

diners slightly from the preceding one and

the following one; therefore at no time cur-

ing modulation is the r-f waveform 2 pure

sine wave. This is simply another way of

saying that during modulation, the transmit-

ted r-f energy no longer is confined to 2

single radio frequency.

It will he noted that the cvsTCge amplitude

of the peak r-f voltage, or modulation enve-

lope, is the same with or without modula-

tion. This simply means that the modulation

is symmetrical (assuming 2 symmetrical

modulating wave) and that for distortionless

modulation the upward modulation is limited

to a value of twice the unmodulated earner

wave amplitude because the amplitude can-

not go below zero on downward portions of

the modulation cycle. Figure 2D illustrates

the maximum obtainable distortionless mod-

ulation with z tine modulating wave, the r-f



CHAPTER FIFTEEN

Amplitude Modulation

and Audio Processing

A listener to the amateur bands would

conclude that amplitude modulation is ex-

tinct 2nd that all communication is carried

on by single sideband, RTTY or c-w on

the high-frequency bands and by frequency

modulation and 5SB on the very-high fre-

quency bands.

While it is true that the Amateur Radio

Service has “outmoded” amplitude modula-

tion, the greater bulk of everyday radio com-

munication in the United States (and

throughout the world) is still conducted by

amplitude modulation (a-m).

Over 4500 a-m broadcast stations exist in

the United States, together with over 240,-

000 a-m stations in the Aeron2Utical Radio

Service. And of the 8,000,000 CB transmit-

ters in existence, an estimated 80-percent of

these are amplitude modulated.

As far as SSB goes, it too is basically

an amplitude-modulated signal whose carrier

and one sideband have been removed.

Basically, then, amplitude modulation is

the heart of the modem communication sys-

tem and the details of this fundamental

means of superimposing intelligence on a

radio-frequency carrier are discussed in this

chapter.

15*1 Sidebands

Modulation is essentially a form of mix-

ing, or combining, already covered in a Pre
'

vious chapter. To transmit intelligence at

radio frequencies by means of a-m, the in-

telligence is converted to radio-frequency

sidebands. The sidebands appear symmetri-

cally above and below the frequency of the

unmodulated carrier signal, as shown in fig-

ure I.

Even though the amplitude of radio-fre-

quency voltage representing the composite

signal (resultant of the carrier and sidebands,

called the envelope
)

will vary from zero to

twice the unmodulated signal value during

full modulation, the amplitude of the carrier

component does not vary. Also, as long as

the amplitude of the modulating voltage

does not vary, the amplitude of the sidebands

will remain constant. For this to be apparent,

however, it is necessary to measure the am-

plitude of each component with a highly

selective filter. Otherwise, the measured

I Ll
C f; fj

ae:
-

3

AV

Figure 1

FREQUENCY SPECTRUM

Comparison of two-tone signal in the audio

spectrum and resultinc amplitude-modulated

waveform. Unmodulated carrier is at C,

75.T
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are generated in the output or before the dis-

tortion of the modulating waveform becomes

objectionable. The highest modulation capa-

bility which any transmitter may have on

the negative peaks is 100 percent. Orennod-

ulation on negative peaks causes clipping of

the wave at the zero axis and changes the

envelope wave shape to one that includes

higher-order harmonics which appear as ad-

ditional side frequencies, showing up in a

receiver as sideband "splatter” and distor-

tion of the imposed signal intelligence.

Overmodulation on upward modulating

peaks doss not cause distortion, within the

linearity limit of the transmitter. In the

United States, an increase in positive peak

modulation to 125 percent is permitted in

the a-m broadcast service.

Speech Waveform The manner in which the

Dissymmetry human voice is produced

by the vocal cords gives

rise to a certain dissymmetry in the wave-

form of voice sounds when they are picked

up by a good quality microphone. This is

especially pronounced in the male voice, and

more so on certain voice sounds than on

others. The result of this dissymmetry in

the waveform is that the voltage peaks on

one side of the average value of die wave

will be considerably greater, often two or

three times as great, as the voltage excursions

on the other side of the zero aids. The

average value of voltage on both sides of

tne wave is, of course, the same.

As a .result of this dissymmetry in the

male voice waveform, there is an optimum
polarity of the modulating voltage that must
be observed if maximum sideband energy is

to be obtained without negative peak clip-

ping and generation of splatter on adjacent
channels.

"H*
use of the p:c?:r polarity of 4= in-

ray=S spsa-S »'2VC in aioMatfox a tram-
m.trer can slow a useful increase In the av-
e.-ge jsvel or intelligence that may be placed
on the signal. I: the modulating amplitude
:s isjurted so that the peak downward (neg-

;
v-VE:

; modulation is held to 100 percent, or

jess, the peak upward (positive) modulation
may reach a greater value, if the modulation
envelope reproduces the waveform of the
macufating signal, there is no distortion.

Overmodulation If the peak negative modu-

lation level is too great, a

period of time will exist during which the

instantaneous voltage applied to the modu-

lated stage is zero, or negative, and the .stage

is cut off. The shape of the modulation en-

velope Is then no longer accurately repro-

duced and the modulation is distorted. This

condition is called overmodulsiwn and re-

sults in the creation of new, additional side

frequencies generated on both sides of the

carrier. These spurious frequencies widen tne

sidebands of the signal and can cause severe

adjacent channel interference termed splatter.

The splatter is a direct consequence of

clipping the r-f waveform at the zero axis

during peaks of negative modulation. A neg-

ro

MODULATED

AMPLIFIER

NEGATIVE PEAK OVERMODULATION
INDICATOR

Ths william meter will show a reziag on mo*'
illation peaks that carry the instant*necus vc!*.-

tgz on ths plate-mottalatetf amplifier below

zero. Bits voltage (B) may be adjusted to pro-

vide intficeticn cf negative swtftiletion peals of

any value below IDS percent.

2tive peak modulation indicator (figure 4)

can be used to monitor this form of clipping.

The effect of modulation beyond 109 per-

cent of both positive and negative peaks is

illustrated in figure 5.

15-3 Audio Processing

Speech waveforms are characterized by

frequently recurring high-intensity peaks o‘

very short duration. These peaks w2j cause

overmodulaticn if the average level of mod-
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voltage at the peak of the r-f cycle varying
from zero to twice the unmodulated value,

and the r-f power varying from zero to four
times the unmodulated value (the power
varies as the square of the voltage)

.

While the average r-f voltage of the mod-
ulated wave over a modulation cycle is the

same as for the unmodulated carrier, the

average power increases with modulation. If

the radio-frequency power is integrated over

the audio cycle, it will be found with 100

percent sine-wave modulation the avenge r-f

power has increased 50 percent. This addi-

tional power is represented by the sidebands,

because, as previously mentioned, die carrier

power does not vary under modulation.

Thus, when a 100-watt carrier is modulated

100 percent by a sine wave, the total r-f

power is 150 watts—100 watts in the carrier

and 25 watts in each of the two sidebands.

Modulation So long as the relative propor-

Percentogc tion of the various sidebands

making up voice modulation is

maintained, the signal may be received and

detected without distortion. However, the

higher the average amplitude of the side-

bands, the greater the audio signal produced

at the receiver. For this reason it is desirable

to increase the modulation percentage, or de-

gree of modulation, to the point where maxi-

mum "negative'’ peaks just hit 100 percent.

If the modulation percentage is increased so

that the peaks exceed this value* distortion is

introduced, and if carried very far, had in-

terference to signals on nearby channels will

result.

Modulation The amount by which a car-

Meosurement ner is being modulated may

be expressed either as a mod-

ulation factor, varying from zero to 1.0 at

maximum modulation, or as a percentage.

The percentage of modulation is equal to 100

times the modulation factor. Figure 3A

shows a carrier wave modulated by a sine-

v;ave audio tone. A picture such as this

might b'e seen on the screen of a cathode-ray

oscilloscope with sawtooth sweep on the

horizontal plates and the modulated carrier

impressed on the vertical plates. The same

carrier without modulation would 2ppsar on

the oscilloscope screen as figure 3B.

® (§)

Figure 3

GRAPHICAL DETERMINATION OF
MODULATION PERCENTAGE

The procedure for determining modulation per-
centage from the peak voltage points indicated

is discussed in the text.

_

The percentage of modulation of the posi-

tive peaks and the percentage of modulation

of the negative peaks can be determined

separately from two oscilloscope pictures

such as shown.

The modulation factor of the positive

peaks may be determined by the formula:

The factor for negative peaks may be de-

termined from the formula:

In the above two formulas E^ is the

maximum carrier amplitude with modulation

2nd Eniv the minimum amplitude; £rar

is the steady-state amplitude of the carrier

without modulation.

If the modulating voltage is symmetrical,

such as a sine wave, and modulation is ac-

complished without the introduction of dis-

tortion, then the percentage modulation will

be the same for both negative and positive

peaks. However, the distribution and phase

relationships of harmonics in voice and music

waveforms are such that the percentage

modulation of the negative modulation peaks

may exceed the percentage modulation of the

positive peaks, or vice versa. The percent-

age modulation when referred to without

regard to polarity is an indication of the

average of the negative and positive peaks.

Modulation The modulation capability of a

Capability transmitter is the maximum per-

centage to which that transmitter

may be modulated before spurious sidebands
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BLOCK DIAGRAM OF AUDIO

COMPRESSOR

Control signal Is taken from the output of the

compressor, rectified and filtered and fed hack
to a tow*!evet gain-controlled stage. Time con-

stants of the filter network are chosen to pre-

vent oscillation and distortion.

Am p! etude Limiting may take place in either

Limiting the audio or r-f systems of a

transmitter. An audio limiter

can take the form of a peak clipper that

passes signals up to a certain amplitude but

limits all signals greater than this level (fig-

ure 8). The net effect of this is to "flat-top”

the wave envelope, which at an extreme

clipping level, can approach a square wave.

The high order products produced by

audio clipping can cause splatter and the low

order products fall within the audio pass-

band and cause distortion of the signal. A
high pass audio filter following the clipper

and reduction of low frequency audio com-

ponents before the filter can 2II0W a higher

clipping level for a given degree of distor-

tion. A representative audio clipper is shown

in figure 9.

0

SOLID-STATE COMPRESSOR AMPLIFIER

FOR DYNAMIC MICROPHONE
Compression is brought about by variation of
emitter bypass capacitor C, in the first-stage
transistor. Variable-resistance network is driven
by two lN27p diodes as a voltage doubler of
output signal taken from emitter of the third

stage emitter follower.

compressor for voice waveform is shown in
ngure 7.

The main disadvantage of a simple audio
compressor is that in the intervals between
words the compressor gain rises and back-
ground no.se appears to rise also. If the time
constant of the audio filter is fast enough
to follow fast speech sounds then the possi-

. its exists of undesired clipping on initial
sounds with consequent distortion. A slow
time constant, on the other hand, means that
initial sounds can ovcrmodulate before the
system can compensate for them.

0
ll JA j CLPID-EL

RTW
CL5? LEVa

UH SLIPPED SPEECH CLIPPED SPEECH

Figure 8

AUDIO CLIPPER

A—Block diagram of audio clipper.

B—Undipped 2nd clipped speech.

R-F Clipping Once the audio signal is trans-

posed into an rf SSB signal,

clipping and filtering may be employed.
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Figure 5

SPEECH-WAVEFORM
AMPLITUDE
MODULATION

Showing the effect of using the
proper polarity of a speech wave
for modulating an a-m transmit-
ter. A shows the effect of Draper
speech polarity on a transmitter

having an upward modulation cap-
ability of greater than 10D percent.
B shows the effect of using proper
speech polarity on a transmitter
haying an upward modulation can-
ability of only too percent. Both
these conditions will give a clean
signal without objectionable splat-

ter. C shows Ihe effect of the use
of improper speech polarity. This
condition will cause serious splat-

ter due to negative-peak clipping
m the modulated-amplifier stage.

.1MT(2_F01(^p'jL>riC

SOO-b HEG. MODULATION

ulatiort on loud syllables exceeds approxi-

mately 30 percent. Careful checking into the

nature of speech sounds has revealed that

these high-intensity peaks are due primarily

to the vowel sounds. Further research has

revealed that the vowel sounds add little to

intelligibility, the major contribution to in-

telligibility coming from the consonant

sounds such as v, b> k, s, t, and /• Measure-

ments have shown that the power contained

in these consonant sounds may be down 30

dB or more from the energy in the vowel

sounds in the same speech passage. Obvious-

ly, then, if we can increase the relative en-

ergy content of the consonant sounds with

respect to the vowel sounds it will be possi-

ble to understand a signal modulated with

such a waveform in the presence of a much

higher level of background noise and inter-

ference. Experience has shown that it is

possible to accomplish this desirable result

by audio processing which builds up the ef-

fective level of the weaker sounds without

overmodulation of the carrier. Various sys-

tems exist that accomplish this goal without

appreciable audio distortion. Among these

systems are dynamic compression and ampli-

tude limiting.

Dynamic Dynamic compression of the

Compression audio signal may be used to

maintain a high level of mod-

ulation over a large range of audio input to

the modulating system. This is accomplished

by taking a control voltage from the output

voltage of the system and using it to control

system gain so that the output voltage is

virtually constant.

A practical dynamic compressor rectifies

and filters the audio signal as it passes

through the amplifier and applies the dc

component to a gain control element in the

amplifier (figure 6). Simple compressors ex-

hibit an attack time of 30 0 milliseconds or

longer. A compression range of the order

of 20 to 55 dB is realizable, corresponding

to the dynamic range of the human voice.

Reverberation and background noise usually

limit the practical compression range to

about 15 dB. A representative solid-state
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no gain reduction takes place until the out-

put signal is nearly up to the maximum

linear signal capability of the amplifier. At

this level, the rectified output signal over-

comes the delay bias and the gain of the

preamplifier is reduced rapidly with increas-

ing signal level. Peak r-f compression levels

of up to U decibels are commonly used in

SSB service, providing an increase in aver-

age-to-peak power of up to 5 decibek.

Speech intelligibility may be improved only

by about one decibel by such a technique.

A Comparison Outboard speech-processing

of Processing adapters incorporated into

Techniques existing equipment are be-

coming quite popular, but

should be viewed with caution, since the

equipment in question may have inherent

limitations that preclude the use of a driving

signal having a high average-to-peak ratio.

Excessive dissipation levels may be reached

in amplifier tubes, or low-level stages may
be overloaded by the intemperate use of

speech processing equipment. In any case,

the output spectrum of the transmitter

should be carefully examined for out-of-

passband emissions.

Figure 12

COMPARISON OF SPEECH-
PROCESSING TECHNIQUES

Clini!IT
S

h«
°VCr

!
!I 5pECch intelligibility, r-f

Ovc? other Ll'«
n advanta ee Df several decibels£ JJ

h
S c!ippine UF ta 10 dcc >-

s or so may be used with many SSB trans-

arfrfnn «

W,th6
i.

Ut obl
’

eclionab!e distortion. Use of

done w-th
C
«.H

Pr°Ce
-
SSTnR ° f any type sh™td be

.2”® W|th ca
.
utl0n s,nce the user has no know|.

of the transmitter, which
y preclude drastic changes in peak-to-average

ratio cf driving signal.

Figure 12 shows a comparison of the four

different methods of speech processing used

in SSB work. R-f envelope clipping has an

advantage of several decibels over the other

systems. All techniques increase transmitted

average-to-peak power to a degree, thereby

improving the overall speech intelligibility.

Use of two speech-processing systems, how-

ever, is not directly additive, and only the

larger improvement factor should be con-

sidered.

A Practical R-F Shown in figure 13 is a

Envelope Clipper block diagram of a prac-

tical r-f envelope clipper

which employs the phase-shift method of

generating and processing a low-frequency

SSB signal. The circuit provides up to 20

dB clipping with low distortion and results

in an improvement in intelligibility signal-

to-noise ratio of better than 6 dB.

The schematic of the clipper is shown in

figure 14. Inexpensive ICs made by RCA,
National Semiconductor and others are used.

Three LM-741 operational amplifiers are used

in the audio phase-shift networks driving

two CD-401 3/40 16s as the balanced mod-

ulator. A CD-4007 dual complementary pair

plus inverter serves as an r-f amplifier and

limiter stage. The local oscillator (80 kHz)

is a CD-4007 which also serves as the prod-

uct detector. A two-stage amplifier provides

a low-impedance audio output and drives

level meter M*
_ ,

The clipper is easily adjusted using the

ALC meter of the transmitter. The audio

level of the transmitter is set so that a con-

tinuous tone provides a small reading on the

ALC meter. The clipper is now added to

the circuit and the input gain adjustment

of the clipper increased until the same audio

tone drives the clipper level meter to 0 dB

with the same ALC reading. On a monitor

scope, this adjustment produces the same

peak signal level in either case but increases

the average output level several times.

Power-Supply The power load of an SSB

Requirements transmitter can fluctuate be-

tween the zero-signal value

and that required for maximum signal power

output. For a dass-B stage, this may repre-

sent a current ratio of 10 to 1, or more. The

rate and amount of current fluctuation are
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m

AN AUDIO CUPPER

A preamplifier (U,) incorporates r-f filtering and high-frequency audio cutoff in the output cir-

cuit. A high impedance microphone should be used. U, is an adjustable gain amplifier which

sets the input level to limiting amplifier U
r
U

}
limits because of the nonlinear resistance char-

acteristics of the back-to-back diodes which supply increasingly heavier negative feedback as

the output amplitude of U
}
increases. A lowpass filter (U

3)
follows the compressor. Frequencies

above 2.8 kHz that are generated in 0
3
are removed in this stage.

This has the advantage that fewer in-band

distortion products are created for a given

degree of clipping than in an equivalent

audio clipper. This results in a higher qual-

ity signal, provided an r-f filter maintains

the original circuit bandwidth {figure 10).

With 15 dB of dipping, an increase in

speech intelligibility of nearly 8 dB may

be achieved. Generally speaking, the distor-

tion produced by r-f envelope clipping is

less objectionable than that caused by an

equivalent amount of audio clipping.

Figure 10

BLOCK DIAGRAM OF

R-F ENVELOPE CLIPPER

•f clipper may be placed in tbe

be SSB transmitter to
r

°

signal. The clipper is fclfowed by an r

' to remove harmonics
ucts caused by clipping

evel is controlled by threshold voltage.

R.F Compression R-f compression (often

termed automatic load con-

trol, or ALC) may take the form shown

in figure 11. Operation is very similar to

the i-f stage of a receiver having automatic

gain control. Control voltage is obtained

from the amplifier output circuit and a

large delay (threshold) bias is used so that

BLOCK DIAGRAM OF

R-F COMPRESSOR

R-f compression (automatic load control) i$

cjnrilar to automatic gain control circuit of a

receiver. Control voltage is obtained from rec-

tified output signal of final linear amplifier

stage and is applied to low level gam-controlled

stale. Threshold bias is set so that no.gam re-

duction takes place until output signal is nearly

up to the maximum linear signal capability of

the amplifier.



R-F SPEECH PROCESSOR
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s ths ptese-shift method oi generating and praasssinj z low
frepuenc) SSB signet, Inexpensive CMOS 1C devices Ere peed. The processor is connected

telwesn the microphone ana the transmitter.

terns in which the average input to the

stage remains constant with and without
modulation and the variations in the eS-
ciency of the stage in accordance with the
modulating signal accomplish the modula-
tion; (2) comtani-cfrcimcy systems in
which the input to the stage is varied by
an external source of modulating energy to
accomplish the modulation; and

( 5 ) so-
called By,h Sder.cy systems i, whicK cir-

Figure 15

DIODE MODULATOR

PKHire pulses

the
°* 2ni 21 P=«rrt B, because ef

- — eirtt'Ji, a CseWe 3.^
is product1.

cult coTnplszivy is increased to obtain high

plate-circuit efficiency is tie modulated

stage without the requirement of an exter-

nal high-level modulator. The various sys-

tems under each classification have individ-

ual characteristics which make certain ones

best suited to particular applications.

YoriaMe-Efficier.ey since the average input

Modufetfon remains constant in 2

stage employing variable-

eSriency modulation, and since the average

power output of the stage increases with

modulation, the additional average power

output from the stage with modulation must

come from the plate dissipation of the tubes

in the stage. Thus, for the best relation

between tube cost and power output, the

tubes employed should have as high 2 plate

dissipation rating per unit cost as possible-

The plate efficiency :n such an amplifier

is doubled when going from, the unmodu-
lated condition to the peak of the models-
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Figure 13

BLOCK DIAGRAM OF PHASING-TYPE R-F SPEECH PROCESSOR

related to the envelope of the SSB signal

and the frequency components in the supply

current variation may be much lower and

™gher than the frequency components of

the driving signal. For voice modulation,

supply current fluctuations corresponding to

syllabic variations may be as low as 20 Hz
and high-order distortion products of non-

linear stages may produce fluctuations higher

than 3000 Hz. The power supply for an

SSB transmitter, therefore, must have good

dynamic regulation, or the ability to ab-

sorb a sudden change in the load without

an abrupt voltage change. The most effec-

tive means of achieving good dynamic reg-

ulation in the supply is to have sufficient

filter capacity in the supply to overcome

sudden current peaks caused by abrupt

changes of signal level. At the same time,

static regulation of the supply may be en-

hanced by reducing voltage drops in the

power transformer, rectifier, and filter

choke, and by controlling transformer leak-

age reactance.

!5‘4 Systems of

Amplitude Modulation

The simplest form of modulation uses a

single diode driven by two signals (figure

15). The carrier to be modulated is nor-

mally at a high frequency compared with

the modulating frequency. The current at

point A consists of positive pulses passed by

the diode and at point B, because of the

tuned circuit, a double sideband, a-m signal

is produced. To hold distortion to a low

value, modulation of the carrier is limited

to about 10 percent in this circuit.

Modufofor The following discussion ccn-

Cloaifieotions cerns modulation systems em-

ploying vacuum tubes. A Jater

section will cover solid-state modulators.

There are many different systems and meth-

ods for amplitude-modulating a carrier, but

most may be grouped under three genera!

classifications: (I) verishk efekney sys-
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ten-ode, or other type of
_

screen- grid
^

tube.

The modulation obtained in this way is not

especially linear as the impedance of the

screen grid with respect to the modulating

signal is nonlinear. However, screen-grid

modulation does offer other advantages and

the linearity7 is quite adequate for communi-

cations work

A screen-grid modulated r-f amplifier

operates as an efficiency-modulated amplifier

the same as does a cUss-B linear amplifier

and a grid-modulated stage- The plate circuit

loading is relatively critical as in any

efficiency-modulated stage, and must be

adjusted to the correct value if normal

power output with full modulation capa-

bility is to be obtained. As in the case of

any efficiency-modulated stage, the operat-

ing efficiency at the peak of the modulation

cycle will be between 70 and SO percent,

with efficiency at the carrier level (if the

stage is operating in the normal manner with

full carrier) about half of the peak-modula-

tion value.

MODULES CLASS-

C

w At/rurttB

HEISING PLATE I/.ODULCTWK

" nsSWsBm ms «s 5rslSn cf
W!.t ciMliMicn. it I, atnegnes feara cs
csr.^rt-curfSHt” rnDiulsticrL Beeeuss cf tfts

t..ec*jve 1:1 rsila sS the cooplirg disks, it is
itnpSESitli to cbtein ids percent modclctfsn

.j-: Pte‘e vtitege to the modulated stage
IJ Crapped s!5£ft!iy iy tt&isls; R. The czpszitc:

fL.i
“^£ESes the audio arsurKS pM sc

-•e. w<e fall e-t output voltage cf the modulator
is impressed on the ctess-C stege.

grid of z pentode class-C r-f amplifier.

Basically, suppressor-grid modulation oper-

ates in the same general manner as other

forms of efficiency' modulation; carrier

plate-circuit efficiency is about 35 percent

and antenna coupling must be rather heavy.

The suppressor grid is biased negatively

to 2 value which reduces the plate-circuit

efficiency to about one-half the maximum

obtainable from the particular amplifier,

with antenna coupling adjusted until the

plate input is about 1-5 times the rated

plate dissipation of the stage.

Audio signal is applied to the suppressor

grid. In the normal 2ppli cation the audio

voltage swing on the suppressor will be

somewhat greater than the negative Ths

on the element Suppressor-grid current

will flow on modulation peaks, so that tbs

source of audio signal voltage must have

good regulation.

15-5 Input Modulation

Systems

Constant-efficiency variable-input modu-

lation systems operate by virtue of the addi-

tion of external power to the modulated

stage to effect the modulation. There are

two general classifications that come under

this heading; those .systems in which the

additional power is supplied 2S audio-

frequency energy from a modulator (usu-

ally called plate-modulation sysiems) and

those systems in which the additional power

to effect modulation is supplied as direct

current from the plate supply.

Modulation systems coming under ibe

second classification have been widely ap-

plied to broadcast work. There are quite

a few systems in this class. Two of the

more widely used are the Doherty linear

amplifier, and the Terman-Vodlycrd high-

efficiency grid-modulated amplifier. Beth

systems operate by virtue of a carrier ampli-

fier and i peak amplifier connected together

by electrical quarter-ware liner. They wifi

be described later in this section.

SupprcKor-Grid
Still another form of effi- PItfe

/
cier.cy modulation may be ModrisKw
obtained by applying me

a-cio modulating signal to the suppressor Pjjcer yx5

Plate modulation is the appli-

cation or the audio power to

the piste tire::i! of an r-f an-

r-f amplifier must be operated
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Figure IS

CLASS-B GRID-DRIVEN LINEAR AMPLIFIER

- . n • in tfc* «5d circoit to Riluw effsets of grid fmpafcnee

*"» "“** UfSniS*K 8* when grid current ft drawn.
variation cn me ,

t

, , modulated signal will tend to be iiaraned

tion cycle. As » result, tie umnodula
(taaj distortion of the we being

efficiency of such an amplifier mat ^
be less thin 40 percent, since the tnaamum ^ bat amplifier_ is

peak efficiency obtainable in a coaventio
^ ;o extended cutoff srirh no excitation

amplifier is in tbs "vicinity o«. 80 percent,

^ jjjss gt exrended cutofi vrill be

Since the peat efficiency in certain typ^s oa

ippio7hnztdy equal to the pkte voltage

amplifiers -prill be as Icnv a *0 percent, tn.
bv ^ amplification factor for a

unmodulated eficiency in such ampfflers ^ ^ be approximately equal to

vill be in the vicinity of 50 P^ce®£'
. the screen voltage divided by the grid-

There arc mans syne® rf f scrSn p factor for a tetrode nr {We)
modulation, but they dl have th.

g ^ pl^. enrrent still essentially So- “

limitation discussed in the pterions pan-
p^,. Due to the relamely

graph—so long 2S the earner amp “ y operating angle of phw current dovr

Tremain constant rrith and rnthou J ;i^a k pudency is Em-

ulation, the efficiency « '«* » *» percent with SfwrO per-

be not greater than one-half the pea-
representing a range or eScienc) n •

lation efficiency, if the sage is to be captole ^
of 100-percent modulation. The ctixier poster output from a olass-ts

. linear amplifier of a norma! 100-p=:cent

Hit Cfes-B This is the simple*: P-"0' Eodu!ated s-m signal ™ « -"Ur o.,„-

GrM Driven cable type ampler for an ^ ^ a(ci^ dissipation of the SJge,

Linear Amplifier a
mpDrade-modula«o_OT _y, optmum operating condiaons. T-.

or a single-sideband
signal- , fr£m a dass-B linear, finch

T-T A,«r pxritatiou, grid , rh* maximum-signal output as

The qnm re,u,t« ^ f^ td ampler, o: peak outputKS let-T«f" X; 100 F-s « ?SM f *
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usual application wti-re S11 m

R I;--,. A0«JjJ be

The CIoss-B

Grid Driven

^ ^'toacte-B linear should be

™rff££E= - * al»ut IT tunes the rated plate cissipanoa of

excitation. It is thus, necessity «, incM- ^ mge.

**»«» Amplitude m^ulatira mayj

positive modulation p22*5
oi

Screen-Grid Amplitude modularicn mij^bc

ModulctJcn accomplished by varying ^.e

screen-grid voltage in 2 cuss-
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drop in the plate voltage and linear modula-

tion can then be obtained (figure 18).

The screen r-f bypass capacitor (C*)

should not have a greater value than 0.005

preferably not larger than 0.001 pF. It

should be large enough to bypass effectively

all r-f voltage without short-circuiting high-

frequency audio voltages. The plate bypass

capacitor can be of any value from 0.002

MF to 0.005 pF. The screen-dropping re-

sistor (Ri) should reduce the applied high

voltage to the value specified for operating

the particular tube in the circuit.

15-6 The Doherty and the

Terman-Woodyard

Modulated Amplifiers

These two amplifiers will be described to-

gether since they operate on very similar

principles. Figure IS shows a greatly simpli-

ned schematic diagram of the operation of
both types. Both systems operate by virtue
of a carrier tube (V, in both figures 19 and
20), which supplies the unmodulated carrier,

and whose output is reduced to supply neg-
ative peaks, and a peak lube (V,), whose
function is to supply approximately half the
positive peak of the modulation cycle and
whose additional function is to lower the
load impedance on the carrier tube so that
it will be able to supply the other half of
the positive peak of the modulation cycle.

The peak tube is able to increase the
output of the carrier tube by virtue of an
unpedance-mverring line between the plate
Circuits of the two tubes. This line is de-
igned to have a characteristic impedance of
one-half die value of load into which the
earner tube operates under the carrier con-

trive
UV “d

r°

f °ne'hl,f tk ctK2C-mc “hP^Moe of the quarter-wave Jim-

Figure 19

diagrammatic representation
of THE DOHERTY LINEAR

is coupled into the output. It is known that

a qnarter-vrave line will vary the impedance

at one end of the line in such a manner that

the geometric mean between the two termi-

nal impedances will be equal to the charac-

teristic impedance of the line. Thus, if a

value of load of one-bslj the characteristic

impedance of the line is placed at one end,

the other end of the line will present a value

of twice the characteristic impedance of the

lines to carrier tube Va.

This is the situation that exists under the

carrier conditions when the peak tube merely

floats across the load end of the line and

contributes no power. Then as a positive

peak of modulation comes along, the peak

tube starts to contribute power to the load

until at the peak of the modulation cycle 5t

is contributing enough power so that the

impedance at the load end of the line is equal

to R, instead of the R/2 that is presented

under the carrier conditions. This is true

because at a positive modulation peak (since

it is delivering full power) the peak tube

subtracts a negative resistance of R/2 from

the load end of the line.

Now, since under the peak condition of

modulation the load end of the line is termi-

nated in R ohms instead of R/2, the imped-

ance at the carrier-tube will be reduced from

2R ohms to R ohms. This again is due to the

impedance-inverting action of the line. Since

the load resistance on the carrier tube has

been reduced to half the carrier value, its

output at the peak of the modulation cycle

will be doubled. Thus the necessary condi-

tion for a 100 percent modulation peak ex-

ists and the amplifier will deliver four times

as much power as it does under the carrier

conditions.

On negative modulation peaks the peak

tube does not contribute; the output of the

carrier tube is reduced until, on a 100 per-

cent negative peak, its output is zero.

The Elecfrieol TJThile an electrical quarter-
Qucrfcr-Wcre vave line (consisting of 2 pi

^ne network with the inductance

and capacitance units having
2 reactance equal to the characteristic im-
pedance of the line) does have the desired

impedance-inverting effect, it also has die

undesirable effect of introducing 2 90° phase
shift across such a line. If the shunt elements
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class C for this type of modulation in order

to obtain a radio-frequency output which
changes in exact accord with the variation

in plate voltage. The r-f amplifier is 100
percent modulated when the peek, ec voltage

from the modulator it equal to the Jc
voltage applied to the r-f tube. Hie positive

peaks of audio volt2ge increase the instan-

taneous plate voltage on the r-f tube to

tii'ice the dc value, and the negative peaks

reduce the voltage to zero.

The instantaneous plate current to the

r-f stage also varies in accord with the mod-
ulating voltage. The peak alternating cur-

rent in the output of a modulator must be

equal to the dc plate current of the class-C

r-f stage at the point of 100 percent modu-
lation. This combination of change in audio

voltage and current can be most easily

referred to in terms of audio power in watts.

By properly matching the plate impedance

of the r-f tube to the output of the modu-

lator, the ratio of voltage and current swing

to dc voltage and current is automatically

obtained. The modulator should have a peak

voltage output equal to the average dc

plate voltage on die modulated stage. The

modulator should also have a peak power

output equal to the dc plate input power

to the modulated stage.

Heisrng modulation is the oldest system

of plate modulation, and usually consists of

This type of modulation is the most flexifite in

that the loading adjustment can be made »n s

short period of time and without elaborate rest

equipment after a change in operating fre-

quency of the class-C amplifier has been made.

a cbss-A audio amplifier coupled to the r-f

amplifier by means of a modulation choke,

25 shown in figure 17.

CIoss-B High-level class-B pk>te

Plate Modulation modulation is the least ex-

pensive method of plate

modulation. Figure IS shows a conventional

class-B plate-modulated class-C amplifier.

The statement that the modulator output

power must be one-half the class-C input for

100 percent modulation is correct only if

the waveform of the modulating power is a

sine wave. Vhere rite modulator waveform

is unclipped speech waveforms, the average

modulator power for 100 percent modulation

is considerably less than one-half the class-C

input.

Power Relations in It has been determined

Speech Waveforms experimentally that the

ratio of peak-to-average

power in a speech waveform is approximately

4 to 1 as contrasted to a ratio of 2 to 1 in a

sine wave. This is due to the high harmonic

content of such waveform, and to the fact

that this high harmonic content manifests

itself by making the wave unsymmetrical

and causing sharp peaks of high energy con-

tent to appear. Thus for undipped speech,

the average modulator plate current, plate

dissipation, and power Output are approx-

imately one-half the sine waTe values for a

given peak output power.

For 100 percent modulation, the peak

(instantaneous) audio power must equal the

class-C input, although the average power

for this value of peak varies widely depend-

ing on the modulation waveform, being

greater than 50 percent for speech that has

been clipped and filtered, 50 percent for a

sine wave, and about 25 percent for typical

undipped speech tones.

plofe-ond-Screen XFhen only the plate of a

Modulation tetrode tube is modulated,

it is difficult to obtain

high-percentage linear modulation under

ordinary conditions. The plate current of

such a stage is not linear with plate voltage.

However, If the screen is modulated simul-

taneously with the plate, the instantaneous

screen voltage drops in proportion to the
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Pulse-DoroHon A recent innovation kHgt-

Modoloiion level plate modulation is tie

prise-duration modulation

technique wherein the modulator tube is

operated in a saturated switching mode and

is placed in series with tie r-f power tube.

The plate modulator in a conventional

a-m transmitter operates in a linear mode

that may be compared to an analog sys-

tem. In tbe pulse-duration modulator, the

modulator operates in a switching mode tnat

may be compared to a digital computer,

having two conditions: of and on. Audio

information is contained in the duration of

the on pulse.

Audio amplitude is determined by tbe

duty cycle of the modulator tube. A square-

wave signal of about 70 iHz is pulse-width

modulated by the audio signal, whose ampli-

tude causes the symmetry of the square

GATES PULSE-DURATION

MODULATION SYSTEM

The audio signal is combined with 2 70-kHz

square-wave signal 2nd processed to produce

a modulated pulse-width modulated train which

is amplified and applied to the cathode of the

class-C r-f amplifier through a low-pass filter

that removes the 704;Hz signal and its side-

bands, thereby recovering the original audio.

The modulator tube 2Cts fifce a variable resist-

ance whose value varies with the amplitude

and frequency of the applied audio s?£r.2l. The
driver stages for the modulator are simple “on”-
"off switches. A damper diode is connected
between the output of the modulator 2nd the
high-voltage supply to conduct whan the modu-

lator floes not

wave :o van1

. Tbe audio signal is imposed

on the 70-kHz square wave train at a tow

level and the resulting signal is amplified to

the modulating level. The square-wave com-

ponent is then filtered out to leave die

amplified audio voltage, plus a dc com-

ponent that is the modulated plate voltage

for the ctoss-C amplifier. This technique

eliminates the need of a modulation trans-

former and modulation choke.

A block diagram of the Gates ^?-l^

pulse-duration modulated a-m transmitter

is shown iu figure 21.

15-7 Spread-Spectrum

Modulation

In conventional communications 2 hand-

width is generally used tint. is just wi e

enough to transmit the information in-

volved. The spread-spectrum technique, on

the other hand, uses a much larger trans-

mission bandwidth than the information

bandwidth being communicated. The spreao-

spectrum system thus makes use ot sffin.

function other than information bandwidth

to establish the transmitted signal band-

width. Current spread-spectrum systems^

a transmitted bandwidth up to 2 reitoon

times the information bandwidth.
f

One of the immediate advantages tn

spread-spectrum distribution of a signal oyer

a great bandwidth is that power density

(watts per Hz) is towered by the same

amount that the spectrum is widened, inis

interchange of power density fftt spectrum

space can reach 2 point where signals can

be transmitted and received while hidden

many decibels below the background nois-

Obviously, such low-density signals can^re-

duce the problem of message interception,

while 2t the same time preventing ^inter-

ference to other circuits. Tor civilian as

well as military networks, spread-spectrum

systems 2II0W many users to share a sub-

channel 2

Information to be transmitted by

spectrum techniques is firs: converted into

digital data to provide a primary modulation

of the earner. A secondary modulation 01

much wider bandwidth is then applied to the

carrier to spread the spectrum of the primary

modulation (figure 22). A pseudo-random

noise generator (PRN) is one method 0.

establishing the spectrum spread. Frequency-

hopping may also be used.

The total energy expended is the same

both in the spread 2nd the conventional no-

spread signals. An important^ dmerence is

tL: the power density in rise former system
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zre capacitances, the phase shift across the

Hae lags by 9G
e
; if they are inductances, the

phase shift leads by 9Q
C

. Since there is an

undesirable phase shift of 90“ between tbs

plate circuits of the carrier and peak tubes,

an equal and opposite phase shift must be

introduced in the exciting voltage of the

grid circuits of the two tubes so that tne

resultant output in the plate circuit will bs

in phase. This additional phase shirt has been

indicated in figure 19 and a method of ob-

taining it has been shown in figure 20.

Comparison Between The difference between

Doherty end Terman- the Doherty linear am-

Wcodyord Amplifiers plifier and the Terraan-

Woodyard grid - modu-

lated amplifier is the same as the difference

between any linear and grid-mofiul2ted

stages. Modulated r-f is applied to the grid

circuit of the Doherty linear amplifier with

the carrier tube biased to cutoff and the

peak tube biased to the point where it draws

substantially zero plate current at the earner

condition.

In the Terman-'Woodyard grid-modulated

amplifier the carrier tube runs class-C with

comparatively high bias and high plate effi-

Figure 20

SIMPLIFIED SCHEMATIC OF A

"HIGH-EFFICIENCY” AMPLIFIER

Tiie basic system, comprising' a

<V,) and a “peak" tube (VJ intercept

W

lumpetf-canstant quarter-wave lines, is

far either grid-hiss modulation or

linear amplifier of a modulated wave.

dmq-, wide the peak tube

Unmodulated r-f is applied to the grid cir-

cuits of the two tubes and the modulating

voltage is inserted in series with the feed

bias voltages. From one-half to two-thirds

as much audio voltage is required at the grid

of the peak tube as is required at the grid

of the carrier tube.

Operating The resting carrier efficiency

Efficiencies of the grid-modulated amplifier

mzv run as high as is obtain-

able in any class-C stage—SO percent or

better. The resting carrier efficiency of the

linear "will be about as good as is obtainable

in znv ciass-B amplifier—60 to 70 percent-

The overall eSciency of the bias-modulated

amplifier at 100 percent modulation will run

about 7T percent; of the linear—about 60

percent. ... j

In figure 20 the plate tank circuits are de-

tuned month to gm a «&« equivalent to

». .hunt elements of the quarter-wave

"line" of ffgure IS- ^ resonance, coils L,

and L- in the grid circuits of the wo tubes

bve each an inductive reactance equal to

the capacitive reactance of capacitor C-

Uus we have the effect of a pi network

consistina of shun: inductances and senes

capacitance. In the plate circuit we want a

An shift of the same magnitude but in

tb- opposite (Erection! so our senes clement

is inductance L, whose reactance is equal to

,he characteristic impedance desired ot tie

network. Then the plate tank capacitors of

tfe two tubes (C-. and O.) are increased an

amount past resonance, so that they have .

capacitive reactance equal to the inductive

reactance of the coil La. It is quite important

that there be no coupling between the in-

ductors.

Efficiency Many other higb-efi-

„ Systems ciency modulation

systems have been

rince about 1536. The majority of

wever. have received little appta-

£r bv commercial interests or b;

Xearlv all of these circuits have

dished in the Frocc:Ap oj tb-:

w IEEE) and the interested reader

. t0 them in back copies o. that
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®

A-m stereo was first demonstratedm 1925
before

'

lt became practical interest
shifted to f-m and later to stereo f-m. Only
recently has interest in stereo a-m been
revived.

A variety of techniques exist to generate
stereo a-m. One of the amplest systems is

shown in figure 23. In this composite modu-
lation system, the constant frequency a-m
signal carries the LtR channel combination
and the variable frequency (f-m) signal

within the a-ra envelope carries the L-R
signal. Channel bandwidth is about 12 KHz
to accommodate the significant sidebands
arising from the composite modulation stereo

system.

Reception is accomplished with a special

receiver having both an a-m and an f-m de-
tector to derive the left and right channel

information.

Tf.* eft ftnt
a 1‘m bi.itrrri

to&«sttoi*rjjKirfiftT

wrj?{s i sijjrf fpjtus cJt‘i PH
eo* <b»!nrt Jo fr? recite fc?-s-

cssfen. TMs eat’* t
l
! titt-i

cffrjcrip-alrnvj}.

IIUIIIJITJI^

Figure 22

SPREAD-SPECTRUM MODULATION

A-Block diagram of spread-spectrum

transmitter.

B-PRN modulation and demodulation.

u distributed over a wider area of the fre-

quency spectrum. Various space satellites rely

on spreading transmissions over wide band-

widths to provide high resistance to jam-

rojngj security, and multiple access.

L R

CHHoa owca

Figure 23

BLOCK DIAGRAM OF A
COMPATIBLE A-M STEREO

TRANSMITTER

15-8 A-M Stereo

Transmission

-Afany a-m broadcast stations have seen a

steady erosion of their audience as the in-

terest in f-m stereo has grown. The added

dimension of stereo might recover some of

the lost audience,

1 5-9 Practical High

Level Modulation

A High-Power Listed in Table 1 are rcp-

ModuJator wiflr resentative operating con-

Beom Tefrcdes ditions for various tetrode

tubes providing power

levels op to 1 500 watts of audio. Complete
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2. Impairment of tlie TV picture by

either spurious emissions or harmonic

radiation from the transmitter.

In the first instance, the television re-

ceiver can he protected by the addition of a

high-pass niter in the 2ntenna feed line, di-

rectly at the receiver. In the second in-

stance, filtering of transmitter circuits and

/

or circuit modifications to the transmitting

equipment are called for.

TV Receiver Even if the amateur transmit-

Preriosd ter were perfect and had no

harmonic or spurious emis-

sion whatsoever, it could still cause over-

loading to a TV receiver whose antenna is

within a few hundred feet of the transmit-

ting antenna. The overload is caused by the

fact that the field intensity in the immedi-

ate vicinity of the transmitting antenna is

sumdemly high so that the selective circuits

of the TV receiver cannot reject the signal

which is greater than the dynamic range the

receiver can accept Spurious responses are

then generated within the television receiver

that cause severe interference. A characteris-

tic of this type of interference is that it will

always he eliminated when the transmitter in

question is operated into a dummy antenna.

Another characteristic of this type of over-

loading is that its effects 2re substantially

continuous over the entire frequency range

of the TV receiver, all channels being af-

fected to approximately the same degree.

The problem, then, is to keep the funda-
mental signal of the amateur transmitter out

of the affected recover. (Other types of in-

terference may or ma}' not show up when
the fundamental signal is eliminated, but at

least the fundamental signal must he elim-
inated first).

Elimination or the fundamental signal

irom the television receiver is normally the
only operation performed on or in the vicin-
ity ot The receiver. After rhis has been 2c-
comp.ished, work may then begin on the
transmitter toward eliminating this as the
csuse o! the other type of interference.

.. ovmg t e A stT03g 0ut 0f
arsonJs Sisnel

tbe -^band 0£^ I£j_

evjjion receiver, can
cause object’enable interference to ether

.
P;cr'ure or the audio signal, or both, The

interference may be caused by crossmodula-

UNE FILTER FOR TV RECEIVER

Tfis Tire coni of the TV receiver is irpessei el

the chassis with two 1.S-KV cerznti; ca-

pacitors and a portion of the line is wount!

around z Va-insh diameter ferrite rod to form t

simple r-f choke. Cord may be held in position

about the rod with vinyl electrical tape.

tion within the receiver, interference with

the 2udio or i-f circuitry, or mixing of the

local signal with other strong nearby signals.

The interfering signal, or signals, can enter

the TV receiver via the antenna circuit or

via the power line. It is possible to install

suitable filters in these leads to reduce, or

eliminate, the interfering signal.

The Foiver Line Filter—The power line

can 2ct as an antenna, picking up a nearby

signal 2nd radiating it within the sensitive

esemts oi theTV receiver. M the interlei-

ence continues when the 2ntenna is removed

from the television receiver, it is probable

that the signal is entering the set viz the ac

power line. A filter of the type used to sup-

press electric shavers, vacuum cleaners, etc.,

placed in the power line at the receiver m27

remove this interference. Alternatively, the

power line should he bypassed to the chassis

of the receiver as shown in figure 1 and the

line cord formed into an r-f choke by wind-

ing the cord around a ferrite antenna rod.

Make sure the capacitors are rated for con-

tinuous operation under zc renditions.

The Antenna Filter—-Fundamental over-

loading can he prevented by reducing the

nearby signal to such a level that the selec-

tive circuits of the television receiver can

reject in A high-pass filter in the antenna

lead of the TV set can accomplish this task,

in most cases. The filter, having .a cutoff fre-

quency between 50 MHz and 54 ?\{Kz is

installed at the tuner input terminal: of the

receiver. Design data for suitable filters are

given in figure 2. The filters should prefer-

ably be built in a small shielded box for

highest rejection, although "open-air'"’ filters

work quite well if maximum rejection is not

required. The series-connected capacitors are



CHAPTER SIXTEEN

Radio Interference (RFI)

The radio amateur may be the cause, or

the victim, of radio frequency interference

(RFI). Equally toublesome is the fact tfet

he may be accused of creating RFI for which

he is not responsible.

la 1980 the Federal Communications

Commission received over 60,000 complaints

of RFI. The greater percentage of these in-

volved home-entertainment equipment of

Tvhich 2 large portion fed no provision for

protection from nearby r-f energy. Base

deign deficiencies in most equipment of this

type, therefore, are a cause of a great deal of

the RH that is reported.

Even while only a small proportion of the

population lives in the vicinity of a radio

amateur, the tremendous growth in radio

communications over the past decade has re-

sulted in a high density of radio transmitters

m urban and suburban areas. In addition to

radio amateurs, there are over one million

transmitters operating in the Citizens Radio

Service, in addition to hundreds of thousands

of transmitters in the Land Mobile Service

and the television and broadcast service. In

addition there are thousands of transmitters

in the military, microwave-repeater, and

maritime services, all of which could be po-

tential sources of radio frequency interfer-

ence to a poorly designed electronic device.

A second type of prevalent RFI is radio

none. Impulse noise generated by a spark

discharge or by solid-st2te switching devices

creates an annoying type of interference that

can be transmitted for many miles by con-

duction and radiation. A serious form of im-

pulse noise is power line interference, with

appliance interference as an additional source

of widespread radio noise.

Many of the problems associated with RFI

could be alleviated if there was some control

over spurious r-f emissions and if technical

standards were set for the protection of elec-

tronic equipment against unwanted r2<fe-

16.1

tion. Umortunately, this is not being done

at the present time. The burden of RFI,

then, falls mainly upon tfe radio amateur,
2S he is a visible source of FRI to his neigh-

bors 2nd—at the same time—uniquely quali-

fied to assist his neighbors in understanding

and correcting RFI problems.

16-1 Television

Interference

Television interference (TO) is m in-

noyance to many viewers. More likely than

not, ITT is often blamed on the amateur,

regardless of the cause. Over the years, ama-
teur transmitting equipment has been de-

signed with the idea in mind of reducing

TVI-causing harmonics and spurious emis-

sions and, as a result, modes SSB equipment

is relatively TH-free. The FCC reports

that over 90 percent of all TVI complaints

can be cured only at the TV receiver. If

your own TV set is free of interference from

your station, it is likely that interference to

a more distant TV receiver at your neigh-

bors’ home is not the fault of your equip-

ment. All amateur equipment, however, is

not TVT-free and certain precautions must
be taken to make sure that your station doss

not cause interference to nearby television

receivers-

Types of There are two main causes

TV Interference of TVI which may occur

singly or in combination as

caused by emissions from an amateur trans-

mitter. These causes are:

I. Overload of the television receiver by

the fundamental signal of the trans-

mitter.
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16-2 Harmonic Radiation

After any condition of blocking at the

TV receiver has been eliminated, 2nd when

the transmitter is completely free of trans-

ients and parasitic oscillations, it is probable

that TVI will be eliminated in many cases.

Certainly general interference should be

eliminated, particularly if the transmitter is

a well-designed affair operated on one of the

lower frequency bands, and the station is in

a high-signal TV area. But when the trans-

mitter is to be operated on one of the higher

frequency bands, and particularly in a mar-

ginal TV area, the job of TVI-proofing will

just have begun. The elimination of har-

monic radiation from the transmitter is a

job which must be done in an orderly man-

ner if completely satisfactory results are to

be obtained.

First it is well to become familiar with the

TV channels presently assigned, with the TV
intermediate frequencies commonly used, and

with the channels which will receive inter-

ference from harmonics of the various ama-

teur bands. Figures 4 and 5 give this infor-

mation.

Even a short inspection of figures 4 and 5

will make obvious the seriousness of the in-

terference which can be caused by har-

monics of amateur signals in the higher :re-

quency bands, vFith 2ny sort of reasonable

precautions in the design and shielding of

the transmitter it is not likely that har-

monics higher than the 6th will be en-

countered. For this reason, the most fre-

quently found offenders in the way 01

harmonic interference will almost invari-

ably be those bands above 14 MHz.

Nature of Investigations into the

Harmonic Interference nature of the interfer-

ence caused by zmz-

teur signals on the TV screen, assuming tbt

blocking has been eliminated 2s described

earlier in this chapter, have revealed the fol-

lowing facts:

1. An unmodulated carrier, such as a c-w

signal with the key down or 2n a-m

signal without modulation, will give a

crosshatch or herringbone pattern on

the TV. screen. This same general type

of picture also will occur in the case

of a narrow-band f-m signal either

with or without modulation.

"* A relatively strong a-m or SSB signal

will give in addition to the herringbone

1 Q 6TH 7TH eTH ?TK 10TH

n A2-AA
TV I.F.

56—55 .A

CHANNEL

©

70-73
CHANNEL

©

7072
CHANNEL

©

34-55.A
CHANNEL

©

P2—I0D.8

F-M
BROADCAST

m E4-E5.3

CHANNEL

©

105-107:25

F-M
BROADCAST

1 59-193
CHANNELS

210-2TA5

CHANNEL

28.0—
2?.7

S6-59.A

CHANNEL

$

BA—tr.1

CHANNEL

©

195—207.9

CHANNELS
® ee

510-
54.0

100-iCE
F-M

BROADCAST

200-216
CHANNELS
0g £

A53-455 500-5A5

POSSIBLE INTERFERENCE

TO m CHANNELS

Figure 4

HARMONICS OF THE AMATEUR BANDS

Shown ire the harmonic frequency ranges of the amateur bands between 7 and 5» KHz, with the

7V channels (and TV i-f systems) which are most likely to receive interference from these harmon-

ics. Under certain conditions amateur signals in the 1.E- and 3.5-MHz bands can cause interference

as 2 result cf direct pichup in the video systems of TV receivers which are net adequately shielded.
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(D FOR 53-75 OHM COAXIAL LIKE

Figure 2

HIGH-PASS TRANSMISSION

LINE FILTERS

The arrangement of A win stop the passing cf

ell signals below about <5 KHz from the 2n-

tenna transmission line into the TY sit. Coifs

L, ere e2ch 1.2 microhenry* fl7 turns No, 2<

enam. closewound on K-iitch diz. polystyrene

rod) with the center tap grounded. It will be
found best to scrape, twist, and solder the

center tep before winding the coil. The number
of turns each side of the tep m2y then be

varied until the tep is in the exact center cf

the winding. Coil L, is 0.6 microhenry (12 turns

No. U enem. closewound on V«-ineh diz. poly-

styrene rod). The cepeeilors should be about

165 pF, but either 15- or 20-pF ceramic cepeei-

tors will give satisfactory results. A similar

filter for co2xiaI antenna transmission line is

shown at B. Both coils should be 0.12 micrc-

henry (7 turns No. 18 enam. spaced to lb inch

on %*ineh diz. polystyrene rod). Capacitors

C, should be 75-pF midget ceramics, while C,

should be a «-pF ceramic,

mounted in holes cue in the intenor shields

of the box. if such 2n assembly is used. Vari-

ous commercial filters 2re also available. In-

put and output terminals of the filter m2V

be standard TV connectors, or the inexpen-

sive terminal strips usually employed on

‘ribbon” lines.

Operation on the JO-MHz amateur band

in an area where TV channel 2 is in use

imposes a special problem in the matter

of receiver blocking. High-pass filters of

the normal type simply are not capable oi

giving sufficient protection to channel 2

from a strong JO-MHz signal whose fre-

quency is so close to the necesary pas-band

of rhe filter. In this case, a resonant circuit

element, such as shown in figure 5 is recom-

mended to trap out the transmitter signal

at the input of the television set- Hie stub

is selective and therefore protects the tele-

vision receiver only over a small range cf
frequencies in the JO-hIHz band. The stub is

trimmed for minimum TYI while the trans-

mitter is tuned to the most-used operating

frequency.

RESONANT STUB FOR 50-MHz

PROTECTION

A ii-wave open stub will provide prolBclisn

against a local St MHz transmitter. The stub is

pizcEd in parallel with the 2:>ohra ribbon line

at the antenna terminals cf the TV seL Using

fine with a velocity cf prcpagzlien cf 0.64, the

fine should be 2bcut K inches long, it is trim-

med a quarter-inch at a time far minimum TVI.

If it is too short, it will effect reception ef TV
channel 2.

Transmission Line Pickup—In most cases,

the “ribbon line" connecting the antenna to

the television receiver is longer in terms of

wavelengths than the TV antenna is, espe-

cially a: the high frequencies represented by

the amateur bands up through 6 meters.

Thus, the transmission line will actually pick

up more energy from a nearby amateur

transmitter than '•ill the TV antenna.

The induced currents flowing in the TV
line fio~ in parallel and in phase, the rvo-

tvire line acting as a single "‘ire antenna.

Most TV input circuits respond strongly to

such parallel currents 2nd the nearby signal

at the input circuit of the tuner is much

stronger than if rhe interference v.-ere only

picked up by the relatively small TV an-

tenna.

A solution to this form of overload is to

use a shielded transmission line from the an-

tenna to the television receiver. Balanced.

itvir.cx 500-ohm line is readily available, or

coaxial line may be used for an unbalanced

feed system. In either case, the outer shield

of the fine should be grounded to the T\

receiver chassis.
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capacitor. If possible, tbe transmitter chassis

should be connected to m external ground.

Tbe next step is to check transmitter

shielding. Paint should be removed from

mating surfaces -wherever possible and the

cabinet should be made as "r-r tight” as

possible in the manner discussed in Chap-

ter 33.

16-3 Low Pass Filters

After the transmitter has been shielded,

and all power leads have been filtered in such

a manner that the transmitter shielding has

not been rendered ineffective, the only re-

maining available exit for harmonic energy

lies in the antenna transmission line. Thus,

the main burden of harmonic attenuation

will fall on the low-pass filter installed be-

tween tbe output of tbe transmitter and tbe

antenna system.

Experience has shown that the low-pass

filter can best be installed externally to the

main transmitter enclosure, and that the

transmission line from the transmitter to the

low-pass filter should he of the coaxial type.

SHIELD SHIELD

C«sa-?-, r
C fCentraTab type £505-531

t-B'rts’erifif^*f
B,pSsed cf t*'8 75-P F < $*V

7^)
p2r2!le! {Central 2b type £5JS-

wL f^2
l
ed

-

L
'
zre * tow rt «S

Jent !

ns5tfe «*meter,
L, 2re 7 turns wsund as

L *,
n
i
8bsut 1 inch >snc- coils t, and

rt.
,im 2IE,E! !zt!l «her

L? I>i ? tor U!t in a Ss-ohm tsttt

.
.'"l!clR J, ana 1

,
art m«chin|

« -'‘S, SLth as S0-22S for typs PL-25S ptscs.

As a result, the majority of low-pas filters

are designed for a characteristic itnpedanc?

of 50 ohms, so that RG-B/U cable (orRG-

5B/U for 2 small transmitter) may be usd

between the output of the transmitter and

the antenna transmission line or the antenna

tuner.

Transmitting-type low-pass filters for

amateur use usually are designed in such a

manner as to pass frequencies up to about

30 MHz without attenuation. The nominal

cutoff frequency of the filters is usually be-

tween 3S 2nd 45 KHz, 2nd m-derived sec-

tions with maximum attenuation in channel

2 usually 2re included. Veil-designed filters

capable of carrying any power level up to

one kilowatt are available commercially irorO

several manufacturers. Alternatively, filter!'

in kit form are available from several manu-

facturers at a somewhat lower price. Effec-

tive filters may be home constructed, if tbs

test equipment is available 2nd if sufficient

care is taken in tbe construction of the as-

sembly.

Construction of Shown in figure 6 is a rim-

Lw-Pcvi Rten p\t luw-ptss fiktt sri.tih.le

for home construction, ihs

filter provides at least 30 dB attenuation to

all frequencies above 54 MHz when prop-

erly built 2nd adjusted. The filter is built

in a small aluminum utility box measuring

2//' X 214" X 5” Two aluminum par-

titions are installed in the box to make three

compartments. Small holes are drilled in the

partition to pass the connecting leads.

The coils are self-supporting and wound

of #14 enamel or formvsr covered copper

wire. The ceramic capacitors are bolted tt>

the side of the box. Since appreciable r-i cur-

rent flows through the capacitors, heavy-

duty ceramic units of the type specified must

be used. In the case of the center capacitor,

two units connected in parallel by a 54-inch

wide copper strap are used. The capacitors

are placed side by side so that minimum

strap length is achieved. The coils are con-

nected between capacitor terminals and the

coaxial fittings mounted on tbe end walls of

the box.
t

Once the filter is complete, it is adjusted

before the lid of the box is bolted in place.

To check the end sections, the coaxial cm-
nectors are shorted out on the inside of the

case with short leads and the resonant fre-
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Figure 5

FREQUENCIES OFTHEVHFTV CHANNELS

stioninj tas frequency reuses a TV eiiemels 2 Urcnyli 13, uilft ft: picture rerrisr ml senna
carrier frequencies also shown-

a very serious succession of light and

dark bands across the TV picture.

5. A moderate strength c-w signal wich-

out transients, in the absence of over-

loading of the TV7
set, will result

merely in the turning cn and off of

the herringbone on the picture.

To discuss con&zm 2 shore, the herring-

bone is a result of the beat note between the

TV video carrier and the amateur harmonic.

Hence the higher the beat note the less ob-

vious will be the resulting crosshatch. Fur-

ther, it has been shown that a much stronger

signal is required to produce a discernible

herringbone when the interfering harmonic

is as f2r away as possible from the video car-

rier, without running into the sound carrier.

Thus, as a last resort, or to eliminate the last

vestige of interference after all corrective

measures have been taken, operate the trans-

mitter on a frequency such that the interfer-

ing harmonic will fall as far as possible from

the picture carrier. The worst possible inter-

ference to the picture from 2 continuous car-

rier will be obtained when th’e interfering

signal is very close in frequency to the video

carrier.

Isolating Throughout the testing pro-

file Source of cedure it will be necessary to

the Interference hive some sort of indicating

device as a means of deter-

mining harmonic field intensities. The best

indicator, of course, is 2 nearby television

receiver. The home receiver may be bor-

rowed for these tests. A portable "rabbit

ears” 2ntenna is useful since it may be

moved about the transmitter site to examine

the intensity of the interfering harmonics.

The first step is to turn on the transmit-

ter and check all TV channels to determine

the extent of the interference and the num-

ber of channels affected. Then disconnect

the transmitring antenna and substitute a

shielded dummy load, coring the change in

interference level, if any. Now, remove

excitation from the final stage of the trans-

mitter, and determine the extent of inter-

ference caused by the exciter stages.

Tn most cases, it will be found that the

interference drops materially when the

transmitting antenna is removed and a

dummy load substituted. It may also be

found that the interference level is rela-

tively constant, regardless of the operation

of the output stzge of the transmitter. In

rare cases, it may be found that a particular

stage in the transmitter is causing the inter-

ference and corrective measures may be ap-

plied to this stage. The common case, how-

ever, is general TVT radiating from antenna,

cabinet, and power leads of the transmitter.

The first corrective measure is to properly

bypass the transmitter power leads before

they leave the cabinet. Each lead should be

bypassed to chassis ground with a -OJ-uF,

1.6-kV ceramic capacitor, or ran through

a O.I-uF, 500-volt feedthrough (Hypsi)
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Figure 8

SCHEMATIC OF THE TWO-SECTION

HALF-WAVE FILTER

The constants given below are for a character-

istic impedance of 50 ohms, for use with

RG-8/U and RG-S8/U cable. Coil Li should be

checked for resonance at the operating fre-

quency with Ci, and the same with U and C«.

This check can he made by soldering a low-

inductance grounding strap to the lead be-

tween Lt and U where it passes through the

shield. When the coils have been trimmed to

resonance with a grid-dip meter, the ground-

ing strap should of course be removed. This

filter type will give an attenuation of about 30

dB to the second harmonic, about 48 dB to the

third, about 60 dB to the fourth, 67 to the fifth,

etc., increasing at a rate of about 30 dB per

octave.

Ci, C*, Cs, C4—Silver mica or small ceramic for

low power, transmitting type ceramic for high

power. Capacitance for different bands is given

below.

160 meters—1700 pF

80 meters- 850 pF

40 meters- 440 pF

30 meters- 330 pF

20 meters- 220 pF

10 meters- 110 pF

6 meters- 60 pF

Miniductor for power levels below 250 watts,

or of No. 12 enam. for power up to one kilo-

watt. Approximate dimensions for the coils are

given below, but the coils should be trimmed
to resonate at the proper frequency with a
grid-dip meter as discussed above. All coils

except the ones for 160 meters are wound 8
turns per inch.

160 meter5-4.2 MH; 22 turns No. 16 enam. 1»

dia. 2" long

SO Meters-2.1 jiH; 13 t 1" dia. (No. 3014 Mini-
ductor or No. 12 at 8 tp.i.)

40 meters-1.1 /iH; B t. r dia. (No. 3014 or No.
12 at 8 t.p.i.1

30 meters-0.8 pH; 8 t. qfa, (No. 3010 or

No. 12 at 8 t.p.i.)

20 meters-0.55 pH; 7 t. Vi" dia. (No. 3010 or

No. 12 at 8 t.p.i.)

10 meters-0.3 pH; 6 t die. (No. 3002 or No.
12 at 8 t-p.i.)

6 meters-0.17 pH; 4 t. Vf die. (No. 3002 01
No, 12 at t.p.i.)

A High-Power The second and higher har-
Filfcr for monies of a six-meter trans-
Six Meter* mi tter fall directly into the

f-m and uhf and vhf tele-

vision bands. An effective low-pass filter is

required to adequately suppress unwanted
transmitter emissions falling in these bands.

Described in this section is a six-meter TVl
filter rated at the two-kilowatt level which

provides better than 75 decibels suppression

of the second harmonic and better than 60

decibels suppression of higher harmonics of

a six-meter transmitter (figure 9). The

unit is composed of a half-wave filter with

added end sections which are tuned to 100

MHz and 200 MHz. An auxiliary filter ele-

F (mHz)

Figure 9

SIX METER TVl FILTER

C—50-pF CenUalab 8505-5QZ. Resonates with

L, to 200 MHz.
C
2 , C,—4-pF piston capacitor. JFP type VC-4G.

CJt
C„ C

5 ,
C
4
—60 pF. Three 20-pF capacitors in

parallel. Centralab 853A-20Z.

L,—Copper strap, W wide, 2V'«" long,

between mounting holes, approximately 0.01"

thick, strap is bent in u-shape around capaci-

tor and bolted to capacitor terminals.

1,-11 turns #18 enam. wire, Va" diameter,

long, airwound. Resonates to 100 MHz with

capacitor Cr
Lj, L

4
—3 turns 3/16" tubing, 1W1 i.d., spaced

to occupy about Vh". Turns are adjusted to

resonate each section at 50 MHz.
Lj—5 turns #18 enam. wire, Vs.” diameUr,
S
.V' long, airwound. Resonates to 200 MHz with

capacitor Cr

ment in series with the input is tuned to

200 MHz to provide additional protection

to television channels 11, 12, and 15.

The filter (figure 10) is built in an alumi-

num box measuring 4" X 4
,r X 10” anc^

uses type-N coaxial fittings. The half-wave

filter coils are wound of 3 / 1 6-inch diameter

copper tubing and have large copper lugs sol-

dered to the ends. The 60-pF capacitors are

made up of three 20-pF, fkV ceramic units

in parallel. A small sheet of copper is cut in

triangular shape and joins the capacitor

terminals and a coil lug is attached to the
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ouency of the end sections is checked with

ike sid of 2 grid dip merer. The coils Lr

should be squeezed or spread until resonance

occurs between 56 and 57 MHz. Tbs shorts

are now removed znd die cover placed on
the box.

A Hfgh Perfonncnee figure 7 shows the con-
Low-Pcss Pilfer stnictioa and assembly

of a high performance

low-pass filter designed for 2 50-ohm trans-

mission line. The filter is built in a slip-cover

aluminum box measuring 17
;/ X 1" X

2%w
. Five aluminum baffle pistes bve been

bolted in the box to ™A-o six shielded

sections.

The filter is designed for a nominal cutoff

frequency of 45 MHz. with 2 frequency of

maximum rejection of 57 MHz.
Either high power or low power com-

ponents may be used in the filters. Using

small zero-coefficient ceramic capacitors,

power levels up to IO0 watts o'Jput may be

used provided the filar is terminated in a

load having a low value of SWR. For higher

power levels, Cenfrahb type Z50S and Z54S

capacitors, or equivalents, have proven suit-

able for power levels up to 2 W. PEP at

standing wave ratios less than 5 to I.

Figure 7

LOW-PASS FILTER

The filter uses m-d srivetf termimtinz hzH sec-

lions at each end, witfi three ecnstenl-fc

sections.

Ci, Ci-415 pf (40 pF will be found suitable.)

Ci, Ci, Cc-136 pF {130 ID 140 pF nte7 fa2 Cs6£,0

Li, Lc-on pH; mi t Ho. 14

Li, U~On pH; 5 L Ho. 12

Li, LHL37*HfS%LNfc 12

Capacitors Q, Q. C5 ,
and Q; can be

standard manufactured units with normal 5

percent tolerance. The coils for die end sec-

tions can be wound to the dimensions given

(Lt and L;). Then the resonant frequency

of the series-resonant end sections should be

checked with a grid-dip meter, after the

adjacent input or output terminal has been

shorted with z very short lead. The coils

should be squeezed or spread until resonance

occurs at 57 MHz.
The coils in the intermediate sections of

the filter (L*. L;, L-. and L;) may be

checked most conveniently outride the filter

unit with the 2id of a small ceramic capaci-

tor of known value and a grid-dip meat.

Using Lev-Pass The low-pass filter con-

Filters nected in the output trans-

mission line of the transmit-

ter is capable of affording an enormous

degree of harmonic attenuation. However,

the filter must be operated in the correct

manner or the results obtained will not be

up to expectations.

In the first place, all direct radiation from

tbs transmitter and its control and power

leads must be suppressed. This subject has

been discussed in the previous section. Sec-

ondly. the filter must be operated into a load

impedance approximately equal to its design

characteristic impedance. The filter itself

will have very low losses (usually less than

0.5 dB) when operated into its nominal

value of resistive load. But if the filter is

no: terminated correctly, its losses will be-

come excessive, 2nd it will not present the

correct value of load impedance to the

transmitter.

If a filter bring fed from a high-power

transmitter Is operated into an incorrect ter-

mination it may be damaged; the coils may

be overheated and the capacitors destroyed

as 2 result of excessive r-f currents. Thus,

it is wise when first installing 2 low-pass

filter, to check the standing-wave ratio of

the load being presented to the output of

tbs filter with a standing-wave bridge.

The Hclf-Wove Pilfer A hslj-weve filter is

an effective device fo:

TYI suppression and is easily built. It offers

the advantage of presenting the same value

of impedance at the input terminal as appears

as a lead across the output terminal. The

filter is a single-band unit, altering high at-

tenuation to the second- and higner-order

harmonics. Design C2ta for high-frequency

half-wave filters is given in figure £.
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Figure 11

ATTENUATION 0F3-F0LE

VHF FILTER

IB d3 protectlcn is provided for IflB-KHz signsl

for filter with cutoff frecuenoy of ICE KKz.

Utii

Figure 12

VHF FILTER WITH COOTAL
CAPACITORS

5D S3 orcteciitm is orovrdsd for 1C5-T/.HZ signal
when coerIeI capacitors are used.

•J» kres zizy He ainnai dightJj- to pkca
maximum atxenustioa at z specific point in

the spectrum.

home-entertainment equipment lias little or

no effective filtering to prevent ?\±1 snd is

'Vide open” to nearby, strong signals. Un-

fortunately. the prospective purchase: -ts

such a device has little or no inovledge nt

the suhscepnh’ility to Bitl of the various

imports and the harden falls on an}* nsarry

amateur id convince the neighbor that me

set, and not the amateur, is at lanlt vnea

Uhl shovs up.

TFI rejection in stereo f-m equipment is

especially poor when the device Is solid state

and uses printed- circuit boards theren .a

good, r-f ground is almost impossible to

maintain. This description covers the ma-

jority of home entertainment devices sold

today.

Figure 13

LAYOUT OF COAXIAL YHF FILTER

filter is built an brinied-circult bsard. Tvft

lengths r* FO-'EI/U (tafior, dialsrtri:] cable,

sa^h Pri" [1£» cm] long zts used. The SrriS pi

free end rf cable is sbldsrad ir island" rn sir*

suit beard. Col! is s turns enameled wirE,

ij-inDh 'Cm cm] in diameter. Filter designed ST

KSkSE.

16-4 Sterso-FM

Interference

F.c;ac; rrf.r5;I Most n£rK) f.-, Lite

Tieb.-p
1on t lead? rvnnfn t betveer.

v:th additional leads running to me

leads make ex celle- : antennas and are the

naiw path for unv-r.ntc r-f energy to enter
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center of the triangle with heavy brass bolts.

3! The parallel-tuned 200-MHz series filter

b element at the input terminal is made of a

s'
length of copper strap shunted across a 50-

£ pF, 5kV ceramic capacitor. In this particular

filter, the parallel circuit was affixed to the

output capacitor of the pi-network tank cir-

cuit of the transmitter and does not show in

~ the photograph.

i The filter is adjusted by removing the

j connections from the ends of the half-wave

J:
sections and adjusting each section to 50

j? MHz by spreading the turns of the coil with

1
1, a screwdriver while monitoring the resonant

*' frequency with a grid-dip oscillator. The

^ next step is to ground the top end of each

series-tuned section (C2,
L» and Q, ts) with

a heavy strap. The input section is tuned to

^ 100 MHz and the output section to 200

MHz. When tuning adjustments are com-

" pleted, the straps are removed and the top

^ of the filter box is held in place with sheet-

metal screws.

e

A Two-Meter Most filter construction tech-

Lowpcss Filter niques that are usable in the

high-frequency spectrum have

serious shortcomings when used above 100

U
I MHz. Normal capacitor lead lengths reduce

the effectiveness of the capacitor and at

£
medium power levels the loss in the capaci-

tor can be excessive.

! ! The requirement that the harmonic output

^ of a vhf amplifier he held to 60 dB below

the signal level is a difficult one to meet with

conventional construction techniques. The
filter described in this section was devel-

oped to combine simple construction with
sufficient attenuation to comply with the

FCC standard.

The common three-pole filter can provide

about 18 dB rejection to the second har-

monic using standard components (figure

11). This is insufficient to meet modern re-

quirements. Substitution of quarter wave-

length open coaxial sections for the capaci-

tors, however, provides superior rejection of

the second harmonic, as shown in figure 12.

For power levels up to several hundred

watts, RG-188/U line may be used for the

coaxial sections. When higher power is used,

the small coaxial line should be replaced with

a copper line having air dielectric* where the

capacitance per inch is selected to achieve

one-quarter wavelength at the second har-

monic. The resultant air line has an imped-

ance of 57.3 ohms with conductor diameter

ratios of 2.6:1. As an example, the outer

conductor would have an inner diameter of

7/8 inch (2.22 cm) and the inner conduc-

tor would have a diameter of 5/1 6-inch

(0.753 cm).

The construction of a simple low-pass fil-

ter for 2 meters is shown in figure 13. All

that it requires is a printed-circuit board,

two lengths of coaxial line, and a small coil.

The board provides termination for the line

and coil. The far ends of the line are sold-

ered to the board. The open end shields arc

soldered to small "islands" cut in the board

which act as support points. The length of
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to those amateurs living in a densely^popu-

lated area. Although broadcast interference

(BCI) has been overshadowed by TY1 and

stereo problems, BCI still exists, especially

for amateurs working the lower frequency

bands.

Bienfcetfr.g This is not a tunable effect, but

a total blocking of the receiver-

A more or less complete ''washout” covers

the entire receiver range when the earner

is switched on. This produces either 2 com-

plete blotting out of all broadcast stations,

or else knocks down their volume several

decibels—depending on the severity of the

interference. Voice modulation causing the

blanketing will be bigbly distorted or even

unintelligible. Keying of the carrier which

produces the blanketing will cause an annoy-

ing fluctuation in the volume of the broad-

cast signals.

Blanketing generally occurs in the imme-

diate neighborhood (inductive field) of a

powerful transmitter, tbe affected area being

directly proportional to the power of tbe

frAisnirfissr. Ahv, k k arosK? pezrslass wkh
transmitters which operate in the 160-meter

and 80-meter bands, as compared to those

operating on the higher frequencies.

The great majority of "modern” broadcast

receivers employ a loopstick antenna con-

cealed within the receiver cabinet. Loopstick

pickup at the higher frequencies is quite

restricted and the receiver maybe physically

oriented for minimum pickup of the inter-

fering signal. In addition, bypassing each side

of the receiver power line to the chassis ox

negative return bus with a pair of .OI-/1F,

1.6-kV ceramic disc capacitors is recom-
mended. The remedies applicable to tbe stereo

receiver circuits, previously discussed, also

apply to a broadcast receiver.

Phcntoms With two strong local signals

applied to a nonlinear imped-
ance, the beat note resulting from cross

modulation between them may zz11 on some
frequency within the broadcast band and
will be audible at that point. Jf such 2

“phantom” signal falls on a local broadcast

frequency, there will be heterodyne interfer-

ence as well. This is 2 common occurrence
vuth broadcast receivers in the neighborhood

of two amateur stations, or 2n snetazf and

a broadcast station. It also sometimes occurs

when only one of the stations is located in

the immediate vicinity.

As an example: an amateur signal on 351-4

kHz might hs2t with a local 2414 kHz

carrier to produce a 1109-kHz phan-

tom. If the two carriers are strong enough

in the vicinity of 2 rircmt.wiuch can cause

rectification, the 1100-kKz phantom will be

heard in the broadcast band. A poor contact

between two oxidized wires can produce

rectification.

Two stations must be transmitting simul-

taneously to produce 2 phantom signal; when

either station goes off the air the phantom

disappears. Hence, this type of interference

is apt to be reported as highly intermittent

and might he dim cult to duplicate unless 2

test oscillator is used "'on location” to rimul-

late the missing station. Such interference

cannot be remedied at the transmitter, and

often the rectification takes place some dis-

tance from the receivers. In such occurrences

it is most difficult to locate the source of the

trouble.

k sis# bs sufSTsm thst s phaernm

might fall on the intermediate frequency of

2 simple superhet receiver and cause inter-

ference of the untunsble variety if the man-

ufacturer has not provided an 5-f wavetra?

in the antenna circuit.

Tins particular type of phantom m2}', in

addition to causing i-f interference, generate

harmonics which may he tuned in 2nd out

with heterodyne whistles from one end of

the receiver dial to the other. It is in this

manner that birdies often result from the

operation of nearby amateur stations.

Figure 15

HIGH-PASS FILTER FOR AMATEUR
RECEIVER.

This tingle filler ztterartes i5£T.a!s befcw
1533 kHz Id reiscs rveriDji ctvtsi by strsrj

nezrty inetszsi steiicns. Filler is id*zr.e2 t;

be etsceS « series with cssriel line Is re-

ceiver. Filter sfcrsSS be bvVt in small tbleW
brz with zsprepriete ctzr.iel fltlir.es. J. W. teller

ferrite efirfce UTZ2-1? rr.ty be ssei fer 2.3 &
tftisrtcr.
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input leads to the equipment, one at a time,

and new which one reduces or eliminates the

interference- The speaker leads can be dis-

connected and 2 pair of low impedance ear-

phones with short leads substituted for the

interference tests-

If interference is still present sfrfc the

leads disconnected, the interference may be

entering the equipment via the power line.

or else is picked up by the internal mines:

of the equipment. A power-line niter, such

2$ described for a television receiver in an

earlier Section of this chzptsr is recom-

mended in the first case. Power line-type

interference can be checked by pulling the

plug out of the wall receptacle ~'hSe the

interference is manifesting itself. If the RH
is entering the equipment via the sc line it

will disappear the instant the plug is pulled;

if it is being picked up by the internal wir-

ing of the stereo equipment it will slowly

fade away as the power supply Biter capaci-

tors discharge.

If the interference seems to be arriving

via the speaker leads, the leads should be

made as short as possible and each lead

bypassed to the chassis (ground) of the

equipment by a .01 -/T due ceramic capa-

citor. If interference is still present to 2

degree, the speaker leads may be wrapped

around 2 ferrite rod, or core, ar the equip-

ment. About 20 turns around the core will

suffice. Leads to the pickup may he treated

in the same manner using a small ferrite

core. An extra ground lead between the

changer pickup and the stereo chassis may

also be of assistance in reducing r-f pickup.

Equipment R-f interference to solid-sate

Problems amplifiers is caused primarily by

the rectifying action of the tran-

sistor junction which Semoduhtes 2 strong,

nearby signal. A small ceramic capacitor

should be connected between the emitter-

base function (figure M). A ferrite bead

in series with the base lead may also be of

benefit. An additional ferrite bead on the

feedback line is recommended.

In spite of shielded patch cords being used

in modern stereo gear, the cords are poor

shields as far as r-f energy goes. In many

cases, the “shield” consists of a spirally

wrapped wire partially covering the main

Efeure 14

RFI SUPPRESSION IN

STEREO EQUIPMENT

A STT72 J] ceramic bypiss capacitor is placed be*

tnesr tbs tzse-emittsr ionttisn In tbs first

stages cf the amplifier. Feirrle beads can also

fcs used in Uis input and feedback circuils ip

further suppress RFI. The caljeptor supply is

also bypassed with a ceramic dise capacitor.

feed. Substituting coaxial cable (RG-19/U,

for example) for the original leads will also

help in stubborn cases of RFI.

If it is apparent that the interference is

entering the equipment via the f-m antenna,

instdkticn of a TV-type high-pass Beer

will attenuate the interfering signal. Only

as 2 last resort should shielding of the stereo

equipment itself be attempted as rrnny units

have Soaring ground circuits. It is possible,

however, to make small shields out of alumi-

num foil that may be clipped or fsszened

in place around critical circuits.

Esch piece of stereo equipment must he

handled as a special case, bur if these broad

guidelines are followed, it should be possible

to suppress the majority of RH cases. The

techniques outlined in this section also apply

to electronic organs or other home entertain-

ment devices.

In many cases the equipment manufac-

turer has special service guides to aid in the

suppression of RFI. This mformsdon should

be obtained by writing directly to the

manufacturer of the equipment.

16*5 Broadcast

Interference

Interference to broadcast signals in the

S4Q. to 1600-kHz band is 3 serious matter
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which is separated from the desired signal

by twice the Intermediate frequency.

Thus, In a receiver with a 175-kHz Inter-

mediate frequency tubed to 1000 kHz; the

hf oscillator is operating on 1175 KHz, and

a signal on 1350 kHz (1000 kHz plus 2 X
175 kHz) will heat with this 13.75-kHz

oscillator frsqency to produce the 175-kHz

i-f signal. Similarly, when the same receiver

is tuned to 1450 kHz, an amateur signal on

1800 kHz can come through.

The second variety of superhet interfer-

ence is the result of harmonics of the receiver

high-frequency oscillator beating with ama-

teur carriers to produce the intermediate

frequency of the receiver. The amateur

transmitter will always be found to he on

a frequency equal to some harmonic of the

receiver hf oscillator, phij or minus ihc

tufemcdiale frequency.

As an example: when a broadcast superhet

with 455-kHz intermediate frequency is

tuned to 1000 kHz, its high-frequency oscil-

lator operates on 1455 kHz. The third har-

monic of this oscillator frequency is 4355

kHz, which will beat with an amateur signal

on 3530 kHz to send a signal through the

i-f amplifier. The 3530 kHz signal would be

tuned In at the 1000-kHz point on the dial.

Insofar as remedies for image and harmon-
ic superhet interference are concerned, it is

well to remember that if the amateur signal

did not in the first place reach the input

stage of the receiver, the annoyance -would

not have been created. It is therefore good
policy to try and reduce or eliminate it by tbs

means discussed in this chapter. However, in

some solid-state equipments, it is almost

Impossible to make the necessary circuit

changes, or the situation does not allow the

amateur to work on the equipment. In either

case, if this form of interference exists, the

only alternative is to try and select an oper-

ating irequency such than neither Image nor
harmonic interference will be set up on
favorite stations In the susceptible receiver.

16-6 Other Forms of

Interference

rectifiers of nearby r-f energy, injecting the

modulation of the signal on the telephone

circuit. The first step to take when this form

of interference develops is to contact the

repair department of your local telephone

company, giving them the details. Depending

upon the series nomenclature of the pnone

in use, the company is able to supply venous

types of filters to suppress or reduce ins

interference. The widely-used series 550

phones require the replacment of the eristog

compensation network, with a type 425j

network (supplied by the phone company)..

This device has the varistors replaced wits

resistors in the network- In addition, i

.01-/IF ceramic capacitor should be placri

across the carbon microphone and also across

the receiver terminals. Thejplder series 5

M

phones require only a .01-pr ceramic capa-

citor placed across the microphone.

The newer ("touchtone”) phones, width

include series 1500, 1000 and 3700, uqiire

the same modification as the series 5.09 units,

except that the replacement network Is a

type 403 0E.

In addition to the modification derices

for the telephone instrument the phone com-

pany can also supply a type 403A line filter

capacitor which acts to bypass the drop wjis

coming into the telephone and also a type

3 542A r-f inductor which is placed 2: the

connector block. All of these items are avail-

able, upon request, from your local telephone

company, in most cases.

Ptr*5T-Liri5 Power-line interference may

Interference reach 2 radio receiver by trans-

mission along the line or PJ'

direct radiation. Typical sources of poT',£
f'

line interference are spark 2nd electrostatic

discharge. Sprzrk discharge from brush-tyt*

motors, heaters for fish aquariums, thermo-

stats on sleeping blankets, and hearing pa-*

are prolific sources of such interference. It

the interfering unit can be located, by?*s5

capacitors on the power line directly at ift

unit will usually scourers the noise. Jnt

noise may often be located by using a pos-
able radio as a direction finder, homing m
°n the noise source. Direct power-line noise-

caused by leaky insulators or defective hard-

ware on high-voltage transmission lines -

narder to pinpoint, as the noise may be cir-

ried for a considerable distance 2ior.g the iir.e-

clcptanc

tffcrcr.ee
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see component of s phantom is s

stesdy unmodulated carrier, only the inteBi-

gence presence on the other carrier is con-
vered to the broadcast receiver.

Phantom signals almost always znay be

identified by the suddenness with which thev
2re interrupted, signaling withdrawal of

one parti' of the union. This is especially

baling to the inexperienced interference

beater, who observes that die interference

suddenly diss2pears, even though his own
transmitter remains in operation.

If the miring or rectification is taking

place in the receiver itself, a phantom signal

may be eliminated by removing either one

of the conrribnring sigoals from the recover

input circuit.

In the case of phantom crosstalk in an

amateur-band receiver, a simple high-pass

filter designed ro attenuate signals below

1600 kHz may be placed in the coaxial

antenna lead to the receiver (figure If).

This will greatly reduce the srrengzh of

local broadcast signals, which in a metro-

politan area may amount to fractions of

a volt oa the recover input circuit.

Ac/de Receivers Inexpensive tube-type ac/
dc receivers are particu-

larly susceptible to interference from ama-

teur transmissions. In most cases the

receivers are at fault; bat tins does not

absolve the amateur of his responsibility in

attempting to eliminate the interference.

In cases of interference to inexpensive

receivers, particularly those of the ac/dc

type it will be found that stray receiver

rectification is causing the trouble. The of-

fending stage usually will be found to be 2

bigh-p triode as the first audio stage follow-

ing the second detector. Tubes of this type

are quite nonlinear in their grid character-

istic, and hence will readily rectify any r-f

signal appearing between grid and cathode.

The r-f signal may get to the tube zs 2 result

of direct signal pickup due to the Isck^of

shielding, but more commonly will be *ed

to the tube from the power line as a result

of the series heater string.

The remedy for this condition is simply to

ensure that the cathode and grid of the

high-p audio tube (usually 2 12AY6 or

equivalent) are at the same r-f potential.

Figure 16

CIRCUIT FOR ELIMINATING

AUDIO-STAGE RECTIFICATION

This is accomplished by placing zn r-f bypass

capacitor with the shortest possible leads

directly from grid to cathode, and then add-

ing an impedance in the lead from the

volume control to the grid of the audio

tube (figure 16).

In many ac/dc receivers there is no r-f

bypass included across the plate-supply recti-

fier for the sec If there is an appreciable

level of r-f signal on the power line feeding

the receiver, r-f rectification in the power

rectifier of the receiver can cause a particu-

larly bad type of interference which mar be

received on other broadcast receivers in the

vicinity in addition ro the one causing the

rectification. The soldering of : 0.01-/J,

1.6-kV disc ceramic capacitor directly from

anode to cathode of the power rectifier

(whether k is of the vacuum-tube or silicon-

rectifier type) usually will bypass the r-f

signal across the rectifier and thus eliminate

the difficulty.

Jmoge Interference In addition to those types

of interference already

discussed, there are two more which are com-

mon to superhet receivers. The prevalence of

these types is of great concern to the ama-

teur, although the responsibility for their

existence more properly rests with the broad-

cast receiver.

The mechanism whereby image production

takes place may be explained in the following

manner: when the first detector is set to the

frequency of an incoming signal, the high-

frequency oscillator is operating on another

frequency which differs from the signal by

the number of kHz of the intermediate

frequency. Now, with the setting of these

two stages undisturbed, there is another

signal which will beat with the high-fre-

quency oscillator to produce an i-f signal.

This other signal is the so-called reregc,
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General Electric Customer Care Service Op-

eration. If G. E, Customer Care Service is

unable to correct the EH, ribe customer

should refer the problem to General Electric

Co., Mr. J. E. Konwood, Manager of Con-
sumer Affairs, Applknce Park, Louisville,

KY 40225, tel 502-4)2-3754. AH EH
problems involving G. E. radios, record

plaj’ers and other audio products should he
referred to kknager of Consumer Counsel-

ing, Mrs. Patrick C. Cleary. Electronics

Park. Bldg. 5, Syracuse, NY 13223, tel.

315-455-3588.

General Motors Corporation
T
Erom time to time you may have ques-

tions concerning the electromagnetic com-
patibility of mobile transmitters -when in-

stalled on General Motors vehicles. To belt)

avoid such questions from anting, it is urged
that care he taken to follow any apnlicable

GM service procedures. The local GM Ser-

vice Manager for the Car or Truck Division
whose Tehicle is involved should he con-
tacted for information about such service

procedui.es. If you are unable to obtain such
assistance locally or if questions nevertheless
arise, we have established a central contact
point for all such inquiries. Accordingly,
you should direct your inquiries to: Mr.
Henry J. Lamherrz, GM Service Besearch
(GMSR), Service Development Center,
30501 Van Dyke, Warren, ~MI 48 050, tel!

015-452-8448. He will direct your inquiries
to tne appropriate divisions or stag within
GM and follow up to see that aporoprkte
action is taken.”

Cvlbrtttsen, Division of CBS Muses!
Instruments, Inc.

Gulbmso cotpsrata -mth d-tfe ja,
COCTmc-iin oSeriag suggested solutions a
.u L Guibrtnssn doss not tis“JS“ wri&s. Vhtu oassas'ess.
U--C cucountered bettuse of the ma±r a
tb, u.j.snu,.", too relttire pover. hotrerer

„
.

. ,5 SK,E!=>» uisorh ie cos: o
s.rr^ung problems. Customers snoul:
-e,cr jjq problems to the bud detier, in

P* » Mr. j- A. Itcono
Consume^s-^oe Supervisor. 3 DO ^llmo

D^rnrin, H 50015, tel 800-323-1 814
Hammond Organ Company

Hammond maintains -a staff of technical 'ser-

vice representatives who travel in the tielo

and may he called upon to assist local dealer

technicians with difficult or unusual service

problems, including EH.” Hammond states

that the services of the Engineering and

Technical Yield Sendee Departments under

its control are provided to -consumer and

dealer without charge. EH problems should

De reierred to the local Hammond dealer, in-

quiries may be directed to the Hammond
Technical Sendee Department, 42D0 VI

Drreney Are., Chicago, IL 50535, Atten-

tion: Jerry J. "Welch.

Hsrrrrarc/ferdort, Inc.

EH problems ’should he directed to Hur~

man/Aardon at 240 Crossways Lark "West,

V7oodbuiy, NT 11757, tel 515-455-3405,

Attention: Customer Eektions Dept.

Hesth Company
Heath Co. suggests that, for fastest .ser-

vice on matters related to EH regardless cf

the product line involved, ’customers may

now reach the Technical Consultation De-

partment by tither writing directly to that

department at Heath Co., Benton Harbor,

MI 45022, or by using a new direct-lbs

telephone system to the department by call-

ing 515-582-3302. Do not write to an

individual

Kifechi Sties Corporation of Araarics

~Our prknarr products are Tvs, radios,

tape recorders, H-5 components and video

tape recorders. Hitachi Sales Corn, of Amer-

ica artemprs to cure each EH problem on

an individual bask Customers should pro-

vide model number and information con-

cerning the nature of the problem. EH
problems should be referred to the nearest

Hitachi Legions! Omce.” Zcrirrr. Argent
Ojjice, 1200 "Vail St. Vest, Lyndhurst, Nj
07013, tel 021-355-8580, Attention: Ser-

vice Dept. Mif-'Tcrrrr Ergirwa:? Of-cc,

1400 Morse Ave., Elk Grove "vElaue, H
50007, tri. 332-533-1550, Attention Ser-

vice Dept. IFcj&vt 3spcr.cl Ojprc, 512

Vahut, Compton, CA 30220, tel 213-557-

8oE5, Attention: Service Dent. Syuihrm
ZspOKcl OjEcr, 51 0 Plata Dr- Cohere Park.

GA 30545, tel 404-753-0350, Attention:

Serrice Dspn
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Standing waves of noise are also apparent

on power lines, leading to false noise peaks

that confuse the source. Many power com-

panies have a program of locating interfer-

ence and it is recommended that the ama-

teur contact the local company office and

register a complaint of power-line interfer-

ence rather than to try and find it himself,

since the cure for such troubles must be

applied by the company, rather than the

amateur.

Electrostatic discharge may he caused by

intermittent contact between metallic ob-

jects in a strong electric field. Guy wires or

hardware on power poles are a source of this

form of interference. In addition, loose

hardware on a nearby TV antenna, or the

tower of the amateur antenna may cause

this type of interference in the presence of

a nearby power line. This type of interfer-

ence is hard to pinpoint, but may often be

found with the aid of a portable radio. In

any event, suspected power-line interference

originating on the power-line system should

be left to the power-company interference

investigator.

Interference from The sweep oscillator of a

TV Receivers modem TV receiver is a

prolific generator of har-

monics of the 15.75-kHz sweep signals.

Harmonics of high amplitude are observed

as high as JO MHz from inadequately

shielded receivers. Sweep oscillator radiation

may take place via the power line of the

TV set, from the antenna or directly from

the picture tube and associated sweep circuit

wiring. Most cases of nearby interference

use a combination of all three paths.

Oscillator radiation-along the power line

can be reduced by tbe use of a power-line

filter or by wrapping tbe line around a fer-

rite rod. Radiation from the TV antenna

can be substantially reduced by the use of a

high-pass filter installed at the receiver and/

or the use of a shielded lead-in.

Radiation from the sweep-circuit wiring

itself is difficult to suppress and modifica-

tions to the television receiver are not rec-

ommended. However, it should be pointed

oar that radiation of this type, if of suffi-

cient intensity to cause serious interference

to another radio service, Tails under Part IS

of the FCC Rules and Regulations. When
such interference is caused and is reported,

the user of the receiver is obligated to take

steps to eliminate it. The owner of the

receiver is well advised to contact the manu-
facturer of the receiver for information

concerning the alleviation of the radiation.

Light Dimmers Inexpensive wall-receptacle

light dimmers are a prolific

source of r-f interference which resembles

a high buzz which increases in strength at

the lower frequencies. These devices make

use of an expensive silicon controlled recti-

fier (SCR) which is a high speed unidirec-

tional switch. V'hen the SCR conducts, it

creates a very steep wavefront, which is

rich in harmonic energy. More expensive

dimmer controls are available having r-f

harmonic suppression built in the case, and

the easiest way to get rid of this annoying

source of RFI is to replace the offending

unit with a model incorporating die sup-

pression circuit.

16-7 Help in Solving TVI

Some TV set manufacturers will supply

high-pass 11'' filters at cost for their receiv-

ers or provide information on TVI reduction

upon request. Then writing to the manu-

facturer about TVI problems, supply com-

plete details, including model and serial

number of the TV set involved; tbe name

and address of the TV set owner; the name,

address, and call letters of the amateur

involved; and particulars of the interference

problem (channels affected, frequency of

amateur transmitter, sound or picture af-

fected, etc.)

.

The following manufacturers

can supply information and assistance:

Manufacturer Service

Representatives

(The information contained in this listing

has been supplied by the American Radio

Relay League (ARRL), Newington, Con-

necticut.)

Admiral

No longer in Business. For parts, tel.

800-447-8361.
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nesting talent for assistance in handling dii-

ficult RFI problems.

Morse Electro Products Corporation

"RFI complaints related to Morse enter-

tainment products m2y be referred to Mr.

Phillip Perrara, Service and Parts Dept^

3444 Morse Dr., Dallas, TX 75221, te

L

214-337-4711 or S00-527-6422.”

Nikko Audio

"Nikko’s line of products includes stereo

receivers, tuners, amplifiers, combination pre-

amp 2nd main-amp pars, tape decks and

signal processors. For information and as-

sistance with any Nikko products, inquiries

should be made to Mr. Robert Fontana, Na-

tional Service Manager, Service Dept., 320

Oser Ave., Hauppauge, NY 11787. tek

516-231-8181.”

North American Phillips Corporation

This corporation no longer manufactures

its own RFI-proue products. (See Sylvania.)

Nutone Division

"Refer RFI problems to L5r. Norman "V.

Aims, Field Service, Scovil Housing Products

Group, Madison and Red Bank Rds., Cincin-

nati, OH 45227, tel. 513-527-5415
”

Panasonic Company
Then instances of RFI occur, the cus-

tomer should contact Panasonic at the fol-

lowing address: Panasonic Co., Division of

Matsushita Electric Corp. of America, One
Panasonic Thy, Secaucus, NJ 07054, At-

tention: Supervisor of Quality Assurance

Group, tel. 201-348-7000. Ike customer

should provide model number, serial number
and information concerning the problem.

Upon review of the problem, the customer

will he contacted and advised where to re-

turn the unit for corrective repair. ’Tana-
sonic will absorb both parts and labor costs

in these instances.”

Phase Linear Corporation

"?\FI problems should be directed to Phase

Linear Service Depu, Rick Bernard, Service

Manager, 20121 4Sth Ave. "'Test, Lynnwood,

T*A 98036, teL 206-774-SE-S. In-house

upon request at no charge.”

Quasar Company (Mafmlufe

Corporation ofAmerica)

For 2 Kgh-pass filter, the consumer should

contact Quasar Co., Consumer Relations

Manager, Mr. George Datillo, 9401 W.

Grand Are., Franklin ?2rk, IL 60131, teL

312-451-1200. Model and seriri number of

the receiver 2nd frequency of the interfer-

ing signal, if known, should be included

vith the written request, as well as whether

sound or picture or both are affected. Tbs

Qtasar distributor serving the local area

should be contacted relative to 2ny other

interference -problem that is unique to Qua-

sar products.

Radio Shack.

"Customers who encounter unique in-

terference problems involving Radio Snack

2udio products may write to Mr-

Gamer or Mr. AI Zuckennan, Product

Development Engineers, National Headquar-

ters, 1100 One Tandy Center, Fort '<Vonh,

XX 76102, tel 817-350-3205/’

RCA Consumer Electronic?

’RFI problems involving both TV and

audio products may be referred to Mr. J- J*

Sanchez, 600 N. Sherman Dr., Indianapriis,

IN 46201, tel 317-267-6448. Requests for

filters should include model number and

serial number of the RCA television receiver.

Filter installation charges will be the cus-

tomer’s responsibility.”

Pledgers Organ Company, Dmsron of

CBS Musical Instruments, Inc.

RFI problems involving the Rodger? Or-

gan m2y be referred to Custom Organ is?

t

Department, 1300 N. East 25th Ave., Hdk-

boro, OR 97225, teL 503-648-4181.

Rotel of America, Inc.

Stereo receivers, amplifiers, tuners and taps

decks are made by Rot-L RFI problem?

should be referred to Michael Gregory. Na-

tional Service Manager. 15528 S. Normandk

Ave., Gardenia. CA 50249. "RFI problem?

will be handled according to the terms c:

our limited warranty.”

Sanrui Electronics Corporation

"RFI problems should now he directed

to Vs. Frank Barth. Vice Fredden: Frank

Barm, Inc., 50D 5th' Ave^ Nev York, NT

/
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J. C. Penney Company, Inc.

J. C. Penney Company asks that custom*

ers with RFI problems contact their nearest

J. C. Penney store for personal assistance.

J. C. Penney Company, Inc., 1301 Avenue

of the Americas, New York, NY 10019.

Kenwood Electronics, Inc.

Kenwood asks that customers with RFI

problems rake the affected unit to an autho-

rized service center where an adjustment

will be made at no cost to the customer if

die product is properly registered wirh Ken-

wood and is within warranty. It is suggested

that prior authorization for the return be

obtained from Mr. Toshi Furutsuhi, 1315

E. Watsoncenter Rd., Carson, CA 50745,

tel. 213-518-1700,

Lafayette Radio Electronics

Corporation

"Customers should refer RFI problems

involving Lafayette products to the local

dealer, U the dealer cannot alleviate the

problem, the customer may contact Mr.

Charles Tanner, Vice President Administra-

tion, 111 Jericho Tpk., Svosser, NY 11751,

teL 516-521-7700,”

Lowrey Division of Norlin Music, Inc.

"Lowrey customers should reierKFl prob-

lems to the local Lowrey dealer or cert&ed

Lowrey technician . Lowrey provides all tech-

nicians with technical literature regarding

RFI and will provide assistance to local ser-

vice organizations through its staff of field

technical representatives when needed. In-

quiries may be directed to Mr. Larry R.

Thomas, Director of Product Service, 707

Lake Cook Rd., Deerfield, IL 60015.”

Magnavox Consumer Electronics

Company

"RH problems are usually handled by the

local Magnavox Authorized Service Center.

Technical assistance in resolving such prob-

lems is provided by the Magnavox Field Ser-

vice Staff through four Area Service Offices,

Technicians or customers may refer unusual

RFI problems involving Magnavox products

to their nearest Area Service Center,” In the

New York area contact Magnavox Con-

sumer Electronics Co., 161 R Union Ave.,

East Rutherford, NJ 07073. In the Chicago

area contact Magnavox Consumer Electron-

ics Co.. 7S10 Frontage Rd., Skokie, IL

60077. In the Atlanta area contact Magna-

vox Consumer Electronics Co., 1858 Leknd

Dr., Marietta, GA 30067. In the Los Angeles

area contact Magnavox Consumer Electron-

ics Co,, 2645 Maricopa Sr., Torrance, CA
50503.

Maranfz (see Superscope)

Mclnfosh Laboratory, Inc.

"McIntosh has 2 number of authorized

service agencies located throughout the coun-

try. Customers will be assisted to receive

prompt help. RFI and other service-related

problems can be directed to Mr, John

Behory, Customer Service Manager, 2 Cham-

bers St., Binghamton, NY 15505. tel. 607-

723-3512”

MCA Mitsubishi Electric Sales

America, Inc.

MGA is the new sales and service repre-

sentative for the Mitsubishi Electric Corp.

RFT reports from the field, beyond the

dealer’s capability to resolve and in which

MGA becomes involved, are handled on an

individual basis, as in the past. “All attempts

will be made to give customer satisfaction

MGA suggests that requests for assistance

be. -jr&hsts'cti VM1 L. VtfSWA Guzbj,-

ton, CA 50221, or the Service Department

may be contacted by telephone, roll free, at

8O0-42I-H32. Mr. Ken Kratka is the new

National Service Manager.

Midland International Corporation

Midland policy remains the same. If any

RFI problems 2re encountered with Midland

portable black-and-white znd color TVs or

audio and radio products, individuals should

contact Mr. Dennis Oyer, Vice President

Customer Service, P. 0. Box 1903, Kansas

City, MO 64141, or at 1690 N. Topping,

Kansas City, MO 64120, teL 816-241-8500,

Montgomery Ward
Service for RFI should he obtained from

the nearest Montgomery 'Ward location. If

service is not obtainable locally, the cus-

tomer may write to: Customer Service Prod-

uct Manager, Corporate Offices, Montgomery

Ward PJaza 4-N, Chicago, It 60671. The

Montgomery Vard field service organization

can C2JI upon /acton* and corporate engi-
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07302, tel. 201-434-1050. All service prob-

lems on stereo merchandise are to be referred

to our authorized service centers. The near-’

est one can be found by calling toll free in

the continental U.S., 800-631-3092,”

Superscope/Maranfe Corporation

Superscope/Marantz manufacturers a-m

/

f-m receivers, tuners, amplifiers, tape re-

corders, record players and audio systems.

In the event of special RFI cases resulting

from extremely high fields, contact the

Technical Services Dept, at Superscope cor-

porate offices. "Modifications necessary to

resolve such RFI problems are provided to

customers on an individual basis.” Super-

scope/Marantz Corp., 20525 Nordhoff St.,

Chatsworth, CA 91311, tel. 213-998-9333.
For Service Dept., call toll free, 800-423-

5224, Attention: Mr. Albert Almeida, Tech-
nical Sendee Manager.

Sylvania/Philco, Division of North
American Phillips Corporation

Sylvania policy remains as follows: "Fac-
tory field service and field engineering per-
sonnel work together to solve many of the
TVI and audio rectification problems. If the
consumer has an interference condition, he
should contact his local dealer. He is in
touch with the manufacturer’s services that
will help resolve it.” Consumers should con-
tact the dealer and work through his services
first. RFI problems are handled on an indi-
vidual basis. Sylvania has available for their
technicians an excellent pictorial TVI train-
mg manual titled, Diagnosis, Identification
ond Elimination of TVI Sylvania/Philco,
Air. Jack Berquest, Manager Sendee Train-

ing, Consumer Electronics Division, 700
tllicott St., Batavia, NY 14020, tel. 716-

344-JOOO.

Tandberg of America, Inc.

Vhen RFI occurs in Tandberg products,
the manufacturer suggests that the unit be
returned to them. "We will do any modifica-
tion possible to eliminate the RFI.” Authori-
zation should be obtained from Mr. Tor
Sivertsen prior to return of the unit. Mr.
Tor Sivertsen, Technical Vice President,
Labriola Ct., Armonk, NY 1050^, tel 9U-
275.91J0.

Thomas International Electronic

Organs, Division of Whirlpool

Corporation

“RFI is usually resolved at the dealer level.

If the manufacturer’s field service is made

aware of a consumer complaint regarding

RFI, they contact the seller and advise him

on how to eliminate the problem.” Thomas

has six field service engineers. In the event

of a call for assistance, an engineer person-

ally contacts the consumer by telephone and

makes an appointment to visit the home of

the consumer to correct the RFI condition,

with or without the dealer’s technician.

"We do not charge the consumer for this

service. Refer RFI complaints to the dealer.

Inquiries may be directed to klr. Daniel E.

Hofer, Manager Field Service, 7300 Lehigh

Ave., Chicago, EL 60648, tel. 312-647-8700

or 800-323-4301.

Toshiba America, [nc.

Customers should contact the nearest re-

gional office, an updated listing of which

appears below, for obtaining assistance in

solving RFI problems involving Toshiba

televisions, radios, tape products, amplifiers,

tuners and receivers. Mr. Stanley Friedman,

National Service Manager, 82 Totowa Rd.,

Wayne, NJ 07470, teL 201-628-8000. Mr.

Sy Rosenthal, Eastern Regional Service klan-

ager, 82 Totowa Rd., Wayne, NJ 07470,

tel. 201-628-8000. Mr. Ray Holich, Mid-

West Regional Service Manager, 2900 MaC-

Arthur Blvd., Northbrook, IL 60062, teL

312-564-5110. Mr. C. B. Monroe, Southwest

Regional Service Manager, 33 0D Royalty

Row, Irving, IX 75062, tel. 214-438-5814.

Mr. S. Ito, Western Regional Service Man-
ager, 19515 S. Vermont Ave., Torrance, CA
90502, tel. 213-538-9960.

U.S. JVC Corporation

"Inquiries related to RH involving JVC
products may be referred to Mr. T. Sadato.

Chief Engineer, 41 Slater Dr., Elmwood, NJ
07407, tel. 800-526-5308.”

U.S. Pioneer Electronics Corporation

"Contact: Mr. Andrew Adler, Eastern

Region, 75 Oxford Dr., Moonachie, NJ
07074; Mr. John Noa, Southern Region,

1875 Walnut Hill Ln., Irving. TX 75062;
Mr. Clarence Skroch, Western Region, 48SO
W. Rosecrans Ave., Hawthorne, CA 90250;
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10110, tel 212-3SS-0S20. frank Sinn, lac.

is sse seretzszag sad public rekdors
sgeacv rtsreseatiag SanruL Mr. Bsrrh —x!l

(feecc the cus^mer to as sppropnate Sansui

Semes Center.*' A Sansui representative izar

previously smtsc enst all Saasui products ars

carsMj c£«hd refer so Bsd ssekssdzg
cozz&znsnzs tot szscspzbSizr to RFl
'Usis are otten taken to Hgh rf-Ieve! areas

sped! ss New lorn City to detains an"
GEsga Eaves/’

Sanyo Electric, Inc.

"Is die even: an RH problem should oc-

cur, the customer is requested to tale the

set to the nearest Sanyo authorized repair

station. Transportation to and from the shop

is the responsibility of the customer. Should

the shop no: alleviate die problem, either

the customer or the shop should contact Mr.

Brad Coulter, Consumer Relations Manager,

Sanyo Electric, Inc-. Electronics Division,

1200 V. Artesis Bird., Compton. CA “0220.

tel 2I3-557-5S50.”

Scientific Audio Electronics, Inc.

“Refer RH inquiries to Mr. IGchasl L
Joseph, National Marketing Manager, or

contact Mr. Robert Hunt. National Service

Manager. 701 E- Macy St., lot Angeles, CA
90012, tel 215-419-7600."

H. H, Scott, Inc.

This manufacturer offers a simple instruc-

don sheet to aid customers in resolving prob-

lems involving jf pickup. The Information

isdados rapsssdoss about suitable equip-

ment grounding, power-line bypassing and

hints and suggestions on horn to determine

~here rf Is entering the equipment. 'Cus-

tomers should refer any RH problems to

i£r- D. F. Merrymam Engineering Dept.,

20 Commerce TTsy. vTobum, MA 01 £01,

tel. 617-93 5-SSGG.”

Sears, Roebuck and Company

Seam asks that customers -with an RH
problem involving a Ssczs product contact

the nearest Stars service department for as-

sistance. Inquiries may be directed to Mr.

R. C. Good, .Manager Marketing Communi-

cation^ Home Appliances. Dept. 705, Sean

Tomer, Chicago, IL 606f4, tel 512-275-

S366.

Sharp Electronics Corporation

"Sharp Electronics mill with proof of

purchase, supply customers with z Drake
TV-500 high-pass Stef at no cost. Audio

rectgrcaeion problems are handled on an

individual basis by the Service Department.

Refer RET problems to Service .Manager. 2
Eeysrcne Pi. Paramos, NJ 67612, tel”201-

262-9000.”

Sherwood, Division of

Inks! Corporation

easterners mrch interference problems

should contact Mr. David Daniels, Vice

President .Marketing, 17107 Eicgsviem Are.,

Carson. CA 90746. tel 2l5-nS-6U£.

Shure Brothers, Inc,

The manufacturer recommends the use

of balanced-line, lorn-impedance microphones

and cables. If an RH problem persists after

the above measures have been takes, the

cusmmer should contact Share Brothers, Inc.

srfrb spedScs so that they may he able to

help solve the problem. Refer RH problems

to Customer Services Depn, 222 Kartrey

Are., Evanston. H 60204, tel 512-566-

2555.

Sony Corporation of America

"Our primary products are color televi-

sion, black-and-white television, video tape

recorders, stereo equipment, audio compo-

nents and word-processing equipment. RH
assistance is provided through regional ser-

vice managers of Sony Factory Service Cen-

ters through the Customer Care Dtps As

RH booklet is available from the company

on recast. Sony Corp., 47-47 Van Dam
Sr., long kkhd Citf, NY 2 HOI, tel 212-

36I-S600.”

Sound Concepts

"Ve handle ail RH complaints at our

main laboratories at 27 Newell Rd., Break-

Ins, MA 02146, tel. 617-566-0110. V> re-

quest that the offending unit be accom-

panied by a description of the nature of the

RH; then: is no charge for this service.”

Soundesign Corporation

’’Soundsien Corp./Acoustic Dynisrcs re-

cuerts that all service problems relatmt to

nonstereo merchandise be reterred toJMr.

Thomas R. Greene, Admirlirrative Vice

President, 34 Exchange ?j-, Jttvcy O'ty, NJ



RADIO INTERFERENCE {RFI} 16.25

Mr. Daniel Brostoff, Mid-West Region, 737

Fargo Are., Elk Grove Village, 1L 60007.”

Wells-Gardner Electronics Corporation

"Wells-Gardener is a private-label manu-

facturer of consumer products. Inquiries

related to RH should be referred to our

private-label customers whose address ap-

pears on the model-number label attached

to the product. Special problems which sazy

be encountered by private-label customers

are usually referred to Wells-Gardner, Mr.

Harry McComb, Service Manager, 2701 N.

Kildare Ave,, Chicago, IL 60659, tel. 312-

252-8220”

Wurlitser Company

"The Wurlitzer Company makes available

a toll-free telephone line, 800-435-2930, to

assist any technician or customer in any and

all needs pertaining to the Wurlitzer prod-

uct. The Wurlitzer company maintains a

staff of held service managers^ who can

assist should an RFI problem arise. Wur-

litzer Co., 403 E. Gurler Rd., DeRaib, IL

60015.

Yamaha International Corporation

The Yamaha organization attempts to

cure each RH problem on an individual

basis. Yamaha supplies all necessary techni-

cal information at no charge. If interference

is caused by design error, Yamaha takes

steps at its own expense to remedy the

problem. Refer RFI problems to the local

dealer. The dealers are kept well informed

and current on RFI countermeasures. In-

quiries mzy be feted to Mr. William

Perkins, Electronic Service Manager, Elec-

tronic Sen-ice Dept., P.O. Box 6600, Buen2

Park, CA 90622, tel. 714-522-9551.

Zenith Radio Corporation

"Zenith gives consideration ro handling

and providing relief for RFI problems on

2 case-by-case basis. RH problems should

be referred to Sen-ice Division, 11000 W.
Seymour Ave., Franklin Park, IL 60131,

tel. 312-671-7550. RH referrals should in-

clude model and serial numbers of the af-

fected unit. Customers with a unique, diffi-

cult problem may direct a letter to Mr.

Richard Wilson, National Service Manager,

at the same address,
1 ’

Other Manufacturers

Ms. Sally Browne, Director of Consumer

Affairs, Consumer Electronics Group, Elec-

tronic Industries Association, 2001 Eye St.,

N.W., Washington, DC 20006, tel 202-

457-4900, may he contacted for assistance

or recommendations in the handling of RH
problems involving manufacturers not listed

here, or for assistance when the product is

no longer manufactured.

Note: This list has been compiled by Har-

old W. Ricbman, W4CIZ, a former FCC
Engineer in Charge and a member of the

ARRL RH Task Group. Additional RH
information appears from time to time in

QST magazine, the monthlv publication of

the ARRL.
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The vArewouni resistor consists of re-

sistance we wound around an insulating

form and fired with a ceramic jacket (fig-

ure 1). These units are used where temper-

ature stability is a prerequisite. Units are

available with resistance ratings of less than

a fraction of an ohm to several hundred

thousand ohms. General tolerance is ±2%
and the temperature coefficient of a typical

resistor is about ±100 ppm/°C. Power

ratings of wirewound resistors run from 2

watts to as much as 250 watts, or higher.

Figure 1

WIREWOUND RESISTORS

Resistors are wound with nichrome wire on a
ceramic form. Inductive reactance becomes a
problem when these resistors are used in high-
frequency applications. Special spirally wound,
ronmductive resistors are used to cancel out
the inductive effects at the higher frequencies.

The basic construction of a wirewound

resistor involves a winding of nichrome wire

and is by nature an inductance. Inductive

reactance becomes a problem when these re-

sistors are used in high-frequency applica-

tions. Special spirally wound (noninductive)

resistors are often used to cancel the induc-

tive effects at the higher frequencies.

_

v. irewound resistors are available with

either radial or axial leads and often have
2n uninsulated area so that contact may he

made to the body of the resistor 2 t a random
point.

The film-type resistor is made of a thin

conductive film deposited and fired on 2n

aluminum oxide, or glass, mandrel. The film

may be nickel chromium, tin oxide, or a

powdered precious metal mix (cermet).

Resistance value of the metal film resis-

tor is set after the film has been fired on the

mandrel. A spiral groove is ground or cut

around the mandrel to set the desired value.

The metal film resistor is finished by fitting

end caps with leads over the ends. The unit

is protected with a molten plastic dip.

Metal film resistors commonly available

are in the /%- and %-watt power capacity

with tolerances of ± 1 %. Resistance values

up to 200 megohms are available with a typ-

ical temperature coeScient of 100 ppm/
DG

The variable resistor (often called a rheo-

stat, or potentiometer

)

is a unit whose re-

sistance value may be changed by the user.

The rheostat is primarily considered to be a

power handling device, with ratings often

in excess of 1000 watts. Rheostats are used

for control of generator fields, motor speed,

lamp dimming, and like sendees. The rheo-

stat is commonly disc shaped and controlled

by a rotating shaft. The resistance element

is wound on an open ceramic ring and is

welded at each end to a terminal band hav-

ing connection points. The wound core is

covered (except for an exposed track) with

a fired enamel coating. The control 2rm is

insulated from the moving contact assembly.

The contact brush, carried by the mov-

able arm, is generally a powdered-metal

compound (copper-graphite) which is con-

nected by a flexible stranded shunt to a slip

ring which rubs against a center lead sup-

ported by the rheostat framework.

Wattage rating of a common rheostat is

based on a maximum attained temperature

of 3-40 °C measured at the hottest point on

the enamel coating. The maximum hot-spot

temperature varies with the percentage of

the rheostat winding in use.

The general purpose wirewound potenti-

ometer is available in resistance ranges from

0.5 ohm to about 150,000 ohms. The most

common ratings are 1.5, 2, 4, 5, and 30

watts with 2 resistance tolerance of — 10$.

The great majorin’ of potentiometers hare a

linear resistance winding, but special units

are available wherein the resistance change

is not constant throughout the shaft rotation.

An important property of the wirewound

potentiometer is resolution. With such a de-

vice, the resistance change, as the slider

moves from one extreme of rotation to the



CHAPTER SEVENTEEN

Equipment Design

The performance of communication equip-

ment is a function of the design, and is de-

pendent on the execution of the design and

the proper choice of components. This chap-

ter deals with the study of equipment cir-

cuitry and the basic components rh2t go to

make up this circuitry. Modem components

are far from faultless. Resistors have induct-

ance and reactance, and inductors have re-

sistance and distributed capacitance. None of

these residual attributes show up on circuit

diagrams, yet they are as much responsible

for the success or. failure of the equipment

as are the necessary and vital bits of resist-

ance, capacitance, and inductance. Because

of these unwanted attributes, the job of

translating a circuit on paper into a working

piece of equipment often becomes an impos-

sible task to those individuals who disregard

such important trivia. Rarely do circuit dia-

grams show such pitfalls as ground loops and

residual inductive coupling between stages.

Parasitic resonant circuits are seldom vis-

ible from a study of the schematic. Too

many times radio equipment is rushed into

service before it has been entirely checked.

The immediate and only too apparent results

of this enthusiasm are receiver instability,

transmitter instability, difficulty of neutrali-

zation, r-f wandering all over ^ the equip-

ment, and a general "touchiness of adjust-

ment.

Hand in glove with these problems gothe

more serious ones of receiver overload, T\ I,

keyclicks, and parasitics. By paying at-

tention to detail, with a good working

knowledge of the limitations of the com-

ponents, and with a basic concept of the ac-

tions of ground currents, the average ama-

teur will be 2ble to build equipment that

will work "just like the book says.”

The twin problems of TVI and parasitics

are an outgrowth of the major problem of

overall circuit design. If close attention is

paid, to the cardinal points of circuitry de-

sign, the secondary problems of TVI and

parasitics will in themselves be solved.

I7-I The Resistor

A resistor is a device which impedes the

flow of current and dissipates electrical en-

ergy as heat. The range of available resisrors

is great, ranging from less than one ohm to

many million ohms.

Two fundamental types of resistors exist:

fixed and variable. Fixed resistors are com-

monly either carbon composition, wire-

wound, or film. Film types may be cither

carbon, metal, or nonmetal film.

The carbon composition resistor is com-

posed of carbon held in a suitable binder

and fired within a ceramic jacket. Resist-

ance range is from 10 ohms to 22 megohms,

with power ratings of /, A, 1, and 2 watt

being most in demand. Resistance tolerances

are typically ± 209c, with ±10$c ar.d

±5 units available. Most units have tin-

plated axial leads.
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Figure 4

THE TRIMMING POTENTIOMETER
The trimming potentiometer is a "set end far
ge v device that is not intended for dynamic
control. The top unit is a multiturn unit thil
offers infinite resolution. The lower unit is a
single-turn design having a universal adjust'
ment slot lh2t accepts either a blade or Phil-
lips-type screwdriver. Both units have pin ter-

minals for circuit board mounting.

EQUIVALENT CIRCUIT OF A RESISTOR

®
EQUIVALENT CIRCUIT OF A RESISTOR

AT A PARTICULAR FREQUENCY

Figure 5

of a wirewound resistor, or capacitance be-

tween the granules of a composition resistor

tends to cause the reactance and resistance to

drop with frequency. The behavior of var-

ious types of composition resistors over a

^£51 TDR 51s B 69
ggl isV \

\ RESIST

ESISTDR A

X \

—
i ID IS

FREQUENCY K4.-

Figure 6

FREQUENCY EFFECTS ON SAMPLE
COMPOSITION RESISTORS

tr2ted in figure 5A, the general equivalent
circuit of a resistor. This circuit represents

the actual impedance network of 2 resistor

at any frequency. At 2 certain specified fre-

quency the impedance of the resistor may be
thought of as 2 series reactance (X.) as
sho~n m figure SB. This reactance may be
either inductive or capacitive depending on
whether the residual inductance or the dis-
tributed capacitance of the resistor is the
dominating factor. As a rule, skin effect
tends to increase, the reactance with fre-
quency, while the capacitance between turns

large frequency range is shown in figure 6.

By proper component design, noninductive

resistors having 2 minimum of residual re-

actance characteristics may be constructed.

Even these have reactive effects that cannot

be ignored at high frequencies.

^rewound resistors act 2s lov-Q in-

ductors 2t radio frequencies. Figure 7 shows

typical curves of the high-frequency char-

acteristics of cylindrical wirewound resistors.

In addition to resistance variations wire-

wound resistors exhibit both capacitive and

inductive reactance, depending on the type
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RESOLUTION OF WIREWOUND

POTENTIOMETER

The resistance of e wirewomo polentionieter

varies in a step-like progression as the sinter

moves from one turn of wire to the next. Reso-

lution is expressed either as angular or volt-

age resolution.

other, does not occur as a straight line but

rather as a step-like progression, as the slider

moves from one turn of wire to the next.

Resolution is expressed as either angular or

voltage resolution (figure 2). Precision po-

tiometers having high tolerance and good

resolution provide a resistance value that is

proportional to shaft rotation to better than

± 1%. The precision devices may be either

single turn, rotary; multiturn, rotary; or

linear motion designs.

The composition potentiometer is widely

used in all types of electronic equipment.

Power ratings range from 1/10 watt to

4 watts, while resistances from 20 ohms

through 10 megohms are commonly aval -

able. Various taper characteristics are shown

in figure 3. The most common taper is the

audio taper which provides 10% resistance

at 50% rotation.
, , , e r. rhnn

The resistance element ma>
,

film, carbon-ceramic or molded carbon.

More expensive potentiometers ^
3ke u

cermet material. The composition

ometer if Available in a number of t°k™«

ranging from fa— 1 car

bon-film devices to — 5% for S

cermet- units. Ambient temperature rating

for commercial units is 5 5 °C.

For high resistance values, the maximum

voltage rating across the end terminals of

the potentiometer is an important factor.

At a value of resistance defined as the criti-

cal value, the potentiometer is operating at

Figure 3

TAPER CHARACTERISTICS OF

COMPOSITION POTENTIOMETERS

The linear (ft) taper provides EO percent of the

resistance value at 50 percent of the clockwise

rotation. The tapers C and F provide 10 per-

cent of the resistance value at SO percent of

the rotation, Taper F is counterclockwise and

taper C Is clockwise.

maximum voltage and power at the same

time. Above this value, the wattage of the

unit must be derated. Most potentiometers

have a maximum terminal potential of 500

volts.

The trim mins potentiometer is a set and

forget” device that is not intended for

dynamic control. These units arc quite small

in size and often have a very -limited rota-

tional life of less than 1000 cycles. Once

sec, they are not normally readjusted except

as part of a regular maintenance or calibra-

tion program.

Common trimmers are packaged as either

rectangular, multiturn units or single-turn,

round units (figure 4) . Resistance values of

standard products range from 10 ohms to

50,000 ohms, with a usual tolerance of -

10%. Power rating of the common units

is Vi to Vi watt at a maximum temperature

rating of 70
C
C.

Inductance of Ever)’ resistor because of its

Resistors physical size has in addition to

its desired resistance. less de-

sirable amounts of inductance and distrib-

uted capacitance. These quantities arc tilus-
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sillfone and fefton are also used as thermo-

plastic dielectrics in special capacitors.

Mylar is the least expensive and most

commonly used film. It has 2 dielectric

constant between 2.8 and 3.5, hot this pa-

rameter varies widely with temperature. In

addition, mylar working voltage must he

derated above 25'C. Polystyrene has 2 linear

negative temperature coefficient 01 about

120 ppm/
0C and is often used in tempera-

ture compensating capacitors. Maximum op-

erating temperature is 85°C. Polysulfone

has high temperature capability but is ex-

pensive and unproven in regard to reliability.

Teflon works well up to 250°C and h2s 2

linear temperature characteristic but surfers

from 2 low dielectric constant.

Ceramic dielectric capacitors are widely

used in audio and rf circuitry. The inex-

pensive disc ceramic capacitor is made of

barium iitanate with a silver paste screened

on the ceramic wafer to form the electrodes.

Firing fixes the electrode to the ceramic and

after leads are attached the unit is encap-

sulated. The general purpose ceramic ca-

pacitors have a temperature-capacitance

curve that is generally positive below 25°C
2nd negative above that point. Temperature

compensated ceramic capacitors are available

with a wide range of temperature coeffi-

cients. ?-types have a positive temperature

change, while N-types exhibit negative

change. The N?0 type exhibits virtually

no capacitance change over the temperature

range of — 2J
cC to -f 8J

S
C. Temperature

stable ceramic capacitors are refinements of

the NPO type, extended out to wider tem-

perature limits.

Layer-built, ceramic monolithic capacitors

are composed of alternate layers of thin

ceramic dielectric and noble metal thick

films (figure 9). The structure is fired into

a homogeneous block. After firing, the

block is cut up to form capacitors. Some are

less than a tenth of 2n inch on a ride. These

small units are called chip capacitors and
common varieties are available in capaci-

tances as high as 0.1 ;>F 2: 100 volts. The
cn.'pj are leadiets and vnenczpsuhted and
are designed to be attached to circuit sub-

strates by solder reflow technique or ther-

mal compression bonding.

The electrolytic capacitor is 2 polarized

device consisting of two metallic electrodes

separated by 2n electrolyte. A thin film of

Figure 5

THE MONOLITHIC LAYER-BUILT

CAPACITOR

This eepasittr is esmpessi rf ittwr-rtr fcrert

of iartum litanets ceramic dielectric and nsMs

metal thick films. The structure 5s firei Sflts z

l»Kt9gtne?»s fcbek which is cut up to frrm 5r»*

tftiiuzl k?scitvit. The evter iiysrrr zrs mstfr

Yiiei to allow sciter connections to the unit

oxide on the electrodes is produced by

chemical (electrolytic) action to form tbs

dielectric (figure 10).

CSiHOTf mx
EHnZQD: DIEtECTR ICFlLfTi—.

EIECTFiDS

SERI5SES1S7ACE

(LEADS. ELECTflODES * LEAKAGE?B ISTACE tF

AND ELECTZOLYTEI DiElEDttlD tlltt

Figure 10

BASIC CELL AND SIMPLIFIED

EQUIVALENT CIRCUIT FOR A POLAR

ELECTROLYTIC CAPACITOR

Among capacitors, the electrolytic device

hzs the highest possible capacitance per unit

volume. Common types are the ehtmrnnm

foil and the dry lentalum slug versions, but

there are also we: tantalum foil and slug

types available. Foil units, regardless of the

base metal, contain 2 liquid or gel electrolyte

between the foil anode and the case that :s

in continuous contact with the oxide layer
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FREQUENCY IF*

Figure 7

CURVES OF THE IMPEDANCE OF

WIRE WOUND RESISTORS AT RADIO

FREQUENCIES

of resistor and the operating frequency. In

fact, such resistors perform in a fashion as

W-0 r-f chokes helots’ their parallel self-

resonant frequency.

THE CAPACITOR

The capacitor is a tJevice whleh stores anil re-

leases electrical energy. In its simplest form

H consists of a layer of insulation (dielectric)

sandwiched between two metallic plates, or

foils. Leads are attached to the foils lot exter-

nal connections. The inexpensive bypass capac-

Hors use either paper or film for the dielectric.

17-2 The Capacitor

A capacitor is a device which stores and

releases electrical energy. In its simplest

form it consists of a layer of insulation or

dielectric sandwiched between two metaluc

plates, or foils. The plates are oppositely

charged and the electrical energy is stored

in the polarized dielectric (figure 8).

The property of capacitance depends di-

rectly on the area of the plates, or fo ,
*

product of dielectric constant and area, an

is inversely proportional to the separation o

the plate surfaces. Capacitance changes wit

temperature, frequency and dielectric *ge-

The two basic capacitor designs arc fixed

and variable units. Fixed capacitors are

classified according to their dielectric mz

teriai. Mica is a natural dielectric and tes *

dielectric constant averaging avant • *

High quality mica fixed apaxo* have

very high dielectric strength

having a thickness of Ml web k* *

breakdown potential of about 2
_

/

Mica capacitors are commonly wed m lug

n

power r-f applications- Most fix 1

f
lC*

-

pacirors are planar devices with t e

sandwiched between foil; in others the mica

is metallized (silver mica).
_

Class is an important dielectric and is

superior to mica in many ways. The quality

C2n be controlled more closely and there

are no irregularities in a good glass dielec-

tric. Layers of aluminum foil and glass can

be interleaved and fused to form a mono-

lithic capacitor having excellent resistance

to moisture. VUrcovs enamel is sometimes

employed as a substitute dielectric for glass.

Inexpensive bypass capacitors use paper

zs a dielectric. The paper is often impreg-

nated with mineral oil to improve the in-

sulation and breakdown characteristics.

Organic film capacitors provide better

and more reliable operation than do the

older paper capacitors and these units are

replacing the paper units in most applica-

tions. The film capacitors provide better

insulation and C2n operate at higher tem-

peratures than the paper counterparts.

Polyester film (Mylar) is 2 standard dielec-

tric which can handle peak voltages up to

1000 volts. Polycarbonate film is used in

precision capacitors which require very high

insulation resistance and 2 low temperature

coefficient. Polystyrene,
polypropylene

,
poly-
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portance to employ bypass capacitors having

the lowest possible internal inductance.

Mica-dielectric capacitors have much less

internal inductance than do most paper ca-

pacitors. Figure 13 lists self-resonant fre-

quencies of various mica capacitors having

various lead lengths. It can be seen from in-

spection of this table that most mica ca-

pacitors become self-resonant in the 12- to

50-MHz region. The inductive reactance

they would offer to harmonic currents of

100 MHz, or so, would be of considerable

magnitude. In certain instances it is possible

to deliberately series-resonate a mica capaci-

tor to a certain frequency somewhat below

CAPACITOR LEAD LENGTHS

RESONANT
FREQ.

JM fiF MCA NONE 44.5 MHi
.002 ftF MICA NONE 23.5 MHz
.01 /tF MICA V" 10 MHz
.0009 MF MICA w 55 MHz
.002 MF CERAMIC 5i" 24 MHz
.001 H? CERAMIC 'A" 55 MHz
500 pF BUTTON NONE 220 MHz
.0005 pF CERAMIC 'A" 90 MHz
.01 Uf CERAMIC VS 14.5 MHz

Figure 13

SELF-RESONANT FREQUENCIES OF
VARIOUS CAPACITORS WITH
RANDOM LEAD LENGTH

its normal self-resonant frequency by trim-

ming the leads to a critical length. This is

sometimes done for maximum bypassing ef-

fect in the region of 40 to 60 MHz.
The button-mica capacitors shown in fig-

ure 14 arc especially designed to have ex-

tremely low internal inductance. Certain

types of button-mica capacitors of small

physical size have a self-resonant frequency

in the region of 600 MHz,
Crraniic-dicicr/rir capacitors in general

have the lowest amount of series inductance

per unit of capacitance of these three univer-

sally used types of bypass capacitors. Typi-
cal resonant frequencies of various ceramic
units arc listed in figure 13. Ceramic ca-
pacitors arc available in various voltage and
capacitance ratings and different physical

configurations. Standoff types such as shown
in figure 14 are useful for bypassing socket

and transformer terminals. Two of these

capacitors may be mounted in close proxi-
mity on a chassis and connected together by
an r-f choke to form a highly effective r-f

filter. The inexpensive disc type of ceramic

capacitor is recommended for general by-

passing in r-f circuitry, as it is effective as

a bypass unit to well over 100 MHz.

Figure 14

TYPES OF CERAMIC AND MICA

CAPACITORS SUITABLE FOR

HrGH-FREQUENCY BYPASSING

The Centralab 858 S (1000 pF) is recommended

for screen and plate circuits of tetrode tubes.

The large TV doorknob capacitors are

useful as by-pass units for high voltage lines.

These capacitors have a value of 500pF, and

are available in voltage ratings up to 40,000

volts. The dielectric of these capacitors is

usually titanium dioxide. This material ex-

hibits piezoelectric effects, and capacitors

employing it for a dielectric will tend to

"talk-back” when a-c voltages are applied

across them.

An important member of the varied line

of capacitors is the coaxial, or Bypass, type

of capacitor. These capacitors exhibit su-

perior bypassing qualities at frequencies up

to 200 MHz and the bulkhead type is es-

pecially effective when usd to filter leads

passing through partition walls between two

stages.

Vorioble Air Even though air is the perfect

Copoeifors dielectric, air capacitors exhibit

lasses because of the inherent

resistance of the metallic parts that make up

the capacitor. In addition, the leakage loss

across the insulating supports may become of

some consequence at high frequencies. Of

greater concern is the inductance of the ca-
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and participates m its formation. The solid,

or slug-type capacitor employs a solid semi-

conducting electrolyte in place of the liquid

or gel, 2nd the anode is 2 sponge-like porous

metal slug. For dry tantalum capacitors,

manganese dioxide is used 2s the electrolyte.

Electrolytic capacitors are classified as

either aluminum oxide or tantalum oxide

capacitors. While aluminum foil capacitors

are widely used in power supply, high en-

ergy storage and smoothing applications,

tantalum slug units are used in miniaturized

circuits where space is a premium.

The electrolytic capacitor element con-

sists of two foils separated by a dielectric

and wound convolutely and sealed in an

aluminum can. In order to reduce the series

resistance of the capacitor, multiple, parallel

connected leads are attached to eacn foil,

reducing the ohmic path to the terminals.

Computer grade (energy storage) capacitors

employ low inductance leads for minimum

series resistance and chargfi/discbarge capa-

bility. . ,

Dc leakage is a significant factor in the

life of an electrolytic capacitor. As the

capacitor ages, and leakage increases, inte.-

nal gasses form which are rented ofi through

a special seal. Reverse voltage also causes

excessive gassing. In either case, gaffing

drives the electrolyte out of the winding,

causing a loss of capacitance and an in-

crease in the internal resistance of the ca-

pacitor. The useful life of the electrolytic

capacitor can be extended by operating -

voltage below the maximum rate »

operation at a low temperature an

ing of the unit to permit adequate heat

^“"mature, *«r*H

ojeramg life h
Outgaseinp

against moisture (figure s

does not occur with this type

These compact capacitors are aratlab

ratings up to fiHO pF i» >
,™f‘e h

3 to SO volts. The capacitance toler-nce

± 20%.

Capacitor Inductance The inherent

characteristics of «

pacitors include series resistance
j„

ductance and shunt resistan
, inducc-

figure 12. Ue series resntan-
nndmto

ante depend to a large enent o. P

MINIATURE EPOXY-DIPPED

TANTALUM CAPACITOR

This dry electrolytic is hermetically sealed and is

designed for insertion in printerf-clrcuit hoards.

cal configuration of the capacitor and on

the material from which it is composed. Of

great interest to the amateur constructor is

the series inductance of the capacitor. At a

certain frequency the series inductive reac-

tance of the capacitor and the capacitive re-

actance are equal and opposite, and the

capacitor is in itself series resonant at this

freouency. As the operating frequency of

tbe'circuit in which the capacitor is used

Figure 12

EQUIVALENT CIRCUIT OF A CAPACITOR

creased above the series-resonant fre-

cy, the effectiveness of the capacitor as

passing element deteriorates until the

is useless.
, . ,

hen considering the design o. transmit-

equipment, it must be remembered that

the transmitter is operating at some

icely low frequency (for example, 7

,) there will be harmonic currents Sow-

hrougb the various bypass capacitors of

order of 10 to 20 times the operating

icncy. A capacitor that behaves property

MHz however, may offer considerable

dance to the flow of these harmonic

mts. For minimum harmonic generation

radiation, it is obviously of greatest im-
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The Inductor The inductor is an electric inductance range is important, ferrite or

coil that store and releases other high permeability pondered core ma-

magnetic energy in the field about the coil. terial is used, when stability is more im-

When the flow of current through the coil ?ori2nt, 2 lower permeability core material

is varied, the resulting change in the mag- is used. Ceramic core material is often used

netic field about the coil induces a volt2ge to approximate an ah-core inductor, pro-

in the coil which opposes the supply volt- viding an electrically stable winding plat-

age. This results in the coil having self form.

inductance. The amount of inductance of Air-core inductors 2re used for r-f -chokes

3 coil depends upon the number, size and 2nd tuned circuits in modern communica-

arrangement of the turns forming the coil tion equipment. Coil specification is dna-

and the presence or absence of magnetic cult because of the fact that inductors, un-

substances in the core of the coil. like resistors, capacitors and transistors.

Coils ate classified according to the coil cannot be labeled as producing a particular

material and the type of winding. The electrical characteristic when placed in 2

solenoid, or single-layer winding is the sim- circuit as the frequency at which a coil is

plest device, whereas a multilayer wound tested affects its inductance as well as its

coil provides more inductance per unit of Q, or figure of merit. Also, the inductor

volume as compared to the solenoid. The has a great many independently variable

pi, or universal winding provides a larger characteristics, such 2s distributed capan-

value of inductance per unit of volume. tones, resistance, impedance, etc. In the

The coil materia], in any case, may he main, the inductor is evaluated for 0 ax

either magnetic or nonmagnetic. Adjustable the chosen frequency of operation and when
inductors are made by the addition of a placed in its operating position,

moveable core which C2n be inserted or Physically small inductors can be coated

withdrawn from the inductor body. When with 2 waxlike substance to protect the

TABLE 1 A1RWOUND INDUCTORS
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packer at high frequencies. Since the capaci-

tor must be of Suite size, it trill hare tie rods,

metallic braces, and end phees

;

all of "Inch

contribute to the inductance of the unit.

The actual amount of the inductance trill

depend on the physical size of the capacitor

and the method used to make contact to the

stator and rotor plates. This inductance may

be cut to 2 minimum value by using as small

a capacitor as is practical, by using insulated

tie rods to prevent the formation of closed

inductive loops in the frame of the unit, and

by making connections to the centers of the

plate assemblies rather than to the ends as is

commonly done. A large transmitting ca-

pacitor may have an inherent inductance 2s

large 2s O.i microhenry, making the capaci-

tor susceptible to parasitic resonances in the

50- to 150-MHz range of frequencies.

The question of optimum C/L ratio and

capacitor plate sparing is covered in Chapter

Eleven. For all-band operation of a high-

power stage, it is recommended that a capaci-

tor jusr large enough for 40-meter oper-

ation be chosen. (This will have sufficient

capacitance for operation on 2II higher-

frequency bands.) Then use fixed padding

capacitors for operation on SO meterr. Such

padding capacitors are available in air,

ceramic, and vacuum types.

Specially designed variable capacitors are

recommended for uhf work: ordinary ca-

pacitors often have '’loops” in the metai

frame which may resonate near the operating

frequency,

17-3 Wire and Inductors

Wire Uods Anv length of wire, no matte,

how short, has a certain ralue

of inductance. This property is ot Siea*
,v ?

in making coils and inductors, but

of great hindrance when it is not ts ' MlO

account in circuit design anc construction.

Connecting circuit elements (utero-

having residual inductance) toge-

«

a conductor possessing additionalJo
ocr.nce

can often lead to puzzling di&cu aes
^

.
a

piece of No. 10 copper wire ten inc,

J
(2 not uncommon length l0r * *e

„*jL

in an amplifier) can have isX*****
of 0.15 microhenry. This inductance *

that of the plate tuning capzo^ tOj,e -

with the pkzs-to-grovnd capacity of the

vacuum tubs can form 2 resonant circuit

which may lead to parasitic oscillations in

the vhf regions. To keep the self-inductance

at 2 minimum, all r-f carrying leads should

be as short as possible and should be made

out of as heavy material as possible.

At the higher frequencies, solid enameled

copper wire is most efficient for r-f leads.

Tinned or stranded wire will show greater

losses at these frequencies. Tank-coil and

tank-capacitor leads should be or heavier

wire than other r-f leads.

The best type of flexible lead from the en-

velope or 2 rube ro a terminal is thin copper

strip, cut from thin sheet copper. Heavy,

rigid feds to these terminals mar crack the

envelope glass when a tube heats or cook

'Tires carrying only audio frequencies or

direct current should be chosen with the volt-

age and current in mind. Some of the low-fila-

ment-voltage transmitting tubes draw heavy

current, and heavy wire must be used to

avoid voltage drop. The voltage is low, and

hence not much insulation is required. Fila-

ment and heater leads are usually twisted

together. An initial check should be made on

the filament voltage of all tubes of 25 watts

or more plate dissipation raring. This voltage

should be measured right at the tube sockets,

if it is low, the filament-transformer volt-

age should be raised. If this is impossible,

heavier or parallel wires should be used for

filament leads, cutting down their length if

possible.

Coaxial cable may be used for high-volt-

age leads when it is desirable ro shield them

from r-f fields. RG-S L* cable may be used

a: dc potential? op to SO00 volts, and the

lighter RG-5S/U may be used to potentials

of 5000 volts. Spark ping-type high-tension

wire may be used for unshielded leads, and

w31 withstand 10,000 volts.

If this cable is used, the high-voltage leads

may be cabled with filament and other Icw-

vo'tage leads. For high-voltage leads in low-

power exciters. where the plate voltage is no:

over 450 volts, ordinary radio hookup wire

of good quality will serve the purpose.

No r-f leads should be cabled: in fact it is

better to use enameled or bare copper wire

for r-f feds and rely on spacing for insula-

tion, All r-f joints should be soldered, and

the joint should be 2 good mechanical junc-

tion before solder is applied.
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exception of the series-resonance frequency

near 25 MHz. The choke is rated for 5 kV
at 1 ampere. The third choke is designed for

the 21- to 54-MHz region with a series

resonance near 130 MHz. It has the same

voltage and current ratings as the second

choke.

Figure 16

FREQUENCY-IMPEDANCE
CHARACTERISTICS FOR TYPICAL

PIE-WOUND R-F CHOKES

meability of the head is low, there is almost

no impedance to the flow of current. 3y

stringing one or more ferrite heads on a

conductor, good high frequency isolation

between stages is easily achieved.

Electrically equivalent to an r-f choke,

these tiny devices offer a convenient, sim-

ple 2nd inexpensive method of obtaining

effective r-f decoupling at the higher fre-

quencies.

FREQUENCY—

*

Ferrife Beads" Small, hollow sections of

ferrite material can serve

as an effective r-f choke when slipped over
a conductor (figure 17). Unwanted, har-

monic currents create a magnetic field

about the conductor and, as the field cuts
the ferrite material, the local impedance
rises rapidly, creating the effect of an r-f

chohe in that immediate area (figure 18).
At the lower frequencies, where the per-

ITl StAfl

Figure 17

THE FERRITE BEAD INDUCTOR

The ferrite bezel, olipped ever z wire, act; a;
zn M choVt to harmonic eurrtntc flowing on
the wire. The equivalent teries impedance of
a ferrite bead placed on a * 22 wire is shewn

above. Cead is Ferrorcube KS-001-00/3B.

Figure 18

IMPEDANCE OF FERRITE BEAD AS
A FUNCTION OF FREQUENCY

Ferrite bead functions zs effective r-f choke in

low-impedance circuits in the hf and vhf re-

gions. One or more beads can be strung cn a

conductor to achieve isolation of hermonic

currents.

17-4 Insulators

An insulator is a substance which has

high resistivity to electric current Sow. The

characteristics of an insulator include dielec-

tric strength, dielectric constant, dissipa-

tion factor, resistivity, and arc resistance.

The dielectric strength is the voltage

gradient across the material 2t which elec-

tric failure results. It is expressed in volts

per unit of thickness 2nd failure results in

zn excess flow of current and possible de-

struction of the material.

The dielectric constant is the ratio of

the capacitance formed by the plates of a

capacitor with some insulating materia! be-

tween them and the capacitance when the
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winding from damage and encapsulation of

the inductor in a plastic case resembling

2 composition resistor is common. The less

expensive small inductors are machine

wound on a plastic form, with an exposed

winding. Open windings have the least en-

vironmental protection and more expensive

units are either encapsulated or hermetically

sealed and metal-encased. Temperature co-

efficients for air inductors generally vary

from 150 to 500 ppm/'C. inductance tol-

erances are commonly ± l§cjc for values

up to 1 pH and tn lO^c above this value.

The more expensive moulded inductors have

a tolerance as close as l^c*

Application By Low frequency (below 100

Frequency kHz) inductors are com-

monly wound with solid

wire, often on a laminated iron core. How-

ever above 10 kHz fine, stranded (Litz)

wire is often used to improve coil 0 by

reducing the series dc resistance. In the

medium frequenq' region (100 kHz to 5

MHz) solid wire is used for the majority

of small inductors and ferrite cores are

emploved to achieve high Q in a small vol-

ume. Above 5 MHz, inductors are generally

space wound with solid wire to achieve 2 hig

order of Q. Ferrite core material is o.ten

used, as discussed later. Above 50 MHz, it is

common practice to use nonferrous core ma-

terial, such as brass or copper, with 2 snver

plating to reduce r-f losses. This type ot erne

permits adjustment of the inductance

introduces losses similar to those caused J 2

shorted turn-

Radio-Frequency R-/ chokes may be con-

Cfiokes sidered to be special

ductances designed to have

a high value of impedance over 2 W

range of frequencies. A practical r-f choke

has inductance, distributed capacitance, and

resistance. At low frequencies, the distrib-

uted capacitance has little effect and the

electrical equivalent circuit of the r-f choke

is as shown in figure 1 fA. As the operating

frequency of the choke is raised the effect

of the distributed capacitance becomes more

evident until at some particular frequency

the distributed capacitance resonates with

the inductance of the choke and 2 parallel-

resonant circuit is formed. This point is

shown in figure UB. As the frequenq- of

operating is further increased the overall

reactance of the choke becomes capacitive,

and finally a point of series resonance is

reached (figure lfC). This cycle repeats

itself as the operating frequency is raised

above the series-resonant point, the imped-

ance of the choke rapidly becoming lower on

each successive cycle. A chart of this action

is shown in figure 16. It can be seen that as

the r-f choke approaches and leaves a condi-

tion of series resonance, the performance of

the choke is seriously impaired. The condition

of series resonance may easily be found by

shorting the terminals of the r-f choke in

question with a piece of wire and exploring

the windings of the choke with 2 grid-dip

oscillator. Most commercial transmitung-

type chokes have series resonances in the

vicinity of 1 1 or 24 MHz-

High Pover By observing the series-reso-

R-F Chokes nant frequenq-of the choke,

2 homemade, high power r-f

choke may be made very inexpensively.

Representative designs are listed in Table 2.

The first choke covers the 7.0- to 50-MHz

freonency region with the first series reso-

nance a: 43 MHz. The choke is rated ior an

operating potential of 5 kV and a maximum

dc current of 2 amperes. The second choke

covers the 5.1- to 50-MHz region, with the

®

F.; C t-

0

—

m—Ij-JTTM

©

ELECTRICAL

Figure 15

BIVALENT OF R-F CHOKE AT VARIOUS FREQUENCIES
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spring, holding the armature contact in the

normally open position. 'When the magnetic

coil is energized, the moving contact is

pressed against the lower contact and the

circuit is closed. Standard relays range from

single pole, single throw to right pole, dou-

ble throw. The usual relay breaks the upper

contact before it makes the lower contact,

however, certain designs provide make-be-

fore-break sequence.

The size and material of the relay con-

tacts are determined by the circuit require-

ments, usually the amount of current that

will pass through the contacts. The possi-

bility of contacts sticking is greater when

mailing than when breaking. An inductive

load persents problems, as there may be high

values of current flowing during the make

and break relay sequence. When the induc-

tive load is switched off, for example, the

sudden collapse of the magnetic held around

the inductive load produces a very' high tran-

sient voltage which can cause excessive

sparking at the relay contact. A capacitive

load can produce high current surges which

may cause pitring and burning of the relay

contacts. Tungsten carbide, mercury-wetted,

or silver contacts are often used to allow

good contact life.

The relay coil uses a relatively small cur-

rent and coils are generally designed for 6,

12, 24, 48, or 115 volts dc and ac. Ac re-

lay coils come equipped with copper shad-

ing ring to eliminate hum, a problem en-

countered because of current variations

through the coil (figure 19S).

The miniature reed relay has recently been

introduced into amateur equipment, partic-

ularly in keying circuits. The basic reed re-

lay is a normally open switch consisting of
two ferromagnetic reeds, each of which is

sealed in the end of 2 glass tube. The reeds
arc positioned with their ends overlapping
about l/i c, in and are separated by a gap
of about .01-inch. When a magnetic field is

.
introduced to the switch, the reeds become
*u>: carriers, the overlapping ends assume
•f pO'ite magnetic polarities, and attract each
'jthcr, making electrical contact.

The amount of power required to actuate
a reed relay is typically 125 milliwatts. The
more power that is applied the faster the

reeds will close, until the saturation point of
tflC rtc:I ' i* reached. Maximum operating

time Is about 0.8 ms. Contact bounce is in-

creased when the reed relay is driven hard,

so speed is dependent on permissible bounce.

Standard contact material is gold, with the

more expensive relay’s having mercury-wet-

ted contacts. Relay operation over a tem-

perature range of ~S5°C to ~r35
DC is

common.

The static relay has no moving parrs Id

perform the switching function, inis De-

vice utilizes solid-state components to pro-

vide isolation between the signal and load

circuits and provides a high ratio of off to

on impedance in the controlled circuit. The

static relay eliminates the mechanical prob-

lems of the electromagnetic relay but does

not provide the degree of isolation between

input and output circuits inherent in the

older device. In addition, static relays often

produce electromagnetic interference and

can be temperature sensitive.

IT-6 Grounds

At frequencies of 30 ]\fHz and below, a

chassis may be considered as a fixed ground

reference, since its dimensions are only a

fraction of a wavelength. As the frequency

Figure 20

GROUND LOOPS IN

AMPLIFIER STAGES

A. Using chassis return

S. Csmmsn ground pslnl
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Table 2, HF Radio-Frequency Chokes for Power Amplifiers

4000-Watt Peak Rating

7.30 MHz: 90 turns #18 Formex, close-wound, obouf 4Vb“ long on Vt," diom. X
6Vz“ long teflon form. Series resonant at 43 MHz (32/*H).

14-54 MHz: 43 turns #16 Formex spoce-wound wire diameter, about 454" long on %"
diom. X W long Teflon form. Series resonant at 96 MHz ()5/*H) ft is

suggested that the form be grooved on o lathe for ease in winding.

; 2000-Watt PEP Rating

3.5-30 MHz: 1 10 turns #26e.(
space-wound wire diameter, about 4" long on 1" diom. X

6* long ceramic form. Series resonant ot 25 MHz. (72;iH).

21-54 MHz: 48 turns #26e., spoce-wound wire diameter, about VAa
long on Vz

n X 3''

long ceramic form. Or Air-Dux 432-T (B & W 3004) on wood form. Serie

resonant near 130 MHz. 175mH3

places arc in a vacuum. The dissipation fac-

tor is the ratio between the parallel resis-

tance and the parallel reactance, (see figure

It, Chapter 3) and is directly related to the

energy dissipation in the capacitor.

The resistivity is the ratio between the

voltage applied to an insulator and the cur-

rent flowing in it. Resistivity is sensitive to

temperature, humidity, surface cleanliness,

and surface contour. Arc resistance is a

measure of insulator surface breakdown

caused by an arc that tends to form a con-

ducting path.

Thermal properties of insulators ate im-

portant in electronic equipment that often

operates at an elevated temperature. Gen-

erally speaking, resistivity decreases as tem-

perature increases. Dissipation factor and

dielectric constant increase under this con-

dition. In the case of some plastics, physical

stability decreases with increasing tempera-

ture. Physical and electrical stability are

often indicated by a continuous-use tem-

perature figure given for the insulator.

17-5 Relays

A teky is an electrically
operated swteh

which permits current flow as 3 reSU
\

contact closure, or prohibits the Sow r

ing the open-contact state. Relays are^

used as protection devices ana °t tirne

delay or multiple circuit operation-

A basic relay is shown in figure •

pivoted armature is held in position >'

0

©

the basic relay

-Hie relay consists of a plvotetf armature

,M in position by a spring. When the magnetic

III is energized) the armature moves tovtart

« magnet, transferring She eteefricaf circuit

L the upper contact (A) to the lower con-

rt IB5 B-Relay designed for alternating cur-

at is equipped with a copper shading ring

•anted above the coil W eliminate hum ana

,Zr caused fty current variations through

the cor/.
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Vi'AYEGU !DE-BEYO K’D-GUTO FF ENCLOSURE OPENINGS
WEvecutiiE section Ei enclosure opening cep preside inpreved shielding efficiency. Air pesses
.nrpugh .he tt’Evegpide Put r-f EttEnuEted to z rreeiEr degree then z sitnpis cpenipg zzr, pre*

C
r 1 ?r0V|d5S EiienuDtbn in flec7b&ls/ineh for circular wiTgulflfi. Chart [=) umritfes

cMnuition for rectangular vreveEultie far .sw mods. HI curves continue horininialty flown tc

*D KKZ.

or not less than r*o indies hsnreen Loirs.

Mating surfaces of the Los and rie screening

should be dean.

A screened ventilation opening sbonld be
roughly three times the sine of an equivalent

unscreened opening, since the screening rep-

resents aoout a 70 percent coverage of tbe
area. Careful attention must be pad to

equipment heatmg vben an electticallv titht
bos is used.

,

Commercially available panels having
nail-inch ventilating holes may be used as

^ T̂ S£ Wes i:
"

T - tuucb less

*
r
f
ZJ °* reception. If it Is

n to rccaoe leakage from these panels
* minimum, the bad; cf ah£ ptifmmr

.

CCV£re- screening tight!v bonded to

Boors may be placed in decidedly tight

boxes provided there is no r-f leakage around

the seams of the door. Electronic veatner-

stnppmg Dr metal ’’inget stock
5 “ay

used to seal these doors. A long, nam“ dot

in a closed Ldx has the tendency to act as *

slot antenna and harmonic energy may p*s

more readily through such an opening man

it Tronic through a much larger circular ho>-

A7atiable-capatitor or switch shafts may

act as antennas, picking up currents msioc

the hot and re-radiating them outside of

bon. It is necessary timer to grmum

shaft securely as it leaves tne net, or eiss to

make the shaft of some insulating matenai.

a larre leakare hole if it is mounted m tnc

passed and shielded. The meter should be —

-

till
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large-gauge wire. Composition resistors may

be substituted for the r-f chokes in high-

impedance circuits.Bulkhead or feedthrough-

type capacitors are preferable when passing

a lead through a shield partition. A sum-

mary of lead leakage witn "various niter ar-

rangements is shown in figure 24.

Interns! Leeds Leads that connect two points

within 2n electrically tight

box may pick up fundamental and harmonic

currents if they are located in a strong field

of flux. Any lead forming a closed loop "with

itself will pick up such currents, 2s shown

in figure 2J. This effect is enhanced if the

lead happens to be self-resonant at the fre-

quency of the existing energy. The solution

for all of this is to bypass all internal power

leads and control leads 2t each end, and to

shield these leads their entire length. All

filament, bias, and meter leads should be so

treated. This will make the job of filtering

the leads as they leave the box much easier,

since normally "cool” leads within the box
will not have picked up spurious currents

from nearby "hot” leads.

Chcrsis Materiel from a point of view of

electrical properties, alumi-

num is a poor chassis material. It is aimcult

to make a soldered joint to it, 2nd all grounds

must rely on a pressure joint. These pressure

joints are prone to give trouble 2t a later

date because of high resistivity caused hy
the formation of oxides from electrolytic

action in the joint. However, the ease of

working and forming the aluminum material

tar outweighs the electrical shortcomings,

and aluminum chassis and shielding may he
used with good remits provided care is taken

in making all grounding connections. Cad-
mium and zinc plated chassis are preferable

from 3 corrosion standpoint, but are much
more diacak to handle in the home work-
shop.

17-8 Parasitic Resonances

-amen: leads within vacuum tubes may
-t:e w;:n me filament bypass capacitors

ry5‘: P^cularfrequency and cause
Jn-

Illustrstfon of hows supposedly

grounded power Ised cen couple

energy from one comportment

to another

Hustretion of Ieed isolation by

proper use of bulkhead

bypass capacitor

Figure 25

of the 4-1000A and 3-10002 type ate

prone to this spurious effect. In particular,

an amplifier using . 001-pF filament bypass

capacitors had 2 filament resonant loop tu2t

M in the 7-MHz amateur band. ‘'Fho

amplifier was operated near this irsqnsncy.

marked instability was noted, and rh^ fig-

ments of the tubes increased in brilliance

when plate voltage was applied to the ampli-

fier, indicating the presence of r-f in the

filament circuit. Changing the filament nj-

pass capacitors id .01 71? lowered the fila-

ment resonance frequency to 2.2 MHz tnn

cured this effect. A 1-kfi
7
mica capacitor 02

.01 _ilF used 2s 2 filament bypass capacitor

on each filament leg seems to be satisfactory

from both a resonant and 2 TYI pomr 0:

view, filament bypass capacitors smaller m
value than .01 ;i? should be used witn

caution.

17-9 Parasrhic OscrlfcHon

in Vacuum-Tube
Amplifiers

?crc7.f:ci (as distinguished from stlf-os-

cillation on me operating frequency) are
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The parasitic circuit may "be Broken up

by changing the inductance of one of lie

chokes, or removing one choke and replac-

ing it vrith a wirewound resistor of sumcisnt

wattage to carry the current in die circuit.

If the choke is to remain in the circuit, it

may be shunted with a high value of re-

sistor to de-Q it, or a series resistor may Be

zdded Before the bypass capacitor. In some

cases tbe value of the capacitor must Be

changed.

In the case of a high-gain tetrode, low-

frequency oscillation can take place Because

of the negative resistance that exists under

certain portions of the operating cycle (fig-

ure 27). A bleeder resistor from screen to

ground will suppress this type of oscillation.

17-10 Elimination of VHF
Parasitic Oscillations

Vhf parasitic oscillations are often dim-

cult to locate and difficult to eliminate since

their frequency often is only moderately

above the desired frequency of operation.

But it may Be said that vhf parties al-

ways may Be eliminated if die operating

frequency is appreciably below the upper

frequency limit for the tubes used in the

stage. However, the elimination of a persis-

tent parasitic oscillation on a frequency only

moderately higher than the desired operating

frequency will involve a sacrifice in either

the power output or the power sensitivity of

the stage, or in both.

Beam-tetrode sages, paraniliily these

ffifmg 6146 or TV-style s«ee? tubes, -s3

almost invariably have one or mote tin

parasitic oscillations unless adequate precau-

tions have Been taken in advance. Many d

the units described in the constructional sec-

tion of this edition had parasitic oscillations

when first constructed- But these oscillations

were eliminated in each case; hence, the

expedients used in these -equipments should

he studied. Yhf parasitics may Be readily

identified, as they cause a neon lamp to have

a nurple glow close to the electrodes when

it is excited By the parasitic energy.

Peresific Oscillctiens In the case ox trioces,

with Trrodes -vhf parasitic oscillations

often come about as a

result of inductance in the neutraliring

leads. This is particularly true in the case

of push-pull amplifiers. The cure fox mas

effect will usually Be found in reducing the

length of the neutralizing leads and in-

creasing their diameter. Both the reduction

in length and increase in diameter will re-

duce the inductance of the leads and tend

to miss the parasitic oscillation frequency

until it is out of the range 2t which the

tubes will oscillate. The use of straight-

forward circuit derign with short leads will

assist in forestalling this trouble at the out-

set.

Vhf parasitic oscillations may take place

as 2 result of inadequate bypassing or long

bypass leads in the filament, grid-return, and

plate-return circuits. Such oscillations a^o

can take place when long leads exist between

PCi ?Ci

Figure 2E

PARASITIC SUPPRESSION CIRCUITS

A-Pizt* psrssitl: scppreitrr is csti in pvsnifS-Erid tsrssiL Fitentr* sspprsrssr nrj hi zttti
i! itrtnizry parasitic is press ni. E—Piets peresrtlc suppress: is esti fir £fii*£rives pircsiri,

with seitnf ssppresscr ziiti in nertreTKnj s-rrait, :f nsttsszrj-.
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undesirable oscillations either of very-high

or very-low frequency which may occur in

r-f amplifiers, regardless of operating fre-

quency or power level.

A parasite may cause spurious signals,

splatter outside the normal passband of the

equipment, TVI, key clicks, voltage break-

down or flashover, circuit instability, and
shortened life or failure of the tubes. The
oscillation may be continuous or be triggered

by keying or modulation and is usually 2

result of unwanted resonant circuits exter-

nal to the tube coupled in such a way as to

allow spurious oscillation or feedback. Nor-
mal neutralization circuits usually do not

suppress parasitic oscillations.

The cure for parasites is twofold: The
oscillatory circuit is damped (loaded) until

sustained oscillation is impossible, or it is

detuned until oscillation ceases.

CCOT*.*2

C

Lew-Frequency One type of parasite is cre-

Porosites aied when r-f chokes in in-

put and output circuits ofan

amplifier are resonant and coupled though

the interelectrode capacitance of the tube

(figure 26). This type of parasite Is gener-

ally at a much lower frequency than the

operating frequency and causes spurious sig-

nals to appear, spaced ten to several hundred

kHz on either side of the main signal. The

parasitic circuit is composed of the r-f

chokes and bypass capacitors. The neutraliz-

ing circuit no longer provides out-of-pbase

feedback at the parasite frequency but actu-

ally enhances the low-frequenq- oscillation.

A neon bulb held near the oscillatory circuit

will glow yellow and the parasite may be

heard in a nearby receiver tuned to the fre-

quency of oscillation.

Figure 26

LOW-FREQUENCY PARASITIC

CIRCUITS IN VACUUM-TUBE

AMPLIFIERS

figure 27

SCREEN-RETURN RESISTOR FOR

TETRODE TUBE

--low frequency parasitic circuit Uj*
fid aml plate r-f efiefces and bypass

1 grid-driven amplifier. B-PaiasiUc eircuft

athode-drlven amplifier- C-Parastfec &
re de-ned by addition of either senK « gr*

lei resistance until circuit will not scstam

parasitic oscillation.

The tetrode tube can draw negative screen cur-

rent under certain operating conditions, leading

to an R-C oscillation in the screen purer sup-

ply. A resistor (R) placed between screen and

ground that draws about twice the maximum

positive value of screen current will suppress

the oscillation.
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than primary power will be lost in the resis-

tor of the suppressor.

For medium power levels, a plate sup-

pressor may be made of a 22-ohm, 2-watt

Ohmite or Allen-Bradley composition resis-

tor wound with 4 turns of No. 1 8 enameled

wire. For kilowatt stages operating up to

30 MHz, a satisfactory plate suppressor may-

be made of three 220-ohm, 2-watt composi-

tion resistors in parallel, shunted by 3 or

4 turns of No. 14 enameled wire, % inch

diameter and Yi inch long.

The parasitic suppressor for the plate cir-

cuit of a small tube such as the 4146, 6LQ6,
or similar type normally may consist of a

47-ohm composition resistor of 2-watt size

with 4 turns of No. 1 8 enameled wire wound
around the resistor. However, for operation

above 30 MHz, special tailoring of the value

of the resistor and the size of the coil wound
around it will be required in order to at-

tain satisfactory parasitic suppression with-
out excessive power loss in the parasitic

suppressor.

Tetrode Screening Isolation between the grid

and plate circuits of a

tetrode tube is not perfect. For maximum
stability, it is recommended that the tetrode

stage be neutralized. Neutralization is abso-

hicly necessary unless the grid and plate cir-

cuits of the tetrode stage are each completely

isolated irom each other in electrically tight

boxes. Even when this is done, the stage will

show signs of regeneration when the plate
ana grid tank circuits are tuned to the same
frequency. Neutralization will eliminate this

regeneration. Any of the neutralization cir-

cuits described in the chapter Generation of
R-F Energy may be used.

17-11 Checking for

Parasitic Oscillations

,

I: b an unusual transmitter which har-
r-o^ parasitic oscillations when first con-

structed and tested. Therefore it is always
vjsc to follow a dennitg procedure in check-
ing s new transmitter for parasitic oscilla-
tor.*;.

Parasitic oscillations of all types are most

easily found when the stage in question is

running by- itself, with full plate (and

screen) voltage, sufficient protective Has to

limit the plate current to a safe value, and

no excitation. One stage should be tested at

a time, and the complete transmitter should

never be put on the air until all stages have

been thoroughly checked for parasitics.

To protect tetrode tubes during tests for

parasitics, the screen voltage should be ap-

plied through a series resistor which will

limit the screen current to a safe value h
case the plate voltage of the tetrode is .sud-

denly removed when the screen supply Is on.

The correct procedure for parasitic testing

is as follows (figure 30):

Figure SO

SUGGESTED TEST SETUP FOR
PARASITIC TEST

1. The stage should be coupled to a

dummy load, and tuned up in correct oper-

ating shape. Sufficient protective bias should

be applied to the tube at all times. For pro-

tection of the stage under test, 2 lamp

bulb should be added in series with one leg

of the primary circuit of the high-voltage

power supply. As the plate-supply load in-

creases during a period of parasitic oscilla-

tion, the voltage drop across the lamp

increases, and the effective plate voltage

drops. Bulbs of various sizes may be tried to

adjust the voltage under testing conditions

to the correct amount. If ^ Varise or ?o:vrr~

stet is at band, it may be used in place of

the bulbs for smoother voltage control

Don’t test for parasitics unless some type oi

voltage control is used on rise high-voltage

supply! "when 2 stage breaks into parasitic

oscillations, the plate current increases vio-

lently and some protection to the rube

under test mutt be used.
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the grid 2nd the grid tuning capacitor or

between the plate and the plate tuning ca-

pacitor. Sometimes parasitic oseiWariens can

he eliminated by urine iron or nichromc wire

for the neutralizing lead. But in any event

it will always be found best to make the

neutralizing lead as short and of :s heavy

conductor as is practicable.

To increase losses at the parasitic frequen-

cy, the parasitic coil may be wound on i 00-

ohm 2-watt resistors. The "lossy" suppres-

sor should be placed in the plate or grid lead

of the tube close to the anode or grid con-

nection, as shown in figure 2S.

Perosities vilh There beam-tetrode cubes are

Been Tetrodes u «c<t in the stage which has

been found to be generating

the parasitic oscillation, all the foregoing

suggestions apply in genera). However, mere

arc certain additional considerations involved

in elimination of parasitics from beam-tet-

rode amplifier stages. These considerations

involve the facts chat a beam-tetrode ampli-

fier stage has greater power sensitivity than

an equivalent triodc amplifier, such a stage

has a certain amount of screen-lead induct-

ance which may give rise to trouble, and

such stages have a small amount of feedback

capacitance.

Beam-tetrode stages often will require the

inclusion of a neutralizing circuir to elimi-

nate oscillation on the operating frequency.

However, oscillation on the operating fre-

quency is not normally called a parasitic

oscillation, and different measures arc re-

quired to eliminate the condition.

Then a parasitic oscillation is found on

a very high frequency, the interconnecting

leads of the tube, the tuning capacitors ana

the bypass capacitors are involved. This

type of oscillation generally does not occur

when the amplifier is designed for vhf oper-

ation where the r-f circuits external to the

tube have small tuning capacitors and induc-

tors. Without tuning capacitors, the highest

frequency of oscillation is then the funda-

mental frequency and no higher frequen-

cies of resonance exist for the parasitic

oscillation.

The vhf oscillation ccmmonly occurs in

hf amplifiers, using the capacitors and asso-

ciated grid and plate leads for the induct-

ances of the tuned circuit. The frequency

of unwanted oscillation is generally well

above the self-neutralizing frequency’ of

the tube. If the frequency of the parasitic

can he lowered to or below the self-neutral-

izing frequency, complete suppression of

the parasitic will result. It is also possible

to suppress the oscillation by loading the

circuit so that the circuir is “lossy” at the

parasitic frequency. This may be done by

the use of a parasitic choke in the plate

and/or grid lead of rile stage in question. A
parallel coil and resistor combination oper-

ates on the principle that the resistor loads

the vhf circuit but is shunted by the coil

for the lower fundamental frequency. The

parasitic choke (figure 29) is usually made

up of a noninducrive resistor of about 2/ to

100 ohms, shunted by three or four turns of

wire, approximately one-half inch in diam-

eter and frequently wound over the body

of the resistor.

Figure 29

PARASITIC SUPPRESSOR

fit-type parasitic suppressor is placed in plate

or grid lead of tetrode and pentode tubes. Screen

Circuit is isolated from r-f entering power lead

by two bypass capacitors antf series IGC-ohm

resistor.

In the process of adjusting the resistor

-

coil combination, it may be found that the

resistor runs too hot. The heat is usually

caused by the dissipation of fundamental

power in the resistor, which is an indica-

tion of too many turns in the suppressor

coiL Just enough turns should be used to

suppress the parasitic oscillation, and no

more. Once the circuit is properly loaded

and the parasitic suppressed, no parasitic

power will be present and no power other
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ages applied to the tubes. Class-C stages

should*have bias reduced so 2 reasonable

amount of static plate current iknrs. The

grid-dip oscillator is tuned over the range 01

100 kHz to 200 MHz, the relative level of

the r-f voltmeter is
~

2iched, and the fre-

quencies at which voltage peaks occur are

noted. Each significant peak in voltage gain

in the stage must be investigated. Circuit

changes or suppression must then be added

to reduce aifpeaks by 10 dB or more in

amplitude.

17-12 Farced Air Cooling

A large percentage of the primary po~sr

drain of 2 transmitter is converted to heat

emitted by tubes and components. The re-

sulting temperature rise must be held vithin

reasonable limits to ensure satisfactory life

for the equipment.

Forced-air-cooled systems may be used to

remove excess heat, A typical system con-

sists of an pr blower, a conduit to guide the

air to the rube or component, 2 heat rdic-

ior on the component, 2nd an air exhami

exit. The resistance to the ar passage

through such a system is termed system

beck pressure, pressure drop, or static pres-

sure. Air requirements are normally expressed

as 2 pressure drop denned in inches oj water

(as measured by 2 manometer) vjth a cor-

responding volumetric air flow denned in
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Figure 32

COOLING REQUIREMENTS FOR
TRANSMITTING TUBES

At;-r>Ti?!7: sazfcstj zTii zJiijr.nsys zrt TSOEteC
!cr iiich-prrcr tries. CDmpItts

irtz ftr tfisst tvpes atsj is rt-
«rtw ^zp!i5£ibr. Tspn-Erirtf pEpzrt-

m, Urr.n frrbier. ef Verity Str. Cartes,

CtHi turn.

cubic jest per minute (cimt). A typical

air-cooling svstem is shotra in figure o2.

Cooling requirements ior most tmnsnfitfng

tubes are provided on the data sheet and

air requirements and blotvsr data ~nr sums

popular rubes are .given in figure 33.

Adequate cooling of the tube envelope

and seals is one of the lactors leading to

long tube life. Deteriorating erects increase

directly with the temperature of tne rune

envelope and seals. Even if no cooling sr

is specified by the Technical data sheet j.ot

2 particular tube, ample free space ior^ck-

culation of air about the tube A recurred,

or else air must be forced past the tube.

As the frequency of operation cf tne tubs

is extended into the vhf region, adcinonti

cooling is usually required because tu the

larger r-f losses inherent in the tube strut-

tore.

Tsmperarore-senntrre paint or crayons

m?.y be used to monitor the temperature tu

a tube under operating conditions. Ii^fhe

paint is applied to the tube envelope m a

very thin coat, it melt and virtually

disappear at its critical temperature. Alter

subsequent cooling, it vrill have a mystriHne

appearance indicating that the •snrxtce vrith

vhich it A in contact has exceeded^ fh5

critical temperature. Temperatcre-senrinve

tapes and decals are also available to measure

envelope temperature of transmitting tones.

17-13 Conduction Cooling

lie zaoie pever fisfezin o»£~ — *

::r.i.Irra cssnrinhg :=be_is ertrsael" Hp
and conduction covirre is orten useu to

remove the heat from the tube structure-^

A conducrion cooling system composes

the heat source (the pt“sr rube), t therms-

link to transfer the heat, pd 2 heat stL

vhere the heat is removed from the system-

The !c1 Imb bus the dual propeme- z-

a thermal conductor and m electrical m*

sulator. Brryfe oxer (3sO) combiner

these roperies and is generally used tor tor

tSTm be a detachable accessory

{figure 34).

Most conducrion-coojet runes niveau out-
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2. The r-£ execution to the tube should

now be removed. When this is done, the grid,

screen, and plate currents of the tube should

drop to zero. Grid tod plate tuning capaci-

tors should be tuned to minimum capacity,

No change in resting grid, screen, or plate

current should be observed. If a parasitic is

present, grid current 'frill Sow, and there will

be an abrupt increase in plate current. The

size of the lamp bulb in series with the high-

voltage supply may be varied until the stage

can oscillate continuously, without exceed-

ing the rated plate or screen dissipation of

the tube.

3 . The frequency of the parasitic may

now be determined by means of an absorp-

tion wavemeter, or a neon bulb. Low-fre-

quency oscillations w2i cause a neon bulb

to glow yellow. High-frequency oscillations

will cause the bulb to have a soft, violet

glow.

4 . 'When the stage can pass the above test

with no signs of paretics, the bias supply of

the tube in question should be decreased

until the tube is dissipating its full plate

rating when full plate voltage is applied,

with no r-f excitation. Excitation may now

be applied and the stage loaded to full input

into a dummy load. The signal should now

be monitored in 2 nearby receiver which has

the antenna terminals grounded or otherwise

shorted out. A series of rzpid dots should be

sent, and the frequencyspectrum for several

MHz each side of the carrier frequency care-

fully searched. If 2ny vestige of parasitic is

left, it will show up as an occasional 'pop
5 '

on a keyed dot. This ‘pop” ni2y be enhanced

by 2 slight detuning of the input or output

circuit.

I j

fTXjCXr
13

J. If such a parasitic shows up, it means
that the stage is still not stable, and further

measures must be applied to the circuit. Par-

asitic suppressors mar be needed in both

screen and grid leads of a tetrode, or per-

haps in both grid and neutralizing leads of
a triode stage. As 2 last resort, a 10,000-ohm
2f-wat: wirewound resistor may be shunted

2cross the input circuit of 2 high powered

stage. This strategy removed 2 keying "pop”

tnat showed up in a commercial transmitter,

operating at 2 plate voltage of 5000,

Test for Parasitic In most high-frequency

Tendency In Tetrode transmitters there are a

Amplifiers great m2ny resonances

in the tank circuit at

frequencies other than the desired operat-

ing frequency. Most of these parasitic reso-

nant circuits are not coupled to the tube

and have no significant tendency to oscillate.

A few, however, are coupled to the tube in

some form of oscillatory circuit. If die re-

generation is great enough, oscillation at the

parasitic frequency results. Those spurious

circuits existing just below oscillation must

be found 2nd suppressed to a safe level.

Figure 32

FORCED-AIR COOLING SYSTEM

Centrifugal blcvrer pressurizes plenum chamber

[air-tight chassis) and air is exhausted thrsogfi

the tubs sestet and snide easier cf vacuum

tubs. Pressure difference between plenum

chamber and atmosphere is measured with

nrenimster tube.

Figure 31

PARASITIC GAIN MEASUREMENT

», oscillator an« *Js
nay he used to measure pareside sta* p

ever 100 KHz-200 MW resist

One test method is to feed 2 signal from a

grid-dip oscillator into rise grid of a stage

2nd measure the resulting signal level in the

plate circuit of the stags, as shown in figure

51. Tee test is made with ail operating volt-
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Figure 34

CONDUCTION-COOLED TUBE WITH

INTEGRAL THERMAL LINK

Experimental-type Y-40S tstnse makes cse

of be/yilium oxide thermal fink to transfer

anctfe heat to an external heat sink. Unk is

pressed afw'rtrt the sink, vrftA mating' stir-

faces coated with silicons grease to improve

interface thermal resistance. 7ho heal sink

transfers excess system heat to the surronnding

atmosphere.

ventional air-cooled tubes due to the added

capacitance between the tubs anode and the

heat sink, typically 6 to 10 pF. The capaci-

tance is caused by the BeO dielectric. Below

about 150 MHz, this added capacitance

causes little difficulty since it can be included

in the matching network design. Above 150

MHz, care in network design still permits

successful operation up to the frequency

limit of the tube, but attention must, be

given to bandwidth and efficiency require-

ments and the physical length 2nd configu-

ration of the required resonating inductance

as the added capacitance of the thermal link

will limit the value of reasonsting inductance.

Normal use of electron tubes having

beryllium oxide is safe. However, BeO dust

or fumes are highly toxic and breathing

them can be injurious to health. Never per-

form work on any ceramic part of a power

tubs utilizing this material which could

possibly generate dost or fumes. Ac the

end of the useful lire of the tubs or heat

sink, the BeO material should be returned

prepaid to the manufacturer with written

authorization for its disposal. .

1 7-14 Transienf Protection

Circuits that are switched on and off

can produce transients because of induct-

ance in the circuits. The inductance may
be 3 desired portion of the circuit or it may
be the reridual inductance of the circuit

wiring and components. Transients can

range 2s high as five to ten times the nomi-

nal circuit voltage and may damage equip-

ment and components associated with the

circuit.

Transient protection will reduce the dam-

aging effects of over-voltage and various

forms of transient suppressors are zvzUabk

to do this work. The simplest form of trans-

ient protection takes the form of a voltage

sensitive gap which trips, or fires, at a ghen

value of peak voltage. Devices are made

that trip from 550 volts to 20 kilovolts.

Vacuum encapsulated gaps fire in 2 matter

of microseconds when the trip voltage is

exceeded and are capable of passing peak

current pulses of thousands of amperes

while preserving infinite resistance up to

the trip voltage. Solid state suppressors are

less costly but may exhibit a trip voltage

that is dependent upon the rate at which

the voltage is applied.

The life of 2 voltage suppressor can be

approximated in terms of die cumulative

charge, in coulombs, that can be passed

through the device without changing its

trip voltage by more than 10 percent. As an

example, 2 vacuum-type protector may have

2 life of 3000 dhcharges under a given set

of circumstances.

When the protection device ores, the

near-infinite resistance drops to 2 near

short. Thus, the follow-on current is lim-

ited only by circuit impedance. This current

must be limited and finally interrupted to

sllow arrester recovery

.
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characteristic is a highly subjective thing

and "on the air” checks are questionable,

since many amateurs hesitate to be truly

critical of another amateur’s signal unless it

is causing objectionable interference.

Various keying characteristics are shown

in figure 1. Illustration A shows a keyed

wave with the envelope rising from zero to

full value in 10 microseconds (juts) . The lead-

ing edge of the signal has the same shape as one

modulation cycle of an r-f signal modulated

with a frequency of 100 kHz. Sidebands 100

kHz on each side of the carrier are therefore

generated by this waveform. Up to a keying

speed of 100 words per minute, a rise time

as slow as 5 milliseconds can be used (illus-

tration B), reducing the sidebands to 200

Hz. Suitable filter circuits in the keying

system reduce the rise and decay times of

the keyed characteristic to conservative

values, thus decreasing the keyed bandwidth
of the signal.

Poor power supply regulation can alter

an otherwise perfect keyed waveform (il-

lustration C). Insufficient filter capacitance
permits the power in the keyed wave to sag

during the long dash, adding an unusual-

sounding characteristic to the signal.

—b-oghid-

—OO-OO
—{HOCKO

©
Figure 1

C-W KEYING CHARACTERISTICS
A-fihrupt rise ami decay time of dot ctraract
leads to severe trey clicks on make and brer
B-Simplo keying filter rounds dot character

iducing transition time between key*open ai
kcy-eloscd cend,t„„. c.Poor »

“

ulation can distort keyinc vravetcnn and a7°ep to the signal.

With high power equipment, transmitter

keying can affect power line regulation and

possibly make the lights blink in the vicinity

of the transmitter. The variation in line

voltage may affect the regulation of certain

power supplies in the equipment, or make a

slow variation in filament voltage, that will

change the keying characteristic of the trans-

mitted signal.

Location of If the transmitter is keyed in

Keyed Stage a stage close to an oscillator,

the change in r-f load to the

oscillator may cause the oscillator to shift

frequency with keying. This will cause the

oscillator to have a distinct chirp. If the

oscillator is followed by frequency multi-

plication, the chirp will be multiplied as

many times as the frequency is multiplied.

The oscillator itself may be keyed but it is

common to employ differential keying, as

described later, to eliminate the frequency

instability caused by turning the oscillator

off and on.

In a heterodyne system, a mixer stage is

often keyed with the frequency-generating

stage protected by one or two class-A inter-

mediate buffer-amplifiers. When done at a

low level, the keyed stage is commonly fol-

lowed by a class-A amplifier stage as the

keyed waveform is retained in a linear am-

plifier. Linear stages are employed up through

the output stage in an SSB transmitter, which

are capable of preserving the keyed wave-

form.

Class-C (nonlinear) stages that follow

the keyed stage sharpen the keyed charac-

ters, introducing sharp leading and trailing

edges to the character and thus spoil an

otherwise well-keyed signal. The class-C

stage acts as a peak clipper, tending to

square up the rounded keying impulse, and

the cumulative effect of several such stages

is sufficient to alter the keyed waveform to

the point where bad clicks are reimposed on

a clean signal.

Differential Oscillator keying is tempting

Keying since it permits break-in opera-

tion, permitting the operator

to listen to the other station between keyed

characteristics. The use of dijferetitial key-

ing permits break-in, as the oscillator is

turned on quickly by the keying sequence,

a moment before the rest of the transmitter

stages are energized, and remains on a mo-
ment longer than the other stages (figure

2). The chirp, or frequency shift, associated

with abrupt switching of the oscillator is



CHAPTER EIGHTEEN

Transmitter Keying and Control

Information is imparted to a radio wave

by the process of modulation, which implies

that the radio signal is changed in amplitude,

frequency or phase. On-oft (c-w) keying is

a simple type of amplitude modulation and

is a basic form of communication among

radio amateurs.

Keying is usually accomplished in a low-

power stage of a transmitter so that the con-

trolled power is small. The amplifiers follow-

ing the keyed stage must be designed so that

their power consumption remains within a

safe limit when the drive signal is cut off

during keying.

In certain styles of operation, it is con-

venient for the operator to listen through

his transmission so that the station 2t the

other end of the circuit can break-in while

the first operator is transmitting. This re-

quires that the sending station avoid gen-

erating an interfering signal, or back wave,

in the local receiver when the transmitter is

keyed off.

In simple on-off keying, the carrier is

broken into dots and dashes of the Morse

Code for transmission. The carrier signal is

of constant amplitude when the key is closed,

and is entirely removed when the key is

open. If the change from key-up to key-

down condition occurs too rapidly,^ the rec-

tangular pulse which forms the keying char-

acter contains high-frequency components

which take up a wide frequency band as side-

bands and are heard as key clicks on the

signal.
. , ,

To he capable of transmitting code char-

acters and at the same time not be causing

unnecessary adjacent channel interference,

the c-w transmitter must meet two impor-

tant specifications:

1. The transmitter must have no para-

sitic oscillations either in the stage be-

ing keyed, or in any preceding or fol-

lowing stage.

2. The transmitter must have filters in

the keying circuit capable of shaping

the leading and trailing edge of the

waveform.

Both of these specifications must be satis-

fied before the transmitter is capable of meet-

ing the FCC regulations concerning spurious

emissions. Merely turning a transmitter car-

rier on and off by the haphazard insertion of

a telegraph key, or keyer, in some power lead

is an invitation to trouble.

Shown in this chapter are keying circuits

and keyers capable of keying a transmitter

to provide clean, clickless keying at high

speed and which keep the keying circuit at

ground potential so that no danger of shock

exists to the operator.

18-1 Keying Requirements

The transmitter keying circuit must pro-

vide fast, dickless keying with no frequency

variation or chirp in the keyed wave. Key

click elimination is accomplished by prevent-

ing a too rapid make and break of power in

the keyed circuit, thus rounding off the key-

ing characters so as to limit the sidebands to

a value which does not cause interference

in adjacent channels. The optimum keying

18.1
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VACUUM TUBE KEYING

t-cjtti0<t keying e-Elosksiiria teyinj. c-Blotkea-sria ksyiaj *it1 rtro-sii: triJtt.

D-Screen keying with tetroie tube.

Blocked-grid keying, wherein the exciting

voltage is overridden by a negative blocking

voltage, can be used with tetrode and high-

mu triode tubes (B) . The keyed waveform
may be determined by an RC constant in the

grid circuit. Grid current Bows through the
keying circuit and voltage ousts across the
keying contacts.

Sell -blocking keying in the grid circuit

may be achieved with high-mu triodes such
2 t the 211A and 5-500Z which automat-
ically cut themselves c5 when the grid re-
turn circuit is opened (C).

In use case of the tetrode, the screen cir-
cui: may be keyed, with a blocking voltage
applied to the screen in the key-tip condition
to reduce the backwavc caused by r-f leak-
sge through use grid-plate capacitance of

the tube (D) . Voltage exists across the key-

ing contacts.

18-3 Break-in Keying

Breck-:n c-w operation permits Informa-

tion to be transmitted back and forth be-

tween two stations at will For true break-in,

each station must be able to listen to toe

other during the key-up period, while the

receiver remains mute (or operates at re-

duced gain) during the key-down period.

Thus, one operator can "break” the other at

any time between the dots and dashes of a

single letter.
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thus removed from ms emitted signal. la

addition. the differentia! keyer can apply

waveshapiag a the amplifier section of tie

transmitter, eliminating the click caused hr

rapid keying of the brer stages.

The idea! differential keying sequence is

shown in die illustration. When the key is

closed, the oscShtor reaches mixisium cat-

pat 2lmosr insiznzzneozslv. The following

stages reach maximum output in 2 fashion

determined by the waveshaping circuits of

die keyct. When the key is opened, die out-

put of the amplifier stages starts to decay

in a predetermined manner, followed shortly

'*-7=.*KJtf!77Es! 15 *CSTy£ *
ASVBWVST^STOI.

Figure 2

DIFFERENTIAL KEYER TIME
SEQUENCE

When drfferertiEl keying is uz cJ, the osdllstir

fe tcmecf cn quickly try t!is keying requeues, 2

moment before the rest of tire transmitter is

energized (at left of illustration}. The oscillator

remains on 2 moment longer than the rest of

the transmitter (at right cf illustration}. Any

chirp, or frequency shift associated with 2brcpt

oscillstor switching is thus removed from the

emitted signet.

by cessation of the oscilhtor. The end result

of this sequence is to provide relatively soft

make and break to the keyed signal, mean-

while preventing oscillator frequency snfit

during the active keying sequence.

The rate of charge and decay in 2 repre-

sentative K.C keying circuit may be varied

independently by die blocking diode system

shown in figure }. Escb diode permits the

charging current of the timing capacitor to

flow through only one of the two adjustable

potentiometers, thus permitting independent

adjustment of die make and break charac-

teristics or tie keying sysrea.

18-2 Transmitter

Keying

The problems of keying a vacuum tube

are somewhzt deferent from keyfns; 2 solid-

state circuit. The vacuum tube may be hexed

in die grid, cathode or screen circuit 2nd rile

tube element may be either blocked vrirh a

negative voltage or opened trich respect to

ground or the positive potential of roe

supply.

The transistor may be keyed ia a similar

fashion by varying the base or emitter volt-

age as described in Chapter 4. The transistor

can readily be adjusted to ether cutoff or

saturation by controlling the base-to-emitter

potential The potential of the keyed wave-

form will depend on the polarity of the

keyed voltage sad the choice of either an

XPX or ?XP keying transistor.

Figure 3

WAVEFORM SHAPING CIRCUIT

RevETSE-ccnnsctEd diqdes vaiy lime ccnstent cf

“make’’ zr.i "ire2V” characteristics ef keyti

st2ge.

the The vacuum tube may be

Vccuuai Tube keved richer in the cathode or

grid circuit (figure 4). Cath-

ode keying opens both the pkte and grid

dc return rirauirs, thus blocking the grid

at the same rims die plate return circuit is

opened (A). Voltage exists across the key-

ing contacts and an electronic switch or

relay should be used for shock protection.
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Figure 5

BREAK-IN CIRCUIT FOR
TRANSMITTER and receiver

CONTROL

In key-up position, or receive, Vie atnSJfsry re-

ceiving antenna is connected to the receiver

through a simple T-R switch and the receiver

age system functions normally, in the Key-down

position, or transmit, the receiving antenna is

shorted to ground and a negative voltage is ap-

plied to the receiver age line. The keying con-

stants are adjusted hy an RC network placed

across the key.

In order to achieve break-in capability, tbe

receiver must be protected against overload

from tbe nearby transmitter during tbe key-

down period 2nd must be able ro recover full

sensitivity in tie key-up periods.

Simple bresk-'m technique calls for tbe use

of a separate receiving antenna, as the ordi-

nary antenna relay cannot respond fast

enough to follow high speed keying- The

separate antenna, in most instances, may be

a random length of wire run at right-angles

to the main station antenna to reduce trans-

mitter pickup. A more complex technique

makes use of an electronic transmit-ieceive

switch (T-R switch) which offers automatic

protection to the receiver from the transmit-

ter power.

Shown in figure 5 is a representative break-

in circuit that provides gain reduction

and receiver input circuit protection during

the key-down period of the transmitter. In

the key-up, or receive, position, the auxiliary

receiving antenna is connected to the re-

ceiver through a simple T-R switch and the

receiver age circuit functions normally. In

the key-down position, transistor Q: con-

ducts and tbe collector assumes a negative

potential. A negative voltage is thus applied

to diode Dr which conducts, effectively

shorting the receiver antenna circuit to

ground. Ac ad/ustable negative voltage is

taken from potentiometer R, and applied to

the receiver age line, silencing the receiver.

Diode Dj prevents shorting the age line to

ground during key-up condition. The key-

ing characteristic may be achieved by 2 sim-

ple R-C network placed across the key

terminals.

A more complex break-in circuit is shown

in figure 6. Transistors Q2-Q, form a corn-

piemen tan* switch that controls transmitter

hris. The three control circuits ire near zero

Figure 8

TRANSMITTER BREAK-fN CIRCUIT

Transistors control transmitter bias on two

sieges of solid-state circuitry. When the key Is

cfosetf, the circuits go to the posrfivs voltages

indicated. The lA-voll line is used to blestn

the base circuits of the r-f driver stages of the

transmitter, fige/afe control vaifege is derived

from transistors (Mb-

potential during key-up periods. Then the

key is closed, the circuits go to the positive

voltages indicated in the diagram. The po-

tential of the *H.4-volt line is determined
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FIVERS! OR

FORWARD BIAS ZEROSK5

SWITCH

Figure 11

PIN DIODE R-F SWITCHES

A-Oiodc electrical model under forward- and

_

reverse-bias conditions.
B-R-f switches, series and shunt connected.

Figure 12

QUARTER-WAVE ANTENNA SWITCH
USING PIN DIODES

PIN diode and the diode resistance. In a 50-
onm antenna system -where the condition of
a mismatched antenna must be considered,
the power capability of the PIN switch is,

where,

Pd equals the power rating of the diode,

Us equals the diode resistance,

a equals the maximum value of SWR on

the system,

Z0 equals 50 ohms.

184 The Electronic Key

The International Morse Code used in

radio telegraphy is made up of three ele-

ments: the dot
,
the dash, 2nd the space (see

Chapter 1, Section 4). Intelligence can be

transmitted at high rates of speed by using

various combinations of these elements. A

standard time relationship exists between the

elements and between the space between

words. The dot is a unit pulse and one pulse

per second is termed one baud. The dot lus

a duty cycle of fifty percent, thus making

the space equivalent in length to a unit

pulse. The dash has a duty cycle of seventy-

five percent, or three unit pulses in length.

The space between words is seven unit pulses

in length.

These fixed relationships between the code

elements make it possible to use digital

techniques to generate the timing character-

istics used in an automatic electronic keying

device, or keyer.

The representative keyer is actuated by

the operator who keys at approximately cor-

rect times, the keyer functioning at pre-

cisely correct times determined by the clock

circuit of the device.

In most keyers either an astable multivi-

brator or a pulse generator is used as a clock

to create precise dots and dashes. The latter

arc made by filling in the space between two

dots. Latching (memory) circuits are used

so that an element, or code character, will be

completed once it is initiated by the keyer

paddle, or lever.

Since the transmitter following the keyer

has wave-shaping circuits and possibly re-

lay closure delay, a weight control may be

incorporated in the keyer to vary the dot-to-

spacc ratio.

Modern electronic keyers make use of

solid-state circuitry which is admirably

suited to on-off position. A basic electronic

key uses a single or dual key lever, movable

in a horizontal plane and having two side
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current rating, thus permitting the transistor

to be used to directly key cathode or grid

circuits carrying up to several hundred mil-

liamperes with an open-key voltage up to

300.

A sidetone oscillator or keying monitor

can be driven by the keyer to provide the

operator with an audible indication of the

keying process.

Variation in the control logic and the use

of a double paddle key permits conversion

of the basic keyer to iambic keying whereby

grounding either the dot or the dash con-

tact and then immediately grounding the

other produces alternating dots and dashes.

Another version will produce a dot or dash

override sequence whereby closing both con-

tacts simultaneously, only dots (or dashes)

arc generated.

A representative keyer is shown in fig-

ure 14. This unit employs a dual flip-flop

for dot and dash generation at a three-to-

onc ratio. The IC-3 (NE-55I) serves as a

clock generator whose speed is set by con-

trol potentiometer R3. A second timer

serves as a sidetone generator. The transmit-

ter is keyed by means of transistor Qj and

a reed relay which isolates the keyer circuit

from the transmitter voltages.

18-5 The COSMOS
Keyer—Mark II

This compact and reliable keyer is an up-

to-date version of the popular W9TO keyer

that has appeared in various versions, revi-

sions, and modifications over the past decade-

The latest design uses the newest and the

best adapted IC logic form: CMOS (figure

16). A recently developed IC does it all, the

Curtis $044. Rather than building up *

keyer using several small-scale-integration

type IC’s, the builder can use only one $044

and have dot and dash memory, variable

weight, and even iambic (squeeze keying)

mode.

Device fC-1 is a 7400 Quad, two input NANO gate. RY, is a reed relay.
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contacts, much in the style of the median- cise spacing between the code elements as
jcal key, or bug. Moving the keying paddle the space will always be one dot long, re-

to the right produces a uniform string of gardiess of the sending speed. A dual flip-flop

dots and moving the paddle to the left pro- (IQ*, IQC )
i5 used as a character gener-

duces a uniform string of dashes. A more ator. Grounding the dot contact of die two-
sophisticated keyer makes use of a dual contact key triggers the set (S) input of the

squeeze paddle having double paddles, levers, dot flip-flop (IQA) which then sends pre-

and contacts, one set for dots and one for cise square-wave dots as long as the dot con-

dashes, In one version of this squeeze keyer tact is closed. If the dot contact is opened

(the imbic keyer), closing both paddles at before the completion of a dot, the element

once produces a string of sequential dots and will be completed (dot memory),

dashes. This simplifies the sending of the Grounding the dash contact of the key
letters having this sequence, such as C, Q, triggers the set input of the dash flip-flop

A, L, X, R, and K. Other versions of the (IQe) and also grounds the set input of the

squeeze keyer produce a string of dots or dot flip-flop through diode D,. The dot flip-

dashes when both paddles are closed. The flop starts a dor, the dash flip-flop is trig-

keyer may be modified to send dots over gered, and a second dot is initiated complet-

dashes or dashes over dots when one paddle ing the dash element at the end of the second

is closed after another. This action is termed dot. The outputs of the flip-flops are added

override. Automatic dot completion is in a summing gate (IC3) . Once a character

achieved by incorporating a memory circuit has started, it is impossible to alter it with

in the keyer. the paddle and characters are self-completing.

The transmitter is actuated by a keying

transistor (Qi) employing a fast-operating

A Basic The logic functions of a typical relay in the collector circuit. In many in-

Kcyer keyer are performed by silicon in- stances, a reed relay is used. This type of

tegrated circuits (figure 13). The relay has operate and release times of less

pulse (dot) generator, or dock, is a free than one millisecond and can allow good

running multivibrator made up of two in- keying up to 100 words per minute. Some

verters (IQA, IQe) with the pulse speed keyers eliminate the relay in favor of a key-

controlled by potentiometer Rj. The free ing transistor having a high collector-to-

running, astable multivibrator allows pre- emitter voltage rating and a large collector

Figure 13

LOGIC FUNCTIONS OF ELECTRONIC KEYER

Astable multivibrator (ICO generates string of pulses (dots) with speed controlled by poten-

tiometer Rt. Dot flip-flop sends precise square-wave dots when key contact is dosed. Dash flip-

flop adds tong pulse to dot, forming 3-baud dash at output of summing gate. Amplifier and key-

ing transistor drive a reed relay which controls the transmitter circuit Dot memory, sidetone

monitor, and iambic characteristic may be added to the basic keyer, if desired.



18.12 RADIO HANDBOOK

in figure 17. Since the regulator is fully ad-

justable, it can be set to +9 volts, the same

as the nominal batten' voltage.

Note that all leads passing in and out of

the kever cabinet (Mothtime P-355) are r-f

decoupled. The two keyer paddle leads and

the transmitter keying line are choked, using

a ferrite bead and a 1000-pF feedthrough

capacitor in each lead, forming a simple L-

network. These PvFI precautions may not al-

ways be required because the Cnrth 1044 IC

is relatively insensitive to r-f, being CMOS.
It is safest to put it in as the keyer is built,

rather than having to add it on later if trou-

ble does develop. The keyer is assembled on

a peg board, as shown in the interior view

of figure 18.

Using the Keyer The only adjustment to be

made once the keyer is

wired and checked is to set the regulator

(figure 17) for +9 volts. The keyer should

be tested on the external supply and then

on the internal battery. A Ni-cad battery

is recommended for longest life. If desired

a small LED may be placed across the sup-

ply to indicate when, the keyer is turned on.

The Curtis 1044 comes with an IC socket

and instruction manual. The manual shows

how the IC may be used to key a transmitter

having a negative ‘'key-up” potential. This

method uses a high-voltage PNP transistor

as a saturated switch, in much the same man-
ner as the NPN (Qj) device was used to

key a positive voltage fkey-up”) transmit-
ter. The circuit shown in the Curtis man-

ual, however, places the keyer paddle com-

mon at ~~9 volts relative to the transmitter

chassis. If complete isolation is desired, an

inexpensive reed relay, offering millisecond

response and minimum bounce may be used

in the circuit of figure 19.

The keyer provides self-completing dots,

dashes, and spaces. Once a character (or

space) is commenced, there is no way to pre-

vent it from being completed. The .seli-com-

pleting function of an electronic keyer can

cause dots to get lost because the operator

tends to "lead” the keyer. Since dashes are

held longer, they seldom get lost. To prevent

lost dots, the 804-4 CMOS device employs a

memory to remember when a dot is called

for and to insert it at the proper time. The

dot memory also aids in 'squeeze” keying

where a tap on the dot paddle will insert z

dot into a series of dashes. "When the dot

paddle is pressed, a continuous string of dots

is produced. When the dash paddle is pressed,

continuous dashes are produced. When both

paddles are closed, an alternating series of

dots and dashes (iambic) is produced. The

series C2n be started with either a dot or a

dash depending upon which paddle is closed

first. Iambic operation allows '‘squeeze” key-

ing if desired by using a twin-lever paddle.

A single-lever paddle allows the “non-

squeeze” mode.

The keyer provides a speed range of 8 to

50 w.p.m. Resistor R.12 sets the upper end

of the speed range and may be decreased in

value for higher speed keying.

it if

Figure 17

SCHEMATIC OF KEYER POWER SUPPLY
F.-Line receptacle anrJ filter. CORCOM 6EF-1. T,-io-0-10 veils at CO mA. Sitn2 f PC.20-50.



TRANSMITTER KEYING AND CONTROL

1i* sa

THE COSMOS
INTEGRATED-CIRCUIT KEYER-

f.TARK If

The COSMOS ksysr uses CMOS lt&c with s sir.-

gls IC, the Curtss £044, This device prsrides

dot and dash memory, variable weight, and

iambic (squeeze keying} node. The device wcrte

either from an interne! 3-volt battery cr fmm
120 YCits EO Hz. The unit is tuiJt in s McduJIne

cabinet measuring V wide, 3ir’T high and V
deep, exclusive of controls. The sms!! speaker

is mounted in (he remnretfs fid of the box.

Fitch and weight controls are in line zcrtss the

tep, with vclume and speed controls across- the

bottom. Rubber feet are placed at the bottom

of the tox to prevent scratching the operating

tEbls, Box color is gray, rrilfi on cff-rrh'fe psr.sl.

Because CMOS is inherently capsbis or

operating from a “Me range of supply volt-

ages, the SO-4 ciz operate o~ v* 5 so -r 12

Tolls cc. Since 9-voI: transistor radio bat-

teries are cheap and common, that voltage

wzs chosen for tils keyer. Hither battery or

sc operation is selectable by the front pane!

potter -witch. Since the keyer consume*

only about JO pA '"key-up" and 50 mA
''key-dorrn,” leaving the pouter witch on

in the battery mode causes little drain.

Keyer Circuitry Tb circuit of the COSMOS
keyer is skovn in figure IS,

as arranged for cathode keying of z rafce-

type transmitter. Note that transistor Q; is

a type capable of zichsxzdhtg +560 volts

in tbs ‘"key-cp” condition and 200 mA in

tie "key-c'osvn” posftion-

Tie transmitter may be turned on for

tuning, by closing tbs time witch on the

keyer. Also, tbs keyer may be used for code

practice, vitkcra: keying the transmitter by

closing the self-test switch.

Tbs ac po“er supply uses a four terminal

regulator, the Tchcbl’J 7S MG. This regu-

lator is very much like the 5 -terminal types

haring 5red voltages, but has a fourth ter-

minal by vhich die output voltage may be

adjusted. The po~er supply credit is sho“n

jv'IhI !
!

j

a
!
“

i ffjrd ?
-f ! s ;

NV
;

:-i

" Pi: +

Figure IS

SCHEMATIC OF THE COSMOS KEYER—MARK II

niodss D-D, are semEreiim (11,270}- Dicia Di is a IfUESD. Wi capacitiis resy fcs CErerei: ej-

cept the 0.15--F unit befruit pics s sr.s 10 cf Ike IC, which is a mylar unit Ceramic fcee-s

{BrBi) are placed cn key lines ts reduce r-f feedback into the keyer. A set cf the FJlsr etn-

ponents and a glass-epsxy circuit beard fer the keyer may be entered frem; Cartas Elwtre De-

vices, Bex 40S3, Kccr.tgitt V?nr, C4 $e«0.
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18-6 The Keyboard

Keyer

Use of a keyboard-style keyer is grossing,

especially among radio amateurs interested

in very high speed c-v, from 50 to 90

w.p.m., at which speed accurate manual

transmission is very difficult. Keyboards are

also used by lover speed operators interested

in accurate c-w independent of physical

dexterity.

A keyboard keyer consists of a keyboard,

usually arranged similar to 2 typewriter, an

encoding system for the keys, 2 converter for

obtaining the Morse code characters with

proper element spacing, a sideionc monitor

and an output scrim for keying the trans-

mitter. The Curtis KB-4200 .Morse Key-
board is shown in figure 20, and 2 block
diagram of the device is given in figure 21.

ftRSlEWEw tom

Figure 21

THE CURTIS KB-4200 KEYBOARD
KEYER

KeySoara provides standard ASCI! c?ds of sir

parallel lines to a Bi-character FIFO (first-in,

first-out) buffer memory. A fullness meter indi-

cates the amount of storage in use. As each

character is withdrawn from the memciy, the

stacV. fails by one character. The ASCII date is

routed to a PROW cods converter where Wdtse

equivalents are generated. A Sidstone monitor

and lieyEr are run by the code generator.

Keyboard Although there are several ways

Operation of implementing a keyboard

keyer, the machines fall into two

general classes: those with a buffer memory

and those without. This difference has a

large effect upon the sequence of operation

of the device. On keyboards without buffers,

character and word spacing is provided by

the operator and is variable as a result. On

units having buffers, the operator types a

few code characters ahead of the actual

transmission. The buffering circuitry sup-

plies character spacing, and by depressing

a space bar on the keyboard, the operator in-

serts standard word spaces into the message.

Buffer memory sizes range from one char-

acter to as many as 12?. A buffer storage

of 64 characters is more than adequate tor

norma! operation. Buffered keyboards are

normally designed to oroduce on!" one char-

acter per key depression similar to a type-

writer, whereas certain of the ur.bufcret



INTERIOR VIEW OF KEYER

The keyer is built upon a prepunched terminal board, P pattern with 0.042" diameter hcles and
type 745-4 terminals (Vector). The 9-volt transistor battery is mounted to the side cf the cabinet

with a clip. At the rear of the board is the IC voltage regulator, with the power transformer and
filter capacitor to the side. The Curtis IC is near the center of the board, mounted in a 16-pin

socket Connections between the terminals is made on the under side of the terminal beard. The

test and Wne switches, along with the RFi-proof power receptacle and terminal beard for keying

connections are mounted on the rear wall of the cabinet

Figure 19

REED RELAY KEYING CIRCUIT FOR
COSMOS KEYER

Bi, Bi—Ferrite bead. RVi-Reed relay, 12-volt

coil. Potter Sc Brumfield JR-M-1C09.
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from the speech amplifier stages of the

transmitter and adjusted to the proper sig-

nal level hy means of the VOX gain poten-

tiometer. The audio signal is rectified hy

diodes Di and and amplified hy transistor

Qi. The resulting voltage pulsations are

amplified hy Q; and Q* after the time

constant of the dc waveform is determined

hy the VOX delay potentiometer in the base

circuit of Q;. The VOX voltage or pnsh-to-

talk voltage is applied to Q3 after the levels

have been set and long time constant pulses

are passed to Q4, which serves as a switch to

drive the transmit-receive relay.

VOX Bies it is desirable to completely de-
control able a high-power linear ampli-

fier during reception for two
reasons: first, the amplifier consumes stand-

by power unless it is biased to cutoff and,

second, many amplifiers will generate "white

noise'
5

when in a normal standby condition.

The white noise, or diode noise, may show
up in the receiver as a loud hiss interfering

with all but the loudest signals.

The circuit of figure 23 provides an
automatic cutoff-bias system for a VOX-
controlled amplifier stuge. The resting plate

current 01 the amplifier is passed through a

5OX resistor in the filament return circuit,

creating a voltage drop that is applied as
cuton bias to the tube(s). The filament
circuit is raised to 2 positive voltage with
respect to the grid, thus leaving the grid in
a ^negative, cutoff condition. On activation
of the A'OX relay, a separate set of con-

FisUre 23

VOX E1AS CONTROL
C«?ff tiij f;r J^rrnied-Erii trioSs rr.zv itt^nte !rc-i srthtee Mas rstij-cr. AMjfn rf

r

tacts short out the bias resistor, restoring

the amplifier stage to normal operaring con-

dition.

Figure 24

SCHEMATIC OF R-F ACTUATED
KEYING MONITOR

IS-S An R-F Operated

Keying Monitor

For proper sending and clean code trans-

mission it is mandatory for the operator to

monitor his signal. This may be done by

copying the output of 2n audio oscillator

that is simultaneously keyed with the trans-

mitter. The oscillator shown in figure 2-4 3s

triggered hy r-f picked up from the trans-

mitter and thus provides an accurate replica

of the keyed signal.

A unijunction transistor (2X4S?l) serves

as 2 simple relaxation oscillator whose tone

and volume are controlled by two poten-

tiometers. The oscillator runs a small speaker

2nd is enabled by grounding the junction or

the 0-22-riF capacitor and the speaker. Tin?

is accomplished by 2 keying transistor

(2X5641) which is forward-biased ny *

small r-f voltage developed by pickup cob

The keying monitor may be built on £

nerforated drcult board and these "tree
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designs send a continuous stream of charac-

ters on key depression. While helpful in send-

ing words with rapid, repetitive letters, such

as "keep,” the key must be released very

quickly to avoid sending unwanted dupli-

cates of short letters at high keying speeds.

Also, on an unbuffered device
,
the rhythm

of key depression is tied to the rhythm of

the Morse transmission, that is, some letters

are short and some very long. On buffered

units, the operator is free to type indepen-

dent of transmission speed once he has a few

characters stored in the buffer.

A Buffered The diagram of figure 21 ilhis-

Keyboard trates a buffered keyboard. This

derice makes use of a standard

computer terminal keyset and associated

electronics to prevent key de-bouncing and

two-key roll often caused by overlapping

key depressions by the operator. The output

of this section is the standard ASCII code

(.American Standard Cod* for Information

Interchange) for alphanumeric characters

consisting of six parallel lines. A strobe out-

put indicates when 2 key has been depressed

and the key data is valid.

The ASCII information is routed to a 64

character FIFO (Srst-in, first-out) buffer

memory (using two FSC 5541 ICs), where

it is stacked up, ready for transmission. As

each character is withdrawn for transmission

the stack falls one character. Operation of

the FIFO memory is similar to an old-time

trolley car conductor’s coin changer where

the rate of coins deposited and extracted is

completely independent. In the KB-4200

keyboard, buffer fullness is indicated by a

panel meter, calibrated in characters, as 2n

operating convenience.

Data for each character exciting the FIFO

buffer memory is routed to a code converter

(using two Signetics 8225 PROMS, 52 X
8, each) where the ASCII representation is

changed to 2 Morse code representation. A
convenient and compact Morse representa-

tion consists of eight parallel bits. The first

five describe the character elements [ill or

dab) 2nd the las: three contain 2 binary

coant of the number of elements in the

character. Calling a dit "1” 2nd 2 dash "0,”

some examples are:

Letter Element Count

E moo 001

A 10000 010

V 21200 100

6 01111 101

Six-element characters can be accommo-

dated with this system using advanced elec-

tronic circuitry.

The parallel Morse representation is

routed to a code generator which makes up

the actual Morse character in a serial form

ready for transmission.

18-7 VOX Circuitry

A form of VOX (voice-operated tram-

mission) is often employed in SSB operation.

A representative VOX system is shown in

figure 22. The VOX signal voltage is iaken

Figure 22

TRANSISTOR VOX CIRCUIT
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18-9 The Phone Pofch

The phone-patch is an electrical intercon-

nection between the amateur station and the

telephone line. Effective in 1959, the Bell

Sysrem responded to an FCC order covering

interconnection of the System with privately

owned facilities, which legalized phone-

patching. Accordingly, most telephone com-

h

Figure 25

REPRESENTATIVE PHONE PATCH

Tt
—1000 ohms to 4 ohms (reversed)

T*—1000 ohms to 5000 ohms

Adjust balancing network for minimum signal

feedthrough between receiver and transmitter.

panics will provide a unit called a voice cou-

pler which is a connecting device to be

attached to a telephone set, along -with a

switch to connect and disconnect the cou-

pler. The coupler isolates the station equip-

ment from the telephone line and provides

an impedance match and level control be-

tween the line and the station equipment.

The coupler is connected in parallel with the

telephone set when a phone patch is in

progress.

To effect a phone patch, the average voice

level to be applied ro rhe phone line is re-

stricted by the telephone company and the

audio power in various a-f bands is speciSed,

in particular, the band from 2450 Hz to

2750 Hz, which if present, must not exceed

a prescribed level. This band is used for

signaling.

Modern SSB equipment uses VOX and

antivox circuitry', and provisions for voice

control are helpful for full phone-patch ser-

vice. In order for this to be accomplished

correctly, a hybrid circuit is included in the

phone patch. This is a network which re-

sembles a bridge and prevents the receiver

audio signal from reaching the audio cir-

cuitry of the transmitter (figure 25). The

signal-level loss of this circuit is approxi-

mately 10 dB, In some patches, a 2600-Hz

filter is added in the line from the receiver

ro prevent unwanted disconnections result-

ing from heterodynes or interference on the

received signal falling in that audio-fre-

quency range. Such a filter is helpful on long

distance phone calls hut is usually not re-

quired for local calls.
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of the order of 3 amperes or so, for mrn}'

alternators. The rotating field usually has sin

Figure i

THREE-PHASE AUTOMOBILE
ALTERNATOR

Three-phass output voltage is corvsrtsS ia £e
t?y full wm rectifier D,, - o6. Rectifier D? prp-
iects rectifier ecsembiy from transients zn3 vo!t-

ege surges in eleetricel sj-stem cf ertc.

pairs of poles, and the output of one stator

binding represents six electrical cycles for

ead) revolution of the £eld. The output fre-

quency in cycles per second is one-tenth

the shaft speed expressed in revolutions per

second.

The high output current of the alterna-

tor is supplied directly from the fixed stator

bindings m the form of three-phase current.

The stator is usuall}* connected in a “tyr

0 ) conn guration to an internal rectifier

assembly made up of six silicon diodes which
>vidc full'tv’ave rectification. The ripple

frequency is six tunes the frequency de-

veloped h Date -inding. Thus, at a
^

shaft^ T?sni the nominal voltage
1: K output frequency will he -400 Hz, and
tncjnpple frequency is 2400 Hz.

;•*;
tsssmply (D

: . D,.) a-y he
mo~n.c» ju or hen:no the rear end -hell of

C
'f/r

rJcn tn is>

o'V'rn"''-'*

' -tom voitape surges and helps

auction k the shaft speed to

pm or so. nove this ^peed

the current in the field by .a mechanical

voltage regulator or By .a solid-state regula-

tor. because the reverse current through the

rectifier diodes is small, the alternator is

usually connected directly’ to the battery

without the use of a cutout relay.

Bctesriss The voltage available at the ter-

minals of 2 battery is 'determined

by the chemical compostm of the cell,

hinny types and sizes of batteries are avail-

able for portable radio and communicafion

equipment. The inexpensive rmbvn-dir*t cell

provides a nominal 1.5 volts and, unused,

will hold a charge for about a year. The

current capacity of the cell depends on the

physical size of the electrodes and the com-

position of the electroins. A battery may

be made up of z number of cells connected

in senes, providing good life under inter-

mittent service.

Next to the carbon-zinc cell, the most

commonly used unit is the slkdinc rill

(1.2 volts) which has about twice the total

energy capacity per unit size as compared

to the carbon-zinc cell Tins cell is capable

or a high discharge rate over an extended

penod ot time -and provides longer life in

continuous service than does the carbon-zinc

cell

The -mercury ccl! (1.34 volts) is more

expensive than the previously mentioned

cells, but i: has ax extremely long woriing

life. In addition, the mercury cell maintain.'

•it]] rated voltage until just before entera-

non, then the voltage droos sharply. Shelf

life of the mercury cel] is excellent and it

may he stored for long periods of time.

Jhese three types of batteries may be

recharged to some extent by reversing the

chemical action by application of i reverse

current to the cell ?cc best remits, the

current should be low and should have a

small ac component to provide a more even

reUeposit ot rr.ate.ual on the negative elec-

trode. Techarged cells have an uncertain

operating life, and the rrcle may
van- from cell to cell

ir,t yicrslrcirrhim f.Vfrrc) crii 4.2'

vots) :s the mot: expensive cell in term? cf



CHAPTER NINETEEN

Mobile and Portable Equipment

Mobile operation is permitted on all ama-

teur bands. Tremendous impetus to this

phase of the hobby was given by the suit-

able design of compact mobile equipment.

Complete mobile installations may be pur-

chased as packaged units, or the whole mo-

bile station may be home built, according to

the whim of the operator.

The problems involved in achieving a

satisfactory two-way installation vary some-

what with the band, but many of the prob-

lems are common to all bands. For instance,

ignition noise is more troublesome on 10

meters than on 80 meters, but on the other

hand an efficient antenna system is much

more easily accomplished on 10 meters than

on 80 meters.

Compact mobile equipment is available

for f-m operation on the rhf bands and this

popular mode has flourished, at the expense

of mobile operation on the hf bands. The

use of fixed f-m repeaters placed on elevated

locations has done much to enhance vhf

mobile communication.

The majority of high-frequency mobile

operation takes place on single sideband. The

low duty-cycle of SSB equipment, as con-

trasted to the heavy power drain of con-

ventional a-m gear, has encouraged the use

of relatively high-power sideband equipment

in many mobile installations.

Portable operation is extremely popular

on all hf and vhf bands and specialized

equipment for this mode of operation is

available, using battery power as a primary

source. To conserve batter}' drain, solid-

state devices are commonly used and power

input is limited for the same reason. Some

amateurs employ gasoline driven power gen-

erators for portable and emergency service,

ventional a-m gear, has encouraged the use

In all cases, however, the power source is

critical since even mobile power sources are

limited in their ultimate capacity.

19- 1 Mobile and Portable

Power Sources

A small transistor converter for casual

listening may be run from a 9-volr battery,

but larger mobile receivers, transmitters, and

transceivers require power from the electrical

system of the automobile. SSB equipment,

with its relatively fight duty cycle, is ideally

suited for mobile use and demands the least

primary power drain for a given radiated

signal of all the common types of amateur

transmission.

F-m, on the other hand, is universally

used for vhf mobile service. In any case, a

total equipment power drain of about 250

watts for SSB or f-m is about the maximum

power that may he taken from the electrical

system of an automobile without serious

regard to discharging the battery when the

car is stopped for short periods of mobile

operation.

With many SSB mobile-radio installa-

tions now requiring 100 to 250 watts peak

power from the automotive electrical sys-

tem, it is usually necessary to run the car

engine when the equipment is operated for

more than a few minutes at a time to avoid

discharging the battery. Fortunately, a

majority of automobiles have a 12-volt al-

ternator system as standard equipment and

as a result, most SSB transceivers may be

run directly from the automotive electrical

system without undue strain on the batter}'

during the course of normal driving.

Tfie Alternator A typical alternator circuit

is shown in figure 3. The

alternator differs from the classic generator

in that it uses a rotating field to which

dc is supplied through the slip rings and

carbon brushes. Field current is quite low,

19.1
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by accumulation of gases within the con-

tainer.

The nickel-cadmium cell may be charged

by a constant-potential process whereby

charger current is continually adjusted to

maintain a constant potential of 1.55 volts

across the cell. This requires a charger de-

signed for such service, as very high cur-

rent occurs at the start of charge, tapering

rapidly as the charge progresses. A fully

discharged cell can be completely recharged

by this method in an hour or so.

The nickel-cadmium cell may also be

charged by the constant-current process.

This technique requires a charging source

having an ammeter and control rheostat in

the charging circuit. The cell is charged at

a constant current rate. To maintain con-

stant current, the rheostat requires adjust-

ment during the charge period as the

counter-emf of the cell rises.

The practical value of charging current

varies from cell to cell and is usually speci-

fied by the manufacturer. If the extent of

discharge is not known, the cell may be

charged at a constant current rate until the

cell voltage ceases to rise. Reasonable over-

charge is not harmful as long as the electro-

lyte level is above the plate tops and the elec-

trolyte temperature does not exceed 125°F.

When charging at a high rate, the nickel-

cadmium cell will gas rather vigorously

when approaching full charge. This gassing

will cause the electrolyte level to rise above

the limit line. This apparent excess electro-

lyte should not be removed as the level will

drop back after the cell stands on open cir-

cuit following the charge. Charging dis-

associates water from the electrolyte which
forms this gas.

The energy capability of a nickel-cad-
mium cell is usually rated in milliampere-
hours. for small cells and ampere-hours for
large ones. The rating is based on cel! capa-
bility to a specific end point (usually 1.1
volts per cell) over a 10-hour period. This
ngurc is used as the capacity of the cell and
depends upon the rate of discharge. Gener-
ally speaking, the charging current is held
to 10 percent of the milliampere-hour rating
of a small cell and the time of charge is set
at 150 percent of the time required to re-

establish the maximum milliampere-hour
rating 0f the cell. Thus a 250 milliampere-

hour cell- is charged at 25 milliamperes for

25 hours. This ensures that the lost energy

is restored and various other losses and in-

efficiencies are accounted for. With a simple

charger the standard battery can be left on

extended trickle charge (at less than 10 per-

cent of the milliampere-hour rating) for

years. This constant current extended charge

feature has value in standby applications

where the battery must be instantly ready

to operate.

Nonvented, or sealed, cells can be mounted

in any position because their construction

prevents the electrolyte from spilling out.

Since they are maintenance free, these sealed

cells are frequently totally encased in a

molded plastic or metal housing.

The nickel-cadmium cell can also be

stored for years with no significant degrada-

tion in performance and then, after just a

few charge-discharge cycles, can be brought

back to the point where it will be good as

new. This long storage feature has consider-

able value in situations where the battery is

only used occasionally.

The following precautions are reconi-

mened to users of Nicad cells or batteries:

1. Do not dispose of batteries in a fire.

2. Do not attempt to solder directly to a

sealed cell because the seal can be dam-

aged by too much heat.

3. Do not place a charged cell in your

pocket. If you have keys, coins, or

other metal objects in your pocket, the

cell may be shorted and produce ex-

treme heat.

19-2 Transistor Supplies

The vibrator-type of mobile supply

achieves an overall efficiency in the neigh-

borhood of 70%. The vibrator may be

thought of as a mechanical switch reversing

the polarity of the primary source at a

repetition rate of 120 transfers per second.

The switch is actuated by a magnetic coil

and breaker circuit requiring appreciable

power which must be supplied by the pri-

ntsy source.

One of the principal applications of the

transistor is in switching circuits. The tran-

sistor may be switched from an ''off" con-

dition to an "on” condition with but the
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Figure 2

CONSTRUCTION OF TYPICAL

NICKEL-CADMIUM CELL

The Nlcad battery is a sealed device. Oxygen
produced during operation is recycled so there

is no loss of electrolyte. Most ceils have a

safety vent that enables cell to release gas
under heavy load and then to resea! auto-

matically. Chemical action of can causes a
temperature rise and it is necessary to limit

charging current to prevent overheating and
overcharge.

The wet cell (lead-odd) storage batter}’

is in near-universal use in automotive equip-

ment. The cell delivers about 2.1 yolts and

is rechargeable. Tbe lead-add celj js made of

coated lead plates immersed in a solution of

sulphuric acid and water. The acid content

of the dielectric varies with the state of

charge, which may be determined by mea-

suring the specific gravity of the electrolyte.

Generally speaking, a hydrometer reading of

1.27 indicates a fully charged cell, whereas

a reading of 1.15 or below indicates the

cell is in need of charging. The wet cell may

be fast-charged as high as 40 amperes for a

12-volt battery, provided that dare is taken

to let escaping gases free themselves and

provided that electrolyte temperature is held
below 125° Fahrenheit.

The Nickel. The nickel-cadmium (Nicad)
Ccdtmum Ceil cell is 2 high-efficiency cell

capable of being recharged

hundreds or thousands of times in the proper

circumstances. The cell has a positive nickel

electrode and a negative cadmium electrode

immersed in a solution of potassium hydrox-

ide at a specific gravity of 1.500 at 72° F.

The common and popular lead-acid battery

does not equal the recharge ability* of tbe

nickei-cadmiura battery and use of the latter

is common in mobile and portable equip-

ment and other devices where small cell

size and high recharge capability 2re an asset.

There are two common types of nickel-

cadmium batteries classified as vented and

mow vented. Tbe nonvented cell is a hermet-

ically sealed unit which resembles a con-

ventional dry cell in appearance. The vented

cell resembles a lead-acid cell and often has

a removable plug which covers a port for

gas venting during the charging process.

The terminal voltage of a nickel-cadmium

cell varies with the state of charge and

normally runs between 1.25 and 1.30 volts

on open circuit. Exact terminal voltage de-

pends on the state of charge, the charging

current, and the time of charge. The spe-

cific gravity of the electrolyte, moreover,

does not change appreciably between charge

and discharge, as is commonly done with

lead-acid cells. At end of charge, nickel-

cadmium cell voltage may drop as low as a

fraction of a voir and it is possible under

heavy discharge for a cell to show a negative

or reversed voltage, indicating a state of

extreme discharge. A terminal voltage of

1.1 volts is usually considered to be a state

of complete discharge, for all practical pur-

poses and should not be exceeded.

For standby service the nickel-cadmium

cell can be maintained on a -trickle charge,

with the charger adjusted to maintain a

terminal potential of 3.56 to 1.38 volts per

cell. Following a substantial discharge, 2

regular charge should be given, after which

the cell is placed back on trickle charge.

While the overcharge tolerance is good and

the cell may be left on charge for long pe-

riods of time, severe overcharge must be

avoided because the cell may be destroyed
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the rate of switching, in general, the faster

will be the rise time of the square wave

(figure 4) and the lower will be the inter-

nal losses of the transistor. The average tran-

sistor can switch about eight times the

power rating of class-A operation of the

unit. Two switching transistors having 5-

watt class-A power output rating can there-

fore switch 80 watts of power when work-

ing at optimum switching frequency.

Self-Storting J}1C transistor supply shown in

Oscillators figure 3c js impractical be-

cause oscillations will not start

under load. Base bias of the proper po-

larity has to be momentarily introduced into

the base-emitter circuit before oscillation

wM start and sustain itself. The addition of

a bias resistor (figure 3D) to the circuit

results in an oscillator that is capable of
starting under full load. R, is usually of the

order of 10 to 50 ohms while R. is adjusted
so that approximately 100 milliampercs flow

through the circuit.

The current drawn from the battery by
this network flows through R : and then di-
vides between R, and the Input resistances

of the two transistors. The current flowing
m the emitter-base circuit depends on the
value of input resistance, The induced volt-
age across the feedback winding of the trans-

Figure 4

EMITTER-COLLECTOR WAVEFORM
OF SWITCHING CIRCUIT

peusre waveshape produces almost ideal switch.
I C action. Small 2-volt, "ipW.?’ cn icaiinz ctf

»
e

deS
e

p 7
3y

i

be 'c(luc ':d by pr0{!er tr2n'-*°»merCf-'en. Pulse length is about 1C33 microseconds
*ntS rue time i; to microseconds

former is a square wave of such polarity

that it forward-biases the emitter-base diode

of the transistor that is starring to conduct

collector current, and reverse-biases the other

transistor. The forward-biased transistor will

have a very low input impedance, while

the input impedance of the reverse-biased

transistor will be quite high. Thus, most of

the starting current drained from the pri-

mary power source will Sow in R3 and the

base-emitter circuit of the forward-biased

transistor and very little in the other tran-

sistor, It can be seen that R, must not be

too low fn comparison to the input resistance

of the conducting transistor, or it will

shunt too much current from the tran-

sistor. When switching takes place, the trans-

former polarities reverse and the additional

current now flows in the base-emitter cir-

cuit of the other transistor.

The Power The power transformer in a

Transformer
transistor-type supply is de-

signed to reach a state of maxi-

mum flux density (saturation) at the point

of maximum transistor conductance. When
this state is reached the flux density drops

to zero and reduces the feedback voltage

developed in the base winding to zero. The
flux then reverses because there is no con-

ducting transistor to sustain the magnetiz-
ing current. This change of flux induces a

voltage of the opposite polarity in the trans-

former. This voltage turns the first transis-

tor off and holds the second transistor on.

The transistor instantly reaches a state of

maximum conduction, producing 2 state of

saturation in the transformer. This action
repeats itself at a very fast rate. Switching
time is of the order of 5 to 10 microseconds,
and saturation time is perhaps 200 to 2000
microseconds. The collector waveform of 2

typical transistor supply is shown in figure

The rise time of the wave is about 5

microseconds, and the saturation time is

500 microseconds. The small “spike” at the

leading edge of the pulse has an amplitude
of about 2.5 volts and is a product of

switching transients caused by the primary
leakage reactance of the transformer. Prop-
er transformer design can reduce this “spike”
to a minimum value. An excessively large

spike can puncture the transistor junc-
tion and ruin the unit.
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Figure 3

TRANSISTORS CAN REPUCE VIBRATOR IN MOBILE POWER SUPPLY SYSTEM

A—Typical vibrator circuit.

E—Vibrator can be represented by two single-pole single-throw switches, or transistors.

C—Push-pull square-wave "oscillator” is driven by special feedback windings on power transformer.

D—Addition of bias in base-emitter circuit results in oscillator capable of starting under full load.

application of a minute exciting signal.

When the transistor is nonconductive it

may be considered to be an open circuit.

When it is in a conductive state, the in-

ternal resistance is very low. Two transistors

properly connected, therefore, can replace

the single-pole, double-throw mechanical

switch representing the vibrator. The tran-

sistor switching action is many times faster

than that of the mechanical vibrator and

the transistor can switch an appreciable

amount of power. Efficiencies in the neigh-

tutViC-od of 9$ ptittm tan be cbiained wVtb

2S-vclt primary-type transistor power sup-

plies, permitting great savings in primary

power over conventional vibrators and dvna-

morors.

frequency of oscillation. Frequencies in com-

mon use are in the range of 120 Hz to

5500 Hz.

The power consumed by the transistors

is relatively independent of load. loading

the oscillator causes an increase in input

current that is sufficient to supply the re-

quired power to the load and the additional

losses in the transformer windings. Thus,

the overall efficiency actually increases with

load and is greatest at the heaviest load the

oscillator will supply. A result of this is

tbit aw byteeast bv lcad produce v«y U«k
extra heating of the transistors. This feature

means that it is impossible to burn out the

transistors in the event of a shorted load

since the switching action merely stops.

Transistor The transistor operation rcsem-

Operotion bles a magnetically coupled mul-

tivibrator, or an audio-frequency

push-pull square-wave oscillator (figure

3C). A special feedback winding on the

power transformer provides 180-degree

phase-shift voltage necessary to maintain os-

cillation. In this application the transsistors

are operated as on-off switches; i.e.. they arc

either completing the circuit or opening it.

The oscillator output voltage is a square

wave having a frequency that is dependent

on the driving voltage, the primary in-

ductance of the power transformer, and

the peak collector current drawn by the

conducting transistor. Changes in trans-

former turns, core area, core material, and

feedback turns ratio have 3n effect on the

Transistor The power capability of the

Pover Rating transistor is limited by the

amount of heat created by the

current flow through the internal resistance

of the transistor. When the transistor is con-

ducting. the internal resistance is extremely

low and little heat is generated by current

flow. Conversely, when the transistor is in

a cut-off condition the internal resistance is

very high and the currenr fiow is extremely

small. Thus, in both the "on” and "off”

conditions the transistor dissipates a min-

imum of power. The important portion of

the operating cycle is that portion when

the actual switching from one transistor to

the other occurs, as this is the time during

which the transistor may be passing through

the region of high dissipation. The greater
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KE?2S/SK30i2
Figure 6

SCHEMATIC,

85-WATT

TRANSISTOR

POWER SUPPLY

FOR 12-VOLT

AUTOMOTIVE

SYSTEM

T
(

—Transistor power

transformer. 12-volt

primer)' to provide 275

veils at 1Z5 mA. Star.*

cor DCT-2.

DA-UKW5 with .01

pT and 1WK aorcss

each diode.

thinly between the transistors, he2t sinks,

and the chassis to permit better heat trans-

fer between the various components of the

assembly.

A 270-WcH- SSB transceivers suitable

Transceiver Supply for mobile service are ca-

pable of PEP power in-

puts up to 250 watts or more. Shown in

figure 8 is a compact triple-voltage supply

capable of running many transceivers from

Figure 7

HOMEMADE HEAT SINK FOR
POWER TRANSISTOR

a 12 volt dc supply. The unit pros'ides 900

volts at 300 milliamperes, 275 volts 2t 180

miliiamperes, and an adjustable bias voltage

of ~ 1 5 to — 1 5 Q. Additionally, — 1 5 0 volts

at -tO millsamperes is available for VOX
standby circuitry in auxiliary equipment.

Two heavy-duty switching transistors are

used, driven by base feedback from a wind-

ing of oscillator transformer Tj. The tran-

sistors arc forward-biased by a voltage

divider circuit and 2re protected from "°- L'

age spikes by the two lN4719^diodes. T«o

zener diodes (IN4746) provide transient-

suppression in the primary circuit of trans-

former Tv A power transformer (h)

driven by the squarewave pulses provided

by the switching circuit based on trans-

former Tj,

The supply is built on in slvmjaaa

chassis measuring 12" X ^ X 3 - J -

main components are mounted atop t

chassis with the heat sinks mounted ^on on-

side, with the fins in a vertical position, io

improve thermal conductivity,
^

the hsc*-

sinks are bolted to a %-5nch thick copptf

plate (measuring 12" X O sSzed to ^ne

side of the chassis. The transistors are in-

sulated from the chassis by thin insulators

coated with silicone grease.

All primary leads to the power transis^o..-,

transformer Tj, and the input
^

terminus

wired with #6 conductors, with the nega-

tive primary circuit grounded at one poun

in the supply. Heavy 14-inch battery

run from the supply to the automobile ha-^

ter)% The supply should be mounted cita-

to the batter)’ to reduce primary'

drop to 2 minimum.

A DC to AC pvadio and electrical equip-

Inverter For ment of all kinds up y®

the Cor or Boat about 200 watts intermit-

tent power consumption

may be run from this compact dc w *c

power inverter. Designed for use with 12-

volt automotive systems, the inverter pro-

vides a nominal 1 1 5-volt, 60-Kz square-"* ,c
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19-2 Antennas for

Mobile Operation

Hie mobile antenna is the key to success-

ful operation on any amateur band. Because

of space limitations on the vehicle and the

s^reep of the vehicle body panels, the verti-

cal “hip antenna is the most popular mobile

antenna, regardless of the band of operation.

For h£ service, the “hip takes the form of

a flexible, tapered steel rod vith a threaded

base String.

Unless the vrhip is a resonant length

(common only on the vhf, 6- and 10-meter

bands) it is brought into resonance by the

addition of a loading coil vhich makes up
for the missing antenna length. The coil may
he placed either at the base of the “hip, or

near the center. Overall antenna efnciency

is generally z function of the 0 or circuit

efficiency of the loading coil, and every

effort should be made to design 2nd use a

high-0 coil, veil removed from the body of

the vehicle.

Artfennc Mounts High-frequency vhip an-

tennas, because of then-

height, are usually mounted lov on the

vehicle, often on the rear bumper or fender

as shovn in figure 10. Chain or strap-type

mounts are available; they clamp directly

over the edges of the bumper without the

need of drilling mounting holes in the ve-

hicle. The antenna is held in position by an
insulated adapter bolted to the top bracket
or the mount. Sometimes 2 heavy spring is

included in the mount to absorb the road

The vhip antenna must remain free and
clear of the body of the vehicle. Use of ;

bumper mount on station v-2gons. truck:
snd vans is no: recommended because thi
W* J? F*556* too close to the upper metal
bodv panels ot the vehicle and severe de-
tuning of the antenna may result. In this
situation, a shorter antenna mounted highei
otKne &mv or roof is recommended.

1 O-i. mount anchoring (figure 11) can

'-f’p
vhip antenna at an

sc.: :r. vertical^ plane, regardless of th:

elects the rear deck, the side cr tor 0 : th:

‘.tor sner
i the nv

Figure 10

MULTIBAND MOBILE WHIP
USING HIGH-S AIRWOUKO COIL

Heavy base section previies suppert J:r aflur.1-

atls basing sail. Antsrna n«y be urti aver a

range ef absut IS V.Kz cn S3 meters withrat rt-

tuning zni wrrespcnSir.gty larger ranges :n ttie

higher frec.usncy bants. Ceil is aauntei v'sll

dear af zutoraabile brty. outer trait tf e£2*

line is grannies! lo bumper ar.t Id act? irar.s

at base cf arter.r.a.

portion of the roof. In the latter case, cars

must be taken to make sure the antenna

does not strike overhead electrical vires and

tree limbs.

1 he ball mount requires that a mounting

hole be drilled in the skin of the vehicle cn

a relatively fiat surface. Once the mount ~

in place, the “hip is inserted in the socket

and the rotary ball job; adjusted to' 2hp
the vhip in a vertical position.

Maar amateurs hesitate to drill holes b
their vehicle and are interested in an an*

tenna mount that will net scar the bony at

the automobile. The trunk lip mount :s £

de-rice that meets this need. The ad -useable

antenna mount is slipped beneath the edge

0: the trunk lid ar.d bolted firmly to me
groove of the car body, though clearerc:
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270-WATT MOBILE TRANSCEIVER POWER SUPPLY

D -D use 1N4.SSM *.— i»— «*- «* "• " P,!" mim '

?*ssrfflssss«:si- «* <•*»»•— «• *• ** o,w"'

'Michigan)

SflKSffl «*-»,“«' " »«“ ,!I1SB

use Delco insulator Kit 7274533 tor Itansislors

output, suitable for transformer-powered

equipment, lights, or motors.

The inverter construction is straight-

forward, and assembly is on an aluminum

chassis measuring l” X i' T I .1 stan-

dard heat sink for the transistors b speci-

fied, however, the sink shown in figure /

mar he used. A grounded-collector circuit is

used (negative ground) so the tutors

need not be Wated from the tot smi

or chassis. Silicon grease should be placed

between the transistor, sink sections,
an

chassis to ensure good thermal conductmty

between the units. Theilosr-votog.= F>

circuit should be wired wth

flexible line cord, or straided wI2 hookup

"W. supply is designed to start -£
full load, and should be tomed on W*
since unloaded operation («peo

ing and stopping) may p™ nsejo ^n

sients which may
con.

twice this amo^

sV^fS^rionariine filtering

HD»23i/

DC TO AC INVERTER FOR THE GAR

T -Inverter transformer. 12-volt dc, tapped prt-

‘maty, 115 -voIi ae, tapped secondary (Triad Tr*

LiJffilter-J. W. Miller 5521 choke, « pH at «
amperes, bypassed with 0.1-pF capacitors on

each side (12-volt circuit). ! W. Miller 7818

Heat Sink-WakSeld NC 623A for each transistor

may be necessary in the power line to the

equipment, and a suitable line filter is tab-

ulated in the parts list of figure 9.
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either band since the resonant points for each

band are only a few inches apart.

VHF EXTENDED WHIP EQUALS
ROOF-MOUNTED GROUND PUNE

Five-eighths wave antenna mounted tn res:
trunk ares of vehicle provides equivalent per-
formance to querter-wavelength ground pure
mounted at center cf vehicle wot. Base coil is

6 turns wire, ’V diam., V' lone.

A typical 5
s-wavelength whip for the 2-

meter band is shown in figure 13. The whip

is reduced in length to 47" (13?.3 cm)
and is base- loaded with a small coil which is

mounted in the base assembly mount. Whip
length is adjusted a quarter-inch a: a rime

tor lowest $\CR cn the transmission line to

the antenna.

However, the short whip, combined with the

imperfect ground system in a mobile installa-

tion is a very loss}* device, whose efficiency

drops as the operating frequency is lowered.

Depending on the length of the antenna and

other factors, the radiation resistance ot a

whip antenna may be as low as one ohm at

SO meters, with a capacitive reactance com-

ponent as high as 3500 ohms.

In addition to the radiation resistance, me

loss resistance of the matching network must

be recognized as well as the ground loss re-

sistance, the sum of which comprise the to-

tal resistive component, of the impedance ap-

pearing at the base of the antenn2 . The Joss

resistance, taken in total, is usually much

greater than the radiation resistance, spe-

cially at the lower operating frequences

(figure 14). In this example of an SO-mete:

whip, the radiation resistance is 1 ohm, tfce

loading coil resistance is 10 ohms and the

ground loss is $ ohms. The overall radiating

cadency is 5 percent, representing a trans-

mitter power loss of about 12 dB. In suite o:

such inefficiency, mobile whip antennas ate

used to good advantage on the SO- ar.d 1 50-

meter bands for short range, ground-wa*^

communication.

SCKTICfc N]r
BiSiSTWE.

CvD.C' ..

Hf Whip A; frecutr.cies lower than 2S
Antes res y.H:,

A.-
c
-
rr;rnr- ^cy,;c

'--U
D

Figure 1A

SD-METER MOBILE WHIP HAS
LOW EFFICIENCY

10-Mcitf Mobile

Artcr.rn

f
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1

Figure 11

ADJUSTABLE BASE MOUNT
FOR MOBILE WHIP

Mount may be placed on automobile panel and
then adjusted so that whip is vertical regardless
of position of panel. Jumper wire inside spring
ensures that inductance of spring does not be-

come part of the antenna.

exists around the edge of most trunk lids to

permit the user to bring a small coaxial

cable (RG-5S/U) through the gap and up

to the antenna mount as shown in the il-

lustration, Some trunk mounts fasten to

the trunk lid as shown in figure 12.

A vhf whip may be clamped to the rain

gutter of the vehicle by means of a gutter

clamp. The mount is affixed to the outer

rim of the gutter, taking care to be sure

that the clamp breaks through the enamel

coating of the gutter to make a good elec-

trical contact to the body of the vehicle.

Scraping off the paint at this point is a

good idea. The mount is adjustable to per-

mit placing the antenna in a vertical po-

sition.

Vhf Anfennor ln 2reas where vertical polari-

zation is predominant, the

vertical whip antenna is used for mobile

operation. The most logical place for a vhf

whip is at the center of the vehicle roof

since this provides a relatively large ground-

plane area and nearly omnidirectional cover-

age. The next best location is at or near the

center of the trunk lid ar the rear of the
vehicle. Field-strength tests have shown
that trunk-lid mounting of a 144-MKz
whip antenna provides an omnidirectional
pattern that is only 1 decibel less in signal
strength than the szme antenna in a roof-
mount position.

Figure 12

TRUNK-LID ANTENNA MOUNT

Autenna mount Is bolted to underside ef trunk
lid so that auto body is not damaged by mount-

ing holes.

The Vhf Whip By far the most popular and

Antenna inexpensive antenna lor vhf

mobile service is the quarter-

wave whip, which uses the automobile body

as a ground plane. Nominal whip length is

If" (140 cm) for the 50-MHz band, 19"

(48.5 cm) for the 144-MHz band. 32 ! v"

(32 cm) for the 220-MHz band and 6 1/;"

(
16.5 cm) for the 450-MHz band. The ra-

diation resistance of the whip is about 50

ohms when mounted on the car body and

overall length of the whip mat’ be adjusted

for lowest value of S^’R or. the coaxial feed

svstem.

A popular antenna for 50-MH? and !---

MHz operation is a 5 5" (3-fi cm) whip

which operates a< a 5 4-wavelength radiator

on the lower band and a< .1 j-wavclcncth

radiator cn the higher band. A co'laprible

whip can be adjusted for minimum 5VR on
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desired frequency of operation. These an-

tennas will operate at maximum efficiency

over a range of perhaps 20 kHz on the 75-

mster band, covering a somewhat wider

range on the 40-meter band, and covering

the whole 20-meter phone band. The pro-

cedure for tuning the antenna is as follows:

The antenna is installed, fully assembled,

with a coaxial lead of RG-58/U from the

base of the antenna to the place where ‘he

transmitter is installed. The rear deck of

the car should be dosed, and the car should

be parked in a location 2$ clear as possible

of trees, buildings, and overhead power lines.

Objects within 15 or 20 feet of the 2ntenna

can exert a considerable detuning effect on

the antenna system due to its relatively high

operating Q. The end of the coaxial cable

which will plug into the transmitter is

terminated in a link of 3 or 4 turns of wire.

This link is then coupled to a grid-dip meter

and the resonant frequency of the antenna

determined by noting the frequency at

which the grid current fluctuates. The coils

furnished with the antennas normally are

ioo Urge for the usual operating frequency,

since it is much easier to remove turn than

to add them. Turns then are removed, one

a! a lime, until the antenna resonates 2t the

desired frequency. If too many turns have

been removed, a length of wire may be

spliced on 2nd soldered. Then, with 2 length

of insulating tubing slipped over the soldered

joint, turns may be added to lower the reso-

nant frequency. Or, if the tapped type of

coil is used, taps are changed ami) the proper

number 01 turn; for the desired operating

frequency is Sound. This procedure is re-

peated for the different bands of operation.

Ground loss resistance in the automobile

acitance ol the car

:n measured to be a'

u. These radiation

Over:S!

body to ground

ibout 20 ohms at

and loss resist-

nce of a typical

input impedance

mcr-lotded whip

me resonant fre-

—-Citncy is about

_

'• te-ttivciy lor jrutiency of the loaded

cares that attention must be paid xo all de-

tails of the antenna installation. The load-

ing coil must be of the highest possible 0

and all joints in tbe antenna system must

be low resistance. To properly m2tch the

2 5 -ohm antenna load to a typical 50-ohm

transmission line, the matching system 01

Sgure IS may be used. The loaded whip an-

tenna forms 2 portion of 2 network whose

input impedance over a small frequency

range is close to 5Q ohms. The antenna is

made a part of an equivalent parallel-reso-

Figure IT

CENTER-LOADED WHIP ANTENNA

A—Center-bated whip represents Urge Jess re-

sistance (R) which is inverse function c? cell 2.

High-a ceil (333 cr better} provides minimum

tosses consistent with precticsl coll Cesign. 5-
Epuivaisnt circuit provides impedance m-toh

between whip entenne end 53-ohm feeipitot

nant circuit in which the radiation resistance

appears in series with the reactive branch Oj

the circuit. The input impedance 0
*

2 circuit varies nearly inversely with respect

to the radiation resistance of the antenna,

thus the very low radiation resistance oJ

the whip antenna may be transformed to 2

larger value which will match the impedance

of the transmission line.

The radiation resistance of the whip

texma can be made to appear a; a capacity's

reactance a: tbs feedpoint by shortening me

antenna. In this case, this is done by iimr.t.y

reducing The inductance c: the ccn:cr-lc:c-

netwerk <L ;
s consists of a small coil pketc
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coaxial line. This is a Highly satisfactory

antenna, but a few remarks are in order on

the subject of feed and coupling systems.

The feed-point resistance of a resonant

quarter-wave rear-mounted whip is approx-

>

‘

. .
li A C9»* '0 C2A* “ L ,,,c

Figure 15

5/16-WAVE WHIP RADIATOR FOR 10

METERS

l! a whip antenna is made slightly longer than

tine-quarter wave it acts as a slightly better

radiator than the usual quarter-wave whip, and

it can provide a better match to the antenna

transmission line if the reactance is tuned out

by a series capacitor close to the base of the

antenna. Capacitor C, may be a iCO-pF midget

variable.

imately 20 to 25 ohms. While the standing-

wave ratio when using 50-ohm coaxial line

will not be much greater than 2 to 1, it is

nevertheless desirable to make the line to

the transmitter exactly odd multiples of

one-quarter wavelength long electrically at

the center of the band. Thrs procedure will

minimize variations in loading over the

band.
, ,

A more effective radiator and a^ better

line match may be obtained by making the

whip approximately 10J4 f£et *°n8

feeding it with 75-ohm coax (such as R -

21/U) via a series capacitor, as shown in

figure 15. The relay and series capacitor are

mounted inside the trunk, as close to t e

antenna feedthrough or base-mount insu -

tor as possible. The IO'/a-foot length ap-

plies to the overall length from the np ot

the whip to the point where the lea -in

passes through the car body. The leads insi e

the car (connecting the coaxial cab e, r a},

series capacitor and antenna lead) shou e

as short as possible. The outer conductor ot

both coaxial cables should he grounded to

the car bod}' at the relay end with short,

heavy' conductors.

A 100-pF midget variable capacitor is

suitable for C,. The optimum setting for

lowest SWR at the transmitter should be

determined experimentally at the center of

THE CENTER-LOADED WHIP ANTENNA
Tbe center-loaded whip antenna when provided

with a tapped loading coil or a series of coils,

may be used over a wide frequency range. The

loading coil may be shorted for use of the

antenna on the ID-meler band.

the band. This setting then will be satis-

factory over the whole band.

If an all-band center-loaded mobile an-

renna is used, the loading coil at the center

of the antenna may be shorted out for oper-

ation of the antenna on the lU-meter band-

The usual type of center-loaded mobile an-

tenna will be between 9 and 11 feet long,

including the center-loading inductance

which is shorted out. Thus such an an-

tenna may be shortened to an electrical quar-

ter wave for the 10-meter band by using a

series capacitor as just discussed. If a pi net-

work is used in the plate circuit of the out-

put stage of rhe mobile transmitter, any

reactance presented at the antenna terminals

of the transmitter by the antenna may be

tuned out with the pi network.

The All-Bond The great majority of mo-

Center-Locded bile operation on che 14-

Mobile Antenna MHz band and below is

with center-loaded whip

antennas. These antennas use an insulated

bumper or bodv mount, with provision for

coaxial feed from the base of the antenna

to the transmitter, as shown in figure 16.

The center-loaded whip antenna must be

tuned to obtain optimum operation on the



19.16 RADIO HANDBOOK

poorer output and antenna operation. It is

also useful for ttrneup purposes, since the
transmitter stages may be adjusted for maxi-
mum forward-power reading of the instru-
ment. The circuit is bidirectional; that is,

either terminal may he used for either input
or output connection.

The SVR meter is constructed in an
aluminum utility box measuring 4” X 4

"

^ 2 and the circuit is shown in figure 21
The heart of the device is a 4%" long pick-
up line made of the inner conductor of a
length of RG-58A/U coaxial line and a
piece of ’/.-inch copper tubing, which
mikes a close slip fit over the polyethylene
inner insulation of the line.

. I"
2S!£®b>6 Pickup line, the outer

jacket and braid are removed from a length
of coaxial hne. Before the fine is passed with-
in the tubing, the insulation is cur and re-

Y'-vV
‘k 5“® P*rt, which is tinned.A small bole is drilled at the center of the

coppa-tubmg section so that a connection
b. made to the inner line. The line is

p ssed through the tubing, and one lead
a 51-ohm. !4-watt composition resistor

Figure 21

SCHEMATIC, MINI-SWR METER

o,. u,-ms«
hf-See text

M—WM /A, tfc, Simpssn 1252

tiie ends of the tubing are amxed to tbs

coaxial connectors, as shown in figure 22.

Sensitivity of tie SVR meter is controlled

by the variable resistance in series with the

roeter. To check the instrument, power is

ted through it to a matching dummy load

and the meter switch set to read forward

power. On reversal of the switch, the meter

will read reflected power. In the case of

figure 20

MINI-SWR meter for
mobile EQuma?

ts K-PKr rs-r.v* „ Kir,y bt uje:! c«r
""" *= sh

a good load match, the reflected reading will

be near zero, increasing in value with the

degree of mismatch of the load

^9-4 Construction of

Mobile Equipment

The following measures are recommended
ior the construction of mobile equipment,
either transmitting or receivin'*, to ensure

‘.rouble-free operation over long periods:

Use only a srirr, heavy chassis unless the

chassis is quite small.

Use^ lock washers or lock nuts when
mounting components by means of screws.

Use stranded hookup wire except where

--^considerations make 5: inadvisable (rich

fs tor instance the plate unk circuit Issi*

m 2 vhf amplifier). Lace and tie lead' wher-
ever necessary to keep them from vibrating
0
\f

c??k>S around.

10 facilitate servicing of mcbil» crtir-
^fnt. a]) j.

,-„
g

•
",
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product is parallel resonant at the operating

frequency of the antenna.

Figure 18

HIGH-Q MOBILE LOADING COIL

Efficient loading coil is assembled from section

of air-wound coil stocK (t-Ccre or B-WJ. 2?4"

diam coil is recommended. Approximate in-

ductance for various bands, when used in cen-

ter of 2-f00t whip: is 1££> meters, 7C0 -H; £0

meters, ISO »H; Cfl meters, <0 cH; 20 meters, s

sH; 15 meters, 2.5 «H. Complete antenna is grid-

dipped to operating frequency and number of

turns in coil adjusted fcr proper resonance.

Typically, coil L, at the base of the center-

loaded whip may be about SnH for operation

on the 80-meter hand. The turns arc shorted

out for operation on the higher-frequency

bands. A coil consisting of 13 turns of wl2

wire, 2 f” diameter and 4" long will be

satisfactory.

The antenna system is grid-dipped to the

operating frequency and the coaxial line is

then tapped on the base coil at a point which

provides a satisfactory impedance match,

which may be determined with the aid o* a

SV'R meter in the line to the transmitter.

Construction of a high-0 center loading

coil from available coil stock is shown in

figure 18.

Top tootling A cafacrf) l&t may be added

to a loaded whip antenna fig-

ure 19) to improve the efficiency at the ex-

pense of the wind resistance. The capacitance

added above the loading coil requires a reduc-

tion in the number of turns in the coil to

reestablish resonance. Since the loss resistance

of the coil is proportional to the inductance.

Figure 19

CAPACITY HAT LOADING
FOR MOBILE WHIP

A “top hat" is maps of stiff wires attached to
a ferrule which may be slid up and down ths
tep whip section. It is held in place with a
setscrew. Whip tuning may be achieved ever a
small frequency range by adjusting the pesrtien
of the to? hz! fcr lowest SWR on the trans-

mission line,

any reduction in the number of turns for a

given antenna is beneficial.

The hat may be made out of lengths of

hard copper wire and hat diameters of sev-

eral feet have been used with success for 80-

and 160-metcr operation. The larger the hat,

in terms of surface area, the greater the ca-

pacitance and the fewer the rums needed in

the loading coil.

An 5V/R Meter This simple rtfiectomcter is

for Mobile Use designed co be used with

mobile equipment over the

5- to 30-MHz range at power levels up to

J00 watts. It may be placed in the 10-ohm

coaxial transmission line to the antenna and

mounted under the da rh of the automobile

to provide a constant check of transmitter
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-EPS

Figure U

CONNECTION OF FUSK-TO-TAUC
SWITCH OK HAh’D-H&D

M1CR0FH0KES

(A)-Two-c'iroult microphone plug.

{EJ-Standarri microphone plug.'

19-5 Vehisutar Noise

Suppression

Ssosfacan- coamacaam on if and

vif channels usually requires uoise SCDures-

sion aasn-ss. Tie raersures -a— orith tie

toooe oi communication and the frequency

range inrolred. Vhi f-m reception, on -is

one Hand, usually requires lirds noise ran-

presaoa whereas H S53 reception requins
suortmual nobe suppression in most vehicles

equipped with an internal combustion engine
raving an ignition xvriem.

in audition to the ignition noise generated

oos^Tsbaa ik>

crtf.cj ur -ji surraer; K‘ ^ T£q-j»
mrougn trie atmospnere.

:

''°ri T-hous types cf common
***

?
rcjc‘; = i vehicle may be broken

"'''nw -rtegones:

Ider.Sfj-fsr Each type of noise yon beat m
the Kobe 2 mobile receiver provides a due

as to its identity by its charac-

teristic sound. Ignition noise is .2 steady

popping sound that increases in tempo Thh

higher engine speed. It .stops instantly Then

the ignition hey is turned on at last idle.

Generator Dr alternator sense is 2 high

pitched Thine that increases in frequency

with higher engine speeds. "Voltage regulator

noise is 2 ragged, rasping sound that occurs

at an irregular rate. Instrument noise is r.

hissing, crackling sound that occurs irreg-

ularly as the gauges operate, "wheel and 'tire

static is an irregular popping or rushing

sound that occurs in dry Teather at high

speeds.

IflnHbs Noise The ignition system furnishes

2 high-voltage .spark to cpucs

the gas-air mixture in the cylinders 01 the

engine. The distributor breaker points sehet

the xoltage for the proper plug and an in-

terrupted dc Toltags is provided to the ip>

rion coil by 2 separate set of breaker pomts

driven by the engine.

To reduce the radio noise, it as necessary

to make sure the metal ignition cod case as

grounded to the -chicle. Scrape the ptm:

around the bolt holes and use lock Tasher?

under the nuts to make a firm ground con-

nection. Nett, install 2 .00 ) hF. jV-l v

ceramic disc capacitor at xhe coll Osfnfatif

terminal to ground. Finally, install 2 0.;

ps coaxial capacitor at the bti:cry tsnnkin!

01 the col This is connected in Fne Tim

the Ignition switch. Do not use 2 conven-

tional capacitor at this point 25 It is inenet-

The next step ^is to install 1 sparbpUt

resistor plugs. Tires to the plugs can x
removed and resistance igtdtion cable su>

kisread of wire. In severe cases cf radiatiot

noth resistor nice? and jennressor cable mnrt

binec in a shielded ignition kh. The kk mtr.

he pnmnased for 2 specifc engine.

esnerrmr a- To reduce generat.^ x £"
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Pickup line is Pent in semicircle and teeing is

soldered to loops of wire which connect to cen-

ter pin of SO-239 coaxial receptacles, Center

conductor of line is attached to diodes 0 ,,
D,.

units should be presided with separable

connectors on at least one end,

Finally, it should be remembered that the

interior of the vehicle can get very not

when it is left in the sun for a period of

time. Excessive heat may possibly damage

solid-state devices and some crystal micro-

phones. Try and place the mobile equ,

Fo-

ment where it will not be exposed to such

heat. Excessive cold, on the other hand, may

render solid-state equipment inoperative as

the transistorized power supply may r use

to start.

Control Circuits The seud-receire control cir-

cuits of a mobile installa-

tion are dictated by the design of the equip-

ment, and therefore will be left to

ingenuity of the reader. However, a lev

generalizations and suggestions are w o

Do not attempt to control too many re-

lays, particularly heavy-duty relays with

large coils, by means of an ordinary p“ "

to-talk switch on a microphone. 1M* con-

tacts are not designed for heavy wor*, a

the inductive "kick” will cause x
J

lor*

ing than the contacts on the ^crop

switch are designed to handle. It is t

actuate a single relay with the push-to-talk

switch and then control all other relays,

including the heavy-duty contactor for the

transistor power pack with this relay.

A recommended general control circuit,

where one side of the main control relay is

connected to the hot 12-volt circuit, but ail

other relays have one side connected to the

ground, is illustrated in figure 23.

Microphones The standardized connections

end Circuits for a majority of hand-held

microphones provided with

push-to-talk switch are shown in figure 24.

The high-impedance dynamic microphone

is probably the most popular with the ce-

ww/V-crystal type next in popularity. The

conventional crystal type is not suitable for

mobile use since the crystal unit will be

destroyed by the high temperatures which

PUSH-TO-TALK PUSH-TO-TALK

SWITCH ON MIKE RELAY

Figure 23

RELAY CONTROL CIRCUIT

Simplified schematic of the recommended relay

control circuit for mobile transmitters. The rel-

atively small push-to-talk relay is controlled by

the button on the microphone or the communi-

cations switch. Then one of the contacts on this

relay controls the other relays of the transmit-

ter; one side of the colls of all the additional

relays controlled should be grounded.

can be reached in a closed car parked in the

sun in the summer time.

The use of Iow-Ievcl microphones in mo-

bile service requires careful attention to the

elimination of common-ground circuits in

the microphone lead. The ground connection

for the shielded cable which runs from the

transmitter to the microphone should be

made at only one point, preferably directly

adjacent to the input of the first tube or

transistor in the speech amplifier.
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19-6 A Portable

40-Meter Receiver

This simple and compact receiver covers

the 40 meter band and may be used on other

bands by adding a converter. It is ideal

for portable or Field Day operation. The

receiver is completely solid state and oper-

ates from a nominal 12-volt power supply.

A single 5.5 MHz i-f filter provides good

selectivity for either c-w or SSB reception.

The receiver was designed and built bymm
The Receiver A block diagram of the re-

Circuit ceiver is shown in figure 25.

An MPF-102 (Qa )
is used as

a tuned r-f stage to provide selectivity and

image rejection. A 40673 dual-gate MOSFET
is used for the mixer with the signal applied

to gate 1 and the local oscillator to gate 2.

The mixing oscillator is an MPF-102 (Qs )

which covers the range of 12.5 to 12.8 MHz.
Bandspread can be set by choosing the value
of capacitor Cj. Two 2N2222 transistors

arc used as a buffer stage between the oscil-

lator and the mixer to assure good stability.

• Ae
.
ceivcr selectivity is determined by the

i-f filter. Either a c-w or SSB filter may be
used at this point. A single 40673 is used
as an i-f amplifier (Q0 ) and a second 40673
serves as a product detector to achieve good

signal gain and to provide good overload

capability. A 2N2222 audio driver (Q?)

powers a LM3 8 0 N IC which provides up

to 2 watts audio power into a small speaker.

The bfo is an MPF-102 (Q3) followed by

a 2N4123 buffer stage.

The R-F Section—The front-end sche-

matic of the receiver is shown in figure 26.

Receiver impedance is a nominal 50 ohms.

The r-f coil is wound on a small ferrite

core. Circuit resonance is checked using a

dip -oscillator with a loop around its coil

coupled to a loop around the toroid. The

r-f stage and mixer circuits are separately

peaked by small capacitors mounted side by

side on the front panel of the receiver.

Oscillator construction is as described

elsewhere in this Handbook. All components

are firmly mounted to reduce vibration and

movement. The slug-tuned oscillator coil

is adjusted for proper frequency coverage

and the slug then fixed in place with a drop

of epoxy cement. Drive level to the mixer

stage is adjusted to 1.5 volts rms at the

emitter of the last buffer stage by varying

the value of the emitter resistor.

The I-F, Product Detector, and Audio

Section (figure 27)—Two 46073 devices

are used in the i-f and product detector

stages. The bfo is crystal-controlled by a

crystal that matches the passband of the

i-f filter. A single 2N4123 serves as a buffer

and couples the bfo signal to gate 2 of the

product detector. An audio gain control is

m
? KHi

BLOCK DIAGRAM OF PORTABLE 40-METER RECEIVER

E2"r «""**?* <Q’™ ,e r band for SSB or c-w reception. It operates
M selectivity is provided by a crystal filter, The complete

-cncmatic of the rccc.ver is given in figures 26 and 27.
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mobile and portable equipment

uF coaxial capacitor at the output terminal

Ground the capacitor to the alternator

frame. Two capacitors are required for the

dual terminals of a heavy duty alternator.

In the case of the generator, the factory

installed capacitor is removed 2nd replaced

with a O.J pF coaxial capacitor at terminal

A (armature). Do not connect 2 capacitor

to the held terminal (F). Finally, make

sure the body of the device is securely

grounded to the frame of the vehicle.

Volfoge Regulator Little or no regulator noise

Noise is caused by the regulator

on newer vehicles equipped

with a solid-state ignition system. The older

mechanical regulator, however, can produce

a crackling noise during operation. To re-

duce it, a 0.1 pF coaxial capacitor is placed

in the battery (B) lead at the regulator 2nd

a second capacitor is placed in the armature

(A) lead. The field lead (F) is not bypassed

as this may cause damage to the regulator.

insfromentor The various instruments

Accessory Noise or lights sometimes require

noise suppression. The rasp-

ing noise heard from the gas gauge, for ex-

ample, can be suppressed by installing 2 0.1

pF coaxial capacitor at the gauge. In some

cases a small bash choke must be placed in

series with the line. A suitable choke can be

made of IS turns of 5^18 enamel wire on a

%'inch diameter form. A similar capacitor

or choke may be required on the windshield

wiper motor.

Wheel Static Wheel static is either static

electricity generated by rota-

tion of the tires and brake drums, or is noise

generated by poor contact between the front

wheels and the axles (due to the grease m
the bearings) . The latter type of noise sel-

dom is caused by the rear wheels, but rife

static may of course be generated by all fmir

tires.

Wheel static can be eliminated by inser-

tion of grounding springs under the from

hub caps, and by inserting "tire powder
1

in

all inner tubes. Both items are available at

radio parts stores and from most auto radio

dealers.

£ody Static Loos® linkages in body or frame

joints anywhere in die C2r are

potential static producers when the car is

in morion, particularly over a rough road,

locating the source of such noise is difficult,

and the simplest procedure is to give the

Car a thorough tightening up in die hope

that the offending poor contacts will be

caught up by the procedure. The use of

braided bonding straps between the various

sections of the body of the car also miy
prove helpfuL

Miscellaneous There are several other poten-

tial noise sources on a pas-

senger vehicle, hut they do not necessarily

give trouble and therefore require attention

only in some cases.

At high car speeds under certain atmos-

pheric conditions, corona static 33127 he en-

countered unless means are taken to prevent

it. The receiving-type auto whips which em-

ploy a plastic hall rip are so provided in order

to minimize this type of noise, which is sim-

ply a discharge of the frictional static built

up on the car. A whip which ends in 2 rela-

tively sharp metal point makes an ideal dis-

charge point for the static charge, and will

cause corona trouble at a much lower volt-

age than if the tip were hooded with in-

sulation. A piece of Vinylitc sleeving slipped

over the top portion of the whip and

wrapped tightly with heavy thread will pre-

vent this type of static discharge under prac-

tically all conditions. An alternative arrange-

ment is to wrap the top portion of the whip

with Scotch brand electrical tape.

In many cases, the control rods, speed-

ometer cable, etc., will pick up high-tension

noise under the hood and conduct it np

under the dash where it causes trouble. If

so, all control rods and cables should be

bonded to the fire wall (bulkhead) where

they pass through using a short piece of

heavy flexible braid of the type used for

shielding.

In some cases it may be necessary to bond

the engine to the frame at each rubber en-

gine mount in a similar manner. If a rear

mounted whip is employed, the exhaust tail

pipe also should be bonded to the frame if

it is supported by rubber mounts.



19.22 RADIO HANDBOOK

Figure 27

I-F AND AUDIO PORTION OF PORTABLE RECEIVER

U, U-25 turns =SQ enamel wire on 3fe-lne!i rfiametEr slag-tuned coil form.

Xt-Crvstel to match pssstiand of meeJiznrrel filter.

Note: All resistors % watt.

sible the design of a compact, completely

solid-state amateur hand recover for c-w
and SSB reception that performs as —ell as

or better than an equivalent receiver using

conventional vacuum tubes. The advanced

receiver described in this section (figure 2B)

is completely solid state, making use of im-
proved MOSFET and 1C devices, and covers

the amateur bands between SO and 10 meters

m 500-kHz segments. The design goal was
to produce a compact receiver of top-notch

performance, but one no: so small as to be

dimcult to assemble and wire, or to cosmic.
The receiver may be run from a battery
power supply or Iron an ac supply so it is

well suited :or either portable or fixed ser-

vice. This receiver was designed and built
by YE5GFX.

coverage, as well as coverage as high as cO

hiHz, or more. Using a MoiOTolc 2i\5453

high-frequency MOSFET device in tbs rp'

able r-f amplifier stages results iphigh ?p
and good circuit stability. The r-i amup^

circuitry does not require tezxttbzzBoa,

while permitting age (automauc-gam-c-p*

trol)
,
voltage to be applied to the trout ent.

a feature very necessary in solid-state re-

ceivers. The dual-gate feature ox pe

3005 allows 2 ssparafion of these junctions,

the incoming signal bring applied to Sz" 1

of the MOSFET and the age control Toh|*

to gate 2 ot the device.

Tor R.-F SfCi'.or.—The tuned croup m

the high-frequency porton of toe rep'e.

are basically 20-meter errmils, vmcn tre

made resonant in the other high-treruency

bands by means of zppronriate stunt up

pedances brought into the drcut cy p-

bandswitch. For -Q-meter 'Operation- tor

baric tuned circuit is nrcoed to z jfwer



Figure 26

FRONT END OF PORTABLE 40-METER RECEIVER

ti-40 turns #2B enamel wire on T-37-E core. Primary < turns £28 e. Note: T-37-S power iron

core (SF materia!) has afeinch outside diameter, rated at 30 pH/100 turns (Ai=30). Yellow
dot, mu=8.

li-Same as L,. Tap 4 turns from ground end.

La-25 turns #30 e. on 36-inch diameter ceramic slug-tuned form. Secondary 13 turns £30 e.

at hottom.

L<-7 turns £25 e. on 36-inch diameter slug-tuned form.

-55 MHz filter, SSB or c-w passoand. Swan

equivalent.

B— Ferrite bead. Amidon FB-7SB-101 or equivalent.

Ci-35 pF air variable capacitor.

Note: All resistors Hr watt.

provided in the input circuit of the LM3S0N

audio amplifier.

Receiver The receiver may be built on a

Construction perforated board or a printed-

circuit board. If the latter

assembly is chosen, a simple technique is

to use black PC drafting tape to lay out

the board, which is then etched in ferric

chloride. The receiver can be made quite

compact and it is suggested that the vfo

assembly be made up and tested separately.

Filtromx model, 437-006 or

A PC box arrangement will provide good

frequency stability. The receiver is built

starting from the audio end and tested a

stage at a time. An r-f voltmeter is useful

in tuning the oscillators. Final adjustment

can be easily made by listening to on-the-

air signals.

19-7 A Portable Amofeur
Bond Receiver

The availability of low priced solid-state

devices and integrated circuits makes fea-
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SIDEBAND SHEET

BLOCK DIAGRAM OF THE SOLID-STATE COMMUNICATION RECEIVER

The main portion of the receiver covers the SD-meter band {33 - 4.0 KHz) and serves es an i-f

section for a bandswitching converter covering the 40*, 20-, 15-, and 10-meter bands in 503-fcHz

segments. The high-frequency converter unit is crystal controlled and the low-frequency variable

oscillator in the EQ-meter section is not switched permitting a high degree of electricai and me-
chanical stability to be achieved. I-f gain is provided by an integrated circuit module {MD-1555G)
and suitable SSB selectivity is achieved by a mechanical filter. Audio 2gc is provided far the
various r-f steges and front-end gain may be separately controlled, if desired. The complete

schematic of the receiver is given in figures 30 and 32.

The intermediate frequency of the receiver
is 455 kHz and the frequency response of
the i-f. system is largely established by a
mechanical filter having a passbaud (2.1
kHz) suitable for SSB reception. Intermedi-
ate-frequency gain i s provided by 2 Motor-
oh integrated circuit element (MC-1553G),
matched to the mechanical filter by a simple
transformer 2nd resistance network.

.

The Product Defector—A. product detec-

.

t0r t0 provide good linearity, low
insertion loss, and a minimum of beat-osdl-
btor Jeakthrough into the audio system.
Une-halj of a diode quad is used for the
detector, employing 3X2970 hot-carrier di-

odes resulting in excellent circuit balance.
Clordy matched IK load resistors ensure
m.-mmum leakthrough while a simple low-

n5:er (TO W after the

([.
“
UC * C“c'“°r 2t:enuates all reridcal hiph-

P'diucts. The filter is 2 paralkl-

:^j.f!.
rClnt £t

V* *^z Bering high
impedance :° the intermediate frequency,

’-“^P^tnce to audio treacencies.
Ine .oca! oscillator (Mo) consists of sep-

-stt ervstal-controlled oscillators with die

outputs selected by switch Sr,
feeding the

input of the product detector throupb

transformer T«. A switch on the 0l

the receiver (SIDEBAND SELECl

)

turn?

on one oscillator or the other for upper- c*

lower-sideband reception. The specified os-

cillator crystals should be 25 close to to:

target frequency as possible, since reuuce-

detector output will result if one or to-

other of the crystals is misplaced on

slope of the filter passband.

The audio system is 2 second integrate--

circuit package (TAA-300) delivering^"

most 2 watt of audio power with 2 10-nuln-

volt driving signal Speakers of 5 to 50 earns

impedance may be used, and tbs recover

will drive an efficient 10-inch diameter

speaker with impressive results. A jacc '-c

provided on the panel for use with

impedance earphones.

The AGC ‘Sysfcv:—The 2gc nerwer*: t*

novel in that the age lines swing from ?y~-'

tive to negative potential with increasing in-

put signal level (figure 24). Tae three con-

trol lines are terminated at rise arm ct tr-i

R-F GARY control potentiometer (Kr) -
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A SOLID-STATE AMATEUR BAND RECEIVER

“s sssysaasss

r

5 B

;;
Panpi mnirok fi to r'l are- Sideband selector switch (Si); bandswitch; peak preselector (Ci)

Panel controls (I. to r.j ar
. h • m , insulated from the panel; r-f gam poten-

S, mi.

r - a er?

«5S «« *n*
•; r '• " c“n ’ r is scra,cW m ,te

over J00 kHz of the band in use, making

a peaking control unnecessary. The 1 0-meter

tuned circuits can be adjusted to pass any

500-kHz segment of the 10 -meter band,

allowing the receiver to cover the complete

band, by the proper choice of local-oscillator

conversion crystal and auxiliary inductor

tuning.
,

Maximum gain is obtained from the

MOSFETs in the r-f amplifier stages when

gate 2 has +12 volts applied to it; how-

ever, this amount of gain has a tendency

to overload the i-f system on any strong

signal. Hence, provision has been made in

the design of the age system to limit the

positive swing of the front-end age input,

eliminating this problem. r
The Mixer-Oscillator—A 2NM59 FEl

is used as a common-source mixer with loca

oscillator and received signals applied to the

gate element. The crystal controlled local

oscillator is capacitively coupled to the gate

and the incoming signal is inductively cou-

pled through transformer L,. The converter

oscillator employs a 2N4124 bipolar tran-

sistor and uses an r-f choke as a broadband

collector load on the lower frequencies

(RFCj). Series-connected parallel-tuned cir-

cuits provide properly selective collector

loads on the two higher-frequency bands.

The schematic of the tunable 80-meter

stages and low-frequency i-f section is

shown in figure 32. The front end of this

section of the receiver has two stages of r-f

amplification using MFE-3006 MOSFETs

to provide needed sensitivity and image re-

jection. The tuned circuits for these stages

are adjustable from the panel of the receiver

and provide a preselector function (PEAK).

Good electrical isolation between the stages

is necessary as the gain of this cascade

circuitry is considerable. To avoid cross-

modulation and overload, these stages arc

followed by a 2NJ4J9 FET mixer (Qa),

using a common-gate circuit proven to be

tolerant of high inp« kvc,s-
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Figure 31

SIMPLIFIED R-F SWITCHING CIRCUIT

The srisirol srterras is carplsS to t rasunsut LC siraiii for

20-msts; reception. When ths berriswitch is ch-ngeS to ^3

rasters, the 20-raster circuit is paSSetf to ths lower frerusauy

by ths sdditicn cf piston cEpscitor Ci, placed in ths circuit by

switch section Sit. On 15 rasters, ths induct- nee cf 20-nster

coil L, is decreased by the Eodeo shunting action or coil Li.

On 10 rasters, coil lo is switched in the circuit. Wignrasnt of

the tuned circuit raast first be dons on 20 rasters before the

15- end 20-meter bends ere adjusted.

be established, if desired. When a higher

input signal level requires reduced front-end

receiver gain, reclined audio of a positive

polarity from the age amplifiers (Q e, 0 8 )

is applied to the gate of the control FET,
reducing its conduction. Accordingly, the

drain element of the FET drops toward
— 12 volts, taking the age lines dong -with

it, thus reducing front-end gain of the

receiver.

A signal-strength meter is incorporated
as part of the age system. The meter is

connected so as to measure the current
dra~n by the control FET. The ViETER-
ADJUST control (Rs )

is set so the meter
indicates full-scale current when the antenna
input terminals are grounded. In operation,
ihe RF-GAL\ control (R2 ) Is set so that
a small deflection of ths meter (toward zero
current) takes place -with antenna connected
but without signal input. At this point, the
tgc system will control receiver front-end
gain in the proper manner, between near
cutoii 2nd maximum usable gain.
Power and Switching Grniits—The re-

ceiver is operated from a -f 12-volt 200 mA
fP- •

In sddi^ volts is required
for age action. The drain of the - 12 volt
section is only 20 mflliamperes and seri-s

f?
cd >*'” “Us w iac0TO-

u *****&
Jhtc««ne porno, of -j« receiver is

Crvr-C,r\u.
C
-

D?" ra~a - °* 2 snail

u.. X, T“ ’X": "S01* 30} onerated

The Td2
7 is normally

*”

~r\
hand positions ezccot SO

n *h:s. banc, the rclav removes th"

S:
v

::?
r :>ra -J* by?^

cor'r;cctl0ns ^cund the con-
‘C..cr pDrnon of the receiver.

Receiver A mulrihand receiver such s
Construction this is a complex device and its

construction should only hs

undertaken by a person familiar vith solid-

state devices in general and MOSFETs h
particular, and 'who has built and aligned

equipment approaching tins complexity.

The solid-st2te receiver is built on 2

chassis within a wrap-around metal cabinet

measuring 10
w X ~v X 4

rf

. The cabinet

assembly specified comes complete with

panel, chassis, and rubber mounting I"-

Other cabinets of the same general confgT>

ration, of course, may be used.

General receiver assembly may be seen m

the photographs and drawings. The high-

frequency converter covering 40 through

10 meters is the most complex assembly and

the most compact (figure 34). This unit #

built in an aluminum box measuring 4" X

2
f/ X 2>/,

v
and is mounted to the left real

of the main chassis. The converter hand-

switch (So) is panel driven by means cl^an

extension shaft as seen in the top-view

photograph. Power and control leans are

brought out through miniature feentnrDugP

insulators mounted on the side or ths n^-

The variable-frequency oscillator *

second subassembly built within an alumi-

num box measuring 5
3T" X 2Vs

p X T r_
*

The tuning capacitor used (C:,)
is a

quality unit having full ball-race bcarmp

frost and back and a controlled torque. -

uni: provides minimum drat on the g^':-

diaL

The fast step in coastru trios cr me so--'

state receiver is to lav out me cnassjJ, pant--



MOBILE AND PORTABLE EQUIPMENT 19.25

Figure 30

CONVERTER PORTION OF COMMUNICATION RECEIVER

B,-Ceramic bcaP (Fetioxcube B«M® "-Smoi’SmW
C„ Cr-io !o 60-pF piston capecilora (VcIWn,* ra-BCC, or «»»•'

A. Jo-Typ" BKC raceptaclcs,
I

“s
f t„n rpotter-BnimiieiP SC-11DB or bfluinj „

Ki-Dppt relay. crystal-can style. 12'
'

^
,, , diamEter farm. Approx. 4 pH (fi — 5DJ.

l'SSSS&55-*«—“ «**• fe 5 •-* ' arauni

££*!£*• »»#* - iim- Bm- A""“ M* J- "•"*
4500-3 (green) form, powdered-iron c

»

re
.

, H
Li, U-(10 meters). 11 turns «•>** J^Lter ftrm . j. w. Miller 4500-3 (green) form, pow-

It-40 turns #32 e.,
1TJS?ng isTo turns #32 e. around ‘'cold” end of con

iX SwSHUr ?.»- J. w. Fuller <®M ("« <«l"ai

"SSSE2 £S- > 1“ >«

Yi-3500 MHz crystal, HC-S/U holder

Y*-1 0-500 MHz, as Yi

Y,-17.500 MHz, as Y,

Y*-24.5D0 MHz, as Yi

of the potentiometer (max) 1$ connected

:he + 12-volt supply Roc, and the other

tom) to about -5 vote when the

switch (Sc) Is off. «®1r 12
control is switched to d- dr:m c

m age control FET
™ »P«

ial, the gate of the control FET is

zero potential and tie FET conducts, plac-

ing the negative end of the r-f gain control

potentiometer close to ground potential The

age Una, therefore, are at some positive

potential between ground and 4- 12 volts,

depending on the setting of the potentiom-

eter, allowing maximum receiver gain to
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SIMPLIFIED AUDIO-CONTROLLED
AGC SYSTEM

The three age lines (Qi, GU and converter) are
terminated at the arm of r-f gain control R2 .

When age switch S2 is off, control voltage may
be varied between -12 and -3 volts. When the
age system is on, control is switched to the
drain circuit of FET Q, 0 . Age voltage is now
proportional to the audio input signal, varying
between zero and +12 volts under normal con-
ditions. A strong signal will drive the age to-
wards -12 volts, sharply reducing receiver gain.
Maximum gain is controlled by the potentio-

meter.

conflict between the components. Figure 35
shows placement o£ the converter and
oscillator assemblies and the i-f filter. The
exact location of the vfo box behind the

panel and the height of the main tuning
capacitor on the side of the box are deter-

mined by the position of the tuning dial on
the main panel.

Receiver The receiver should ^ wired in 20
Wiring orderly manner, a stage at a time.

To reduce r-f ground currents,
all grounds for a single stage should be re-
turned to that stage, preferably to a com-
mon ground point at or near the transistor
socket.

It is suggested thnr tie r-f stages of the
mam receiver section be wired first, followed

•
,

lh: oscillator assembly, and then the
product detector and the audio stage. The
age system, S-meter, and power wiring may
be done last. A very small pencil soldering
iron, miniature solder, and small diameter
(Xo. 22

)
hookup wire are recommended for

ea c in -ssambiy. The various tuned circuits
art wired and grid-dipped to frequency and

The converter section of the solid-state com-

munications receiver covers the amateur bends

between BO and 10 meters and has an i-f output

of BO meters. The unit is built in a small alum*

num box (4" x 2" x 2%") with the major com-

ponents mounted on the inner, U-shaped box

section.

Across the rear of the assembly are the slug

tuned r-f coils (I. to r.): 20-, 15- and 10-meter

coils. The 15- and 10-meter mixer coils are im-

mediately to the right. In the righthand comer

of the box is the mixer output coif (LiJ.

Along the center line of the converter unit are

0- to r.): The MFE-3006 r-f amplifier socket, the

20-meter mixer coil, and the 2N5459 mixer

socket At the front of the unit are the conver-

sion crystals (I. to r.): 33 MHz, 105 MHz, 175

MHz, and 24.5 MHz. To the right of the crystals

is the 2N4124 oscillator socket Along the front

section of the assembly are [I. to r.): the relay

feedthrough terminal and piston capacitor C»

bandswitch Si, piston capacitor Cj, age and volt-

age feedthrough terminals, and (at the extreme

right) oscillator collector coils Lb and U,

the interstage shields are made up and cut

to fit (2 "nibbling” tool is handy here)

as the work progresses. A closeup of the

under-chassis r-f stages is shown in figure fa

A two-section variable mica compression-

tuning capacitor is used for Cj (PEAK

PRESELECTOR
)
and has an extension shsrfr

press-fit onto the short tuning stub. TM
capacitor is supported from a small bracket

mounted directly behind the panel.

Small shields are mounted across each

MOSFET socket. The shields are cut of

scrap aluminum or brass and have a mourn*

ing foot on them which is held in place b)

a nearby 4-40 bolt. The first r-f $:3?
2
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r

Figure 35

TOP VIEW OF RECEIVER ASSEMBLY

Placemen} of Via major receiver components may be observed in this view. The ft-f crystal-eon-
tpollefl converter assembly is at the Jett with Ute temfswteb extension shaft funning to the
front panel. At the center of the main chassis are the mechanical filter and the variable oscil-
fzfor for the SO-mefar portion of tfte receiver. Directly behind the oscillate r are the i-f amplifier
and the bfo stage with the associated sideband-selection crystals. At the right is the audio 1C
stage (with heat sink} and the “meter-adjust" potentiometer. The age stages are in the right
front comer of the receiver, v/ith the 85-meter r-f section located at the front left comer of the

chassis.

MQSEET socket (Q,) is at tie left of the

photograph Trlth tire small coaxial line from

tie converter unit risible at the lower edge

of the assembly. To tbs right is the sec-

ond r-f stage MOSFET socker (Q-), with

the FET mixer socket above and to tie

right. Tie injection line from the rfo passes

through a Teflon feedthrough insulator

mounted in tie chassis immediately behind

the tuning dial and runs to the gate terminal

of the FET socket.

Tie main tuning dial is made up of a

reduction drive, a home-made pointer, and

a calibrated scale etched on a piece of cop-

per-plated circuit board of the gkss-epoxy

variety. The mask for tie negative of the

board is reproduced in figure 37. It may be

photocopied from the page and used to make

a negative for direct reproduction.

The Converter Assembly—-The general

layout of the converter assembly is shown

in figures 38 through 40. The MOSFETs
2nd conversion crystals are mounted in

sockets placed atop lie converter box, with

the various slug-tuned coils mounted at the

rear of the assembly. Figure 38 shows the

rear of the box with the cover removed.

Nore that several Teflon feedthrough insu-

lators are mounted in the L-shaped shield

partition to pass power leads between the

stages within the box. An oblique view of

the r-f compartment is shown in figure 39.

An end view of the converter assemblyU
shown in figure 40. The relay is held in
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The eiysial-sEn rsfcy is in ths hirer fsrsgraiEii
with ths 10-rostEr cssTHztor coil zl ths top Jsft
znii the 15-TnEtsr nssTltetor coi! tt the bottom
left. The interne! shield (also seen in figure ss)
is t-shcped znd isoletss thE nscitletar noils from
the miner coils loneted rt the re-r of the shessis

deck.

^
The audio portion of the receiver is tested

am. A best siat is pbced oxer fbs radio
IC (TAA-300) before rests are began. A
1 C'OO-Hz. 10-nriliiTolr sine-Taxe radio atari
is applied a: tie rrm of tie AWlO-GApj
poreariomerer (K.) red should result ia r
signal ia tbe soerber ~bea arimara aosaer

“ JirM ao tbe reajxcr, iadicatiag tbe
aadio stage is r-orint g. Chech tbe xoltaa.
at tie drab of tbe :N'45«0 ago’ cnacd
-•nasmr (Q.,.). I; should be dose to —12
vo.ts. Kaoab.g the radio agatl sbodd
cause :: to croa to altaort zero’ adrs. TKs
-Ty complete ago system Is

level to tbs Input (tan 1) of tbs IC s-:

amplifier (MC-15J3G). If tbs ansKa, ta

Ho, and the product-detector stages ire

vtorking. an audio signal should he beard hi

the speaker. Adjust the detector niter ar-

ea t (7?.) for minimum hiss in the speaker

mhen the audio modulation is tamed of.

lyom, adjust the AUDIO-GAUv control

fH 3 ) hack and forth to make sore it inac-

tions properly. Apply the same i-i rignsl no

the input of the mechanical niter and acps:

i-f transformer Tj for maximum riguri ia

the speaker. Varying the input ignri £*

qnency above and helotr 45?J 2lHz^ tHll

provide an indication of the inieimsuitte*

freqnencv uasshand response oi the receiver.

Smirch the bio SELECT-SmEBAltt

(Sj) to both positions to ensure that hoi

oscillator circuits are vrorking. Crystal clip*

mem on the niter passhand is accomplished

by adjustment of the series capacitors.

The next step is to rest the vriiadlc

tuning oscillator. The transistors are 2>

seated in that sockets and the oscillator

tuned circuit should he adjusted to tmi

over tbe range of 3043.5 kHn to 554:0

kHz hetveen the extreme poarions ol y
1'

dial The handset capacitor (Cc) may he

used for this adjustment, along TV-’th the

slug adjustment of coil L> After the S;
f?

position has been determined, it should o:

fastened in place vith a drop of cement tr

prevent vibrarion.

Tne tuned dreuits in the r-f stages tot

the mixer should he adjusted to tract

across the f!0-meter hand ~hen the 7EA.-

?R£S£LSCJO?v control

^
adjured ?*

grid-cip oscillator vlth transistors Qm ^
and Or. amoved jrv~ ibrir sorer/?, '"hm

MOSFETs Q: and Q. are inssrad m fh£

resnecuve waiieu. - -u—*~~* n need as stone—

to rcunress anv tendenrr tevaru “d part-

stric csriilatbns. Place the necking cottro;
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Figure 37

TUNING DIAL
TEMPLATE for
the solid-state

receiver ^ \>s

J Y

, 5eJ^Ki'I l

; JJ 'ri

r f̂crr

REAR VIEW OF CONVERTER
ASSEMBLY

** amplifier and fcandswitch are seen at

.
of the irrtsmzl shield partition, R-f

coils are ff. to r.); 20, 15 2 nd 10 meters. Nets
Teflon feedthrough tsmiinaJs mounted in the
mtrastage partition. The mixer st2ge and erys-
sfel can relay (K,) 2rs at the faff cf the parti-
tmn. Mixer coils are ((. to r.)r 15 2nd 10 meters.M output coil l7 is st the extreme left

THE R-F AMPLIFIER

The r-f amplifier coils are in the frregmmd with

the tandswifch and piston caps or!;: (C?) at the

right. The coaxial reads run to the crjsiaj-can

relay. The cuter shields cf the rerioas coaxial

fines are grounded to a common point rear the

relay and also at the free ends in the reosrrar

assemtly. fide that coils and tandswiteft hare

teen arranged for shortest possible Jead lengths.

Receiver Alignment: o£ the receiver is not
Alignment difficult if dons in z systematic

manner and m2y be done by ear

alone. A quicker and better job may be

achieved, however, with the -use of proper

instruments. Tie main receiver chassis is

aligned Erst, so rh?T a proper output indi-

cator voill b- available for subsequent align-

ment of the converter. All alignment is

done with the aec switched of. Before be-

gmning the alignment and before cove

applied to the receiver, the tuning n

:

snould be disconnected to prevent its
j

rlble damage cue to accident! overturn

lire builder should also note the inform:;

in the transistor chapter of this Kandb

regarding the handling procedures to be c

with the MOSFET tr2.nr.5mr;, which

Lnstrted toward the end cf the alignm
operation.
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Li-3.5 pH. 33 turns 328 enamel wire on T-37-6 core. Tap 3 turns from ground.

T«-2.2 pH primary. 25 turns £28 e. on T-37-6 core. Secondary is 6 turns £28 e.

Tr-1.3 pH primary. 5 trifilar-wound turns £26 e. on FT-37-1 core.

Note: T-37-6 powder-iron core (SF material) has %-inch outside diameter, rated at 30 pH per

100 turns (A, =30). Yellow dot, mu=8. FT-37-1 ferrite core (Q ( material) has %-inch outside

diameter, rated at 510 pH/100 turns (At=510).
Ci, Ct-35 pF ceramic trimmer. Erie 538-002D-9-35 or equivalent.

Note: All resistors % watt.

The Receiver The receiver front end (fig-

Cireuit ure 43
) has a grounded-gate

FET r-f amplifier (QT)
which

has good sensitivity and a low noise level.

The response is about 1.5 microvolt mput

level for a 10 dB signal-plus-noise to signal

ratio. The r-f stage is inductively coupled

to the detector and isolated from the vfo to

Figure 44

RECEIVER CIRCUIT BOARD
The board is viewed from the top of the receiver. The front end circuits and the four-diode

deteclcr are. at the rear of the board, along with the input circuit tuning capacitors. The

integrated circuit that serves as filter and audio amplifier is at the center of the board.

Switch $, is mounted to the front panel above the board and the variable tuning capacitor for

the oscillator is seen at the bottom of the photograph. Boards are mounted above an aluminum

chassis frame by <wo hardware.
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main chassis and the various leads connected.

Before the MOSEETs are placed in the

sockets, the converter tuned circuits should

have been grid-dipped to the approximate

working frequencies. Now, the converter

• :: bandswitch is set to the 20-meter position

and the main tuning dial of the receiver set

to 14,250 MHz. A 10-microvolt signal at

this frequency is applied to the converter

input circuit, making sure that the relay

Ki is properly activated. Adjust the slug

of the mixer coil (L<) for maximum output

... signal, followed by adjustment of r-f coil

, ; Lj. These adjustments will not be critical

due to the large bandwidth of these circuits.

The converter must be first aligned on 20

meters since the tuned circuits are basically

tuned to that band. Once they are aligned,

^ do not touch them further.

J,
The bandswitch is now placed in the 40-

'' peter position and a 7.2-MHz signal applied

V, to the receiver. Capacitors Cj and C2 are

"
adjusted for maximum signal level. In the

same fashion, a midband signal is applied to

the converter for the IS- and 10-meter

bands, aligning them by the slugs in the

: shunt coils, as before, mixer circuit first,

'*
Finally, adjust the 10-meter oscillator cir-

r cuit (La) for best received signal on that

> band, then adjust the 15 -meter oscillator

v circuit (Ln) for minimum received signal

' when a 20-meter signal is injected into the

'
receiver. This completes alignment of the

receiver.

19-8 A QRP 40-Meter

Transceiver

This low power transceiver is designed

for 40-meter c-w operation and is suitable

for portable, mobile, or fixed operation

from a nominal 12.6 volt dc power supply

(figure 41). The transceiver is vfo con-

trolled and provides better than 1-watt

power output. The receiver is a direct-con-

version design having a wide dynamic

range and excellent c-w selectivity (figure

42). The transceiver was designed and built

by WB5DJE.

Figure 41

QRP 40-METER C-W TRANSCEIVER

This compact transceiver provides i-watt power
output in the 40 meter band. It features wide
dynamic range in a direct conversion receiver

and an 800 Hz filters having a bandwidth of

200 Hz for optimum c-w reception. The detector

rejects a-m signals for improved reception. In

this front view, the mode switch (Sa) and phone
receptacle are at leit of the main dial and the

fitter bandwidth switch (S,) and audio gain
controls are at the right The main dial has a

reduction gear and is directly calibrated in

kilohertz, Panel and dust cover are homemade.

no.

Figure 42

BLOCK DIAGRAM OF
40-METER TRANSCEIVER
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Figure 46

VFO CIRCUIT BOARD

The vfo SeenI iz mounted directly behind the mein tuntaz cepeoitot, The 5E5®!^, .fijj

1

\ ..pit

it therfcht of the been) with the comeelien to the tons «5eo»r at-e thn-gt

length of coetiel table, output treneftrmer T= is ft the left of the ph.to^h.

Figure <7

TRANSMITTER PORTION OF TRANSCEIVER

L>-1.8 aH. 23 turns r2* e. cn T-27-5 core.

L,-22 H. 20 turns £-24 e. on FT-37-1 core.

L,-2Z (M. 27 turns r2S e. cn T-37-6 core.

T4-I.3 iM. 5 trifihr-wcunO turns =2G e. cn FT-27-1 core.

Tt-0.53 ;H. t3 turns r2C e. on T-37-5 core. SeconSsry is 4 turns =24 e.

C-Ferrilt be*fl. Aniisn FE*75B-tC1 cr equivalent.

Hole: At! resistors Y« watt See figure 43 for core tzta.
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prevent interaction between the nvo stages.

The detector is composed of four diodes

which act as r-f switches. It is driven by

the vfo at one-balf the received frequency.

Each set of diodes operates differentially

and amplitude-modulated signals having

double sidebands cancel out in each diode

pair. This provides good rejection against

the a-m broadcast stations that infest the

40-meter band (figure 44).

Detector output is d-c coupled to a dif-

ferential audio amplifier (Ui) which pro-

vides about 44 dB signal gain. The second

sections of lb are SOO-Hz filters with a

bandwidth of 200 Hz and a gain of 50 dB.

The Q of the filters is selected' to prevent

ringing. The final section of Ui provides

good audio gain, picks up the transmitting

sidetone, and drives the headphones or a

small speaker.

The VFO The schematic of the vfo is shown

in figure 45. It provides output

between 3.5 MHz and 3.59 MHz to the

transmitter and receiver. This provides a

tuning range of 7.0 to 7.18 MHz. On re-

ceive the vfo frequency is used directly but

on transmit it is doubled. Also, in the re-

ceive mode the frequency is offset and a

station worked will be shifted approximately

S00 Hz, so that the beat note falls in the

audio passband.

The vfo is a Seiler type using a 2N4416

EET followed by a FET buffer and output

amplifier. Device U- in the vfo is a 5-volt,

three-terminal regulator biased to provide

4-

7

volts which is set by the grounding

resistor value. Voltage regulation of this

device is far superior to that of a zener

diode and the frequency of the oscillator

holds within 10 Hz for input supply volt-

age variations between 9 and 15 vdc' (figure

46).

The oscillator is very stable although not

temperature compensated. The coil is a

powdered-iron toroid and polypropylene ca-

pacitors are used since they have better drift

characteristics than do silver-mica capac-

itors. The inductor is mounted to the board

with a coating of polystyrene cement to

secure the turns and to stabilize the

inductance.

TRANSCEIVER VFO CIRCUIT

13 0 uH an turns =28 e. on T-37-6 core. Adjust number of turns and spacing to set center

37W - *— > >

C,TPF ceramic Irimmer. Eric 53M02A-2-S or

Sea figure 43 for core data.
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Figure 50

TOP VIEW OF TRANSCEIVER

Transmitter board is at left of assembly, vfo board at center and receiver board at right M£>n
timing c2p2Citor is supported from the front panel by means of a subpanel spaced cut cn studs.

Output j2 ck is mounted to the rear panel of the enclosure. The panel-mounted terminal strip

supports the dial LED.

The vio output stage is operated class A
and provides energy to receiver 2nd trans-

mitter continuously. The output circuit

(T;) is peaked in the center of the tuning

range and output level is about 150 mV at

receiver output terminal 5. The transmitter

doubler is designed to operate at a level of

^20 rrA
.

provided by the second outout

TV Transmitter The craafcar portion is

_ _
shown in figures 47 and 4S.

iramistor keying is employed and an an-
r.iiter (Q ; , Q<) ioijows the vfo. A doubler,

driver and power amplifier proved 2 1-^att
output signal, fveying is accomplished by
Q:: which if turned on when the key is

closed. This device keys the voltage to J-J-

frequency-doubler st2ge as the enver **

final amplifier do no: require keying.
<

Transistors Q r, and Q; are conngureo iS

2 push-push doubler with push-pull D*ss

feed from the trifilar-wound transform^

(T 4 ). The balance potentiometer ia p
:

emitter circuits allows the fundamental £?'

nal to be balanced out so that the cutyu-

waveform contains very little SO-mft-

energy.

The doubler output circuit is peahen :-

the center of the band. The caprdter £--*

balance control are adjusted tor 2 static

fundamental component.

Driver Q ; is operated in the class-C mote

with some self-bias which provides a cican
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Figure 48

TRANSMITTER CIRCUIT BOARD

ThB transmitter hoard is mounted to the left of the main tuning capacitor. The output facie of

the transceiver is to the rear of the board and the mode switch is mounted to the front panel

above the board. Note that output transistor at rear of board has a heat sink snapped over it

SB3WEIDm

Figure 45

TRANSCEIVER KEYER CIRCUIT

This is a part ct the receiver board. All resistors are T-s wart.
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out sides of the three printed-circuit boards

are shown in figures SI, 52, and 55.

19-9 A 160-Waff 144-MHi
Amplifier

This Kgh-power, solid-state amplifier is

intended for f-m service in the 2-meter

band, "With the addition of proper biasing

circuitry the amplifier may be used for SSB

service as well. Drive power is 5 to 1 0 watts

as supplied by a typical transceiver and

power output is 160 watts, or better, when

a 13.8-volt power supply is used. Once ad-

justed, the amplifier will exhibit broadband

performance over the entire band (144—148

MHz) (figure 54). The amplifier is free of

spurious outputs under all operating condi-

tions with the exception of harmonic energy

which is greatly suppressed by the amplifier

design. The amplifier is reproducible and

employs a minimum number of parts com-
mensurate with performance, size, and cost.

Amplifier The amplifier is a two stage con-

Ctrctrfay figuration, with the schematic

shown in figure 55. Input power

is applied to the base of the CD 4024 -tran-

sistor (Qi) through a broadband-tuned

microstrip matching network composed or

Ci, I3 , and CX A low value of loaded Q
is maintained to optimize circuit emdercy

and bandwidth, as well as 2 low Inpur STH

across the band. The output of the driver

is coupled through a matching nerwori

(C„ Cj, Ls) to a common feedpoint where

the power is divided and delivered to tbs

base circuits of rwo parallel-connected 3K*

80 transistors (Q; . Qs )
by individual micro-

strip circuits. Independent dc return jams

are provided for each base to enhance the

isolation between rite transistors rire^J

established by the microstrip sections, if

reduce any circuit tendency toward push-

pull oscilianon, 2 suppressor resistor has

been added across the base and collector cir-

cuits (R« and Rs). These resistors introduce

significant loss only during conditions 0
*
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output signal. Tie power amplifier is a

2N3109 (or equivalent 5-watt, 1-ampere

device). The transistor should have an ft

of about 100 MHz. A higher value of ft

may provide higher harmonic value with

corresponding TV! problems. With the val-

ues shown, the second harmonic of the

transmitter is 40 dB down from the funda-

mental signal and other harmonics down 50

dB, or better.

Dial Calibration Before the coil is coated, the

vfo tuning range is set to

calibrate the dial with capacitor C 2 in mid-

position. The number of turns and spacing

on the coil are adjusted and final calibra-

tion is done with Q. The tuning range of

7000 to 7100 kHz was chosen and the dial

provides about 10-kHz per 10 degrees of

rotation. The dial can be laid out with a

protractor and inked when calibration is

established.

Transceiver The transceiver is laid out on

Construction printed-circuit boards as shown

in figures 44, 46, and 40. Coil

data is given in the captions. Fifty-ohm

miniature coaxial cable is used to intercon-

nect the r-f circuits between the boards. As
built, the vfo requires no shielding, The

boards are placed in a homebuilt enclosure

as shown in figure 50. The vfo dial is made

from a 2-inch diameter piece of plexiglas.

A thin sheet of mylar is cut to fit and dry

transfers are used for the lettering. An ad-

hesive is sprayed on the front of the mylar

and it is attached to the back of the plexi-

glas dial. The pointer is cut from an alumi-

num plate. A slit is cut in the plate with a

saw blade. The plate is mounted behind the

dial and illuminated with 3 green TFT)

which shines through the slot. The dial is

mounted to a 6:1 reduction drive unit.

Transceiver The vfo board should be tested

Operation
first and aligned with the help

of an auxiliary receiver or fre-

quency counter. The receiver board is tested

next and the r-f amplifier can be aligned

on an incoming signal. The transmitter ad-

justments are done last, with the transmitter

section coupled into a 47-ohm 2-watt re-

sistor used as a dummy load. Foil and Iay-

Figure 51

RECEIVER BOARD FULL-SIZE PATTERN

At top: parts layout. At bottom: foil side of the board.
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mhos cmuis mu eoses

Figure 57

COPPER-STRAPPING DETAIL

Top side ground plane areas are tied to the

lower plane at transistor cutout areas.

0.38

r
A

fa P-0.7

k

i-7.1-8 I

1.35

DIVERSIONS FOR

COIL L10 iii

A M 01

B 0 .4 0.4

T 1 0.03 0.03

W 015 015

DffEMS IK INCHES

Figure 58

COIL DATA FOR TWO-METER
AMPLIFIER

the amplifier into saturation. Proper linear-

ity is usually maintained if the amplifier is

operated at a peak power output level

slightly below typical class-C c-w power
output,

A half-size circuit board layout is slown
in figure 60.

19-10 A Solid-State

10-Woft Linear Amplifier

for 420 MHz

This inexpensive 10-watt limer srripiine

amplifier i, designed end built by WB6QXF
for mobile use, or fixed station sendee using
cither SSB or f-m modes (figure 61 ). 'With a

nominal 12. 6-volt supply, tbe amplifier pro-

vides 10 watts PEP output with a 10 dB, or

better, power gain. With a simple modifica-

tion, the amplifier is converted to ckss-C

mode for f-m service, providing the same

power output.

Many amateurs find solid-state stripliae

amplifiers difficult and expensive to build.

The special teflon-glass board is hard to find

and costly, and the printed stripline tireffits

become quite critical to make, especially h

the 450-MHz region. This amplifier over-

comes these problems. It is designed around

low cost G-10 glass filled epoxy board 2nd

employs stripline circuitry made of short

lengths of flashing copper. No intricate

circuit board work is required,

Amplifier The amplifier schematic is shown

Circuitry in figure 62. A base-driven cir-

cuit is used, with 2 simple L-

network in the base circuit. A pi-L network

is used in the collector output circuit to

provide a good match to a nominal 5 0-ohm

load impedance. A CTC CM10-12 power

transistor is used. This device W2s developed

for land mobile service and is inexpensive

and rugged,

For linear service, the power transistor is

forward biased by the use of byhtor (Q:T

This device consists of a diode 2nd 2 sihcom

resistor in one package. It is physically cou-

pled to the heat sink of the amplifier 206

tracks the power amplifier thermally, assur-

ing that thermal runaway problems art

minimized by automatically adjusting

forward bias of the transistor to compel

sate for changing heat sink temperature.

Special low impedance, high current, vW*

type Underwood capacitors are placed di-

rectly at the base 2nd collector terminals o*

the transistor to achieve a proper impedance

match to the input and output networks.

Low frequency oscillations are suppressed m
the power circuits by means of r-f chokes

2nd bypass capacitors.

Amplifier The amplifier is built on a

Construction piece of epoxy circuit board,

copper plated on both rides-

To make 2 good ground plane, the entire

outside edge of the board is lined with thin

copper foil making 2n electrical connection

from the top to the bottom of the boit*
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FULL-SIZE VFO BOARD LAYOUT

At left: parts layout. At right; foil side of the hoard.

phase unbalance within the circuit, provid-

ing a balancing effect, thus suppressing out-

of-phase modes within the circuit Each

collector is matched with an individual

microstrip structure to a common point.

Isolation efforts similar to those of the base

circuits are realized as separate dc power-

supply lines are provided for each collector.

Each supply has separate high- and low-

frequency decoupling to further isolate each

side of the parallel-connected amplifier. The

common point in the output circuit is then

BROADBAND MATT AMPLIFIER FOR 144 MHz



19.48 RADIO HANDBOOK

LAYOUT AND CONSTRUCTION QF CIRCUIT BOARD

TRANSISTOR C'JTOLT

MOUNTING AREA

.DRILL ANDTA?

HEATSINK IA-4DI

’CTO
UNDERlVDDD

CAPACITORS lAI

LALy j

-— —

-

Figure 84

Th$ fscr UnicnvorS eapatiisrs zre EDlisreS tr
tfie circuit bccrf with their Inis rvErttpplnc,
£E shewn. The iransistDr is places in the rnourt-
iht hcle E ni caches t: the heat sinV. with c-c:
bs!ts ran irts helps t2p?e; in the hnt sir.h.
*hc faur transistor iee£s zre saiierai to the

t2?
5
c 'te

I
s‘ 7hE rrs

E.lierai 1: the overtopping ir.ncr ismirsls. S»*
pPctogrtph far isteils. Whels ztstiahTy is ivT

i£.E5 cm) srucre.

ear operation. Since cmrena drain as 3~t

rhar» 2 amperes, a smtle senes recdiatDT

sril] be S272SI2CZDTT. An osriltascope spook

be used to check for fkraoophg c-i ah-

~£T£fcnn mder Toice modnlErion. J -*1E

collector current should rise to ante: 51'5

mA to 500 mA nnder proper drire trith a

Toice signal

Care must be taken to operate tns nt?p-

rier into 2 lead haring 2 lom rains o~ i> *

-

L*

Although tbs transistor vil] snrrirs at

inrinite 5LPR, smtained operation m:o 2

load hating a Hgb Tains cf STR^k not

recommended. Performance data tot tOJ

ampiiner 5s listed in Table 1.

Per f-m sendee, the bjdstor riren:: cap pt

remored and the bottom end ct case nnot*

RPC, remmed to "onnd- ims remtrp

ths fonamd Has ?—^m the tramstot nj~

alio“s class-C operation. Toncop to;np-

scribed prerdonslr.

19-H Two Solld-Sfofe

Linear Amplifiers for

Mobile SSB

Des:
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Figure 5S

POWER OUTPUT VERSUS
POWER INPUT

Maximum output at T3.S vctts drops to 720 watts
at 140 MHZ and 15D watts at 150 MHz.

(figure 65). Similarly, short, narrow puces

of foil are cut and soldered at the four

edges of the transistor mounting hole, zs

shown in the illustration.

Once the board has been prepared around

the edges, it is placed on the heatsink and

secured in position with four 4-40 bolts

whose matching holes are then drilled and

tapped in the aluminum sink. The byistor

mounting hole is also drilled 2t this time.

The circuit board is removed from the

sink and a large diameter drill is used to cut

2 space through the fins of the heat sink so

that the bolt m2y be placed on die byistor

stud, which projects through the heat sink.

Be careful not to drill the clearance hole

through the base of the heat sink.

The next step is to solder the tour special

Dvdenvooi rhf capacitors to the board 25

close as possible to the transistor mounting

hole. The cases ate soldered to the board in

such a way as to allow the leads to overlap

each other, as shown in figure 64. The over-

lap provides base and collector connections

to the transistor. The leads of the transistor

are now trimmed to size and silicone grease

(GE Insulgreac or equivalent) is placed on

the mounting flanges and bottom of the

transistor. The transistor must be bolted in

postion, to the heat rink before the leads

are soldered in place to prevent die transis-

tor case from being strained.

After the transistor is mounted, the

islands are cut in the copper foil of die

circuit board fo: the ends of the striplines.

An Exccto knife or razor blade is used for

this operation. The input island is one inch

(2.54 cm) away from the overlapped leads

of the input capacitors, as measured from

the edge of the cutout. The island area is

Yi%
r

(0-S cm) square in the center of 5

cutout Yz 'inch (1.3 cm) square. The col-

lecror island is the same size 2nd is located

(1.74 cm) away from the overlapped

leads of the capacitors. Smaller islands are

cut for the byistor supplier and injscio:

leads.

The remaining components 2re placed as

shown in the photograph. Placement of

parts ss not critical, except for placement

of the base circuit bypass capacitors at the

termination of RPC;. Since the ccuke is

only 2 short length of wire, the capacitors

2re positioned at the terminal point of die

wire.

Tcsfir.g th Artplifor—Temporarily dis-

connect the collector dc choke (RFC;)

from the stripline. Insert 5 0-500 dc mills-
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Figure 65

25-WATT PEP OUTPUT SOLID-STATE HP LINEAR AMPLIFIER

psmis 2top thB bztri 2rE iain?sre:i ta ihs copper foil on the oniertiSs of the juintsS-rfrcE:*.

bztri.

C op«-Joa under large signal condition:
' 1:1 °?®traE pan- seriously b

creases laierraodulsrioa distortion. The hi;
so-.c. .esisttace, there; ore, must he he]

iV VP“*% 0.5 to 1 obn. (2U3wta
?
&8W&0 is usuallymruum over 2 ' -

•
lU ^ ranee o: res:^ devices used £

‘1Z
r
e 2 ^_

6e KI
*

£ operatln:W ’ £

f...”^
e 2n

;.
“iC collector cur

se: .up enough to achieve th

|\
V2J
V o: --termoiilaaon. f5) Unde

•'ZW.' concmons transistor dissinatio:

“5'“. coaf
;’jMSS" ?a

*"
c

device Laving a negative temperature c:-

smcient for emitter-base voltage change cat

lead to thermal destruction of the chrp

tedess thermal equilibrium is established by

proper transistor design and use o: ~nr

proper heat sinL

In both of these amplifers, the denp o*

the PT 574D po~er transistor and ~'1 -

accompanying circuitry solves the hr?-'

problems.

loaded input and output transformers ere

used in this amtimer to achieve the returner

frequency response. The ferhte material user

has an inltta] permeability of
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Figure 65

TEST SETUP FOR 450-MWz AMPLIFIER

A Bird #43 power meter nay be used for the

SffR meter as well 2S the output measuring de-

vice. A 20-watt dummy load having a low value

of SWR at 150 MHz should be employed. When
a two-tone test signal is uses, the wattmeter

will read approximately one-half the actual PEP
output

TABLE I

Performs ncs Data for

<5tWHz Amplifier

SINGLE TONE TV/O TONE

Supply Vcflt ~ -4)26

Input Power = 15 V/

Output Power = 10 V/

lc = 1.2 A

Supply Vclf: = 4-15.6

Input

Power — 600 MV/ PEP

Output

Power = 10 V/ PE?

\*a
1MD - -29 dB, 3rd

Order Products

At 1GW PEP

Note: Meter will reed 3W mA High Because of

Byislcr Current.

covering the 1.5-MHz to 50-MHz spec-

trum. They sre suitable for mobile operation

with a nominal 12.6 volt dc power supply.

The amplifier? are untuned and provide out-

puts of 2 5 watts PEP and 100 watts PEP,

respectively. They exhibit intemoiukwn

distortion product levels of better than — 50

dB below one tone of a two-tone test signal

at full output level

The 25-Watt The 25-watt PEP output am-

Amplifier plifier is shown in figures 66

through 70. It requires only

0.4 watt PEP drive at 50 MHz for full out-

put, having a power gain of about 18 deci-

bels. Amplifier efficiency is about 55 percent

under c-w (carrier) conditions. Even-order

harmonics are better than —35 decibels

below peak power output. The level of the

odd-order harmonics is such that a har-

monic filter should be incorporated after

the amplifier to suppress the 3rd, 5th, and
7th order harmonics which are attenuated

less than — 30 decibels below peak power

output in the amplifier.

Amplifier CiraiUry—lht schematic of the
25-W2tt amplifier is shown in figure 67.

iwo TRW type PT 5740 epitaxial silicon

iVPN power transistors, specially designed

for hf SSB service are used (Q-, Q:). The
transistors incorporate temperalure-com-

pensating emitter resistors on the chip and

2re designed to work into an infinite 5WR
load without damage at 2 maximum collec-

tor potential of 16 volts.

The PT 5740 devices are connected in a

push-pull configuration with broadband,

ferrite-loaded transformers used in die

input and output circuits to match unbal-

anced terminations. A simple RLC compen-

sation network is placed across the input

winding of transformer Ti to equalize am-

plifier gain across the operating range.

The input impedance of a PT 5740 power

transistor is below 5.5 ohms 2nd is capaci-

tive over the operating range of the ampli-

fier. The output impedance is of the order

of 4 ohms. As 2 result, special r-f trans-

formers must be built to match these very

low impedance levels to 50 ohms.

The push-pull collectors of the transistors

are connected to a balanced feed trans-

former (T-) and to 2 matching output

transformer (T3) to provide single-ended

output at a nominal impedance value of

50 ohms. The push-pull configuration is

used since the amplifier covers five octaves

of bandwidth, and suppression of even har-

monics is of major importance since the

harmonics are a funcoon of the ratio of the

cutoff frequency to the operating frequency

and the selectivity of the output matching

network

Bias Stability—One of the most demand-

ing aspects of solid-state linear amplifier

design, is the bus network and the associated

temperature stability of the transistors. Eac-

tors influencing the bias value and network

include: (1) Large signal r-f amplifiers

generally rectify a portion of the input

signal and if the base-emitter resistance is

high the amplifier wifi! be biased class AS
for small signals, but will self-bias to class-
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Figure 69

DETAILS OF FERRITE-LOADED TRANSFORMERS

(&>—Tcp view of input trsnsfprmer stack of 3 ferrite cores showing assembly end view of front

p.c. heart. Foil areas provide terminations for brass tubes 2nd connections to n2in circuit

b02rt.

(B)-Top view of transformer assembly of output and feed transformers. Eech transformer is

made up of two stacks of six cores each. Brass tubes are connected to fail on p.c. board a.

front and rear.

(CJ-Schematic of ferrite transformers. Transformers Tj and Tt 2 re identical to T< 2nd Tr but ars

net mounted on p.c. board frame.

and forth through the ferrite stacks as

shown in the photograph. Vhen completed,

the transformers are soldered to the copper

foil of the circuit board. The low imped-

ance (brass tube) winding ends are soldered

directly to the foil of the end boards 2nd

the foil to that of the master board.

Amplifier Assembly end Testing—The

amplifier is assembled on an erched-ciicuit

board measuring AVi* X 2" and mounted
to an aluminum heat sink. The sink ends

arc trimmed to fit the board.

Upon completion, the amplifier is con-
nected to an exciter, 2 dummy load, and a

metered 12.5-vol: source capable of supplv-
mg S amperes. Bast bias is supplied from 2

rerting co. sector current of 150 mA. vTith

c:rr-- r m<-ert:on, the collector current
r:*c to nearly 5 amperes, and will

• pp't'Mrr.ttc a. 5 ampere peaks under voice

(Note: the unfiltered waveform is essentially

2 square wave. Output power measureseo*

should be mzde with a calorimetric

meter or other thermal sensing instrumenj-

Power meters using 2 diode detector ttu

read low by 2 factor of 0.7S5).

The TOD-Wctt The 100-watt PEP o®?*

Amplifier amplifier is shown m
71 and 72. The unit

3 watts PEP drive power at 30 MKz for ***

output, having 2 power grin of trout
_

decibels. It mat* be easily driven by -*1*

amplifier described in the previous seen?--

Amplifier CirmHry—The schematic^-*

the amplifier is shown in figure 72. * ru

pairs of TR.v7-r.-pe PT 57^1 tran

operated push-pull and then comoine«

zero-degree hybrid transformers (J*.

T.) which convert the nominal JO-O-.-j

source and bad impedances to two

ports which are in phase- Any amplitude 0.

phase unbalance causes power to be

pared in resistors R, and ?v :
. As an
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Figure 67

SCHEMATIC, 25-WATT AMPLIFIER

T*. 7«r 7«-$s; vat zri ff.-rts ES-7C
fi*, Oz-TF.Vi type P7 57*0 r-f ftwtr trsniusn
drcv/i-isird misriif-GUss-T^ti t-zry tzzri. G-?J, C^T" l

H'Jt sir.Y-VMiXtli 623 Cr

«F0 eSip cepetSss-USELCO (Uri?rw;tj C?^rrr?»)

Figure 65

FERRITE-LOADED INPUT

TRANSFORMERS T; and T,

Cic* ttSKiitmt cr-.;ti} t? iii ft**!!? ec*M

Is r*a titz*’. e! t*Tfr m:‘. kfXf*
tri r.ijc tf pc. ttinj r.itfcj'1

. Lk?

cJty 1»»J. 7>« t'-rcti si
»t er* tri tj it* fin ef e*f ?.e. e-st tns'i

r-.et trrr--*: 3 r-rf r.’~ ir.-?. fit JV 7;-*s”

i—?*,ft*. tv p-i-i'y c' * *30

c. tr>r . rtf r
l

‘f !??}“ t*. f# ;• -J7
cent 1

*?* ef 5 tsr-t rft? t. *.**.
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Figure 72

SCHEMATIC, 100-WATT AMPLIFIER

Tt-Te-See text and figures SS-70

Qi-Qe-TRW type FT 5741 power transistors

Circuit-board rrtsterial-Giass-filied epoxy board, type G-10, 0.050" thick

Heat sink-Wakefield, or equivalent

NPO chip cap2citors-UNELCO {Underwood Electronics)

(Note additional information on the

amplifiers, a circuit-board template, and data

on the TRW transistors may be obtained

by requesting Application Notes CT-122-71
and CT-1 13-71 from the Semiconductor

Division, TRW he., 14520 Aviation Blvd.,

Lawndale, CA, 90260.)

NOTE: The metal-cased capacitors speci-

fied in various units in this chapter may be
obtained from:

Underwood Electric Co.

145 South 8th Ave.

Maywood, IL 60153

^ HF Engineering Co.
320 Tawr St.

Binghamton. NY 13902

SEMCO
South Walnut St.

Wauregan CT 06387

The CTC transistors may be obirined

from:

R. F. Gain. Inc.

100 Merrick Rd.

Rockville, NY 11570

National Electro Sales

12063 W. Jefferson Blvd.

Culver City, CA 90230

Richardson Electronics

5030 No. River Rd.

Franklin Park

Franklin Park, IL 6013-1

_Q.OOOO.
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Circuitry end ]; i? the practice of the edi-

Conpcnenfs :ors 0f this Handbook to

place as much usable informa-

tion in the schematic illustration as possible.

In order to simplify the drawing,the compo-
nent nomenclature of figure lls used in all

ib^dltreinj; construction chapters.

i ne electrical value of many small circuit

components such a? resistors and capadtors

YE3GFN. It provides good sensitivity (l/
1
*

for 20 d3 dgnal-plus-uoise to aDtse ratio,

or better) with good overbad carzbbtT

(figure 2). Features such as IC pover-Ft>

ply regulation, varactor diode tuning

front-end circuits and variable oscillators,

integrated double-balanced modulator fil-

ers, diode switching of filters and rune-

circuits, and a solid-state digital teaoot.

> of colored bands counter, are included in

}' or the comno- Modular construction is

have been used possible. Most cf the dr.

used in modified separate, shielded module!

icate component and aliped as such, comp'

m of these cdor ot the receiver system

formers, etc. can simrlifies testing and alit

this Handbook. tribes rrerJv :o

20-1 A Deluxe, Solid-Shite

Amateur Band Receiver

—

Mark If

mixing rrotucts cno circuit rzuim^'—

each module, allowing fine recc:"er rc^r>r



CHAPTER TWENTY

Receivers and Exciters

Equipment construction has just about

become a lost art. Aside from the many
excellent kits, the average amateur has a

difficult time building his own gear. Reliable

communication equipment is available, ready

to go, at moderate prices and the home-built

equipment is further handicapped because it

has no resale value. Finally, the job of find-

ing the desired components is a difficult one,

and many frustrating hours can be spent

searching for one or two inexpensive com-

ponents that have held up a home building

project.

On the other hand, the purchaser of ready-

made equipment pays a penalty for con-

venience, The c-w operator must often pay

for the SSB operator’s wide passband and S-

meter that he never uses, and the SSB opera-

tor must pay for the c-w operator’s narrow

filter. For one amateur, the receiver or trans-

ceiver has too little bandspread or power, for

the next, too much. The design of the equip-

ment is often compromised for economy’s

sake and for ease of alignment, Iow-0 cir-

cuits are often found where high-0 circuits

are called for, making the receiver a victim

of overloading from nearby signals. Inexpen-

sive transistors are used in the interest of

economy, leaving the receiver wide open to

crossmodulation and desensiiizarion. Rarely

dees the purchaser of commercial equipment

realize the manufacturing trade-offs en-

countered considering the results he might

achieve if he built his own equipment to his

desired specifications.

The ardent experimenter, however, needs

no such arguments. He builds his equipment

for the enjoyment of construction and cre-

ation, and the thrill of using a product of

his own manufacture.

It is hoped that the equipment described

in this, and the succeeding chapters, will

awaken the experimenter’s instinct in the

reader, even in those fortunate individuals

owning expensive commercial equipment.

These lucky amateurs have the advantage of

comparing their home-built product against

the best the commercial market has to offer.

Sometimes such a comparison is surprising.

Cheek Your When the builder has finished

Equipment the wiring of his equipment it

is suggested that he check his

wiring and connections carefully for possi-

ble errors before any voltages are applied

to the circuits. If possible, the wiring should

be checked by a second party as a safety

measure. Some transistors can be perma-

nently damaged by having the wrong volt-

ages applied to their electrodes. Electrolytic

capacitors can be ruined by hooking them up

with the wrong voltage polarity across the

capacitor terminals. Transformer, choke, and

coil windings may be damaged by incorrect

wiring of the high-voltage leads.

The problem of meeting and overcoming

such obstacles is just part of the game. A
true radio amateur should have adequate

knowledge of the art of communication. He

should know quite a bit about his equipment

(even if purchased) and, if circumstances

permit, he should build a portion of his own

equipment. Those amateurs who do such

construction work are convinced that half

of the enjoyment of the hobby may be ob-

tained from the satisfaction of building and

operating their own receiving and trans-

mitting equipment.

20.1
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Band changing is accomplished by a

nigged rotary switch built into the front-

end mixer module (C). Extra wafers on

this switch control the switching of the

heterodyne mixer output circuits, and the

variable oscillator output, through or around

die heterodyne mixer system.

The antenna signal first passes through 2

PIN diode, age controlled, r-f attenuator

which provides 30 dB of age range. Signal

input from the antenna is amplified by a

dual-g2te MOSEET r-f amplifier (Qa )
which

is tuned from the front panel (RF Tune)

by controlling the bias of varactor diodes

Dj and D; in the input and output tuned
circuits (figure 5). The amplified antenna

signal then passes through die signal-path

mixer (Eh), a double-balanced IC nwu-

ktor. Loeal-osrilktor injection for this mit-

er comes from the heterodyne mixer module

(E), and is the sum of the varishle-osdBa-

tor frequency, and the frequency of one of

die heterodyne crystal oscillators. The heter-

odyne mixer (U*) has diode-gated tuned

circuits in the output to control the mixing

frequency. The vanable osdllztor (Q5)
is a

JEET circuit, varactor-tuned,, of high sta-

bility. Injection to the sign2l-p2th mixer

from the heterodyne mixer or the variable

oscillator is controlled hy diode gates

through the bandswitch.

The output of the signal-path mixer (IE)

is the 9.0-MHz i-£ signal, which passes

through two crystal filters; a 2.4-1lKz £hsr

TOP VIEW OF RECEIVER CHASSIS

e' f't I’J
“ e £e” * n this view* T&e VFO raascle (A) is « the rlC-l nv

it MSStf. h.?-'3?' ?*tf R,;iu,e & 5n the left res: came?. The frant-enS rraisle (Cl

tn. Tfce i-irKicr
A1 ~ e^ nttl ts the vfa rr»-u!e is the M» tatitiit

<t tel btsh fr^TT? Vixld"''*
a

,

cc
"T rt!f b^ ;r,i tte hVJ&r.ei we fttl raeslariwa wsfct

r.itult (E) }* * V'tnn 3?^R,

K
fcr

-

the n?feBS C5’tr5! spates. The hrteraijT.e wsiBetf
irt th*»r,e!i „ „ S* :"h« «« "Wraps*" far the precet r.trctf is>

t hrr, earner c! the per.el. ah naitfes ere prtlestei fcricrr naerffc*
en the retth-er chetsfc
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Figure 2

SOLID-STATE DELUXE AMATEUR BAND RECEIVER

This advanced receiver covers the amateur bands between ED and ID meters in 500-kHz segments.
Featuring direct readout, varactor diode tuning, integrated circuit double-balanced modulators, and
diode switching, the modularized receiver is an ideal construction project for the 'advanced amateur.

The direct read-out escutcheon is at the upper reft of the panel, with the KILOCYCLES-BANO switch

directly below it. Readout is to 100 Hz. The large knob to the right is the tuning control, with

the three pre-set channel switches at the right of the panel, the R-F TUNE, R-F GAIN, and A-F GAIN
controls and earphone jack are along the lower edge of the panel. To the left of the main tuning

control are the AC ON switch and the 1-F SELECTIVITY switch. Two crystal filters provide optimum

selectivity for SSB and c-w modes. A separate speaker sits atop the receiver. Construction is

simplified by building the receiver in modules, each of which may be tested independently before

the receiver is assembled.

The Receiver The receiver is single con-

Circuit version on all amateur bands,

80 through 10 meters; cov-

erage of the entire 10-meter band is in-

cluded (figure 4). For good stability and

to avoid tracking problems, the local-oscil-

lator injection voltage is derived from the

mixing product of a 5.0- to 5 .5-MHz vari-

able-oscillator module (A) with a crystal-

oscillator module (B), the frequency of

which is changed for each band. On 20

meters only, the variable oscillator is not

mixed with a crystal oscillator, but drives

the signal-path mixer directly. The fre-

quency of the variable oscillator is counted

by the digital counter and display module

(D), to 100Hz resolution, 2nd displayed as
’ r

kHz above the 02nd edge.” V-'hile a display

of exact frequency may be more convenient

from the operator's standpoint, the system

used is simpler, and enables the digital

counter to be built and tested as separate- a

module as any other, completely independent

of the bandswitch.
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Figure 5

SCHEMATIC, FRONT-END EANDSWITCHINB MODULE

E,, E-i—?ErliE bcris

Ji, iz—tKZ car.nertcr, UMESflJ
U, la—See Tt*l5 1

fc-RC* «K73 or rrirrtTlS FT KT.
Kelt: A!1 rctissrs v«

The audio output stare (Ur.) is a sir.-—art

jC snjp'i5cr, "bb its o~n p3~sr supply

Frequency readout is obtained from LED
devices (lirb enutdng diodes) in be
covr.trr c’isfilcy woii.V (D) —rib are

cbeo by a Hgbly stable bne base and
decade counters. A loP-iKn crystal is eased

as a rtancarM tor the count, me iremencv

F.FC—1 afflfflrarr.&Tr.t., J.u’. Kills: rnF-.W.

s—r sett striT art;- raasr wW". 5 r”1-

ptssc-. tsrfrt:a jv-sesj, w urniwro

U—ttosrrl! h; -rests wfiWSM
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3.3-20vHZ

BLOCK DIAGRAM OF DELUXE AMATEUR BAND RECEIVER

The receiver is Built and described in modules. The m»E sipial is derived Mm a heterodjme

mixer moS e ra The mixide frenueney is chafed fur each bend. On 20 meters CM,, the .arable

Moihalor IA1 is not mixed with the heterodyne crystal oscillelcr (Bl, but doves the mixer (0,)

directly The trenuencr ot the variable oscillator is counted by the diciUI counter (0| to lowte
oirecuy. me jreque y edge." For 20 meters, the frequency shown is

STl!* Ban
;

Sin?i, accom^hS b7a mt/ry switch In the mixer mode. Secern., i-l

Biters provide c-v/and IsB selectivity and switchable bio crystals provide upper and lower sideband.

for m 1 and a JOO-Hz filter for The i-f signal is amplified by an IC ampli-

fy fas) Tie choice^ of filter is made by fier (U=) common to both filters, provid-

the i-f Selectivity BrosdlShtrp panel switch, ingup to 20 dlit-* gam.

which controls diode gares that direct the The second detector rs a tebb-Umeri*h ^ to direct the Be second deteemr is a double ^ced
- ( - » _ . riT . rc modulator (U3), used in a product-detector

‘vxns£££ ;iritis&gztz

either filter; the ^ ’

r tbc j.f &ta,Tity switch,
sertion attenuation, making tms necco , ? ,

The sham filter and the compensation am- depending on be choice of c-* or bWi reB- - » •s- tfgSESr&r ’
*

ssb reception.
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The signal-path mixer (U : ) uses an IC

as 2 double-balanced modulator, which pro-

vides great attenuation to undesired mixing

products. This IC device is used throughout

the receiver for all signal-translation appli-

cations.

The local-oscillator injection for the sig-

nal-path mixer is obtained from the hetero-

dyne mixer module (E) on all hands ex-

cept 20 meters, where the variable-frequency

oscillator module drives it directly. Input

to U: at j« Horn the mixer module should

be 50-500 mV p.p of sinusoidal waveform.

Additional wafers of bandswitch $
3
con-

trol the heterodyne crystal oscillators, the

gating of the output tuned circuits in the

heterodyne mixer module, and the diode

gating cf the variable-frequency oscillator

module output.

The output of the front-end .module
(with the first i-f transformer connected)

Figure E

interior of front-end
module

* • *eT>* ,2r
w
. it ;«

should be 2 sinusoidal waveform at 9.0

MHz, of a level about -40 dB greater than

the antenna signal level, with the r-f ampli-

fier adjusted for maximum gain. This gab

figure is only a nominal one. Views of the

front-end module are shown in figures t,

S, and 9.

The bandswitching module contains the

bandswitch, the r-f amplifier (Qi) 2nd

the signal-path mixer U3 . It is the most

complex and compact of the receiver mod-

ules, and its assembly will be simplified i»

Figure 2

UNDER-CHASSIS VIEW OF

FRONT-END MODULE
Ths r.:riz:r,t2 l shielS zzrzis the ens’er-rt K’’*

tsins the r-f 2n;!iSer FET tr.i sssitiftEi

persesis. t: the bztttn cf tr.fi zzr.-zzrzr-ir*. rt

the r-f ja;et cciJs. with the itiectrr cc'is i-

ths tzn (fficT) cf *hs zz-.zzri-*-L The
?Eth rr.trer iu ) is mcarrti cn z £“?;! etrrul

t>zzri cn the siie c! the scclctcf*. The
Jtcticns between the -s^e zrt srietrt-i tc r~-

tf the nsii’ls chnsjt. vcurtlrp Miss fir ihe

ti:!s ?re ih.rrs.x~ bbrrZ ir-~ s****-5*

Site the ferJihrscch te-r.ir.jls f-rn the tr'i-
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Figure S

FRONT VIEW OF INSTALLED

FRONT-END MODULE

Front-end module (C) is installed in cutout inmam receiver chassis. The module is held in
position by angle brackets on the sides. Module
assembly is made cl two aluminum chassis
mounted back-to-back. Connecting terminals
re on sides of the module. Digital counter
ward (0) mounts on top plate of module. R.f

2™*
J

L
>
ser'«) are mounted to front of lower

module chassis (left to right): to-, IS., 20., 40.,

end 60-meter coils.

«

Figure 7

PIN ATTENUATOR AND
CALIBRATOR

™ Mttmstor pin druse tantoin is
nTiaoie attenuator driven from age circuit and
provides up to « ds cf control.

PiN diode: Hewlett Packard 5002.3379
RFC = 1 mH, too mA.

B—IM-kHz calibrator.

the antenna and the antenna input port of
the receiver. The PIN diode has a very low
ptpedance when conducting a relatively

high bias current and a very high imped-
ance when the bias current is small {figure

7A). While most PIN diodes are designed
to be used above 100 MHz, certain Hew-
'dt-Packard diodes are useful down to 1

MHz. The attenuator itself is built in a

separate shielded enclosure with coaxial re-

ceptacles provided on each end. Depending
upon construction, this attenuator can pro-

vide up to -40 dB attenuation (and there-

fore an equal age range) between 3 and 50

MHz when terminated in a JO-obm im-

pedance.

The circuit layout of the diode attenua-

tor is critical. Attenuation can be compro-

uused by stray capacitance so all leads should

he kept as short as possible. Only disc

ceramic capacitors should be used. The at-

tenuator uses a piece of printed-circuit
board as a chassis with ground connections
soldered directly to the board. The enclo-
sure is also made of circuit-board stock, with
the entire assembly soldered together after
the final tests are completed,

_

Comtmction of {rmt-iod/Bmdiudtch-
ing Module (C)—The front-end module
contains the r-f amplifier (Q,), the sijnal-

psth mixer (If,), associated tuned circuits,

and the receiver bandsmteh. The schematic
is shown in figure 5.

The r-f amplifier is a dual-gate MOSFET,
providing up to 20 dB of r-f gain.

The r-f input and output circuits are
tuned by means of varactor diodes Dj and
D;, the bias (capacitance) of which is con-
trolled by the H-f Time panel control. The
amplifier is stable on all bands without neu-
tralization. Ferrite beads on the MOSFET
input and output leads contribute to inher-

ent stability.
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sures proper de2rsp.ce for the ceil forms

after the shield partitions are installed.

Step 6. Bolt the two chassis together,

install all coils, and wire them to the

terminals of the bandswjtch.

Step 7. lhe r-r amplifier stage is

built cn the aluminum shield section

which separates the r-f amplifier coils {Li

series) from the mixer section. Install the

wired r-f amplifier shield section, then

install the mixer subchassis. Wire these to

the proper switch terminals, and to the

terminals on the side of the chassis for

input, output, gain control, rune volt-

age. and supply lines. This completes the

assembly of the Bandswitching Mixer

Module.

Comimctm of Heterodyne Crysid Os-
cillcfor Module (3)—The seven crystal os-

cillators for the heterodyne mixer are built
as separate units to avoid the bandswitching
complexities and design compromises neces-
sary in one oscillator covering 7.5 to 33.5
MHz (figures 10 and 11).

J
I jv \T

!

Figure 10

TYPICAL HETERODYNE CRYSTAL
OSCILLATOR ASSEMBLY

T?' Cl,-,! cKiltettr --I- re,

IT
*5I:s

.

v,c"r cf t?) * rtteivtr.
'

's «-Iwut5e
**!*«: t!i! rtMW.

tenuator dreuit (ID pp. 15) prevetn

oscillator loading and eliminates any prtb*

lems due to the oscillator signal bang route;

through the bandswitch and around ms

chassis.

l2blB 2. Heterodyne Oscillator

Module—Circuit Details

Band

[Me-

ters)

Ci

(pF) X 3 ffffiz) U

Drtptf

nY F7j

BO 103 7300

35 turns 42? on

Cambism 1535/2/1

1-75 pa

500

Into

30 D

CO S2 11.000 Ssme 2S above into

50.2

15 45 25.000

12 turns ^2? on

Ctmb'icn 1535/3/1

l=L5fH

450

Into

50 fl

10A - 32000

7 turns #2? on

Csnibion 1535/3/1

L = 035

450

Into

501)

105 - 32500 Seme ss above sane

IOC - 33.000 Seme as above «r»

10D - 33^00 Sene as above sane

The output of each oscillator should K
measured after the series attenuator net-

work, using an oscilloscope of at 3e»t Hi1 -

MHz bandwidth capability as an instrument

ot lesser bandwidth "rill not reveal har-

monic distortion in the output. The rre-

quenev of each oscillarcr should be accur-

ately checked as overtone crystals otter

have 2 penchant for operating cn their sec-

ond harmonic.

If a crystal does not oscillate, or it tnere

is distortion in the output, the output tuner

circuit probably requires adjustment. 5c:

Table 2 for coil and capacitor data.

The crystal oscillator module construc-

tion is strachtforward urine an tnebrure

3
r x 23/s

" X sr in size.

'

Cer.rtTvcHM: rf fbt hftcrodvnc mixer

Hettrodjne Mixer module (figures 35, H.

ie(E)
ZT}

A consists of a'
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The bandswitching mixer module (C) is

built in two aluminum chassis, each 6" X
4" X 2" mounted back-ro-back, as seen in

figure 6. The bandswitch is installed in the

top chassis, and the solid-state circuits and

coils in rhe bottom chassis. The conracrs

of the switch are wired to press-fit feed-

through terminals mounted in the bottom

of the switch chassis; these terminals pro-

trude through clearance holes drilled in the

circuit chassis, and the coils and proper

circuits are wired to them. Thus the switch

is shielded from the r-f circuitry, vet leads

Table 1. R-F Amplifier and Mixer

Coils (Li, Li)

Band

Meters) li and l?

80 50 turns *29 e, on Cambion 1534/2/1

form, dosewound. Inductance = 17 pH,

Q = 55. link = 10 turns *27 dose-

wound on "cold" end. 100 pf connected

across primary, 80 meters only.

40 35 turns # 29 e., as above. Inductance -

10 pH, a = ts. link = 7 turns *!7.

as above.

20 15 turns *29 e., as above. Inductance =

4.4 pH, Q = 70. link = 4 turns, as

above.

IS 12 turns *27 e. on Cimbion 1534/3/1

form, dosewound. Inductance - 1.8 pH,

0 = 1 15. link = 3 turns as above.

10 8 turns *27 e., dosewound, as above.

Inductance — 0.8 pH, Q = 140. Link

- 3 turns, as above.

are kept short. The bandswitching module

is constructed as a separate assembly and

mounted in a slot in the main chassis.

Assembly of the Module is as follows:

Step 1. Cut Vs" clearance hole in

switch chassis from, center, to mount

bandswirch. Do not mount the switch.

Step 2. Drill 9 64" mounting holes

in all four corners of the switch chassis,

allowing room for a 6-32 nut to cww

rhe hole and clear the chassis corner. Place

the two chassis back-to-back, and mar

the centers for the mounting holes in the

circuits chassis, using the drilled ssutc

chassis as a template.

Step 3. Mount and secure the band-

switch in its chassis. Refer to the bot-

tom-view photograph of the switch chas-

sis (figure 8) for the feedthrough term-

inal layout. More where the common
switch arm of each wafer is on each deck,

as its location requires more than a

casual glance, Mark centers for the feed-

through terminals close to each wafer of

the switch, being very careful of clear-

ances when marking the terminals for

the inner wafers. Now, remove the

switch from its chassis, center punch the

marked hole centers, bolt the two chassis

together, and drill a centering hole

through both chassis. Separate the chassis.

The feedthrough terminals require a

9/64" hole, and the clearance holes

should be enlarged to

Step 4. Install the switch in the

switch chassis. Now examine the location

of the feedthrough terminals, and the

switch contacts to which they must be

wired. The terminals for rbe inner wafers

are almost covered by the switch, and are

virtually inaccessible. These feedthrough

terminals should be pre-wired (before the

switch is installed) using 4" lengths of

bare wire. As the switch is installed, these

wires can be drawn up to the proper

contacts, and wired to them, after sliding

a length of insulating tubing over each

lead, The switch contacts that are ac-

cessible (front and rear) should be pre-

wired in a similar manner, and these

wires run to the proper feedthrough

teminals after the switch is installed. This

completes the wiring of the switch chas-

sis.

Step 5. Make up two coil-shield pe-

tition assemblies as shown in the under-

chassis photograph (figure 9), using the

following procedure: Mount a pre-cut

printed-circuit board on the front and

back ends of the circuit chassis. Mark

the centering holes for the five coil forms

(Lt series and L; series) on the outside of

the chassis end pieces. Center punch and

drill through both chassis and p.c.

boards. Then enlarge the holes to the re-

quired size. Remove the boards and tem-

porarily mount the coil forms, then mark

the locations of the brass shield partitions.

Remove the coil forms and solder the

partitions into place. This method en-
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by using one deck of the bandrvitch ($ :E)

to supply twelve volts to the appropriate

diode smirch.

The mixer buffer output signal is 200-

300 millivolts peak-to-peak of sinusoidal

waveform into a 50-ohm load. The vfo in-

jection signal (pin 1. U4) must be 200

millivolts peak-to-peak (or less) and the

crystal-oscillator injection signal (pin S,

U4) must be 300 millivolts peak-to-psak

(or less) 01 as sinusoidal a maveform as pos-

sible. Distortion in the incut cr output sine

mcretorm increases the possibility of spur-

ious frequencies occurring in the receiver

system. The heterodyne mixer buffer is not

used on 20 meters.

1 he mixer module output niter consists

of seven tuned circuits (L4A to LG),
escn of vh:cn is resonant at midband of one
0: the necessary injection spectrum fre-

quencies required by tbs signal-path mixer
as listed in Table 3.

Only one coil must be smirched in the
mixer output circuit at anv time, and this

coil completes the mixer dc output cir-

cuit The gating diode in senes midi the
coll in use is forward-biased, and completes
toe circuit to pm f or the mixer (U4),

Figure 13

THE HETERODYNE MIXER MODULE

t?lr

'• m:eclr (E) ]t ivY.i fc tn
The sever, t-

‘ft It’

- the rise cf

v-'it th« nsi

Y.s fL, jtrttj)

htap, trrr.U

the ter. The
rrtrsrt th.»-

!c’e.

Table 3. Heterodyne Mixer

Module (E) Frequencies

Bird

ftrfm

I Kr'ewryitt

IKK)
’

I
jea

B0 12.5-13.0 WHr j 75 Wfc
|

40 16.0-165 Wfe iii-o wst
i

20 -
1
-

i

15 30.0- 305 h'Hz £5.0m
!

10A 37.0-375 M.Hr cIO Wffc j

103 375-35.0 Mfc £23 Wfc
i

IOC 35.0-355 Wfc 33.0 K't
|

TO 355-39.D VSk 335 i

COIL DATA

SO l<A—22 turns #2? cn CrAton

1534/2/1 fom 1 = 5 £R. C = 72-

l\o
l
e: IS-?*: Kipsc'tor cmnecref sns

coil. j

40 If5—25 hums es ab?va. 1
~

Q = 75. 7eson*res with circuit 2“

pactonca. _

15 l(C—10 turns #27. 1 = 15 f~-

Q = 75. Cwnblsw 1534/3/1. i

10A-D VB-US-5 tans #27. 1 = I ?*

S = 102 CKnita 15S2/3H.

Kbte 15-pr troner csprc'tar

nsctec scrcss tsch cf Ths 10-mEts*

calk.
_

1S2 diodes (!)•,—D-) mere selected for theu-

verse Canadian ce.

A silicon diode (D.) in series *'irh the c:

current path to the rest of the tux-

correct the output dc level :rr.ba:tr--'

caused by the diode junction voltage crop ••

the witching diodes. The senes dncuit *•

The heterodyne mixer
^

module rs_ -y*

: T X V" X* 5”.*because c: the i-p:

/
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rri-if T !f
M-

2N5459 4:Ci ,K

I

HETERODYNE CRYSTAL

OSCILLATORS

See Table 2 for component debits

enable the mixer to drive a 50-ohm load, module is completely self-contained, with

plus an output filter made up of seven inputs being supplied through 50-ohm co-

tuned circuits and seven diode switches. The axial cables, and bandchanging accomplished

wm.
s».

m .v

& n

UNDERCHASSIS VIEW OF RECEIVER

srssssrKMjj----- ssssrs
s-isss r*

e - *-** - -—

™

ntrt” r
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marked, and ike holes drilled through both

the minibox side and the coil component

board*

The component board is now removed

from the side of the minibox, and the coil

bypass capacitors and the gating-diode bias-

ing resistors are installed on the board. The

board is then reinstalled on the side of the

minibox and the coils are now installed in

the module and wired in to both of the

Figure 16

VFO MODULE

Counter output from buffer stage a, is at left

(BNC connector) and oscillator inductor L, is atop
the chassis, along with calibrating capacitor, C,.

component boards. If the coils mounted
nearest the bottom of the minibox are in-

stalled first, wiring will be ear/. It is im-

portant to keep the diode leads as short as

possible. For this reason, the 10-meter coils

are mounted nearest the output pin of the
mixer component board.

To align the heterodyne mixer, inject a

1.0- to 5. 5-MHz signal at the correct ampli-
tude into one port (pin 1), 2nd the speci-

fied frequency and amplitude to simulate

the crystal oscillators Into the other port

(pin 8). Terminate the module output n
10 ohms, and check with a high-frequency

oscilloscope and digital counter for the cor-

rect mixer-output frequency, and a clean

sinusoidal waveform, as each tuned circuit

is gated into the output by applying t 12

volts to each of the gating terminals. Make

sure, as each band is checked, that the cor-

rect crystal-oscillator frequency is being in-

jected. Check each band for uniform output

over the J.0-5J MHz vfo range- On the

10-meter band, the output tuned circuits

may interact to a certain extent, and the

tuning process may have to be repeated sev-

eral times. For each band, the idea is to ob-

tain maximum output, 2nd uniform output

amplitude, at the correct frequenc3
'.

"When testing the mixer, use the mixer

module (pin 6) to drive the oscilloscope;

do not try to probe the output circuits of

the mixer itself with the oscilloscope, as even

the small input capacitance of 2 high-fre-

quency oscilloscope will load the tuned

circuits. A
Construction of Variable-Frequency O

dilator Module (A)—The vfo module con-

sists of a voltage-controlled oscillator (Qsb

two buffer stages (Q$ and Q;) f°r rhe two

necessary’ oscillator outputs, and 2 regulated

supply for the frequency-control ^potenti-

ometer that is derived from the positive and

negative 12-volt rails (figures 16
,

IF, *nu

18 )- ,

The vfo itself covers S.O to 5-5 MHz, *8

is 2 Colpitts circuit using a JTET &
^

-

oscillating device, and varactor diodes i>

D2 ) as the bandspread tuning capacitor,

piston trimmer (C 2 )
across the varacto.

diode circuit enables the limits of th2 ^
mg range to be accurately calibrated, one-

Figure 17

SCHEMATIC,

VFO-BUFFER MODULE

ti—7j;H. Cmticn 2<lS-2

Cr—Pistcn capacitor, £0 pF.

MC-GCCY
KC—l mH, 35 tr.L i. W. Killer

1PF-1C3A1
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SCHEMATIC, HETERODYNE MIXER MODULE
0.-2N5459
U4—Motorola MC 1495G or Fairchild 11A 79S
d .*D 7—Amperex Phillips BA 182

L4A-L45—See Table 3

RFC-1 millihenry, 35-mA, J. W. Miller 10F-103A1
Note: All resistors Vt watt.

cept the seven coils, and another chassis

board* drilled to match the side of the

nunibox, on which components connected

directly to the coils are mounted. Figure 13

showing the completed mixer module illus-

trates how the side of the minibox must be

drilled for the coils; board containing the

coil components is simply cut to match the

dimensions and holes of the minibox side.

The mixer component board is wired,

keeping all leads short, and using sufficient

heat on the ground connections. When it is

completed, mount it on the bottom of the
U-section of the minibox. The board con-
taining the coil components is then cut to

size and installed on the side of the mini-
box. The centers of the holes for the coils

and the feedthrough terminals are then

Figure 15

HETERODYNE MIXER
COMPONENT BOARD

Integrated circuit U4 is at cen-

ter with the oscillator null po-

tentiometer (R,) at the extreme

left of the hoard. The assembly
is built as compact and flat

as possible to allow clearance

for the board below the coils,

once the module is assembled.

The buffer FET (Q.) is at the

right of the board.
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SO G.B of 2gc control range (figure 21).

Used in conjunction with the PIN attenu-

ator. asc range in excess of 70 d5 was meas-

urable and the range is thought to be better

than 12Q d&, far beyond most instrumenta-

tion to confirm.

The age control port of U= is driven

through Q;:
from the PIN attenuator age

system (figure 22). Grcuit values are used

that provide 2 nominal value oi attenuation

by U», until the attenuation limits of the

PIN attenuator are approached; after this

level attenuation in the i-f system increases

very rapidly.

In front of the i-f IC (U«), two KYG
9-MHz crystal filters am installed such that

in normal operation the two filters are cas-

caded. The sharp filter (500 Hz) drives a

MOSFET amplifier (Q«), which has its

own gain control. This amplifier is adjusted

so as to have a gain which exactly compen-

sates for the insertion loss of the sharp

filter. This ensures that the i-f strip has the

same gain whether the sharp filter is in the

circuit, or not. Then 2 wider i-f bandwidth

is desired, the sharp filter and its compen-

sation amplifier are shorted out bv activa-

ting a diode gate. The switch that controls

the g2te also switches in the proper 0:0

crystal when the sharp filter is usea. The

imrat circuit of the i-1 board is deigned -.1

supply the dc operating voltage to the miser

which drives it.

An optional inuring dreuir can be pro-

vided by adding a iront panel switp -t

connect fan 2 of the i-f amplifier device a

—6 volts. 'Receiver muring is complete ant

recover)' is immediate, A jack on the

apron allows an external transmitter to per-

form the mute-switching function.

The Dried or cr.i Avfco Sfrgrs---The de-

tector is 2 double-oakneed modulator

(U,). used in a product-detector conugu

arion' (figure 23A)- It requires 5 0 to 3

M

millivolts p-p injection from the heat-re-

quency oscillator, applied to pm B.

The derector drives a high-grin, bpo t.

transistor a-f preamplifier stage (QO;
'

output of which drives the output i-1 am-

plifier. ...

To test this system, connect an osn -

scons to the a-f nreamplifisr transistor «•*

lector. Inject S95S.0 IKz K 30°

p-n from an oscillator into pin S 05 th£ ‘

rector. Inject 9.0 MHz at 100

n-n from 2 second oscillator into die

SCHEMATIC, I-F BOARD

Cficsifi crystal flUtrs s-t ct;i t: ettsir. cptsr.Bss SSS zrri Z-W tptrrti--

n—erysy: flftt:, kvs tjnt XL-:w isr. Hr trssri-tt)

R»—CrrV.t: filter. KYS tvjt XL-£S ft.*, 1 V.Hr ttrCirietS)

rrc_; «H. J r.X. i. w. btr Mil
rr-Kr,

«—PCS. CU3T
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the inductance has been established. Elimina-

tion of the large pl2te-type variable capaci-

tor often used in such circuits allots the

vfo to be built in a much smaller enclosure

than usual, and the JFET oscillator is in-

herently quite thermally stable.

The vfo covers a wide frequency range

with the circuit constants provided, so the

voltage range of the varactor diode is lim-

ited by the regulator circuits of the fre-

quency-control potentiometer as shown in

figure 19. The regulators 2lso serve the pur-

pose of stabilizing the tuning voltage, which

directly affects the stability of the oscillator.

1 he tuned circuits for the vfo are wired

with solid wire, with leads as short 2S possi-

ble; the entire vfo should be built mechani-

cally stable and vibration proof. After

construction, the output ports of the buffer

Figure 18

INTERIOR VIEW OF VFO MODULE

Companents cf rfc Itotali fAj are securely

mounted ta p.c. bszni bailee to one h2lf cf

rr.inrtar. Tunetf circuit (L-C
;J is at right, with

buffer FETs just fcehinfi the BMC cca*rtl cen*

rector. Oscillator leztfs ere short zr.i iazrj.

stages should be ejected for a Aiusmdal

output, of amplitudes approximating those

indicated in figure 17.

The frequency range of the oscillator can

be adjusted with the aid of an accurate

digital frequency counter on the high-level

output; the inductance adjustment will af-

fect the width of the frequency variation,

and the piston trimmer is used to set the

lower-frequency limit of the tuning mng2-

Adjusting each of these in ram, 2nd check-

ing the frequency range with each adjust-

ment, should result in proper calibration

being attained in short order.

The oscillator circuitry is built into a

minibox measuring 2/" X If” X 4".

The Oscillator Module is thermally coupled

to the main chassis by cleaning the paint

from the bottom of the module and cover-

ing it with a layer of silicone grease before

mounting it. By heat-sinking the module to

the main chassis, excellent thermal stability

is attained, even though the oscillator en-

closure is quite small. N'o electrical tempera-

ture compensation is required.

The potentiometer used to control the

frequency of the receiver is a matter of

choice for the builder. Since a ‘National

PW-0 gear reduction drive is used to drive

the control potentiometer, the tuning of the

receiver is very smooth, ana reasonably slow

even with a single-turn carbon unit of

linear taper (figure 19). Using a single.-tum

potentiometer, a tuning rate of 35 to 60 kHz
per tuning knob revolution is obtained, de-

pending on the total coverage adjustment

of the oscillator. This tuning rate enables

the operator to cover the band at a fairly

rapid rate, and is ideal for SSB operation.

It is a bit fast, however, for tuning the

bzad v-ich the very selective fGO-Hz c-w

filter. Using a 10-tura helipor, (the Am-
phenol 21 JIB-104 is recommended for in-

stallation in the same sp2ce) a tuning rate

of 5 to J kHz per knob revolution is easily

attained. Vnile it is tedious to tune the en-

tire band 2t this rate, even with a "spinner”

knob, it is perfect for use with the sharp

filter.

By varying the total coverage adjustment

of the oscillator, and by varying the volt-

age limits between which the tuning poten-

tiometer wiper moves (a maximum of 4-

ind —12 volts), a wide variation m tuning

rates can be attained.

Variable-Frequency Oscillator Output

Gating Detail— The output of the vfo

drives the heterodyne mixer module on all

hands except 20 meters. The heterodyne

mixer is driven by one of the seven crystal

oscillators as well, and it drives the local-

oscillator injection port of the signal-path

mixer (U-, pin 8) on all bands except 20

meters.

On 20 meters alone, the various crystal

oscillators are disabled, end the vfo drives



20.20 RADIO HANDBOOK

Figure 24

SCHEMATIC, BFO MODULE

**•«*»
Crys*8ls—KV6. £SSS t yv> vc
ypr »..««

F.KJ, ,jpg XF-353. £S3B,5

eSSS-va

drcuit are built on 2 separate board (fip*
25). An KPN transistor is used as 2 cr-
reni. source, providing in excess of 100 uA
lo the PIN diode. The current-source

transistor is driven from the age drndt
tbrougb a JPET baser (Qu), which pre-

vents the low impedance of the curst!
source Qn from loading tie age line mi
2trecting the tune constant The time con-

stant is determined by it, Q, the values

sho»'n being a comnrcmise between dev
(SSB) and fast (c-w) age,

. _

2SC voltage is audio derived. The
signal is taken from the a-f gain control

and is amplified and rectified; 200 mV os
at the input of Uc is sufficient to cause

maximum attenuation. The centertap of

transformer Ta can be grounded, but if it 25

tied to the arm of a potentiometer con-

nected between ground and the —12 toll

bus,
.

manual control of attenuation level

provides an r-f gain control function wHk
the automatic control feature is still mrin-

tained.

Construction of Digital Counter Uoivlt

(D)—-The digital counter is the ringle mod-

ule built on a printed-circuit board: the only

practical way of doing it By following 8

board layout and figures 26, 27, 2nd 2 S fuss

the schematic as a reference, while following

the board layout) it should be possible to

duplicate the counter easily. Since the hoard

Figure 25

AGC and pin CURRENT
SOURCE BOARD
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FP.au src
VCDULE

VC-15S*6 2K<I2<
C*JJA79t

Fipre 23A

SCHEMATIC, DETECTOR-

AUDIO BOARD

U.—Motorola MC-1ESO nr FairoltlH pA-7SS

Figure 23B

SCHEMATIC, AUDIO AMPLIFIER

Us—Sinclair 1012 or equivalent

of the i-f strip. Adjust the gain-compensa-

tion amplifier gain control for equal audio

output when either one or both of the i-f

filters 2re used.

The audio output stage is a Sinclair IC12

(figure 23B) amplifier (Us), which delivers

up to six watts into an 8-ohm speaker. The

output connectors may he arranged so that

a pair of low-impedance (stereo) head-

phones can be plugged into a front panel

jack, disabling the speaker.

Construction of Beat Frequency Oscilla-

tor Mobile (F)~The bfo module contains

three beat-frequency oscillators and three

source followers which transform both the

oscillator output amplitude and impedance

to the level required by the detector (fig-

ure 24).

The bfo module frequencies are crystal

controlled, with three-frequency capability

necessary for operating c-w and SSB (both

upper and lower sideband). One of the three

oscillator-follower combinations is selected

by applying a positive 12-volt level to the

appropriate power supply line by means of

front panel switches I-F Selectivity and

USB/LSB (M). When the I-F Selectivity

switch is set to the Sharp position, the bfo

frequency is automatically set to 8599.0

kHz for use with the sharp filter. When the

switch is in the Broad position, bfo fre-

quency is selected by the USB/LSB switch.

The frequency of each oscillator can be

adjusted over quite a range by means of the

trimmer capacitor across each crj'stsl. No
interaction of adjustments will be noticed.

The module is designed so that the trimmers

may be adjusted while the receiver is oper-

ating, without it being necessary to disas-

semble the module to gain access to the

trimmers.

The bfo output should he a reasonably

sinusoidal waveform of about 300 millivolts

p-p amplitude when driving a 50-ohm load.

Once die module is built, the frequencies

may be adjusted by connecting the module

output to a digital counter.

Construction of AGC and PIN Board—
The PIN current source, buffer and 2gc
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the time-base control, then the counter out-

puts are read into the memories (in binary-

coded-decimal) of the readout chips. The

BCD is decoded into decimal inside the

readouts, and the appropriate digit is indi-

cated on the display.

The counter module has three connection

points at the rear of the board:

{1} 5V—to poorer supply.

(2) GD—chassis ground.

(?) SIGNAL IN—input signal from the

Vio buffer
,
Q6.

Cor.ttructfon of the The power supply is built

Pcver Supply on a chassis separate

from the main receiver

chassis, and is housed in the sneaker cabinet.

An or/of switch is provided on the supply

chassis for testing purposes; this is connected

in parallel (through the power cable) with
a power control switch on the receiver panel

The supply provides three dc rails; plus

and minus twelve volts, and plus five volts

(all with respect to chassis ground) and ril

rails are extremely well regulated, using 1C

regulators (figure 29).

The negative supply is regulated by asms

of 2 positive regulator, by isolating the rep:-

lator from ground; for this reason, the neg-

ative supply regulator is not mounted hett-

sinhed to the chassis; however, little tuner:

is drawn from this supply, making this pro-

cedure quite safe.

The unregulated input to the fivs-vo.;

supply would be as high as eighteen vein,

were it not for the series five-ohm resistors,

which gradually decrease the input to the

regulator with increasing load, thus mu>

mizing the dissipation of the regulator. The

load on the five-volt supply is dose to one

ampere and will not vary; the input voltigs

to the regulator under these conditions is

about eight volts.

The supply is built on a 6" X ** X y,

chassis and is housed in a X S" X f

/

Figure 21

SCHEMATIC, COUNTER TIME-BASE MODULE

G vti. twr i-r-e Ki’CC. to'-few:

Z'.f :e72 Ss-JZ\ I K
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Figure 26

DIGITAL COUNTER AND DISPLAY BOARD (D)

Frequency count-out of receiver is displayed on panel-viewing LEDs (fight-emitting diodes) seen
at the front ( right ) of this assembly. Time base is established by ICMJHcHz crystal at opposite
end of board. ICs and other components are mounted to printed-circuit board. A fun-size template
of the p.c. board may be obtained by writing the publishers of this Handbook, enclosing 25 cents

to cover cost of mailing.

layout drawings and photo are made directly

from the board itself, and the schematic

does not show all the many decoupling ca-

pacitors in detail, the layout and photo

should guide the builder through any points

of confusion. It is important that small

components be used where indicated. A
print of the board layout and a component

layout drawing may be obtained by sending

one dollar to cover the cost of mailing, to

the Editor of this Handbook.
The frequency counter may be divided

into two parts, a ihue-base and a divider-

display.

The Time Base—The time-base consists

of a I-MHz clock oscillator, the output of

which is shaped and divided 1 down to give

the needed timing pulses. The oscillator is

a FET tuned-drain oscillator, crystal-con-

trolled, The output is buffered by a FET
source follower, and shaped by two NAND
gates into a squarewave suitable for the

inputs of the chain of decade dividers. The

time-base output is a series of J-Hz pulses,

which drive the enable/disable count line,

resulting in J frequency sample/updates per

second of the display. The display does not

blink during the count, nor can it be seen

to "run up.”

During the disable cycle, read-in and

clear signals 2re generated using additional

NAND gates, to control the operation of

the memory circuits of the display, located

inside the readout chips.

The Divider(Display—If this section

seems to be a bit sparse, it is because the

LED Readout integrated-circuits contain

their own decoder drivers and memory cir-

cuits, making -the divide/display circuitry

relatively simple to build.

The input signal to the counter is buffered

by an emitter follower, squared by a

Schmitt Trigger, and then counted down by

decade counters in a manner similar to the

reference clock. The decade counters count

the input signal for a time determined by
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Figure 23

SCHEMATIC, RECEIVER POWER SUPPLY

T
(

—12,5 volts, 0.3 e mpErs

T;
—12.5 volts, 2 2mpsrss

O'—Silicon tridgs rectifier, 200 volts, p.i.v., 0.5 ampere
O.—Silicon hriic® rectifi®:, 200 volts p.i.v., 2 amperes
P,—Kean pTTst l£Tnp

Integrates Circuits—rSirctiiW 3112; HatiSr.al VW! 3KK

S)t*en A(i;nrr.£rl Once the individual mod-
eri Test

tiles md circuit boards

have been built, tested,

and aligned, and the complete receiver sys-

tem has been wired, the following procedure

may be used :o rest the receiver as 2 system.

IV; Bctore connecting the receiver to

the power supply, turn on the sup-

—
•V and -—IS volt lines for the

proper voltage. Using z fow-fre-

cucr.ty oscilloscope, verify that rip-

ple and noise on all lines (except the

vc ;r«. p.p o: less. Now. connect the

:
"
c Note that riople

cn tot .:r,es w;.l likely increase some-

y
**” ~ J > '-’-MHz oscilloscopt, con-

cr.'Ttal oscillator, meirurcd at th;

( 5 ) Vith 1 digital counter and os=3>

scope, check fox output from t3r

vfo module of the proper w2veto-y.

amplitude, and frequency at the j3-

put to the digital counter in the
re-

ceiver. ypith the basdswitch in '~-

80-, 40-, 15-, and 1 0-me:e^

tions, confirm that there is vro :2*

lection to the heterodyne caxtf

ule. ^oth the bandfwitch in
_

20-meter position, check icr vro

jectioa directly at tne npt.---*—'

mixer input, ^nd no v?o mjecrion -

the heterodyne mixer module.
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speaker cabinet. Separating the power supply

from the main chassis eliminates possible

hum problems, prevents component crowd-

ing, and facilitates portable operation of rhe

receiver. If battery operation is contem-

plated and the digital readout is to be pow-

ered as well, it will be necessary to provide a

means of shutting off the readour, except

during actual frequency measurement; the

high current drain of the readout will other-

wise run down the supply batter)' quite

rapidly.

It is all-important that the dc supply

lines be as free as possible from ac ripple.

Not only will audio hum rise with increas-

ing ripple, but residual f-m hum in the

output of the vfo will create intolerable

audio distortion on received signals. Keep

in mind that if a 10-volt change in potential

across the vfo varactor tuning diode causes

the frequency to change bv fOG kHz, one

millivolt of ripple on the varactor control

line will cause SO Hz of frequency shift,

which can be easily heard in the audio, par-

ticularly when listening to a c-w signal!

Careful attention must be paid to power-

supply lead lengths, lead size, and ground-

ing when wiring the power-supply rectifier

circuits; particularly the positive rectifier,

which has the highest load current. The
filter capacitors are mounted directly above

the rectifiers, with the capacitor terminals

close to the chassis, and short, heavy leads

are run from the terminals directly to the

bridge rectifiers. The positive rectifier is

grounded directly to a solder lug, and the

ground line in the receiver power cable is

grounded to the same lug. to prevent ground

loops. Additional decoupling capacitors are

installed across the dc input lines, directly

at the receiver power connector.

It may be necessary to add a separate

hear}' ground strap between the power sup-

ply and the receiver chassis to eliminate

unwanted ground loops. Vith all these ef-

forts, additional supply regulations inside

the vfo module itself will be necessary, to

reduce residual f-m on the vfo output to an

acceptable level (details are included in the

section on the vfo module).

SCHEMATIC, DISPLAY MODULE

circuits National semiconductor DM 7MI Duod, tvro input HAND. Nations! suiwrtidH

'

DM™ o"‘ade Counter; H.»l«tt-Pac*a,da™ »«“»”>
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dB at 21 MHz and 10 dB at 29 MHz. Fre-

quency stability is better than 250 Hz after

30 minutes operation and spurious responses

are under 0,1 /xY except for one spur ar 7196

kHz Trhich is approximately 1/xY. TLe dy-

namic range is such that no overload is

detected at age threshold on a 2-/iV signal

when a nearby signal has an amplitude of

3 volts. Yrith the age os, the i-f system

begins to overload at 20 ;xY with the r-f

gain control wide ooen. These figures equal,

or exceed, the specifications of the best

communications receivers on the amateur

market.

The Receiver Crder to minimize spurious

Desicn responses (birdies) and to hold

image rejection high, only one

frequency conversion is used in the main

signal path of the receiver. A 9-MHz inter-

mediate frequency is used, while the vfo

tunes 6.0 to 6.5 MHz and is premixed to

provide an injection signal which is 9 MHz

higher than the signal frequency (figri

31) . Although the cost of two crystals cori:

have been saved by operaring the Ho over

the 5.0- to 5,5-MHz range and by injKssg

the vfo signal directly into the mixer for

80- 2nd 20-meter coverage, one of the bands

would then have tuned backward on the dial,

and image rejection would have suffered on

both bands.

To minimize crossmodulation effects h
the mixer, the r-f amplifier stage operates

at a low gain level 2nd is triple-timed to

provide 2 good measure of adjacent dussd

preselecrivity (Table 4). Toroid inductor-

are used in the front end tuned circuits to

reduce interstage coupling and to mantra

high circuit 0. A sophisticated audio-derived

hang age circuit is used io control the pan

of both the r-f and i-f stages; the age loo?

is very ‘‘ right,” resulting in a dynamic rang!

well in excess of 120 dB and making the

receiver virtually immune to overload prop*

Figure 30

the V/6ZR HIGH PERFORMANCE COMMUNICATIONS RECEIVER

:rtC2lirrs rtctrm ccntints both wczV- 2n5 strcrj-jipr.il

This J51.5 tf*;t M c:n
P'r'.tcjtrr

* c * ti,e ‘ cc~cir.es o«n werr* 2nc

15 rt'n r'..,
cHts w-cCwltlisn. The ccrtraEt inclixiei 2 !! rmittcr Hr.Cl ft ttfS-C-

Tf-'tt £r.,iri
'n S'^VH

h
tir,i The i\z\ is t,nzV.r etlibrzleC rtzizVt !'

t' JTj'tL . ?” “«w ra. c« !r.c K1 ifststa. The OFFSET (Fettim

*• ”X"LEC7 ““

rtn I,!,' .'ttK/"''"' H ,t! K - Of-OFF t»aoi ns f.e mat. « a* "<’

'

‘FF’""
T».f Ft. rt ....... i., 2 hcr-.tmet Cit-f.tt 2T,i jj ccrr.s'.e!!’)" Jtl'-ttri*’*

1

„ .
:fl

•hi cfr-sT^^csr-
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(5) With oscilloscope and counter, check

for proper injection to the detector

from the bfo module, while switch-

ing from one i-f filter to the other,

and from USB to LSB.

(6) With a one-microvolt unmodulated

signal at the antenna input, check

for a comfortable audio level in head-

phones or speaker
(A-F Grin at max-

imum) while tuning across the sig-

nal. Confirm that the digiral counter

in the receiver indicates the proper

frequency; and keep in mind that

any errors in calculation are the re-

sult of inaccuracies in the frequency

being generated by the heterodyne

crystal oscillator in use. During pro-

totype testing, the receiver was able

to copy 0.5-pY signals on all bands,

using the speaker.

If instability is noted on any band,

it may be necessary to alter wiring

layout, lead dress, or add ferrite

beads and -or "losser” resistors to the

inputs and/or outputs of high-fre-

quency amplifiers in the receiver.

With the receiver properly shielded

and grounded, no instability should

be absen-ed.

(7) On rhe prototype it was found nec-

essary to do extensive decoupling

of the -f- 12 and —12 volt rails us-

ing 0.1 fi¥ 2nd 1 ftV capacitors

where the feedpoints entered the

various modules. The rails should be

checked at even’ module, using a

high frequency oscilloscope. No sig-

nals should appear on the rails.

20-2 An Advanced,

Solid-State HF
Communications Receiver

The high-frequency communications re-

ceiver described in this section was built by

W8ZR. It is designed to meet the problems

of both weak- and strong-signal reception

with overload or crossmoduLation by making

use of modern circuit techniques and high

performance solid-state devices (figure 30).

The receiver covers the amateur bands, 80

through JD meters, plus WV, in eight

500-kHz segments. The dial calibration is

linear and. because of the conversion tech-

nique used, none of the bands tune back-

wards. Provisions are made for three crystal

filters for c-w, SSB and a-m. Incremental

tuning may be used in the event the receiver

vfo is used for transceiver operation. A sum-

mar}' of receiver performance is given in

Table 4.

Receiver performance is quite in line with

the best modern practices. The signal/noise

ratio with 2 0.17-uY input signal is better

than 20 dB up to 14.4 MHz, dropping to 15

Table 4.

Receiver Performance Data

1. I-f Rejection (9 MHi signal info cnfenno termi-

nals. Level odjusfed until I fiV i-f

breakthrough signal detected);

Bond 9 MHi level

80 2 volts

40 100 mV
20 600 mV
15 2 volts

10 2 volts

1

Dynamic Range: Age Threshold: 2 pV. No over-

!oed detected

with 3-volf

signal.

Age off: I-f overload begins of

20 fsV with r-f gain open.

3. Image Rejection: Signal injected of image

frequency.

Image Delected

Band Signal Signal

£0 3 Volts None

40 3 Volt! 0.5 pV

20 3 Volfs none

15 3 Volfs none

10 3 Volts none

4. Frequency Stability: (14 MHz)

Time Frequency Shift (Hz)

1 min. +100

30 min. 4-250

1 hr. 4-305

2 hrs. 4-320

3 hrs. 4-310

5. Sensitivity: (0.17 pV signal)

Bond S/N
.

80 > 20 dB

40 > 20 dB

20 > 20 dB

15 > 15 d8

10 > 10 dB

6. Spurious Responses: 7,196 kHz (I flV)

21,099 kH: (0-3 pV)

Also responses less than 0.1 pV noted ot

14,032; 14,032; 14,316 ond 21,189 hHz
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Figure 52

R-F AMPLIFIER SECTION OF RECEIVER
t't-B.fr-mrtt resist, cepetitor, 23 ;fw assn. Killer less, V enuiraiestc.e cr c.“*'_res compression trimmers. See Table 5

F^Sy
2rV:l5

-
CerZrr, ': SECllws (Centreia FM)

or equivalent Feefithrmh eeneettarJ ,« rw S , **’*tt' ^lerente. Crrmnj S-*.

ill! fee C, * Scums HilM f
7'’*- * =**» *» Kilter JCRB11. Traist

’ .ums-..-urt<nE 3, si, we,a (using ea is Eesraent tst ttsemNr

sysiura. The control is placed Imat], .

“a

f! 2nd can be seen in the upper corn
“ S

-5“;
c -’ 5B ' Audio .win is controlled I

:'c c~'- P* Potentiometer placed at i
o! d:v!« V-, tbe audio preampIiB

•tape.

r?0 V'
:e”. is in %

.-.A-a. it consists or preamplifiers U, a;

I1 :, and a 5-watt output flaps (Qr-Qf )-

is desirable, though not essential, tbit Qs

Qo have matched betc characterisecs.

ape voltage is derived from the audio rigor!

V Up, a sophisticated device which provides

a ’’hang” period to maintain the receive:

pain during speech or c-v nauses. but which

"ill CToorhlv lollow a fading ritual and at

figure 33

j

i

SCHEK,-TIC, MIXER AND 1-F FILTER SECTION
' Pin’Ul

U~i WPA SDtr.

KYC xrt.c

/
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leras. A Jon* distortion f-watr audio oupuc

stage is used which results in very crisp

sounding c-w and smooth sideband copy,

particularly when using high quality stereo

earphones.

The Receiver A block diagram of the com-

Circuit plete recover is shown in fig-

ure 31. The circuit of the r-f

amplifier is shown in figure 32. The incoming

signal is inductively coupled by two tuned

circuits to the r-f amplifier -MOSFET (Q s ).

Tliis device has reverse age voltage applied

to its second gate, and on strong signals

provides more than 50 dB of signal attenu-

ation. After passing through a third tuned

circuit in the drain connection, the signal

is applied to source-follower Q- (figure 53),

which provides an impedance match to the

doubly-balanced diode ring mixer, consisting

of transformers Tt,T0) and hot-carrier diodes

Dj-D|. This mixer has a conversion loss of

about 8 dB, but is superior to a dual-gate

MOSFET with respect to intermoduiarion

and overloading. The primary of Tz is tuned

to the 9-MHz intermediate frequency. The
i-f output from X. is coupled through one

of the crystal filters (FL-FL-) to the i-f

amplifier consisting of devices U5 2nd V2

(figure 54). To assure stability', the tuned

circuits in the i-f strip (L--Q) and (L7-Cr)

are intentionally "de-O’ed” by rcsistna K-j

and R : which also serve to limit the overall

i-f strip gain to about 60 dB. Forward age

voltage is applied to both U: and U2 result-

ing in 2 control range for the i-f amplifier

of about 100 dB.

The output from the i-f amplifier is

coupled via a low impedance line to the

product detector (IT, figure 56A-B). The

bfo is crystal controlled and consists of 2n

oscillator (Q r.) and a buffer (Q () (figure

57). A conventional diode detector is used

for a-m reception.

The potentiometer 2t the output of Us
(placed at the arm of switch S:G) controls

the audio level to the audio bosrd. This is

net used as an audio gain control, bur rather

to set the age threshold value, as it adjusts

the input level to transistor Q; in the age

Figure 3t

BLOCK DIAGRAM OF SOLID-STATE HF COMMUNICATIONS RECEIVER

This tighttrenfi solid-state receiver cover; the vhf amateur bands ptus TO (IS The receiver

is built in modules cn small circuit boards. The r-f amplifier uses a JFCT for idw M.se ^re art e«d

dynamic sienai rants. Three tuned circuits precede the muer to reduce image response end unwanted

sS pirtup Sg
miS sSnal is derived from a vfo and crystal oscillator combing which .s

followed fay l premixer and a simple bandpass circuit to attenuate unwanted 'tirtfies.Three degrees

of selectivity are nrovided by crystal it Titters and a pret-aot ttetectet awS smpWfcd «c prwde

good overload characteristics. The dial is direct reading to l kHz and each amateur band .s covered

in a 5CHcHz segment



TOP VIEW OF RECEIVER CHASSIS
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Figure 34

SCHEMATIC, RECEIVER l-F AMPLIFIER

B„ Bj—Ferrite beads. Amidon
C

4,
C,—-34 pF. Johnson 1SS-5CS-5, or equivalent in

parallel with 18>pF silver mica capacitor

Lj, L,—<2 turns *28 e. on Amidon T-50-2 core

l»—'11 turns -28 tetlon insulated wire wound
over "cold" ends of Lj, L

U,, U,—MC-15SDG integrated circuit. Motorola
Notes: R-f chokes are Miller 70F474A1. All resis-
tors. unless otherwise specified, are metal film,
’i-watt, 2'o tolerance. Coming C-e, or equivalent

the same time suppress impulse noise. "Hang”

periods of 1 second or 0.25 second selected

by switch S3, are used for SSB and c-w

reception, respectively. Devices U.- and Us

are used to convert the output of Uc to the

voltage levels required by the r-f and i-f

amplifiers.

The vfo uses a variation of the Vackar

circuit (figure 39) and is extremely stable.

Stability is important in the local oscillator

which the narrow bandwidth (500-Hz) fil-

ter is used for c-w reception. Polystyrene

padding capacitors are used for the fixed

elements in the oscillator, as opposed to

silver-mica capacitors, because the former

are sealed against moisture and have a super-

ior temperature coefficient. The silver-mica

units, particularly those of the larger values

tend to have erratic drift characteristics,

especially with regard to temperature and

this effecr shows up markedly when the nar-

rowband filter is in use.

The oscillator is followed by a buffer-

amplifier stage (Q ;.) which boosts the out-

put of the oscillator and at the same time

isolates it from the mixer stage. The mixing

signal is pure and oscillator noise is very low,

compared to the peak oscillator voltage.

Electrical dial correction is provided by

varicap diode VC S
which is panel-controlled

by a small knob placed next to the main

tuning dial. This adjustment brings the dial

into calibration on each band, and provides

precise calibration at any point on the dial.

Incremental timing (for use with an external

transceiver or exciter) is provided by vari-

cap VC- This control is a 10-rurn potenti-

ometer which is cut in or out of the circuit

either by switch S-, (RJT on /off) or from

the external exciter by means of relay RY; ,

which removes the R1T bias voltage when

it is energized.

This control is helpful in chasing DX
as the receiver may be set to the transmitting

frequency with the R1T control and, when

this is defeated by RY; , the receiver is in-

stantly returned to the frequency of the

DX station, which is set on the main tuning

dial.

The vfo output is mixed by U-. with

crystal oscillator Q:c.-Qn (figure -?0 A-B)

3na injected via a tuned circuit and low-

impedance link (Lr.« L i; , Cr )
into the miin

receiver mixer. Although a bandpass coupler

might ordinarily be used at this point in«ic.id

of a <imp!c tuned circuit, it was no: required

because of the inherent juprrci4:on of funda-

mental and even-order mixer products pro-

vided by the double balanced cVicn of

mixer U-,
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Figure 27

SCHEMATIC, BEAT-FREQUEKCT

OSCILLATOR

C„ C,—cd d". x.rw c'S cwipressiM trimmer, nr

Bcuh’Etent

y,—ESS: .3 W.Z. KVS Xr-SCI

r.—3DD1-S Y.F.z. KVE XF-382. Ciystsls ty Spec-

trum Intsrnstjsngl, 5:r, 1CM, Ccnsori, Ml.

E17C2

Nets: £.11 r£s'ist:rs, ur.lSES rthewlse spselfisi,

Ere Tnstel film, Vc-wgtt, 2% tplerEnse. Scrr'inf

c-c, or Etjuirelert
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Figure 42B

POWER SUPPLY AND

REBULATOR ASSEMBLY

This view covers the sssstnSly shown in fit*

ure i2. At the left are the filter cspscitars

for the power supply, with the duel refulstr:

for the -M2 volt end -12 volt power sup?!!'

on the circuit tseard Et the center.

bandswitch while at the same time avoiding

unwanted interstage coupling. In tliis design

all of the bandswitched circuits were con-

structed on 2 lV' X 5}*" circuit boards. A
representative board is shown in figure 4-4.

The components are mounted directly to the

glass-epoxy boards, including The switch sec-

tion and the board' arc mounted on edge

underneath the chassis. The bandswitch shaft

is then inserted from the front panel through

all of the boards, and finally the detent as-

sembly attached to the shaft with 2 shaft

coupling. Aluminum shield plates, the same

site as the circuit boards, are used to isolate

the various stages of the bandswitch assem-

bly from each other.

The ir.closure is homemade, with the side

pieces milled out of thick aluminum stock

to provide guides for the various boards,

k would be dim cult to duplicate this with-

out machine shop facilities, but there are t

variety of commercial circuit board rices

available, such as the Vidor SR-J or SR<

~tramc-Loc Rail” series.

Referring to fgure 45 die boards (*:ra

the front to the back of the receiver) are.

Bon'd 1: holds reed relay HA: and y-
3“’

switch segment 5 }A. Board 2: Input cir^
L ; ,

L. and bandswitch segment S3 *

^

CT
{ ii

Input circuit L-, C3 2nd switch segment t>: •

A shield plate separates board 5 from the

next board. BoarJ 4: R-f amplifiers Q:

Q :.. Board 5: Output circuits L„ Cj an*

switch segment S 3
b. Board 6: Doublv-.jJ-

2nced mixer 2nd transformers i
:

_

2T-a

Board 7: Coupler LuJLm switen **?'

meats S3 and SjG.
_

Immediately adjacent to board T » «*f

area holding the crystal oscillator an- ?.^‘

mixer assembly and switch segment'
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Figure 41

SCHEMATIC, RECEIVER POWER SUPPLY

Q,-0,—200-volt piv, 2-ampere bridge reclifiEr.

Sarkes-Tarzian S-6211

Ry,—Sprit reed relay. Magnecraft WI03MX-2
S—Two sections, < poles, 2-6 position ceramic

rotary switch. Centralab 2011

T,—255 volts, 2 amperes. Stancor P-3357

Note: Alf resistors, unless otherwise Specified

are metal film, tt-watt, 2 fl

.e tolerance. Corning
C-4, or equivalent

Qit
uj roos p.

Figure 42A

SCHEMATIC, REGULATOR CIRCUIT

Q
(t,
Q„—Motorola power Parlington transistors.

U,., U
(I
— «A 741 operational amplifiers. Fairchild Semiconductor

2,—Zener diode, 65 volt .

Notes: All resistors, unless otherwise specified, are metal film, ’s-watt, 2*e tolerance. Corning C-4, or

equivalent. Resistors marked R are proportional to the limiting value of current, as indicated.
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Figure <5

UNDERCHASSIS LAYOUT OF MAJOR COMPONENTS

Rtlerto snotoEraph o! Spirt <3 for comptrison

Figure *5

INTERIOR VIEW OF VFO
It'S tff; •

i',

'*£ eitJt

S™* t'*** n f'Eurt 2$. The fee*

f, Ki!h tM tun-

“'JJ
C

‘ tt! ''e2 tc the ,,crl ws,t the
ijiuttcr L, is prcptily j-jmted. if>e

sr pcSitiin With j ircp el ersiy
: ,• !r:n m:r,r.£ cr vitrat.r.g
1

ct-i few. T>.t ji^usutle psss.r.p

J't r;« •; tee tcnti cirpu,:. Th*
!jf vft tutput is tt ;* r;r?.*

i-ii c* tHe

shield plate for shorting the terminals oi

the unused filters to ground. If this precau-

tion is not taken, the ultimate stopband

attenuation of the receiver is likely to &

limited by leakage around the filters rami:

than by the rejection characteristics ot ti-

nkers themselves.

Receiver As with any receiver, construe-

Alignment ticn and alignment should hipin

end Test -cviih the simpler stages (suc.ro,

product detector, and rover sup-

ply) and proceed backward towards tr.c r-

stages. After the audio sections are versunc.

the bfo injection into the product ceteeter

should be checked to make sure tna:

about 0.*? volt rm.s. The bfo crystals csr.

then be trimmed with their r adders to

correct treGuer.cv. piacms tJtcm cccui

decibels down the skirt of ^ the S5B crpt:i

are fcreuen: :o resonance; tr.jj apjustrr.er.. -

net critical since the 0 of these circuits
:<

relatively low.



RECEIVERS AND EXCITERS 20.37

and $;H. Final])', at the rear of the inclosure

are the high-frequency crystals. Extra shield

partitions are placed between boards S and

6, boards 6 and 7, and boards 7 and 8 . The

whole assembly measures \\" deep by 6"

wide by 2 /" high. It is assembled and tested,

a board at a rime, before inclusion within

the receiver chassis.

The receiver chassis measures approxi-

mately \¥' deep by 15" wide by V'f" high.

It is made up of a top place (which includes

the back lip), two side places that act as

panel support brackets (see figure 3J) and

a panel. After all main holes are drilled, the

chassis is sandblasted to give it 2 matte fin-

ish; etching the chassis in a caustic lye solu-

tion would have a similar effect. A double

panel measuring 16" X 7V" is used to avoid

unsightly screw holes. The inner panel is

countersunk to accept mounting screws and

is then concealed by an outer panel covered

with black vinyl (obtained from an uphol-

ster)' shop)

.

Epoxy cement is used to attach the vinyl

to the aluminum; other cements should not

be used as they will not make a good bond.

Press-on labels are used to label the panel

which is finally sprayed with a thin coat of

matte-finish plastic spray. The same letters

are used to label the dial and the pane/ meter.

The cabinet is also homemade; the curved

sections made by bending the sheet alumi-

num around a piece of pipe. Important di-

mensions for the chassis assembly are given

in figure 45.

The vfo assembly is shown in figure 45.

To ensure good mechanical stability, the vfo

is constructed on %-inch thick glass-epoxy

circuit board and is mounted inside of a

homemade aluminum housing whose side

panels are / inch thick. Recessed edges are

milled in die panels to accept %-inch thick

mating panels resulting in an r-f right in-

closure with battleship rigidity. A die-cast

aluminum box (Bud CU-347

)

would make

an acceptable substitute, although 2n unre-

inforced "minibox”-type inclosure would

not have the required rigidity. It was found

necessary to add a temperature compensating

capacitor (Cu )
to the vfo ro reduce 3

slow, gradual drift resulting from the heat

generated by the power transformer. Until

this was done, the vfo drifted about 2 kHz

before stabilizing; with the temperature

compensation the warmup drift is less than

300 Hz in the first hour and 10 to 20 Hz

per hour afterwards.

The crystal i-f filters are mounted atop the

receiver, with their terminals projecting into

an aluminum box visible from the underside

of the receiver. The interior of the box,

showing the switching mechanism is shown

in figure 47. A grounded shield plate isolates

the input and output sections of the filters.

The mode switch shaft runs into this box

and has extra sections on each side of the

REPRESENTATIVE CIRCUIT BOARD OF REASSEMBLY

This board contains the input tuned circuits shown in figure 32. Padding rapacitors C, for each band

are across the top of the board, with the ferrite core inductors (senes L , LI directly beisw them. A.

the right is bandswitch segment S.A-B. The hoard for the sear* ccupJed ewM iW « sM
this one. The 2-pF coupling capacitor is connected between the boards, which ar

in the upper left-hand comer cf the bottom view (figure <3)•

e mounted vertically



20.40 RADIO HANDBOOK

—10 on tie graph, indicating that the vfo

is actually 10 kHz ton low at tie correct

dial setting.

After the initial calibration curve is ob-

tained, return the vfo to its high frequency

limit and grind a piece 1
54-inch deep by fz-

incb long off the outside edge of each of the

rotor plates, toward the end of the assembly

which will first enter the stator. Use a small

hand-held grinding tool (such 2s the Dremsl

Koio-tooJ) with a use grain grinding wheel,

and exercise care to avoid breaking the solder

bond which holds the plates to the rotor

shaft. Then, run a new calibration curve 2nd

repeat the grinding process until tbe calibra-

tion curve is essentially linear.

Because a variable capacitor is inherently

nonlinear at the ends of its range, it is difn-

cult to obtain 2 linear calibration over about

2 10-kHz range at one end of the diaL After

the calibration is completed to your satis-

faction, remove the variable capacitor from

the vfo and wash off all brass filings which

may have collected between the plates. Fin-

ally, adjust the carrier-shift capacitor so

that the frequency of the receiver does not

change when shifting between upper- and

lower-sideband.

20-3 An Advanced

Six-Band Solid-Sfafe

SSB Exciter

The SSB exciter described in this secSK

was designed 2nd built by S.5JA. it is

2 state-of-the-art device capable of excep-

tionally good efficiency and low intermtd-

ulation distortion (D\0) over the range ci

3-5 MHz to 54 ViHz (figure4S). Power out-

put is in excess of 5 watts PEP cn all hints

except the 5 0-MHz band where the output

is 1 watt PEP. The IMD is better than—5J

decibels below one tone of a two-tone test

signal on the lower bands and —45 dS 02

the 50-MHz band. Operating convenience

has not been overlooked as provision is rmnir

for VOX operation and/or push-to-talk. In

addition, a frequency-sporting switch tor

split operation and a carrier-inserrion nr-

cuit for linear amplifier runeup have baa

incorporated. No tuning of the exciter i

required when changing frequency cr bicic?

as the output circuits zts hroadbandd or&

the full 3.5- to 54-MHz frequency races-

Also incorporated in this exciter is front*

panel control of both audio and r-f ch?*

Table 6. HF Oscillator Tuned Circuit Details

Zzt,4 Ci (s?) u Y, (M.Ki) Cm f?F) V. i' J
E0 n 17VI.S26 \9<KO e-2S 27t. z2i

(ijalM*’ 1

O » Ul. tli 22.500 a -25 2tv r20

l

*. a. 25.500 41-25 l£«.r20 T-it-
1 1 C5'f

1
•;

*>. ilt 36i3C A-25 m. 520

;

>=•--
| yjy

A=i23»
z=*ooo a-25

' «7-" tor

i

1 :.v ?v.=:x
j

33.332
! «-»"*«*£
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Figure 47

CLOSEUP VIEW OF CRYSTAL

FILTER SWITCH AND
l-F AMPLIFIER

7he filter switch S, runs through the filter box

at left Filters FL, and FL, ere installed atop the

chassis with the alignment capacitors mounted

on the switch deck terminals, fit right is the i-f

amplifier with the two Motorola ICs adjacent to

toroid inductors L, and L. A shield plate is

mounted across U, with the air trimmer capaci-

tors immediately adjacent to the torcid in-

ductors. These compartments correspond with

figures 33 and 2i.

Once the audio and detector stages are

operating correctly, the vfo should be cali-

brated so that it covers the range of 6.0 to

6.5 MHz with an output of about 0.5 volt

rms. Do not try to get tbe calibration exact

at this time since tbe job must be repeated

when tbe vfo is linearized. Nest, adjust tbe

tuned circuits in tbe crystal oscillator st2ge

until all tbe crystals start reliably; the proper

Table 5. R-F Tuned Circuits

Bond Mi.L >• Arr.rdon

Core

C:. Ci.

C< fpFJ

60 73f.=2Ee. 4t.:26 T-5E-2 4-60

AO 37f. i2Ze. 3». =2-' 7-6 S-2 4-60

20/VAW 23r. a22e. 3t.r22 T-53-5 4-40

15 17t. r20t. 3i. =23 7-50-6 4-40

10A.5.C 13t.Z22e. 5;.s: T-37-6 ti-20

Notes: l wound over ''tc!-'' end cf l-

tcpstifcrj ore cOtWre» ;wMy?S

point is just after tbe oscillator output begins

to drop off on tbe high side of resonance.

Note comes an important part of tbe

alignment procedure; setting the gain of the

premiser (U3). Tbe gain of this stage is

adjusted with potentiometer R: and should

be set to as low a value as possible consistent

with adequate drive into tbe diode ring mixer

(about 0,2 to 0.5 volt rms). If the drive

level is too lew. mixer performance and noise

figure will be degraded, while if it is too

high U
:
. will not operate in a linear mode,

and spurious signals (birdies) will be gener-

ated. The mixer will also be prone to over-

load and desensitization cn strong signals.

The tuned circuits in the r-f amplifier stage

are now brought into resonance and the dc

voltage on gate 2 of Q ; checked to be about

0.5 volt with tbe antenna terminals shorted

tc ground.

At this point, the overall gain distribution

of tbe receiver should be checked. Tith a 50-

ohm composition resistor connected across

the antenna terminals, a definite increase in

speaker hiss should be noted when the pre-

selector control is swept through resonance;

if this is not heard, it probably means that

the i-f gain is too high. Age voltage should

begin to be developed with ar. input signal

of about 2 ifX. and should keep all the am-

plifier stages operating in their linear range

up to an input signal of several volts.

The final part of the alignment procedure

is the linearization of the vfo. The uncor-

recied vfo is no: more than about 15 kHz

away from linearity a: any point in its range.

However, it is no: a difficult procedure to

reduce this error, if a frequency counter is

at hand, and it does permit the v«niar

window on the dial to be used for direct

1-kHz readout.

Begin by adjusting vfo coil V. and trim-

mer capacitor so that the vfo tunes from

6.5 MHz to approximately 6.0 MHz. Don't

worry about setting the low frequency limit

precisely at this time. Next, make a graph

of the exact deviation from linearity ot me

oscillator, keeping in mind that the vfo

should he a: 6.5 MHz when the dial reads

zero. The horizontal scale ot the crank v*

labelled in dial divisions 10 :«> 500 3 and the

vertical scale in kHz (0 to —40}. Now, if

at a dial reading of 100, the vfo frequency

is actually 6590 kHz. a point is placed at
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However, the use of the frequency synthe-

sizer provides stable frequency control from

a low-frequency oscillator of good stability.

If the exciter is used to drive the antenna

directly, a half-wave low-pass filter such as

described in Chapter 16, Section 5 should

be used between the exciter 2nd the antenna

to attenuate the harmonics of the funda-

mental signal. If 2 linear amplifier with

hig'n-0 tuned circuits is used after the ex-

citer. however, the low-pass niter may not

be required since the tuned circuits of the

linear amplifier will attenuate the harmon-

ics. If desired. 2n extra switch section could

be added on the exciter bandswitch to re-

motely select the appropriate low-pass filter

automatically.

Erc'rter Audio and VOX Circuits—
Circuitry Shown in figure 49 is a block

diagram of the audio and VOX
circuits, The schematic for these circuits

is shown in figures 50 and 51. An FET de-

vice (Qj) provides a high input impedance

for the microphone and drives the first IC

audio amplifier (U„ figure SO) and rile

VOX amplifier (U„ figure 5
1 ) . The AUDIO

GAIN control in the source circuit of Q a

allows the drive level of U : and U2 to be
set for optimum operation of the compressor

circuit consisting of Ul5 IT, Q:, and Or-

The COMPRESSOR GAIN ADJUST con-

trol varies the amount of compression ax

the RECOVERY TIME CONSTAIU ad-

justment varies the time required to: the

circuit to return to maximum gain alter 1

large signal is removed from the input

The COMPRESSION LEVEL ADJUST Is

an internal control which is set to rive 5

volts rms at pin 6 of device U» with a large

input signal. The AUDIO CUPPING AD-

JUST control then allows the clipping tobs

varied from zero to 20 decibels. Transistors

Q< 2nd Qz are used as reverse-connected er-

odes to provide clipping and they inaction

much better than ordinary diodes in

circuit. Integrated circuit XJ- and assorts:

components form an active three-pole Jo**

pass filter with a 5-kHz cutoff frequency

which removes the higher-frequency com-

ponents generated by the clipping circuit

Referring to figure 51, integrated circuit

Ui amplifies the signal from the microphone

by 40* dB and the VOX GAIN control

varies the signal level applied to U;.

output signal of TJ2 is rectified and to-

positive voltage coupled to the base c*

transistor Qs,
turning it on when 2n aucj?

signal is generated by the microphone.^T-s

causes Qj and Q; to mm on 2nd the ' 0-

FILTER

Figure <9

BLOCK DIAGRAM Or AUDIO AND VOX CIRCUITS

X? ’ "*"
E ' zz ~ z " zzz ' I 'z iettueei the ereeeh sr-ptife. :f th:i '* erch.lt.

A- J’.;..; f.rttr **•* d,szrr t: terrsvt M**'
5 .r ..JT-t-it*. V51 fj :~, tr.i et'ry jfrf- .*e zzer?‘.:-£ tri hr

?t fct ifSTiti it t‘,f trt'ittrt crrfertr.-t.
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ping (variable from zero to 20 dB of

clipping). This allows the operator to tailor

bis signal to meet the existing conditions;

clipping may be reduced for local ragchews

or turned up for more audio punch in DX
pileups. An audio speech compressor adjust-

able from the panel is also incorporated in

the design. All of these features add up to

provide a very potent SSB exciter for the

advanced amateur who has had experience

with the sophisticated components and cir-

cuitry used in this unit.

Circuit The exciter and power supply

Description are completely solid state and

wideband circuitry is employed

to simplify tuning and adjustment. Special,

switchable filters are used in the low-level

stages to eliminate unwanted mixing signals,

and dual crystal filters are used in the r-f

processing circuitry. A phase-locked loop

synthesizer is used to generate the conversion

signal. This results in an exceptionally clean

signal, free of the spurious problems often

associated with a premixer and also provides

the same tuning rate and degree of fre-

quency stability on all bands. The master

reference oscillator tunes over the range of

5.21 to 5.71 MHz. providing excellent sta-

bility on all bands. Provision is made for

coverage of four 500-kHz bands in the

!0-meter range and four 500-kHz. bands in

the six-meter range, although this combi-

nation may be changed, if desired- Opera-

tion on nonam2teur frequencies is also pos-

sible (with some exceptions) by the proper

choice of crystal and tuned-circuit com-

ponents. The 5.21- to 5.71-MHz oscillator

tuning range was chosen by careful consid-

eration of all mixing products up to the

tenth order with the aid of a digital com-

puter. During several months of on-rhe-air

operation no spurious problems have been

observed.

For best spurious rejection, the mixing

frequency is 9 MHz above the desired oper-

ating band, which places the mixing fre-

quency quire high for 6-meter operation.

Figure 48

SOLID-STATE SIX-BAND SSB EXCITER

This compact, solid-state SSB exciter delivers over 5 watts PEP output over Jhr

KKz end provides over l-watt PEP output cn the sir-meter band. Audio art r* y. =ri
provide good audio “punch.” A phese-Jocked-locp synthesizer is used for lit' •cwivoimcs."^-'

r-f circuits are brcadbanded ever the fuff operating range. The mein tuning iJif'r a tfca -

the phase-jet* fight shove it Across the bottom ef the panel mMW U’JSl '

compression (gain and recovery time), earner insertion, VOX fesm. Uet-r;. >*-d shtlfW yy.<

the VOX override switch. The genera! purpose multimeter end -trow ?v if :
.h<? -

,-r?w.r "y r
.

pare! and to the right are the bandswRch and drive-levi’l pwifiolt, .?-»< 1

centered between them. The multimeter fies two ranges: 0 fc -PC W* p*.* *'? ?rr -

423, +12,
and -12 wit supplies are monitored, >.
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hold-in lime of the relay to he varied at the

operator’s preference.

The Rt Circuitry—The block diagram

of the rest of the exciter is shown in figure

52. including the phase-locked synthesizer.

Schematic diagrams of the r-f circuits are

shown in figures 53, 54, and 55. The bal-

anced mixer (Ui in figure 55} generates a

DSB signal from the processed 2tidio (Q,,

Q<). Diode switches are used to remotely

select crystals for upper- or lower-sideband

operation. The first 9-I*lHz crystal filter

(FLi) selects one sideband which is ampli-

fied bv FET device Q-. and applied to the

r-f dipping circuit Diodes D r 2nd D: are

inexpensive ultrafast switching diodes and

perform almost perfect clipping of the

signal. The amount of dipping is adjustable

by varying the gain of Qi over the range

of zero to 20 dB of r-f clipping. The clipped

signal is then passed through 2 second crys-

tal filter (FL2, figure 54) to remove high-

order products outside the passband of th:

filter. The clipped signal now restored to

its original bandwidth, is amplified by drive:

Qs and applied to the coarerson bakrtei

mixer (U2). The DRTvE ADJUST poteen*

ometer in the #2 gate of Q 3 allows the cave

level to the following circuits to be ad-

justed as required. Drive is not adjured by

the audio circuits as is done in conventions]

exciters due to the various dipping cirr-tts

in this design.

Tic Conversion fflxer—The coavemra.

mixer (U2 in figure 54) has three inpats:

conversion-oscillator injection from the

phase-locked synthesizer; 2 9-MHz sipfi

from Qs ; or the carrier-insertion signal orom

the circuit consisting of diodes Df, D* 22:

associated components. The diodes 2re long-

stor2ge-time PIN devices which act as van-

able resistors (instead of diodes) at tbs its-



SCHEMATIC, AUDIO CIRCUITRY OF SSB EXCITER

V^otarela UC 15*:6

U., Uj—Fairchild pA 741

Note: All resistors Vi W2tt. All potentiometers audio taper

relay (RY: ) to close. Integrated circuit V, of Qs . Adjusting the AATIVOX control

amplifies the signal from the receiver output prevents the speaker output picked up by

circuit, vrhich is rectified, 2nd the resulting the microphone from closing the VOX re-

negative voltage also is applied to the base Is}'. The DELAY adjustment aliovrj the
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SCHEMATIC, FILTER AND CONVERSION MIXER

0,, O.-HewleP-Pactard HFA 5CE2-3D21

C,-C,.—5-53 pF. Jcftenson £3C5

Tj—9 turns #2£ insulated fiifilar wound on CF-1G2 core (indienz General)

Kote: All resistors V< watt 5es figure 53 for filter dete

} . J.-tt

Nltf <*!

Figure 55

SCHEMATIC, SWITCHED FILTER

tw't coir;*' rtoeptetie

t ce-i-it

?-:c «T«5 r.\ frdurtn ft }. w. v v IT.’, it'ltt S'
v t' #:i *f ’t m-d or ct. S’S «*iitte s *’t

'

V; mept (z r l nrtf -i. t-’X ?« U:’* v* **«
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0,, Oj—Hewlett-Packard HPA 50S2-280B (JN5711)

C,-C,—5-5D pF. Johanson 9305

C
4
—20 pF, Johansen $.02

C
s

, C,—5-50 pF, JOhanson 9305

L
(
, Lj—19 turns =28 on CTC 153K-2 form. Link

is 5 toms =28 closewound on ’’cold” end

ofL,

Note: All Resistors Vi watt

FL,~9-MHz filter with 2.4-kHz tar.Cwidth. KVG
XF-SA (Spectrum International, eox iCSi, Con-
cord, Mass. 017-52)

Y,-S59'.5 kHz. KVG XF-S31 [see above)
Yj—SC314 kHz, KVG XF S3Z (see strove).

T,—Primary: is turns =30 tifiiar vreuntf. sei-

ondary: E turns =24 e. Wound on .437 X .23!

X .187 Carbonyl SF torrid

quency. This allows a variable amount of

carrier signal to be inserted by a front-panel

control "when the PUSH TO SPOT switch

is depressed. In normal operation of the ex-

citer tbese diodes are biased open to prevent

the carrier from appearing at the output

of U2. Depressing the switch allows the

bias to be adjusted by the CARRIER IN-

SERTION potentiometer, causing the diodes

to act as a variable attenuator, controlling

carrier level as desired.

Transformer T: at the output of mixer

U2 is a broadband device (balun) which

matches the mixer output impedance to the

low-impedance coaxiai cable interconnection

to Qt in figure 55. The output of this de-

vice contains a double-tuned filter circuit

which passes only the desired mixer product

to the high-gain, three-stage linear ampli-

fier. Switch S. selects the proper filter for

the band in use and may be eliminated if a

single-hand exciter is desired. In that case,

the proper filter is wired directly into the

circuit.

The linear Amplifier—The linear ampli-

fier (figures 5 6 and 57) consists of two

class-A driver stages (Q: . Q; )
followed by a

push-pull class-AB power output stage (Q.
Q:). Ail stages are broadbanded across the

5.5- to 5 5-MHz range and the rower gain

is essentially flat to 30 MHz, decreasing to

about 6 dB at 50 MHz. The resistive at-

tenuator at the input to Q: is necessary to

ensure stable operation on all bands. Device?

Q : , Qa, and Q (
arc vhf power transistors

with balanced emitter construction; the
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Table 7, Oscillator Components

VCO VALUES {fY -fO*S wHz) XTAL OSC. VALUES

3ai;d(mhz)| ro
1

R* Li C5 (PF) cj ler} Co [pF) ClO (?F) Cn (pf) L2 (uH) Yi (vH;)

|
„

|

, 5, l»T.W»2S - 120 27 270 6.S 9.255
j

7,0-75
s <0

j

*.3* >ST.K«2S I-IS 10 n 250 2.7 12.795 •

i i
“

1

”« llT.N'ZB 1-15 •T 10 200 It 1.5 19.795
|

|

2i o* at.s
j

is
]

* 3k 6T. N*2< l-IS 33 ** 62 - 1.2 26 798 t

j

at. e- ass 1 to*
|

c.zk 6T.N*22 - It 62 - 0.62 33.795

at.s-as.o
J

toe
J

— 6 7.1.*22 - IB 62 0.52 2*.298
J

25 0 - £5 1
j

ICC
j

6T.N*22 - ID 16 « - 5.62 3*.795
j

25.1' 10.0
j 100

j

— 6T. K*22 - 30 18 “ “ 0.t2 33 298
j

10.0- 15 s
|

6*
j

— 2.5T.M*IB - 17 12 62 - 0.53 53.795
J

10.1- Si e
j

(B
j

— 2JT Wt* - " 12 52 - 0.33 56 295 !

i
51.0- 51 s

|

SC
|

— 2-ST.HM6 - 17 .2 62 - 0.33 *6.795 i

1 !

10
1

- 2.ST.N»IB - 1* l! “ - 0 33 17.295
j

e:
.
yva *=o>/ svo toevd

Figure 57

CORE STACK FOR WIDEBAND

R*F TRANSFORMERS

Transformers T, and T, in the linear ampii*

fier are wideband devices made up of staeks

of ferrite cores. The stacks are held together

by a cylinder of copper foil with adhesive

on one side (available Newark Electronics

part 38F13Q1 or 38F1Z22). Roll the foil

around a drill shank of proper size, adhe-

sive side out, to form a cylinder. Slide the

toroids on the cylinder. Remove the drill

and cut the foil so it is \V longer than

the stack of toroids on each end. Make <

to E slits in the extended foil and fl2 re out

flat against the toroids. Fill in the gaps with

small pieces of foil tape and carefully solder

in place. Trim even with the edge of the

core. Place two stacks side by side and tape

together with paper tape. Solder the foil cn

the end of one stack to the foil on the end

of the other stack. This Junction forms the

center tap of one winding. Solder a short

piece of £24 insulated wire to the foil on

the ether end of each stack and pass the

two wires through the adjacent toroid steck.

This completes one turn on either side of the

center tap. Wind on the remaining turns o!

the center-tap winding. Finally, wind on the

second winding so that the ends of the wind-

ing extend from the opposite end of the. as-

sembly from the center-tap connection.

(Ferrorcube cores available from: Ferrox*

cube Corporation, £*35 Yale Blvd., Dalles.

Texas). See Lcwe. QST, December, 1571 fet

additional transformer data.
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0,-0*—Motorola transistors [see text)

T„ T,—Four-to-one wideband transfaimer. 8 turns of #28 twisted pair, e twists per inch wound on
CF-102 core [Indiana General)

Tj, T4—See figure 57 and text

R,—Three 1.2-ohm, %-watt carbon resistors in parallel

RFC —Ferroxcube VK20D-10/3B

Note: All resistors Vj watt unless otherwise specified. Dual emitter leads of Q, bypassed with .001
tiF and .1 pF on each lead. All inductance values in microhenrys

Motorola type 2NS641 was found to com-

bine excellent linearity and ruggedness.

Other manufacturer's 2N5641s were not

tested and unless linearity testing equip-

ment is available, the Motorola devices

should be used. A 1N645 diode provides

temperature compensation for the bias of

Q3 and Q4 and should be thermally con-

nected to one of these transistors with heat-

sink thermal compound (Dow Corning 340

or equivalent). As mentioned previously, a

low-pass filter for the band of operation

should follow the linear amplifier to sup-

press the r-f harmonics of the signal if the

amplifier is connected directly to an an-

tenna.

The Power Supply—The circuit of the

power supply is shown in figure 58. It

utilizes IC power regulators to provide plus

and minus regulated 12 volts. Both positive

and negative full-wave rectifier circuits are

connected to the secondary of transformer

Tj. The -f-28 volts is used to drive the

linear power-amplifier circuits directly and

is also connected to regulator Uj, which de-

livers -}-I2 volts at a maximum current of

J0O mA. Regulator U: is connected to the

negative supply and delivers —12 volts at up
to 500 mA. The metering circuit allows the

power-supply voltages to be measured as

well as allowing the operator to monitor the

power amplifier supply current.

The Master Reference Oscillator—Shown

in figure 59 is the circuit of the master refer-

ence oscillator. The circuit is of the Seiler

type and gives excellent frequency stability.

A box made of /" thick aluminum plate is

used for the assembly and is mounted on

the rear of a National NPW-0 dial mech-

anism to achieve the required mechanical

rigidity. Drift of the unit sfiown is less than

50 Hz during the first five minutes of op-

eration at 20
CC and less than 10 Hz per

hour thereafter at a given temperature.

With the temperature compensation shown,

frequency change is less than 200 Hz over

the range of 0° to 50°C.

A buffer amplifier (Q2) provides isolation

between the oscillator and the load and is

partially responsible for the excellent per-

formance of the circuit. Variable capacitor

Cj allows the output level of the unit to
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SCHEMATIC, MIXER, BANDPASS FILTER, PHASE DETECTOR,
LOOP FILTER, AND LOCK INDICATOR

C,*C
}
—5 tD SO PF. Jsh2fi!3n S325

H"“ *" «'“« ln *«»*»**. All iMoctcij 1 . w. Killer s!5) series, All resislsrs n well

” vcr>' important for proper operation o
tilt synthesizer. The values art cho-n s
thrt the loop has a 100-kHz pull-in ranpe
that IF. if the frequency difference bcru-ect
the master enciliaror and the output of U
" lr '

! I 00 l:Hz. the loon will loclr-uj

and remain locked. Thus, the VCO v.-ill hav,
..‘.c same stamlity as the master refercncs

The output of f

(Q , firyy^ f.'>"

c
ri.

:

:l HD>

'

js connected :o
*

s the VCO circus: if

hr Inch indicator circa

:s :OCK£i

’’ the out?'.

Ttvcntins cu:

o " the crcit;

voltaic is developed at the output of U-.

Vs'hicn is rectified by the diodes, thus rurnioE

on Q,. This causes the LED to liphr. skr-tl-

me the loop is unlocked. On-the-air opera-

tion ot tbe exciter should never be attempted

if the loop is unlocked because in this con-

dition the VCO output consists ot many
irequencics instead of one.

The VoUegc-Cor.l rolled Oteillsfsr ffk*

urc 61)—Another Seiler circuit similar to

tbe one used for tbe master reference oscil-

lator is used as a vchape-contrclled cscillatcr.

Tv.'o varicap diodes are used to tune tbe

cause: the frequency cf tbe^VCO :c hr
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Figure 58

SCHEMATIC, POWER SUPPLY

T,—Stencor TP-5. Use green, yellow, end red secondary leads

U.—MC 1«1 R
Uj-KC 1453 R

M,—0-1 mA dc {Simpson or Weston)

be adjusted to 100 millivolts, rms, to drive

the following circuit.

The Phase Lock Synthesizer—Shown in

figures 60 and 61 are the schematic dia-

grams of the phase-lock synthesizer. Compo-

nent values for the oscillators 2re given in

Table 7. Referring to figure 60, integrated

circuit U, is a balanced mixer with two

inputs: one from the crystal oscillator (fig-

ure 62) and the other from the voltage-

controlled oscillator (VCO) and buffer

amplifier shown in figure 61. The crystal

frequency is chosen to be below the vo!tage r

controlled oscillator (VCO) frequency so

that the difference frequency between the

two oscillators falls in the range of 5-21 to

Figure 59

5.71 MHz, determined by the exact fre-

quency the VCO is tuned to. The output of

mixer U, is filtered by 2 three-pole bandpass

filter (figure 60) which removes unwanted

mixer products before they reach the input

of the phase detector U: . The phase detector

compares the phase of the signal (and con-

sequently the frequency) to the phase of the

master reference oscillator, shown in figure

S9. and generates 3n output signal propor-

tional to the phase difference between the

two input signals. This reference signal is

dc coupled to the input of the loop ampli-

fier (U;, figure 60) after passing through

the loop filter (Rjs C : ). This filter shapes

the gain-frequency response of the loop and

SCHEMATIC, MASTER
REFERENCE
OSCILLATOR

AND BUFFER

C,—€2-pF silver miea with Ei-

pF, K220 capacitor in paral-

lel

C,~6 to 78 pF Polar C341- 21/

016 (Jackson Bros.)

C,~5 to SB pF. Johanson S3C5

L,—51 toms #23 e. on CTC

3354-5 ceil form

\f;. X f I

T^Sriz!J—T* ' tr





SCHEMATIC, VOLTAGE-CONTROLLED OSCILLATOR AND BUFFERS

D„ D
a
—1N5K8A

S,—6-pole, 12-position switch

Hole: For coil and capacitor data, See Tairle

mieroftenrys

selected by the reference oscillator. The

second diode (D; )
driven by the loop am-

plifier, readjusts the frequency slightly so

that the loop will lock-up.

Component va/ues for the frequency de-

termining circuit of the VGQ (Table 7)

r. All resistors V* watt, aij inductance values in

are selected to allots- the circuit to tune the

croper frequency range for the bands shown.

Other bands may be covered after con-

sidering the mixer products. Devices Q-.

Q„ snd Qs (figure 61} are broadband am-

plifiers which isolate the VCO from the
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or ecuivalent), and the bypass capacitors are

miniature ceramic units. The small capaa-

tors are Ei Metro DM- 5 type mica urns.

The power-supply components except tor

the IC regulators are mounted ers a Tented

p.c. board between the power transtonper

and the master reference osciilator. A right-

a.ntle drive is used to drive the bandswstch

from the front panel, ’when wiring the

^'itches remember that cue s"iica] roi.tt.ss

in a direction opposite that or the other

when viewed from the front of the switch.

Tie 1C regulators are mounted on either

end of the” chassis to distribute the power

dissipation.

Exciter Exciter tones? is not ccmpli-

Aijustmert cated if all modules have been

pretested before installation on

the chassis. An electronic voltmeter ~ith an

r-f probe is required, as ”ell as an audio

generator and an oscilloscope. A frequency

counter is desirable, but not mandatory.

After checkins the units and the po”*er-

supply voltage, connect a 5 -"art, 50-ohm

load to the output terminal Connect it

2udio generator through a variah.e stems-

aror to the microphone input receptacle tna

rdjust the COMPRESSION LtvEL rJ>-

IUS

T

control to provide 3 volts rms a: m?

5 of U. (bgure 50) when xhsAUDIO GrJN

end COMPRESSOR GAIN ADJUSl con-

trols are at mid-setting. The output at^pu

6 should remain constant over a signal inpu.

range of 40 decibels from the threshold pemt

to the point where waveform dwornen be-

comes 'risible on the oscilloscope, lit

AUDIO GAIN control can be used tO ‘>

just the input level to the compressor ->

' JiS-rent microphones and

the COMPRESSOR GAIN adjustment used

to determine how much, it any, com?re®-i

is used. . i

To adjust the "VOX controls s£* '

ANTIVOX and VOX GAIN _coarrolsju

minimum, turn down the receive. dyvT

2nd turn up the VOX GAIN until

J

relay closes when speaiing into the micro-

phone in 2 normal manner. Now, turn up to-

speaker to normal output and adjust - •

Figure EE

UNDER-CHASSIS VIEW OF SSB EXCITER

ji Stf: t? :h» Rir ctftu i tari.
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These modules are tested individually then

bolted together and mounted as one unit

to the rear of the main chassis.

The aluminum box containing the mas-

ter reference oscillator is Behind the National

dial drive assembly, with the power supply

centered on the chassis.

The enclosures for the snitched filter and
the synthesizer are built from rectangles

cut from double sided 0-06" ftbcrglcs p.c.

board material and are soldered together.

The synthesizer box measures 7" X 4" X

Figure 64

OBLIQUE VIEW OF SYNTHESIZER

MODULE

Module is buff! of flout fe-sftfetf fitergtas

printed-circuit board eul into rectangles and

soldered together. The bandswitch passes

through the two compartments of the as-

sembly. At the left is the crystal oscillator

and crystals with the bandpass filter (fig-

ure 59) at the upper right. Across the top of

the assembly are compartments containing

(left to right): mixer, bandpass filter, phase

detector, loop filter, and buffer stages {Q„

0,, figure ED). Ten, 15, and 20 meter oscilla-

tor ceils are at the right.

2” and the filter box measures V square. A
view- of the interior of the synthesizer is

shown in figure 64. The enclosures are as-

sembled in a similar manner. Threaded brass

spacers /" long are soldered in the corners

to add strength to the box and to secure

the covers. The pieces of circuit board used

for the center dividers in the synthesizer box

should have the copper soldered together

along the exposed edge to provide the best

grounds. This was done by wrapping a oar-

row strip of .001" copper shim stock over

the edge of the dividers 3nd soldering on

both sides. A good fit between the box panels

is obtained by sawing the parts to a slightly

large size and then filing die pieces to exact

size. After the boxes are soldered together

the exposed edges where the covers fit are

Figure 65

INFERIOR OF SWITCHED FILTER

Filler schematic is shown in figure 55. Fil-

ter components are maunlec to pnnfetf.cir-
cuit board placed between the switch decks.
Input and output coaxial receptacles are on

the ends of the box.

ground fiat with a piece of fine emery c/oth

placed on a fiat surface. This results in a

neat enclosure which is strong and compact.

The switches for both units arc assembled

from Ccntrabb PA-1 ceramic decks with a

PA-302 index assembly used in the synthe-

sizer and a PA-301 assembly used in the

switched filter. An interior view of the

snitched filter is shown in figure 65j

The remainder of the exciter circuitry is

mounted on two pieces of circuit board, each

measuring 4" X 10", mounted below the

chassis on /” spacers (figure 66). The

board nearest the front panel contains the

audio processing circuits, VOX, and anti-

VOX circuitry. The rear board contains

rhe r-f circuitry including the nro crystal

filters, r-f dipper, and conversion mixer.

Input and output terminations arc made

with BNC coaxial fittings, and each board is

tested and aligned before it is placed in the

chassis. Small standoff terminals are soldered

directly to the copper foil to provide tie

points (since no holes are drilled). This is

a very fast and convenient method to build

the circuits and provides a good ground

plane since all grounds may be soldered di-

rectly to the copper. Circuit changes or

modifications can be done easily and quickly,

shouid the need arise.

Miniature components are used through-

out the exciter. The resistors are %-watt

carbon units, the inductors are approxi-

mately the same size (f W Miller 9200 series
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remove the cutoff bias applied to Q; in the

standby node. Connect the r-f probe to pin

4 of Ur (figure 54) and adjust capacitors

C;., G.. and Or. (niter FLr and the driver

transistor) for maximum response with the

DPJVE ADJUST potentiometer at mid-

setting. Again, check the passband ripple

and realign capacitors C-. or C- if necessary.

Syrjimiztr Alignment—Apply -pi 2 volts

to the master reference oscillator (figure

67} and adjust coil Li and capacitor C: so

the oscillator runes the range of 3.1 $5 to

3.735 2'£Kz. Adjust the potentiometer cou-

pled to the shaft of capacitor C; so that it

is at the clockwise end of its rotation when

the oscillator is tuned to 5.755 MHz. Ro-

tate the shaft of the potentiometer back

about 10 degrees before locking in place to

eliminate the nonlinear portion of rotation

rex: to the stop. Adjust capacitor G to

provide 100 millivolts ms output when the

oscillator is connected to a 50-ohm load

through the subminiature 50-ohm coaxial

lire rr.d connectors. Apply —12 volts to the

crys::.l oscillator figure 62) and tune ca-

r: riser C--_ for maximum output on each

o:nd. Adjust the coupling between coil L-
rr.c link L by slidint I.- up or down the

term until the oscillator output is about

millivolt' cn each band, usinc a 5 n-ohm
lord.

Duccnnec: pin 6 of U- (figure 60
"i from.

6] ar.c ground the open end of the resistor.

Do -;:,i ground pin 6 of U ). Place all

radding capacitors in the VCO (figure 61)

tjrmmaj ct rm Qi ] is nearlv correct for

^ith the electronic voltmeter connected

to pin 6 of Ur,
and power disconnected from

the crystal oscillator, adjust the OrFSET

ADJUST potentiometer (figure 60, loo?

amplifier Us) for a reading of zero volts,

dc. Turn off the power and reconnect the

1 OS resistor to pin 6 of U;;.

Next, tune the master reference oscillator

to 3.2 55 jMHz and set the bandswitch to

!>’0 meters. Connect the electronic voltmeter

and oscilloscope to pin 6 of U;, being care-

ful not to short this point to ground. Turn

on power 2nd adjust coil Lj (SO meters) for

zero volts d c at pin 6. The phase-lock indi-

cator should be o5 and the oscilloscope

should indicate no ac voltage present. Re-

peat the tuning of L3 for each band in se-

quence, leaving the oscillator at 5.1 55 MHz.

Now set the master reference oscillator 10

5.755 MHz and adjust capacitor Q. or G
for the appropriate band for a zero vclt dc

reading. Again, start with the f 0-meter

band and work up in frequency, it probably

will be necessary to repeat the procedure

twice to get all bands properly tuned. As a

final check, tune completely across etc?

band to make sure the loop does no: become

unlocked at any frequency. If the loop un-

locks, the voltage at pin 6 will rise, possibly

as high as 10 volts. If this happens, readjur.

the oscillator capacitor and Inductor rugrr*

ly for a different L C ratio- rcr conertion?

of lock, the voltage a: any p?:r.t r.

band should remain between zero and 6

volts.

If a treoue;

t b ? MHz

nev counter :s avr.ua.

above procedure can be speeded up. A-: ear.

Oner, cue swjtcr and the * CO v/;.. be tune?

Figure il

UKEAr. AMFU FI EH STASES
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SSB EXCITER CHASSIS ADD IHTEBIOR VIEW OF VFO

The synthesizer r.eiu'.t has been removed for this pfcatejrzph to shew the linear amplifiers rxuslei
across the tear of the chassis. The VOX reed relay is directly behind the power-supply filter cspacr-
tors. The tid of the yfo module has been removed to shew the tuning capacitor and the 13 gear

drive to the "coarse-fun e" potentiometer.

ANT1VOX control until the relay (foes not

close on loud signals. The VOX DELAY
control can now be adjusted for proper

bold-in time, as desired.

As a final check, connect the oscilloscope

to the source of Qc (figure 50) . No clipping

of the waveform should be observed when

the AUDIO CUP control is at minimum

and clean clipping of the waveform should

be visible at maximum clipping setting.

HF Alignment--To align the r-f circuits

first adjust capacitorsG 2nd G (figure 53)

to midrange and peak capacitor C. in the

emitter circuit of the buffer stage (Qi) for

a maximum reading on the electronic volt-

meter with- the r-f probe connected to the

top of coil Lj. Indicated voltage should be

about 100 millivolts rros and may be ad-

justed, if necessary, by changing the value

of the IK resistor connected to L- and G.
Now, apply 300 millivolt tms of 1-kHz

audio signal to pin 4 of Uj (figure 53) and

peak the r-f output at the source of 0-, the

buffer FET, by tuning capacitors Q, Q, Q,
and C- in the first crystal filter stage, the

clipper amplifier, and the buffer stage. Set

the audio frequency to 2.7 kHz and adjust

capacitors C- (or G. depending upon the

sideband selected) in the oscillator stage for

maximum response. Continue tuning the ca-

pacitor until the output decrees 3 to 4

decibels. Repeat this procedure with the

other capacitor for the opposite sideband.

Next, vary the frequency of the audio gen-

erator from 509 to 5600 Hz 2nd note the

ripple in the filter passband and the upper

frequency at which the output has fallen

off by 6 decibels- The ripple should be less

than plus or minus one decibel across the

band. If it is greater than this, adjust ca-

pacitors G and G slightly. In an extreme

case, it may be necessary to alter the- num-

ber of secondary turns of transformer T:.

Next, disconnect the -f2?-volt line from

the VOX relay to the linear amplifier 2nd

turn cn the VOX OVERRIDE switch to
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Figure 10

SCHEMATIC OF 2-METER

LOYi'-KOISE PREAMPLIFIER

Figure (I

POWER DISTRIBUTION’ CIRCUIT

C—5D3 Dr r-ED SIDE or*.:

r
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to the high end of the band, even though

the master oscillator is still tuned to the

low-frequency end. Now c2j>2citors C, and

Cc may be aligned as indicated by the coun-

ter which is connected to pin 1 of the mixer

(U„ figure 60). Remember that the counter

reads a frequency that is 9 MHz above the

desired band.

Switched Filter Alignment—

A

10-ohm

load is connected to the linear amplifier and

power is applied to all stages. The DRIVE

ADJUST potentiometer is set for minimum

drive and the VOX OVERRIDE switch is

turned on. The idling current to the power

output stage (as read on the panel meter)

is set to 20 mA by adjusting the PA BIAS

ADJUST control Connect the audio gen-

erator and inject a 1-kHz tone ins® the

exciter, advancing the DRIVE ADf1ST

control (figure 14) to mid-setring. Set the

master reference oscillator to a midband

frequency and tune the capacitors in each

filter section (starting with 80 meters)^ for

a peak current reading on the meter, adjust-

ing the drive control as necessary 50 35

to exceed 400 mA. The higher bands will

require more drive than the lower bands,

and output on the JO-MHz band is drive-

limited. With 400 mA indicated current

power output will be in excess of 1 watts.

If a two-tone source is available, maximum

current drain should be limited to 300 mA
for 1 watts PEP output.

20-4 A Very Low Noise

Preamplifier for 144 MHz

The preamplifier shown in this section

was designed by W2AZL and built by

W6PO for 144-MHz moonbounce com-

munication. The unit is easy to build and

get working and provides a noise figure of

IJ dB with an unselected JFET device. It

is designed for placement at the antenna,

or for use directly at the station receiver.

The preamplifier is self-contained except for

an external 12 Vdc power source (figure

69).

The Preamplifier The circuit of the device

Circuit is shown in figure 70. A
Siliconix U-3 1 0 or 2N1357

is used in a common-gate circuit. The pre-

amplifier provides about 10 dB gain and

doss not require neutralization. Gate bias

is provided bv a resistor in the source cir-

i

Figure 65

, 0W NOISE PREAMPLIFIER FOR 2 METERS

0. m les is tte W
”f'JZSZSSS »“*•
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ment of capacitorU On lhB r,g
at the antenna sits.



20.60 RADIO HANDBOOK

.

,'z .3

1» '

:
,

*

;
|

|

: ....
1

!

li ‘v
;

|

»

j

:

3:i b? fed t«:

3

awK C2

# 32 :» Hi F < 43 tv: £: S5LKF LLv

Figure 75

DRILLING DATA FOR POWER
DISTRIBUTION UNIT

when transmitter power mav be present

on the line before the preamplifier is ade-

quately isolated from the antenna. An effec-

tive way to handle this problem is to use

a delay relay in the final power amplifier,

preferably in the high-voltage line. This

will allow antenna and preamplifier relays

to switch before transmitter power is ap-

plied to the antenna. In addition to pro-

tecting the preamplifier, this will lessen the

chances of burning the contacts of the an-

tenna relay.

20-5 GaAsFET Low-Noise

Preamplifiers for T 44, 220

and 432 MHx

The family of gcllhm cncnidc fell-

rfrr/ iramhtOTS (GaAsFET) provides a

noise figure ranee and performance that :s

Figure 7S

GaAsFET PREAMPLIFIER FOR 144-220-432 MHz
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Figure 72

INTERIOR VIEW OF PREAMPLIFIER

On the left is the preamplifier showing placement of the tuneP eireuitsanj the interstate

shield mounted across the JFEI socket. On the ri£«t is the pence, MM'n unit.
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Figure 73

IG DATA FOR PREAMPLIFIER

CHASSIS AND SHIELD
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Figure 74

COMPONENT LAYOUT

fi_Prt*mc!ititt r Irt! e’f"r
.\
r
3,

«j>n»e, siceitoKn ie-> f—• t

ohm loiE re-Fw: *>’=.-

a^feMtsketteiK

circuited while tr;=i»r.

encourage cocillatu'..

Since no hire!,, nee-

suittsnersldvr
*®!! ” l



20.62 RADIO HANDBOOK

Figure 78

LAYOUT OF THE 432 MHz PREAMPLIFIER
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Figure 77

LAYOUT OF THE !F4 end 270 MHz PREAMPLIFIER
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crystal filter selectivity, and a high order of

freedom fom overload and intermodulation

distortion. Only a few years ago these char-

acteristics were difficult to obtain in a high-

frequency receiver, much less one designed

for 14-4-^rIHz service.

The receiver shown in tins section was

designed 2nd built by K2BLA for use in

today’s crowded 2-meter band. It is com-

pact, easy to build and get working and is

not complex (figure 79). The receiver

works from a 12-volt supply and is intended

for cither fixed or mobile operation.

The Receiver A popular receiver design for

Circuit the vhf enthusiast is the

combination of a crystal-

controlled converter feeding 2 tuneable i-f

system (usually the station hf receiver}.

This concept is satisfactory for S5B or c-w

but leaves much to be desired for f-m

sendee. However, this concept can be adapt-

ed to f-m operation as shown in this com-

pact receiver. The design features 2 144-

ilHz converter working into a packaged

f-m i-f system. A dial accuracy of one

kHz is achieved, along with 0.5 pV sensi-

tivity, good f-m limiting and excellent

audio response for voice communication.

Dual i-f filters are used 2nd the design is

specially tailored for amateur construction.

It is possible to build and align this receiver

with equipment no more sophisticated thm

a signal generator and 2 high-mpsdzacc

voltmeter with an r-f probe.

A block diagram of the receiver is shown

in figure 80. A crystal-controlled converter

is built up of modules A and C. The r-f

amplifier is a common-gate connected JFET

(Qj) having about 12 dB of gain. The

transistor used is a J-30S. As a substitute,

tbe 2N4416 may be substituted without

circuit change but with a slight decrease in

performance. The first mixer (Q:) is 2

dual-gate MOSFET, type 40675, which pro-

vides about 12 dB of conversion gain.

Figure EO

BLOCK DIAGRAM OF 2-METER RECEIVER
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77. A double-sided printed-circuit board is

used as a ground plane and is held in place

by the BNC receptacles 2nd the 4-40

grounding screw which projects through

the lid of the box. No input-to-output

shield is required in this design.

All components including the feed-

through insulators for the power leads 2te

soldered to one side of the board. The sink

leads of the transistor are attached to two

feedthrough capacitors soldered to the board.

The leads of the capacitors are trimmed

short on the opposite side of the board

with the tips projecting through matching

holes drilled in the lid of the box. The 100-

ohm sink resistor is soldered between one

feedthrough and the chassis ground plane.

The ferrite output transformer is self-

supported between the 1000 pF bypass capac-

itor and the output receptacle. One lead of

the transformer is soldered to ihe transistor.

The gate lead of the device is attached to

capacitor G>, at which point the end 01

coil Lx terminates. Capacitor C 2 is con-

nected between the self-supported end Oi

Lj and the input receptacle. "Very, short

interconnecting leads should be used in this

unit.

Layout of the 432 MHz amplifier is

shown in figure 7%. The copper strap used

for inductor L; occupies most of the ground

plane area. It is soldered to the plane at the

far end with the input receptacle and associ-

ated capacitors grouped closely around the

g2te terminal of the transistor. The minia-

ture output circuit is to one ride of the

assembly.

Preamplifier Good alignment and 2 near-

Alignmenf perfect noise figure can be ac-

complished by ear. The input

circuit of the receiver following the pre-

amplifier is peaked for maximum noise irom

the preamplifier and the input capacitors

of the preamplifier are peaked for best

sounding signal-to-noise ratio on a very

weak signal. This simple procedure has been

compared directly to alignment with 2 noise

generator and the resulting noise figure

alignment in each case was identical. The

amplifier is completely stable with no signs

of unwanted instability or oscillation.

20-6 A Tuneable 2-Mefer

Receiver With Digital

Readout

A modern tuneable two meter f-m

receiver has to have excellent dial readout,

Figure 75

SOLID-STATE 2-METER RECEIVER
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The ffSGUwcv of the second lots! oscil-

lator (module D, 0:J
‘

K adjusted by the

main tuning control The oscillator tunes

fom “5.0 MHz to 5.5 MHz, allowing the

tT.-o-meter band to be covered in 500 kHz

segments. The local oscillator is electronical-

ly tuned T.-jth a varactor diode and a 10-

turn potentiometer. jnis system provides

a very smooth, backlash-free tuning system

allowing 50 kHz per turn of resolution-

This mtiul? It built en a wpper-ctetf beard.

Vclumc and ssutlch centre!: zre at left Cry:t2l

di:crifnin?lcr and adjustable jti^r.mert «?2ci.
tsr? art at the tenter cf the fcrerd. Filter FLi is

Jt rijhl end ef fcs2Ml, iwej fren the pznei ten-
ttele. InteERttd circuit U, is nert to the filler.

The nodule tor i? bolted in z vertical position

to the side ef the counter nodule.

Since the actual frequency is measured hr

an electronic frequency counter (ngure 14)

dial accuracy and tracking is no problem,

and the received frequency may be set ~dth-

in one kHz "ith ease.

The frequency counter (module ?) dis-

plays the last three kilohertz digits c: the

second local oscillator. For example, id the

oscillator is at 5.059 MHz, me counter "'Hi

read 050. Likewise, if the oscillator is at

6.455 MHz, the counter v.'ill read 455. The

actual received frequency is determined by

the first local-osciilator crystal frequency

plus the second local-oscillator frequency

as displayed on the counter. For example,

if the first local oscillator is set to the

5 4 6. 5-MHz portion and the counter indi-

cates 4? 5, the received frequency is 145.5

*f 0.425 = 146.925 MHz.
The receiver operates from a pever

source v/ithin the range of 12 to 14 volts

v.-ith 2 0.5 to 0.5A drain. An internal regu-

lator provides + J volts for the counter

circuits.

Reserve r The receiver is built in sep-

Ccnstrurti&h 2rate modules for ear.” con-

ond Wiring srruction and testing, as well

as to achieve good shielding.

Excellent shielding and good cover lead by-

passing techniques are absolute necessities

SCCOnS Wirt»

««’*3

SCHEMATIC, l-F SECOND MIXER M0DULE-B

Ff.-f-pi**, tC.7 !/Kr H’tsr. P/tis-Tts*-.-; 1,:#, t*s. t'tCft 1 «?C
{'evstsf.-j. w. mes-s's: r:s !e*e ttan
-"s*" tJ;rw:". ?n e.ir «-e r *>* sr HF0 ««vic
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The first local oscillator (Q:)
use third-

overtone crystals in the 43-MHz range and

is followed by a tripler (Qs)
to the 129-

MHz region. Multiple tuned circuits in the

oscillator chain ensure a clean local-osdlia-

tor signal since unwanted harmonic energy

in the mixer would result in spurious re-

sponses. These circuits are necessary 2s the

r-f amplifier module has only two tuned

circuits for the sake o£ simplicity. A more

exotic front-end would provide greater

rejection to off-frequency signals but would

require a sweep generator for proper align-

ment. In keeping with the design philoso-

phy of simplicity, a less-complex front-end

was adopted at the expense of image rejec-

tion. However, the first intermediate fre-

quency was carefully chosen so that the

image frequencies fall in the aeronautical

navigation band. Transmitters in this band

are intended to be received by airborne

receivers and when heard on the ground,

the signals are usually very weak. If this

receiver is used in close proximity to a

navigation aid station that causes interfer-

ence, a simple parallel-tuned trap inserted

in the antenna lead and tuned to the fre-

quency of rise interference will solve the

problem.

The first i-f signal band is 2t 17 MHz
and a coaxial cable connects the r-t module

(A) to the i-f module (B). The second

mixer is 2 dual-g2te MOSFEl (Q-.) which

provides about If dB conversion gain. As

in the first oscillator chain, the second oscil-

lator chain is filtered to eliminate un-

wanted harmonics and only 2 single tuned

circuit is necessary to remove unwanted

responses. The second mixer feeds an eight-

pole monolithic crystal filter (FL-). A sec-

ond eight-pole filter (FL, module E) is

used before the detector to provide an

excellent overall bandpass response. The sec-

ond filter is necessary in any case for the

proper onerarion of the CA-50S9 i-f sub-

system. A crystal-filtered discriminator is

used in conjunction with the CA-50S9 i-f

subsvstem (module E) and a riropie audio

amplifier (Us) provides up to two watts

of power widen is sufficient for mobile or

fixed operation. Rapid and accurate squelch

control is provided by device U{, a CA-3I40

integrated circuit.

SCHEMATIC,
. T.F OETECTOR/AUIIIO

MODULE-E
'•

. . 1Z75
jiw. Kedate 1*73

Llt Lt-Z4 f.H molded ensue.
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doable-sided copper clad board, teedthrough tnade to this circuit with 2 weak ou-tne-nr

capacitors (C) are used liberally through- signal after the receiver has been completed,

out this module (and others) not only for The Frequency' Courier erj VCO—

A

the purpose of bypassing various circuits, schematic 01 the frequency counter is snovn

but also to mechanically support the clr- hi ngure 84. The unit is built within 2 rnuu-

cuitry. vThen laying out the components, box measuring Vs X 3
" X $Vi

r

^

(Bui

remember that these capacitors are used CV-2J06A). It is assembled on a pencratec

for support as veil as for electrical conncc- board. The \ CO volt2ge regulator and mam

lion and place the capacitors as close to the tuning potentiometer are also mounted n
components as possible. Larger components, this box for convenience. The counter ^may

such as the hirers, are soldered directly to be tested by applying 2 0.5 volt rms signal

the copper clad by their case. This type of to receptacle J3 from the signal generator

construction can achieve higher densirv than at about 6.0 ?v5Hz and observing the display,

most printed-rircuit boards and, if inter- "Hie counter "ill be required to adjust the

connecting leads are short, makes a very second local oscillator which is me next

strong and rigid assembly. The minibox item to be constructed. If the oscillator and

used for this module is the same size as for buffers are functioning properly, -here

module E. should be some reading on the frequency

After this module is built and the wiring counter as the main tuning dial is rotated,

checked, connect the i-f output (J;.) to the Turn the main tuning control from full

i-f input of module E. Apply power to both clockwise to full counterclockwise and the

modules and connect the signal generator frequency span shown should be about J.9S

directly to the mixer input (]-). The back- MHz to 6.52 MHz. The oscillator must rune

ground noise from the speaker should be from 6.0 to 6.5 MHz with some overtravd

considerably louder than before. Tune the on “ch end. If the span is incorrect, me

generator through 10.7 MHz. Even though -1US m the oscillator coil (figure 55) may

the mixer input circuit is tuned to about be adjusted and R.r, and Rs changed in value.

17 MHz, sufficient signal will be passed into Any overtravel between 20 2nd 50 kHz :>

the 10.7 MHz i-f amplifier (U sj to make acceptable.

the necessary alignment adjustments. Tune Receiver Asrmbly avi Alignrtrxi—'The

the input circuit to the filter for maximum remaining sections of the receiver arc the

reduction of background noise with 2 weak first local oscillator (module C, figure 56)

input signal. A final adjustment may be and the r-f circuitry (module A, figure 57).

-• it' tilt?**-. -

Figure E5

SCHEMATIC, SECOND OSCILLATOR M0DULE-D
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if internally generated spurious signals are

to be kept to a minimum. If the receiver

is constructed and tested in the suggested

order, the entire unit may be aligned with

simple test equipment. It is necessary to use

some of the completed modules to test and

align other portions of the receiver.

The l-F Subsystem and Detector/Audio

Module—This is the first module to build as

it will be used to rest other modules. The

assembly is built up on perforated board.

The assembly is designated module E and

the schematic is shown in figure 81. A
photograph of this module is shown in fig-

ure 82. The unit is built within an alumi-

num mintbox measuring 2Vb" X Ws r X

Wt" (Bud CU-2U7A).
Make sure to keep lead lengths short, par-

ticularly sound U-, the CA-30S9. The

Squelch and Volume controls are located on

one end of the box and the power leads on

the other. After the unit has been wired

and checked, a speaker and a 12-volt supply

are connected to it. A signal generator is

connected to input jack J* though a 2.2K.

resistor. The signal generator is set to 107

MHz and tuned through this range while

listening to the background noise. The noise

should be the lowest when the signal gener-

ator is tuned to 10.7 MHz. Alignment of

these circuits is not critical and if the sig-

nal generator can be heard, they may be

left alone until the receiver is finished. Then

they are peaked for best audio quality while

listening to a local f-m signal. Squelch action

can also be tested on a local signal or with

the signal generator.

A 0-100 fiA in series with an adjustable

JK potentiometer can be placed between

pins 7 and 10 of device U:. This will serve

as a deviation meter and is quite useful

during tune-up as well as for everyday

operation.

*
The Second Mixer l-F Module—'The sec-

ond mixer module schematic is shown in

figure 85. The module is assembled on a
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Figure ST
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A side vievr of die assembly showing mod-

ules C and D in position (figure 2S) is help-

ful in the final receiver assembly. The view

of the r-f module A is shown in figure 89.

These units are built in accord with good

construction practices.

The crystal oscillator (module C) is built

in a seoarate minibox measuring 2Vi
n X

Wi” X P/s" (LMB-CR2I1) because of

space considerations. The crystal oscillator

and triple: do not have to be physically sep-

arate from the front-end circuitry, but since

the oscillator contains a panel mounted

switch, the circuitry was separated from the

rest of module A to conserve front panel

space.

Once modules A and C are completea,

the first i-

i

amplifier should be aligned. If

a sweep generator is available, tee most ac-

curate alignment can be accomplished by

coupling the generator through a 0,01 /iF

capacitor to gate #2 of the first mixer (Qa) •

If 2 sweep generator is not available, con-

nect the signal generator in the same man-

ner and connect an r-f probe to the i-f out-

put connector (Js).

Using the sweep generator, tune La, L ;,

and L5 for a fiat response over the i-f spec-

trum of 16.7 MHz to 17.2 MHz. If a ffP

generator is not used, a weak signal is in-

jected into the module and inductor l; is

adjusted for maximum response at ] 6./

MHz. The generator is then tuned to 17-

MHz and inductor L; is adjusted in similar

fashion. Inductor L4 is adjusted to smooth

out peaks in the i-f passhaod.

Once the crystal oscillator (module C)

is finished, the b-ndswitch should be set to

a midfrequency crystal. The r-f probe is

touched to the gate of oscillator Q: and the

slug of inductor L:
adjusted for maximum

reading. The probe is next moved to the

triplet coil (L;) and the circuit capacitor

adjusted for maximum output. The buffer

stage in module A is next resonated for

maximum signal. The r-f voltage at gate

#2 of mixer Q, should be between 0.1 and

1.5 volts, nas.

The last adjustment is to peak the r-f am-

plifier circuits 2t about 146 MHz. This may

be done with the signal generator. The cir-

cuits should be tuned for minimum receiver

background noise while reducing generator

output so that the generator barely quiets the

receiver. Sensitivity, typically, is less than

0.5 microvolt. Final adjustment should be

done on a weak signal as most generators

leak enough signal so as to make this adjust-

ment difficult.

When alignment is complete, the various

modules con k fU »«»>}
This unit shown is in a LMB-OH/ J cabi-

ossuiog 7Vt” X f X lH". ?k«-

meat of the modules can be seen in figure

90.

SCHEMATIC, FIRST

L<-s *“»***£,«. M3W
slug tuned form. *•

OSCILLATOR M0DULE-C

U-5 turns #20
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from bottom
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Figure 91

ACTIVE AUDIO FILTER

An active audio filter can be built using three

IDs in a stable, negative-feedback circuit which

may be adjusted for flat, bandpass, highpass, or

lowpass response. The three ICs are packaged

as one unit in the KTI FX-50 device.

The filter described in this section utilizes

the newly developed Uwiwm/ Active Filter

produced by the Kinetic Technology division

of Baldwin Electronics
,
Inc. The filters are

packaged in a 14-pin IC configuration and

utilize three optional amplifiers in a varia-

tion of the basic circuit. The filter tunes

from 300 Hz to 1S00 Hz, with an adjust-

able bandwidth of 50 Hz to 1200 Hz. In the

f(/n /w mode, the filter is useful for SSB re-

ception, removing the annoying high-fre-

quenev sounds from the received signal. In

the bandpass mode, the filter is useful for

c-w reception, 2nd various filters patterned

after the one shown herewith are used for

moonbounce communication on the 144-

MHz and 432-MHz amateur bands.

The schematic of the active filter is shown

in figure 92. The active filter is a KTI model

FX-60 device and is followed by a National

LM-380N audio amplifier, which provides

up to 2 watts of audio power. The filter is

designed to be plugged into the low-imped-

ance headphone jack of a receiver and the

filter output impedance matches either low-

impedance earphones or a speaker.

Pilfer The active filter shown here is

Construction constructed by K6HCP on a

printed-circuit board and is

mounted in a small aluminum cabinet (fig-

ure 93). The input signal level is adjusted

by resistor Rj, if required. Device Qr is the

active filter element. The bandwidth of the

filter is adjusted by potentiometer R* and

dual potentiometer R-A-B adjusts the center

frequency of the filter. Switch Sj selects the

available outputs.

A bias network sets the voltage at pin 4

of Qj and the resistor between pin 6 and pin

7 allows the three outputs to hold the same

level. The 5.6K resistor in series with pin 6

c...rr-?i

Figure 92

SCHEMATIC OF ACTIVE AUDIO FILTER

R.—t-CK-SCK tfsral piftR'.ismiftr. Cssr.'.rr else*-

witt lit tapfr. AHtT'-SraSIfy retn.'tCS-Ittt

7,-Zi ue r.A. PCIihtJ
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Figure S9

R-F MODULE OF 144 MHZ RECEIVER

Circuit is built up en copper piatetf S:zrt. TJie

vari-us stages hare shields placed between

them. The Shield} are mart cf 6:att sfccK, cut

to siae and soldered to the copper overlay. End-

view cf sluc-tur.cd coifs is shewn with an com-

ponents supported fcy their leads. Module is

bolted to rear ct receiver cabinet-

If more of chc two-metcr bind is desired,

crystals may be added. The crystal fre-

quency h determined by the following for-

mula:

v - F-UJ
Xl

3

*hen

X, is the crystal frequency in MHz,
.

f: is the lowest frequency of the desired

band segment.

Figure SO

TOP VIEW OF RECEIVER ASSEMBLY

Receiver modules are mounted in the reeeniw

cabinet R-f module is at the rear, i
ngti, rnjn

other modules bolted to center counter module.

Osciilator modules are in foreground.

The receiver offers interesting possibilities

for other vhf bands. By simply changing the
front end module (A), the receiver can be
modified for use on SO-, 220-, or 4f0-MHz.
Any converter having an output spectrum
between 16.7 and 17.2 MHz may be used.

Those commercial converters having output
in the 20-meter band can be easily modified

for use in this receiver design.

Another possibility, since tuning is ac-

complished by varying a dc voltage, is to

use z ramp generator to automatically scan

a bind segment, the scan stopping vrhen die

squelch opens. Preset channels could he set

by means of individual potentiometers and
a selector switch. A tuning meter and sig-

nal-strength meter may also be added.

20-7 A Variable Active

Audio Fitter

Audio filters have proven their worth in

c-w and weak signal reception of all types.

.Most popular filters have been fixed-fre-

quency devices having a narrow bandwidth

determined by higb-0 IC circuits. These

filters have rhe disadvantage ofringing; that

is, the tuned filter circuit can oscillate when

excited by a signal, resulting in a ringing

noise which sounds very much like the origi-

nal signal, making it difficult to copy a very

weak signal. In addirion, being fixed-tuned,

the LC filter cannot be easily adjusted to

optimize either the passband or the center

frequency.

The disadvantages of the LC filter have

been overcome by the active filler which can

provide variable bandwidth and variable cen-

ter frequency. In addirion, the active filter

uses no LC elements, eliminating the annoy-

ing ringing effect of the high-0 filar circuit.

TFie Attire An active audio filter can be

Filter built using three operational am-

plifiers in a stable, negative-feed-

back circuit (figure 5*1 ). The bandwidth of

this circuit can be adjusted for flat, band-

pass, higbpass, or lowpass response- Such a

device is ideal for such uses as speech filters,

notch filters, tone decoders, RTTT filters,

and c-w filters.
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Figure S3

THE ACTIVE AUDIO FILTER

This adjustable filter is built in z small alumi-

num channel box and has its own power supply.

The bandwidth and center frequency controls

are at center of the panel, with the function

switch immediately below.

sets the widest bandwidth limit and resistor

R» sets the narrowest limit.

The capacitors connected between pins 2

and 12, and 7 sad 10 on device Q} sec tbs

frequency range of che filter. Resistor ft? is

selected to set the narrowest bandwidth. To

adjust this, potentiometer R* is set clockwise

for zero resistance and R* is selected until

the circuit just goes into oscillation. The

correct value of R2 is one that prevents cir-

cuit oscillation.

The audio level to the IM-580 is set by

rhe two resistors at pin 2. The 220-pF ca-

pacitor provides a high-frequency rolloff at

4 kHz.

Using the Filter The filter is usually set to

the lowpsss mode for SSB

reception and to the bandpass mode for c-w

reception. It is peaked on the c-w signal, bur

the center frequency setting and bandwidth

will vary from person to person. The ear-

brain combination is capable of acting like a

LAYOUT AND CONSTRUCTION
OF FILTER

The filter is assembled on a printed-circait

bozrd v/fiich is held to the bottom section of

the cabinet by 4-4D hardware. The output re-

ceptacle is at lower left. At the rear of the p-e

board is the built-in power supply.

variable-bandwidth, variable-frequency filter

itself and the operator, with experience, C2n

copy signals buried in noise or interference.

Signals that are as low as 10 dB below the

noise level can be copied, as shown by lis-

tening tests conducted under controlled

conditions.

A relatively Ion- beat frequency b sug-

gested for weak signal c-w reception because

the signal is easier to copy in the presence of

interference. If, for example, the signal has

a pitch of 1000 Hz, and there is an inter-

fering signal 100 Hz away, the difference

between the desired and undesired signals is

10 percent. If the pitch of the signal is

changed to JOO Hz, and the interfering sig-

nal is 100 Hz away, the difference is now

20 percent.
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whose drive requirement fails in the sane

power range as the exciter output. Triode or

tetrode rubes may be used in cathode-driven

{ grounded-grid) circuitry which will pass

along p excess of exciter power in be fees

The tubes nay also be grid-driven in com-

bat trill dissipate excess exciter power no:

On be other bend- if tbe power output

of the exciter is only z few watts PEP, either

low-drive, high-gtin tetrodes must be used

in grid-driven configuration, or an inter-

mediate amplifier must be used to boost

The drive to that level required bv triode

tabes. Thus. the interface between the en-

trust be reconciled in the desip of the

station transmitting equipment.

cathode-plate shielding of a higb-u rube is

superior to that of a comparable low-u tube,

and because 2 higb-u rube provides more pair,

and requires less driving pover than 2 lov-c

rube in this class of service. Low-g criodes.

on the other hand, are veil suited to: grid-

driven c125s-A3 t operation since it is pns-

with this type of tube, as opposed to the

high-zi equivalent, without driving the grid

into the power-consuming, positive region.

Even though 2 large value of driving voltage

is required for the low--: rube, little drive

power is recruited for class-AB; service, rir.ee

the grid always remains negative and never

craw? current.

to be msed for linear r-f service in a power

ticn canabiliry, and the outru: power to be

21-1 Triode Amplifier
r\ . •

twice tne
;

triodes, ten



CHAPTER TWENTY-ONE

HF and VHF Power Amplifier Design

A power amplifier is a converter that

changes dc into r-f output. Chapter Seven

of this Handbook discussed the various

classes of r-f power amplifiers and Chapters

Eleven and Seventeen covered the calcula-

tion of input and output circuit parameters.

This chapter covers power-amplifier design

and adjustment.

Modern hf amateur transmitters are cap-

able of operating on c-w, 5SB and often

E-TTY and SSTV on one or more amateur

bands between 3.5 MHz and 29.7 MHz.

Very few pieces of commercially built ama-

teur equipment have amplitude-modulation

capability, other than some gear designed

for 6~ and 2-meter operation, since the

changeover from a-m to SSB is now com-

plete. On the other hand, expansion of 160-

meter privileges in the past years has brought

about the inclusion of that band in most

amateur equipment.

The most popular and flexible amateur hf

transmitting arrangement usually includes z

compact bandswitching exciter or transceiver

having 300 to 250 watts PEP input on the

most commonly used hf bands, followed

by a single linear power-amplifier stage

having 1 kW to 2 kW PEP input capacity.

In many instances, the exciter is an SSB

transceiver unit capable of mobile operation,

while the amplifier may be a compact table-

top assembly. The amplifier is usually cou-

pled to the exciter by a coaxial cable and

changeover relay combination, permitting

the exciter to run independently of the am-

plifier, if desired, or in combination with

the amplifier for maximum power output.

For c-w or RTTY, the amplifier is usually

21,1

operated in the linear mode, since conversion

to class-C operation is not required.

These practical designs are a natural out-

gromh of rhe importance of Ho operation

and the use of SSB and c-w modes in amateur

practice. It is not practical to make a rapid

frequency change when a whole succession

of stages must be retuned to resonance, or

when bandswitching is not employed.

Power-Amplifier Power amplifiers are classi-

Design fied according to operating

mode and circuitry. Thus,

a particular amplifier mode may be class ABj,

class B, or class C; the circuitry can be either

single-ended or push-pull; and the unit may

be grid- or cathode-driven. Mode of opera-

tion and circuit configuration should not be

confused, since they may be mixed in various

combinations, according to the desire of the

user and the characteristics of the amplifier

tube.

High-frequency silicon power transistors

arc used in amateur and commercial equip-

ment designs up to the 3 BO-watt PEP

power level or so. Undoubtedly solid-state

devices will become of increasing importance

in hf power amplifiers in rhe coming decade.

Either triode or tetrode tubes may be used

in the proper circuitry in hf and vhf power

amplifiers. The choice of tube type is often

dependent on the amount of drive power

available and, in rhe case of home-made

gear, the tube at hand. If an exciter of 100

to 200 watts PEP output capacity is to be

used, it is prudent to employ an amplifier
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that a minimum of stray coupling exists

between grid and plate tank circuits. When-

ever possible, the grid and plate coils should

be mounted at right angles to each other,

and should be separated sufficiently to reduce

coupling between them to a minimum. Un-

wanted coupling will tend to make neutral-

ization. frequencj'-sensitive, requiring that

the circuit be reneutralized when a major

frequency change is made.

Cathode-Driven A representative cathode-

Circuitry driven (grounded- grid) tri-

ode circuit is shown in fig-

ure 1C. A pi-network plate circuit is used,

and excitation is applied to the filament

(cathode) circuit, the grid being at r-f

ground potential. If the amplification fac-

tor of the triode is sufficiently high so as

to limit the static plate current to a rea-

sonable value, no auxiliary grid bias is re-

quired. A parallel-tuned cathode input cir-

cuit is shown, although pi-network circuitry

may be used in this position. Filament volt-

age may either be fed via a shunt r-f choke

as shown, or applied through a bifilar series-

fed cathode tank cod.

While nominally at r-f ground, the grid

of the triode may be lifted above ground a

sufficient amount so as to insert a monitor-

ing circuit to measure dc grid current. The

grid to ground r-f impedance should re-

main very low, and proper attention must

be paid to the r-f circuit. A considerable

amount of r-f current flows through the

grid bypass capacitor (C : ) and this compo-
nent should be rated for r-f service. It should

- shunted with a low value of resistance

(of the order of 10 ohms or less) and the

dc voltage drop across this resistor is

monitored by the grid voltmeter, which
is calibrated in terms of grid current. Both
resistor and capacitor aid in establishing a

low.impedance path from t0 £ roun(]

and should be mounted directly at the

socket o» tr.c tube. If multiple grid pins are

available, each pin should be individually

bypassed to ground. Control of the grid-

to-ground impedance in the cathode-driven

circuit establishes the degree of intrastage

feedback, and an increase in grid impedance

may alter stage gain, leading to possible un-

rolled oscillation or perhaps making the

i:i?e difficult to drive. At the higher fre-

S'-m pin may controlled by

the proper choice of the grid-to-ground

impedance.

From a practical standpoint, it is sug-

gested that the cathode tank circuit be

made fixed-tuned and peaked at the middle

of the amateur band in use. This form of

construction is suggested because • if the

cathode circuit is inadvertently tuned too

far off-frequency, it will turn the cathode-

driven amplifier into a robust oscillator! The

user might suspect instability, or a possible

parasitic oscillation, which is not the case.

It is merely that the circuit constants are

such that a phase shift may be unintention-

ally created between cathode and plate

which will sustain oscillation. The use of

a fixed-tuned, or slug-tuned, cathode cir-

cuit will prevent this, as it cannot be ad-

justed sufficiently far off frequency to

sustain oscillation.

Push-Pull Circuitry A push-pull triode am-

plifier configuration is

shown in figure ID. This circuit design is

now' rarely used in the hf region because

of the mechanical difficulties that ensue

when a large frequency change is desired.

In the vhf region, on the other hand, where

operation of an amplifier is generally re-

stricted to one band of frequencies, linear

push-pull tank circuits are often employed.

Lumped-inductance tank coils are usually

avoided in the vhf region since various

forms of parallel-line or strip-line circuitry

provide better efficiency, higher Q, and bet-

ter thermal stability than the coil-and-

capacitor combination tank assemblies used

at the high frequencies. Push-pull operation

is of benefit in the vhf region as unavoidable

tube capacitances arc halved, and circuit

impedances are generally higher than in the

case of single-ended circuitry. At the higher

vhf regions, parallel- and strip-line circuitry

give way to coaxial tank circuits in which

the tube structure becomes a part of the

resonant circuit.

The output coupling circuit may be de-

signed for either balanced or unbalanced

connection to coaxial or twin-conductor

transmission line. In many cases, a series

capacitor (CO is placed in one leg of the

line at the feed point to compensate for the

inductance of the coupling cosh

Common hf construction technique em-

ploys plug-in plate and grid cods which
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TP, IODE CIRCUITRY

0 CATKQg; DRIVEN 0 GRID DRIVEN' .
PUSH PULL

Figure 1

REPRESENTATIVE TRIODE AMPLIFIER CIRCUITS

Nrfe lhat one filament leg is grounded in circuit I

c,—Input tuning capacitor. JNf p"
meter of wavelength. Spacing D-OS" t

power level up to 2 JW,
P£P

C,—-Output tuning capacitor. Refer lc plate

circuit design data in Chapter 11.

C.-Lcading capacitor. Typi«W* 23

J
L

meter of wavelength. Rater to Chapter 11.

C4—Plate-bfocVTng capacitor. Typically, 5 P

C„ c^-lowTnfluctance mte or «!»”*

lor, series resonant near operating frequency.

See Chapter 17

M,—Grid-current meter

M,—Plate-current meter
_

RFC,—Grid choke, receiving type rated to caw

operating conditions. If a low-C grid circuit

is used, grid loading "will unbalance t e

neutralizing netvorh, the r-f voltage at t e

grid dropping and the voltage at the neu

tralizing end of the grid circuit rising-

high-C circuit tends to alleviate this

problem.
.

Plate circuit neutralization (fegure u>)

does not exhibit such a degree of unbalance

grit current. Typically, 1 to 2.5 mH for 3- to

30-MHz range
. ,

.

.

RFC —Plate choke, transmitting type, soienoio.

Rated to carry plate current. Typically, M3

See Chapter 17

RFC,—Receiving-type choke. ZVt mH for 3- to

30-f.tHz range.

RFC.—Bifilar windings, 15 turns each ?iz wire

on %-ineh diameter fem'te core, V* long for

3-tcSe-HHz range .

PC—Plate parasitic suppressor. Typically, 3

turns =1E enamel, tvinch diameter, IS-tncn

long, in parallel with 5C-ohm 2-watt com-

position resistor. See Chapter 17

under bad and is to be preferred, especially

for operation at the higher frequencies. A

split plate-tank circuit is required in place

of the split grid circuit, making the use ot

a single ended pi-nctn'ork output circuit

impractical. Theory and adjustment of grid

and plate neutralizing circuits are covered

in Chapter 11. In cither configuration, care

must be taken in construction to make sure
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rent ' usually about three to tour times the

dc date current) and the peak :-f voltage

In ^ the case of jhe pm*h-fmil stage. rbe^

instances, t small dmerentiil capacitor h

pitted in the grid circuit to erect balance,

ina the grid current -of etch tube is tneni-

: ored individual]" to ascertain correct bal-

ance. The rotor cf the split-stator pla te-

rming capacitor is usually ungrounded, per-

mitting the rime tank drrit to establish

FlfciTE 2

TVFICnl PUSH-PULL VKF
iBIODE AMPLIFIER CIRCUIT

In most cues, the push-pull amplifier may

be cross-neutralised in the normal manner.

At the higher frequencies (shore ISO (MKs

or so) it is common practice to operate the

triode tubes in cathode-driven configuration

which usually eliminates the need for net-

maiizahon if proper sBeldmg h used.^

not be necessary depending on the oper-

ating frequency of the tmplmsr and the

output circuits. Both grid- and plate-tuning

capacitors should be located close to the tube

elements and no: tapped down the tuned

nay be created. If oscillations are encoun-

tered, they may possibly be suppressed by

placing noruncuchvt carbon resistors across

a portion of the plate (and grid) limes' as

shown in ngure 2.

me plate chob (RPC) thould be

mounted at right ingles to the plate lint

and care should be taken that 1: is not

coupled to the line. In particular, the chub

should no: be mounted within the line,

but rather outside the end o: the line, x
shown. A resistor (R : ) is used to tab the

place of a grid choke, thus eliminating ar.y

Possibility of resonance between toe two

chokes, with resulting croul: insttbhity.

In order to urevent radiation loss iron

the grid and plate line1., i: is common prac-

tice to com
~
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sscssaase sn cpeaisg h rite zrspzs; ir-

clcsure for coS-chaagiag ucrposss. Care

siHt be takea. in ^tbs ocnstrncticp of tbs

layciitj ccastrscric-j, and voltage applksriou

2re found, ihs fclltrring general :sharks

2pplj to hi ampMsrs of all cixus szd

RTF«•

CfrcttitUraaf Tbs n:cst important consid-

eration in constructing 2

push-pull amplifier is to maintain electrical

symmetry on both sides of the balanced cir-

cuit. Of utmost Importance in maintaining

electrical balance is As control cf strap

capacitance betroesn each sids of tbs drctft

and ground.

Large masses of ratal placed sear one side

of the grid or phts circuits can cause serious

unbalance, especially 2: tie higher frequen-

cies, “here the tank capacitance heaves;

one side of the roned drcui: and ground is

often quire small in itself. Capacitive un-

balance most often occurs “ben 2 plate 0:

grid coil ?s located mridh one of is ends

close to a metal panel The solution to this

difficulty is to mount the coil parallel to the

panel to make the capacitance to ground

equal from each end of die ceil or to place

a grounded piece of metal opposite die

''free” end of the coil ro accomplish 2 ca-

pacity balance.

All r-f leads should be made as short and

direct 2s possible. The leads from the tube

grids or plates should he connected directly

to thar respective tank capacitors, and me

leads betvreea the tank capacitors and cons

should be as heavy as the “Ire mat is used

in riie coils themselves. Plate and grin leans

to the tubes map he made of cericle rumen

braid or Sat copper strip- Neutralizing leads

should run directly to tue tube grics and

plates 2nd should be separate from tue grid

and plate leads ro the tank circuits. Haring

2 portion of the pbte or grid connections to

their tank circuits serve as part ox 2 neu-

tralizing lead can often result In ampin er

instability at certain operating ireqcenoes.

filewenf Sop?!/ The amplmer filament trans-

fonr.tr should be placed

right on the amplifier chassis is close prox-

imity to the rubes. Short filament i:t

2I.E

FIcte Ttzi Tne series plate-voltage feed

shomn in Spare ID is the most

satisfactory method for push-pull stages.

This method 0: feed puts high voltage on

the plate tank indumor, bur since me r-f

voltage on the inductor is in IcsHf sumrim:

reason for protecting the inductor from ac-

cidental bodily contact, no addirional pro-

tective arrangement am made necessary 'ey

tirpeof series feed.
<

^

should be adequate for the voltages encour.-

"parallel plate feed, such as sht“n in

figures 1A and :B, is commonly used for

iHgle-enced pl-nerrcrk imr'ifir ccnr.gura-

rions- The piste r-f choke I? ; error;! com-

ponent ia rids drew, and a c:scusn:nj>.

choke design is covered in Chapter !‘ The

pUr;-blocking capacitor j'C) srculp c<
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Figure!

REPRESENTATIVE TETRODE
AMPLIFIER CIRCUITS

Circuit B is intended for operation above the

self-neutralizing frequency cf the tetrode. Above

33 KHz cr so, the screen bypass capacitor cf

circuits A end C is cften chosen so as Id t£

self-resonant at the operating frequency rf the

amplifier.

C., Lj—input tuned circuit. Typically, 3 cf pEr

meter cf wavelength for circuits A and S. 23

pF per meter of wavelength for circuit C

C., C
;1
L—Fi-netwcrk plate circuit. Refer ft

'piste-circuit design data in Chapter ft

C«—Plete-Slocking capacitor. Typically, 500 P?
to 1D03 pF at 5 fcV

R,—lVirewound resistor (103-503 :hns] 15 act

as low-G r-f choke
P.

;
—Screen resistor to carry negative sorter,

‘current and ccmplEte screen-to-grcend cir-

cuit. See tube data sheet for details

PC—Plate parasitic suppresscr. See Chapter 17

and figure 1 cf this chapter. For vhf cptra-

lien, suppresscr may consist rf composition

resistor shunted across a shert pertirn of the

plate lead

RFC—Srid choke, receiving type. Typically, IS
mH for 3- to 33-MHz range. Yhf-rated choke

for 53 KHz and 1« KHz
RFC—Plate choke, transmitting typ-E, solenoid.

Rated ts carry plate current. Tvpically. t33

aH for 3- to 35-MHz range. Vhf-rated choke

for 53 KHz and 1U KHz
RFC.—Receiving-type choke. 2.5 mH for 3- to

35-MHz range

K—Grid-current meter
K—Plate-current meter

Mj—Screen-current meter

with extremely small spacing between the

grid bars, ar.d between the grid structure

and the cathode. Tubes of the

4X150A/-CX2S0B, and rCXK'C'OA family

arc in this class. For proper operation oi

tnese high- ram tubes, the screen reoustes

much larger voltage than the cor.tro. grid.

\x .-.cr. the electrodes of tnese tubes are t*w
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copper strip, The amount of kid shunted

tv the resistor constitutes the inductor and

determines the degree af coupling between

the fundamental signal and the parasitic

suppressor.

When large tubes arc used in the vhf

region, the parasitic frequency of the circuit

may fall near, or at, the fundamental operat-

ing frequency. 1/ this ij so, parasitic sup-

pression is unnecessary as the conventional

cross-neutralization circuit will also inhibit

parasitic oscillation,

21-2 Tetrode Amplifier

Design

As in the ease of triodc tubes, tetrodes

may be operated in either grid- or cathode-

driven configuration and may (within cer-

tain limits} be run in cIas$*AB„ -AB.-, -B,

or dass-C mode. Much of the information

on circuit layout and operation previously

discussed for triodc tubes applies in equal

contest to tetrodes. Other differences and

additional operational data will be discussed

in this section.

Tetrode tubes arc widely used in hf and

vhf amplifiers because of their high power

gain and wide range of simple neutralization.

Tetrode circuitry resembles triodc circuitry

in that comparable modes and circuit con-

figurations may be used. Various popular

and proven tetrode circuits arc shown in

figure 3. Illustration A shows a typical

single-ended neutralized tetrode circuit em-

ploying a pi-network output circuit and a

bridge neutralization scheme. Tetrode neu-

tralization techniques are discussed in detail

in Chapter 11.

Tetrode plate current is a direct func-

tion of screen voltage and means must be

employed to control screen voltage under

all conditions of operation of the tetrode.

In particular, if the dc screen-to-gromd

path is broken, the screen voltage may rise

to equal the plate potential, thus damaging

the tube and rupturing the screen bypass

capacitor. It is dangerous, therefore, to re-

duce screen voltage for tuneup purposes by

simplv breaking the screen power lead unless

a protective screen bleeder resistor (R.-) is

placed directly at the tube socket, as shown

in the illustrations of figure 3. If this resis-

tor is used, the screen supply may be safely

broken at point X for tuneup purposes, or

for reduced-power operation. The value of

screen bleeder resistance will vary depending

on tube characteristics, and a typical value

is generally specified in the tube data sheet.

For tubes of the 4CX2JOB family, the value

of resistance is chosen to draw about IJ to

20 mA from the screen power supply. The
iCXiODOA, on the other hand, requires a

screen bleeder current of about 70 mA.

In any case, regardless of whether the

screen circuit is broken or nor, the use of

a screen bleeder resistor in the circuit at all

times is mandatory for those tetrodes which

produce reverse screen current under certain

operating conditions. This is a normal charac-

teristic of most modern
,
high-gain tetrodes

and the screen power supply should be de-

signed with this characteristic in mind so

that correct operating voltages will be main-

tained on the screen at all times.

With the use of a screen bleeder resistor,

full protection for the screen may be pro-

vided by an overcurrent relay and by inter-

locking the screen supply so that the plate

voltage must be applied before screen volt-

age can 6c applied.

Power output from a tetrode is very sen-

sitive to screen voltage, and for linear serv-

ice a well-regulated screen power supply is

required. Voltage-regulator tubes or a series-

regulated power supply are often used in

high-power tetrode linear-amplifier stages,

A tetrode neutralizing circuit suitable for

the lower porcion of the vhf region is shown

in figure 3B. When the operating frequency

of the tetrode is higher than the self-neu-

tralizing frequency, the r-f voltage developed

in the screen circuit is too great to provide

proper voltage division between the internal

capacitances of the tube (see Chapter 11).

One method of reducing the voltage across

the screen lead inductance and thus achiev-

ing neutralization is to adjust the inductive

reactance of the screen-to-ground path so

as to lower the total reactance. This react-

ance adjustment may take the form of a

variable series capacitor as shown in illustra-

tion B. This circuit is frequency sensitive

and must be readjusted for mafor changes

in the frequency of operation of the ampli-

fier.

Balanced input and output tuned circuits

are used in the configuration of figure 3B.
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Tefref; Amplrfisr pn: j.i££
CircuKry HCrttfe CKOTBr' for If

oseisdiesmgls-sncdpi-

nermori ccnfigurssos, variations of which

2re shown in figure 4.

A common form of pi-scrvor*: amplifier

is shown in figure 4A. The pi circuit forms

the matching system between the plzte of

the amplifier tube and the iow-impedznce,

unbalanced, antenna circuit. The coil and

input capacitor of the p: ssay be varied to

tune the circuit over a IG to 1 frequency

range (usually 3,0 to 50 MHz). Operadcn

over the 20- to 30-MHz range tabes place

v'hen the variable slider on coil I< is ad-

[usted to short this coil out o

:

the circuit.

Coil L: therefore comprises the tanh in-

ductance for die highest portion of the

operating range. This coil has no ups or

sliders and is constructed for the highest

possible Q at the high-frequency end of the

range. The adjustable coil (beams of the

variable tap and physical construction)

usually has a lover 0 than that of the fixed

coil.

The degree of loading is controlled by ca-

pacitors Q and C: . The amount of circuit

capacitance required at this point is in-

versely proportions! to the operating fre-

quency and rp the impedance of the antenna

circuit. A loading capacitor range of ICO

to 2500 pF is normally ample to cover the

5.5- to 30-MHz range.

The pi circuit is usually shunt-fed to re-

move the cz date voltage item tne cods

and capacitors. The components arc he.d a:

ground potential by competing tne era-.*

to ground through the choke (RFC,). Great

stress is placed on the plate-emeu:: cno.ee

(RFC.). 'Thu component must b: s^traby

low interrom capacitance anc no spur.ou.

internal rcrona:
Opera:-
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absolute minimum. It must be remembered

with high-gun tubes of this type that almost

full output can be obtained with practically

zero grid excitation. Any minute amount of

energy fed back from the plate circuit to the

grid circuit can cause instability or oscilla-

tion. Uwfrss suitable precautions are in-

corporated in the electrical and mechanical

design of the amplifier, this energy feedback

will inn i/ably occur.

Fortunately these precautions are simple.

The grid and filament circuits must be iso-

lated from the plate circuit. This is done by

placing these circuits in an "electrically

tight" box. All leads departing from this

box are bypassed and filtered so that no r-f

energy can pass along the leads into the box.

This restricts the energy leakage path be-

tween the plate and grid circuits to the

residual platc-to-grid capacity of the tetrode

tubes. This capacity is of the order of 0.2?

pF per tube, and under normal condition*

is sufficient to produce a highly regenerative

condition In the amplifier. Whether or not

the amplifier will actually break into oscil-

Figure 6

INDUCTIVE TUNING ELIMINATES
INPUT TUNING CAPACITOR

Figure 7

REPRESENTATIVE PUSH-PULL

TETRODE AMPLIFIER CIRCUIT

The push-pull tetrode amplifier uses many cf

the same components required by the triode

amplifier of figure 2. Parasitic suppressors may

be placed in grid, screen, or plate feeds.. A

low-inductance screen capacitor is required

for proper amplifier operation. Capacitor C,

may be .051 SF, S kV. Centralsb type S5!S-

1003. Strap multiple screen terminals together

at socket with ife-inch copper strap for opera-

tion below 33 MHz and attach PC to center ej

strap. Blower required for many medium- and

high-power tetrode lubes to cool filament and

plate seals.

quatdy suppressed. Too many turns on tr.c

suppressor will allow too great an amount of

fundamental frequency power to be ab-

sorbed by the suppressor and it will overheat

and be destroyed- From 3 to 5 turns of m3

2

wire in parallel with a 50-ohm. 2-watt

composition resistor will usually suffice ior

operation in the hf region. At 50 MHz, the

suppressor inductor may take the form of a

length of copper strap (often a section ot

the plate lead) shunted by the suppressor

resistor.

VHF Push-Pull The circuit cosiidfra*

Tetrode Amplifiers tions for the vhf triode

amplifier configuration

apply equally well to the push-pull tetrode

circuit shown in figure 5. The neutralization

techniques applied to the tetrode tube ho*-'-
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tube by grounding the positive terminal of

the screen supply, and "floating” the nega-

tive of the screen and bias supplies below

ground potential as shown in figure 5. Me-

ters are placed in the separate-circuit cathode

return leads, and each meter reads only the

current flowing in that particular circuit.

Operation of this grounded-screen circuit is

normal in all respects, and it may be ap-

plied to any form of grid-driven tetrode

amplifier with good results.

Figure 5

GROUNDED-SCREEN-GRID

CONFIGURATION PROVIDES HIGH

ORDER OF ISOLATION IN TETRODE

AMPLIFIER STAGE

A—Typical amplifier circuit has cathode return

at ground potential. AH circuits return la

cathode.

B—AH circuits return to cathode, hut ground

point has been shifted to screen terminal of

tube. Operation of the circuit remains the

same, as potential differences between ele-

ments of the tube are the same as in circuit

A.
<

C—Practical grounded-screen circuit. "Common

minus" lead returns to negative of plate sup-

ply, which cannot be grounded. Switch S,

removes screen voltage for fune-up purposes.

The Inductively The output capacitance

Tuned Tcnk Circuit 0£ large transmitting

tubes and the residual

circuit capacitance arc often sufficiently

great to prevent the plate tank circuit from

having the desired value of 0, especially in

the upper reaches of the hf range (28- to

14-MHz) , Where tank capacitance values

are small, it is possible for the output ca-

pacitance of the rube to be grearer rhan the

maximum desired value of tank capacitance.

In some cases, it is possible to permit the

circuit to operate with higher-than-normal

0, however this expedient is unsatisfactory

when circulating tank current is high, as it

usually is in high-frequency amplifiers.

A practical alternative is to employ in-

duefive Inning and to dispense entirely with

the input tuning capacitor which usually

has a high minimum value of capacitance

(figure 6). The input capacitance of the

circuit is thus reduced to that of the out-

put capacitance of the tube which may

be more nearly the desired value. Cir-

cuit resonance is established by varying the

inductance of the rank coil with a movable,

shorted turn, or loop, which may be made of

a short length of copper water pipe of the

proper diameter. The shorted turn is inserted

within the rank coil by a lead-screw mech-

anism, or it may be mounted at an angle

within the coil and rotated so that its plane

travels from a parallel to an oblique posi-

tion with respect to the coil. The shorted

turn should be silver plated and have no

joints to hold r-f losses to a minimum. Due

attention should be given to the driving

mechanism so that unwanted, parasitic

shorted turns do not exist in this device.

Push-Poll Tetrode Tetrode tubes may be em-
Circuffry ployed in push-pull ampli-

fiers, although the modern

trend is to parallel operation of these tubes.

A typical circuit for push-pull operation Is

shown in figure 7. The remarks concerning

the filament supply, plate feed, and grid bias

in Section 21-1 apply equally to tetrode

stages. Because of the high circuit gain of

the tetrode amplifier, extreme care must be

taken to limit intrastage feedback to an
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•niched for identical value? of resting plate

current when thcv are used in parallel con-

nection. One tube may be testes a. a time

•in the amplifier and two rubes chosen tor use

whose resting plate currents are approxi-

mately equal at the same bias level. When

unbalanced tube1 are used, one will tend to

draw more plate current than the other,

thus leading to shorter rube life and in-

creased intermodulation distortion cn rne

rignal.

21-5 Cathode-Driven

Amplifier Design

The cdfoJc-drhrn, or grounded-grid

amplifier has achieved astounding popularity

in recent years as a high-power linear st2 ge

for sideband application. Various versions of

this circuit arc illustrated in figure 30. In

the basic circuit the control grid of the tube

i« at r-f ground potential sr.d the exciting

Mgnal is applied to the cathode by means of

a tuned circuit. Since the grid of the tube

is grounded, it serves as 2 shield between me

input and output circuits, making neutral-

ization unnecessary in many instances, i ne

very small plate-xo-cathode capacitance cl

most tubes permits 2 minimum ol intrastage

coupling below 30 MHz. In addition, when

zero-bias triodes or tetrodes are used, screen

or bias supplies are not usually required.

Feedthrough Power A portion of the excit-

ing power appears in the

plate circuit of ibe grounded-grid (cathode-

driven) amplifier and is termed fredthough

power. In any amplifier of this type, whether

it be iriode or tetrode, it is desirable to have

a large ratio of feedthrough power to peal:

grid-driving power. The feedthrough power

acts as 2 swamping resistor across the driving

circuit to stabilize the effects of grid load-

ing. The ratio of feedthrough power to driv-

ing power should be about 1 0 to 3 for best

<:agc linearity. The feedthrough power pro-

vides the user with added output power he

would not obtain from 2 more conventional

circuit. The driver stage for the grounded-

Fibres

SWEEP TUBE DATA FOR CLASS AB LINEAR AMPLIFIER SERVICE
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tion, the inductance of the screen-grid lead

of the tetrode cannot be ignored as it be-

comes of importance. Passage of r-f current

through the screen lead produces a potential

drop in the lead which may or may not be

in phase with the grid voltage impressed

on the tube. At the self-neutralizing fre-

quency of the tube, the tube is inherently

neutralized due to the voltage and current

divisions within the tube which place the

grid at the filament potential as far as plate-

circuit action is concerned (see Chapter 11,

Section 6). When the tetrode tube is oper-

ated below this frequency, normal neutral-

izing circuits apply; operation at the self-

neutralizing frequency normally does not

require neutralization, provided the input

and output circuits arc well shielded. Opera-

tion above the self-neutralizing frequency

(in the range of 2f MHz to 100 MHz for

large glass tubes, and in the range of 120

MHz to 600 MHz for ceramic, vhf tubes)

requires neutralization, which may take the

form of a scries screen-tuning capacitor,

such as shown in the illustration.

Neutralization is frequency sensitive and

the amplifier should be neutralized at tbe

operating frequency. Adjustment is con-

ducted so as to reduce the power fed from

the grid to the plate circuit. The amplifier

may be driven with a test signal {filament

and dc voltages removed) and the signal

in the plate tank circuit measured with an

r-f voltmeter. The neutralizing capacitors

are adjusted in unison until a minimum of

fed-through voltage is measured. A good

null will be obtained provided that inttastage

feedback is reduced to a minimum by proper

shielding and lead-bypassing techniques.

Sweep Tubes In Listed in figure 9 are inter-

linear Service mittent voice operation rat-

ings for various TV sweep

tubes when used fot linear operation in the

amateur service. While the plate dissipation

of these tubes is of the order of 30 to 3J

watts, the intermittent nature of amateur

transmission and the high ratio of peak to

average power in the human voice allow a

good balance between peak power input,

tube life, and tube cost to be achieved. For

lower levels of intermodularion distortion,

VI

REPRESENTATIVE VHF PUSH-PULL
TETRODE AMPLIFIER CIRCUIT

Tuned lines are used in grid and plate lank
circuits in place of lumped inductances. Each
screen circuit is series resonated to ground by
neutralizing capacitor C*. Wirewound resistor

(R,) is used in the grid-return circuit and fre-

quency-rated r-f chokes in the plate and screen
power leads. Screen resistor is included to

complete screen-to-ground circuit, as discussed

in text. Vhf type feedthrough capacitors are

used for maximum suppression of r-f currents

in power leads,

the user must shift to transmitting-type

tubes rated for linear service, and which are

designed to have low intermodulation dis-

tortion characteristics.

The owner of sweep-tube equipped SSB

gear is cautioned that when rhe tubes are

replaced, they should be of the same brand

name as the original set, and the new tubes

should be matched for equal values of rest-

ing plate current. Different manufacturers

often have slightly different assembly tech-

niques in matters such as lead length within

the tube envelope. These minor construc-

tion differences do not affect operation in

sweep circuits bur may vastly alter the neu-

tralization technique when the tube is used

in r-f service. Certain brands of sweep tubes,

moreover, have the interna! connection be-

tween cathode and base pin taken from the

top of the tube structure. This results in an

exrremely long cathode lead whose induct-

ance is so high that it is impossible to secure

sufficient grid drive at 28 MHz for efficient

operation in linear amplifier service.

Because of electrical variations from tube-

to-tube, it is suggested that sweep tubes be
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cvde. the sideband exciter sees” a low-

impedance load during this time, and a very

high-impcdancc load over the balance of the

cycle. Linearity of the exciter is thereby

affected and the distortion products of the

exciter are enhanced. Thus, the driving

lignal is degraded in the cathode circuit of

the grounded-grid stage unless the unbal-

anced input impedance can be modified in

some fashion, A high-C tuned circuit, stores

enough energy over the operating r-f cycle so

that the exciter “secs” a relatively constant

load at all times. In addition, the tuned cir-

cuit may be tapped or otherwise adjusted so

that the SW on the coaxial line coupling

the exciter to the amplifier is relatively low.

This is a great advantage, particularly in

the case of those exciters having fixed-ratio

pi-network output circuits designed expressly

for a 50-ohm termination.

Finally, it must be noted that removal of

the tuned cathode circuit breaks the ampli-

fier plate-circuit return to the cathode, and

r-f plate-current pulses must return to the

cathode via the outer shield of the driver

ruxial line and back via the center con-

ductor! Extreme fluctuations in exciter load-

inf, intcrmodulation distortion, and TV!

can be noticed by changing the length of

the cable between the exciter and the

grounded-grid amplifier when an untuned-

cathodc input circuit and a long intercon-

necting coaxial line are used.

Cc«W«.Dri*en

Amplifier

Centlrvction

Design features of the <in-

tle-ended and push-pull am-

plifiers diseased previously

apply equillv well to the

stage. The g-g linear ampli-

either configuration, although

of the g-g stages arc single

!!-pui! offers no distinct ad-

rid: greatly to circuit com-

'IV ulb.ir watt of the amplifier is

the operating ffciuKjcv by
n <* a iaiyh-C tank (figure IGA). Re:o-

r.rr.cc »: ind'csted by maximum grid current

rr cojTsj! hr.? may be achieved bv sd*

she tap or the tur.ej circuit, or by
\ ’r'.rt* tr.x cma**: rre o* tr.e ^i-r^two Fk

(figure IOC). Correct adjustments will pro-

duce minimum SuTR. and maximum ampli-

fier grid current at the same settings. The

cathode tank should have 2 Q of 2 or more.

The cathode circuit should be completely

shielded from the plate circuit. It is common

practice to mount the cathode components

in an "r-f tight” box below’ the chassis 0:

the amplifier, 2nd to place the plate circuit

components in 2 screened box above tne

chassis.

The grid (or screen) circuit of the tube is

operated at r-f ground potential, or may

have dc voltage applied to it to determine

the operating parameters of the stage (figure

11A). In either case, the r-f path to ground

must be short, and have extremely low in*

ductance, otherwise the screening action of

the element will be impaired. The grid (and

screen) therefore, must be bypassed to

ground over a frequency range that includes

the operating spectrum as well as the region

of possible vhf parasitic oscillations. This »

quite a large order. The inherent inductance

of the usual bypass capacitor plus the lengm

of element lead within the tube is often suf-

ficient to introduce enough regeneration into

the circuit to degrade the linearity of tne

amplifier at high signal levels even though

the instability is nor great enough to cause

parasitic oscillation. In addition, it is often

desired to "unground’
1

the grounded screen

or grid sufficiently to permit 2 metering cir-

cuit to be inserted.

One practical solution to these problem*

is to shun: the tube element to ground by

means of a 1-ohm composition resistor, by-

passed with s .OI-/1F ceramic cite capacitor.

The voltage drop caused by the flow o? griC

<or screen) current through the resistor can

easily be measured by 2 millivoltmetcr w.nKt

scale is calibrated in terms of element cur-

rent (figure 1 !Bj.

The pletr mniit of the grounded-cn-

amplifier is conventional, and cither ft-rct-

work or inductive coupling to the load m:;>

be used.

Tuning fke Since the input and output

Qrovr.iti'Gtij circuits of the grounded-

Amplifier grid amplifier are m ;

certain proportion of driv-

ing power appears in the output csrcui-
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grid amplifier must, of course, supply the

normal excitation power plus the feed-

through power. Many commercial sideband

exciters have power output capabilities of

the order of 70 to 10D watts and are thus

well suited to drive high-power grounded-

grid linear amplifier stages whose total ex-

citation requirements fall within this range.

Distortion Laboratory measurements made

Products on various tubes in the circuit

of figure 10A show that a dis-

tortion reduction of the order of 5 to 10

decibels in odd-order products can be ob-

tained by operating the tube in cathode-

driven service as opposed to grid-driven

service. The improvement in distortion varies

from tube type to tube type, but some

order of improvement is noted for all tube

types tested. Most amateur-type transmit-

ting tubes provide signal-to-distorticn ratios

of -20 ro -30 decibels at full output in

class-AB; grid-driven operation. The ratio

increases to approximately —25 to “0

decibels for dass-B grounded-grid operation.

Distortion improvement is substantial, but

not as great as might otherwise be assumed

from the large amount of feedback inherent

in the grounded-grid circuit.

A simplified version of the grounded-grid

amplifier is shown in figure 1 OB. This con-

figuration utilizes an untuned input circuit-

It has inherent limitations, however, that

should be recognized. In general, slightly

less power output and efficiency is observed

with the unruned-cathcde circuit, odd-

order distortion product? run *• to 6 deci-

bels higher, and the circuit is harder to

drive and match to the exciter than is the

tuned-cathode circuit of figure 10A. Best

results are obtained when the coaxial line

of the driver stage is very short —a few

feet or so. Optimum linearity requires cath-

ode-circuit 0 that can only be supplied by

a high-C tank circuit.

Since the single-ended dass-B grounded-

grid linear amplifier draws grid current on

only one-half (or less) of the operating

Figure ID

THE CATHODE-DRIVEN AMPLIFIER

™*- « . •« rr—economy and simplicity, «n ad(j ' ,,Dn t0
, ;nnut citcui!. B-A simplified circuit emplsys untune-

A-T», to* K " S"- Ur ««,»• « I

M choke in cathode m place of the t

c;.network may be used to m2tch cu.r J,

P«H to circuit of figure s. C-S'™* 1

’*J* J, siege. 0-peianeWuneH.

soce of sideband exciter to
Lxcitalisn lep is 15 ’

circuit may bs employed for

^ $WR cn exeit„ ce„l2f i,«.
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loading to maintain this ratio. Many manu-

facturers now provide grounded-grid oper-

ation data for their tubes, and the ratio of

grid to plate current can be determined from

the data for each particular tube.

Choree of Tubes Xot all tubes are suitable

for G-G Service for grounded-grid service.

In addition, the signal-to-

distortion ratio of the suitable tubes varies

over a wide range. Some of the best g-g

performers arc the S11A, 813, 4-400A, and

4-1000A, In addition, the 3-400Z, 5-500Z,

SS/5, 8S77 and 3-10Q0Z modes are specif-

ically designed for low distortion, grounded-

grid amplifier service.

Certain types ot tetrodes, exemplified by

the 4-65 A, 4X1 50A, 4CX300A, and 4CX-
1000A should not be used as grounded-grid

amplifiers unless grid bias and screen voltage

are applied to the elements of the tube (fig-

ure 11A). The internal structure of these

tubes permits unusually high values of grid

current to flow when true grounded-grid

circuitry is used, 3nd the tube may be easily

damaged by this mode of operation.

The efficiency of a typical cathode-driven

amplifier runs between 55- and 65-pcrcent.

indicating that the tube employed should

have plenty of plate dissipation. In general,

the PEP input in watts to a rube operating

in grounded-grid configuration can safelv

be about 2.5 to 3 times the rated plate

dissipation. Because of the relatively low

average- to.peak power ot the human voice

sewpsing to pu«h :hi« ratio to a higher

,! *urf !! * l>rdfr ;o obtain more output from
' st'en tube. Th:« action is unwise in that

:;v tvhU'rd.r distortion product* ri<e rapid-

*’* n :,,,c tube ss overloaded, and because

ro ::e:y margin is left (particularly in

terms c,: :r;u deration » for tuning errors

21-4 Neutralization of flic

Cathode-Driven Stage

phase with the exciting voltage and the

driver and amplifier may be thought of as

operating in series to deliver power to tbs

load. A tuned circuit is used in the input of

the cathode-driven amplifier to enhance the

regulation of the driver stage and to pro-

vide a proper termination for the driver

over the operating cycle of the amplifier.

As the driver and amplifier are in series,

the output current of the amplifier passes

through the load resistance of the driver,

causing a voltage drop across that resistance

which opposes the original driving voltage.

This indicates that inverse feedback is in-

herent in the cathode-driven amplifier to

some degree if the driver has appreciable

load resistance.

Most high-frequency, cathode-driven am-

plifiers are not neutralized, that is, no ex-

ternal neutralizing circuit is built in the

amplifier. As the frequency of operation is

raised, however, it will be found that intra-

stage feedback exists and the amplifier may

exhibit signs of instability. The instability

is due to voltage feedback within the ampli-

fier tube (figure 13).

©

Si.1 ©

Figure 12

THE CATHODE-DRIVEN AMPLIFIER

A—Driving vciiaje e if applies S: the

fria circuit c! the errrplir.rr. Output

r, appean atreis ire p!s*.e let2 irpejs-tf.

6—The Cm-tr (rer.erjfrr 1} arS the

Cfivtn {rrrrreJir 5) art in ft’itf

with rtrpttt Ir the s*r?!irrr vr'irreJ. Ca!*-

eif current ef l
v
-e e-pUSer {<3 f:*s

the Jiji retltterce c? the eritff {P,L t-*-

tritstier a Certs ef feeCfcsrV !: the ip"*'
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Figure 11

TETRODE TUBES MAY BE USED IN CATHODE-DRIVEN AMPLIFIERS

A—Tetrode tube may be used in cathode-driven configuration, with bias and screen voltages

applied to elements which are at r-f ground potential. B—Grid current of grounded-grid tube

is easily monitored by RC network which lifts grid above ground sufficiently to permit a milli-

voltmeter to indicate voltage drop across 1-ohm resistor. Meter is a M do milltemmster in series

with appropriate multiplier resistor.

full excitation is applied to the stage and the

output circuit is opened, or the plate voltage

removed from the tube, practically all of

the driving power will be dissipated by the

grid of the tube. Overheating of this ele-

ment will quickly occur under these circum-

stances, followed by damage to the tube.

Full excitation should therefore never be

applied to a grounded-grid stage unless plate

voltage is applied beforehand, and the stage

is loaded to the antenna.

Tuneup for sideband operation consists

of applying full plate voltage and sufficient

excitation (carrier injection] so that a

small rise in resting plate (cathode) current

is noted. The plate loading capacitor is set

near full capacitance and the plate tank

capacitor is adjusted for resonance (mini-

mum plate current) . Drive is advanced until

grid current is noted and the plate circuit

is loaded by decreasing the capacitance of

the plate loading capacitor. The drive is

increased until about one-half normal grid

current flows, and loading is continued (re-

resonating the plate tank capacitor as re-

quired) until loading is near normal. Finall)

,

grid drive and loading are adjusted until

PEP-condition plate 2nd grid currents are

normal. The values of plate and grid current

should be logged for future reference. At

this point, the amplifier is loaded to the

maximum PEP input condition. In most

cases, the amplifier and power supply are

capable of operation at this power level for

only a short period of time, and it is not

recommended that this condition be per-

mitted for more than a minute or two.

The exciter is now switched to the SSB

mode and, with speech excitation, the grid

and plate currents of the cathode-driven

stage should rise to approximately 40 to 50

percent of the previously logged PEP read-

ings. The exact amount of meter movement

with speech is variable and depends on merer

damping and the peak to average ratio of

the particular voice. Under no circum-

stances, however, should the voice meter

readings exceed 50 percent of the PEP ad-

justment readings unless some form of

speech compression is in use.

To properly load a linear amplifier for

the so-called "two-kilowatt PEP" condition,

it is necessary for the amplifier to be tuned

and loaded at the two-kilowatt level, albeit

briefly. It is necessary to use a dummy load'

to comply with the FCC regulations, or

else a two-tone test signal should be used,

as discussed in Chapter 9.

For best linearity, the output circuit of

the grounded-grid stage should be over-

coupled so that power output drops about

2-percent from maximum value. A simple

output r-£ voltmeter is indispensable for

proper circuit adjustment. Excessive grid

current is a sign of antenna undercoupling,

and overcoupling is indicated by a rapid drop

in output power. Proper grounded-grid stage

operation can be determined by finding the

optimum ratio between grid 3nd plate cur-

rent and by adjusting the drive level and
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The balanced input circuit provides equal

out-of-phase voltage to which the cathode

of the tube and the neutralizing capacitor

are attached. The voltages are balanced in

the output circuit when neutralization is

achieved. Both capacitances are quite small,

and the series lead inductance is relatively

unimportant, consequently the bridge re-

mains in balance over a wide frequency

range.

Either neutralizing circuit can be properly

adjusted even though the grid of the tube

may not be at actual r-f ground potential

because of the internal grid lead inductance

Intrastage feedback resulting from this

inductance requires a separate solution, apart

from the neutralizing techniques just dis-

cussed.

Griddnduetonec A second feedback path

Neutralization exists in the cathode-driven

amplifier which includes

the grid-plate and grid-cathode capaci-

tances and the series grid lead inductance

(figure 16). These paths result in an ap-

parent r-f leakage through the tube that

may be many times greater than predicted.

If the path is not neutralized, a voltage

(fi.) appears on the grid which either in-

creases or decreases the driving voltage, de-

pending upon the values of internal tube

capacitances and the value of the grid in-

ductance. Oscillation may occur, even
though the cathcdc-plats feedback path dis-

cu«cd earlier is completely neutralized.

ihc voltage (fj.) on the grid of the

cathode-driven stage is determined by re-

action between the total cathode-plate ca-

pcitircc and a separate low-Q circuit com-
c: ; capacitive voltage divider (C,.t

together with grid in-
^vtance l,. A certain frequency at which

>,»o leech::*; paths nullity each other

freavcKcy (i.) cf
v.': tune. 1 frequency usually falls' in the

c " : cc"" t;,*:ng the tube into a

Cr 1?:kel5s,s
*‘

i!] sl*r the

.

1 i]

\
f -neutjah^ing ^henomenon combes

©

oyipai

Figure 15

EQUIVALENT BRIDGE CIRCUIT

A—Cathode-piate bridge neutralizing circuit fer

cathode-driven amplifier. Balanced input tank

provides equal, out-of-phase voltages at B

end C.

B—Equivalent bridge circuit. Bridge is balanced

except tor C
t, which represents residual «•

pacit2nce from point B to ground. If the

belanced input circuit is high-C in compari*

son to the electrode capacitances. Ctv) and

C are swamped out and bridge may be con-

sidered to be balanced. A capacitor from

point B to ground provides exact balance.

work (figure 16A) and which may be ex-

plained by a vector diagram (figure 16B).

The r-f plate voltage (cr) causes a current

(i) to flow through Cr^ and Lr- If the re-

actance of L
7 is small in comparison with

the reactance of Cr-~ (as would be the care

below the self-neutralizing frequency), the

current (/) will lead the plate voltage (r.)

by 90 degrees. In flowing through L- this

current develops a grid voltage (<•[,) which

is 1F0 degrees cut of phase with r
r
and aho

the voltage (r») fed back to the cathode

via C-. and series-connected C... and Cr.
;
-

At <om; frequency the voltage i'fj ) de-

veloped across L. will just equal the voltage

fed back through the ir.terefectrode capei*

tar.ccs (>.. ) . The frequency at which (a "
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W’hcn a cathode-driven amplifier is op-

erated at the higher frequencies, the internal

capacitances and the inductance of the grid

structure of the tube (or tubes) contribute

to the degree of feedback. To achieve sta-

bility, the various feedback paths through

the distributed constants in the tube struc-

urc must he balanced our, or nulled, by

neutralizing techniques. Proper neutraliza-

tion is defined as the state in which: with

plate and cathode tank circuits resonant and

with maximum cathode voltage, minimum

plate current and maximum power output

occur simultaneously. This implies that in-

put and output circuits are independent of

each other with respect to common reactive

currents, and that the tuning of the circuits

reveals no interaction.

This definition provides the user of a

cathode-driven ("groundcd-grid”) amplifier

a quick and easy means of checking ampli-

fier stability. When the amplifier is properly

loaded and tuned with carrier insertion.

FEEDBACK PATHS WITHIN

CATHODE-DRIVEN AMPLIFIER

Cathode-plate, Cath ode-grid, and grid-plate ca-

pacitances, together with grid lead inductance

(I,) make up feedback paths that must be neu-

tralized for proper stability of the amplifier,

particularly in the vhf region. Tm feedback

paths enter the picture: the direct path from

plate to cathode via capacitance Ccj ,
and a

more indirect path via the series capacitors

(C
e f

and c
tJ and grid inductance l

3
.

Neutralizing Circuits Stable operation, partic-

ularly at the higher fre-

quencies, often calls for the cathode-driven

amplifier to be neutralized. Complete circuit

stability requires neutralization of two feed-

back paths, for which separate techniques

are required. The first feedback path involves

the cathade-phte capacitance (CP.V ). Al-

though the capacitance involved is small,

the path is critical and may require neutrali-

zation. This is accomplished either by a

shunt inductance or by a balanced capacitive

bridge. The first technique consists of con-

necting an inductance from plate to cathode

of such magnitude as to pass back to the

cathode a current equal in value but opposite

in phase to the current passing through the

cathode-plate capacitance (figure 14). This

is a version of the well-known inductive neu-

tralization circuit used in conventional grid-

driven amplifiers to balance out the effects

of grid-plate capacitance. The inductive neu-

tralizing circuit is frequency sensitive as the

inductor and cathode-plate capacitance of

the tube form a frequency-sensitive resonant

circuit at the operating frequency. Conse-

quently, as the operating frequency is moved,

the neutralizing circuit must be readjusted

to resonance.

Bridge Neutralization The second neutraliz-

ing technique is a var-

iation of the bridge neutralizing circuit

used in grid-driven circuits (figure 15).

Figure 14

INDUCTIVE NEUTRALIZATION

maximum grid current and minirauna plate

current should appear at the same setting o

the plate circuit tuning capacitor. I t ss

does not happen, the amplifier is not neu-

tralized in the strict sense of the wor •

Cathode-plate feedthrough capacitance is neu-

tralized by making the capacitor part of a

parallel-resonant circuit tuned to the operating

frequency by the addition of inductor L,,. Block-

ing capacitor is added to remove tie plate

voltage from the circuit.
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Belov/ the self-neutralizing frequency, the

tube can be neutralized by the addition of

a small inductor in the grid-to-ground path

(figure IS). Above this frequency, the tube

C 2n be neutralized by the addition of a

series capacitance in one of the grid leads

(figure 19). The original self-neutralizing

frequency (/.) was little changed by the

addition of the auxiliary circuit.

In the lower portion of the vhf spectrum

only one neutralizing technique may be

needed for a cathode-driven amplifier, at

leas: as far as amplifier stability goes. As the

frequency of operation is raised, however,

both feedback circuits require attention to

allow the amplifier to be properly neutral-

ized. In the hf region, the cathode-driven

amplifier, particularly when using well

shielded, low capacitance tubes, probably

will not require neutralization if the con-

struction of the amplifier is such so that

feedback between input and output circuit*

does no: take place due to lack of shielding

or feedback through the various power leads-
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Figure 16

GRJD-JWDUCTANCE NEUTRALIZATION

urr.i-.t f rt?ftr*rtzircr, rf tzittit-

tr'iYtn jr?!;f!r sr?*:-? ci;z:»*

tj'tti c? tats tr.i fefKta'tt.

®—Ve-sr tilin'tr.'. ci fttiitik rr'Uj«i is

z-^rt e-rsvR.

rots! to £«, is the ssh'-rfctsUi^s fjs-

ccacj'. A «cen£, sarwh: &c:£rf £r-

CBRJCV it vrh-ch ths CiZZ?.& gM CCTSZC-

ratsoa is in z «nes-r©^azn: «te_ rt-

teria tfunsnt fuqzsncj if-,) ci tr.i teas.

f .ivt?

Figure 17

INPUT-OUTPUT ISOLATION 0F3-4DDZ

IN CATHODE-DPJVEH CIRCUIT

Stffanriattftf rra;siscf sf 5-*K2 is

52 KHz. Tute is s:®W in a SSK**»

s;cV.« gsS r-tsS'Jretf is ersSKcs w/tr

Sizmtnt bbK. fisWiw fcteljrs is fj«r. s*sw

impsiir.M cf in?at zni cctprt d'.'wits is r-
ertiGsttd,

Figure IS

LOV/-FREQUEHCY NEUTRALIZING

CIRCUIT

e!!^- “ s ittr.KOtX-1 trtiU’x :f L‘:
“is* tv£ flirt cf xs?r*MC&frSttlr:- r.ty 6*
Zt;rst«c t7 tts «»£» cf as rtc-a-j
flO « ss.-jss win tr.i ri-tt-flsr.S fates: cf

Figure i!

VHF NEUTRALIZING CIRCUIT

CtL'z£*giins z.r.tfStr i$ r.tttr&i zizrs

ft! ssJT-wtiz'igrj Jrt;vc7 tr pSr'rcj e

ss-nss eaffsicnst J" crs p*2 tici. fiidlZs-

-? csz'«i fct r.sj,:srrs fctaftzgi issizU— zt

I1* iriz-irrj.
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io~- and high-frequency parasitic oscilla-

tions as discussed in Chaster II. It is then

run a: full input into a dummy load, of the

type described in Chapter 53. In short, it is

tne responsibility of the builder and user of

the equipment to make sure that it is work-
in? properly before it is put on the air in

order to make certain that interference is

not caused to other amateurs or other com-
munication services.

Warning—Radiation Hazard

Avoid ezporurc to strong r-f fields, even at
relatively low frequency. Absorption of r-f
energy by human tissue is dependent on fre-
quency. Under 30 MHz, most of the energy
Mil pass completely through the human
body with little attenuation or heating ef-

. agendes are concerned
«ith this hazard, however, even at th^**
frequencies.

Many power tubes are specifically designed
=o generate or amplify radio-'freouenev
^vver. There may be, relatively strong r-f

**?«»»« ^-ditsassocLed
CLCim..-the more power involved and

!i: ‘“k
' th! «™BCr the r-f

'«!<. Proper enclosure deiign and eScient-Plmgm
^ energy to th^oadwiS:

"" *I« vicinity of the r-fpo-m amplifier unit itself.

" '

ve-e ai

<

vSf

tf! f"‘ rJ5':l:i '!n 2rc roost ie-

c
;‘\e

T-
? c:u’iun must be

'^«rgy “rh^?°™re

l
i0i:r03

§

t:fr, o •

| x

“ ’ Jhc absorp-

Vriv l
n ti::uc K progro.

.iih can
S

f;rr'-:L.u.’„
*. ’

.

r2
*
r:<3 3r-d destructive,

v;t- •

‘ rn‘" bo-*/ io micro-

?<r ’^uyl z.l"
CTCet ' ot 10 milliwatt

n:v’ci*.
~:

f > “afe and

e-.r :rt rrriuliu^'S Human
tr.Kfv rr.irryy -^.1

'

kw-

c:n rcult i" -> , .
bnndficrs

Exposure to

:*:i
^ ^ Uif

be contained

.• r-f Vj.v/:"

Heeerdous Operation The operation of paw.
of Power Tubes

Er mbs involves* one

or more of the fol!o~-
mg hazards, any one of which, in the ab-
sence of safe_ operating practices and pre-
cautions, could result in serious harm to

personnel:

1. High voltaic. Normal operating volt-

ages can be deadly.

2. R-f 7aviation. Exposure to uhf or

microwave radiation mav cause seri-

ous bodily injury, possibly resulting

in blindness or death. Cardiac pace-

makers may be affected.

3. Glass explosion. Many electron tubes

hare gkss envelopes. Breaking the

glzss can cause an implosion, which
will result in an explosive scattering

0i glzss particles. Handle glass tubes

carefully.

n. Hot Surfaces. Surfaces of air-cooled

radiators 2nd other parts of tubes C2n
reach temperatures of several hun-
dred degrees and cause serious bums
if touched.

22-2 Amplifier Schematics

Shown in this section are schematics of

popular amphner designs of interest to

experimenters. Construction follows confer-
tienal techniques and where p!::c circuit

components are not specified, the reader is

referred to Chapter 13. which provides tables

fur p:- and pi-L networks based on the r-f

plate impedance of the amplifier tube, or

b suggested that the ccuirment be
built in shielded enclosed cabinets, or vtnti*

bores to reduce the problem of

High frequency amplifiers employing i

p:-networfc output circuit show- in this

chapter are designed to have a second har-

monic suppression o: over *0 dB zs referred

to the mean power output. The third har-

monic suppression should ^better thin fC-

> Char



CHAPTER TWENTY-TV/O

HF and VHF Power Amplifier

Construction

Parti HF Amplifiers

Construction o: amateur SSB and vhf

equipment is difficult a: best because of the

problems involved in obtaining many of the

components, in addition, costly and complex

test equipment is often required, making

the tad; of checking and testing the equip-

ment a formidable one lor the amateur

working on a slim budget.

On the other hand, dispensing with the

streamlined cabinet in place of a homemade

enclosure 2nd making the equipment a

single-band device, instead of a muitiband

one, can save money for the home builder

"'ho can spare the time to construct his

equipment. This is especially true with

power amplifiers for hf and vhf service

which can he built .it moderate cost and with

a minimum of test equipment. Best of all,

many of the components for these units

still seem to be. available at electronic surplus

outlets and some of the major distributors of

electronic equipment.

Shown in this chapter arc amplifiers of

varying complexity that are representative

of current amateur construction practice,

and that arc relatively foolproof in construc-

tion and operation. While complete layout

plans arc not given, the experienced amateur

should have no difficulty in building the

equipment, providing the layout follows

accepted engineering practices as outlined in

this Handbook.

The first part of this chapter covers

schematic diagrams of popular hf ampli-

fiers that have been requested by readers of

this Handbook. In order to conserve space

and yet permit the maximum amount of

information to be given, only a short de-

scription of each unit is provided. The more

22.1

complex vhf units arc described in detail in

the second part of this chapter.

22-1 Amplifier

Safety Summary

The amateur builder must remember that

the equipment described in this chapter op-

erates with extremely high voltages present

and that consequently he should take pre-

cautions to protect himself from shock. The

equipment should never be worked on when

primary power is applied. This warning is

doubly imperative to the solid-state experi-

menter. who often plunges his hand into

equipment operating at a source supply of

12 volts, or less. Voltages enconnferal in

high /«ii< cr transmitting equipment ure

ileitifl) find the equipment should never be

turned nn unless the operator is well clear of

the rimiitry involved.

It is urged that a shorting stick be used to

short out the high-voltage circuitry in equip-

ment such as described in this chapter be-

fore work is done on ir. The shorting stick

is a dry, wood dowel rod having a metal

poinc on the end. The point is connected to

ground by means of a flexible, insulated

wire jumper. Before work is scarred, the

jumper is grounded to the negative of the

power supply and the high-voiwge terminal

of the equipment shotted to ground by

means of the stick. The wire-side of the

shorting stick majr be permanently hooked to

the negative side of the power supply and

mounted at the side of the workbench or

operating- table for quick use.

Before the equipment is placed on the air,

it should be thoroughly bench-checked for
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TABLE 1 |

I.KcTWORK VALUES

FOR 50-OHM LOAD

C/-f; L. lH -

:E03 7*20 23 D

2~00 30

1

--D 1E50
i

220 ?25 2.7

~ D 7C0 1.5

ED “~0

EO-Ve-r :;h ?32
: :: 5 :*C ‘-j?'. cages-

|

j

for maximum output. Plate current sh;

be held to 2'U mA. or less. The switc

now turned to vprrsir and the drive 1

increased ter a plate current re:dine c: nl

500 mA. The amplifier controls arc a

adjusted fer maximum output. Drive 1

is increased until maximum output is

mutely <00 mA. This will occur with

•00 to 325 watts of drive power. Do

allow maximum continuous plate currer

rlcw for more than 50 seconds, or the

.

plincr rubes may be damaged. If longer t

m« time is required, switch to :i
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for the discussion sad attenuation data for

pi-L output networks. Substitution of a pi-

L network for a pi-setwoik will increase

harmonic attenuation substantially.

A 700-Waff PEP Skown in figure 1 is the

Amplifier Using schematic for an inexpen-

Sweep Tubes sire, single-band linear am-

plifier. Four heavy duty

6MJ6 TV-type sweep tubes are used in

cathode-driven service, operating at a plate

potential of 800 volts. Plate current require-

ments is about SOQ isA peak, or 400 mk
average.

The four sweep tubes arc parallel-con-

nected, with the #1 grid tied to the cathode.

This reduces the resting plate current and

prevents excessive grid dissipation, which

occurs at peak power level when all grids

arc strapped together. The #2 and #5 grids

are at r-f ground porenri.il bur have a small

amount of negative bias applied by virtue of

rectified filament voltage supplied bv diode

D,.

The r-f plate impedance of this amplifier

is of the order of 52f ohms and the piste

tank circuit constants for that value are

given in Tabic I. The amplifier incorporates

a hniMifi switch (S,) which permits ad-

justment with extra cathode bias in the

circuit to reduce amplifier input during

tuning.

Amplifier tuneup is straightforward. An
$\VR or power output meter in the antenna

circuit is recommended for observation of

amplifier operation. A low drive level is

Figure

)

SCHEMATIC OF MULTIPLE SWEEP-TUBE AMPLIFIER

B,—Red pifot lamp, s.s-volt bulb

C.-Tuning capacitor. 2 kV working voltage. See

Table 1

C—Loading capacitor. 503 V working voltage.

See Table 1

F-Fan. Ripley SM125 cooling fan. or etjuivalent

j,t J -Coaxial receptacle. SO-235 or equivalent

l,—Plate inductor. See Table 1

M—

D

-1 dc ammeter

PC—50-ohm, 2-watt composition resistor wound

with S turns wire spaced tc length at

resistor
,

. „
RFC,—7»iH, 1 ampere. £0 turns <20 enamel close-

wound on Va" diam form

RFC.—200 riH, 800 mfl. Miller RFC-3.5 or Miller

4524

RFC.—25 mH, SO mA
RV—J-pofe, double-throw relay with fJ-Vac coil

S,A,8,C—3-pcle, 3-position rotary switch

t’—6.3 volts at 10 amperes
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onds. With experience in tuning, it will be

found that 50 seconds is more than enough

time.

Under voice conditions, with no speech

clipping or compression, plate current will

peak between 350 mA and 400 mA for full

output. It is easy to produce higher meter

readings but fiattopping and distortion will

result. For operation under c-w conditions,

the function switch may be placed in the

him position, or amplifier loading and drive

reduced for a current reading of approxi-

mately 500 mA. The amplifier is actuated

for VOX operation by shorting the relay

control terminals. (Note: While somewhat

less rugged, type 6TE6 or 6LQ6 may be

directly substituted for the type 6MJ6).

A Universe! Grid*driven Shown in figure 2 is

Tetrode Amplifier the generalized sche-

matic for a pzrallel-

connected, grid driven tetrode amplifier.

The design is suitable for power tubes rang-

ing from the 6146B to the 4CX10G0A. Elec-

trode voltages and currents should be de-

rived from the manufacturer’s data sheet

for the specific tube type used.

The circuit is straightforward. A Pi-L

plate circuit is chosen to provide maximum

harmonic rejection. Using the data given in

Chapter 11, the network can be designed

to match the plate load resistance presented

by the parallel-connected tubes. For two

tubes, the data given in the charts, for a

particular value of load impedance is cor-

rect provided the total plate current gure

is used to derive the load resistance.

Lead filtering and bypassing u accom-

plished as discussed elsewhere m this tom-

book. If the tube(s) have multiple cathode

terminals, each one must be bypassed to

ground separately (C,)- AH components are

chosen with regard to the operating poten

rials and currents.
. ,

, .

A 10-otm, 10-watt resistor is P»K“ “

series with the plate r-f choke to ower t e

0 of the choke and to serve as a surge sup-

pressor in case of an inadvertent arc in tto

plate citcnit. Individual parasitic suppres-

sors are used in the plate and gnd lea —

the stage is neutralized by the bn ge

nx’que discussed in chapter 11- The T
,

U
V-

j

the neutralizing capacitor (CL) and e gn

bypass capacitor (C5) are chosen so as

permit the neutralization bridge to

anced with as large a value of C5 as possible,

Resistor R; is chosen to swamp out excessive

drive power and should be a composition

type device.

Resistors R* and Rs are included to en-

sure that the screen and grid power supplies

present 2 low dc impedance path to the cath-

ode. This is especially critical in the case of

high-gain tetrodes, such as the 4CXJOOOA

and 4CX1500B. The grid resistor may be

placed in the power supply 2nd should hold

the grid-to-ground resistance to less than

10,000 ohms. The series-connected screen

resisror (R4), permits the amplifier to be

tuned up at reduced screen voltage and re-

duced input. Screen voltage is dropped to

about half-value, or less, by means of the

resistor which is brought into the circuit in

the tune position of switch Si. Resistor Ri

is chosen to hold the dc impedance-to-cath-

ode path of the screen supply to between

10,000 to 50,000 ohms, depending on tube

type regardless of the setting of switch Sj.

If the screen circuit of m2ny high-gain

power tetrodes is broken without 2 low-im-

pedance path to ground present, the screen

element of the tube will instantaneously as-

sume the plate potential due to the electron

Sow within the tube. This can damage the

screen and the screen bypass capacitor be-

fore the plnte Toltage can be removed. A

permanent dc return path* provided^ by re-

sistor R-, prevents this from happening.

Plate-current metering is accomplished in

the cathode circuit for safety reasons. The

meter reads combined phte and screen cur-

rent. The larter must be subtracted from

the reading in order to ascertain the true

plate current.

Some krge tetrodes exhibit negative screen

current over a portion of the operating

cycle. The screen meter (Ms) should there-

fore incorporate an elevated zero point so

that negative current can be read. Alter-

natively, the meter can be placed before the

screen stabilizing resistor (Ri) so ™ac it

reads screen current (sometimes negative)

and bleeder current (always positive).

In a Class-ABj amplifier, the grid is never

driven positive and grid current never flows.

Any appreciable grid current noted on mod-

ulation peaks indicates the amplifier is bring

driven into the disunion region.

For maximum stability and freedom from

phase modulation of the SSB signal the am-

plifier should be neutralized even though it
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reached opcwlinc rcmpcrprurc (about O.J

second).

Plate and screen voltage should never be

applied to oxide-coated, cathode type power

tubes (4CX2MB, JCXiODOA. etc.) until

the filament has reached operating temper-

ature, otherwise damage to the tube cathode

may result. Delay time i< commonly stipu-

lated on the tube’s data sheet. Thoriated

tungsten type tubes ?00A, *MOOOA,

etc.) have a quick-heating filament and

plate voltage may be applied to the tube

at the same time the filament voltage is

switched on,

The power gain of grid-driven tetrode

tubes can approach 2J dB under some cir-

cumstances. This means that very little

driving power is required: only a sufficient

amount to overcome grid circuit losses.

Swamping the grid circuit will increase the

driving power and lower the stage gain. If

maximum stage gain is desired, care must

be taken to make sure that output power

from the stage cannot return to the input

circuit via the power leads of the amplifier

and the power leads of the driver. In many

instances, power is inadvertently introduced

into these stages via unshielded wires. Care

must be taken in amplifier construction to

make sure that output power does not feed

back into the driver circuitry'.

External feedback can often be neutral-

ized out by adjustment of neutralizing ca-

pacitor C,. However, such an adjustment is

frequency-sensitive and the stage must be re-

neutralized if the frequency of operation is

shifted. It is better to isolate the power

leads and properly shield the amplifier to

achieved neutralization over the frequency

range of the amplifier.

It is prudent to monitor the filament

voltage of the amplifier tubes. Filament volt-

age should be adjustable to within the limits

established by the manufacturer. It is bet-

ter to err on the under-voltage side, rather

than the over-voltage side. Filament voltage

should be monitored with a meter having a

scale accuracy of one percent, The common

rectifier type of meter in wide usage should

not be relied upon for ac filament voltage

measurement. Only an rms-responding type

of meter of known accuracy should be used.

REPRESENTATIVE SCHEMATIC FOR GROUNDED-GRID TR1DDE AMPLIFIER

C,—Cathode tuning capacitor See table 2 for

c”5n, cpscitar. mm '•»«< "

1.5 times do plate voltage
_

.

.

C,—Loading capacitor. Wording voltag

0.3 times de plate voltage

Li—Cathode tuning coil. See tame z

Li, Lr—See chapter 11, Seclion 12 f« data on

pi-l network components

Mt—0-100 m»
M»—0-500 mfl

PC-four turns #16 spaced around 47-ohm, 2-

watt composition resistor
.

•

RFCt—Solenoid-type r-f choke. Approximate 2fl®

RfL—Bifitar winding. E2ch coil is 14 turns #12

e„ on ferrite core, 5" long, W ammeter. {In-

diana-General CF-5C3)

T—Filament transformer. 64 volts at 8 amperes

Blower—Rotary fan, 4W diameter impeller
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Figure S

SCHEMATIC. 4CX250B AMPLIFIER

c Sr.M ic:-cF cer sef.icr. ,c:
-

ip.'iirc.

c-tsr: pr, .or spstmc. ;jc»scn asss'3 sro

‘tuo).
L—

i
;*C-ntUr ct>i) « turns. *,* earner tuttmi:.

I -ft!-:: rrtff Cl.l'i V; turrs. i»" ccpprr tuS-

iT. f rsict tf.jm.. 3“ lane. Tjr at center

U ft rcter ct-‘) :: tu*rs >U if t

:• r c.jm., rr trrj. Tap ?! center

frc

.

rrc-i«: rated jt r:: r.t. jay. ».m-
*«* nrc-ii

;~:irv4.j v,. *.«.>;{
, n 37

f* -trst, etr.— -i i-tu'eti:-. cai!

2 l 5 2mp, Star, car P-!iSS. Renave turns frem

rizrr.cn! winding la provide IX veils «P- er

IC2d

B—Ripley £1 (left h.2nd) with :3*" ir-.ptlter.

3tC: r.p.n.. S* c.f.n.

J . J
;

—caaml receptacle. SO-235

s ,,
' :*pc!c, S-pasitian. fiadia Switch Carp.

(M 2 r)h:rp. N. j.) t.'.cdel IB with twa styie *

Raters (stardsrd)

SH — *C chrr.s, t*w2 «t

SH.— shunt ts mzteh raster r.aremtnt

CB—irr-TT-.A. cirtu't irejVer {Htinrnzrr), IS-

2-;p service.

•f — c; r.:iii!,“.ptres. Cziitratf ' :r

zr-d 1-V.l rrt r:r£ts

0 . D -isarrs. C*:-v;lt Fiv. t jr.p

S::‘ets— li-.:a sk-7e: far -*j

fi: plus SK-?:£ chirrry tar tKll»

iCxrstB

£ CXI £ C a Lines r 1 v o 4Xl 50.*,?-, Tna tv.-p high-ssin tetroce* ire fu:r. »•*

A« rM,fffw i r 4CX A* are oreratfi c !:s< AB- rr^ds wiih drive sfplied »
3.M9.7 MHz driver. rr>:c cathsdw ;r.d normal dc opcr:rirc —
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Ths two tubes draw about 50 mA resting

plate current. This may be reduced to near

zero by placement of 3 zener diode at point

A* in the filament return circuit. A 5.?-volt

10-wat: device (HEP-25500 or equivalent)

should be used with the positive terminal

connected to the ccntcrtap of the filament

transformer.

Metering is accomplished in the negative

power leads and the negative circuit 0 : the

high voltage supply is raised above ground

by a 200-ohm 1 0-watt resistor placed across

the meter circuitry. The potential difference

between B-minus and ground is less than s

volt but the negative circuit of the power

supply must not be grounded, otherwise the

meter circuitry will be shorted out.

Once the amplifier is wired and checked

the tuned cathode circuit (L.-C;) should

be adjusted to midband frequency with the

aid of a dip meter. Plate circuit resonance

can be roughly established in this fashion

Figure 5

TOP VIEW OF 4CX250B

LINEAR AMPLIFIER

when loading capacitor Q remains set at

maximum capacitance.

Initial tuneup should be done at reduced

piste voltage, say, 1500 volts. Drive is ap-

plied and tuning capacitor G* is adjusted for

maximum power output as indicated by sn

external wattmeter or $VR meter. Capaci-

tor C: (load) is then adjusted for maximum
Output.

Plate voltage is now raised to the operat-

ing value and drive power advanced

until plate current is near 400 mA. The

tuning and loading capacitors are adjusted

for maximum power output and minimum
plate current, which should be about

400 mA. Tuning adjustments should be lim-

ited to periods of less than 30 seconds in

order to 2U0W the tubes to cool. During

normal operation, the anodes of the tubes

will approach a dull red color on voice peaks.

It is important that proper ventilation

be maintained about the tubes. The small

axial tan is positioned to blow across the

gkss envelopes and the warm air is exhausted

out the top of the amplifier cabinet.

Because these tubes are running at near

maximum allowable input, the use of speech

compression or dipping is not recommended.

Center compartment contains

the mein r-f components. At

the rear are the two ACXStW

tubes mounted on a small

chassis adjacent to the blower.

To the right of the tubes is the

small drawn aluminum case

containing the output reflec-

tometer. Plate loading and tun-

ing capacitors are mounted at

the fight of the compartment

on the front subpane!. Central

area contains the three plate-

circuit inductors and the band-

switch. low- and medium-fre-

quency inductors are mounted

to the sides of the compart-

ment with small ceramic stand-

off insulators, and the high-

frequency coil is supported by

bandswitch and tuning capaci-

tor. The plate r-f choke is

placed vertically at the rear

of the compartment with the

plate-fi locking capacitor atop

it The blower, filament trans-

former, and auxiliary compo-

nents are mounted to the left

of the r-f compartment The

circuit breaker overload po-

tentiometer (Rj) is mounted to

the outer wall of the indesure.

Electron tuning tube is mount-

ed to the front panel by s

bracket which encircles the

tube.
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A 4-100QA Grounded* The 4- 1000A tetrode

grid Amplifier makes an excellent

croundeH-grid triode

vhen the end cr.d screen, are strapped to-

gether (figure ?). At a plate potential oi

3.5 1;V to 4 kV the 4-1000A will operate

at 2 kT PEP input with a driving power

of only Ilil watts, PEP.

An L-r.crwork is used to march the in-

nut impedance of the rube (about 100

ohms) to a 50-ohm drive source. Data tor

the network is given in Table 5. Heavy

duty, transmitting-type mica capacitors are

suggested for cathode capacitor Q.
Gride and plate current metering is cone

in the ground return circuits. If cuton bias

is desired during standby periods, a 25 K.

t0“Wat; resistor may be placed in the 51a-

roen: return circuit at X. The resistor is

then shorted out by contacts on the VOX
relay during transmissions.

A pi»L plate circuit is used for maximum
harmonic attenuation. The plate load im-

pedance of the --1000A is 5000 ohms at a

plate potential 0 : 5.5 kV ar.d 5500 ohms
tor a potential of 4 V.Y. Data to design the

plate circuit i? given in chapter 11 c: this

Handboeh. Typical operating values for the

amplifier are given in Tab!? 5.

22-3 The KW-1 Mark III

Lincor Amplifier Usino

the- SS75
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1

P2

Figure 7

4CX25QB PLATE AND SCREEN

POWER SUPPLY

blower. Cooling air is exhausted through the

toctars and chimneys. The three sections of

the piate tank coil are p]aced in the center

area of the chassis behind the bandswitch.

The electron-ray tube is mounted horizon-

tally at the rear of the panel behind a thin

cutout.

T,—1600-volt center tap, 500-mA secondary. Cen-

ter tap insulated for 3kV. 117-veU primary

D-D—Diode bridge. Each leg requires six

1N4005 Silicon diodes, 500-volt PIV at t am-

pere in series. Each diode is shunted by a

.01-iiF ceramic capacitor and a «0K, i-wan

resistor

A built-in bias supply provides 22? volts

and the VOX relay permits plate current

cutoff in the receive mode.

An electron-ray peak indicator (figure S)

is incorporated in the amplifier which sam-

ples the instantaneous r-f plate voltage, a

portion of which is used for ALC voltage.

The electron-ray tuning tube is used to

establish proper plate loading. Vith no

drive signal, the pattern of the tube is open,

gradually dosing with increased signal vo t-

age until at the optimum plate load condition

the pattern is closed, showing a solid green

bar in the viewing portion of the rube.

In the standby mode, the linear ampler

is biased to cutoff by relay RA permitting

the use of an intermittent voice service-rate

power supply (see Power Supply chapter).

The amplifier is built on a chassis mea-

suring 14" x 10" x 5" and fits within a

shielded inclosure. Ihe main bandsv.jtc an

pi-network loading capacitor are contain

^
in cutout areas in the chassis. The tu^ s a

mounted in a small box at the c assis rea

which measures about f*/j ^ ^ ,/j

high. Sockets and auxiliary
components

^

placed in the box, one end of w ic

hole cut in it to match the opening o

ELECTRON-EYE PEAK INDICATOR

AND ALC CIRCUITRY

The EFGE/EM-S4 tuning indicator is used for an

r-f peak-level indicator in the linear amplifier,

R.f voltage is sampled, rectified, and applied to

the gate (pin 1] of the indicator. The pattern »s

formed between the deflection elements (pms

6 and 71 and appears as a horizontal Ime, Am-

olitude of indication is adjustable by means of

mica compression capacitor C,. ALC conlrol

voltage is tafcen from plate circuit and mag-

nitude established by capacitor C4
. Control point

may be set by adj'ust/ng diode bras voltage with

“Adjust ALC” potentiometer R,.

Filament voltage is checked at 6.0 volts.

The amplifier inclostirc is closed and high

voltages arc applied. One tube at a »

run with no drive signal and the bas ad-

justed for a resting plate current of 1 00 mA.

Caricr is now inserted and the amplifier

loaded and tuned for a maximum peak plate

current of SCO mA. Screen current mU be

20 to 50 mA, which includes the bleeder

current flowing through the J0K screen

resistor. Power output will run atom 650

watts on ail bands.
. r

Once the amplifier is operating propcrls.

the electron-rav tube is adjusted to com-

pletely close at maximum PHP power mp«

bv adiustment ot capacitor C-, Once c..

The magnitude of the AI.C soilage l - • .

SusJnr of capacitor C, and?™
cterR, (which controls the threshold s alt-
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Figure $

SCHEMATIC, 4*fCCJA G-G AMPLIFIER

Cr-Taaing eapaoffcr. 3» pF sitW MKz. (Vss BiV IV. ctzis it'tt ft fcnys r*>

fe-Aoiiirg epzc'rtcr. 158 pF zi 1 W rrrrsi ffCM fcpj.

—Inpin tuning capacifcr. Sss izSJs 5 RFCa—SiHlar winiicg. Each coil is 14 tons #10
Ux L*, L-—S£s tails 3 e. cn fcrrfts ccrs, ?* tu.g, «$- fta ffcSfcs*.

It?—Srfcf nretsr.c-l?; nA Gsr.e&i C&SzS).

Uz-PJafc r.sler. tyiKj rJ5 Tr-7J r:Ks, 21 amperes. CfiiKSP-Stenssr P.*££7

toms #ie, ty tffemstsr «ssr5 47-eSn ssSJcetfcrMKW-SlWK
2-jrstt resistor Ciir.nsy ft:
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or less, An additional loading capacitance

(C,) is 2utow.ztk2.lly switched into the

circuit for SO-meter operation.

Amplifier The amplifier is built on an

ConstfucHen aluminum chassis measuring

12" X 5
" X 2 V". Inclo-

sure height is 7". Front 2nd back panels of

the box are cut from /?," aluminum and the

U-shaped cover is made of thin aluminum

sheet. A X 3" perforated aluminum

plate is riveted in a cutout in the top of the

cover to allow cooling air to escape from

the inclosure. Angle stock is bolted around

the top and side edges of the front and rear

panels as a mounting surface for the cover.

The two meters are inclosed in 2 cur

down minibox which serves as an r-f shield

and an L-shaped bracket shields the filament

transformer 2nd antenna relay from the am-

plifier output circuitry.

Placement of the major components may

be seen in figure 12. The 8875 is positioned

carefully in front of the orifice of the blower

and about one inch away. Six quarter-inch

holes are drilled in the chassis around the

tube socket to allow under-ch2ssis air to be

drawn up by convection to cool the base

of the tube.

The cathode tuned circuits {T;. T;) 2nd

the time delay relay are mounted cn 2n

under-chassis shield plate, as seen in figure

13. The resistors making up the input atten-

uator arc mounted immediately to the rear

of this plate on two phenolic terminal strips.

Figure 12

inside view of the kvm amplifier

t'cwtr pe»iutrti t: ?i fe* it seres? ifc* tr-zit czz'**.

V f !i,f t,;: li S'f »: tmpt itcri urctr trr cMii i ty d
r»rtr

p
<s*e CCl! ,« bt>ui is i** «**«'* * !

-tte tt'f Svrl-f s"i !-
fc?

! "I.'tt; J- t*-t s tit t'tU \*t itti'.tt CKt'. ’d
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Figure 11

SCHEMATIC, KW-1

C.—ISO pF, 3 kV. Johnson 1S4-S (Z6-SG)

C,—Centratab type 85BS (21-109)

C,—11DO pF, (26-97, 1700 pF may be ^a >

V-1MS meter coil. S toms

side diameter, ZVi" long'. 10-meter tap

from plate end (40-598)

1,-20-40-80 meter coil. 1'Ki" tf,at

?
e * r

^rh.
long. Wound with =16 wire at 9 l“ms

^ j
20-meter section, 4 tarns,

^™tersecWn,7

turns; 60-meter section, 10 turns. Space ce

tween sections is Vs".

RFC,-30 «H (45-18]
. „„

RFC,—Trifilar choke. 20 turns f «n

emeter ferrite eere, Si" ImS.I 1"* !

eral]. interwind with third wmtfmg

LINEAR AMPLIFIER

insulated wire. («-60 with interwound wind-

ing of =22 insulated wire)

RFC,-SO £H (45-61), or Ohmi!eM4

SG -Surge arrestor. 23C-vc!t peak. S.gnaMe

CG-23CL Siemens 81-6230 cr Reliable Eleolnc

SR-P17170

T—2-s rclts, 1 ampere

T_u volts, 5 amperes

TO-Time delay relay. 65 seconds. JnpeMe

115CS0T
_ ,

B—Dayton 2C7n.3iE0rpm.2'i- Wheel

pZ—iV: turns *16 around 5:-ehm, t*watt c.m-

position resistor

Mete: Heath part numbers r«n in parenthesis.
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Figure 14.

CIOSEUP OF 8875 SOCKET WIRING

To the ri£ht cf the socket is the smelt giess-

fr.ciptuistetf sperfc lip connected between grid

terminal? and the chassis. The trifilar filament

click is in the foreground.

Amplifier Tuning Tiring <hould be cont-

end Adjustment plctcly cheeked before

power is applied. The

'ppronrn.itc -citing! of the plate tank cir-

cuit should be determined for each band

with the aid of a grid-dip oscillator. The

slug cores of the cathode transformers arc

adjusted to midband resonance for esc«.

position or the bandchange svrhcn.
^

The dJjmt bhis potentiometer is «i icr

maximum grid bias and filament voltage is

applied to 'the 8875 and checked at t.

;

£

cocker. Caution: The cabinet cover shouJj

now be bolted in place as high voltage points

are exposed in the ampliner.
<

An exciter and dummy load arc attacheo

to the amplifier and high voltage apphea.

The VOX circuit should be energized by

grounding the VOX terminal Thc^m?>

her is now ready to be tuned up. Alter »>•*

time-delay relay has closed, the bias poten-

tiometer is adjusted for a resting plate cur-

rent of about 25 mA. A small amount Q*

carrier is applied to the amplifier as a tuning

signal until about 150 mA of plate currco.

is indicated. The amplifier is tuned to res-

onance and peaked for maximum reading on

the output meter. Once resonance is estab-

lished. the tuning and loading controls arc

adjusted for maximum output as the driving

signal is gradually increased. The loading

capacitor should be near full capacitance

for 80 and 40 meters, about 60 percent

meshed for 20 meters and slightly less o.

15 and 10 meters. Maximum carrier signal

plate current is 450 mA and corresponding

grid current is 30 mA.

The last step is to peak the input trans-

formers for maximum grid current on ac

.

band, retarding the excitation so as not to

overdrive the amplifier.

Figure 15

POWER SUPPLY,

KW-1 AMPLIFIER

prirr.tr/.

ptar.eiry

h ieg.

diode

PY,—2<-vstt a DP5t
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Figure 13

UNDER-CHASSIS VIEW OF AMPLIFIER

The tuned cathode circuits are in the partitioned area at the upper right with the input attenuator

pad directly behind it. /it center are the glass encapsulated time-delay relay and the bias power supply.

The 8875 socket and filament choke are at lower left.

M;any of rbe components used in this

amplifier are replacement parts for the

Heath SB-200 linear amplifier 2nd were

ordered directly from the Service Depart-

ment, Heath Co., Benton Harbor, Michigan

49022 under the identification number giv-

en in the parts list. Other similar compon-

ents will work as well as the particular parts

used in this amplifier.

Transmitter fbe schematic of the KXV-l

Power Supply Mark III power supply is

shown in figure If. A multi-

conductor cable connects the supply to the

amplifier along wirh rhe high voltage lead,

which is run in RG-59A1 coax. The ji/a-

ment switch on the panel of the amplifier

controls the primary power circuit and the

time delay relay and plate switch activate

the transmit relay control circuitry. The

power supply is energized by grounding the

VOX control terminal on rbe rear of the

amplifier chassis. The power supply provides

approximately 2500 volts under no-signal

conditions and 2100 volts at a peak plate

current of 4S0 milliampercs. The dynamic

characteristics of the power supply allow

the amplifier to develop about 2DH greater

peak SSB envelope power for a given level

of c-w input. The power supply utilizes 3

voltage doubler circuit and incorporates

high voltage metering. Supply voltage h

checked with a meter of known accuracy

and the meter calibrate porenriometer is ad-

justed to provide the same reading on the

pane! meter of the amplifier.
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circuitry. Peak drive pov/er is of the order

of 50 Witts, and the amplifier may be driven

by any 5SB exciter capable of this po«'er

output.

The Amplifier This ZOOO-TOtt PE? Ihetr

Circuit amplifier employs tvo zero-

bias triode rubes connected in

cathode-driven, grounded-grid configuration

Figure 17

SCHEMATIC OF 500Z LINEAR AMPLIFIERc—Vfi cr. l-VV m;t!
C«. pr. i-w r.ica

•C75'' JP z::in E- Jelmssn tsc-S
C«, Ct—icce p r, «.vy n ;,s £

pF
' *«stiea. Ji:V.*an Bras. LE2-«SS5-3t0

t: ^
Cs'.h t;:;> cioitiwfliti

' l2r‘tl?f ,crm* C:i1 L > •- sinroung, ceil l« wsur.fl cn prwStrti-ircr

J 3 fit cn -Jinch tfisr.tttr firm, clcsewctnd. Dip z\\ tmen circuit; tc ewiw d

*vi cr-t:;j

f TCj—#/pp*cr. {; ...

t'Tt'ii tir«. iMrt*’rtte*irt r*‘sf*i3J;
!2tW!«r’3 wire deleter. 3H- lent. -i“ <an. cn ecri^i:

r rc,, rrc,-:* rif

‘*—^-3 vc'ts, 1 tr1

;:, tti'e-r f’J'tn

r.pitjr sk^i;s cr

S. f~t -fr.r'U ij *,» .'.i.

ir
“'i larr.5 ett tpicenrsurS sbeut Cfic rfi r

t .~t *r:r.;tt«, CentnUb PM:::

r. r^c-. wi.h jitVitn
pijr.t.jry £t j. gnrf yrrt

i-S**.. P?;,s S**.tc*; Cjrp. J'tCtl tt-f,
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Carrier is new remored 2nd voice ir.edu*

lation applied. A maximum of 1009 wares

PEP incut is achieved with peak voice cur-

rent of about 210 miiiiam-eres. For c-v

operation, carrier insertion is used and the

amplifier is loaded to 2 pbre current of

401) mA,

22-4 The 500Z 2-kW

PEP Linear Amplifier

for 10 thru SO Mefers

Two 5-400Z or 5-J00Z kigh-fi triods

tubes lorn the basis for this compact, multi-

band, high-power desk-top linear amplifier.

Heavy-duty design combined with rugged

components permit the amplifier to bt run

at full legal power level for S3B or c-v

service. Measuring only 16
r X 8" X 15

r

deep the amplifier i» small enough to be

placed on the operating table adjacent to

the S5B transceiver or exciter.

Auxiliary circuitry permits the exciter

to bypass the amplifier, if desired, for low-

power operation, and the uni: incorporates

automatic load control (AIC) for optimum

voice emaency in SSB operation. At raaxi-

mam input lerd the rhL-d-order incennoa-

ulation products 2re better than — 35 deci-

bels below one tons of 2 two-tone test signal,

attesting to the high degree of linearity at-

tained without the use of auxiliary feedback

Figure IS

TWO-KILOWATT PEP INPUT (S FEATURED IN THIS COMPACT

AMPLIFIER USINS ZERO BIAS TRI00ES

Thh few? saptiStr dims mBtfmnn PEP input cn sU JfJ
tt2s SAMZ frhiss 2re assrf in 2 catftres^mrEn, grccfiAe:f-gn3 errewt. ALC a ir..I—e-> zs 2 .

fi^cafencr.Inr-rciEafejeesncjsjsteru
.

Tf.e araprrftr is ficuss tf in 2 csffcrvtsi aluminum ears rs4 & snUrely ^ W,'SSS At Use ftp Cf tts ftent pans! sra the gritf sr.C plats metara. Tfie wUsna fe«W

(W is a? tfie left and the piste toning cntrcl (C«i at fte ngfitErii; **?,.*£.*£,
£&”£*» ttatwr ™*r invB. It. Wat) s Kami * «*w P*®1 •»

"

p2H?L
_ j. . j.

n-o ,-rWir cairn fe gray, with ITgftt^raEr. panel. After Ifts fcttarfng is
;y

5

a ££ »=Witt. Tf.! aft S *,
sprayea mw

ftet& pmnitg«s rrerenKrt cf air a£=trt Uis nKftMflasis arc*.
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A pi-network output circuit is used, capa-

ble of matching 50-ohm or 70-ohm coaxial

antenna circuits. For improved linearity and

ease of drive, a simple tuned-cathode input

circuit is ganged to the pi-network ampli-

fier bandswitch. Separate grid and plate

meters are used and a variable ALC circuit

is provided for connection to the exciter.

The amplifier is designed for operation over

a plate voltage range of 2000 to 2700 volts

and a plate potential of 2500 volts is rec-

ommended.

Amplifier Circuitry—The schematic of

the linear amplifier is shown in figure 17.

Two 5-400Z or 3-500Z cubes are connected

in parallel. Each of the three grid pins of

the tube sockets is grounded, and the driving

signal is applied to the filament circuit of

the tubes, which is isolated from ground by

a bifilar r-f choke. Neutralization is not

required because of the excellent circuit

isolation provided by the tubes and by the

circuit layout.

The driving signal is fed in a balanced

manner to the filament circuit of the two

tubes. Mica capacitors suitable for r-f serv-

ice are used to properly distribute the dnv-

ing signal to the tuned-cathode circuit and

the filaments of the tubes. Ceramic-disc

capacitors are not recommended for use in

this portion of the circuit because the peak

r-f current under full amplifier input may

be as high as 6 amperes or so The tuned-

cathode circuits (LA) me fi.«d-nmed w

the center of each amateur band and may be

forgotten.

The Plate Circnit-Plate voltage is ap-

plied to the tubes through a heavy duty r-f

choke bypassed at the B-plus end y a ow

inductance, ceramic capacitor. In addition,

the high voltage passes through a length or

shielded cable to the high-voltage connector

at the back of the chassis, and is further

bypassed to ground at that point. A single

,001-pF, 5-kV ceramic capacitor is used tor

the high-voltage plate-blocking apamor

and is mounted atop the plate t- c o 'e.

The pi-network coil is divided into two

parts for highest efficiency and ease in as-

sembly. The first portion covers 10.

20 meters, and an additional section is added

to the first to cover operation on 40 and SO

meters. Both coils are homemade and_ art

wound at a minimum cost. The bandswitch

is a Radio Switch Corp. high-voltage ce-

ramie-insulated unit mounted to the front

panel of the amplifier

A typical circuit 0 of 10 was chosen to

permit a reasonable value of capacitance to

be used at 80 meters and the number of

turns in the plate coils was adjusted to main-

tain this value of Q up thorugh 15 meters.

At 10 meters, the O rises to about 18 and

is largely determined by the minimum cir-

cuit capacitance achieved at this frequency.

The pi-network output capacitor is a three-

section, ceramic insulated 1100-pF unit. It

is sufficiently large for proper operation of

the amplifier on all bands through 40 meter

For 80-meter operation, an additional 500-pF

heavy duty mica capacitor is switched in

parallel with the variable unit to provide

good operation into low-impedance antenna

systems commonly found on this band. The

capacitor is connected to the unused 80-

meter position of the bandswitch.

The instantaneous r-f plate voltage is

sampled by a capacitive voltage divider and

applied to a reverse-biased rectifier (Di).

Bias level is set by means of an adjustable

potentiometer (ALC Level). When the r-f

voltage exceeds the bias level, an ALC pulse

is applied to the ALC control circuit of the

exciter. The r-f level applied to the control

circuit is set by adjustment of capacitor C5

and the voltage is determined by the ratio of

this capacitor to the 1-pF capacitor coupling

the ALC circuit to the plates of the ampli-

fier tubes. Aa a plate potential of 2500 or so,

the nominal value of r-f plate voltage swing

is about 1800 volts. If the ratio of the ca-

pacitive divider is 1:200, then about 90

volts of peak, pulse is applied to the diode.

Under normal operation, the diode is biased

to about d-30 volts and ALC pulses of

about one-half this value are normaL Thus,

the r-f voltage 2t the diode should be not

more than 45 volts or so, calling for a

capacitance ratio of about 1:500. This ratio

is well within the range of the mica com-

pression capacitor used for Cs.

The Metering Circuit—It is dangerous

practice to place the plate-current meter in

the B-plus lead to the amplifier unless the

meter is suitably insulated from ground

and isolated behind a protective panel so

that the operator cannot accidentally re-

ceive a shock from the zero-adjustment fix-

ture. If the meter is placed in the cathode

return circuit, it will read the cathode
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Mif'

Figure 20

OBLIQUE VIEW OF

PLATE CIRCUIT

The Eimac HR-E anode connecters art

used on the 3-500Z tubes, v/ith the para-

sitic suppressor mounted close to tbs

connector. The plate leads are made cf

lengths of flexible copper braid. BtUs

leads terminate at the plate-blocfcir.g

capacitor which is mounted to a smatl

bracket bolted to the stator terminal cf

the plate-tuning capacitor. At the far side

of the tuning capacitor is the 1-pF AlC

coupling capacitor, made of two 1-inch

diameter copper discs, spaced about fl-

inch apart. The upper disc is affixed to

the stator terminal of the capacitor and

the lower disc is supported by the feed-

through insulator mounted directly be-

neath it on the chassis deck.

input anil 2 T.'S' i'ltl' v.ij. r i..|»n on SSB)

either the .Mllli?. or I > im'/. may Ik ade-

Suarely cot.M I-}'
» 1'iinul air blast blown

1 .1 ...I. I,, i un.lll lol.ll V fan nrnn-
I-
1 « •" 1111 mown

.jiimt lilt tube |'i) a mull muiy fan, prop-

erly spacr.l (mm il'> "ilir. A drawing of
"• • 11 •’ ; slix'Ui in figure 21.such an iml*dl- <

The lof.iirw
122 2/M ceramic tube

socket is tifrcrf,
’ J minimum

amount of laut.il I''"'
11 "' be owned on

the g|j» |ta». id "" "die. I lie socket is

moimtni Iwlo" tU . In-m deck about 3/ln
"

to ptitsid.: an l

Kl1, ,h« of

the tuba llin.Hj.il
> In. Ii mdcr-chassis air

it drawn Its
.'..nw. ii-m. "» rotary fan is

mrilll|l:d
1,1 w, ™l>

t|, r nl it- fl'" UHenpe and blows

eoi.lin;' ...
-

llr T I* rhu
j|;. maximum

( apt
ul -I -Hit Mfi watts per

, u ,j f .i; lb- MfloX ami 450

,j. i,, fl-- *-*««. Vhit rim .

;t(, r
!«»•-' I'* n" { achieved with

jl.i ;ll
1 -I ‘b°tpitif)n » .lU f

f
i!

? W , ti;s5 ii.; titj'unum imitrtir

citifr t i>r v-ith

adequate safety factor. If it is desired to

operate the amplifier under steady-state

conditions (RTTY, for example), the power

input will have to be reduced to about

850 watts in the case of the 3-5 OOZ's or

750 watts for the 3 -4 OOZ’s. The alternative

is to install a forced-air cooling system to

boost the plate dissipation capability to the

maximum limit specified in the instruction

sheet for the tube type in question. The air

cooling system shown, however, is entirely

adequate for c-w and SSB operation under

normal operating conditions for extended

periods of time.

The perforated metal cabinet provides

maximum ventilation and, when the Hd i<

closed, provides good r-f inclosurc. In order

to permit the air to he drawn into the bot-

tom of the amplifier chassis, rubber "feet

arc placed at each corner of the cabinet, rais-

ing it about one inch above the surface on

winch it «its. 'flic top surface of the cabinet

should be kept clear to permit the heat to

freely escape from the amplifier when it h
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Figure 15

UNDER-CHASSIS VIEW OF AMPLIFIER

The cathode eireuif box is at the center of the chassis, wit/: the connecting load passing through
a feedthrough insulator at the left. The shaft of switch Sia passes through the wall of the upper
section of the box, only about l/16-inch above the level of the chassis amt is joined to the plate

bamfswitcfr ($«} with a brass coupling.

The three grid pins of the tube sockets are grounded to the mounting bolts. The sockets are
lowered below the chassis by means of spacers to permit cooling air to flow about the base of

the tubes. The tvro .(H-aiF mica coupling capacitors are placed adjacent to the left-hand tube socket,

with the ferrite-core filament choke running parallel to the rear of the chassis. Directly to the right

of the sockets are placed two phenolic terminal strips vrhich support the filament wiring, the 10K
VOX resistor and the f5-ohm meter safety resistor. The bypass capacitors for the "cold” end of the

filament choke are also located on one terminal strip.

At the left side of the chassis is a small phenolic board that holds mica compression capacitor

Ci and the components associated with the ALC circuit The Ate revet potentiometer is a smli
%'inch diameter control mounted on the rear lip of the chassis, adjacent to input receptacle Jr.

To the right of Ji is the high-voltage connector, wilh the .Ofl-jF, fi-kV disc capacitor mounted behind

it The antenna output circuitry is at the right end of Vie chassis. The connection (mm the plate-

loading capacitor passes through a ceramic feedthrough insulator near the panel, end the connection

to the coaxial receptacle (Ji) at the rear of the amplifier is made via a short length of RG-8/U

coaxial fine, The cuter braid of the fine is grounded to the chassis at each end.

and the filament seals at a temperature below

200 °C. Common practice calls for the rise

of special air-system sockets and chimneys)

in conjunction with a centrifugal blower to

maintain air Sow requirements to meet

these temperature limitations. Considerable

difficulty with conventional cooling tech-

niques has arisen, caused by the noise created

by the blower motor sad the movement of

air through the cooling system. Extensive

tests have shown that for c-w and SSB oper-

ation at the legal power limits (1-kW c-w
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Amplifier The over all dimensions of the

Construction perforated, wraparound cabinet

housing the amplifier are 16
r

wide, 8" high, and 15" deep. The amplifier

is built on a shallow chassis bent from a

single sheet of aluminum and measures lS%
r

wide, 12%" deep and has a I" lip at the

rear. Clearance under the chassis is 1 to

the bottom of the cabinet. An oblique view

of the chassis and cabinet, including the

placement of the major components is shown

in figure 20. The cooling fan is mounted to

the rear of the cabinet and forces air against

the two transmitting tubes through a 4"

WTI {»*»,{?•*!!

Figure 21

AIR-SYSTEM LAYOUT

Tfie Ripley fan (Ripley Co., Inc., Midflietown,

Conn.) is bolted to tfie rear of the cabinet be-

hind a 4%-inch diameter hole, covered with

y«nch mesh wire screen. The air blast passes
acres? the tube envelopes and the warm sir

is exhausted out the perforated top of the
amplifier cabinet The tube sockets are located

with respect to the fan to permit maximum
cooling air to envelop the tubes.

diameter hole cut in the rear panel of the

cabinet. The hole is covered with a piece of

wire mesh having ft squares.

Placement of the major components may
he seen in the photographs. Because of die

small depth of the chassis, placement of the

bandswitch and tuned cathode assembly if

criticaL The various cathode tuned circuits

^od bandchange switch are mounted in aa

inclosed box placed near the center of the

chassis, in ling vrith the main band change

switch. The cathode inclosure box is made

Up of two small aluminum chassis (5" X
3 Zi X 1") placed back to bach one 2top

and the other underneath the chassis. The
flanges of the chassis are cut on, and sub-

stitute Sanges are attached to the outside of

the chassis lips, permitting the two units to

be bolted together, as shown. The various

coils and bandswitch are mounted to the top

chassis bos. in line with the main switch

and connected to it with a shaft coupler.

The cathode coils and capacitors are as-

sembled and mounted in a vertical position

within the bos. Tie cathode tank-coil as-

sembly may be “bed and the tuned circuits

grid-dipped to the center of each amateur

band before the chassis box is bolted to the

corresponding cutout in the chassis.

The pi-network coil assembly is seen is

the top view photographs. The 10-15-20

meter coil is wound of No. 8 solid copper

wire. Ordinary plastic-covered house wire is

used, the plastic coating stripped off before

the cod is close wound on a suitable form.

Once the winding is completed, the co3 is

spaced and the taps are soldered in place.

Thin, l
/% wide copper strap is used for the

tap lead;. Each lead is pretinned at the end

Figure 22

0ME-MADE HIGH-VOLTAGE

afety shorting switch

op-ed around the proper coil nira 2nd

b place iritt a large lira- A poa-.

os is iraporram at this F° :r
-;

as - p

at floras HOTJEh the *

,<* the coil is cot to size, and the
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TWO-STAGE LINEAR AMPLIFIER WITH 3-1000Z

This rurncd, hirh-frain linear amplifier is designed for continuous-service operation at
Jj’S

power level. less than 1-watt PEP drive is required for full input. The amplifier is dcsin

single-band operation on any range of frequencies between 3.5 and 30 MHz-
, ,.--.7

The amplifier use: two tubes; a 4CX250B tetrode driver operating class ABi ant
\ watts

hinh.;, trirde in grounded-grid circuitry. For use with exciters having a power output of

PCP er to, the driver stage may be omitted. The amplifcr is designed for mounting in o
etj

15" cabinet. The top of the shielded inclosurc is removable, with top, sides and back being pen

to allow proper circulation of air within the amnlificr. m In a
Panel meters are (I. to r.): Multimeter M (l grid-current meter M>, and plate-current meter r

’‘driver
'lerticsi rwitien below the left-hand meter arc the incut and output tuning controls for •

. n(j

stafr, with the ALC Adjust, Adjust output, and meter-switch knobs to the right. Primary » « *

plate circuit twitches sr.d pilot lamps are at the bottom of the panel. At the right arc the p 3 ’

centre! (tep) and antenna-loading conlrol (bottom). The panel is painted a hammertono
g j-n

-

5h,
Irtferinc ptastd in position, then panel is given a spray coat of dear Krylon to protect

risen np-.T-itc-! under normal conditions,

•Jufs! -order intcrnioduhtlnn distortion

re of the t’.vft-stajje amplifier h better

: “ .v CeclK:!* b-’b>’" one tone of a uvo-

<t:re. hiph-gsin linear

; in tV’t::-’ and 27. The

J-1000Z high-/! mode Is operated in cath

ode-driven, grounded -grid service in

7cro-bias mode. A pi-1- network (Q,

L.) is used in the plate circuit to acUiC
\

maximum harmonic suppression. l?

r.-ork is designed to match a JO-o.im

having a maximum figure of J/ *
®

less, to restrict overload and fbtsopp.n,,.

a portion of the instantaneous r-f pi**c ‘ l> '
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connected so that it runs whenever the fila-

ment circuit is energized. An interlock

switch atop the cabinet should be immedi-

ately wired so that it opens the high-voltage

control relay in the power supply. In addi-

tion, a high-voltage shorting switch, such

as shown in the illustration (figure 22), is

suggested as an integral part of the ampli-

fier, since lethal voltages are exposed when

the lid of the cabinet is raised unless pre-

cautions 2re taken.

Typical operating voltages 2nd currents

for the 5-500Z tube are tabulated in Table

5, An operating plate potential of 2500 is

recommended with an intermittent-service

power supply capability of 800 mllliam-

peres.

Initial adjustment is greatly facilitated

with the aid of an SWR. meter or other

be achieved with the minimum drive level

2nd maximum antenna load level possible.

Under voice modulation, the plate current

will kick to about 440 mA and grid current

will kick to about 150 mA. For c-w opera-

tion at 2500 volts, plate loading and grid

drive are decreased until 400 mA plate cur-

rent and 125 mA grid current are noted on
the meters. As with aU grounded-grid ampli-

fiers, grid drive should never he applied be-

fore plate voltage, or damage to the tubes

may result.

22-5 A Two-Stage High-

Gain Amplifier Using

The 3-1000Z

Table 5
Typical Operating Data, 5-5001

R-F linear Amplifier Service, Class-B

(one tube)

DC Piste Votes* 1503 5003 2503

Zero signal Piste

Current (ms) 65 95 150

Single Tone

DC PlsteCvrrsnt (ms) 403 403 400

Single Tone

DC Grid Current (ma) 120 150 120

Two Tens

DC Phis Current (ma) 260 270 2c0

Two Tone

DC Grid Current (ms) EO eo 70

PEP Useful Output Power

{watts) 250 503 603

Resonant loed Impedence

(ohms) 1603 2750 3450

Interrr.oduleticn Distortion

Products (db) —45 —23 —23

output indicating device. Plate voltage is

applied to the amplifier 2nd the resting

plate current is noted. A small amount of

grid drive is introduced into the amplifier

and resonance established in the plam cir-

cuit. Drive and loading are gradually in-

creased, holding a ratio of about 5:1 be-

tween indicated plate and grid current. In

the case of the 5-50GZs, maximum indicated

grid current should be about 240 mA for

a plate current of S00 mA. This ratio should

This sturdy amplifier (figure 25) is de-

signed to operate at the 2-kW PEP input

level when driven by an SSB signal of not

more than 500 milliwatts PEP level. Ampli-

fier gain is better than 53 decibels, and

operation is stable under all normal condi-

tions. The amplifier is designed for single-

band operation at any freqvenq- between

5.5 MHz 2nd 50 ?>lHz, and specific data is

included for operation on any one of the

amateur lands between SO and 10 meters.

Tank circuits are designed for 2 coverage of

500 kHz at the low end of the range of

operation, 2nd for 1.5-MHz coverage 2: the

high end of the range. Used for heavy-duty

service, the amplifier is capable of key-down

(RTTY) service at the 2-k\v power input

level. Choice of nigged components and an

efficient cooling system assure reliable, trou-

ble-free, around-the-clock service.

The amplifier consists of .1 two-stage cir-

cuit, employing a 4CX250B ceramic tetrode

operaring class AB ; to drive a 5-3000Z

grounded-grid, class-B linear stage. For those

2m2tcurs having an SSB exciter capable of

about 70 W2 tts PEP output, the driver stage

may be eliminated, and the 5-IOOOZ stage

can be driven directly by the exciter. This

may be accomplished by breaking the inter-

connecting coaxial cable between the stages

at point X (figure 24). The 4CX250B stage

may then be omitted, or a switch installed

at this point to allow the amplifier to be

used 2 t two widely different drive level*.
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the resistor, the typical drive level is about

SCO milliwatts PEP for full output of the

two-stage amplifier at 3.S MHz.

The -CX250B has a relatively high-0

plate-tank circuit that is designed to work

into a 50-ohm bad. To combine high gain

with maximum stability, the driver grid and

plate circuits are carefully shielded from

each other. In addition, the chassis is ar-

ranged to isolate the input and output of

circuits within the mebsure by the use of

multiple bypass capacitors and uroper shield-

ing of the power and metering leads. The

majority of small components are removed

Figure 25

TOP VIEW OF HEAVY-DUTY
AMPLIFIER

which reads grid, screen, or plate current

of the 4CX250B, in addition to monitoring

relative power output of the amplifier. Meter

Mj measures grid current of the 3-10002

2nd merer M3 measures plate current in die

B-minus return lead to the power supply.

Both the 4CX250B and the 3-1OD0Z re-

quire forced-air cooling at 25 ci.m. A
single centrifugal blower provides tHs air

Bow, at a back pressure of about 0.4 inch c:

water.

Amplifier proper interstage shielding in

Construction this amplifier contribute; to

the high degree of stability-

The uni: is built within an aluminum en-

closure measuring IS" wide. 1 2
r

high, ana

15" deep. Sides and back of the in closure

are perforated to provide proper vena-

tion, as is the area of the top plate ore:

the 5-1000Z. The inclosure Is best out c:

fat plate and riveted together with "pro

rivets. The centrifugal blower is mounted

atop the chassis in 2 comer and draw? a:r

in through the rear of the inclosure and ex-

hausts it into the under-chassis area, wricn

serves as 2 plenum chamber. The under-char-

sis pressurized air is exhausted through tnr

5-1 00 0Z air-system socket, and also passes

into the driver box. providing proper cox-

ing for the -4CX250B rube. Air chimneys

arc used with both the 5-1 0C-C’Z an:

4CX250B rubes to direct the Sow ot coo.'

ing air over the tube seals ana anodes.
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Figure V.

SCHEMATIC OF 7Y/0-STASE HIGH-GAIN AMPLIFIER

lid!: £'2 toites £ sni 7 fir csil zr.i ezcnttcr Cz!a.

Js-UG-SrU, typa E!.'C ecsr.sster

Jr~UG-2?A/U, typs K KSSEttcr
h—UG~;:3’U, tr?8 HU esrxsster

FCr-3 lorns #74, s?2=*i sreirei s tt-chm, 2*

rrstt ccfflpssitcn r&sistsr

FCz—fiJ-£3 rnEfersJr 7 terns #12. *vr dna,
znuni 53*efinf 5-watt resistor, Ohrr.it! P-"o

(22-13 nstsn): 2 tores #12, ts siito. Ot:r:ri=

P-333 WrtiT Kims Ttxzr&s
(10 re store): 2 tons #12, ss share. Ohreito

p-j:: with tores rere.rrsS

RPCi—(23 mstars): 1-re.H. KO-reA.

(40-10 restore): 44-Ji, Ohn'fe 2-1

J

P.FCr-BiY/ f«::. Hcres-re.sto subsStoto: 74

fcHilar toms #IC e. wire cn fsrrita errs, *y*

Cram, r long, (teifess Esnerel CF-513 cere.)

Notch core with 51s and ssap to fcreaX to

ISRgtfl.

RFCr-{S-2: restore): 2S E13 rtS. B&Y/ 227.

Har.s-reato svhstrtrtss 123 toms #22, ?':•

inch dram., spacsd tf.sT Icon « fcpi Ss-iss

resenant at 24 KHz (13 rosters): 723 toms, as

age is sampled and rectified tor use as ALC
control, and applied so die exciter.

The 5-I000Z is coupled to die driver hr

a short length of coaxial line. The driver, s

atrrs, •" frog. Ssriss lescrarrt at 22 MHz.
(Serena toms iron B&W Etc) (1C restore): 7C

tores #12. ri-fceh dfeo, r Imp. ssties

resssani st r. MHZ.
RFC*—JLiH. Ohre.its Z-1S4

Tr-£3 vc’ts, 3 er.es, Chicasr-Storerer P-BtS

T.—7.S rclts, 21 amps. Ch-sagc-Stor.ccr P-3427

Ks—853-pF, rein ccrtpressico capacitcr. AP.CO

3C3U

Blare.-—22 cs. fL/fttTn. Dsjtcr. 10-1i3 cr El?:!?

LP.-S1

SH-, SHj, SHj-Mstor sheets. Wind resistor:*

Wirt amend 47K, 1-wait resistcr to prcTiis

pepsr resist rentes, zs share tiers

Mr-t-3 tfc cffifEsmsler, Sirerscn \zr,

Mr-C-em dc rtfUrarensisr, Sirepscr, 1227

Kr-MKI d: reil&rerestor, Siroscn 1227

Sestet ftr «xs:s-sx-?:a
CBrexar fcr 4CX2S25—SK-ECB
Sestet fcr 3-1X22—SK-E 10
Cfcreresy fcr 3-IXCZ—SX-E1S

4CX250B tetrode, is bridge nettralized for

proper stability z~l the grid crcmt is loaded

hr a resistor (R: )
to establish the system

drive level sc about l.J vatt PEP. ^ilthcn:
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Table 7. 3-1000Z Circuit Data

J J
I:

|
C.

j

l. Ce 4 C,

"
;i.:£A'r. *vcV

•S .500 or

3.5 kV

Johnson

153*5

&5*H)2Dt*nj

2" boo

1500 o:

;

i:

1

1KC B-

xv:s.

***
Sir” c'ls-L, 3 1

-i
r
ion;

150 pr

43 kV

Johnson

#12, lii" disri,,

l" long

IDOOo5 !

j

j

i

I-3,

’

!L2 ^:lD-jno
? i* toahg. lV

100 pr

7 kV

Johnson

153*14

(13 tK) 15 tons

#12, *< r
aien.,

2* long

500 or
j

I

1

I

n.2 jtH'' £ f;rt?r

4* boo

75 pr

4.5 KV

Johnson

154-12

{0.? A'H.l ID tons

#10,
*'* r

dion.,

1V:“ long

250 o-
j

1

j

i

Vex
•V *ub'np, !'••>

2” bn;

35 p=

43 KV

Johnson

'0.5 aH) 4V; tons

#10, h r
dim.,

V.x" long

230 0*
j

i

i

Fijurc ::

:<" LINEAR AMPLIFIES PACK*
KSICiVtTT PUNCH. FOP. THE

Sir-VETER CFEPATOP.
22-5 A Kilowatt Linear

Amplifier for Six Meters
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Figure 2S

UNDER-CHASSIS VIEW OF
10-METER AMPLIFIER

the 3-lOCBZ socket is near chassis cen-
ter, with the filament choke flirectiy be*

low it, and the esthete tuned circuit si

one side. To the right of the socket is

the electriral conduit and shield box for

the power recepf2cres and wiring. Air

inlet from the blower is seen at lower

left, with exit hole for passing cooling

air to the 4CX230B buffer stage at the

upper left. The air opening is covered

vrith screening. Filament transformer for

the 4CX208 is at extreme left, with pri-

mary-circuit terminal strip atfajacent to

it The shaft of 4GX25DB loading capaci-

tor projects through the bottom of the

chassis directly above the the transform-

er. Rfament “Hypass" capacitors for the

3-tCCOZ are at the right of the filment

choke, and the short coaxial Feed for

high vottsge passes toward the back cf

the amplifier at the right side. Power

wiring to the panel Is extra length so

Gist the panel mey be removed for test

purposes.

Tie 4CX2J0B socket mounts on an L-

shaped bracket that incloses one-quarter of

the internal area of the box. The grid-circuit

components are contained in this area, as

shown in the photograph of figure 29. Both

sides of the box 2re removable for ease in

wiring the stage. The portion of the box to

the rear of the bracket holds the various

plate-circuit components of the 4CX250B.

Cooling air is introduced into the box

through a 1%" hole in the bottom of the

box which aligns with a similar hole cut

in the deck of the main indosure. The sides

and top of the box are perforated to permit

the air to pass out of the box after its pas-

sage through the socket and anode cooler

of the 4CX2J0B.

75 J-I»C2 flATt CrT-

X «

Figure 27

AIG CIRCUIT FOR AMPLIFIER

The 5-1000Z cathode tuned circuit and

filament choke are mounted under the ampli-

fier deck, 2s is the 4CX2J0B filament trans-

former. Power and metering connectors

are placed on the rear apron of the chassis

and the various leads pass through the un-

der-chassis area to the front-panel controls

and components via a short length of 14-

inch diameter electrical conduit pipe,

grounded 2t both ends. A solid bottom plate

completes the r-f shielding and also pres-

surizes the under-chassis area. The small

joints, seams 2nd holes in the chassis are

filled with caulking compound to make the

plenum chamber air tight.

The complete amplifier assembly is sup-

ported from the front pane] by means of

two U-chanr.els made of aluminum. The

intervening 2
"
spice holds the circuit boards

for various small components; and the panel

meters, switches, and controls recess into

this area.

The pi-network loading capacitor for

the driver stage (C-) may be set for a

f0-ohm load and forgotten. Accordingly,

it is not brought out to the panel, but is

mounted in a vertical position, with the

shaft projecting into the under-chassis area

(figure 26). It may be adjusred, if desired,

by placing an adjustment hole in the bottom

chassis plate, 2nd covering the hole with a
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Tdble 7. 3-I000Z Circoif Data

tirA c, Lt Cj Is Ci

-.2 *r i»:t' (5 p*f; 1- Term # 6 , 5d:o? f

6.5 /sH) 23 turn 1533 p1 ;

u
itTSf--.

X’.’TG. 2 >i*" C'iTL, 5" bis 33 r.V

.'sbltpl

153-6

# 12, V/i" dim.,

2" tans
j

t \-r. =:o. rV 103C p
= •-i pr.) 2 f-.-rsi =6 153 p"

(2.2 pH) 11 turns * 333 p
1

c. XVTG. 4.5 KV

Johnson

153**2

l'
-

big

l *i3, r,r i33 •>=
(12 /.H lOtyrn: 103 5? (1.5 P^j 15 *>JTK 532 xr

»is bv <

ZV73.

= V.=

7 fcV

Johnson

153-M

2” Ipsa

) 2 *:c,r 250 p= (1.3 pH) 6 75 p'
(0.2 pr) 10 tuns 253 f

j

|

::'.2 a
w,' /p;!'

tub'-io, 2' dm.,
4” !cic

4.5 ’r.V

.binsi

1W3
!

j 4 V": * 12,V :o3 o' 0-2 /;») 6 f.«rs 25 pr
(0.6 pr.) iVi runs 252 pr I

*•' r/"„ { ::*>o XV 70. *jb:n3, IVj" 4.5 k.V # 10, sf dim.. i

-.si ;-h. *•'

.313 JSir-,si

154-11

IVc" Ions

i

Rirurc 33

<’.Z LINEAR M.’PUFIER packs
KILOWATT PUNCH FOR the

SISF-’.'ETER OPERATOR

th; amplScr tr-ay be s rliji: "tosdiss" c:

Ac driving ]evd' from die" sariferv eiater.

Once proper operation at 20 f.‘& rr, ;
:

'

driving ripr.rP tr.c arnpiinrr may bt driver

voice, peci; eric enc plcic current rerS:r.”*

tone reecinsi. Proper pooh con-: tier.'

Operation :: i-k'2f cc input

22-6 A Kilowatt Linear

Amplifier for Six Meters

\

!

i

)

i
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from sn exciter providing 35 watt$ pak
drive (or 15 watts carrier, amplitude-modu-

lated). Hie cathode-driven (grounded-grid)

configuration is utilized and neutralization

is unnecessary.

The Amplifier The schematic of the stx-

Circuit meter amplifier is shown in

figure 31. A tuned-cathode

circuit (Lj-Ci) is used to preserve die wave-

form of the driving signal and to reduce

harmonic distortion that may cause TVL
The plate circuit of the amplifier utilizes

a pi-L network to achieve a high order of

harmonic suppression and a simple diode

voltmeter is used to monitor the r-f output

voltage. An antenna relay (RY) is incor-

porated in the amplifier, and an aiternarive

rirccir is shown for using the linear smpli

Ser with a transceiver (figure 52).

tc tjtetres
e» TJUHKflVtft 1VTEIU

Figure 32

SUGGESTED ANTENNA-RELAY GIRGUIT

FOR USING AMPLIFIER WITH

TRANSCEIVER

SCHEMATIC OF SIX-METER LINEAR AMPLIFIER

B-aiMtr, tl cubit tut per mnutt et 6.1! Miss ofi*am »' sp»M=a

Cl— PF Btttf 1C56 _
pF, tun* spacing. Hammartund IlC-sex

Cj—1SB pF. Bed 1E3B

J«~TV-type chassis-mount wnJ sockst
tappsd ?£ turn from pounded

Li—Bifilar coiL 3 turns, a*d> &ig*r «£UL22S S* tetj
end. inner conductor is fio. 12 insulated 0T ^y diaraster is TW-
h-Haenm Mil. 5 turns, 3;lE-M copper '* r

: '“Sp“
Li—l-section coil. < turns, Ife-mch .tubing, ‘ v t jester stance!? in.su later.

HIMsl chotii. (8 turns Kp. IS fanuvar™ closmcum™ *

HFCi, 3, *—0finite Z-SJ choke

RY—Coaxial antenna relay.

Tr-S vofts at 15 A Stancar P-«33
Soracug ECF-3. Maters are Simpson Wide-Vue.

flute: 0.1 pF, ECO-Yolt feedthrough epaeSOrs ere 5pra& a
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AMPLIFIER CONSTRUCTION 22.35

HF AND VHF POWER

fram an excia- provide 35 Mtts j.

dnre (or Jf watts carrier, ampStii*-CT30_
““)• cathode-dri-m (grounded-grid)
omfiguratj'oa is utilized and neutralization
is unnecessary.

-
^Amplifier Tfc rf de ^
C'rcUIt ^ter amplifier is shovn in

, .
Sgure 32. A tuned-cathode

circuit (L1-C1) is used to preserve the vrsve-

form of the driving signal and to reduce
; harmonic distortion that may cause TVI.

"Hie plate circuit of the amplifier utilizes

a pi~L ntnvork to achieve a high order of
harmonic suppression and 2 simple diode
voltmeter is used to monitor the r-f output
voltage. An antenna relay (RY) is incor-

porated in the amplifier, 2nd an alternative

circuit is shovn for using the lines
her srith 2 transceiver (figure 32).

r ampH-

FJgure 32

SUGGESTED ANTENNA-RELAY CIRCUIT
FOR USING AMPLIFIER WITH

TRANSCEIVER

figure 31

SCHEMATIC OF SIX-METER LINEAR AMPLIFIER

B—Brower, 13 cub's feet per minute at 0.13 inches cf wafer. Oajlon 2C-722 cr epurirefent

Cr-1<0 pF Bus 1E.-S

pF, OSH” spacing. Hammariund N&-5C5X
Oi—ISO pF. Bud 1£iS
-I*—TV-fyps chassis-mount cord socket

Lj—

B

ifflar coil. 3 turns, iHnch diameter copper tubing spaces tc 2-, tap; el ~i turn from greended

end. inner conductor is No. 12 insulated cr fermvar wire (sea text)

Is—Pi-sertion coil. 5 turns, 3/IWneh copper tubing, spaced to 3". Inside diameter is 1W.
U-t-seetisrj coin toms, Vs-incb tubing, *£-iseft inside diameter, spaced to Z-hr

BFCi—3 choke. 1?. turns No, IE formvar wire cbeewcuca cn Vr diameter stand:® insulator.

RFC*, *—Ohmite Z-53 choke
R'f—Casxisl antenna relay.

Tf—5 YOJts 8t IS A. St2ncor P4433
Note: o.l pF, ttu-volt feedthrough capacitors are Sprague &P-3. l/eters are Simpson Vilde-Vos.
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minted on rrd? zsn. A grid-dip :n£

med so ihs MHz znd brought ~tz:
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the ends of the tubing are smoothed with a one end of the tubing and is soldered in
file and a length of N'o. 12 cotton-covered place, with the other end soldered to the
(or /orwrvjr-insulatcd) wire is pasted pin. The filament bypass capacitor is sol-

through the .tubing. The coil is then wound dered directly between the filament pins of
3bout a -inch diameter wood dowel rod the sorbet. A second short length of copper
used as a temporary form, spacing the three $tf2p jumpers the first strap to the stator

turns to a length of two inches. The tubing of the cathode tuning capacitor.

55 trimmed, and the inner wire is left The opposite end of the cathode coil is

projecting about ten inches from each end. bypassed to ground by 2 ceramic capacitor

The coil is mounted close to the tube which also supports the coil. The inner con-

socket (figure 31) with one end supported ductor is bypassed to the outside tubing at

by the filament pins of the tube socket. The this point, and 2 length of copper strap

inner conductor is trimmed to length and makes 2 connection to the rotor of the

soldered to one filament pin, and the tubing tuning capacitor. The inner conductor coa-

ts connected to the other filament pin bv tinues over to the filament transformer and

means of a short length of copper strap about 3 s-cond length of No. 12 wire is run from

/4-mch wide, cut from copper ''flashing’' :he copper tubing to the second transformer

material. The end of the coil is Muidistant terminal.

from the filament pins. The strap encircles

Figure 24

TOP VIEW OF 3-4Q0Z LINEAR

AMPLIFIER FOR 50 MHz

Placement ef the majar components strove the

chassis may be seen in this photograph. The

meter shield has been removed for the photo-

graph. Leads to the meter compartment are

shielded, and bypass capacitors are mounted

at the meter terminals.
_

Across the rear apron ef the chzssis_ (I. to r.)

are: receiver receptacle Ih); terminal stop

Os]; Mitten high-voltage connector ftjs Sprsgue

feedthrough capacitors and r-f exciter recep-

tacle (Jf). At the bottom edge cf the chassis

are a ground connection and the relay voltage

terminal (W-
The copper ground strap between the plate-

cireuit tuning capacitors may fce seen just

behind the antenna relay.

The three grid pins of the 5-400Z socket

are grounded by passing a #-incb wide

copper strap through the slot in the socket

adjacent to each grid pin 2nd soldering the

strap directly to the flat zzb on the pin. The

strips are then bolted to the chassis just

clear of the socket.

The Plofe- Layout of the components

Circuit Assembly 2bove the chassis are shown

in figure J4. The plate

tuning and loading capacitors (Q. and Q)
are mounted on ^4-inch ceramic insulators.

The tuning capacitor is rotated 90 degrees

on its side and held in position with small

aluminum brackets. A common ground con-

nection made of a length of J4-inch wide

copper strep connects rhe rear rotor termi-

nals of the capacitors. In addition, the ca-

pacitor rotor wipers are connected to the

common ground strap.

A second strap grounds the rotors to a

common ground point on the chassis unde-

rlie stud of the high-voltage bypass capaci-

tor at the lower end of the place r-f choke.

The shafts of of the variable capacitors are

driven with insulated couplers to prevent

ground-loop currents from Sowing through

the shafts into the panel.

The plate r-f choke is homemade, and is

wound on 3 l/z-inch diameter ceramic in-

sulator. A commercial choke may be used, if

desired. The base of the choke screws on

the bolt of the high-voit2ge feedthrough

insulator on the chassis, and is bypassed at

this point with 2 ceramic capacitor.
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drive) i*; an indication of parasitic oscilla-

tion and a plate parasitic choke should be

installed,

A {ter plate voltage is applied, grid drive

is slowly injected until 3 plate current of

about 150 mA is noted. The cathode circuit

is resonated for maximum grid current and

the plate tuning capacitor adjusted for plate-

current dip. Grid drive is increased 2nd

loading adjustments mace in the normal

manner for pi-network operation to achieve

s single lone (carrier) plate current of 400

mA at a grid current of about 140 mA.

Proper loading is indicated by the ratio of

plate current to grid current, which should

be about 3:1.

For operation as a linear amplifier for

SSB, carrier injection Is used as described for

tuning and loading. The relative-voltage

output meter is very useful in the tuning

process and provides 2 continuous check on

proper operation as it increases in proportion

to grid current. Maximum carrier input con-

ditions arc as stated above, and under these

conditions, the anode of the 3-400Z will be

a cherry red in color. With carrier removed

and SSB voice modulation applied, drive is

advanced until voice peaks reach about 200

mA plate current and about 70 mA grid

current. For c-w operation, the full 400

mA plate current value may be run.

A-M Lfneor The amplifier may be used for

Operation a-m linear service when prop-

erly adjusted. The amplifier ef-

ficiency 2t the peak of the modulation cycle

is about 66 percent and efficiency under

carrier conditions (no modulation) is about

33 percent. As maximum plate dissipation

is 400 watts, the total a-m carrier input to

the 3-400Z is limited to about 600 watts

(2300 volts at 240 mA). In order to prop-

erly load the amplifier to this condition for

a-m linear service, 2n oscilloscope and peak-

responding voltmeter are necessary. The r-f

output voltmeter in the amplifier may be

converted to a peak-responding instrument

as shown in figure 33B. In addition, a simple

1000-Hz audio oscillator is used for the

following adjustments.

For preliminary tuneup, the a-m driver

is modulated 100 percent with the 1000-Hz

tone. A driver capable of about 35 watts

carrier is required. The 3-400Z amplifier is

loaded and drive level adjusted to 600 watts

input under this condition. Amplifier output
is monitored with the peak-responding volt-

meter, which is adjusted to full-scale reading

at the 600 -watt input level. Grid current

will run about / the plate-current value,

or approximately 60 mA. Once this condi-

tion is reached, the modulation of the driver

is removed, leasing only carrier excitation.

If the linear amplifier is properly adjusted,

the indication of the peak-responding volt-

meter should drop to onc-.hslf sale, corres-

ponding to an output drop to one-quarter

power.

If the peak-voltage drop when modulation

is removed is less than one-half, the plate

circuit loading and grid-drive level of the

linear amplifier must be adjusted to provide

the correct ratio. This is za indication that

antenna loading is too light for the given

grid drive. If this process is monitored with

an oscilloscope, the point of Sat-topping can

be noted and drive and loading adjusted to

remove the distortion on the peaks of the

signal. Under voice modulation, plate and

grid current will flicker a small amount
upward.

The combination of a peak-responding

voltmeter, an oscilloscope, and an audio

oscillator used with tune-up under 100 per

cent single-tone modulation of the exciter

affords a relatively easy and accurate method

of achieving proper a-m linear amplifier

service.

As with any cathode-driven amplifier,

drive should never be applied to the ampli-

fier in the absence of plate voltage, as dam-

age to the grid of the tube may result. The
proper sequence is rc always apply plate

voltage before drive, increasing the drive

level slowlv from a minimum value as tun-

ing adjustments are made.

22-7 A Compact 2 kW
PEP Linear Amplifier

With the 8877

This rugged linear amplifier is designed

around a single 8S77 high mu, ceramic

power triode and provides maximum legal
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Table 8. Input Network Details

Circuit Component Values (Q = 1}

Cf-s! C
: , C; Li

SO EOOpr (2.36 pH) 14 turns =24 e, Ss'

cia-rs. dcsewcund

75 7£0sP (2.07 pH) 14 turns #24 e, wf
diam. dc’.cwound

•to (1.18 £H) 10 turns #24 e, -h"

dijm. detewound

:3 220,

*

(0.59 j;H) 7 turns #16 e,

diam. detewound

15 150p= (0.39 pH) 5 turns #16 e,

diam. doscwcund

10 ICO?* (0.30 /iH) 4 turns #16 c,

diam. spaced wire diam.

Op^'o's dipped raiw: OV.15-J series

Cc'l few. J. W. Wilier 4403-0 with

red slugs (30-201-2 OP)

7 ^ / Suj’j’rismf!—The amplifier is con-
uinctl within an r-f tight metal cabinet for

maximum containment of harmonics. All
p:>v’cr le.uk arc fully filtered and a screen
‘

‘ r»«J over the mouth of the blower to
kh';-!: this area from r-f leakage. The liberal

li "- ™ feedthrough-type bypass capacitors
greatly .u-nts j},c reduction of radiated har-

from the indosurc.

Table 9. Plate Circuit Details

tt-.d
! Plate Inductance

10
[

|U.„ w,.|

...
,

[

* r* |C «^|

M ::

'5

j

"5. :v i„. t

.
- I,

; . . ... j.Vv ,rj c
.-

1;

][[[
[;’ -J-'";

r '- c
j

i<

Amplifier The amplifier is built into a

Construction metal enclosure measuring

10" X 13" X 17". This is

composed of a chassis 4" high and a plate

circuit box 6" high. A solid bottom plate

makes the bottom chassis airtight and a

perforated top plate allows cooling air to

escape from the plate compartment (figure

38)

.

The 8877 7-pin septar socket is sub

mounted below the chassis deck with

inch metal spacers while the grid ring of the

tube is electrically grounded to the chassis

by means of four grounding clips on the

socket assembly. The air chimney sits atop

the chassis, held in position by the air cooler

of the tube.

The plate circuit bandswitch is mounted

to the chassis plate, with the shaft project-

ing into the underchassis area. The switch

is panel driven through a sturdy right-angle

drive unit and an extension shaft (figure

39)

. The cathode circuits arc mounted on a

small subchassis bolted to the rear wall of

the enclosure. They, too, arc panel-driven by

means of a switch and extension shaft.

Looking at the front of the amplifier (fig-

ure 36), the panel layout is symmetrical,

with the center lines of the meters 2 ,
/-

r

from the center line of the panel. The grid

selector switch and power switch arc lo-

cated 4" from the center line. Plate tuning

and loading controls arc spaced 5 Is" in

from the outer edges of the panel and on a

line 3" down from the top edge of the

panel.

Looking at the interior view of the am-

plifier (figure 38) the tube socket is cen-

tered at a point 3" behind the front of the

enclosure and 7*/
f
." in from the left ride.

The center line of the main tank coil rum
parallel to the chassis edge ami 6" away

from it. The bandswitch is centered on the

chassis and Ay." from the rear edge. Place-

ment o: the other parts in relation to the*:

can be a'certained from the photograph'.

The PXP tranristor (Q ; ) is mounted cn

the amplifier chassis for a heat sink and in-

elated from it by 3 mica washer. Trar.sv-

tor Q : is placed on a small rrir.tr i-cvcv..’.

b^-rd along with the associated register: mi
diode. The ALC components are
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Figure 37

SCHEMATIC, 8877 AMPLIFIER

Ci, Cj—sbs table 8.

Cr~300 pF, 10 kV. ITT-Jennings Co.

C«—1400 pF
Li—See table S.

Mr—0*1 Me. Triplett 320G

M,—0-100 mftiJc. Triplett 32CJG

PC—5 turns #12 e. arount ilolm, 2-y/ett resistor

'Qt—TR-ooC. International Rectifier Co.

RFCr, *-2.5 mH, 100 toA.

RFCz—1B0 turns #24 e. wound on ceramic

insulator riiam,, 4” long.

RFCr-lS mH, 300 mA

RFCj—10 turns #1< e., V~" t)iam. 1" long.

SiA, B—2 pole, 6-position. Centralab PA-204S

St—1 pole, B position. MiJJen 57007 or equivalent

Radio Switch Corp.

Tt—5 volts, IS amperes. Sianoor P*4M
Blower—Dayton 1C180 or 2C781

Chimney—SK-J21S
Counter dial—R. H. Bauman TC-3S
Socket—SK-2210
Time delay switch—'180 seconds.

Amperite 115-NM80

frequency of operation is moved about with-

in an amateur band. A summary of the net-

work components is given in Table 8. Grid

current metering is accomplished in the

bias return circuit.

During standby, the 8877 is biased to

cutoff by the electronic bias switch Qj, Qz .

Operating bias is adjustable. A fuse in the

cathode circuit protects the tube from, ex-

cessive plate current and a small series re-

sistor in the plate circuit provides protection

from inadvertent flashovers in the plate

circuit.

Metering Circuitry—Grid current flows

from cathode to ground through merer M3

and cathode (plate) current flows through

meter Mz which is heated in the negative

dc return lead to the power supply. Meter

protection is provided by reverse-connected

diodes D,-D2.

The Plate and ALC Circuitry—

A

pi-net-

work output circuit is provided which is

designed (or a plate load impedance of about

1800 ohms with a loaded O of 10. Data for

the plate network is given in Table 9.

ALC voltage is obtained by sampling the

signal in the cathode circuit through a ca-

pacitive divider. The reference level for

ALC is set by means of potentiometer R=.

Amplifier Cooling—Maximnm dissipation

of the 8877 in this circuit at full legal input

is about 800 watts. To hold tube tempera-

ture below 2fO°C with J0°C ambient tem-

perature at leastio c.f.m. of air at a pressure

drop of 0.2
,
‘’

is required. A Duyfon model

1C-180 (or equivalent) blower will satisfy

this requirement. The air is drawn into the

underchassis area of the amplifier and ex-

hausted through the anode of the tube and

out the perforated metal top of the cabinet.
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Figure 39

UNDERCHASSIS VIEW

OF AMPLIFIER

THe brttcm cf Jhs trrr sccfcel

is cenlerEtJ en the eh2SS:S,

with the filament transformer

toward the rear comer cf the

chsssis. The pid input circuit

can be seen pruped around

the £rid bantfswitch et the rcrr

cf the chassis, ner! Id the

ccmpertment hcfdinc fitter cs*

peeitcrs for the power letds.

The sh2ft cf the nsin band-

switch protrudes threuch the

chassis deck and is panel driv-

en by means cf 2 richt-enpe

drive unit seen behind the

tube socket.

'if? is to chock

: the 'ocket. It

r -'< Qxr:-

tip by intcrti.i" on S^*R miter in the cott;:Ji

Jinc between the exciter ere the imr'.rf’-t*

end tuning the coil flu? on «cb b:r.i JV

22-8 A Modern 3-1000Z
Linear Amplifier for

80-10 Meters
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Figure 38

TOP VIEW OF
GNQ'1000 AMPLIFIER

The £877 tube is centered on

the chassis near the front pan-

el. To the right are the plate

r-f choke and coupling capaci-

tor. The variable vacuum plate

toning capacitor is mounted on

a bracket at the far right. The

bandswitch is chassis mounted

in line with the Cube. Above

it, to the right and left, are

the tank circuit components.

Coils Lt and h are wound
of copper tubing and run from

the coupling capacitor bask to

the bandswitch. The coils are

supported on ceramic insula-

tors. To the left of the band-

switch is coiI Lj, adjacent to

the loading capacitor. The

chassis is supported three

inches behind the panel to al-

low area for meters, wiring,

etc.

placed behind the enclosure walL The net-

work output capacitor is fastened to the side

wall of the enclosure while the pi-network

coils are mounted to the bandswitch and ce-

ramic insulators bolted to the chassis. The

plate r-f choke is fastened to the top termi-

nal of the plate bypass capacitor. The plate

lead from the choke to the high-voltage con-

nector on the rear of the chassis is a short

length of RG-8/U coaxial cable.

Bor highest efficiency the plate inductor

is made of three coils. Inductor Ic is for 1G

meters only, inductor Lj covers 1 1 and 20

meters when added to L2 and inductor U is

for 40, 75 and 80 meters when added in the

circuit. Splitting the 80-meter band in two

sections helps maintain a good L/C ratio,

aids in loading, and reduces harmonic con-

tent in the output signal. Leads from the

tap points on the coils to the bandswitch

are made with %-inch wide copper strap,

silver soldered to the coils. The coils and

leads are silver plated before dual assembly.

On the rear of the amplifier chassis are

the bias control, the ALC control and a

large terminal strip for external wiring. The

slugs of the various cathode coils also pro-

ject through the rear panel of the chassis.

At the front of the chassis, meter leads

and accessory wiring are brought out via

a shielded cable, all leads being bypassed to

ground at the panel as well as at the meter

terminals.

Amplifier Alignment—Once rhe ampli-

fier is wired and checked, the input network

coils are adjusted to the midpoint of each

band with the aid of a dip-meter. This is

done with the 8877 in the socket. Final

alignment takes place once the amplifier is

in operation.
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and extends dojenviidiniQ the power-sup-

the sir if exhausted through the^socket and

which if equipped %‘tih sn Edntc HR-f ha:

dissipatbg ^node connector.

Amplifier Pourr Supply sk

:

d Cor/.roh—

The control circuit of the 3-1000Z cmplifie:

is shown in figure 45. Primary pome: enters

the control circuitry vis terminals 7 me
Switch $; is the or. off control switch me
switch S ; (amp. b out) activates the 25-

Ydc supply which is used to energize relay

PvY; through the auxiliary VOX contacts.

The filament transformer for the 5-3 CvOZ

and the air blower come on simultaneously

when Si is thrown. Toe cutoff bias resistor

in series with the cathode zencr ciod: »

shorted out by the VOX circuit and relay

contacts RY :C.

Figure 41

SCHEMATIC OF 3-1C3DZ LINEAR AMPLIFIER

PfCr—10 ivrri, *vV» 1* tiff.

PrCr-l r.H, o.a 2 -r.ptre

If.etr, Cf*W*fc PA-ttt'

5»—V'-r't-jv’t, tin*’.'.', t* !',£*•. 3t’

ircti. Ptiii Switch CSf7. Viir\ f t-A

Cethret e-rsuit:

Ct—C>!m r:ci. 15 rt'.frt, ?F; IS rt’.tl,

<tt pt; It rt'.trt, ill pT; <; rtlft, JSSC f f;

et ntstn, tree

Lr—A'! cz u
. t* 'j~ C-j— ttfr ??**•

etnitn* i*•»£. S'-f t" is* s*e

II-*1; 1.?* cc.!t. 10 r-tft't, < ?t r'-tr'i.

< Si’rt; ;t l jt-r*: <t rt'iti, I

It ret'!, tj i;~t. V.j'f * I
1* # It * v "?•

c».e< •; tJi*; ct •. !; tfvr' t'
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tcngcr, KSRA, the unit uses a single 5-

1000Z high-mu triodc in a cathode driven

circuit. "Grounded grid" service is espe-

cially attractive as maximum input may be

run with a plate potential as low as 2500

volts, yet the power gain of the tube is high

enough to allow sideband exciters of the

M
1 00-watt" class to drive it to full output.

Neutralization is unnecessary up to 50 MHz

as the excellent internal shielding of the

3-10002 reduces intrastage feedback to a

minimum. Distortion products of this am-

plifier arc better than 55 dB below one tone

of a two-tone test signal at maximum PF.P

level. A tuned cathode tank is used for

greatest linearity and power output. Special

attention has been given in the construction

of the amplifier to protective shielding and

lead filtering to reduce TVI-producing har-

monics to a minimum (figure 40) . A simple,

solid-state power supply is also included in

the equipment.

The Amplifier Circuit The 3-10002 ampli-

fier covers all amateur

bands between 5.5 and 29.7 MH/ with gen-

erous overlaps. Bandswitching circuits are

used and the amplifier is designed to operate

into a coaxial antenna system of 50^
to 70

ohms having anSWRof less than 3. The

schematic of the amplifier is given ifl figure

The r-f deck is shown in figure 42A-B.

The driving impedance of the 3-1000Z is

approximately 55 ohms, providing a cose

match to either .1 f 0- or 70-ohm coaxial sys-

tem. The tuned cathode circuit prevents

input waveform distortion caused
} J

e

half-cycle loading of the amplifier, which

operates in a near chiss-B mode. Filament

voltage is fed to the 3-1000Z through »

conventional bifilar, ferrite-cote r-f choke.

Plate current metering is accomplished in

the B-minus power lead to remove dangerous

anode potentials from the meter circuit.

resting plate current of the tube ,s reduced

by means of a 7.1-voit, 50-watt rener diode

in the cathode circuit, and for standby

operation the cathode voltage is raised b,

a bias resistor which is inserted m c e i

by the i»/mi/ relay, RY.C. The relay shon

out the resistor to allow normal opmnou of

the stage when actuated by t e

cuit. The grid terminals of the ,-IOOOZ are

Figure 40

3-10DDZ LINEAR AMPLIFIER

FDR 80-10 METERS

This Utilise amplifier runs lull Mil Input for

SSB RTTY. or SSTV service on the high-fre-

quency bands. A single 3-10D0Z high-A ,r ' flti

?
,s

used in cathode-driven service. The amplifier

(with cover removed) sits atop the power SUP-

S' pedestal. On the pane! of the amplifier are

(left to right): Plate, grid, and r-f output meters;

the tune and load controls; and the bandswitch.

Below the bandswitch are the primary and

in/out control switches.
.

The pedestal contains the variable voltage

transformer at center, the plate voltmeter and

rS Pilot lamp assembly at riMMa
casters permit the operator to move the ampli-

fy r shout with ease.

directly grounded and grid current is mca-

sured in the cathode return circuit.

A pi-network plate tank circuit ii used,

with an additional loading capacitor switch-

ed in for 80 -meter operation into low values

of load impedances. In addition, a diode

voltmeter is included to monitor the relative

power level of the amplifier.

The amplifier plate coil is a modified com-

mercial unit retapped to provide a loaded
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The power supply for the amplifier is

shown in figure 44. A 240-volt primary cir-

cuit is recommended, although the ampli-

fier could operate from a well-regulated

120-volt circuit. Relay RY* is a step-star!

device which allows the charging current of

the capacitor bank to be reduced bv virtue

of the primary resistor (33 ohms, 60 watts),

which is shorted out of the circuit after a

few milliseconds.

A 10-ohm, 10-watt safety resistor is in-

cluded in the B-plus circuit from the sup-
ply to the amplifier. In case of a flashover in

the amplifier, the resistor will absorb the

surge and protect the rectifier bridge and

the amplifier components from the bean-

short current.

Amplifier Construction The r-f deck of the

amplifier is built on

an aluminum chassis measuring 12" X 17"

X 3" and uses a dual front panel. The main

panel is 19" wide and 14" high and is spaced

2J4" away from the amplifier inclosure. The

under-chassis area is divided into two com-

partments by a vertical shield. One com-

partment contains all wiring necessary for

the 3-1000Z socket. The other compartment

contains the input circuitry*, power line

filters and small, auxiliary components. The

dual front panels allow space for the meters,

power control wiring and facilitate struc-

tural support. The tube, filament transform-

er, antenna switching relay, and pi-network

components are mounted atop rhe chassis.

All electrical wiring from one compartment

to another passes through lOM-pF feed-

through capacitors. All cables entering or

leaving the r-f deck pass through pi-section

r-f filters. The majority' of wiring utilizes

shielded cables.

Atop the chassis, the antenna switching

relay (RY,) is inclosed in a small aluminum

utility box at the rear corner of the chassis.

The box is insulated on the interior with

54-inch thick cork rile, and the relay is

mounted on small rubber grommets. The

cork tile, plus the rubber mounting are very

effective in eliminating relay noise and buzz.

This relay switches the amplifier In and out

of the antenna circuit and also removes the

standby bias during operation.

The variable vacuum tuning capacitor

and counter dial are mounted on the center-

iait q£ eke usemkiy, directly afa tJ,e yj-
mg capacitor. Placement of tie other com-
ponents may be seen in figure 42A-B.

The pi-network inductor incorporates its

own switch and the input bandswitch is

ganged to the plate bandswitch by means of

a chain drive system mounted in the space

between the front panels. The piste inductor

is a Btsrhr-WiWsmscm SWA modified to

obtain optimum efficiency. The 10-meter

strap inductor is discarded and a new 10-

meter coil wound using /.-inch copper tub-

ing. The coil has an inner diameter of \y”
and consists of 5 turns equally spaced out ro

3 inches. The coil is silver plated.

As purchased, the 850A unit provides too

much inductance on 40 and SO merers. Ac-

cordingly, four turns are removed from the

far end of the SG-meter wire portion of the

inductor and the 40-meter meter cap is

moved three turns closer to the tubing por-

tion of the inductor. Connections to the

inductor 3re made with 14-inch wide silver

plated copper strap.

Beneath the chassis, the ferrite c-f fila-

ment choke is supported at one end by chc

filament terminals of the air socket and at

the other end by the mica bypass capacitors,

which are held to the chassis deck by means

of heavy angle straps (figure 45). The bot-

tom flange of the socket is cut off to 2II0W

better air flow and the grid terminals are

grounded using short lengths of copper

strap passed through the socket slots near

each grid pin.

Power Supply The r-f deck is mounted on 1

Construction pedestal which contains the

components of the high-volt-

age power supply. Pedestal height is 24".

Because of the weight of the components,

the pedestal is constructed of 54-inch angle

aluminum welded together in the form of 2

rectangle with a sloping top which provides

a slight tilt for trie r-f deck. A piece of

%-inch thick plywood is placed at the bot-

tom of the frame to support the power-

supply components (figure 46).

The sides and front of the pedestal are

covered with wrinkled aluminum sneer,

available a; many large hardware stores. The

aluminum is held to the frame with sheet-

metal screws and the front cowers covered

with (4-iacls angle aluminum. Thereat panel
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Figure 44

SCHEMATIC OF POWER SUPPLY
CB—33 ampere circuit breaker
RY,-Deotl(-p5lt, dcutIMhrow relay «;ih 120-voll coil. I5-amptre conlacu
RT,-Emtlf.ptl[, linttc-lhrow relay with 120-volt coil. 5-amperc conlactc

>“""<*'/ wicoinc atl ampere. 5C0 volt primary
I- —o-l ce milliammeler (or ore frith 5-meeetim raultiplicr (R,)

Figure 45

UNDERCHASSIS VIEW

OF 3-10002 LINEAR

AMPLIFIER

The tube socket and filament

r-f choke are at left, with the

rener diode mounted to a

small heat sink immediately

above the socket. At the rifht

is the smalt compartment hold-

int the tuned input circuits.

The coil slues *ff adjustable

throufh holes dfitied in the

cover. Connections to the tun-

ed circuit are made via It0£tbs

el ccjiis! tint md a T-fttmr.

The Titer networks for the pe<-

m*7 power tesd! *re in t
h e

forrirtuni.
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Figure 43

CONTROL CIRCUITRY FOR 3-1C33Z A?.IPUn£R

B ,—Zi ea. ftfr/ir.. Difizr. IKK Sr P.ipier tfi*

£1 crf-uiv.

rslt. 0.3 2 rr;£.-E tfT-sis

H.—C-1 naJia.rjjre tf; frcic:

V-j—0-O.S j.-;sre «J: rrrtt:

V..—0-7.5 2mpsrs ic r.sttr
M2, 5.3-rcii Ijssps i" rrMT?
s„ s’.—SPS7 ci'shtert:- swiisfcH wiy.

S U S.L—TH-rjc !j-; t-.-» S . S.

PFC-^C-a~;;n t*’ir f

s

v:Vt, £2:*

MS is )« !:tj cr fi-rilf «rt, J*

!:r;. •-* tf-ar. (!*crj-j C.r-5"; e r

tz-'m'iz'.

7—7.5 r:'u at J2 arserw. tier*: rrt-a-y

7.—2ro?tJS'JCJ2~;«fT



22.52 RADIO HANDBOOK

fitment :r,d opvrotir." plitc vckapc applied.

zero v.T.tr. the amplifier h '-'itched out of

the lire. Shorting the infout control ter-

rclay. In this mode, grid current "‘ith no

err' 'v.'.:!d rt ro. Pi::c current should

rendition* neve been met. the lordinc b

incrc3<:d siinhrlv to ensure rrcrtr Ifnrrrity.

hT PF.? eperatin^ conditions. Under

r-inn “*i!l kick to about 5^0 rnA rod it."

22-9 A 4CX1500B 2-kW
PEP Linear Amplifier

The linear ampliscr described in this sec-

tion is 2 deluxe 2 -JjVT PEP. cl:ss A3. ,rr:d-
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Figure 46

REAR VIEW OF

PEDESTAL AND
POWER SUPPLY

The power-supply components

ste mounted on 2 sheet of ply-

wood at the bottom of the ped-

estal. The filter capacitors end

diode rectifier assembly are at

left, with the reley controls in

the foreground.

Figure 47

REAR VIEW OF THE 3-tOOOZ

AMPLIFIER AND PEDESTAL

tub p,8!Stll IWS 2 s»pi« "? "**? rrc '"l‘l *

sfigM liitftr tfie r-r ieex.
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22.53

4^T[n™
PM

L
er ?"* de W *»&»

4GX1500B tube (figure 48). This is 2 cer-
amic-metal, forced-air cooled tetrode having
a maximum plate dissipation of 1500 wares.
It is designed for exceptional!!- lor imsr-
modulation in SSB serrice. Tvpicailv. at a

... , xtc- 1 1

plate potential of 2750 volts- ,vtw and a pfete

U-T‘ ?
f

'.
30 mA !2--W FEP input) tie

third-order mtermodufetion distortion prep-
uces are better than 40 decibels below one
tone of a two-tone test signal. Under these
conditions, tie useful po»-er output is tetter
loan 1100 rats, allovring for normal tank
circuit losses.

This amplifier is designed and built br
John Ehler, K5JA, as a companion unit
^ the low power. soBd-state exciter de-
scribed in chapter 20 of this Handbook. The
amplifier features very high power gain and
very stable operation on all amateur bands
between 5.5 MHz and 297 MHz. Veil
mired for use with a solid-state driver, the

amplifier will deliver full output with less

man 5 watts PEP drive signal.

Tie Amplifier Circuit TheCXlJMBi KaJ

r,„Y > ,

” 3 FKii'-o-pid cir-
cuit O! at type shora in cbtoter 21 t-

rk !>*roi in Slur-

.f
h oufa to acW mamma stibfc,^ fflta dement of tfc wfceisnH :

;

sn.ua. pnantiL Screen T<fa„ h
to at act in- grounding tit fotirive ttrzmA ot it scran pr,„ nnd "flont-mS the scran and las suoplio blare
ground. A special seeker is usd for
4CXJ5O0B which provides a low-inductance
screen to ground path.

lb: hpuf Circuit—-The grid drive re-
quirement of the 4CX15&0B is abut 3 J

watts PEP for full output. The 5-watt incut
signal is fed to the tub through a four-ro-

one wideband ferrite transformer which
steps up the impedance from 50 to 200
olms. Five UK. rao-rat compciiaon rt-

sisrors in parallel (R ; ) plus it- UK resisror

li the lies lint provide r 2 CO -sir- :ermic::-

iag load. He relatively bijl incur cacaci-

tsnee of the fCXlfOOB is ressnsad on ad

Table 10.

Coil and Tuning Dolo

Band
Grid Circuit ?:=:eC

i. L. Tcp
i-r Tcp

80 22 /<H RFC A!i All

40 47 pH RFC- \VA Turns 1 07s Turns

20 21 turns #30 7V2 Turns 515 Tut*.

cn 1-wott register

15 14 turns #24 i-Vi Turns 4’/j Tuts
cn 1 -watt resistor

10 1 0 turns #24 Vh Tum-s V/2 Tuts
on 1 -wait resistor

U—7V-} turns of ?,V'-dicm. copper tybir.o spaced 0.2" p!us ia turns *5 wir« spetec 0.25",

3 inside diameter.

l-s—6 toms #10 spaced 0.25" plus 10 tUrns #10 seated 0.16", 154" i
v
.s

;C2 C’tmerrr.
j— 1

Bond Piste Tuning Piste ls:i

80 9.65 Tims O.i 5 Tuts

40 1 7.0 Turns 0.6; Tuts

20 22.5 Tuts 0 c5 Tuts
j

15 25.0 Turns C.9I Tut:

j

10 210 'urns 0.92 Tu-.
j
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Figure SO

ELECTRON RAY TUBE PEAK

INDICATOR AND ALC CIRCUITRY

TM crct!CW-U ir,!iei!:r i: tnt4 as tr rt
ptjv-lttt! isiicstsr in the amplifier. PA valt-

?-jt it :a*ptci, recttfeC, snd app Hcd to the

t*'.f (tur 1) cf the ir.tficatsr. The pattern is

tr-TTfC tn the detection elements (pins

t tri 7) jri sp-esrs ss s ere tn line cn the

tt'trn. Amp’.tutlf et indication is atJjusUfcle

t) r.tfnt ef mien tsr-.pressicn cepseiter C,.

Alt t:n!<ei veiiete it teken from a separate

t'ztr :-,i leret c? control is set fcy the “Adjust

AlC" PCte*'t*e*rf ter. Electrcn-ray tube an:i!e

>' teVfr* from screen pewtr supply,

*»*'cs e positive terminal is creunietf.

t'.'.i,'*, h. tssrsi,*.! t;:i a:n! then

.-.t:. p. rtirr ‘crecr. •. ullage is removed for

— mp by rear.? of twitch S,

j : c p’Titise ,reo oi :ne »crren supply
t r * • t r.

, ever the icrcer. to cathode

lead ro the supply is broker, and extern:!

screen voltage is zero.

The rated heater voltage for :sc

4CX1500B is 6.0 volts and the voltage, as

measured at the rube socket, should be main-

tained between 5.S and 6.0 volts by adjust-

ment of resistor R; in series with the r.i:-

ment transformer primary. In no esse srott.a

the voltate be allowed to exceed 5 Ptrccr.t

above or below the rated value for maximum

tube life. The cathode and one ride ct the

filament are connected internally within tr.e

tube.

Power Supply Circuitry The schematic for

the power sup?!}’ is

shown in figure 51. Fusing of the low- an^

high-voltage circuits is provided and an ia*

rush current limiting circuit (RY;) :s usfC

in the primary circuit of the high-voltage

supply. The circuit holds the charging cur-

rent to a safe value when the supply i
l * r> :

turned on. An auxiliary plug and receptacle

arc provided for the connection oi a variat'.J

voltage transformer to allow lower rittc

voltage for c-w operation. The high-volttct

rectifier u a conventional full-wave, voltage

doubler with scrics-conncctcd electrolytic

capacitors used for the filter section.^ . "t

screen power supply is a full-wave conr.gur-

a::on with choke input filter. A low resist-

ance choke, such a; the one listed.

he used for best <crcer. voltage regulation-

Tite two filament winding 1 or. the * creuw.

supply pov.cr transformer (T may J-vC-'r.-

ncctcd to either aid or epprne the pnn'ara

winding to adjust the 1 crcen potent::, tv

to!:'.

Amplifier Construction fh» Jjjtrjr amp.mtr

is built to fit v i:h>n

a IktJ Prr.tsF-: cabinet. The r-f tecthr. t'
<"
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Figure 49

SCHEMATIC, R-F SECTION' OF LINEAR AMPLIFIER

c. c,-.tti ,f irt -s j, -’..i: r.;:t

MpiSlUrt in p2,*2 !'!!. stt ierf

C.—21 pF, S IV, Jerri-rs vc.-ijf* vzccer. ti-

Fit?.: i UCSM25-5

C^-Un pF. 1 IV. JrtriW 15W5 cr c;2to!er.t

l»—Critf Mill. See table 1C

U Li—Title tells. See title II

riHier.pfrf, d^7rip:ett 22310

M,—C*1 srrrtrt, tfc. Tfir^elt 32I31S

PC-tT-Cur, 2-wilt «r'::?J:n «5:s!:r css-

rrclti arrets S’ e! elite Jir.e

r—

F

ive u::-chm, ;<nb ter.pesaiss ecsistc-s

in piriiiei

t5-w2tt »iift«r:u"C

R‘. V.-TLY,, 5-Will wiftneuri csttr.tientltf

RFC,—ICS turns *72 enamel. ei:s cr. r
tiamete? term re-

RFC}-22 farrs *3 tr-arel cr. IKK. 2-«K «"*

pssitien resislrr

bind by 2 small inductor switched *; S:-

The Q of the tuned circuit is cuitc lor? as-

complstc coverage of each amateur bind is

possible without reusing.
.

Grid bias is applied to the 4CXH0DB n

shun; with the tuned circuit and provisions

arc incorporated for monitoring the gne

current 2$ well as for setting the »ro-sigcsj

plate current of the rube (the ha **J«

potentiometer). , .

Vith the screen element ot t..e tuw

placed at dc ground, the earncde GvC“! ‘

and the negative side of the P‘
2te

are connected to the negative «ce 0 * --

screen supply. Bus. the cathode is 225 vote

negative with respect to won* ***r
grid, tv virtu! of the grid te ®?A'

*

approximately 260 volts negative

spect to ground under norma <V*-

*h» the VOX relay contact^
additional negative grid bias is ’ •?

across the IOK. cathode resis
^'.’

Qf

the tube to draw only a few mi ¥

cathode current. . 1. j.

The Output Chadt^A F'L .

ne

d̂

“

used in the output circuit as ^ i'*
**

about 1J dB more harmonic attention

than does the conventional
pi-nerwo**-

variable vacuum capacitor is «d * £
plate tuning capacitor because t . •

small minimum capacitance (5 ? 3 F

the circuit0 to be held to a reason--^-

on. 10 meters. A design Q ,!r
r

rising to 12 at the high end oi ^ £1

band.

F.Y—S-p:is, tfrjiie-ISrew rejay, 2Wi: e:n. ?ct-

tir-SrarcFsK KL-HD cre^uh'.

S.i~hp:'(, Cci.'tlE-it.iK

Si—3c2t!e-ps!E. CcublE-tfcrew tele's switch

Si'Z's*?:!*! s?ssi&n ceramic wafer Cecfc.

Cefitrslab rft-1

s a.3—2-p::e. S-jcsiticn eiraffi?: swileft. F.2ifo

Suit:!: C:rp. 7y;i f r, css B4ssS3n

7—Fcv:-tc-:rs brcaibzsi trensfcnr.27.

1

; Isms

’ejl tiflar w:s-i cs Irihr.C General CF-111-

gj fern'ls cere

7.-2 vein. 1 zr?E.re. Stances P42S5

T‘—€ v:'ts, 11 amperes. Triii F-2U
7]—Variaits vtiajs trerjfcrmer. SSacs in or

eqcbiisni

EJjwer-1! C.f.C. St C2 inch feasKpann.

Oaytss <CtJ4 cr e;i:rra!«ni

Sssfcet—EIMAC Y12A cr YtSSA

Chirac sy—SfVAC SK-:?S

Table 10 lists the derign values and co3

data for the output circuit.

Vicuiicfmg Circuit—Complete metering

cf the astpliSer operation is provided by

-•0 x-cters*and an electron-ray tuning tube

(Esnre 50). Tee instantaneous r-f plate

rote of ths aajSSer is sapM te",*

cinci-in vol^g: divider- A seas of tas

voltage is :ef.ad toE msy b: osa lot turo-

nstsic ic:d control triage let the e.cciKr.

A Sitoti static of triage L' era to k-

erriz- tie <FG« c!st:rct-r;c tab: moan
ca ;h: front p:t.ci of tt.: rittKiv. it: abe

!, '0 f^ablish prate pirtc cstcost lard-

in-. Utdc: Es-Egori ccditMos, tn: ptratra.

cf i: ttscc is ctet, gradarily ciodog rah

srerseinc sitts! voittgc uottl t: mtiiostira

vclittc it Ktrara is rios.-i. riuma? t_«Ed

c'een bar in th: viewing portion or css

mb.-. TLis ffifeoMS corresponds to nusn

anaa^ PEP tew. Tfa sosarnty os

tet :h, ALCtnd riectrcn-ray raise citcrirs

is cdjusrrfclc by ecstj of rise caprcttsvc

divider. . .

A 0-5 dc ammeter is used to register p.^c

cm-ren: "d a 0-! dc dtihsaaxT voa the

v.ovcr.ar revoried to sbo- zero a: aO per-

cent of Ml scale is <ssd rot rnc sr.omErter.

Con.'.-olCrrcrfs-JOcercisrrenr
nrotcrf.on

is provided by ; 3 -trie. don=.c-tnr<j - - -I

_.tos„ sn.volt CE cost :s placed in

legsrive plate supply return.
(RY
series v.

A 20-ohm resistor in

acres the circuit to latch-on at a pbte *

rent of 0-9 ampere- Tr.e pkte so-*,!..
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Figure 52

TOP VIEW OF

AMPLIFIER

2 The 4CX150CB and auxiliary

plate circuit components ate

mounted on a small chassis at

the left, rear of the enclosure.

The plate tuning capacitor is

mounted on a bracket fastened

to an extension of the top

plate of the chassis. At the

rear right of the amplifier is

the sampling capacitor for the

electron-ray tube and the shield

for the circuit components for

the r-f voltage divider.

The pi-L coils ate in the open

area at the front of the tube

chassis, directly above the

bandswitch. The high-voltage

meter resistor is at the left of

the enclosure, along with a

short section of coaxial line

that joins the output circuit

to the coaxial connector at the

rear of the amplifier. At the

side of the amplifier arc the

squirrel-cage blower, filament

transformer and control cir-

cuitry.

Top and bottom of the enclo-

sure arc mode of perforated

metal plate to provide ample

cooling of the tube and com-

ponents. The coaxial antenna

relay is mounted on the rear

of the box.
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Figure 51

POWER SUPPLY FOR LINEAR AMPLIFIER

cv C,~Ezch ccnsrsts cf fire. series-CBBnected i'Z tF, AJ:-nlt elsctrslysie czpacftcrs, Keiior/ HC-4£t53,
cf eqcrvalent

CH,—s hen»ysf S3 ehns. UTC s-is

Di. £>.—Rsctifisr stark tetailing JttO veils FIV at 1 ampere with cas cycle surga rating cf 33 anpgres.
P.„ Rj—Five 4JK, lC-7>i2tt resistors series connected across filter capzcitcrs

Pf
(
—Oouble-pole, tfoubie-threw refey, 25 amperes. PoKer-SrcmfisIrt FR-llAYo

PVj—Doutle-poie, dpubje-thrcw relay, 12 amperes
T
5
—Iic:-Yc1t, 11-W/, ICftS rttir.g. 12C/2-'5 volt primer/. Berkshire Transformer Ccrp., Kent, Corn.

_trpe BTC-4;35B
i
t
—523 volts, center-tapped at £3 mA. Sterccr FC-&I4

2-to- 1 reduction ratio. The loading c:pa-

c‘Tor, whose shaft is lower than that of the

counter dial, is also driver, by a chain and

Scar reduction system to provide correct

alignment end z

a

allow better resolution

wnen presetting the loading after changing

bud.;. The frames cf the counter mechan-

bns are mounted to the front of the r-f

molcsure on I ¥/' threaded shafts and the

control shafts extend through holes in the

front panel.

^ ithin the r-f compartment, the

•fCXlJOOB socket is mounted on a sub chassis

measuring !>//' X £ |4" X )V/' placed at

the rear. The plate tuning capacitor is on

fcp of. 2nd the loading capacitor beneath.

the extended top surface of the subchassi?.

The main feandswitch is mounted to the

front wall of the subchassis, with its shaft

extending through the wall into the sub-

chissis to drive the smaller wafer switch for

the rn-ut circuit. Flats are fifed on rhi' shaft

to alien the switch section*. Connection

from the switch shaft to the pane] knob is

made by a flexible coupling.

The pi-section of the plate task coil is

supported by a strip of %-inch thick lef.or.

sheet with notches cut in the edge to posi-

tion the turns. The notches are made by

drilling holes in the material and then cut-

ting through the center line of the holes.

The coil is wound from 3i$-tnch copper
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Figure 55

SIDEOFTHE
AMPLIFIER SHOWING

BLOWER

The blower motor, impeller

housing, and 25-volt transfer*

mor are to the left, with the

filament transformer and as-

sociated power wiring at cen-

ter. The control relay is next

to the transformer.

Figure 56

TOP VIEW OF

POWER SUPPLY

Th, filer eepeeiier bank iti

compensating resistors are at

center, with the screen supply

components to the side. Steel

handles cn the ends cf the

power-supply chassis assist the

operator to move the heavy

unit about. Front and taeF

panels are attached to the

chassis, which is severed with

a U-shaped aluminum plate.

checking nil wiring; ;nd intercourse:

apply Stiamom power. Adjust the fcis

renrierreter for

j

- J volrt cathode to

t.lorr.cr.t crc.vcircui: vokatre at the

should hi pfcau: 7 volts. Replace the

coble c:‘:cnne;tcj from the errirhtirt.

the VOX relay tffor.sasii toother. Tui

the :nj hr'f-i nllJT.- -v itcivp-
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An underview of the chassis 2nd clo-eup

of the grid circuit compartment are shorn

in figures 53 and J4. All grid circuit com-

ponents shorn inride the dotted line at the

left ride of the amplifier schematic diagram

are mounted inride the small subchassis.

Each of the three tabs for the heater and

heater/cathode socket terminals is bypassed

with a .QQl-uF mica capacitor placed in

parallel with a .Ql-uF mica capacitor. Addi-

tional lor frequency filtering of the cathode

lead is provided by the 1-uF, -00-volt mylar

capacitor mounted outside the grid com-

partment.

All other grid circuit components are

within the inclosure, and the various auxili-

ary' components are mounted on the outside,

left wall of the inclosure. All leads passing

from the inside to the outside are bypassed

by means of a 1500-pF ceramic feedthrough

capacitor in parallel with a .01-uF. 1-kV

disc capacitor.

The blower inlet is covered with 2 screen

made from a small piece of >4 -inch tnick

aluminum "honeycomb" material. This, in

addition to the careful bypassing of all

power leads, result in a “dean” amplifier,

free of harmonics and interference problems

(figure 55).

The sampling components for the ALC

and electron-ray tube are located on the

rear wall of the r-f inclosure with feed-

through capacitors used for all interconnec-

tions. The 1-pF sampling capacitor is made

of two 1-inch square aluminum plttes

spaced about fa-inch apart. A shield having

a cutout for the capacitor connection to

pass through covers these circuits and ^pro-

tects them from the strong r-f field 0 : the

plate circuit. The electron-ray tuning indi-

cator and the rest of the components as-

sociated with it are mounted on a bracket

behind the front panel.

The control toggle switches are mounted

in 2 row across the lower left portion of the

panel with 2 2S- volt indicator lamp above

each switch. Power for these indicators is

taken from the bias transformer (T-) and

an extra pole on each switch is used to turn

on the indicator.

Power Supply Power supply construction is

Construction straightforward. As shown in

figures 56 and 57, the plate

transformer, screen supply transformer, fil-

ter choke and filter capacitor 2re mounted

atop a steel chassis measuring 11" X 17"

X 5". All other components are mounted

under the chassis except the high-voltage

capacitors which are mounted to a 0.125"

thick f,bcrglcs printed circuit board haring

the interconnection pattern on the bottom

ride and the equalizing resistors on the top

ride. A similar piece of phenolic board is

placed under die capacitor bank to insulate

it from the chassis. Placement of the com-

ponents beneath the chassis is no: critical,

provided the high-voltage circuits arc suffi-

ciently insulated from the rest of the com-

ponents and wiring.

The solid-state rectifiers are mounted on

a large, phenolic board near the center of

the chassis. Any rectifiers, or stack of recti-

fiers, can he used as long as they have a

one-cvcle surge rating of 30 amperes, or

better, and will handle 1 ampere forward

current at a peak inverse voltage rating of

5000 volts. A high HV rating is desirable

.

Figure 54 ^
UNDERSIDE OFTUBE COMPARTMENT

jjl

The fcantiswilch segment ana small

tors are mounted cm the wall ct Hje M
£

ment beside the iCXtSEOB tufie -
the socket are the four-tocrie toroid =
and the grid load resistors, which ere s

s.

Between two thin copper pletes. Hole the •

Pie bypass capacitor on each s«W terT7!,nJi - *
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22-10 A High Power

Linear Amplifier

With the 8877

The linear amplifier described in this sec-

tion is built in* Jim Garland, \\
78ZR. It is

designed for continuous duty operation at

the 2-kV\“ PEP posver level on all bands be-

tween 10 and SO meters (figure IS). The

use of a single $f<77 high-mu, ceramic

power triodc in a class AB; cathode-driven

(grounded-grid) configuration provides ex-

cellent efficiency and linearity with a peak

drive power requirement of about 50 watts.

The amplifier and power supply arc self-con-

tained in a single console and the design fea-

tures a built-in r-f wattmeter for monitoring

forward and reflected power, AI.C control of

the exciter, sequenced relay switching and

*cveral protective features to safeguard the

‘*77 and power supply components against

malfunction or improper use.

At a plate potential of 3 kV, the third-

i.rdcr intermoduiation products a: maximum
power output arc decibels below one tone

of a two-tone test signal.

THr Amplifier Circuit The schematic of the

r-f deck of the ampli-

fier convile v -hown in figure 59. The SS77

b opr rated with the grid a: r-f ground

p ttntui iti. h;v supplied ir. the cathode

rriurn kircurt The druv <ignal v- coupled

t!;!i .ivn may RY-A and a ps-nctwork cir-

u;:t to thr catirde oi the 4 ( ?T. The input

r '- G . J.. ;r.d optrates :t a Q of

:*’ n! y..r if.p::* *
: ^ r. 2 ! during the variation

1

' y ::.y ‘r impedance during each
' t v‘. c.r r -! ;; we ,i to isolate the

-r:,.-. > ; mtem ah*.

Figure 5B

HF LINEAR AMPLIFIER WITH 8B77

This Men power linear amplifier covers

meters at 2 fcw PEP input, usinc a sir.de

hilh-mu ceramic-metal tnofle in J jrsunce-'

tntJ circuit, the unit provides maaimum cv.-

put with a peak drive requirement ef 53

Amplifier and power supply are self-eenUiM®

in a rsll-abeut console. Controls ar.d rrtees

are (top): Plate current meter, plate tur^t

eentrei. ant) ptate loadint control. Dfte* 4,*

f

Multimeter ana selector switch, power and <*•

cut switches, tsnflswitch. and power reset tl
-y

ton. Console is made up et prelsSricaietf cor-

nel sloe s and aiurmuft panels. The f*s* lS

cjlntei Stack with dark t'*y P* rr!$
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Figure 57

UNDERCHASSIS VIEW

OF POWER SUPPLY

Pt:i*r: t)r* fi r-

3 s^fi’z ttMf *;«ti ?*tf

fre-. t
k
t :*^*.vs Fiwff «!sr.

firtfy ti’tV'X a'i

rte-ite t: wan t f **«

cfc
»iv?. I**er es-Cc:\:r e! P5-

t!'U tiff ii wits *t» *-t>-

witcl. !•: » hr!- for jl! rum:

'"Ci’kiVIv’ rtr?«a kc -CX I x:

fijr’rrt vr!:,e; :f>
*-* ’fir.in * to ft, 1'* volis

measured at the “\'Lc: ‘'it.
1
! -*n iccursto

nt'JwA rcji^or* R to rc;d : convenient

reference on the meter. Reconnect th:

voltage cable :rA apply high voltage to the

j.upli-tcr, ter dicing for 3 r-inutes Jot

the tube to warm up.
, . . .

Adjust the lust potentiometer for 250 inn

renting plate current with the ^OX ecu'

confects shorted and the ttux'ojrrslc st.-kcr

in the n/vra/r position.

The amplifier is non- reedy for foal tun-

ing adjustments. Place the switch m 1.

*

Ia 'if position and apply a single-tone sip3

of a few milliwatts PEP to the amplifier,

adjusting the level to produce about 0.5 mA

of grid current. Readjust the pl3lC lUn,n
-^

for resonance, as indicated by a rise m output

power and piatc current: both vein be srn '-

at this point. Place the switch in tne of- ro

^

position and readjust tuning and o- n>

controls to obtain 670 mA of plate currem

at resonance and — 1 5 tnA scrt.cn

holding the grid current to Jess than imn.

Power output under these conditions *

better than 1150 watts, with a plate P°-
‘

'

tial of 2950 volts (see Table 11}-
, ,

With carrier removed and vosec mod«^-

lion applied, the plate current sw

about 550 mA and screen currcm *

at about -8 mA. Grid current

than 0.03 mA. VThen the VOX re +i

Table 11

[
4CX 15 D0 B Typical Operation, CIbsj-ABj

R-F Ltneer Amplifier

2750 2900 volts

225 225 volts

O: grid vc.tcge
-*4 -34 volts

Zcri-jig-'s! d:

p’ate current 500 300 mA

Smgic-tcnc da

plate current 755 710rrA

c'ote current 555 542 mA

S-ng’e-tcns dc

screen current -14 -15 mA

Two-tcr.e d:

screen current -u -11 mA

Single-tc-ne dc

end current 0.95 0.53 mA

TvrtMC'-S dc

grid current

Peak r-f grid vo!»-5?

Driving p=-*-er

0.20

45

1.5

0.05 mA
41 volts

1.5 watts

Rescnsnt load

1900 2200 ohms

Useful output 1100 1 100 watts

sring plate current will drop to a few

illiampcres. as sufficient bias is added to

oduce a near-cutoff condition.

Operation of the amplifier should now

monitored with an oscilloscope to mate

re than "topping” does not occur at

aximum input level. When the maximum

• el has been established, adjust the caps-

;or on the bach panel of the r-f mat and

e electron-ray partem just touches. In

,rmai SSB voice operation, the in*a«J

[II barely reach this point at - kA\ it*

put. depending on the exact wave.rwm

'

the driving signal.
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vcnc power levels indicated by tbe r-f

attmctcr. Plate current is monitored by a

rsratc meter (M;) in tbe B-minus return

r.d to the high voltage power supply: a pair

:
reverse-connected diodes 3re used to pro-

r:i the meter in the event of a flashovcr in

:c plate circuit, while a 250-ohm safety

risto: prevent the B-minus voltage from

sarine above ground to a dangerous level if

w plate meter should open up.

The Piste end AlC Chari/s—The arapli-

rr u (cs a conventional pi-network output

rcuit which is designed for a plate load

r.pcdance of 1500 ohms with a loaded Q of

2: the values of the plate circuit compo-

AlC CONTROL CIRCUIT

nents for each band are given in Table 12,

Grant 0 rises at 1 0 meters due to the out-

put capacitance of the rube and the stray

circuit capacitances (a total of about 25 p?)

but circuit eSriencr remains high.

ALC voltage is obtained by sampling th:

r-f voltage at the cathode of the $S77 vim

a capacitive voltage divider consisting o

t

capacitors C :. and C; (figure 60) . Peak r-t

drive voltage in excess of the dc reference

voltage set by potentiometer Rr (
ALC &f-

just) is rectified and filtered, to appear it

the ALC output jeck for control of the

exciter power level.

The broadband r-f wattmeter (figure 62)

uses a conventional circuit; the amplifier

output power is sampled by toro'.d L,. whi-t

capacitor C : provides the reflected power

null adjustment. Potentiometers R:-R- alfo*

calibration of the instrument to provide full

scale meter readings of 5 k\\" and 500 Tv

forward power and 500 W' reverse power.

Amplifier Cooling—Tbc $5/7 require

20.5 cfm of air at a pressure drop or 0.2a

for 1000 watts anode dissipation at sea level.

A squirrel cage blower provides proper co.v

ing. For full 1500 watts dissipation. 5f-0

Figure B1

TOP VIEW OF R*F DECK

The variable vjcuum c>pfsi’*:rt »

*

zUscfttS is ifr »cner trrt P*”1

;

zliswirj: spice fer rtf c ‘

nechirrjmt znfi r.cirrj fceft*"-
•'

tr.ia panel. The «7? tvzi >5 «
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and the voltage developed across this resistor

is used to obtain grid current metering and

also to provide a reference voltage for the

grid protection circuit. During normal am*

pli/ier operation the voltage across Ri is in-

sufficient to permit transistor Qi to conduct.

If the grid current of the SS77 rises to about

180 mA, however, then Q; conducts and

returns to ground one side of the grid over-

load relay (KYj), which then latches itself

closed, illuminating the from panel reset

button and interrupting the VOX line. Press-

ing the grid reset burton unlatches the relay

and permits normal operation of the ampli-

fier to resume. A 10-/iF capacitor across the

coil of the relay prevents tripping of

the circuit on instantaneous grid current

"spikes."

The grid meter (M,) also functions as a

multimeter, monitoring the forward and

SCHEMATIC OF 8877 LINEAR AMPLIFIER

^,V'Vi“'kv
Jennings UCS-300, An air capacitor >

substituted for this unit.
,,n,Pt»or

—1000 iiF, 2-fcV variable, vacuum captor.

armings UCSL-IOOQ. An air capacitor m y

ubstitutEd for this unit.

rjr.u * — *

2-rntt '”""“®”
0l

r

SSe
ors in parallel shunted across t

=?-«« turn. W2I ...

FCH»ta« m ... «« >'

<£3i

rv—Input relay. Potter-Brumfieitf KHP-17-011,

or equivalent

RY -Output relay. Senrings vacuum relay RFl-

d, or equivalent

RY—Grid overload relay. Potter-Brumfield

KHP-17-Dtt
,

S—2-pole, 6-position ceramic switch, Centra-

'lab PA series

S-l-poIe, 6-position high voltage switch. Mil-

hen 51001

s—t-pole, 6-position switch. Centralab PA

series

Counter dials—BaumanJC3-S

Socket-Eimac SK-2210

Mm cmpwmnt

ih. Hill, volt® !»« •« W“
S tSOO-pF Jeedthru capacitors (not shown

on drawing)

See Table 12 for plate circuit data
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Thi pickup ee[| (J»
4)

is wound with 25 turns

*22, centsrtjp cn in AtnJSea 7-5W ftni'.s

tsrtid. A CE-«hn 2-watt resistor is shunted

*crcti the winding aJ iht timings. 7b! naJJ

capacitcr is a small variable ceramic type.

cfm of air is required at 2 pressure drop of

tf.60". In off cases, sufficient cooling air must

be supplied to hold tube temperature below

2S(i'C with SO'C ambient temperature at

sea level. A Dayton model lC-lf-0 blower

"ill satisfy the 1000-watt requirement of

the SS7” under almost all operating condi-

Tsbfe 12. Input Network Details

{
Circuit cerr,parent valves (0 ~ V

j

Bind Cf, Cr iw
E0m E20pF 2.15

-40m 420pF liO

20m 220 pF 0.60

15m 150 pF OAO

10m 100 pF 020

Note: C-, Cj 2 re made up of r/ro paralleled

silver mica apidiers

Ij Coil Winding Data

Inductance

Bind No. Tumi Wire Size EargefaH)

so™ 16 20 ZOO-270

40m 10 18
0.92-1.30

20m 8 U 0-54-0.70

15m 6 U 0354U8

10m 022-027

Note; Coll forms are Vi" diameter ceramic forms

Wilier 69Q44-or3nge cere)

_ji tions at a low ambient noise level. For opers-

_=^- tion at 10.000 test, cr above, or for extended

j~A' contest operation in a high temperature en-

vironment, a Dayton model IC-7U may be

substituted with only moderate increase in

noise level.

Potter Supply and Control Circuitry—

Primary power to the amplifier is applied

through control switch $, to the filament

transformer. Mower, and time delay relay

R.Y, (figure 63). After 180 seconds, the
' time delay relay doses and power may be

applied via plate switch S» to relay HY-, a

mercury plunger solenoid relay.

The initial charging current of the filter

capacitor bank in the high voltage pbte sup-

ply is limited by two 1 1-ohm resistors in the

primary circuit of place transformer T;. As

the filter capacitors become charged, the

voltage at the primary of T„ rises because

cf decreased voltage drop across the resistors,

eventually rerunning surge-limit relay RY*

to close. The response time of the relay is

about 0.21 second and is determined by the

time constant of the filter in the 24-volt dc

lew-voltage power supply. This supply also

provides power for the VOX and antenna

changeover relays and reference voltage for

the ALC circuit.

A sequencing network consisting of a

1 10-ohm resistor and a 50-^F capacitor in

scries delay the closing of RY:,
the antenna

changeover relay, until about 7 msec after

the VOX line is actuated (figure 63). This

prevents ‘’hot-switching" the antenna relay,

thus protecting the relay contacts and the

plate circuit components from the high

peak voltages arising from a momentarily

unloaded condition. The diode across the

relay coil prevents the capacitor charge from

holding che relay closed after the VOX line

is opened. Discharge time of the capacitor

is about 100 msec through the back resis-

tance of the parallel-connected diode.

The high voltage power supply employs a

voltage doubler circuit and provides about

3000 Vdc under full load (figure 68). The

diode banks are prorccred by RC suppressors

across each diode and by thyrechr surge

suppressors (Zj, Zz, figure 63) across the

primary winding of the plate transformer.

These devices throw a low impedance short

2cross the transformer in the presence of a

high voltage transient on the primary cir-

cirir. The amplifier may be operated on either
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Figure SB

CLOSEUP OF R-F DECK

The side panel h3s been remavtd ts sh;w

the iD"j-pF vacuum variable isariinj; eip}:i-

tor and the plate ceil inductors. The band-

switch is at left, mounted te the Trent

panel. Connections arc made te the ceils

with silver plated copper strap. The Wt
tube is hidden in the rear behind the ini-

in* capacitor, visible at the ripht is th»

r-< wattmeter board, adiaccnt to the out-

put rc:rpt2 c!e.

tdiactni to antenna coaxial receptacle
J».

T!-e connection between the receptacle and
ojnJsv- itch i< made with a short length

•fRG-tA VciHt.

C«I*KI.M Th: value, of capacitance and
cf M'jnmrrt inductance lor the rlatc cir-

, t

c ;:i* pi-network arc given in

i«or 15. The values 01 the input tuning

&y*\ n r i
:

of tube
'

' " *"• capacitance, lire positions

Tcblp 13. Plato Circuit Details

of the tars on the plate inductors may k
iound by nrst jetting capacitors C and C

to the correct values and then adjust Inc the

appropriate coil tap until circuit resonance

is achieved, as indicated by a calibrated dip-

meter. The capacitors themselves Car. b:

calibrated by the dip-meter and a known in-

ductance; this is most easily done H con-

structing a graph of capacitance value* for

cinereal settings of the cums-counter disk

The input pi-network coils are aliened k
inserting an $\V'R meter in the coaxial kn:

between the exciter and the amrliSc; :rd

tuning the coil slug on each band for mini-

mum $\\ R a: the center of the band. Tb

ris

;

gr ro *•: Pov **; / j

?
rO\i~.i!y j,:

0- a d ; <,j
ited to null t

Came:

kv'.f? *>r» Tv-*.-* *

c-i A ! '?— - ., j. r
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Figure 64

SIDE VIEW OF AMPLIFIER CONSOLE

The side panels have been removed to show

Placement of parts. The 8877 tube is visible in

the »•< incloture at the lop, with the squirrel

oaee blevrcr mounted immediately below it In

the power supply compartment. The air intake

vent for the blower is in the rear panel. The

main plate transformer is at the rear of the

lower deck, with the mercury primary relay

immediaieiy beside it. The filter capacitor bank

'5 to the right, with the auxiliary relay controls

in the foreground.

shaft which extends out the front of the

chassis through a panel bearing to the con-

trol knob. The slug-tuned coils are adjustable

through the cop of the chassis. The bottom

plate is drilled to receive the blower.

Location of the major plate circuit com-

ponents may be seen from the photographs.

The two vacuum variable capacitors are

mounted on a reinforced aluminum subpanel

recessed 3" behind the main panel. The plate

circuit bandswitch is also mounted on the

subpanel; the switch being ganged to the

cathode switch by means of two brass pulleys

located in the space between the panels.

The computer grade filter capacitors ere

sandwiched between insulating plates and

mounted in a horizontal position. A third

plate holds the diode assembly and RC net-

work capacitors. The inner conductor of

RG-e/lf cable is used for high voilage

wiring. All exposed terminals are taped

after assembly to prevent accidental eontaet.

Heavy gauge piano wire is used to join the

pulleys.

The plate r-f choke is fastened to the

rear wall of the inclosure atop the bypass

capacitor and the plate end of the choke is

connected to the place r-f blocking capac-

itors by an angle plate made of thin copper

stock. The plate inductor consists of two

coils; inductor L-. is made of '/-inch copper

tubing and is used for 10, 15, and 20 meters.

It is suspended between a flange attached to

the variable vacuum capacitor and a ceramic

standoff insulator mounted to the bottom

plate of the inclosure. Inductor L:I is made

of l

/t-inch copper tubing and provides addi-

tional inductance for 40- and 80-metcr oper-

ation. Leads from the tap points on the

coils to the bandswitch are made with yA -

inch copper strap; coils and straps are silver

plated before final assembly. Complete data

for the pke circuit is given in Table 13.

The r-f wattmeter components are mount-

ed on a small printed-circuit board placed
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Figure 68

SCHEMATIC OF

POWER SUPPLIES

D,-D
(I
—Diode network consist*

ing of: 2.5 amoere, 1000 piv

diode (HEP-170), .01 *F, 1.1

kV disc capacitor and <Mlt,

1-watt resistor

C,.0,-240 «F, <50 WVdc capaci-

tor. Mallory 241K5QD1

RYc—See figure 63 parts list

T*—120/240 volt primary, 11C3-

volt secondary 1.2 kW rating.

Ta—26.8 volts at i ampere.

Stancor P-8609

Di, D*—Diode Bridge. 2 am-

peres, 200 volts piv.

rent, maximum r*f output, and minimum
plate current should occur at the same set-

ting of the plate limine capacitor. When
properly loaded to 2 k\M input with carrier,

t^rid current will run about }f mA to *50

t»A, corresponding to a drive power of about
•H' watts. Operation of the grid protection

oraiit can be checked by temporarily re*
tiucirii: the loading capacitor two or three

turns and whistling briefly into the micro-
phone, trie grid overload relay should trip,

rtlummating the grid reset button and lock-

ing the amplifier into the standby mode. If

f-ic er:d relay trips during subsequent opera*
tu n (' the amplifier, it is usually a sign of
improper loading, a badly mismatched an-
tenna, cr cursive drive power. In any case.

51 f urttMtlty ihnuld be remedied before re-

operation of the amplifier.

; check of amplifier linearity, and
fitir.oh tr-.e correv-; Al.C threshold, the

J".p.i!:rr output tf-uuid be monitored on an

2?.-n A 1-I-.W PEP Lincor
Amplifier for 10 Throuqh

160 Meiers

that covers the "top band,” as well as the

higher frequency bands. Shown in this sec-

tion is a compact design using a single a-

J00Z high-mu power mode that is capable

of 1200 watts PEP input on the 160-, SO*,

•iO-, 20-, 15*, and 10-meter bands. This is

a desk-top amplifier with a separate power

supply that may be hidden under the oper-

ating table (figure 70). The amplifier fea-

tures a tuned cathode input circuit, a pi-I-

plate circuit for greatest harmonic attenua-

tion and can operate either with a trans-

ceiver or a receiver-exciter combination. In

addition, the amplifier may be bypassed for

low power operation.

At maximum power input the third-order

intcrmodulation products arc better than 40

dll below one tone of a two-tone test signal,

without the use of auxiliary feedback. Peak

drive power is of the order of 50 watts, and

the amplifier may be driven by any excite-*

capable of providing this power level. In-

most eases, the measured imermodulatscn

distortion level of the amplifier-driver com-

bination is mainly that of the driver, as t ,; r

amplifier distortion level is very low, 7 hr

amplifier was designed and bn lit by Kft-W-

TKe Amplifier The •Sernas:; of th* I r* tr

Circuit
amplifier is shown
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Figure $7

INTERIOR OF R-F CHASSIS

undersfde of the £377 chassis is shown in this view. The toned cathode circuits 2 re adjacent tc the
CKer, with the filament transformer in a comer of the compartment- The input and cyerioad relays
e mounted to the walls of the chassis. The tube socket is recessed below the deck to permit pass-

age of air a fceutthe tube.

^'cd range of 4.75 to 5.25 volts. Opera -

n at the lower end of this range will pro-

!g tube life. After the 90 second time*

2)’ relay activates, plate voltage may fee

died to the SS77 and the dc resting plate

rent of the tubs should be about 160 mA
ISO mA. At this time, check to make sure

the blower is operating preperiv and a free

Sow ofair is escaping from the anode of the

tube, ifce plate circuit controls should b*

set to the values determined previous!;

.

Apply a small amount of drive power
from the exciter and tunc the plate circuit

controls to resonance. Maximum grid cur-



SCHEMATIC, 3-5002 LINEAR AMPLIFIER

C,. C»-:rr c?'l Ijfclf.

C »~tC*3 j
f, O.li'/' r»P Ofhwcfl t5<*1« er fcuivjlfrt).

c ‘~<r • f r
< C C*.V f?p ()entKt«t it.fi-3 cr nuivMtm).

C«— t c> ff, ‘j vy r:-.j opstitcr.
ft, 5 ly r. T.i cjp.'tstcf.

Ci-tC“.0 pr, ; * kV <?pscittf.
£* ’•**»' f*. 7 * VV t-i (1 C?p»Ci!tf,
t,-i ,?* i.rM iiru.H (ffij.

J' )*, ji-CtMiil If tfpty-ff, '
O-2J0.

•VC f-'i'''

.y V"7f
* r? " rf winter r«$i 5 >V fan it-Mf.

'pi'Vrf'**'''*"
’ ? ,r’i h»r«fl«? It:p 1" hipt! / W|£* «
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Figure 70

THE K60PZ LINEAR AMPLIFIER FOR 180 THROUGH 10 METERS

This linear nwOMr <m a ein|l. MWl
welts PEP inpnh Pint. Me * U>*K “«SpS
3*rnz mount.il tn We M ™ S „ “« {left In ri|hl)t BMi.nt pnwer

cnmnl ena piste »»IB£e. .tress tot 1lf

”J J,

J‘

er ™,:h ena (el He extern rfjht)

5Wftch, input circuit bandswiteh, fflam P^t, pM
3n 0VBrcC2( „« cie2r epoxy. The

WSffiWfiSSS 3.10W ccclirs dr to pass »<« the

connectors on the rear apron of the 2mP
'

fier, one for 2 receiver (if used), one l0i

2 transmitter (if used) and one tor 2 trans-

ceiver. When used with 2 transceiver,
* -

switching contacts of rehy K-Y: in the input

circuit are bypassed. The 3-f00Z is norm
J

biased by means of a 6.8-volt 0 “

but in standby the linear is cut ou by the

VOX relay (RY-) and the 20£ cathode cir-

cuit bias resistor.

The PUte Circuit—The plate circuit uses

2 pj-L network for maximum harmonic sup-

pression. This provides about 20 dh mo*

harmonic suppression than the com e^ot
f

pi-networL The network is
svnrchea py

means of a four-secdon high-voltage ceramic

switch (S.j). Two sections select the p.op-r

coil inductances and the other two sC
*t°®*

s

add padding capacitors for 160 - an

meter operation. Plate voltage is

through a 90 r-f choke. The choke hx

an inductive reactance of 1200 ohms wrt 2

parallel capacitance of 85 pF at this *re

quency and exm capacitance in tunmg a-

pacitor Q is required to compensate iO.

shunting action of the choke. This is ac-

counted for in the design of the network.

The pi-network coil (Ic) is divided into

cecrions to provide the highest eSriency and

ease in assemblv. A 0 of 10 was chosen .or

160 meters; IS for SO, 40, and 20 meters;

and 18 for 10 meters. This provides good

eSriency 2nd harmonic suppression on all

he Metering Circuit—‘Grid and plate

ents are monitored and the meters are

:d at a low potential point in the cir-

’

The negative of the high-voltage sup-

"floats” a few volts above ground to

iir return-lead metering. A protective

tor is placed from B-mbus to ground

isare that the negative side of the power

ijy remains close to ground potential. A

race ground lead is then run from the

IiSer to the power supply. Grid current

measured between grid (ground)
^

and

ode return, with the grid pns 0: the

I0Z connected to chassis ground.

be Cooling System—Forced air cooling

eauired to maintain the seals and ea-
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i; bolted to the side of the subchassis. The

tuning capacitor (Cl is shown in the top

view. I: y panel-driven from a vernier dial,

through an insisted coupling which pre-

vent f the formation of a ground loop, with

comecumt r-f currents flowing in the front

arc mounted the hf sections oi the plate cod.

ccrpcr tubing and the IS- and 20-meter

action with ?: copper wire. One end o‘

the ;ub;np is attached to a copper strap

which make? the connection to tuning ca-

pacitor i'C; j . The other end of the tubing

drilled out ‘lightly to accept the copper

wire. The joint is then soldered. The IO-

meter tap (a section of copper strap) is also

‘•ddcred a: this junction.

The 10.meter coil i< supported by its ter-

wcund : round a grooved piece of Ter,or:

‘t.jck v. a:eh :< aff.xtd to the end of the

rrcl.rure with a sms!) angle bracket.

The 40-, SO-, and 160-meter portion e:

the plate inductor is mounted behind the

hf coil, parallel to the end wall of the box.

It is composed of two sections ot commer-

cial coil stock and is supported by its lead1

and a small ceramic insulator at the far err

of the coil. Most of these components can

be seen in figure 75.

Xotc that the bottom plate o: the en-

closure is perforated in order to achicv:

maximum convection cooling. The plate :?

removed for the underchassis view (figure

74). The area around the tub: socket con-

tains the bandswitch and associated circuit?,

the filament choke, two relays, and most ct

the small components associated with the

input and control circuits. All power JrsiJ

arc run in shielded wire, with the s-itl-

grounced at each end of the leads.

In the plate circuit area, the loading ca-

pacitor (C-) is bolted to the ur.derrtd: c:

the L-shaped mounting bracket and bruC:

it is the bandswitch whose shaft project!

through the front panel. Behind the rw/.rr

is the L-scction of the plate circuit. Ad

Rnufe 72

OBLIQUE vmv OF A’.'PURER
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mounted shout inch below the chassis

deck to provide an air path around the base

of the tube through which underchassis air

is drawn by convection. The air is exhausted

through the perforated metal lid of the cab-

inet and also through 2 metal grill mounted

on the rear wall of the box.

Maximum plate dissipation is about 4 JO

warts using this cooling technique, sua-

cientlv high so that the amplifier m2y be

run at 1 kT7 for c-w operation, or 1200

watts PEP for SSB service. For R'lTY oper-

ation, amplifier input should be reduced to

about 800 watts to provide adequate protec-

tion against overheating. The top surface

of the cabinet should be kept dear to per-

mit the heat to freely escape from die am-

plifier when it is in use.

Amplifier The amplifier is built within

Construction an aluminum enclosure measur-

ing 1 J
,f

wide, 11
a

deep and

8>/" high. Front and rear panels are cut

from W-inch sheet aluminum and the re-

maining panels are cut from %6-inch sheet.

One-half-inch-wide angle stock is used 2
*

the corners for bracing. The assembly is held

together with 6-32 screws tapped into the

angle stock. The tube socket and small input

components are mounted on an 11
p X 7

,?

X 2" aluminum subchassis bolted to the left

side of the enclosure. The plate tank circuit

occupies the righthand end of the enclosure

as seen in the photographs.

Layout of the major components can be

seen in the top view photograph (figure

72). The subchassis is at the left and con-

tains the filament transformer, 5-JOOZ tube

and plate r-f chokes. The solenoid-wound

choke (RFC;) is mounted in a vertical posi-

tion, in the clear, with rhe auxiliary choke

(RFC;) mounted parallel to the chassis. The

fan is mounted to the wall of the box in

line with the center of the tube.

At the right are the plate circuit com-

ponents. The tuning and loading capacitors

Figure 72

TOP VIEW OF THE MULTIBAND AMPLIFIER

, t . ... {-.(ament transformer, and blower is at left. The plate tun-

The 3-5002 subchassrs with the tuS-.
K t etJ to tte s{ie of the subchassis, fit the

irg capacitor ails car. « th, cacemPly ispH to lit.

right are the plate circuit
fte KZrne meters used are shielded surplus types

«* »»« «* »>=f® cfcatomfc ice capadterp. LPiSs to ». mclers arc ton
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Figure U

UNDERCHASSIS VIEW OF THE AMPLIFIER

lr. she plate compartment the ceramic bant! switch is directly behind the front ^
l-rsrtsn ef the plate retwsek behind it, mounted in a vertical position. The ma
erciinr capacitors for EO and 1E3 niters ore mounted to the waits of the en.i-

M drifts to these units arc made with copper strep. The antenna chanceover^

nsu-teS immediately behind the L-section ceil. In the input compartment, ,--e c.

cols rr.d capacitors art croupe d around the fcar.dswitch. which is pzntl mounte-

pis circuit relays and filament choV.e art to the rear. Lone. interetnaesUne pc*

run in thitldfd wire. Eottcm plate (removed for phctcjrraph) is perforated nte*il^

ventilation. The panel-driver, toadir.c tapaciter is at center, mounted to the un.

l*trsefrtt that supports the plate tuninn capacitor.

:r.t1 with the

plate circuit

;ure and cor-

relay KY, is

-these circuit

.
The two ih-

m leads **e

!cr r.aaimcn

tnide ef the
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connectioas in the pi-section of tie plate

circuit are made with copper strap to reduce
r-f loss.

Amplifier Tie amplifier wiring should be
Adjustment checked and the plate circuit
and Tuning adjusted for proper operation

on 211 bands. Coil information

i.s quite precise, but it is 2 good idea to check
the resonant circuits on each band with tbe

aid of a dip meter (see Tables 14 and H).
The tube should be in the socket for this

test but no voltages 2re applied to tbe am-
plifier. Tie cathode circuits should be ad-

justed by means of tbe slug-tuned coils to

resonate at tbe center of each band (this

may be done before installing them in the

amplifier, if desired). The plate circuit is

checked bp setting the loading capacitor to

about three-quarters meshed 2nd tunmg ca-

pacitor (Cs) for resonance.

Filament Toltage is now applied and the

blower motor should start. Filament voltage

should be 5.0 volts at tbe socket pins. The
filament transformer is r2ted for a contin-

uous duty current of 15 amperes but runs

cool under tbe 14.6 ampere rube load. The
transformer was selected to do the job with-

Table 14.

Input Network Details

Circuit Component Values

Design Q=4

Band C,(pF) Ci (or) U

160 2000 2000 22!. #22e. (5.6 pH)

80 1500 1000 18!. #22e. (3 pH)

40 750 560 Ilf. #I8e. (13 pH)

20 390 270 #18e. (0.3 pH)

15 270 200 5*. #!8e. (0.5 pH)

10 200 150 A\. #18e. (0.3 pH)

Capacitors: 600V dipped mica, D.”15J series

Coll forms: (160-20 meters) Vi" stem,

slug tuned (red core).

J.V/. Miller 66A022-2

(15-10 meters) 1/2" diem,

slug tuned (green cere).

J. V/. Miller 66A022-3

Table 15.

Plate Circuit Details

Band Inductor

10
5% turns, if," tubir.o, 1%" i.d

1%” long.

" *

15-20

M turns #8 wire, 2%n la., 2” long.

Tap JV< turns from junction with fi)

meter coil.

40-80

!3'/j turns #12 v/ire, 3" i.d., 6 turns/

inch. Tep 6V2 turns from junction v/ith

20 meter coil.

160
16 twits #14 v/ire, 3" i.d.

10 ivmfmdi.

L-Section Inductor L;

23 turns =12 wire, 2" 16. Tap from output end:

£0m-15 turns, 40x*9 turn, 20m-4 turns, 15m-
2% turns.

Inductor

4 turns #12 v/ire, 2
W

i.cf. ~i" long

out excess capacity, as this limits the fila-

ment inrush current when the rube is cold.

Once the control circuits have been veri-

fied, tbe amplifier is connected to the power

supply. A separate ground lead is run be-

tween the amplifier and the supply. A plate

potential between 2000 and 2500 may be

used. When the VOX circuit is activated,

the resting place current of the amplifier

•will be between JO and 65 mA.

The amplifier is now turned off, all shields

are screwed in place, and a suitable dummy

load is connected to the antenna terminals

through an S^7R meter. Grid drive is ap-

plied slowly until a plate current of about

ISO mA is observed. The plate circuit is

now adjusted for maximum power into the

dummy load, consistent with minimum

resonant plate current. Grid drive is in-

creased and loading adjustments arc made

in a normal manner until a single-tone

plate current of 400 mA is achieved. Grid

current should be about ] 00 to 120 mA.

Adjustments should be conducted to pro-

vide maximum output at 400 mA plate

current within the grid current limitations.

The last step is to touch up the input

circuits by inserting the SVR meter in we

coaxial line between the exciter and we

amplifier and tuning the coil slug on each

band for minimum SV'R at the center Ire-
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Figure 77

SCHEMATIC OF POWER SUPPLY

C., 'tv? ,F. 453 V eles!ratyt:e cipacittrs ir. strits, parallel e*:h wps-~ r * !
’,s

:in.:5w?Kfts!!ifr.

0-. Oi-tar*! 1 rt :.5t. *. IV tft-ts in serifs [HEP-iTO ft tquiwltn*). Parallel tn". titit *-•

<7:*:, '?•*?» mister *n; .ci /.F. 1.4 iv disc ctrir.i: »pitit:r.

J.-HiJf! Ts:,
,?j,f ccm.j) j;:V UG-5EC/U l&rrhrr-cl f:-S05) sni sr.8lch.Tj pluf UD-SSBrtJ

?*Trt! r.u j?:v »;t*i 4 : !;t?rf jrtsst.

P-fivt. i--t£t v~i, Witt millers ir series fer r-ster mrtticKr.
fy., rr,-;o t cj-ust dr.: rttiy. i:: v.*: ct-.i.

T.-1i:5 V rrt it Ci!C. KZ/ZiZ \t'.\ cri msrj, Etrl.sNrt ETC-S1EU Ecr^sYiirc TrJW*t’^ff

C7.

t —r-dtlj)- Kiiy. test. rrr*~:!ij »*» c:".t?tis. Ij3-vr51 hrittr. 1C sscc"C d elcy-

_o'o-
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Figure 75

POWER SUPPLY FOR

LINEAR AMPLIFIER

The power supply is self-contained in an alumi-

num box haying psrforztatf metal top 2nd sides.

The high-voltage receptacle is In the upper cor-

tier, behind the handle, At the lower edge cf the

side panel are the primary cable, the intercon-

necting power cable to the amprrfisr and the

primary fuss. Ho higb-vsitage circuits are ex-

posed in this design.

mounted between two fiberglass boards field

in position with threaded rod (10-52) on

each corner. Holes are drilled in the top

board for the capacitor terminals. Power

relays and the time-delay relay are mounted

in the space adjacent to the transformer.

The high-voltage lead is a section of co-

axial cable and the various interconnection

leads to the amplifier are made from #IS

21,7?

shielded wire. The cover for the supply is

mads ox perforated sheet metal

An eternal variable voltage transformer

can be used with the supply, if desired. It

is placed immediately after the surge sup-

pression circuit.

22-12 An Advanced H-F

Commercial Linear

Amplifier

The linear amplifier described in this sec-

tion was designed and built for commer-

cial service by Jim Garland. T?ZR. It uses

a single ?S77 power mode in a cathode-

driven circuit and is capable of 4 kV PEP
input in S5B and c-w service and 2.J fcV

input in SSTY and RTTY service.

This rugged and dependable amplifier

consists of a tabletop r-f deck (figures 78,

79), a remote high-voltage power supply

(figure 80), and offers features which meet

or exceed those available in many commer-

cially available amplifiers. These features

include:

*Tuned input and output circuits for max-

imum linearity and a high order of har-

monic suppression.

^Industrial grade components, Including

vacuum variable capacitors and relays,

ball-bearing blower, mercury-plunger

power relay, 2nd custom designed plate

transformer.

Figure 7B

INTERIOR OF THE

POWER SUPPLY

With perforated cover removed,

the rosin components cf the

supply are visihle. The plats

transformer and tftede rectifier

tsasi to. Uss. teft with the

saries-connected filter capaci-

tors at the right Primary pow-

er and iime-detey relays are

in the foreground. After initial

lasting, the powe rsupp ty$fi culd

never be run without the pro-

tective cover In place.
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Figure ED

THE REMOTE POWER
SUPPLY

The supply provides 4 *V ?!

U do for the E577 a r,i Is eas-

i!y moved attat cn carters,

even though It weighs 15?

pounds. The power supply,

which operates from 2i0 Vi:,

is controlled entirely from the

table top r-f amplifier. A small

fan circulates air over the inter*

nal components. On the tri of

the enclosure are the control

fuse, the control lamp ar.i err-

vice/n:rmal switch, the control

plug, and the high voltage con-

nector. Primary power cable is

at the right Kcie that no dan-

gerous do voltages arc trpttri.

ode current. The fuse is 2 brestur to :*?

ovcrcurrcrt protection circuit. An f C

C

J

-c “

m

resistor shunted across the zer.cr circuit Jte.T'

the cathode voltage from rising to d:n-
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Figure 78

THE W5ZR HIGH FREQUENCY 4-kW PEP LINEAR AMPLIFIER

Tills deluxe amplifier is designed for commercial service and uses an 8677 in a cathode driven

circuit. Maximum drive level is about 70 watts PEP. A number of interesting circuit features are

incorporated to safeguard the tube against overload or improper operation. At the left of the

main panel are the plate current meter (above) and the multimeter (below). The scales of the

multimeter read: 0 to 5 kV, 0 to 100 [used for grid current). 0 to 300 (used for forward and
reverse r-f power readings) and 70’C to so ; G for anode temperature measurement. To the right

of the meters are the tune and load counter dials, with the bandswitch between them. Across

the lower portion of the panel are the multimeter switch, the ALC control and LEO, the power

and operate switches and the illuminated pushbutton switches for warmup, plate reset and

Figure 78

REAR VIEW OF

RF AMPLIFIER

The various connectors on the

rear panel are for r-f input, r-f

output, relay control from the

exciter, ALC output to the ex-

citer, control of the remote

power supply, and high volt-

age, A terminal for external

ground connection is at the

right. A BNC connector is used

for r-f output and a type N
connector for r-f input The

high-voltage connector is a spe-

cial BNC type (see text). The

air blower is at the left with

the screened air intake at cen-

ter and the exhaust air vent at

the right
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SCHEMATIC OF R-F DECK

C., C,-5ct Table 1C,

C>-3?5 pf, io W variable vacuum eapacilor. Jennings UCS-375 or equivalent, with Killer* 10D31

ccurter diat.

C.-15I0 pr, 3 kV vacuum variable capacitor. Jennings UCSL-1500 or equivalent, with Killen

1C531 counter dial.

l.-See Table 1C.

Li.ly-Stf T»fcte 17.

I.'.-C it 1.5ft. cc. S>ntp«n 1 327-T-02C50 with 01253 bezel and 011C5 illuminator kit
M. -Wutt.tr,rt*r. Simpson 13J7 .t-C4.ioj (200 CA. taut band movement), with bezel and illumina-

tor kit to above.

PC-Three 150 ehm, j watt ccnpotiticn resistors in parallel with i»* turns, 1" diameter of

t

,f- copper ilfsp.,

rrc,-no tute*. He. cn r* diam, ceramic rod (ieo t H).
•'IC.-i; turns lit. Ke, cn •/’diam. Itrn (1 f HJ.
PrCi-tJ t-.tr*. Ho. ?ct, cn ’ diam. lorn (ie (.H).

b-M>t turn*. No. t3e. cn vf Siam. ferrite rod (Permeability 125). Amidcn R3J-C50-<G3

H.<, turn-. No. 14-, cn diam. ferule red.

r » it'

1

'TllV'’** ftllr * ;,h 3i Vtfc Kf!. Jennings RF3-A or eau-v.

• V ' “ T ' r ”'!Vf * kHp.17-011 with 34 Vdc ceil, ar.d 27E03C socket.

C-* /""»**• e
?t ' l *S * iwilch tanged with 5,. Ceniralab PA-2C03.

‘t: dV{^ eV.v-i'
i *' {r '>r, 's h'th «**•»?» twitch. Pedio Switch Ccrp. Model 55, rotor tt/lf A,

c ‘‘

-«X-EtVAC-;ir.33Jc.

A" fm *
E f”- r f -l ce~;>rtr.e«t ate bypassed w.th M Niters. Sprajur S/r35C7 «f

•* e * e'iw.-r.
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Figure 81

LINEAR AMPLIFIER INTERCONNECTIONS

J,-Connector, 6 pin. Ytolton-Molex 03-05-2031 (plug), 03-05-1051 (recsptacrej, or equivalent.

Ji-Connsclor, 15 pin. VisltSran-MolEX 03-03-2151 (plug), 03-03-r.si (receptacle), or equivalent.

Ji-Connector, 4 pin. W2!flroii-Mcl5x 03-09-2041 (plug), 03-05-1041 (receptacle), cr equivalent

J«-Connecter, 10 pin. Amphenol MS series, Watdron-Molex 03-03-2101, or equivalent

Ji-High Yoltege connector, 1 pin. Kings KV-59-03, cr equivalent

Jt-BNC-type connector.

Jr-M-type connector.

Jt-'^hono" Jack.

J»-2'Pin "Jones"-type connector.

75 mA, tie threshold being adjusted by in excess of die dc reference voltage, set by
j

potentiometer R5 (LED Set). the panel control ALC Adjust, is rectified,
j

Output Monitoring Circuits—The ALC filtered and appears at the ALC output jack

and wattmeter circuits, shown in figure 8f, for control of the exciter output level.
i

2re conventional designs. R-f voltage is In the wattmeter circuit, the amplifier \

sampled by a capacitive voltage divider output circuit is sampled by toroid L:,
while

]

(Cj, C-) for the ALC control. Peak voltage adjustable capacitor CT provides the reSect-
j
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Fipre 83

THE INPUT CIRCUIT OF THE AMPLIFIER

The cathode and filament chokes are on each side of the ceramic 8077 socket, with the input

bandswitch immediately in front of the socket The H-shaped aluminum bracket holds the five

slug-tuned inductors used in the cathode pi-network. To the right of this bracket is the antenna

input relay and the ALC circuit beard. The exhaust vent for the blower is in the floor of the

chassis at the right

BOTTOM VIEW OF THE
AMPLIFIER WITH
SHIELD PLATE

IN PLACE

The cathode tuned circuits, ALC

circuit and 8B77 cathode and

filament chokes are housed in

the L-shaped area which is

pressurized by the blower.

Cathode circuit coil slugs can

be adjusted through holes in

cover plate which are normally

closed by smalt plugs which

act as an air seal. The circuit

board at the left contains the

grid overcurrent and LED cir-

cuitry. The three break-away

plugs connecting the front pan-

el components to the main

chassis are seen at the bottom

of the photograph, along with

some of the components exter-

nal to the main enclosure.

' <
I
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Figure 87

LINEAR AMPLIFIER CONTROL CIRCUIT

Kli-ntewer (icr test). Rotron VS-37A2-A1,
D,-D,-5A, COO V peak inverse vcUafc diode bridcc.

fi-r.-R-l titter. Sprapue 5JK-3S02 or equivalent

Hff't-UEht twitch assembly, Airew-Hart, or tquiv.

Actuiter-AHMSOi
tent~AW70 or AHr,S

Certaet black -AH-83500-30

nulb-T.lMCC.334)
r>fC.-PrC4-iO turn*. tie. Ke. on U" diam. ferrite rod (Permeability 125). AmitJen R33-050-400

er ecuiv.

Rt,. lit, ~t pit. Relief t Brumfield KHP-17-011 w.th 24-volt coil and 27EQ0G socket
V, 2 tk. 5'Jtcci P-B3t5.

T»-3t V. l A. Starred P-6C7 1. Wire is prev.de 50 Vac at blower.
V, ifA itarcer P-C135,

fewrr Dartirtttn.MJ-lCOO.
Qi-Wtt**t;j cjiVfjtc", MPS-A1J,
Tp-:errr.»s • relay. Amper.te itc-NO-tEO er equiv. Coil to pins 2. 3. Contacts to Pi ns

'.'.arc !i:tc. to luck up this circuit: tmh t l! -

j j*r.prrc' rcsi'Mf rvp-r «.peciftcil

tr an- :hti purp-ce (figure $?) •

ivy

Amplifier The ref.?:; I i«t«:tu!
*

'* s-pjr.v. Construction th: 8S
{T>



HF AND VHF POWER AMPLIFIER CONSTRUCTION 22,15

Figure 86

TOP Vim OF THE
AMPLIFIER WITH
SHIELD PLATE
REMOVED

The center enclosure contains

Ute 8877 and plats circuit com

-

ponents. The blower 2t the rear

of the chassis pressurizes the

trndercftassis area around the

8877 socket. The aluminum
duct pipe at upper left vents

warm exhaust air from the 8877
out the rear cf the amplifier.

The blower, r-f wattmeter cir-

cuit hoard, vacuum antenna re-

lay, and filament transformer

are mounted on the L-shaped

subchassis at the rear of the

cabinet The two variable vac-

uum capacitors and main band-

switch are mounted to the front

wall of the shielded compart-

ment The lid of the compart-

ment makes a good r-f seal be-

cause of the finger stock that

lines the top edge cf the en-

closure. In the tower foreground

are relays mounted on the cuter

wall of the enclosure.

the 8877 anode cooler, provides an indica-

tion of the heat dissipated fay the tube.

High-Voltage Power Supply—The high-

voltage supply {figure 89) is turned on as

soon as on/oft switch Sj is closed (that is,

when 120 Vac from control line connector

J: is applied ro the coil of mercury plunger

plate relay RY4 ). The service switch (S3 )

must be set to the normal position for the

high-voltage supply to be energized; if St

is sec to the service position, lamp B ? is

lighted and the high-voltage power supply

disabled. All other amplifier functions oper-

ate normally, however. This feature allows

the r-f deck zo he serviced under operating

conditions without exposing the operator

to dangerous voltage levels.

When relay RY4 is first closed, current

How through the primary of plate trans-

former Tx is limited by two 15 ohm 25 V
resistors until surge-limit relay RY; closes,

bypassing che resistors. This step-start fea-

ture (which rakes about 0.25 second to

complete) limits the surge current through

the high-voltage diode banks (figure 90) to

a safe value until the filter capacitor bank

is charged. Additional protection of the

diode bank is provided by transient suppres-

sors Zj and Z? which clamp voltage spikes

on the 240 Vac priman line to a safe value.

The ac voltage from the secondary of the

plate transformer is rectified by the voltage

doubler bank and filtered fay computer-

grade electrolytic capacitors connected in

series. The effective capacitance of C,-C,n

is 45 ftp with a working voltage of 4500

Vdc. A voltage divider circuit is used to

measure the voltage across rhe borrom ca-

pacitor in rhe string. The resistors are chosen

to provide a 5kY dc full scale meter reading

for multimeter M,. Resistor R,., clamps

the B-minus lead to within a few volts

of chassis gound.

Resistor R» (figure 89) monitors the

current drawn from the high voltage sup-

ply. The volt2ge drop is applied to a resistor/

diode network of the overcurrent protection

circuit (figure 91). This network lights

the internal LED in the opto-isohtor IC;

when plate current exceeds approximately

one ampere and clamps the LED current to

a safe value for short circuit currents as

mfghr momentarily occur if rhe capacitor

bank was accidentally discharged through
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Figure 89

HIGH VOLTAGE POWER SUPPLY

ni-Rctrcn Muffin F.'n, 7 wstts.
C.*C,-~ t r, 450 V, Ccrntll Dubilicr FAH<25-<50-E3 er tquivaltr.L
O, 1 Y1 p,v - t;£ h! cath HEP-170 per !tj {r. parallel vrith 220K, 2

* 3 rV tr.z ceramic «p2citcr.
Pr«*«-?SK, J5 waits.

P..-C.CJ er 1 chn. 3 watt virewoend resistor. Ohnsite S35-3A er equiv.

fly :
ps

!‘ C5R,2cWl tferM»y M»tnteraft Y/W3$AA-12CA cr equiv.

l/’"
5'- t.A ccr.iacts. Pttler t EfumfielS PRO-UOYO, 12D Vflt coil

PY,-*.r.*-l tatuum retay. jMtiiftss RE-1 er equiv. 120 Vtfc ceil.
PT,-q ? Jl PsKtr L Erunfitls KHP-17-011 with tctV.et 27EG3S

ETC-11431. 1"3 Vac, 2Z VV CCS

2 V/ resistor anS

bottom of the sir duct v*ith nv.on

The hot air in the due: it then c

from the rear of the amplifier

through a icnptn of V dijmetcr n

tubintt. fNote that this tubing :

"avvquidc operated beyond it 1 cut

cttcr.cy to that r-f issfcacc tfifou

greatly attenuated.; In” C\iCUfiZ

THE HiCH VOLTAGE DIOOE EAlfK

air outdoor through a

dryer tubin;:.

Th Phl^rc:.:! Ccn}

. t r» *• T ff ftn« »ft.
»S *** »; f • - fjt. .t

' *-‘ I e - *' ea~ t;>
f ‘it f ft
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Figure 83

PANEL WIRING

Mai" “Tm mSle.XttttS

,ins
„-0WkW.Thefe.J^“

le SS77 socket is
5” ««. 1 ^8™

W deep and is located immediately bdow

„ ait duct made of sket aluminum (i|-

reS5) The second subckssis is 12

" high and 4V4" deep, is l»«l “ *=

at of the cabinet and suppo™ ** f'
sent transformer, vacuum antenna tela

nd blower. All of the sheetmeta pa«

acluding the two cbassu, were sandblasted

fter fabrication to remove the glo.sy

heen and scratches.

The blower draws air from a rectangular

section of perforated aluminum at the rear

of tbe amplifier cabinet. The air flows over

the plate circuit components before it is

sucked into tbe Blower intake. Both of tbe

subchassis are pressurized by the blower

with the only air vent being through_ the

cooling fins and chimney of the SS7/. A

cylindrical sheet of Ms' thick_ neoprene

rubber funnels air from the SS/r into the

air duct. The neoprene is secured to the

8877 chimnev and to the flange on the
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Figure 93

CHASSIS ASSEMBLY

FOR RF DECK

A view of the sheet-mefel wciV

before components arc mount-

ed. The 6B77 air duct is at the

left side on the smell chassis

and the subpanel to which the

bandswitch and vacuum ca-

pacitors are mounted is at the

top. Note that the top of Iht

enclosure, as well as the rter

wail, are screened.

I

\

i

compartment comprise*; a subpancl to which

the hand* witch and two vacuum tuning

capacitor' ate attached; their location and

that nf the other major components may

l>: *ccn in the photograph'.. The plate*

circuit hand: ‘•'itch ir. ganged to the tuned

cathode hand*.witch by a chain and sprocket

(figure ;»f). The front pane! of

th: amplifier may !vr easily removed by

u'lp.u/ctn;; tlirce connectors and loosening

"•* **:*crcf.' or. the shaft couplings. This

iters to *h: components mounted

wound of Va -inch diameter copper

and is used for the I0-, If-, 2nd
J

meter bands. Section L:B is wound of -•'*

inch tubing and provides additional induct-

ance for the 40- and 80-rnercr binds, &•

L-section inductor L-, consists of No.

tinned copper wire wound on a toroidal core

made of three, 2-inch diameter ferrite co.^

tightly wrapped with several layers 0 *

glass tape. The wire is covered with

tubing to prevent arcing to the core.

copper tubing and interconnecting coii j’

straps arc gold plated before tinal a<’f?n.'.r

(Silver plating is satisfactory and H <;*'

pensive, although the silver will events-*'

tarnish.)

The Hish-Vcticge The remote pv.vcr
“Jff|

fewer Supply measures I -

’

^

T5vr enclosure if cwrtrucuJ of

t'-.icl. aluminum plate fy-Sted onto a
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in

rat
OFTWSfflAIM

Figure 91

OPTO-ISOLATOR OVERCURRENT
PROTECTION CIRCUIT

Power-supply current is monitored across a re-

sistor in the B-minus return. The developed

voftage is applied through a network to a

4N38A opto-isolator. Control level is set by the

potentiometer and latching control relay RYj
(figure 89) closes, opening the high-voltage vac-

vunt relay in the power supply.

POWER SUPPLY CLOSEUP

The evercurrent relay is mourned on a perf hoard in the center or Un *row, In tin right of B»

diode hanks The stop-start relay is in the front, with the vacuum overcurrenl relay on the L-

shaped bracket at the top, right, note that eaoh pin on the control connector plug is bypassed

with .001 pF disc capacitors.
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Amplifier The values of capacitance and

Cctibretiwi inductance for the input and

end Test output tuned circuits are given

in Tables 16 and 17. The value

of the input tuning capacitance includes

about 15 pF of stray circuit capacitance.

The taps on the output inductors 2re most

easily determined by making a raockcp of

the output circuit which includes the in-

ductors and the bandswitch (figure 59)

.

After the proper tap positions on the in-

ductors are determined, the copper straps to

the bandswitch may be soldered in place and

dressed into position. Once the taps are in

place, the entire coil and switch assembly

can be removed from die mockup and placed

in the amplifier.

Table 16.

Input Network Details

Table 17.

Plate Circuit Details

r -irt4) Ciilost' 1

5sn- ?• l;
s

i,

5D ILL 1122 11.0 AH
1

IS aH

« 1W i6D 6.2 aH

2D 53 232 «*
15 25 155

iO 25 116 1.6 aH s.i
:

lO'.'K: * 253 5.0 ah I' A"
'

MJiz J3 2.5 AH V. *
;

2i MHz 2? 112 2.0 aH 0.7 ah
;
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Fipre 34

CLOSEUP VIEW OF PLATE
CIRCUIT ASSEMBLY

T7is 8WG mstsr intfuctcr is sfcswn fierMlh yie

right Yjr?5ble vacuum wpscrtor {Ic2d centre!),

while the 10*15*20 meter indueisr is lorateS

behind the ceramic banfcwiich. The tsectisn

inductors ere Jcrelsd beneath the left vacuum
Kpecitar (tune). The plats r-J chcke end tfc

fclccWrg cep2 C'rtors ere Behind the tuning ca-

pe ci tor, with the cne-tum perwitic suppressor

between the zncde cf the tube end the plate

chofcs. The £S77 is covered £y 2 neoprene shreud

that carries exhaust air into the aluminum sir

openings on tbs ride of the enclosure. The

piste transformer is bolted direcdr to the

1%-mch aluminum baseplate.

The electrolytic capacitors are mounted

os %-inch-thick plexiglass sheets {figure

58) which also support the bleeder resistors,

diode rectifier blocks and overcurrent pro-

tective circuit (figure 52). Layout of com-

ponents in the power supply is so: critical

so long as adequate consideration is given

to the very high voltage present.

There are two cables which connect the

supply to the r-f deck. The first is an eleven

conductor shielded control cable, and the

second is a length or red-jacketed B.G-55/U

coaxial line —Jack is used a? the high-voltage

cable. This cable is terminated in a special

high voltage BXC connector [Kir.gi Elec-

tronic: KV-59-03); ordinary BXC connec-

tors do not have sufficient insulation for this

purpose. As shown in figure 92. all con-

ductors leaving the power-supply cabinet

are bypassed for r-f, as are all wires enter-

ing the r-f deck.
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Flpre SB

THE BACK SIDE OF THE MAIN PANEL

Frcnt pans) Js remorei by unplugging three cars

njclors ani loosening tbs setscrews on tbs toms

counter dfeis and tbs bandswiteh shaft exten-

sion. Small circuit boards are mounted cr. tbs

mstsr termimls ar.i hold muftfprter resisfers and

poteeUre diodes. 7bs ccunter dials are at upper

left

potentiometer (Py;) located in the remote

power supply is set to cause the protection

circuit to trigger at a plate current in excess

of 1.3 ampere.

Amplifier Tvneup—hirer the wiring has

been checked the amplifier is read}' for a

trial run. First, set the Service/Normal

switch on the power supply to the service

position and disconnect the high-voltage

cable from the r-f deck. Turn on the ampli-

fier and verify that the blower starts up and

that air reaches the sucker (figure 100}.

Check that the filament voltage at the tube

socket is between 4.75 and 5.25 volts. The
tcurmup lamp on the front panel should he

illuminated. After about ISO seconds, the

lamp should go out and a awy jaw?// amount

of r-f drive should be applied to the ampli-

fier, Because there is no plate voltage or. the

2S77 the grid current will rapidly rise. Ver-

ify that the LED on the front panel lights

at about 7f mA grid current and that the

grid overcurrent relay closes at about MO
mA. If these checks are satisfactory, remove

power from the amplifier, reconnect the

high-voltage cable and set the service/nor-

mal switch to normal.

Next apply power once again to the am-

plifier and check that the high-voltage read-

ing on the multimeter is about 43£i& volts.

Some variation is to be expected due to line

voltage fluctuations. Afar the wcmup lamp

is extinguished, ground the relay line, and

verify that the idle plate current of the SS77

is about 150 mA. If eve^thing appears sat-

isfactory. 2 small amount of r-f drive can

Figure 97

INTERIOR VIEW OF REMOTE POWER SUPPLY

TO btttsfsmutjs «

JSrS&SSXfAS«»
pi, MU ctrt b be raleal fir be ft". TO "
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the vhf spectrum. cue :o lead inductance. :

trsr/it time. and insulator loss {'figure 2).

Power cu;rut, power gain, 2nd efficiency ?

d::rci": 22 the frequency of operation rises -ijo

;r: drive sr.c grid losses increase. De-

rending on the physical size of the tube.

tot arrangement 0! leads and internal geom- ocC
ctry, my.: gricccd tubes designed for vhf

u'c ’"ill provide decreasing efficiency up to

about Ori'j MHz. Above that frequency, the

f
-
; * ?< negative grid tube is open ro

Figure 2

FREQUENCY RESPONSE OF

VHF POWER TUBE

Figure 1

REPRESENTATIVE VHF TANK
CIRCUITS

t-u... .f'-wsn? ••nrtfftr ctrctriZ. Ar:ic ccnficct-
*’ tvt? 13 th.*f n«cfi Circuls-.ir.r

ft rarity fround
p!J!« J.-r »,•*, fob; ft h.Ch CUf-

,f"* rt r '- c -'-?l tufftn*. f: :in ,n esch p, rt

Power output power gain, and efficiency stcivly

drop off 2 $ the frequency of cpmtien is re'rsti.

Upper frequency limit of most vhf-type ro-* r-

tubes is in 200-MHz rcgicn.

the less will be the 0 in the line, const*

qucntly bandwidth will be greater (figure

4). A wide bandwidth is not necessary to

pass modulation frequencies, but it if de-

sirable if the amplifier is to be moved about

in frequency without the necessity of «•

trimming. In addition, a large amount o'.

heat must be dissipated by the plate circuit

and if the circuit 0 is low, the tank circuit

will not be detuned by expansion as rapid’}'

as it would with a high-0 circuit.

There is a practical limit as to how Her-

the plate line impedance can be made. Tube

output capacitance, plus stray capacitsr.ee.

will limit the impedance and length of tr.f

plate line:

r.
, > e i

j;' * Si*i
tj

Figure* 3

T-NETiVORK FOR CATHODE-

I?,’PUT CIRCUIT
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Figure It®

The HOMEMADE MANOMETER

Air pressure is checker} with this hemmed

e

manometer which consists of a piece of wood,
a U-shaped section of glass tubing and a sir-

inch scale. It is used to check the untferchassis

air pressure when the blower is running. Ade-
quate cooling is provided for the 8877 when the

manometer indicates at feast 0.5 inch of water

pressure. The glass tube contains water with a

few drops of food coloring.

Part II VHF Amplifiers

Much of the hf construction data dis-

cussed in part I of this chapter applies to

vhf amplifiers. However, because the wave-

length is small enough in the vhf spectrum

to approach the size of the components,

various design techniques (discussed in some

detail in Chapter 12, part II) uncommon

to hf amplifiers are commonplace in the vhf

spectrum. The physical appearance of the

vhf amplifier is unusual, as compared to the

hi amplifier, as tank circuit components are

measured in nanohenries and small values of

picofarads.

Tank circuit Q usually runs quite high in

vhf amplifiers as the output capacitance of

the tube becomes a large portion of the tun-

ing capacitance, As a result of the high

circuit Q, circulating currents are extremely

high and the tank ciccuit must be designed

so as to safely conduct these currents (fig-

ure 1). Circuit Q values as high as 50 or

100 are not uncommon in large vhf ampli-

fiers.

In addition to high circulating currents

in the tank circuit and through the leads of

the tube, rube efficiency tends to drop off in
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/ equals frequency in MHz.

C is the loading capacitance in pF,

/ is the line length in centimeters.

A is the wavelength in centimeters,

7.n h the characteristic impedance of the

The characteristic impedance is given by:

Zo — 138 log ;r~
A;

where,

R>, equals the inside radius of the outer

conductor,

R : equals the outside radius of the inner

conductor.

22-] S A High Performance

2-Meter Power Amplifier

fills crape:, hiyh performance amplifier

;< rated for continuous duty at the 2-kW
peak power level. It combines reliable service

good linearity and efficiency. Designed
ar.u 5'u;l; bv V, 6PO. the amplifier has "been

u'rd to: nmonbouncc communications with
on many occasions.

inr :mp!it:cr u<c< an $877 high-;i ceramic
pwer trioie in a cathode-driven circuit. A
Its.:.wave plate line is employed, along with
: .umpeJ-cemtanr T-network innut circuit.

!

hf a fully shielded and built to

!:t
.

2 standard 1 ‘’-inch relay rack panel

H;e amplifier requires r.or.eu*

«>n»r!*sciy stable and free of

tr"' V«T ci ')‘ !o tune and operate.

*rVf! -• ^’.1 «

fifurc ?r>.

a 1
2 -volt, 50-watt zener diode is placed in

series with the negative return to set the

proper value of zero-signal plate current.

Two diodes are reverse-connected across the

instrument circuit to protect the meters.

Standby plate current of the 8877 is re-

duced to a very low value by the 10K cath-

ode resistor which is shorted out when the

VOX relay is activated, permitting the tub:

to operate in normal fashion.

A 200-ohm safer}’ resistor ensures that the

negative power lead of the amplifier does no:

rise above ground potential if the positive

side of the high-voltage supply is acciden-

tally grounded. A second safety resistor

across the zener diode prevents the cathode

potential from soaring if the zener should

accidentally burn open.

The Input Circuit—The cathode input

matching circuit is a T-network which

matches the 50-ohm nominal input im-

pedance of the amplifier to the input im-

pedance of the SS77 which is about 5-- ohms

in parallel with 56 pF. The network con-

sists of two series-connected inductors and

a shunt capacitor. One inductor and the

capacitor arc variable so the network is able

to cover a wide range of impedance trans-

formation. The variable inductor (L ; )

mounted to the rear wall of the chassis and

may be adjusted from the rear of the am-

plifier. The input tuning capacitor (Q) h

adjustable from the front panel. When the

network has been properly tuned, no s***

justment is then required over the 4-MHr

range of the 2-mctcr band.

Thr Piste CircuH—Thc amplifier phtr

circuit is a transmission-line-type reunite*.

The line (L- plus L. ) is a half wavelength

long with the tube placed at the center

(figure 6). This circuit, while having

operational bandwidth than an equivalent

quarter-wavelength line, is cb.o'en becau't
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Xc ~ Z® tan /

where,

Xc is the tube output reactance.

Zq is the characteristic impedance of the

plate line,

/ is the line length in electrical degrees.

For a quarter-wave line, Z0/Xc = 2 is ade-

quate.

Using proper circuit design, most rhf

tubes in the amateur service trill work well

in the 450-MHz band. Unfortunately, most
of these tubes will not perform in the next

higher band (1215-1296 MHz). Aside

from the popular planar triode design

(3CX1Q0A5, etc.) which has extremely

close interelectrode spacing and very low

lead inductance, the majority of vhf-rated

tubes hare an upper frequency limit below

1000 MHz.

Figure 4

LONG LINEAR TANK CIRCUIT

PROVIDES HIGHER Q AND LESS

OPERATIONAL BANDWIDTH

Because of high output capacitance of some

tubes a half- or three-fluarter-wavelength plate

line must be used. This reduces operational

bandwidth of the amplifier. Highest possible

plate line impedance provides greatest band-

width.

Shown in rib section are various ampli-

fier designs for the 144-, 220-, and 452-MHz

bands. Aside from the use of linear rank

circuits, these amplifiers follow the szme

general electrical design as their low-fre-

quency counterparts. Notice that care is

taken to make sure that the r-f currents in

the output circuit Sow from all area? of the

tube anode. In the 144-MHz amplifier, for

example, the plate circuit is split into two

sections (L; and L-.) which divide the r-f

plate current equally between them. The

tub, in effect, is in the middle of a half-

wave line with equal currents flowing in

both line sections. In the 450-MHz ampli-

fier the tube is centered in a cavity which

is proportioned so that r-f currents Sowing

from the anode of the tube pass through

all the walls of the cavity in like amounts.

Planar Tubes Planar triodes are well suited

for VHF/UHF for amateur use in the uhf/

vhf spectrum. Various sur-

plus versions, such as the 2C40, 446B, and

209 have been used at frequencies up to

2400 MHz. The 3CX100A5, a ceramic ver-

sion of the 2C59, will provide improved

service as an amplifier, doubler, or tripier in

= the range from 1000 to 5000 MHz.

z Because of the high gam of the 3CX-

| 100A5, grounded-grid circuitry is desir-

| able, since intercoupling between the input

°
and output circuits is reduced to a minimum

z and neutralization is nor required in ampli-

* Ser service.

£ At 1296 MHz, for example, the 3CX100-

jj
AJ is capable of about 47 watts output at

° an eSdency of 47 percent. Power gain is S

I dB, indicating a required drive level of about

7.5 watts as measured 2t the input of the

cathode cavity. At 2400 MHz, power out-

put (at 100 W2tts input) drops to 25 watts,

and grid driving power increases to 10 watts.

As 2 frequency doubler to 1500 ilHz, the

efficiency of the 5CX10QA5 is about 27

percent with a power gain of 5.5 dB.

A coaxial or cavity circuit is generally

employed in the 1)00 .MHz region- The res-

onant frequency of a coaxial tank, capaci-

tivelv loaded at the open end by a tube is

given by:

where,
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Figure 5 B

SCHEMATIC, 2-METER POWER AMPLIFIER

t,-cmraitb tsn-ittti

c,-:i rr Hsnmstlunil HPP-2SB
C>, C«-Cach mode up cf two parallel connected

ICO pf 5 k.V ceramic capacitors. Ccr.tralab

ClOS-tOO

Ci-ruif tumrs; (see text)

C—PiMf Icaflinj {sec text)

!>-' turns *14, sr lenj cn 'r* diameter form
("hit? Slu'C). CTC 153S-4-3

ii«4 tuir.t * u, sr tfum., i;' lent

l 3t U-IRFCO-Twd winSinys; 10 turns

enamel each, bifilar wound, Jr" tfismttcr

U. L*~Plate lines (see text)

RFCj-7 turns <14, sfc" diameter, IV lonp

7i-5 volts, 10 amperes. Chicago-Standard

M i-o-ioo mft dc

Mi-0-1 amp dc

Socket—Eimac SK-2210

Chimncy-Eimac SK-221G

Figure B

ASSEMBLY OF 2-METER AMPLIFIER
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Figure 5 A

THE HIGH-PERFORMANCE 2-METER POWER AMPLIFIER

This amplifier will operate at tfie 2-kW PEP input level for hsgvy-dutjr perfomznee. The ampli-
fier is built upon a 101?" relzy rzrt panel. The counter die! for the plate-tunins capeoitor is at
the center of the panel with the grid-tuning control directly fcenKth Ft. Grid gnd plate meters
are at the left and right of the panel. The top cf th= r-f enclosure is covered vrith perforated

aluminum sheet to allow the ceding air to escape from arcund the tube.

best tuned-circuit configuration to mici-

mize this effect is a symmetrical, cylindrical

coarial cavity with the tube at the center.

That arrangement is complex and dimcolt

to build. A practical compromise is to use

two quarter-wavelength lines connected to

opposite sides of the tube. Note that each of

the ~o quarter-travelength lines used in

this design 2re physically longer than u

Only one quarter-wavelcngth line were used.

This is because only one-half of the tube

output capacitance loads each of the two

Ikes.

Resonance is established by a moving

plate capacitor (Cj) and antenna loading is

accomplished by 2 second capacitor (C;)

placed at the anode of the SS77. Output

power is coupled through the series capacitor

into a JO-ohm output circuit. In the top-

view photograph (figure 7) tuning ca-

pacitor (Q) is at the front of the compart-

ment: variable loading capacitor (C:}
is at

the rear. The piste r-f choke is visible in the

front comer.

Amplifier The 2-me:er power amplifier

Construction built in an enclosure mea-

suring lQ‘/-
r X 12* X $Vs

r
,

The S877 socket is centered on a 6" X
6
n

subchassis plate. A squirrel-cage blower

forces cooling air into the under-chassis area
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Figure 8

PLATE-

TUNING

CAPACITOR

ASSEMBLY

The variable pis!?

portion of the ptete-

tuning capacitor.

This sssemfciy per-

mits the capacitor

to be adjusted under

full power since

there are no rccvinp

or sliding contacts

which carry heavy

M current

Figure 9

PLATE-LINE

ASSEMBLY

Detail of ptatc lines tt an-

U. Copper tubes art stir-

Part water pipe.

‘0 tire front T.-pjl of the p]2 ;e circuit com-
P-.-rnen:. i he r-f blocking capacitors iff

Wcu tor r-f service and the nibititulian c:

J ^-’yp: capacitors p; th:i point it «!
recommended.

.

^o: observable in the pV.otocrapbt it :



Figure 7

TOP VIEW OF 2-METER AMPLIFIER

The perforated prate is removed from the plate ccmpertment showing the ES77 tube at center.

_FJate-bIocfcing capacitors 2nd prate lines are at either side cf thE tube, with the plate r-f choice

in the upper right comer cf the enclosure. The twc-plate tuning capacitor is shown just above

the tube, with one of the plates attached to the anode strap cf the tube. The ether plate is

driven in and cut by means cf a simple rotary mechanism driven by the counter dial At the

bottom (rear) cf the amplifier the variabfe output coupling capacitor is seen just above the

blower motor. The filament transformer and filament feedthrough capacitors are mounted
to the front of the enclosure and a small plate at the right holds the various por/er resistors,

diodes, etc.

id the air escapes through the ZYs Uiam.-

er socket hole.

The plate-tuning mechanism is shown in

jure g. This simple apparatus will operate

ith any variable plate capacitor, providing

b2ck-2nd-forth movement of about one

ch. It is driven by a counter dial 2nd pro-

des a quick, inexpensive and easy means

driving a vhf capacitor. The ground-

turn p2th for the grounded plate is

rough a wide, low-inductance beryllium-

copper or brass strip which provides spring

tension for the drive mechanism.

The variable output coupling capacitor

is located at the side of the S877 anode. The

type-N coaxial fitting is connected to the

moveable plate of the coupling capacitor.

The fitting is centered in 2 tubular assembly

which allows the whole connector to slide in

2nd out of the chassis, permitting the vari-

able plate of the coupling capacitor to move

with respect to the fixed plate mounted on
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drive and loading together it is possible to

attain the operating conditions given in

Tabic !. Always tunc for maximum plate

efficiency: that is, maximum output power

for minimum input power. Do not overload

and imdcrdrivc as piatc efficiency will drop

drastically under these conditions.

22-14 A UW Power

Amplifier for 220 MHz

The amplifier described in this section is

well suited for the serious vhf operator in-

terested in tropa-scattcr or moonbouncc

work. It is intended for SO-perccnt duty

operation at the 1000-watt dc input level

and can develop 1000 watts PEP input for

SMI operation. Power output in either ease

is about 5 SO watts and drive power is 30

war*'.

An ?- f 74 high-mu ceramic triodc is used

in a cathode-driven circuit. The tube has a

phte (E'-'iparion rating of 400 watts and is

’• rli Miitcd to linear amplifier operation 3 S

the tntermodulation distortion is very low.

I hr unit f figure 12) was designed and

built by WYPO.

Tf.r Amplifier ;x grounded -grid, cathode-
Cirtuu driven circuit is u»cd (figure

13). Plate and grid currents

are mei'ured m the cathode return lead

;n i ;:i l* -volt 7c»:cr diode sets the bias for

v - prirj-r *..\ue of rcro-'ignal plate current.

1
;i ' tu-rd fr.r protection and a rc-

v!!f ' u ’
i; f/,bb. the cathode near ground

potential if the fuse blows. Protective diodts

are placed across the meters to protect the”

in case of an inadvertent short circuit c:

heavy current overload.

Standby plate current of the 8874 is re-

duced to a low value by the I0K cainode

resistor which is shorted out when the \ OX

relay is activated.

The Itipul Circuit—The cathode input

matching circuit is a T-network which

matches a 50 -ohm termination to the input

impedance of the tube (about 94 ohms in

parallel with 27 pF) - The network consists

of one series capacitor (Ci) and two senes

inductors (L, and L; )
with one shunt Cl*

pacitancc (Cr ). Capacitor Ci in scries with

Lj allows the input inductive reactance to

be varied. Inductor L] is larger than neces-

sary and by placing a variable capacitor in

series with it, the correct value of inductive

reactance can be obtained.

The cathode of the 8S74 is electrical!,'

insulated from the filament; however, fila-

ment chokes (L-., Li) are required because

the filnmem/cathodc structure is an appre-

ciable fraction of a wavelength long at the

operating frequency and an r-f potential

appears in the filament circuit to a degree.

The Plate Circuit—The plate circuit of

the amplifier is a half-wave open tranmis-

sion line (L- ) - The line is made wide at

open end (figure 14) to allow sufficient area

so that enough capacitance can be obtained

in the tuning and loading capacitors with-

out reducing the platc-to-platc spacing

which would degrade the voltage ho!d*o.i

capability. A low impedance half-wave hr:

i*. too long to fit into the 17-inch enclose.

Figure 12

HIGH POWER LINEAR

AMPLIFIER FOR
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the cathode leads of the socket, plus one

heater pin (pin 5) are connected in parallel

and driven by the input matching network.

The ceramic socket for the SS77 is

mounted one-half inch below chassis level

by spacers to permit passage of cooling 2 tr

to the anode. Four pieces of brass shim stock

(or beryllium copper) are formed into

grounding dips to make contact to the con-

Figure 10

UNDERCHASSIS VIEW OF

2-METER AMPLIFIER

The cathode input circuit is in the “n
*f

r

partment. with the filament chute j«t above

the tube socket The socket is mounted hfilo

the chassis deck to permit Moling air to es-

cape up around the tube anode- The dural

blocks holding the ends of the plate ItMS are

bolted to the side walls of the inner.chassis-

The walls are slotted to permit the Dioc« i

be moved up and down the lines to

resonance.

trol-grid ring. Tie clip M nitrated

men the spacers and the chassis, e s

minura clamps holding the ends o r e P

lines are visible in the si* cmpannaKS.

The filament transformer and dial meeha -

ism are placed in rhe area benveen the mam

enclosure and the panel.

Amplifier Tuning As with si! grounded

end Adjustment grid amplifiers?
^
sc:t*

don should never be ap-

plied when plate voltage is removed tim

i
TVfaLf is to gritl-dip the inland

output circuits to near resonance with th.

8877 in the socket. An $WR meter should

be placed in the input line so the input net-

work may be adjusted for lowest SWR,

Figure 11

ANODE CLAMP ASSEMBLY

Tuning and loading follow the same

sequence 2$ with any lower-frequency

grounded-grid amplifier. Connect an SW
meter and dummy load to the output cir-

cuit. Plate voltage is applied, along with a

very low drive level. The plate circuit is

tuned for resonance and the cathode cir-

cuit is peaked for maximum grid current.

Final adjustment of the cathode circuit

should be done at full power input because

the inpur impedance of a cathode-driven

amplifier is a function of the plate current

of the tube.

R-f drive is increased in small increments

along with output coupling until the de-

sired power level is reached. By adjusting

TABLE 1. Operaring Da fa for 8877

for 2-kW PEP and 1-kW Conditions

Fiefs Volfege 3030 2503 2503V

Plafe Current fcsaV)

(single tens!

667 EDO 4)0 ixA

Plete Current

(no-signal)

5£ a 4SmA

Gris Voltes s
-12 -12 — 12 V

Grid Current

(single tone) a 50 25 mA

Power Input 2000 2000 1003 VV

Power Output WO 1230 620 \V

Drive Power
17 67 19W
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anode enclosure of

AMPLIFIER

TM CETi is at the let', with the plate line ei-

leai.rr te rir.M. The (is: near the end cl

the cover piste is lontSinn capacitor C*. A Teflon

chlrney ter the 6E74 sits on top cf the tube

tMjf jnS protrudes cut c! the waveguide-

fcryord-cuteff sir pipe in the cover piste. Note

the M filter in the erhaust pert of the blower.

Note that an additional bypass capacitor

•\ pieced in parallel with the plate circuit

fcfjthrnup.h capacitor to remove all the r-f

tr.tuy frent the plate voltage lead. The

teedthmuph capacitor by itself did no: do

ArrpTifier The amplifier is built within

Cc-itructien ** 0 «undard aluminum chas-

•:*. The plate compartment

•* mi i* fr.'jrj a }" s'*" X 17” chassis;

•*. p,-hind "the panel

pspiire 15

PUTS LIKE TOP THE
::: *,*h: avpuficr

^’F"\
V X

«>' 5

Figure IB

PLATE ANODE CONNECTOR

in erfleded view of the tube sseheU ES’P S"^

el. lute, end lube enede eesenbly. The » - -

ssembly is made of two copper f

|

n£'' '

ncircle the tube. The fines ore

ether with the collet ir. between. *r«
|

c '**y

inj; has a flanje which Is attached to t . P

KinrVln* racaeitCf.

and next to the grid compartment

aluminum plate that supports v—r;o-

c.r< ami the Zener diode and related
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Figure 13

SCHEMATIC, 220 MHz POWER AMPLIFIER

C,-T5 pF (HammarlumJ MAPC-15)

C2-50 pF (HammarlumJ MAPC-50)

Ci-1,75" diameter disc approximately 0.4" from

Plate ,ine
-

Ct-USV1 diameter disc approximately 0-375

from plate fine

Li-0.8 lift. Four turns #14, 5/16" diameter, Vr

long

L,-D.C3 cH, 1 turn #14, W diameter, \<f tong

Lj, L«—10 turns #16, closewound, S/16" diam-

eter

Ls-see figures 19, 20

RFCi-2'235 MHz r-f choice

RFCz—10 turns #14, %r diameter, long

p-Rinwpr. Davton 2C782 or equivalent. TV
diameter, 3160 rpm

1,-6 volt, 4-amperes. Stancor P-SS376

herefore, a shorter line was narrowed at the

Jgh current point to increase the indue-

ance and make the line electrically longer

figure 1J).

Hie plate line is resonated by capacitor

* while the loading is adjusted by W
fhese two adjustments interact to a certain

xtent and the proper operating point must

ie found by adjusting both controls serera

imes. 4 „
A type-N coaxial fitting is connected to

he movable disc of the loading^ caP3

^
?*'

Hhe fitting is centered in a special tubular

issembly which permits the whole connec

n slide in and out of the chassis moun

ixture. His allows the variable disc o

loading capacitor to move with respect to

the fixed plate mounted on the tube anode

clamp. When the final loading adjustment

has been set the sliding fitting is clamped

by a fixture similar ro the slider on an

adjustable wirrround resistor

The disc is
mounted on a threaded sftait

which moves in and out through the

threaded bushing on the front panel, lo

avoid jumpy tuning a fine tecti* wl
The plate contact assembly (figure 16)

is made from two copper rings and a spe-

cial collet clamped together with 4-40 brass

machine screws. One of the rings in the

clamp has a flange to provide a mounting

bracket for the plate-blocking capacitor.
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Figure 19

PICTORIAL DRAWING OF AMPLIFIER ASSEMBLY

Figure 20

ANODE COMPARTMENT

WITH PLATE LINE

REMOVED

lint hi! tern OpIKrt M*
it? tvi-s Tcficn suspsrt P'"' '

tc !{?cw tt5«
Cl

the priK- 1'jr'hi
e»Ki«;;

Ceding jif ir.'t*. hss ** ^

ttr at center. Air it

tf.reiirh late ?re<!e

via 7ef::r. eN-rney i''-
*'

22-15 A 2-kW PEP Power

Amplifier for 220 MHr
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Figure 17

OBLIQUE VIEW OF AMPLIFIER

ASSEMBLY

The coaxial input receptacle and two adjust-

ments for the cathode circuit are on the wall

of the smaller compartment at the lower right.

The type-N coaxial output connector is to the

side of the blower. Filament transformer and

air duct are on the end of the chassis, just

adjacent to the high-voltage terminal. Power

connections and line fuse are on a small plate

in the foreground.

ney and, finally, out through a waveguide-

beyond-curoff air pipe.

The cooling air inlet hole is shielded by

a piece of copper honeycomb material simi-

lar to a radiator core which is soldered into

the center of a ring and the assembly then

mounted between the blower outlet and the

backplate of the chassis (figure 20).

Amplifier Tuning Amplifier operation is com-

ond Adjustment pletely stable with no para-

sites- The circuits tune

smoothly and plate-current dip occurs at

the same time the power output peaks. As

with all grounded-grip amplifiers, excita-

tion should never be applied when plate

voltage is removed.

The first step is to resonate the iupj'c

{figure 21) and output circuits with the

aid of a vhf dip meter. The 8874 should

he in the socket. An SWU meter is placed

in series with the input line and the input

network adjusted for lowest SV7R. on the

line from the exciter.

Tuning and loading follow the same

sequence as any grounded-grid amplifier*

Connect an SWR meter and load to the

output of the amplifier and apply 2 small

Figure 18

AMPLIFIER WITH PANEL REMOVED

The cathode input circuit ft in the hex at left

with tuning capacitors mounted on the bottom,

A! center cf the chassis are the various resis-

tors, zener diode, zerer protection fuse, and

meler diodes. The shaft at the right is the

plate-circuit tuning control.

amount of drive power. Quickly tune the

plate circuit to resonance.

The cathode circuit should now be reso-

nated. Final adjustment on the cathode cir-

cuit for minimum SWR is done at full-

power level because the input impedance

of a cathode-driven amplifier is a function

of the plate current of the tube.

Increase the drive in small increments

along with output loading until the desired

power level is reached. By simultaneously

adjusting the drive and loading it will be

possible to attain the operating conditions

outlined in Table 2, Always tune for max-

imum plate efficiency, that is, maximum

power output for minimum input power.

It is quite* easy to load heavily and under-

drive to get the desired power input, but

power output will be down if this is done.

Table 2. 8874 Typical Operating

Conditions, 220 MHz

2000 V*
20 tr.

A

500 rA

-12 Vd:

75 rA

iko vr

550 W
29 W
13 d3

Plate Voltage

Flit* Current (zero signal)

plate Current (single tcre)

Grid Voltage

Grid Cu^ent (single tens)

Power Input

Power Output

Drive Power (single tone)

Power Gain
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Figure 23

SCHEMATIC, 220 MHz AMPLIFIER
WITH 8877

t.-jet? pr 4 i.v. Centratjb DSBS.1000
ti tci'ir.

C,-3*„ r* \ari»t!f. Milled JI035 B r tqulv.

c.-r:«* tu-,rp tjrjtits/, ifp ifrt.

c,-cs’r-.-t ifsiif-r cipjtitsf, »ff ttft

C,. t.-Tacb tl ttis parallel-connected

!t; pf. i tv cfri'-ic cspeilsn, Cenlralab

c:, B'rfj.r.

r f
. < IV lred!*:f'u£h capacitor, Die

C#

*.

5 **'5 V ?;<5!b«ta£b eapatitof.

L.-3 turn'. Ho. 14 wire, «>lnch diam., t^’,nch

lone.

Lt-Coppcr strap flinch wide, 2’i Inches lott>

bent Into a U shape, ’-i-ineh wide.

l»-7 bitilar-weund turns Ho. 12 enamel wire,

Vj-inch inside diameter.

U. U-Plste resonators, see fin- 30

fire—C turns Ho. 14, Vo-inch dism., l-i^h

T, -Filament transformer. 5 V, 10A Stanccr

U33 or epuiv. .

B~Btewrr. JO tu, ft/mln. Payton 4C-*16

Ripley LR-B1 or equiv.

' : ensures that vent; the cothrxlf potential from r‘“Rl

r supply «k»rs jhe 7fScr should accidentally

|

(>i

' " ‘-I r p jitisf in;*, circuit h i T-rt r-.v.‘or>:

"
'r

3

^

th* ttipzi* jrr.pthftv' *r ~
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Figure 21

THE 8S74 CATHODE INPUT CIRCUIT

The cathode terminals of the socket are inter-

connected by a small metal plate to which in-

put coil Li is soldered. The filament chokes

connect directly to the feedthrough capacitors

mounted in the wall of the inclosure. Cathode

input matching circuit is on inner wall of box.

fier efficiency of 61 percent (see Table 5).

Designed and built by W6PO, the amplifier

is currently being used for moonbovnce

communication.

The amplifier uses an 8877 high-/1 povrer

triode in a cathode-driven circuit which

combines good intermoduiation distortion

characteristics and good gain. The plate

circuit is a transmission-fine resonator and

the cathode input circuit is a lumped-

constant T network. The amplifier is fully

shielded and is built on a 1 0V2 -inch-high

rack panel (figure 22). No neutralization

is required and the amplifier is completely

stable.

The Amplifier A schematic of the amplifier

Circuit is shown in figure 23. The

grid of the SS77 is operated

at dc and rf ground, the grid ring at the

base of the tube providing a low inductance

path between the grid element and the

chassis. Plate and grid currents are meas-

ured in the cathode return lead, a 12-volt

50-watt zener diode in series with the nega-

tive return sets the desired value of idling

current. Two diodes are shunted across the

meter circuit to protect the instruments

in case of a high-voltage arc to gr01ir
[j .

The standby plate current of the 8877 w

reduced to a very low value by a 10K-

cathode resistor which is shorted out in e

transmit mode by the station control cir-

cuit. The resistor must be in the circuit

when receiving to eliminate the noise gen-

erated in the station receiver if electron

flow is permitted in the amplifier tube.

Table 3.

Performance of the 220-MHx
Grounded Grid 8877 R-F

Power Amplifier

Plcte volfeae

Plate current

3000 V 2500 V 2500 V

(sinols tene) 647 mA 800 mA 400 mA
Plate current (idling) 54 mA 44 mA 44 mA
Grid voltage

Grid current

-12V -12 V —12 V

(sinole lone) 43 mA 50 mA 29 mA
Power input 2000W 2000W 1O00W

Power output 1230 V/ 1225 V/ 621 W
Efficiency (apparent) 61% 61% 62%

Drive pewer 48 W 69 V/ 20W
Power gain 14 d3 12.4 d5 15 dB

Figure 22

2 kW PEP AMPLIFIER FOR 220 MHz

his compact 220 MHz amplifier uses a single

677 running at 2 kW PEP input for heavy-duty

erformance. The amplifier is built upon a

014" relay rack panel. The counter dial for

re plate tuning capacitor is eenlered on the

anel with the grid and plate meters 3bove

nd to the side of it. The input circuit tuning

ontrol is below the counter dial. The amplifier

Reinsure is suspended behind the mam panel

, means of 3" Bn, mala! pasts. Filament

sjnsformer and control rtirm, is in the share

etvreen panel and enclosure. Mam terminal

trip is just visible at left fir vent tor the

mnlifier is at top ot the boa and Mower is to

the rear.
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Figure 24

CLOSEUP OF CATHODE

INPUT CIRCUIT

The air-wound hifilar filamen! ehoke is at the

left with the input tuning capacitor mounted

directly to a socket retaining screw. Each socket

screw has a clip which grounds the grid of the

tube directly to the chassis. Johnson 122-247-

202 ceramic socket is used, or EIMAC SK-2210

may be substituted. Grid terminals of socket

are shorted together with \f copper strap and

inductor L> Is soldered to crossover point of

straps, Inductor L< is mounted between capaci-

tor and ceramic post which supports blocking

capacitor C,. Hole the chassis cutout around

the socket for passage of air to tube anode.

to JO ohms at the coaxial input connector.

The network consists of two series connect-

ed inductors and a shunt variable capaci-

tor (figure 24). The inductors are fixed

and have a very low value of inductance;

in fact, the r-f return path through the

chassis has about the same inductance value.

To design the input circuit, many values

of circuit Q were tried in the calculations.

When the design equations yielded p 3
s1
'

cally realizable inductance values, t en

several combinations were tried in the acm

amplifier. Since the stray inductances in

the chassis and connecting leads were not

included in the calculations, the final induc-

tors were smaller in value than the ca cu

lated size. The actual inductors whic pro

vided a good input match are speed t m

the schematic drawing. Some minor vana

tions in these coils may be expected to

attain an adequate input match it t e amp

is duplicated,
. . /

? Plate Circuit—'the plate «rcuit ot

implifier is a transmission-fine
type

itor. The line (U plus U) * one batt-

ength long with the tube p
ace 2

Figure 25

INTERIOR TOP VIEW OF AMPLIFIER

The fop plale is removed showing the 3877

lobe and anode assembly, parallel-connected

blocking capacitors are al the side of the anode

collet with inductors U and U bolted to the

chassis. Tfte plate tuning capacitor is at the

bottom and the loading capacitor at the top,

connected to the type-H coaxial receptacle. The

plate r-f choke and feedthrough capacitor are

in the front side of the enclosure. Note place-

ment of the filament transformer on the outside

of the box-

ie center (figure 25). This type of cir-

„it is actually wo quarter-wavelength

nes in parallel. One of the advantages of

jis design is that each of the quarter-

•avelength lines is physically longer than

: only one is used. This is because only

al£ of the tube output capacitance loads

,ch quarter-wavelength section. Another

dvantage to this layout is a better distn-

ution of r-f currents around the tube

node seals.

The dc blocking capacitors are ceramic

nits Tvro are used on each line to handle

be r-f currents. The variable capacitor

c.) nines the plate circuit to reson-

nce Note that this type of capacitor strat-

um has no wiphig contacts which might

icrease r-f loss. All the r-f current Jons

brough a fad path svhich provides very

uooch tuning with no jompng meter

ladings. The load capacitor (GJ is con-

iructed in a similar manner.

’

The plate r-f choke (L:) is visible m

be photograph of the plate compartment,

i is connected to the plate collet assembly

itii the high-voltage fadtkough
capacitor
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Figure SO

THE PLATE-CIRCUIT INDUCTORS

Ttr ;',**.»*’>? iri-jj'.i? pattern *r.3 tension lay*

ty{ U i-i It. Tw= firtrtlits art ircuirtS

»‘f 1
k
.« p;:»t circuit, Cepatr strip '\p tt-.itk is

usfS.

incut iine and £ dummy load connectec to

the output port of the amplifier. E-mm:

voltage is checked and plate voltage sr. *•*—

Tuning and loading follow the ^me

«cauence as with any stanoard Kt ampu..c..

Connect a second S^Tv indicator beiore me

load and apply a small sntouu: o‘ &r:-

Quickly, tune the plate circuit to rcsomr.te.

Lcad and increase drive until the parameters

outlined in Table 5 2te approximates, re-

adjustment of the cathode input circuit m.

minimum 5VR should be cone at Sun po>' c*

level because the input impedance ct s

cathode-driven amplifier is a function k.

the plate current ot the tube.

Increase the r-f crire in small mart;

ments along with the output coupung -

the desired power level is reached. Always

tunc for maximum cmcicncv (maximum

output power combined with minimum i«*

put power), i: is easy to load heavily an-

ur.dtrdrivc to get the desired input *-•

cmcicncv will ruffe: if this ;s done.

22-16 A Tripier/ Amplifier

for 432 MHr

MHz ona-zlor. may Be *np«i
"£;
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HF AND

Figure 28

PLATE CIRCUIT TUNING CAPACITOR

The variable plate portion of the plate tuning capacitor. Since there are no moving or sliding

contacts which carry heavy r-f current, this design permits the capacitor to be adjusted under
full povrer without erratic tuning.

PLATE CIRCUIT LOADING CAPACITOR

The variable plate patten »> » »'M?
cnrr.nl 1. Ore lypcTI connector as «•» « £»»««« 'Woe tension on to. tmc n»«>»™-

Because ol the constenl r! eomlueSnE P*fc «" “ms is my smooth «'» no prafnsn.
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Figure 33

«3-MHz TRIPLER/AMPLIFIEP.
USING 4X150A OR 4CX250B

'‘““P -'tt.tr.t either is a triplet

If
,,Kl - Cf r: an amplifier en that tana

!' " evtcmal-anasc trttcac in a maBi-
tit! eav.tf putt circuit. Enclosure is maat up

I
rreces help tecethet smith sheet-metal

. e*s cr -cep" rivets. 1, this cbliqucr view,
the B-ptus ctnrecter is et the It!: sice 0! tv

hit «»Ui antenna receptacle in'
e-ij.rly aijeernt to .t. 7he antenn: tun.rp ca-

rytntW to the ena piece cl the bee,
ty 'he hcMici

i vt‘”
S

.re
“ ps: ‘l5r n"1 « t« center

,

k

,;
1 ' •f'"'M'!iea luninj eapeeiter

** eeatiat input reerp-

r-"

»E*t»K»ri>[ tats mti'iT «)2 u~; m»;'f {•

Figure 34

SCHEMATIC—432-MHz
TRIPLER/AMPUFIER

C-, Ci. C*-K pF, Johnson 160-107
C>, C 4 -Scc tCKt

N'oiP: Use 8 pF, Johnson 180-104 for «2-MH:
alternative r.rid circuit

lt-J turn hcoV.up wire, a-" dijrn., intiie l»

(432 MH2)

3’r turns *14, 1" diameter, 5;" lonr {432

f.’Hi)

U-See tert

L-V-widc copper strap form inductor V
Icnp. x t e" hiph

RFc,- 1 -? J. W. f.title r RFC- 144 , cr Olso»
2-144

RFC:-0^ -H. J. W. Milter RFC-420 cr Oh^ilt
2-420

Jt'-Ccsriil receptacle. UC-2S36/U
Ji-Ceoxiii receptacle. UG-gfa/u
Eiower-E cfm at 0.4" back pressure. Use

impeller Jt tooo rpn

5 rr<"-'urc drop of C.H inch of v;ter.

3 /reqwncv of 4)2 MB?,
P4C»..':c2:inj; is oV’trvcd in tubt-t of

•kZ><
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Figure 32

STRUCTURAL DETAILS OF 8877 AMPLIFIER

s Sim 3ns position of the main compensnts are shown. The chemher is metfe up of

aluminum panels.

trode R
°j external-anode re- conductor. Phte voltage is fed through the

(the U
tCd 2t 25

.° u’

atCs zno^s dissipation line to tbs anode of rhe tube, which is insul-

the
j,j*

f P'
r°^uctI

'

on 4Xl50As also have ated from the cylindrical line by means

ietfoj
er rat

“U>) this high-perveance of 2 thin teflon sheet wrapped about the

forms v]\
nC :^e *ew tu^5 that per- anode.

or
v,eI* as a tripler from 144 MHz For triplet service, the grid circuit is

Power

3 Str2I^It amph"fi er at 432 MHz. A tuned to 144 MHz, with the input capaci-

ty Q
i ?

ut?ut of better than 60 watts m2y tance of the tube and tuning capacitor C
0

as a tripler, and over 200 watts forming z balanced tank circuit. The isola-

f7 .

1
achieved in amplifier service. tion choke (RFC,) is at the center, or

one 2

°.Units ^ch as described may be built; “cold” point of the grid inductor. A 'series-

one
Ctm

^ 35 2 tr
‘P^er 10 drive rhe second tuned link circuit couples the unit to the

500

2S

-

30 amF^er at 2 power input up to external exciter.

atrs (figure 33). In amplifier service, the grid circuit is

^
tuned to 452 MHz and takes the form of a

inlwrl .

Tie general schematic of bdf-rodo^h Eoj, tuned to resonance by

__

ned as a tripler, and over 200 watts forming z balanced tank circuit. The isola-

r,

may bs achieved in amplifier service. tion choke (RFC,) is at the center, or
'0 units such as described may be built; "cold” point of the grid inductor. A series-

-ctln
g as a tripler to drive rhe second tuned link circuit couples the unit to the

an amplifier at a power input up to external exciter.

atts (figure 33). In amph’fier service, the grid circuit is

tuned to 452 MHz and takes the form of a

[!

p,e,/
Tie general schematic of half-TO-elengrh line, tuned to resonance by

'e ' C 'rc" it the amplifier is shown in
a small capacttor placed at the end of the

figure 54. An easily built
I™ opposite de tube.

£ uI plate-tank circuit prorite high
A special air-p'sTem socket designed for

„
'““T at 432 MHz and the unit operates

“e^temalWe tetrode must be used. For
“ thVlme manner as if it were on the

mP<» lb' &“!*•' *e choice of
”

“-frajUHlcy bands. The circuit consists
mkr the EmAC SE-Sr’0’ SE-SI I, SK-S20,

,

a sl»rt. loaded resonant cj-Iindrical line
oi SK-630 socket, together with the appro-

ves tie amplifier case as ibe outer P*K “ chimney. The SK-606 chimney is
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Figure 37

EXPLODED VIEW OF PLATE-LINE ASSEMBLY

tt-*- »!int‘.'VClt»r,r receptacle, piste byr-av. capacitor, and anode connector iprinr are at Wt*
Ti f tie*,*. end ptrfr of the bee and plate-circuit aitembly are at the center, with the 4X159

A

t't'Cdr at t*,e r.fht. Ifce tube enc.de it wrapped with teflon tape to form a bypaec capstiter,

rrmt»i*r the fle vellay/ from the tcarial line. Copper tine maf'Ci prr.i fit over the anotfe

of the tube.

>r Jl"; due mid' The far end tltouM he -hnrtcd and «!«•

!n" ".d pro-,fed and the able miv be coiled up in »

* J n” !c" ’ PJ "'t tub of water.
f, ‘ : |‘t

1
i'-'f e ie j\: with any tetrode, piste current i

f
- :

tt.e^,:;, orr.e. len- function of *crccn voltapc, and tcreen cv-
r:,Ht 5r3»i t'-srins: fcn; j. a function of ptatc lonlim;.

.-•r'r; * M3 ft ex- vultapr, therefore, thouM never hr JIT" - '

. o: »*;w.'n itt before pij t c volume, and -rren ctfr? ?!
'”

3
*
K

'LoulH !>c monitored for proper r'
3lr ’ " ,J

t

in;;. The amplifier '.ho-.ijfi nr-er hr

" t:.- ' }ju \y_tn (,r op-rjtcd vitli'j'.it a prop?? disftvr.’/
‘

•' fVrjH 1>: To 3 triple?, lir :r

'Y 1..*

: t;--rr:;:-in 3*. tro !- *.oitit:tj >rr 'civi'e’-tci:
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Figure 35

INSIDE VIEW OF
TRIPLER/AMPLIFIER

Tetrode tube socket mounts on small partition

Placed across interior of box. Plate-tuning ca-

pacitor and antenna capacitor are at figtit of

® 5*®nibly. The anode line of the 4X1S0A

WCX250B) is slotted and slips over the tube,

insulated from it by a teflon wraparound insu*

lator. B-plus passes down through the tube to

* JP^e that makes connection to the anode.

B«I_ow the partition are the grid circuit and

various bypass capacitors. Power leads p«s

wough feedthrough capacitors mounted in W
'?ar wall 0 f the enclosure {left}. Aluminum*"-
l,ng at the bottom of the box matches air-hose

c°nnection to external centrifugal blower- Bio -

er should be turned on when filament volteg

applied to the tube.

Tripier/Amplifier The tripIer/ampM" »

Construction constructed within a metal

box measuring 7 4

^ 2 %". The t0p and bottom of the ox

pieces of aluminum or brass D5ea
.

s

,

-

7" X 23/4". The wo side pieces are

in size with matching holes °r
„

metal screws. Each side has sma

along the edge which match the si e

^
and bottom pieces. The en *

.^
Tbe box which makes up the P

brass

assembly is made of brass
1 2

be sol-

quarter-wavelength plate fa*
box has

dered to it. The opposite end 0 1

accepc 3

a hole drilled off center ifl
**

ofifice

fitting for an air hose or

(figure 35). . }y4
* length

The plate line is taa^?,a oUtside
diam-

Figure 36

CLOSEUP OF ANTENNA CIRCUITRY

Small series-tuned loop is made of copper strap

connected between coaxial output receptacle

and stator rods of antenna tuning capacitor.

Coupling is adjusted by setting of capacitor, and

link is fixed about tWnch away from plate line.

Plate line is soldered to brass end plate.

eter. The line is soldered to the brass end

to accept the anode of the 4XI50A or

4CX250B.

An internal partition separates the grid

jnd plate circuits and supports the socket

for the tetrode. The socket is bolted atop

the partition, as shown in figure 35. Con-

nection is made to the anode for the supply

voltage by means of an extension shaft run

from the high-voltage connected mounted

on the top plate of the box. The shaft has a

section of spring steel bolted at the end to

make a press fit to the top of the anode of

the tube.
, , ,

The plate-blocking capacitor is made or

2 length of 3 -mil teflon tape, wrapped twice

around the tube anode. The tape is cut to a

width of one inch to allow overlap on both

sides of the anode. The tape is carefully

wrapped around the metal anode before the

tube is pressed into the open end of the

plate line, as shown in figure 37.

The top-plate of the box, in addition to

the plate-line and high-voltage connector,

supports the antenna receptacle (Js) and the

series antenna-tuning capacitor. The anten-

na pickup loop (L4 )
is soldered between the

receptacle and the stator of the capacitor,

and is spaced away from the plate line about

Y& inch.
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Figure 38

503-WATT AMPLIFIER FOR THE ttO-MHz BAND

Tfris correct hic’-'-r.jin amplifier eperzies at 1-V-W input, PEP or continuous ratine, for c-w,

StD c: f-m tervioe. a sirple E£7i power trisie is used in a cathode-driven circuit The
f.tr is k»:« cn 2 7“ relay r.-ov panel. The “pash-in. pult-euf' handle for piste canty tann*

H Jt errirr panel, with the j-p-j! tur.inj ccr.trci beneath it Platt and j-rid current meters

s-e Cfi the cuter corners cf the psr.rt. The hifh-vollafe terminal on the plate cavity is ?Ji\

vititlr ever the top cf the pare!.

*;,V, t *{••’! *],» cathode return it connected it

j’ The end r.f the lir.e opposite the

the output ap3citsr.ee of the tube,

is at, or near, the center of the cavity

urc 41). It is difficult :o equate :k

tance of the tube, which is dhtrjbutco o-^

an arc: large in comparison to a us:!-'"/'

a wavelength, to that conventions.
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the screen current will be about 10 milli-

araperes. or less. Tbs screen current noted
will be the sum of the posirire current
flowing through the bleeder resistor and the

negative screen current of the tube.

A small amount of excitation at 144 MHz
is applied and the grid circuit resonated, 2s

noted by a small rise in plate current. The
plate circuit should be brought into reso-

nance. Excitation is boosted, and the tripler

tuned for maximum power into the dummy
load. Loading and grid drive may be in-

creased until a plate current of 250 mA is

achieved. At this level, total screen current

will be about 15 to 20 mA, and grid current

will be about 12 mA. Power input is about

250 watts and power output, as measured 2t

the antenna receptacle with a vhf wattmeter,

is about 70 watts. Overall tripler efficiency

is abut 28 percent and plate dissipation is

nearly 180 watts.

Screen current is a sensitive indicator of

circuit loading. If the screen current falls

below 10 to 12 mA (including bleeder cur-

rent), it is an indication that plate loading

is too heavy or grid drive too light. Screen

current readings of over 50 mA indicate

drive is too heavy or plate loading is too

light, A plate voltage as low as 800 volts

may be used on the tripler stage, with an

output of about 55 watts at a plate current

of 250 mA. Plate voltages blow this value

2re not recommended as screen current starts

to climb rapidly at low plate potentials. For

amplifier sen-ice, the alternate grid circuit

is employed. The amplifier may be operated

either class C or class AB,. Operating data

for both classes of service is given in the

4X150A data sheet.

22-17 A 500-Waft

Amplifier for 420-450 MHs

This compact and reliable amplifier is de-

signed for c-w, SSB or f-m service in the

420-MHz amateur band. Power input is 500

watts PEP or continuous service, with a peak

drive power of less than IS watts. Power

output is better than 250 watts 2t a
pj

2te

potential of-20 00 volts. The unit (figure 58)

shown was designed and built by W6PO.

The amplifier uses a single 8874 high-ft

ceramic power mode in a cathode-driven

circuit A rectangular output cavity circuit

is used, together with a stripline half-

wavelength tuned input circuit The ampli-

fier is fully shielded and fits on a standard

19-inch relay rack panel as 2 companion

unit ro the 2-Meter Power Amplifier de-

scribed in the previous section of this Hand-

book. The amplifier is completely stable and

requires no neutralization. Tuning is easy

and uncomplicated.

The Amplifier The schematic of the ampli-

Circuif fier is shown in figure 39. The

8874 is operated in a cathode

driven circuit with the grid at dc and r-£

ground potential. The grid ring at the base

of the tube provides a low inductance path

to ground between the grid element and the

chassis. Plate and grid currents are measured

in the cathode return lead and an 8,2-volt,

50-watt zener diode in series with the nega-

tive return sets the bias for the proper value

of zero-signal plate current. The diode is

fused for protection and shorted with a 200-

ohm resistor to make sure the cathode re-

mains at, or near, ground potential Two

small diodes are reverse-connected across the

metering circuit to protect the meters in

case of an inadvertent short circuit or heavy

flow of current.

Standby plate current of the 8874 is

reduced to a very low value by the I0K

cathode resistor which is shorted out when

the VOX relay is activated, permitting the

tub to operate in a normal fashion.

Tie Input Circuit—1The cathode input

matching circuit is a modified half-wave-

length line which matches the 50-ohm

nominal input impedance of the amplifier

to the input impedance of the 8874 which

is abut 150 ohms in parallel with 20 pF.

A simplified drawing of the 'network is

shown in figure 40. Illustration A shows a

lumped, split-stator input circuit with the

drive tapped on at a 50-ohm point in the

circuit. Illustration B shows the same config-

uration redrawn to adapt it to the stripline

circuit of illustration C. The latter assem-

bly is used in this amplifier. The vertical

reference line indicates the electrical center

of the stripline, which is physically very

close to the socket pins of the tube. The r-f
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prerents the proper impedance match to a

50-ohm external load.

Amplifier The amplifier consists of two

Constructien cavities made out of readily

available aluminum chassis

boxes. The cavities arc supported from a 7-

inch-htgh relay rack panel by means of side

braces. The output circuit cavity measures

11'' X 7" X 2" and the input circuit

cavity measures 7
n X $

v X 2". The flat

surfaces of the two chassis arc placed ad-

jacent to each other so that the removable

bottom plates form the outer surfaces of

the cavities. Both cavities arc seated firmly

against the front panel and the tube is cen-

tered in the plate cavity. This places the

center of the tube socket S
I/i

w
from the

front of the grid cavity.

The chassis arc held together by the 8874

socket which is mounted inside the grid

compartment. The 8874 requires forced-air

cooling lor its anode which is obtained from

2 hlosver mounted in the wall of the pres-

surized anode compartment, with air passing

through the anode cooler and then exhaust-

ing vertically through the lid of the cavity.

A small quantity of air is bled past the

ocher to provide ba»c cooling, as the socket

I'.'dc is about *•: inch larger in diameter than

thr center portion of the socket.

l or this cli's of service, a maximum anode

dissipation of 300 watts is recommended

which requires an air flow of 6 c.f.ra. at a

pressure drop of 0.22 inch of water. The

specified blower, or equivalent, will handle

this requirement with a good safety* factor.

Dimensions for the input inductor (Lj)

are shown in figure 42. This device is sup*

ported by pins 1 through 3 and 8 through

Figure 42

INPUT LINE DIMENSIONS

10 of the tube socket and by a small teflon

post placed at the far end of the line. The

top surface of the line is spaced *vi )

from the chassis deck. Tuning is accom-

plished by disc capacitor (C-) which u

mounted in a threaded block of copper fas-

tened to the chassis near the front partition-

A threaded panel bushing provides an adci-

Figure 41

TOP VIEW OF 420-MHz

POWER AMPLIFIER

'he covrr has been removed <«rn

lisle cavity to show placement, e-

ubc scev.et, the antenna COUPES

nd the movable drawers- The f

he left controls antenr.s leading «*- » '

me cn the panel determines cavity re.--

same. The se:W for the 6874 it
*«

neunted to allow a fret dew ef air -

he bait ef the tube. The prid *!*«'** ”

;
rounded to the chassis by means er

:pecisl csltet (time 135.3551- The >•'

rent transformer and refer 6iSt

rour.tec cn a small chassis fart* *

:rr tide ef the amplifier. The ts.

newer *s mounted is l*t e??o? !f *>_

\ soften aercts the blower epermj t

ifrlt r-f lot* thrtufh tne eM-oe- Th*

jenstrl vis.b’e on movable

octictt the cover t-t w*"s !
* e

cai-fy-
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SCHEMATIC OF 420-MHz AMPLIFIER

Ci-Disc capacitor. See text and photographs for
assembly

C.-15 pF.

Cj--Pfanar capacitor, approximately 1800 pF.
See text and photographs for assembly

M-input stripline, See figure 38 for dimensions
‘•i-Plate circuit cavity. See text and figures 37
and 41

RFC,~10 turns #18, % inch diameter, close-
• wound

RFCi-Ohmite Z-450
RFCj-Daai winding, 6 turns #18, V» inch
diameter

M i-o-i Op mft dc Simpson 1227
M,-0-1 Ade. Simpson 1227
Biower-Dayton 2D782. 2V: diameter, 3160 rpm
Socket-ll pin, Johnson 124-311-100 or Erie

9802-000.

Grid CoJIet-Eimac 882-931

Note: FiJament voltage is set at S.7 volts

THE AMPLIFIER INPUT CIRCUIT

A-Sptit stator circuit for hf use with input

placed at 50 ohm tap point on inductor. Ca-

pacitance Cc~c is cathode-grid capacitance

of tube,

this area is controlled by moving one of the

cavity walls, rather than by moving the

loop itself.

Cavity resonance is established by chang-

ing the volume of the cavity through the

B-Tfie same circuit adapted to stripline con-

figuration.

C-Stripline circuit using half-wave line in place

of indQctor.

use of a second sliding drawer, as seen in the

photographs. The two sliding walls are ad-

justed in unison, much like the tuning and

loading controls of a conventional high-

frequency amplifier, until the adjustment
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1

Fiti're «

THE CAVITY FLATE AND
COUPLING CAPACITOR

7»:f fT*tt r* i*!C CF7C it tntlftlrs by 2 fitter

~r;p t* j tttptr rlr.j: linti vittr **.££: rtr:>:

;*tt ttrtj. Tfit tsrritr it rtlsrrf to r ct;?tr

r’.ru ftr. ttt trvtr t’.ftc try t this!'*

rm c' ijsrist ir.t’.trt'-tr. Tr.t twrUirc ctptci-

h hr:s ttrrt^tr tr rr.ttcr.sr. ir.su*

»' :t/ Crrrrrry. s.-t?l?c r.urr.tcr 3*V«*S Jitviisj;

.* rrt* r* .stl-'. trr-isr is rrriJrfclt to.

f?f' *.f'Ctc
k
. t-r t*:*: 1

-. rfficrs r? tfirr.ccsti

r -
't **s l.'j-o‘rtteri-j C:., $tfc

.tr.*tttty,

*.\r, »: nr;r?t’t in strntrrt streets 15' r

:t". f?rjiff*r it rbc>.’! 72; vests pc? tr.l! c!

!*•>:» *rst« ttt-r* tss>wStri r.rtr*»r!s r.ry bt

w*; *:? f* tf.t }{;!•« rsririrl

Figure At

REAR VIEW OF AMPLIFIES

Ttif ZVii str bs rftr terror-
*nr nr*“

trUcr. hrlr is »c p'.rlr o' Sht rrrrr tr*

Str. 7t>e tefjrr. McStn M* ?'r -f •’

thttt irt visible rtr? ?’str -

Icrlirrj frmr tontics ?t}r~ rl * -“r
.

rrrr :! the eaSJctstt. Krtt ‘.‘'t

r.nrs is »e :aVir. pcn*rt wsr ~

.u. -« •'Tvr 1
r-S thtt t f

* V-C'*isr *'iftt. tret ret cermet •*

If- We ilL'-irrr.

rrt ‘-rirtirct" tort rnotiref) 5s* p*r*.f:-

tier £ir! r:,; - r
*2!:,rr"
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tioaai bearing so char chs capacitor disc

moves ro and fro 2q easy, ro rational

movement. A closeup of the inpat cavirr

is shown in 5jure 45.

Filament and czthodz return leads are

brought on: of the grid enclosure vis small,

ceramic feedthrough capacitors 2s shown in

the illustrations and the small filament

chokes are air-wound coils mounted between

the socket pins 2nd the feedthrough capsri-

Figure 43

INTERIOR VIEW OF
INPUT COMPARTMENT

The input line is soldered to the six cathode

pins of the tube socket Matching holes are

drilled in the line and the pins pass through the

line. Matching capacitor C* is soldered to the

"ear" on the line, A short section cf teflon rod

is drilled and mounted on the capacitor shaft

and adjustments are made through a hole in

the perforated bittern pliie, which has tern
removed for the phatogrepfi, At the far er,d ef

the line is disc capacitor Ci mounted in a ccp-

per slug bolted to the chassis. The shaft cf the

capacitor is threaded, as is the mounting slug.

The filament chokes of the Eg74 are at the right

end cf the enclosure.

tor terminals. The input inductor hss :

’Toot" on it that is positioned in such a R-r

as to provide t support for the senes input

riming capacitor (Cj). The capacitor is ad*

justed through a hole drilled in the cavity

bottom plate. A short length of hollo?.* teflon

rod is slipped over the capacitor shaft to

serve as a guide for an insulated 'screwdriver

used for adjustment-

An underview of the amplifier i? shown

in figure *»?. The cover for the input cavity

is nude of perforated aluminum stock held

in place with screws and captive nuts. Di-

rectly behind the rear wall of the box ;s r-f

output connector (J; }. Two sets oi mrjr.t*

Figure 44

UNDERSIDE OF
420-MHz AMPLIFIER

The Inpot tziitj is ctnni with c
refed aluminum s!:;k bt’.i in plj;* »;*•;

«0 hardware a.-s captto rats. At e-t
side Is the terc.i ertrrs :m shaft far «•
pacitcr C». The antenna rtf?;:**:!* ft,; ij

imnitfiJtcty in Ihe ftregrCurd. Ktrt it

is fhe plate ceverieg ;h; at/tlliary r:r-*-
?ng h:/f. Tbr c;r!*r cf the first is

7'-i" frem the rear edge ef t*r* t'i'.i euv-
ity. At the s-ie cf the cavity is a s-n
she!? that juppertj t

k
e arrir e-tie,

safety re:ij‘;rs, tfrrlrat strip, ard f.u-

mint Jrensfcrrir. The ha*;;* f:* **f
tcsdlng dreirer is Jr, the fsrejrrurd.

mg holes arc drilled for the connecter, cn:

is covered with a small plate. The b'V re,".

loop (L;) mounted in tie plate ceirtv. The

loop, which ccn<:?:< of : length cf :.*-ch

copper tubing, is soldered

center conductor of the

posit? cr.d i* grounded :

the cavity. V~r.:r. the ce:

in the rear holt, coupling

when it is :r. tor iton t

maximum. Tor intetmti:

plinp. 3 red v-i:h a rig:

place cf the straight

the cavity a«-;mb/.'. On <**
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Figure <9

VHF LINEAR AMPLIFIER WITH 853B

7ti*f 7;:vy t.'.i rrrpliEtr r:r; 1 vv; CC"*.lry:us duty CT 2 VV.’ PEP in the 42WS2
U'.'R.r, * iirrir £’2£ Wf>;. ceramic-metel triede, the amplifier provides maximum cut?-,

with s ptjv jvid drive ftpjjirtrtnt cf aicut £0 w2 tts. The amplifier csnpartmcrl is rcurtt.

ts > tt.'idrrd rttey r?;V pjr.tl. A*, left era the plate- and firid-wrren? meters with the trffr

?.f r f.jtf-vjp.ln? dial centered cn the pare!. Tc the right 2 nd abeve the dial is the Icrtfj-C

ct-tfth The r-f irpst receptacle end c2ihcde tur.in£ centrals era to the rijht 2nd left c* the

l*-e ptjte-tvnirc dirt The r-f cutput receptacle is reached through a hcle in the pznel dirtc. r

above the tuning dial.

Bias 2nd metering circuits are tr.uc.h i:«

the design rho~*n for other amp.t£ers tn

chapter. A 10K resistor in the c: catro-t

return circuit provides eaten bits cut.-*

standby periods. In tr.e operating st.o-. *—

resistor is shorted out by the rf.*?-

Operating bias is established cy a -r-v. .

rencr diode in the cathode circuit.
( #

Grid current is monitored :n tr* catro--
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the plate. A second set of guide holes in the

end of the cavity permit proper alignment

of the rods. An assembly drawing of this

mechanism is shown in figure 46. Note that

small, metal rings are slipped on each rod.

Each ring has a set screw in it and the rings

can be locked in position to prevent the

tuning drawers from being moved too close

to the tube and to the antenna pickup loop.

Amplifier Tuning As with all grounded-grid

ond Adjustment amplifiers, excitation

should never be applied

when plate voltage is removed from the

amplifier.

Filament voltage is applied and the volt-

age at the socket pins is checked, as well as

blower action. An S\VR meter should be

placed in the coaxial line to the exciter and

a 50-ohm 500-watt dummy load connected

to the amplifier. Reduced plate voltage

(about 1800 volts) is applied, along with a

very low drive level. The csthode circuit is

adjusted for maximum drive and the plate

cavity tuning drawers adjusted for maxi-

mum power output. The plate voltage is now

increased to 2 kV and additional drive ap-

Figure 47

INTERIOR OF PLATE CAVITY

The 6874 and grid grounding ring are at

wnfer, with the output coupling "loop" imme-

diately adjacent to the socket- The top end of

the ''loop” is belted to the cover of the cavity.

To vary the degree of loading beyond that per-

mitted by the sliding drawer, extra loops can be

made c/p that have a U-bend in them to increase

the inductance. Optimum coupling distance

from center of the tube to center of the pickup

rod was determined to be about Vh 5rtcn ®s*

this particular amplifier, this worked out » be

halfway between the two coaxial receptacles, A

new "loop” was made out of soil copper w°>f‘g

that had an L-shaped foot on each end so that

the vertical section was spaced the proper

distance from the tube.

plied until the amplifier is delivering a few

hundred watts. By adjusting drive level and

loading, it should be possible to duplicate

the operating conditions listed in Table 4.

Plate hiding sdjustBXBt is limited by the

placement of pickup rod Lj in the plate

cavity. Two adjustments are possible when

a straight rod is used, depending on the

placement of coaxial antenna receptacle ];.

If an intermediate loading position is re-

quired, a second rod is made up with a

slight offset in it to provide an intermediate

value of coupling. Always nine for maxi-

mum plate efficiency; that is, maximum out-

put power for minimum input power. Do

not underload, as grid dissipation may be-

come excessive.

The last step is to adjust the input circuit

for minimum SWR on the coaxial line to the

exciter.

Table 4 . 8874, Typical Operafing

Conditions, 420 mHr

DC Plate Voltage 2000 Vdc

Grid Bias -8.2 Vdc

filament Voltage 5.7 Vac

Plate Current 250mA

Grid Current 2(W0mA

Power Output 250 Watts

Drive Power 13 Waits

Figure 48

ASSEMBLY OF SLIDING DRAWER
FOR PLATE CAVITY

22-18 A Practical 2-kW
PEP Amplifier for 432 MHz

This high power yU amplifier eras built

by W3HJAJ and used in the successful

’’moonbovnee” expedition to South America
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low

Figure 50

SCHEMATIC, 432 MHz POWER AMPLIFIER

Ci-D/ie inch disc on piston loner (see text}

Cj-One inch disc mounted on center conductor of transmission line.

Cj«-Brass shim stock “flapper" (see text)

C«-Brass or beryllium copper “flapper" (see text)

Cs~Plate bypass capacitor (see text]

Ct*Ce—IOOd pF feedthrough capacitor (Erie)

Lt, Li-Stripline assemblies (see text)

Mi-0-100 mA dc meter. Simpson
Mj-o-JA dc meter. Simpson

RFCi-5Vi turns ??16e., diameter, closewound. Ferrite beads slipped over lead from choke
to cathode.

RFCi, RFCt-4% turns #I0e., IV diameter, spaced wire diameter.

rial is thick* This plate is soldered at

one end of the tube socket cathode termi-

nal. A teflon post PA" high supports the

midpoint of the plate.

Tuning capacitor Ci is a 1-inch diameter

brass disc soldered to the end of a surplus

piston tuner. The tuner has finger stock

contacts that ensure good r-f grounding of

the rotating shaft. The stator of the capaci-

tor is the end of the cathode line. The

coupling capacitor (C2) is a 1-inch diameter

disc of brass soldered to the center conduc-

tor of a section of PA -inch diameter foam-

filled, semirigid coaxial line, The inner con-

ductor of the line projects % inch beyond

the outer conductor which passes into the

cathode chamber through a flange mount.

The mount is slotted so that the coaxial line

can be moved hack and forth a short dis-

tance for preliminary adjustment. The line

is then clamped firmly in place.

The socket for the 8938 is made from a

surplus 2CJ9 socket. Looking down into

the plate compartment (figure 52), the

outer ring of the socket is the grounded-

grid ring. It is made of finger stock (Imtru
-
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lag coaxial nags in the socket (moving in-

ward in order) are die cathode ring, carer

sad inner filament sap and center cctnorie

pin collet, lie central nap are supported

by tie tabs socket which is mounted be-

tween two layers of piexigbs, i- -inch

track. These olasrie layers Insulate catioce

and fikmea: terminals from ground.

Tie cathode ring is a 2C35 plate ring

{htirumcnl SptdsUks 96-76) which is

soldered inside a I-;£-iach (octside diameter)

length of copper tubing. Tie robing, is

shimmed to fit by copper fiasiing taarenal.

Tie filament ring is mace from a short

length of 54-inch (outside ckmesr) cop-

per robing, 0.049'’ wa!L which is sloped

with a hacksaw. Tie filsicent socket fits

over tie filament rinc or tie tuoe.

The P/c/e Cimui—Tte plate circuit is s

hzlf-W2ve stripline with "dapper’" espad-

tors for timing and loading. Tis ice is

made from a S
r X 8" piece oi douhie-clai

glass epoxy PC board, 14 -men thick, lne

comers are rounded to minimize vo-tage

discontinuities.

Tie line is located approximately miortay

between tie compartment base and cover,

producing a short transmission line with a

characteristic impedance of about 56 ohms.

A finger stock cup is soldered into a hole

in the plate line which passes tie anode of

tie tube. Capacitor (C:) ,
which is about 0.5

pF at resonance, tunes the line. Tie capaci-

tor plate is made or ^s-iscb-rhick

shim stock and measures 5ii
r long by 3

wide. Tie capacitor plate overlaps Zu’ ou.er

14 inch of tie plats line (fig0*®
,

.

Loading capacitor C5 is made d
bervllium copper materia! 2 long by

inch wide. It is soldered at one end to the

plexiglass block baked to the rice will o:

re: connector pin of the receptacle. The

capacitor overlaps the line by about one

inch.
.

panel contrak The com for the tuning

string from the loading Capacitor plate

passes directly upward, then over a stand-

off-mounted fairlead and exits the compart-

ment at tie end. It then wraps around a

shift which is also driven by s reduction

dial Tie capacitor plate is retracted by the

tension on the string and rerums to maxi-

mum position when string tension is released.

Action is smooth and positive. A string with

good dielectric must be used, fiv fishmg line

was tried but melted in the strong r-f field!

Th TUfi Bjp's CtfN’rffcr—The plate-

circuit bypass capacitor (C-) is a cririal

item in tie upper*reaches of the vhf region.

In this case, a* homemade bypass capacitor i?

used. It consists of a tefion sheer (0.015

sKd) nahicbd laws 2 snU-sitl

is: of PC tel mi the cwnpsraOT!

ot!L 71: PC boM -asms 551 X4«

22(3 Ei' 2 STOUnd ll£ KISSES -O —! CCf?::

foil 2: onstoi U» las & KsUoIagc

coMKCto. rs: foil sids of :hs terd a a

enact •» fe a*» oitltf:* wed

undos PCW °T W-i- W “I

rides. The plate r-f choke ss connected

between the lug on the PC board and the

Figure S3

ASSEMBLED PLATE

COMPARTMENT

Tube and plats tins are in ptec® *B
**J

view. Air chimney fits ever tube a ' “

and is fitted into finger stock cap-

in lop p!2te is afigwed with the chimrty.
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Amplifier Adjustment Bccstt'C of cathode

end Tuning bsckhcating in the

vhf region, the rec-

ommended filament voltage for the S93S

a: 432 MHz is 4.0 volts. This should be

measured at the socket with a 1 -percent

voltmeter. Cathode warmup time is 4 min-

ute': under these conditions.

A? with other high-it triodes in cathode

driven service, the F95S should not be oper-

ated with r-i drive unless plate voltage is

Once the blower has been checked for

opera tines, reduced plate voltage is applied

to the amplifier f 1 000 Ydc) and the idling

plate current is checked. It should be about

M mA. At 2 kY the idling plate current

ih-iuid ri'c to about TO mA.

Drive power is applied slowly and plate

loading and tuning capacitors arc adjusted

fer maximum power output into a dummy

In;,:. The tuning capacitor must be rcrcso-

naie.i each time the loading is changed. Once

maximum output is achieved, the r-f drive

coupling capacitor C : i* adjusted until min-

imum S’-VR occurs or. the coaxial line to the

ervitrf. Once thr'e adjustments have been

completed, the plate voltage may be in-

v tc:«:J to the operating level and the cor.-

‘'•'Un J-ir.g d.r.-n. the plate and fila-

tr.-m t :-r tub:. Reprc'entaibe oper-

v '-.fit. iv. are given in the data sheet

2M9 A 600-Wott
Amplifier for the

920-MHi bond

Figure 56

HIGH POWER AMPLIFIER
FOR 920-MHz BAND

This compact amplifier provides 2C3 waits

output in the 51E-S70 MHr ranp.e with about 1?

watts drive -power. using a single 3CX400U7
hiph nu, uhf triede. the amplifier is cathode-

driven and requires no neutralisation. The square

cutpu! cavity is tuned by movable drawers, the

ccn'.rcls ef which are at the top and bottom of

the cavity m this view. At the left and njht

ate the multiple air rents The input and output

coariai receptacles are in the forenrcund. The

tube ptucs into the eppetite side ef the cavity.

Thu is a commercial, heavy-duty cavity typ*

CV-JBiO nantifacture d by Vanan EIW&C, San

Cartel. CA S407D. The 3CX4C3U7 triCCC it ihSw*

m front ef the cavity.

Shown in this section is z f.OO.svatt input,

200-watt output amplifier having a ptwer

gain o ! alviu: 12 dB ami capable of opera!*

mg over the frequency range of 9 If to 9*4

MID ( figure tf.). The amplifier employ*

a 3CX*tfi('Ur i 9A! high mu. uhf transmit-

ting tri&Je rated tor -too v. attt ar.-rJe

patim. The tube it employed m a TIM-

plate
^p

-t'cntih »* I * * ” ** Jf
T

" :f:::

Ue3CX4CIU7 V;
'< » -T"

Tfe-t w<tt Tried* •dr.-’n-fl > r*'
" ^ ?

'
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iioSj using sneer-metal screws. Remember Amplifier Assembly—The general arranae-
to listen tbs plate r-f choke to the line ment cf the 2mc!iSer can be seen is the

before securing the core?. ghotogrzphs. The plate orcnic enclosure fs

The top cover is fitted ~ith an air outlet an aluminum bos measuring 12
r X 7

r

sssanblv shomi in figure 55. He air outlet X4r deep. The input circuit Is in the lover

is made of metal honeycomb material fitted bos ~hich measures 7
r X f

r X j", An
into 2 collar tvjfich ~as bent srcund the aluminum center plate divides the tv*o

tubs anode for sizing, and then trimmed chambers and provide.- a sunrort for the

and cut. A hose clamp holds rite honey- tube socket and stripHne supports,

comb disc in position In the collar, lie The assembly is reported behind a 19
r

mylar chimney fits inside the air outlet cut relay rack pane! on vhich the tuning con-

in the cover, forming an airtgbt and r-f- trols and meters are pheed. At one side of

right enclosure. This assembly serves as a the assembly is a small chassis vhich con-

vaveguide-beyond-cctou opening vhich mins the various metering resistors, the

effectively prevents energy from escaping zener diode, and the terminal strip for con-

front she plate compartment. trol vires. The blover ts mounted to the

rear vul! of the plate circuit box.

Figure 55

TOP VIEW OF AMPLIFIER

Air cutlet frsn zRsie csr.^rtr.

Trail. At n'tht is satshassh

spaced beSftd p

:etst is a l t:?, f

are r tfisdi 2 f.;

irel U allnrire!

[«fi cf aissrr.tly. Elnrer is p-
S psir«f terriral strip- A-“?trfi«

~ f:r sslsrs ifid drirr oS'es-

;vr;?e ts rwr

•r jsstrily is
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TABLE 5

Opf-ti'n C~~rs*T-»i3
c* 2XC<tt'j?/rt£i
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of tfie spec:rum allocated to land mobile

services and to tbs amateur service. General

characteristics of the tub? sre oazlaied in

Table 5. The combination of high amplifica-

tion factor and minimum grid Interception

prorides goad parser gain in cathode-driven

(grounded-grid) service. Coaxial terminals

2nd continuous cone-shaped internal con-

ductors for the grid and cathode elements

permit the loves: possible inductance be-

tween tube elements and external circuitry.

Amplifier fa frequencies in the SOO-.MHz
Desisn region the amplifier circuit may

be a quarter-wave resonator for

the anode, and a three-quarter-wave coaxial

line section between ground 2nd cathode

(nos: mar hearer terminals are separate from

the cathode). An electrical diagram of a

representative cavity and auxiliary circuitry

is shown in figure J7 and an exploded view

of 2 commercial cavin' is shown in figure

$8.

Figure 57

SCHEMATIC, BO-KHZ POWER AMPLIFIER

C^Z»»IMWen»2«=™f^'!"‘^
l

»-
nr!ro ,se« neMJrt t«» ««* t=”-

Cj-PIate bypass eapacrtrr rs-s ei .mi

nsclor and ezwty^ -*p?rH<rs
C*c,-Hemm BfKZns »"a **“
E-Blnrsr. Dijlso 2C7E2- r*'
K.-Z5-0-2S mA, asto certET

K*-M03 mAdc
Ti-SJ V, 3A

Ji, Jj-7yps H recepScfsS gs2S2J. CaiKde, CCS2S2. Oats: tu4M, CC522f.
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Figure 59

TOP VIEW OF CAVITY AMPLIFIER

tfif 3CX4CCU7 plujis into collets in the amplifier
tjvitjf. The anode of the tube projects through
the top of the plate cavity and cooling air
raws through the louvers. The plate bypass
capac.tor f. held to the chassis by the circular
msulatinc disc. The tunmj; and leadinp. controls
fir >t the end cl the assembly. Air inlets arc

on the S'drs of thr cavity.

Filament voltage of 6.} volts is applied

for 60 seconds, followed by anode voltage

of 1500 volts, maximum. Plate current will

read between 50 and 150 mA, depending on

tbc bias. Grid current indication should be

near zero. About 10 watts of r-f drive is

applied and tbc plate current should rise to

between 300 and *100 mA. There should he

an indication of output power on the watt-

meter.

The tuning and loading controls arc now

adjusted for maximum output, and both

then adjusted until maximum output is

achieved. The filament voltage is now drop-

ped to 4.5 volts.

Tiic next step is to adjust the input tun-

ing and matching under full power condi-

tions. The output coaxial probe capacitor

(Ci) and the tuning control (C.) arc ad-

justed for minimum reflected power. These

two adjustments arc interlocking so they

must be made alternately, adjusting for

minimum power reflection. When this is

achieved, the output tuning drawer should

he reset for best power output.
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figure 58

EXPLODED VIEW OF 920-MHz CAVITY

? “ “,,s '
a ”i>c," ! "
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pares it rath the reference voltage, and ad-

just* the series resistance element accord-

ingly to establish a stable condition. Some

power is vested as heat in the series element

equal to the voltage drop across it times the

current through it.

TV.; regulator (figure >) avoids

the h;.at* dissipating scries element by using

art electronic switching element in its place.

Figure 3

switching-regulator
DC POWER SUPPLY

t* ftfstrsr.is s*i!chinn ttenefi in series with

«
k
-« cirijiui Ifie is eperra sntJ elssccJ absvt

13*55 t^es rrr sresri. The switch is cen-

iJf’fs ty f Cr'f:*cf ts minlain
esr.star* lie e-j'.ru’t vcitaj-e in spite cf tine cr

t;.*? vifistiint. A filter at the »ejrt?tor cutput

sttrrti en-eff pultatient.

sorbs the on-off pulsations and provides a

smooth dc output. Virtually no power is lost

in the switch since its offers very little re-

sistance to the flow of current when it is

dosed.

The inverter power supply (figure-?) has

a dc source that drives switching transistors

in a low-frequency oscillator circuit. An
auxiliary winding of the power transformer

is used to alternately switch the transistors

on and oft. The current flow in the trans-

former primary winding reverses its direc-

tion with each alternation, producing a

squarewave ac voltage in the transformer

secondary winding.

The operating frequency of the inverter

is determined by the circuit constants. Trim-

ming resistors and capacitors ensure that the

circuit starts promptly and prevents genera-

tion of voltage spikes. (For additional in-

formation see Chapter 19).

23-2 The Primary Circuit

Electronic equipment, regardless of pur-

pose, requires a primary power source of en-

ergy. Aside from portable equipment and

small devices, the primary source of con-

sumer power is the heme electrical system

which, in the United States, is nominally

I2f' ;- f
' vclts. 60 H? , in a 5-wjre, grounded*

neutral circuit. For mobile or portable equip*

Figure i

INVERTER POWER SUPPLY

** f.rr- s

t * 0. C, i-t T. f.tr-w*
-- 7

,

• ’»
S' V* 17VJ*ri«lrt vS



CHAPTER TWENTY-THREE

Power Supplies

Tiis basic poicer supply is zn energy

source which provides power to sn elec-

tronic unit. The most common type of

power supply changes 2c to dc 2nd main-

tains 2 constant voltage output within cur-

rent limits. A basic supply is shown in fig-

ure I. The ac voltage is applied to the

primary winding of 2 transformer. The

secondary winding provides sn 2c volt2ge

of appropriate value, depending upon the

dc voltage needed for operation of the

equipment. The secondary ac voltage is

rectified by diodes which pass current in

BASIC AC-TQ-DC POWER SUPPLY

The basis for all electronic 2e-lo-dc paver sup-

plies. other elements may be added to achieve

special characteristics such as voltage or cur-

rent regulation.

only one direction. Thus, only a portion 0-

the ac is passed during each cycle This

produces 2 pulsating dc voltage which must

be filtered to smooth out the pulsations if

a steady dc voltage is required. A slight

amount of residual pulsation ("ripple”) is

usually present in the output.

23.1

23-1 Types of Power

Supplies

The regulated dc supply maintains 2 steady

dc output voltage regardless of changes in

line voltage or load current. It does this by

sensing the dc output voltage and automat-

ically reacting to cancel out any detected

change. The actual change in voltage can

thus be reduced to extremely small values.

There 2re two main classes of regulators;

the series regulator 2nd the switching

regulator.

Figure 2

SERIES-REGULATOR DC
POWER SUPPLY

An electronic variable resisl2r.ee element is

connected in series with the output line, and
s voltage detector end stable village reference

centre! the variable element to establish a sta-

ble condition. Voltage drop acrcss the pass ele-

ment is changed to maintain constant voltage

at the output terminals.

The series regulator (figure 2) uses a dc

supply as described and an electronic vari-

able resistance (a tube or transistor} con-

nected in series with the output line, a volt-

age detector-amplifier, and s stable voltage

reference. The detector senses 2 voltage

change a: the junction of R ; and R:, com-
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POWER SUPPLIES
23.3

nimt tht primary power iour« Is ranil-
. 12 -, or 2-,-volt batters- system.

eomm,
V?r'°“ S volraSe levels reeuireE for

ST", T’1™™ !re
- ppued from the primary source via a t«n<-
ormer, rectifier, and filter network used in

T** J COMreI ^ owfosl
protection device.

h the case of vacuum tubes, the filament
Fowr can be either ac or dc and in some

'v J ?
e P"™T p«»tr is rectified and ap-

phed directly to the high voltage circuits of
e equipment, without the necessity of 3

°‘tage changing transformer.

"Si ,-V

"*'

"fo
A infusion of power-line volc-

5fontWl
ages and frequencies, as well as

a multiplicity of plugs and
connectors exists throughout the world. In

e nited States and Canada the nominal
«ign center for consumer equipment is

volts, 50 Hz. Voltages between 110 andu > are commonly encountered. In many
overseas countries. 220 or 240 volts at 10
z may be found. In addition, unique com-

omations, such as 137 volts at 42 Hz, or
volts at 16% Hz may exist as a result

0 special circumstances. Operation of equip-
ment on one phase of a three-phase 240-volt
power system calls for a design center of
208 volts.

.

^ Sl
'^
e from the primary power complex-

iV
T> an endless number of plug and re-

ceptacle designs harass the experimenter.

Recently, the National Electrical Manufac-
‘ctreri Association in the United States has

announced standards covering general-pur-

pose receptacles designed for the consumer
vriring system, based on a design center of

117 volts for the "120-volt” system and
234 volts for the '‘240-voJt” system used in

rhe majority of new homes.

A clear distinction is made in 3 II specifi-

cations between system ground and equip-

wrnf ground. The former, referred to as a

grounded conductor, normally carries line

current at ground potential. Terminals for

system grounds are marked F and are

color-coded white. Terminals for equipment

grounds are marked G and are color-coded

In this standard, the equipment

ground carries current only during short

circuit conditions.

A summary of some of the more common
i>EMA receptacle configurations, and other

corrfgu.-ario.-r.
.tillh pom j2r ,

l
h s”etary,mMriiifM,"'

Checking «n

Oulfcf with 0

Heavy LoacJ

To male sure that an outlet

will stand the full load of the

entire transmitter, plug in an
Electric heater rated at about

10 percent greater wattage than the power
you espect to draw from the line. If the l;ne
voltage does not drop more than ! volt

s

(assuming a 120-volt line) under load and
the wiring does not overheat, the wiring is

” !

T’T t!,e mra“‘Kr. Aboutm wans total drain is the maximum that

SAFETY PRECAUTIONS

Voltages developed in some of the power

supplies shown in this chapter are lethal.

The supplies should be constructed in

2 cabinet or closed framework in such

fashion that the components cannot be

touched. All steps must be taken to pre-

vent accidental contact with power

leads of any voltage. Power leads from

the supplies to the transmitting equip-

ment should be run in high voltage

cable.

Before any work is done on 2 power

supply it is imperative that the supply

be disconnected from the primary

source and the filter capacitors dis-

charged. A shorting stick may be used

for this purpose. The stick is made by

mounting a metal hook on one end of

a long, dry stick of wood. A length of

high voltage cable is run from the hook

on the stick to a common ground point

on the power supply. After the power is

turned off, the shorting stick is used to

short the filter capacitors and high volt-

age leads to insure that there is no

voltage at these points.

AH equipment should contain inter-

locks to open primary circuits of the

power supply.

Always remember that high voltage

can kill
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Figure 8

VOLT-AMPERE CHARACTERISTIC OF
VARISTOR FOR 120-VOLT CIRCUIT

f-.t r:!»EfCurftl! ct E rtpttsental.vt vE-
fitter thM the Ctvirf previSfi 2R 2 1.

r:
'; cietti-t ?erc:s tht terr.ir.2lj over

? wise rs-fe e< turrer.ti. S'jrtffcy power pjjji.

prt-cf. e< t;:-vc!t Ijr it }J jisut CZ will Curve
c* ::-c*rr; rejij'cr tj shewn for etr.ptritsr..

r, tr;rr er.t 'upp:c«'or it 2 nonlinear <Jc-

:

;
r l ' :" : '*'o!;;t>c ".mitivc ( figure S).

Tr: hfcht ths volti^t ten*-, th: cupprcMr

rtihiincc. The device
' m“f rj!: - in terae of energy jkorp-

! '- r * "ar/ient puls* and the
' l "' •

'

v . -

?

t

-

p :
r* ;• r;!:o 3; svhich transient

twwiR effective. For a 120 vol:

s common cUmping volt*

Figure S

ZViZP. DIODE TRANSIENT
SUPPRESSOR

quired to charge the filter capacitors in the

pov.-er supply and, for large equipment, the

Figure 10

RESISTANCE-CAPACITANCE

TRANSIENT SUPPRESSOR

heavy starting current required by posver

tubes during the short period v/hen the fila-

ment temperature reaches operating level.

Inrush current may be limited by inclu-

sion of a current-limiting resistor in the

primary circuit which is shorted out after

the time period required for the supply to

reach a steady state condition (figure 11).

Figure 11

TIME-DELAY RELAY AND SURGE
RESISTOR PROVIDE PROTECTION

FROM INRUSH CURRENT

Filcncrt !rru:h ,\ cold tho Tilted-tungsten

Current filament }u'. about ^nr-

tenth the rrthtsr.ac of f-w
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eral purpose power relay will close in 10 to

15 milliseconds and drop our in 5 ro 20

milliseconds. Special, fast action relays are

available for keying circuits and other rapid

changeover systems.

The contact rating of a relay refers to the

electrical limit permitted at the contacts.

These are frequently stated as 2, J, or 10

amperes at 120 volts, 0.8 power factor, or

28 volts dc, resistive had. If the relay is de-

signed to handle a motor or other inductive

load, the contact rating may be expressed

in terms of horsepower; for example, V? hp

at 120 volts ac.

Many different mounting options are of-

fered for a relay having the same electrical

and mechanical characteristics. For exam-

ple, the basic structure may have plug-in

e
S

§

I

KEATS VGUrS£

Figure 7

TYPICAL TIME DELAY OF

THERMOSTATIC RELAY

Thermostatic relay is actuated by a heater and

can be run on either ac or ds. Delay time is a

function of heater voltage, as shown for this $•

volt modef. Inexpensive delay relays ere sealed

in a glass bulb, mating them impervious to

moisture.

termination, plus a marching socket, or

soldering lugs.

A thermostatic time-delay relay is com-

monly used to allow warmup time, or time

for circuit stabilization after a primary cir-

cuit is energized. Compact, inexpensive delay

relays provide a delay of 2 to 180 seconds

and operate at various values of heater volt-

age (figure 7). Motor operated rime-delay

relays are used for high power equipment, or

co achieve longer delay periods. Thermo-

static relays have a recycle time of 3 to 7

seconds, and after the heater is disconnected,

the contacts may remain closed for as long

as 10 seconds, depending upon relay design.

Primary Creak The primary power source
Transients often contains transient

voltages that could pose a

damage to certain electronic equipment.

High level switching of industrial loads or

lightning strikes on a nearby power system

can create primary transients as high as 1

kV on the ordinary 120 volt line. The av-

erage residential circuit receives more than

one transient a day in excess of 200 volts

and an expect at least one a year in excess

of 1000 volts. Some ordinary home motor

loads, such as sump pumps and oil burners,

regularly introduce transients of over If00

volts into residential circuits.

Though the power systems protection

system hmis the transient voltage at a sup-

pressor built into the power network, re-

flections and other interactions may permit

high crest voltages at other points in the

system. Transients can couple secondary

transients through a power transformer, not

by the turns ratio, hut by the transformer’s

often high value of primary to secondary

capacitance, thus permitting a high voltage

transient to be present in a low voltage cir-

cuit. regardless of the step-down effect of

the transformer. In addition to primary cir-

cuit transients, large voltage peaks are often

huilr up in a power supply when it is turned

on or off. These transients are created by the

release of energy scored in an inductor or

capacitor passing through other inductors or

capacitors. These peak voltages may be far

in excess of the voltage rating of the com-

ponents or the rectifier units, leading to

arc over and eventual breakdown of insula-

tion or components in the circuit-

An expensive solution to the transient

problem is to ensure that the peak voltage

racing of alt components is higher than ex-

pected voltage transients. A more economi-

cal solution is to employ a transient sup-

pressor {varistor) in the circuit to protect

the components from voltage peans. \ an-

nus; such units have been developed to pro-

vide transient protection, and most of the

more modern communication equipment in-

corporates transient protection.
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the nominal line voltage. The maximum

power-output capability of these units is

available only at approximately the nominal

line voltage, and must be reduced to a maxi-

mum current limitation when the output

voltage h rotncwhjt above or below the in-

put line voltage. This, however, is not an

important limitation for this type of appli-

cation "incc the output voltage seldom will

be raped above the line voltage, and when

the output voltage is reduced below the line

voltage the input to the transmitter is re-

duced accordingly.

»T A’-

i

"

i

Figure 1<

VARIABLE RATIO

AUTOTRANSFORMER

7>-r t:Vis tfamfsrrrer errnit; tJie line

ts ptwt* supply to be rtfiucffl cr

4-,u5t'P. Tc rfflutf inrush current
<n Ut irjrl. tHe circuit it turneil en with the

tfirt'ermer tti a? lew vttfcjt. The
ksftajce it lhfn jrssuslljr increased to the

pnrtf eptrst.rt potential.

23-3 Transmitter Control

Methods

cuitrv of the amplifier. Power plug (P,)

can be s four pin type, such as shown in

figure 1G. The supply is fused in all lines

except the ground and neutral, and the "hot”

legs pass through interlocks which remove

the voltage if the power supply cabinet is

opened.

A panel switch (Power 0«) energizes the

primary relay (Kj) and also illuminates a

green pilot lamp on the panel of the supply.

The filament circuitry is now on, with fila-

ment transformer (T : )
activated through a

time-delay circuit which reduces filament

inrush current. Smaller tubes arc connected

to transformer (T
:; ), as they do not require

this protection.

The supply is activated by relay K : which

completes the primary circuit of transformer

T : . l
:
or best regulation this transformer liar

a 240-volt primary and is connected across

the complete line. The relay and a red Tmm<-

mif warning lamp arc activated by the

transmit-rcceivc circuitry of the exciter,

thus making changeover from receive to

transmit automatic. The operating sequence

is broken if a protective fuse blows or an in-

terlock is opened.

Transmitter is convenient to be able

Power Control !0 rapidly switch between a

2-k\r PEP power input con-

dition and I -kV dc input for c-w opera-

tion. A linear amplifier adjusted for 2-kV

PEP will show a very low level of efficiency

when the drive level and antenna loading

arc adjusted for the 1 -k\V power level con-

dition. The transition can be accomplishes,

it high efficiency, however, by reducing the

dc plate voltage of the amplifier when

•“itching from the SSfi to the c-w mole.

For example, a 2*fcW PEP linear ampli-

fier may be operating at a plate potential of

i kV ar.d a peak dc plate current oi CM

m.\. Power input it 2 kV PEP and power

r.-!tp« it. typically. 1.2 J.Vi\ PEP. Efficient)
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Urge potver tub:, or can cause the fi 'lament

structure to warp 25 2 result of the high

magnetic field about it.

An alternative means of reducing filament

inrusli current is to bring cbe filament volt*

age up slowly by means of a variable-ratio

autotransformer placed in the primary cir-

cuit of the filament transformer.

Interlock Protection,
Jn or<Jer t0 protect the

Fuses, ond operator from the high
Circuit Breaker:

voltages normally pres-

ent in transmitting

equipment* it is common practice to inter-

lock the primary circuit in such a manner

that turn-on is impossible until the inter-

lock is activated (figure 12). When the in-

terlock is broken, or incomplete, rhe pri-

mary circuit of the equipment cannot be

completed. Door or cabinet interlocks arc

common devices that remove the high volt-

age when access is desired to the equipment.

The interlock can also short the high volt-

age supply to ground to make sure that the

filter capacitors in the supply arc discharged.

Communications equipment must be pro-

tected against overload or improper tuning

A fuse is normally capable of carrying a
overload indefinitely but will fail after

2 few thousand hours when operated at 100
percent of its rated load because of cyclic

fatigue caused by mechanical stresses set up
in the fuse element by current changes.

Fuses loaded to about JO percent of their

rating will give a safety margin against cy-

clic failure and yet provide good protection

for the equipment.

The circuit breaker is a mechanical switch

that depends on the generation of heat to

operate a bimetallic strip which trips the

breaker mechanism. The thermal breaker,

therefore, is a relatively slow acting device,

opening the circuit after an overload period

of 0.1 to 10 seconds, depending on design.

A fast action, magnetic breaker can open

an overload in' as little as 10 ms.

Figure 12

PRIMARY INTERLOCK CIRCUIT

Series-connected interlock switches prevent cir-

cuit from being activated until equipment doors

are closed,

and the simplest form of protection is the

fuse, a thermally operated link which blows

when the current through it reaches a speci-

fied value. Most fuses are either fast action,

medium-lag, or slow-blow (figure 13). The

fast fuses are used to protect instruments

•and measuring devices, the medium action

fuses are used for primary' and secondary

circuit protection and the sW-blow, or de-

layed action fuse, is for use in circuits hav-

ing a high inrush current.

Figure 13

INSTRUMENT

AND EQUIPMENTFUSES

fast action and medium-lag fuses (top) can

carry a ID-percent overload and will open at

various time intervals under specific overload

conditions. Typically, a i-smpere fuse will open

in 2 to A seconds at 20fl-percent overload. Slow-

blow fuse (bottom) will open after one hour at

135-percent overload. Special instrument fuses

will blow in milliseconds after overload.

Yarioble There are several types of

Aufcfrcnsfflrmers variable-ratio autotrans-

formers available on the

market. Of these, the most common are the

Variac manufactured by the General Radio

Company

,

and the Powerstat manufactured

hy the Superior Electric Company (figure

14). Both these types of variable-ratio trans-

formers are excellently constructed and are

available in a wide range of power capabili-

ties. Each is capable of controlling the line

voltage from zero to about IS percent above
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figure 15

TRANSMITTER CONTROL CIRCUIT

rr" -'npHner is controlled oy oausmii-recfiva circuit in exciter. The high-voltage supply is
actuated by relay Kz^rircapr pcwer is taken from 80-Vac line whose system ground (neutral) is
separate from the ground circuit ef the amplifier. A step-start circuit composed cf resistor R, and
time ttetay relay K> reduces filament inrush current for the amplifier tube. Changeover from 2

Wf to t frtY is accomplished by a voltage tap on the primary of the power transformer.

for the 1 kW mode—and most simple pi*

or pi-L networks do not—piste efficiency

will drop badly.

If however, the plate poten rial under c-w

operating conditions is dropped to about 65

percent of that employed in the SSB mode,

pUte efficiency will remain high in both con-

ditions. For the above example, dropping the

plate potential to about 2 kV and boosting

the plate current to 500 mA will provide

approximately the same degree of efficiency

at the l'W dc power level as will the 3-kV

potential and 666 mA peak plate current 2t

the 2-kW PEP power level. Many manu-

factured linear amplifiers accomplish the SSB

to c-w switchover by dropping the plate

potential on the amplifier tubes in the man-

ner described. This is easily accomplished by

the use of a tapped primary or secondary

winding on the plate power transformer.

necessary for the antenna relay to close. The

proper relay sequence can be achieved by

actuating the antenna relay by the control

system, then, in rum, actuating the trans-

mitter by a separate set of control contacts

Figure 16

ANTENNA-RELAY CONTROL SYSTEM

Relay Sequence It is important that the

antenna changeover relay

be activated before r-f power flows through

the relay contacts. Certain VOX or key-

operated sequences do not provide this^ pro-

tection. As a result, the contacts of the

antenna relay may be damaged from making

and breaking the r-f current, or eventual

damage may occur to the transmitting

equipment because of repeated operation

without r-f load during the periods of rime

A—Anlenna relay should bt actuated before r-f

power flows through contacts. Extra set of con-

tacts are used to control transmitter circuits

after antenna relay closes. E—Ac relays may bt

operated from simple do power supply to re-

duce hum and chatter. Transformer T, may be

z 1st isolation transformer cf SB watts capacity,

with D, a 1 ampere, JBO volt pj.y. diode. Series

resistor R, is adjusted to provide proper relay

action and may be cf the order of SC* to J*C5

ohms, S3 W2 tts. Additions! relay coils may be

pieced in parallel across «if Ry,. Relay may

be energized by applying primary power (with

due regard to time-lap in filter system) er by

completing secondary circuit between resisfor

R, and relay coif.
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Ripple VeJto$c The alternating component

01 the output voltage of a

dc pov.'er supply it termed the ripple volt-

It is superimposed on the dc voltage,

and the effectiveness of the filter system

can b: er.peeved in terms of the ratio of the

rn<s value of the ripple voltage to the dc

output voltage of the supply. Good design

practice calls fer a ripple voltage of less than

5 percent of the supply voltage for SSB and

c-'.v amplifier service, and less than 0.01 per-

cent of the supply voltage for oscillators

and h-'-levcl speech amplifier stages.

hfipplc frequency is related to the num-

ber of pulsations per second in the output of

the filter '.y«icm. A full-wave rectifier, hav-

ing two pubes of 60 Hz, for example, pro-

duces a 120-Hz ripple wave. A simple ca-

pacitive filter will reduce 120-Hz ripple as

hown in figure IS. Ripple is an inverse

ratio with capacitance, *o doubling the

capacitance will halve the ripple.

A. . .

\

\
1 A

Figure 19

RIPPLE VOLTAGE FOR
VARIOUS FILTERS

A—5in£lt tectien filter eMt Input.

B—Cspjcitance input niter.

t—Twt section fitter with ehsve input.

the first section of a two-section choke input

filter is:

Percent Ripple =: ——~
(L X C) - 1

Figure j£

0,i 1C“PF CAPACITOR
Aj FUNCTION of load resistance

/- is the input choke inductance in

ttenrys (at the operating current to be

used),

C s! the capacitance which follows the

choke, expressed in microfarads.

.

^Thit percentage :t multiplied by tr.t
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(such as demanded by an SSB transmitter)

may be chosen on the basis of the current

averaged over a period of several minutes,

since it is the heating effect of the current

which is of greatest importance in estab-

lishing the rating of such components. Since

iron-core components have a relatively large

amount of thermal inertia, the effect of an

intermittent heavy current is offset to an

extent by a resting period between words

and syllables, or by kcv-up periods in the

Case of c-w transmission. However, the cur-

rent rating of a rectifier tube is established

by the magnitude of emission available from

the filament of the tube, and the rating

of a semiconductor rectifier is established

by the maximum temperature limit of the

rectifier element, both of which cannot be

exceeded even for a short period of time or

the rectifier will be damaged.

The above considerations are predicated,

however, on the assumption that none of

the iron-core components will become sat-

urated due to the high level of intermittent

current drain.

Volfoge Regulation Since the current drain

of a power supply can

vary over a large magnitude, it is important

to determine what happens to the output

voltage of the supply with regard to change

in current. Power-supply regulation may be

expressed in terms of static and dynamic

regulation. Staric regulation relates to the

regulation under long-term conditions of

change in load whereas dynamic regulation

relates to short-term changes in load condi-

tions. Regulation is expressed as a change in

output voltage with respect to load:

_ , .
fE;-E^)XlOO

Percent Regulation ~
^

where,

E : is no-Icad voltage.

E- is full-load voltage.

Thus static regulation concerns itself with

the "on” and "off” voltages of the power

supply and dynamic regulation concerns it-

self with syllabic or keyed fluctuations in

load. Static regulation is expressed in terms

of average voltages and currents, whereas

dynamic regulation takes into account in-

stantaneous voltage variations caused by
peak currents, or currents caused by un-

desired transient oscillations in the filter

section of the power supply, h particular,

c-w and SSB transmissions having a high

peak-to-quiescent ratio of current drain are

affected by poor dynamic regulation in the

power system.

Examples of static and dynamic regula-

tion are shown in figure 17, In example A,

the no-load power-supply voltage is 1000

and the full-load voltage is 875. Static reg-

ulation is therefore 14.3 percent. If an oscil-

loscope is used to examine the supply voltage

during the first fractions of a second when

the full load is applied, the instantaneous

voltage follows the erratic plot shown in

curve A of figure 17. The complex pattern

of voltage fluctuations, or transients, are

related to resonant frequencies present in

the power-supply filter network and are of

sufficient magnitude to distort the wave-

form of c-w signals, or to appreciably in-

crease intermodulation distortion and alter

the first syllable of speech in an SSB system.

Proper design of the filter system can reduce

dynamic voltage fluctuations to a minimum

and, at the same time, greatly improve the

static regulation of the power supply.

Static and dynamic regulation values of

about 10 percent or so are considered to be

limits of good design practice in amateur

transmitting equipment, as illustrated by

voltage curve B in figure 17.

STATIC AND DYNAMIC REGULATION

a Dynamic rejulaties illustrates rtltate psaks

cause- fcy transient cseiila’isns In filter tn.-
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T'crV.ir.c vo::;p| ;

prc-mri ordinarily

rated cc voltscc

rent is prren: :«

t:.r ir-p-.it capacitor

Cleeder Fcavv

fcrttftti connect e

COMMON

mcd cr. the plates. The

that can be safely jm-

average electrolytic niter

n -50 ar.d £00 veins: the

t usually -ted a: 450.

capacitors arc used in £1-

connecter ;p senes, l nc

r

cne capacitor must con*

as dry batteries are ccn-

icitcrs car. be greatly re-

c us: of etched alcmsmin

Thb greatly increases the

:h: dielectric f.lm cover-

he rower factor slightly,

tramidge: electrolytic ca-

should no: be used at full

when a Kith :c compo-

i would be the ease for

in capacitor-input filter.

• Cut) resistor should be

d across the output of a

rrder to draw sort* bad
T;e. This renter avoids

soaring of the voltage a: no load when

swinging-choke input is used, and also pro-

vides 2 means for discharging the hirer ca-

pacitors when no external circuit bad h

connected to the filter. This Heeler resistor

should normally draw approximately 10 per-

cent of the full load current.

The power dissipated in the bleeder resistor

can be calculated by dividing the square cf

the dc voltage by the resistance. This power

is dissipated in the form of heat, and. if the

resistor is not in a well-ventilated position,

the wattage rating should be higher than

the actual wattage bang dissipated. High-

voltage, high-capacitance filter capacitors

can hold a dangerous charge if not bled off,

and wirewound resistors occasionally open

up without warning. Hence it is wise to

place carbon resistors in series across the

regular wirewound bleeder.

Tfenxfcmen Power transformers and fila-

ment transformers normally

will give no trouble over a period of many

years if purebred from a reputable manu-

facturer. and if given a reasonable amount

of care. Transformers must be kept ere:

even a small amount of moisture in : hick-

voltage unit will cause quick failure. A

transformer which is operated continuously,

Figure

pscunsR c-cuiis

ri!rer
Filter inductors consist cf a
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^ be^m rhcendscf d, e lmianiam

2rcZl
V r

f
d
.“
CB

,

tl,t Muctawe of
: choke 00

,L but k«p, U J: a Light, „ioe
under maximum load coodiaons. Tie coil
must have a great mJny morc nm fff^
seme initial inductance when an air jap is

JJl
dc r

f
!tIn" »f “)• niter choke

hould be at lm- at practical for a specihed
'aloe of inductance. Smaller filter chota,
«uch JS “KM used in radio receivers, usually
neve an inductance of from 6 to II henm,
!™ 1 “c resistance of from 200 to 400
Ohms. A high dc resistance will reduce the
output voltage, due to the voltage drop
SOTO each choke coil. Large filter choke
coils for radio transmitters and dass-B
amplifiers usually have las than 200 ohms
do resistance.

ij*"-™ rKh «*-m) consisB of a pair of half.

.
wve rectifiers working on op-

posite halves of the ac cycle, connected ha
such a manner that each portion of the rec-
tified wave is combmed in the output cir-
cuit, as shown in figure 21. A transformer
with a center-tapped secondary is remired.
The transformer delivers ac to each anode
o. each rectifier element,- one anode bang
positive at any instant during which the
other anode is negative. The center point of

choke input filter

©
23-6 Rectification

Circuits

There are a large variety of rectifier dr-

cuits suitable for use in power supplies. Fig-

ure 20 shows the three most common cir-

cuits used in supplies for amateur equipment.

Holf-Wove A half-wave rectifier (figure

ceKfier 20A) passes current in one di-

rection but not in the other.

During one-half of an applied ac cycle when

the anode of the rectifier is positive with

respect to the cathode the rectifier is in a

state of conduction and current flows

through the rectifier. During the other half

of the cycle, when the anode is negative

with respect to the cathode, the rectifier does

not conduct and no current flows in the cir-

cuit. The output current, therefore, is of a

pulsating nature which can be smoothed

into direct current by means of an appro-

priate filter circuit. The output of a half-

wave rectifier is zero during one-half of each

ac cycle; this makes it difficult to filter the

output properly and also to secure good

voltage regulation for varying loads. The

peak inverse voltage with a resistive or

inductive load is equal to the peak ac volt-

age of the transformer (1.41 X Eras) 2Qd

is equal to twice the peak ac voltage with

2 capacitive load.

„IA f\ A
rv w v*”-

MWs::

Figure 21

RECTIFICATION AND FILTER ACTION

Shewing transformer secondary voitan, the roc*
tilted output of each disde, the combined out-
put of the rectifiers, the smoothed vnltaje af.

ter the choke-input filter, and the dc output
vcitsfe of the capacitor input filter.
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Figure 23
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Figure 22

SINGLE-PHASE RECTIFICATION

CIRCUITS

A tfescrfp!?:.! ef escS ef tfcsse cireujts is

Siren in tts seswrysrjinj text

former. The same voltages are derived from

circuit B as from circuit A —ItL the ex-

ception that the voltage derived from one

ru11-wave recriaer is negative with respect

to the ground twin' Tie choke for this cir-

cuit is placed in toe positive lead.

fflusmarioa C scows conventional full-

wave rectifiers as used with a dual-voltage

transformer. Each set of transformer taps

has its own rectifier set. The output voltages

are proportional to the taps on the trans-

former secondary winding.

Folyphcse It is unml practice in com-

Rectificoricn rcercizl equipment installa-

Cfreofh tions when the power drain

from a plate supply is to be

greater than about one kilowatt to use a

polyphsse rtcfipcsfim system. Such power

supplies oner better transformer utilization.,

less ripple output and better cower factor

in the load placed on the ac line. However,

such systems require a .source of three-phase

(or two-phase with Scorn connection} ener-

gy. Several of the more common polyphase

rectiEcarioa circuits with their significant

characteristics are shown in figure 25. The

increase in ripple frequency and decrease

in percentage of ripple' is apparent from the

figures given in figure 25. The drcci: of

figure 25C gives rite best transformer utili-

zation as d>=s rite bridge circuit in the

single-phase connection. The dreui: has the

further advantage that there is no average

dc now fa is transformers, so that three

single-phase transformers may be used. A
tap a: half voltage may he taken at the

junction of the star transformers, bn: there

will be dc now in the transformer secondar-

ies with the power-supoly center tap in use.

The circuit of figure 25A has the disadvan-

tage that mere is an avemge cc £ow in each

Peak Inverse In an ac dreuin the

YclFcge end Peak rm peak voltage

Ccrrenf or current is \% or 2 .41

times that indicated by

the ac meters in the circuit, ifce meters

fssd the rool ttzs squsrc (rsis) values,

which are the peak values divided by 1-41

for a sine wave.

If a potential of 1009 rms volts ^ob-

tained from a high voltage secondary wind-

ing of 2 transformer, there will be 1410

volts c-eak potential from the rectifier anode

to ground. In a single-phase supply me

rectifier has this voltage impressed on in

either positively when the current io~s or



RADIO HANDBOOK



POWEB SUPPLIES
23.19

fore rJie filament is brought ro foil temper-

2cure, active material may be knocked from
tbe oxide-coated filament and the life of the

tube will be greatly shortened.

Small r-f chokes must sometimes be con-

nected in series with the plate leads of mer-

cury-vapor rectifier tubes in order to pre-

vent the generanon of radio-frequency lash.
Figure 24

Voftage Practical voltage multiplying

Multiplying circuits can be built uo using

Circuits silicon rectifiers and filter ca-

pacitors. The rectifier delivers

alternating half-cycles of energy to the fil-

ter capacitor and successive rectifier/capac-

itor stages may be connected ro provide

very high values of voltage from a low

voltage source.

A common voltage multiplier is the half-

wave scries amplifier circuit (figure 24).

On one half the ac cycle capacitor C, is

charged to nearly rbe peak source voltage

through rectifier D,. On the opposite hill

of the cycle, rectifier D- conducts and ca-

pacitor C< is charged to nearly twice the

source peak voltage. At the same time, the

next rectifier conducts and with the charge

in C. as the source, C3 is charged to the

peak input voltage, and so on. Ripple in

the output circuit is governed by:

Ripple thus increases with the square

power of the number of stages.

Regulation is governed fay:

12/C
(A* -f 9 .'4 X1

2)

The jV
3
term indicates a practical limita-

tion as to the number of stages ta 2 prac-

tical circuit in that the internal impedance

of the multiplier rises very fast.

The half-wave parallel multiplier circuit

is shown in figure 25. The operation of the

parallel multiplier follows that of the series

design with the exception that each capaci-

tor in the string is charged up to higher

voltages instead of each capacitor having

the same potential across it as in the series

configuration. Ripple in the output circuit

is independent of the number of stages and

HALFWAVE SERIES

MULTIPLIER CIRCUIT

A single slate consists of cne espaerter and one
rectifier unit and provides z ds wllage it ns
load nearly equal to the peah it votepe, 7h«
internal impedance of the multiplier is quite high
and rises as the third pjwer of the numfier ct
states. Variations ef this circuit are esmntsn in

pswsr supplies its eieebsaie equipment

is 2 function of capacitance, bad current

and frequency:

E; s
fC

Regulation is proportional tc:

which indicates better regulation than pro-

vided by the series circuit, as .V increases

linearly instead of by ;he third power as

in the series mode.

T '!

nr—

q

i.il

1

Figure 25

HALF-WAVE PARALLEL

MULTIPLIER CIRCUIT

The eperatian of the parallel multiplier fclirm

that ef the series design with the erceptitn

that each capacitor in the string is chargedup

to higher volumes instead cf each capacitor

hiring the same ps ter, tier stress it as is the

series configuration. Ripple is independent cf

the number ef stages and is a fosetien cf

capacitance, lead current, and frequency. Em-

ulation is better then that cf the series design

and preporti'snaf eirectiy te the muster M
stages.

Series and parallel multipliers provide

practical voltage multiplier circuits up to

about twelve times the input voltage.
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Figure 28

PROTECTION CIRCUITS FOR

SEMICONDUCTOR POWER SUPPLIES

Trasi.nt Dxas
Protection nfczgs ~ansen:5 y r

|i«as can be cca by gc switching 2: the

excitation cf LC circuits h the power «-js-

?iv cr lord. Shun: capacitor; p-lacsd acre?'

3e piois ®ill eonfee sed afcorb ib
transients uniformly zlonf tbe ^ack (retire

2$8). Tie shunt capacitor shodid have at

least iCO times tie capacitance or tie diode

jtmetaos, and capacitance rakes of 0.01

pF or greater are commonly found in diode

sacks used in equipment designed for ama-
teur service.

A—Peak inverse voltage should he distributes

equally between series-connected diodes. IF

diodes do not have matched reverse charac-

teristics, shunt resistors should ts p\mi
across the diodes.

B—Series-connected diodes are prelected against

high-voltage switching transients by shunt

capacitors which equalize and absorb the

transients uniformly along Ihe stack.

C—Transient suppressor placed asrsss the sec-

ondary of the high-voltage transformer pro-

tects diode staek from transients citen

found on the ac power Tine or created by

abrupt change in the magnetizing current

of the power transformer.

0—Suppressor network across series filler choke

absorbs portion of energy released when

magnetic field of choke collapses, thus pre-

venting the surge currant from destroying

the diode stack.

mg each diode subject to a greater rake of

Pfv. Failure of a single diode in a stack can

lead to a "domino effect” which will de-

stroy the remaining diodes if Care is not

taken to prevent this disaster. Forced volt-

age distribution in a stack is necessary when

the individual diodes vary appreciably in re-

verse characteristics. To equalize the steady-

state voltage division, shunt resistors may be

placed across the diodes in 2 stack {figure

2 <3A) . The maximum value of the shunt

resistor to achieve 2 10-percent voltage bal-

ance, or better is:

cu -
m

Shunt ressnirce =
, x }lkv. Rnr

~

Current

Six-hundred-volt PIV diodes, for example,

having a reverse current of 0.5 mA at the

maximum PIV require 2 shunt resistance of

1 megohm, or less.

Controlled eidsnebt diodes having

matched zensr characteristics 2* the ava-

lanche point usually do no: require RC
shes: suppressors, reducing pover-surply

ccs: aad_ increasing overall reliability of

the rectifier circuit.

It should hi noted, however, that leaving

cut da RC suppressor brings back rite

problems of "waia noise.” mentioned curi-

ously.

In high-voltage stacks, it is prudent to

provide transient protection in die form of

2n RC suppressor placed across the sacoad-

srv of the power transformer (figure 2SC).

The suppressor provides 2 low-impedance

path for high-voltage transients often found

on ac power lines, or generated by an

abrupt change in the magnetizing current

of the power transformer as a result of

switching primary voltage or the lead. The

approximate value of the surge capacitor

in such a network is:

Cspeitsr.ee (uF) = 1SXW
r

where.

f is the dc supply voltage.

1 is the maximum output current of tee

supply in amperes.

e is the rms voltage of the transtormer

secondary winding.

High-voltage transients can also be causes

by series filter chokes subject to acruptjozc

chances. An RC suppressor netV'C.x piacec

across the winding of tns choke can acsoro

a portion ox the energy released wnen tee



Fif'jrt 31

INRUSH CURREUI PROTECTION

FOR POWER SUPPLY



TRANSFORMER

WEIGHT

»N

POUNDS

POWER SUPPLIES
23.23

A—Voltage -quadruple circuit If point "A" is taken as ground instead e? point “0 ," supply will

deliver S20 volts at ISO mA from 120-vott ac line. Supply is "hot" to line.

B—Voltage triples delivers 325 volts at 450 mA. Supply is "hot" to line.

C—500-watt supply for sideband service may 6e made from two voltage quadruples working in

series from inexpensive "distribution-type" transformer. Supply features good dynamic voltage

regulation.

D,t D., D,—IN4005. Use .OIcF capacitor and 1O0K resistor across each diode.

T —power distribution transformer, used backwards. 2‘OfttO primary, 120/2*50 secondary, 0.75 KVA.

Chicago PC8-24750.

Figure 30

INTERMITTENT VOICE SERVICE IN

SSB PERMITS LARGE PEAK POWER

TO BE DRAWN FROM POWER

TRANSFORMER

Peak-to-average ratio of nearly four to one may

be achieved with maximum (VS rating. Power

capacity of transformer may be determined

from weight.

watts commercial or industrial service

should hire an SOO-matt peak capacity for

c-w service and a 9J0-ratc peak capacity

for intermittent SSB service. A transformer

having a so-called "two-kilowatt PEP” rat-

ing for sideband may weigh as little as 22

pounds, according to this graph.

Not shown in the graph is the effect of

amplifier idling (standby) current taken

from the supply, or the effect of bleeder

current. Both currents impose an extra, con-

tinuous drain on the power transformer and

quickly degrade the TVS rating of the trans-

former. Accordingly, the TVS curves of fig-

ure 30 are limited to the bleeder current

required by the equalizing resistors for a

series capacitor filter and assume that the

idling plate current of the amplifier is cut

to only 3 few millizmperes by the use of a

VOX-controIled cathode bias system. If the

idling plate current of the amplifier assumes

an appreciable fraction of the peak plate

current, the power capability of the supply

decreases to that given for c-w service-

Most small power transformers work re-

liably with the center tap of the secondary
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leakage reactance of the transformer. Trans-

formers having high secondary resistance

and sufficient leakage reactance usually limit

the inrush current so that additional in-

rush protection is unnecessary. Has is nw
the case with larger transformers haring

low secondary’ resistance and low leakage

reactance. To be on the safe side, in any
case, it is good practice to limit inrush cur-

rent to well within the capability of the

diode stack. A current-limiting circuit is

shown in figure 31 which can be added at

little expense to any power supply. The cur-

rent-limiting resistor (R) is ini dally in the

circuit when the power supply is turned on,

but is shorted out by the relay RY after a

sufficient time has elapsed to partially charge

the filter capacitors of the power supply.

The relay coil is in a simple time-delay cir-

cuit composed of RrCj. The delay may bs

adjusted by varying the capacirance value,

and need only be about one-half second or

so. Surplus 24-volt dc relays used in dyna-

motor starting circuits work well in this

device, as thev have large low-resistance

contacts and reasonable coil resistance (lit)

ohms or so).

Practical An IV5 volcage-doubler power

tYS Supplies supply may be designed with

the aid of figures 30 and 32.

A typical dtmblw circuit, such as shown in

figure 31, is to be used. The full-wave volt-

doublet is preferred over the half-wave

type, as the former charges the filter ca-

pacitors in parallel and discharges them in

series to obtain a higher dc voltage than

the peak voltage of the secondary winding

of the power transformer. This saves trans-

former weight and expense.

Referring to figure 31, filter capacitors

C5 and Cc are charged on alternate haL

cycles, but since the capacitors are in senes

across the load, the ripple frequency has

twice the line frequency.

A second advantage of the
^

full-wave

doubler over the half-wave type ts that the

former tends to be self-protecting against

switching transients. One diode stack is al-

ways in a conducting mode, regardless of

the polarity of 3 transient, and the transient

is therefore discharged into the filter-capaci-

tor stack.

R* FACTOR GRAPH FOR 1VS

POWER SUPPLIES

The Sul) lead dc vpttage el an IVS-raltd vciv

age-doubler power supply may be determined

trim the aid of this graph. The secondary re-

sistance of the trensferner is measured end

the R' Factor Is found. For example, a trarj-

(«m« hiving a secondary resistance tl :5

ohms has an R' Factor of about £5, The fatter

is used in the formula to calculate the full

toad dc voltage of the power supply. For use

with bridge circuits, Ihe R' Factor derived here

should bt divided by before being used in

the formula.

The filter-capacitor ‘tack is rated for the

peak no-load voltage (plus a safety factor),

while the diode rectifiers must be able to

withstand twice the peak no-load voltage

(plus s safety factor). Good engineering

practice calls for the dc nuking I'/lA’gr

(if each portion of the capacitor stack to hr

equal to the peak ac voltage oi the power

transformer (1.41 X I'm* secondary volt-

age) plus 1 f percent safety factor.

The ft' far/or—The ac secondary volt-

age. secondary ufivtantt, cvttssv. use'.vr.ee,

and ITS capability of a rransJormrr will

determine its excellence in voiwce-couMrr

sendee. The end effect of these parameters

may be expressed by an emjvrrcai A iic-'-r

as shown in figure 32. As an example. J'-

sumc a power transformer t
{ at hand wee-

ing 2f pounds, with a secondary winding of
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Krtsr. tne

charging current c£ the £j

poorer tmss-

Sw= tbs fcaai
-- capacitor.

23-9 A 1 -Kilowatt IVS
Power Supply

Shown in figure 54 ad 5J is s typical

t
M«er supply designed from

tfis zcore dam. This svvjly h bsssd 0 -> -

40-percent duty cycle ad tor be wd
i0- c“'1 *race 2: 1-Hotok level or
tip to I2C0 -arts PEP or 50 for SSB
rerice. The regulation of die supplr «
sho»n ia the graph (%nre 55), ad’ the
wait s capable of delivering 2300 role

f ®>P« ia IV5 opsstian. Tte no-
ttod rotegt rises to 2750. The power sup-
ply is suitable for ntaniag 2 single 5-500Z
at auafaua ratbg, 0: it tor W'osed £0- s
pan' of 8873 or 4CX250B tubes a: the faV
ratt level A transformer haring Je« j°-_

ondarr reskance and sh'ghdr Iks seconiarr
voltage would ?roride kaomed voitase reg-
datioa- The 840-volt transformer having
an g-ohm secondary —inning discussed ear-
lier would be ideal b dss application.

The power supply is constructed on a
steel ampler foundation chassis and dust
coier. The cioas stack is rr.ovr.ud on 2 rer-

l-“k tee supply ire ebzr
c'xn, M.vacc reskor
cone on me unit. Power
tnc all certnbals srouh

tzc.zental conta

&eed by tbs supply is

capacitors hold a ecrsic

surprising length cf tk
one pays for ar. bterm
and care should be e.ter

this esuipsci
io reduce i

c-de bias be 2

state shown it

book. During

sister may fc-

Ke VOX relay

cue standby current and power
it is recommenced a-.it each-

ippl'ed to the linear amplifer

: various design? b this Hand-
rraasmissos, the carbide «.

> shorted out by contacts of
restoring the stage to pro-;

Figure 34

COMPACT 0KE-KIL0WA7T fVS SUPPLY FOR SSS AND C-W SERVICE

TWs pewsr sep?ry Ceiirifs 22SI vets at S:t ri f;r SSS trinlie? ft Zs" n'l! *! ri. tr
c-w crsrailiR. TH suty'i is esssjattsi f a ti»tr*e fsfU’-tr. a* it reais^*! !” * T* *

S’ Siiih {Bui CA-1IS!). Tt! e'EctriU^'i atit\lzn art heti i- e^v-r tj j tie <*:**

altmiri'n !*•«£. Ffir.ij fz*tr rectftacle. zr*t: n-Ur. ft t?:* Ij*j a-r e- f*t *f?
2?fc?i cf {St chassis. nijf: fri-iii? frtt are v;;:€n r^-nnace ee**i:t:‘ f t*r r«* tt-z~
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phenolic boards, one of which is shown in

figures 36 and 37. A total of 24 rectifiers

are required. Four 120-pF, 450-volt electro-

lytic capacitors in series provide 30 /xF at a

working voltage of 1800. The negative of

the supply is above ground by virtue of the

10-ohm, 10-watt resistor which permits

plate-current metering in the negative

power lead while the supply and amplifier

remain at the same ground potential.

This supply is designed for use with two

811A’s in grounded-grid service. The tubes

are biased to plate-current cutoff in standby

mode by a cathode resistor which is shorted

out by contacts on the push-to-talk or VOX
circuitry. The power supply is built in an

enclosed amplifier cabinet, similar to the one

shown in figure 34. The B-plus lead is nude
of a length of RG-8/U coaxial cable, used

in conjunction with a high-volt2ge coaxial

connector.

23-12 A Heavy-Duty

Primary Supply

This husky power supply provides a nomi-
nal 12 volts dc at a maximum continuous
current of 3 0 amperes. It is useful as z shop
supply to test mobile gear, as 2 batten'
charger, and as a general-purpose low-volt-
age power pack. The supply is unregulated
and depends solely on the single- section filter

for ripple reduction Regulation is quite
good at 2 current drain over one ampere, zs
seen in figure 41. The output voltage is con-
trohed bv the primary pouerstaf. To alert

the^ user to the unloaded supply voltage
fwh-ch may rise as high as 30 volts'when the
primary voltage is high) a meter protection
and alert circuit :« added. The red lamp

—ore then 20 volts is present
Jt the rntpo: terminals o; the supply. Belotr
20 volts, the znr.tr diode is nonconducting.
Above 20 volts, the 10-vcl: zener conducts
tr.d the current through it turns the NPX
transistor on 2nd lights the

“
2mbs

ASSEMBLY OF HIGH-VOLTAGE

DIODE STACK

Inexpensive "TV-type" diodes mzy be con-

nected in series to provide a fifth value cf

peek-inverse voltage. Shown here are twelve

type-1 N2075 diedes mounted on z Yectorbord

(B4AA32 cut to size). The diodes are soldered

to Vector terminals CT5.6) mounted in the ^pre-

punched holes in the phenolic board. U pair cf

long-nose pliers should be used as z heat sink

when soldering the diode leads. Grasp the tfi*

ode lead between the diode body and the joint,

permitting the pliers to absorb the soldering

heat.

Figure 40

REAR VIEW OF HIGH-VOLTAGE

DIODE STACK

The shunt capecitsrs zr.i resistsrt a re tr.sur.l-

on the rear of the phenolic beard. Ztsh£>t-e-

resistor-cep2 :itcr package has zn irtfiwdael

pair of mounting terminals, which are jump-

ered together to connect the diodes in series.

This arrangement provides greatest ava-iz-Jt

htat Sink for the components. The «sem-ty

is mounted an inch or so away from the e..es-

sis by means c! machine screws and cer-

amic insulators pieoed in comers cf the boerc.
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23- H (VS Bridge- Rectifier

SappJ/e5

The bridge-rectifier circuit is somewhat
more efficient than the full-wave circuit in

that the former provides more direct current

per unit of rms transformer current for a

given load than docs the full-wave circuit.

Since there are two rectifiers in opposite

arms of the bridge in the conducting mode

when the ac voltage is at its peak value,

the remaining two rectifiers are back-biased

to the peak value of the ac voltage. Thus

the bridge-rectifier circuit requires only

half the PIV racing for the rectifiers as

compared to a center-tap full-wave recti-

fier. The latter circuit applies the sum of

the peak ac voltage plus the stored capaci-

tor voltage to one rectifier arm in the maxi-

mum inverse-voltage condition.

A 500-Wott IVS Shown in figure 37 is a

Bridge Power Supply }00-watt bridge power

supply designed around

an inexpensive "TV-replacement” type

power transformer. The secondary winding

n 1200 volts center-tapped at a current

Figure 3B

VOLTAGE-REGULATION CURVE OF

500-WATT BRIDGE POWER SUPPLY

rating of 200 mA. The weight of the trans-

former is 8 pounds, 2nd the maximum IVS

rating is about 500 watts or so. Secondary

resistance is 100 ohms. Used in bridge serv-

ice, the transformer makes practical an in-

expensive power supply providing about

1250 volts at an IVS peak current rating of

)S0 mA. The no-load voltage is about 1600.

For c-w use, the current rating is 225 mA
at H00 volts (about 300 watts). Maximum

PIV is nearly 1700 volts so each arm of the

bridge must withstand this value. Allowing

a 100-percent safety factor requires 3400

volts PIV per arm, which may be made up

of six 600-volt PIV diodes in series with an

appropriate RC network across each diode.

The diode assembly is constructed on two

SCHEMATIC OF 500-WATT IVS BRIDGE POWER SUPPLY

Diode package <C,-D,-R, elc.) is composed o! sip «* 1"j™’ :«•"» iLEfSLtaUmn*
volt ceramic capacitor and a SJBK, %-walt reartor. Bch bndge arm

J
K s‘*

ttMvstt

as shown in figures 36 and 37. The secondary voltage-surge network [CrRs) a -

SsSTn VS* = w Jr™ ZJV'r
volt center tapped 200-ma rating. The filter start

is JVsw dc midiammeter,

in series, with 10K, 10-watt resistors across each capacitor..Mdwtffl * 3
““me.

A fO-ampere fuse (F) is used. Transformer cere is greunded as a saiety m
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Terminal regulators are available in the IM-
3.20 and uA-7900 series. The total ensemble

of three-terminal regulators is shown in

Kandy to test mobile equipment, charge bat-
teries or run surplus equipment, this supply
provides T2 volts at 10 amperes with good reg-

ulation. Over-voltage lamp for meter protec-

tion is included.

Tables 1 through 6. The circuitry for these

regulators is shown in figure 46. Note that

the case of all the positive regulators is

normally grounded for both heat sink and

common electrical connection, but is never

electrically grounded with the negative

regulators.

Another essential requirement for sta-
bility when using these devices is that an

Figure 44

MEDIUM CURRENT 1C REGULATOR

FOR POSITIVE VOLTAGE

Heat sinked MC1469R provides regulated current

tor voltages above 3.5 volts. No external pass

transistor is trequiretf.

input capacitor must be used on the posi-

tive regulators and both an input and out-

put capacitor are required on the negative

regulators. These capacitors serve much the

same function as does the compensating ca-

pacitor Dn some operational amplifiers. The

input capacitor requirement can be waived

if the filter capacitor of the rectifier that

provides unregulated dc to the three termi-

nal regulator is closer than two inches (wire

length) from the regulator input pin.

For greater flexibility, variable output

three-and four-terminal regulators are avail-

able. The Fairchild pA-78MG and /rA-79MG

are positive and negative regulators capable

of carrying or regulating current up to

about iOO mA. The larger versions, capable

IC REGULATED POWER SUPPLIES

fc-vt-i:; intejrrated circuit provides jsin f0r feedback loop to 2N4E5E pass transistor for series

positive rcEutaiCT, S—LK303 and 2N0037 provides simple adjustable positive vottarc rtnu'aUm

0—LK35J amt 2NCG37 serve as adjustable negative voltaic regulator.
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23-13 Regulated Power

Supplies

Zwer diodes or vellsge^ttgulclm lubes

arc common!;' used to regulate power sup-

plies to discrete voltages. Electronic voltage

regulators have been developed that will

handle higher voltage and current variations

than the tube and diode devices are capable

of handling. The electronic circuits, more-

over, may be varied over a wide range of

output voltage.

Electronic voltage regulators, in the main,

arc based on feedback circuits, such as dis-

cussed in Chapter S, Section 7 whereby an

error signal is passed through the feedback

loop in such i manner as to cause 2n ad-

justment to reduce the value of the error

signal.

Special integrated circuits have been de-

veloped for voltagc-rcgulator service such as

the LM300 and the /iA-723. The 1C regula-

tor provides the gain required for the feed-

back loop and an auxiliary power transistor

passes the major portion of the regular cur-

rent. The ,hA-725 and the improved LM303

are shown as series positive regulators with

built-in current limiting in figure 45A-B.

A negative regulator using an LM504 is

shown in figure 43C.

A positive regulator circuit capable of

handling several hundred mslliamperes (if

properly heat-sirtked} is shown in figure 44.

No external pass transistor is required. This

IC regulator is designed for floating regula-

tion and can be powered by a small secondary

2 5 -volt supply that "floats such as shown

in figure 45. In this configuration, the 1C
never has the main supply voltage across it

and the only semiconductor that must stand-

off the main supply voltage is the series pas;

transistor (usually a Darlington Pair). In

this manner, the MC5466 may be used to

regulate any voltage, high or low, and it

also allows the output voltage to be varied

from zero to maximum.

Three Terminal A number of three-Krmi-

IC Rcsufofors nal IC regulators having

fixed output voltages for

the more commonly used circuit supply

busses are available. The National US-509

was the first of these, providing -f 5 volts

at up to 1A dc for DTL and TTL logic IC

supplies. More recently, both National Semi-

conductor and Fairchild Semiconductor

have expanded the range of output voltages

available in their LM-340 and /rA-7800 fam-

ilies. In addition, negative output three

-

8.—I amp, as volts. Chicago =327

C~I2£C0 pF, <0 volts. Sprapie 123GW08C

CK.—-03 Heniy, 10-amps re. Triad WSU
Two 1H31M and two 1H32E3B. Use two

Thennalloy rteatsfn is, KCD8-2

T-Pewerstet, 220 watts, Superior 108

j' t— volts, 10 amperes. Starter P-3020

Metere: Weston model 201
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WJE340-S

"FLOATING" IC REGULATOR

HigfwolteEe IC regulator uses “floating" 25-volt supply. Series-pess transistsrs stanS-off the main
supply voltage. This circuit also allows the output voltage to he varies from zero to maximum

value.

of about 1A current are the uA-7SG and
the /iA-79G respectively.

In addition, the National adjustable reg-

ulators LM-517 (positive) and LM-357
(negative) are capable of regulating cur-

rent up to about 1.5A. A larger regulator,

the LM-350, is rated up to 3A. The applica-

tion of these devices is shown in figure 47.

Yoltcge- A voltage-regulator tube (VR
Regulator tube) is a gaseous device which

maintains a constant voltage

across its electrodes under con-
ditions of varying supply current. A number
of tube types are available which stabilize

the voltage across their terminals at 75, 90,
105, or 150 volts. The regulator tube is con-
nected in series with a current-limiting
resistor ol such value that will permit the
regulator robe to draw from S to 40 mA
under normal operating conditions. The tube

??pl
?
d 2 ?3'sntial source

“‘t‘
‘s “?*;

y
Tne starting, or ignition

vc..t;ce c; dtt tabs (Spat 4S). Xepdaar-

Tl ra5
?®e. Srcy- iia 40 nk rf]

...D. .cn ...: l;!s o; til: tab: ittd c:
tO-Ci man 5 m.-i cr so will result in un-
i:s - !e ajslsaoa. A Tclap aces o: tfottt

V.
“ resairei to iptit: tb: trfx tad

core c: by at ao-!oi3
vo.tage rise c: the source^ poplv.

at the same time allow maximum regulator-

tube current to flow under conditions of no

load current, as shown in the illustration.

^ Voltage regulation may be tc-

Yccuum- complished by the use of z srrfw

Tube control tube and a voltage sen-

Reguletor ting and comparison circuit, as

shown in figure 49. The series

tube must be capable of dissipating power

represented by the difference between the

input voltage from the supply and the out-

put voltage from the regulator at the maxi-

mum current flow to the load. In many

cases, tubes are operated in parallel to obtain

tbe required plate dissipation- The output

voltage of the electronically regulated sup-

ply may be changed over a wide range by

varying the grid voltage of the cc ampinter

tube. The reference voltage may be supphec

from a battery or voltage-regulator tubs,

The dc amplifier compares the output

voltage to that of the reference source.

Vher% the output voltage drco.\ tbs dc

amplifier is unbalanced and me rube draws

less plate current, thus raising tine grid vcjt-

tage on the series-connected centre: race.

The voltage crop through the central rune

becomes less and the output ro;tare trem

the suuply is raised, compens;tang tor tne

original^ voltage reduction.
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Figure 48

VOLTAGE-REGULATOR TUBE CIRCUITS

*—Single rsEulstsr tube stsbiiites vaitase at

ftsntl ittltmls bttiresn C int 153 Kite.
e-SEries-Bnnsctea tubes oftst slebiliZEtion it?

tu 333 volts. Series resistor (R.) is e tuns-
lim »' supply voltses tE) e?4 reEUtstea volt-m ie,).

Figure <»

SERIES-REGULATEO
OC POWER SUPPLY

DC irr.z

Prvrct t

Vcliife

ti'iv:\tC

liKsr ct^psres th» cutpsrt
lipply is j vsi;j£j r£?£rsr
Cnp tfcrcufch 5?rit5 cirtr
t: fczl*n;e circuit. prcvie :

fetu!zti:n cf !»« zr tetter.

VDlUgE Df

ids source.

d! tube is

i’f Yalteff

xJf
“"” ^

cre
:
e “2 be built.

For powering a wide variety of linear ICs,

cyptcbUv operational amplifier, tbs supply
o:^ figure 52 provide plus anc minus Vs
vcltj a: 300 mA. A dual regulator IC is

•jici Current limiting is provided for each

of the two outputs. Tee two 2-ohm series

resistors in the circuit are the controlling

elements for current limiting, which is set

at 300 mA because of the current capability

of the particular transformer used. Note the

use of the IC silicon bridge letririet « a

plus-and-minus full-wave rectifier. The cen-

ter tap of the transformer is used, unlike the

ordinary bridge connection.

In both the 5 -volt 2nd the plus-and-

minus 15 -volt regulated supplies the volt-

age output is constant until the currsni-

limit point is reached, then the voltage value

decreases abruptly.

A YcriaMs-Yofface Although the simpler

Supply With supplies described in the

Current Limiting previous section are

very useful for the sps-

cific voltage requirements most often

encountered, it is helpful to have z con-

tinuously variable power supply for experi-

mental purposes. Shown in figure 53 is 2

"bench supply
5
’ which provides 0 to 20 volts

with current limiting up to 200 mA. The

small rite of the supply makes it convenient

to use even if the builder has only 2 tiny

comer of his operating desk on which to

make experimental gear.

The supply is designed around the MC-
1456L regulator IC which operates from a

"floating” 25-volt source to control another

supply of arbitrary voltage. This concept 2
especially useful “here the supply covers the

range down to zero volts. A small dual-

winding transformer that mounts on a

printed-circuit board is used (figure 54).

Switch $;a places 2 39-ohm resistor is

series ~irh the pass transistor, Q ; ,
"which

limits the collector dissipation cf the device

when operating at low voltage 2nd high

current. The ether setrion of the switch

selects the correct multiplier fee the volt-

meter to provide either 10 or 20 volts full

scale. The switch should be set to the lower

voltage when the supply is used below 2

10-vol: output level

The supply is phase vitHs a 4” X X
4" aluminum utility box chassis. The Dar-

lington Pair pass transistor (Q.) is heat-

sinked to me front panel of the box with s

mica washer and 2 nylon --40 strew, w.*u!e

the fust holder and :c newer switch are cn

the rear of the box to keep their tttld awry
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Figure 46

REPRESENTATIVE THREE-TERMINAL REGULATORS

A—Positive Regulator, Although no output capacitor is (C) required for stability it improves tran-
sient response.

B-Negative Regulator, Bypass capacitors should be ceramic or solid tantalum which have good
high-frequency response characteristics. If eleetrolyties arc used, their values should be 10
/if, or larger. Bypass capacitors should be mounted with short leads, directly across regulator
terminals.

Yc=CGKTE0L VOWSE ACROSS t.j

Vf£?=V0LKSs ACROSS Rj

Figure 47

ADJUSTABLE THREE-

TERM1ML REGULATORS

regulation, providing regulation of the or-

der of plus or minus 1 percent or so.

Three Regulofcd Shown in this section are

Supplies three small, inexpensive

regulated power supplies

designed by W6GXN that are useful for

work with solid-state equipment. The first

low-voltage supply (figure SO) provides

regulated 9 volts and may be used to power

the whole gamut of little transistorized

consumer electronic devices normally pow-

ered by batteries as well as some specialized

f-m and vhf receivers operating in this

power range. The supply provides a nominal

9 volts, regulated to 0.2 volt up to approxi-

mately 300 mA current drain.

A
.
compact J-voIt, 1 -ampere regulated

supply suitable for operating digital 1C cir-

cuits is shown in figure 51. Since DTX
(diode-transistor-logic] and TTL (transis-

tor-trans'istor-logk) both operate from +f
volts and represents the most popular two

of the various 1C logic families, this supply

should take care of powering most digital

systems. The supply includes current limit-

ing at 1 ampere. The Fairchild /tA-7805

tegulator is the heart of the supply and

yields more “regulation per dollar” than al-
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The antennas shown are practical and may

be duplicated from the dimensions given.

However, it is necessary for proper under-

standing of antenna operation and use to

briefly examine the outer limits of antenna

theory. Whenever possible, this will be done

by the use of formulas, charts, and illustra-

tions which minimize the mathematical

processes involved.

TPMSMISSION LIKE

Figure 1

REPRESENTATIVE ANTENNA SYSTEM

The antenna is a device for converting guided

electric waves into electromagnetic waves in

free space. A matching device is often used to

ease this abrupt transition, and a transmission

line guides the electric waves from the trans-

mitter to the antenna.

The Complete The antenna is a device for
Antenno converting guided electric

waves into electromagnetic

waves in free space. A mctcbng device of

some son is generally employed to ease this

abrupt transition, and a transmission line is

often used to efficiently guide the electric

waves from the transmitter to the antenna

(figure 1). It is understood, moreover, that

the antenna system follows the general laws

of reciprocity and can extract electromag-

netic waves from free space and convert
them to electric waves capable of being

detected by a radio receiver.

The range of frequencies {bandwidth)
over which a reasonable match or transfor-

mation between guided waves and free waves
can be achieved depends to a degree on the
amplitude ana nature of the mismatch in the
antenna system. If the transformation is

gradual so that wave parameters do not un-
dergo a sudden change, but vary gradually
toween the guided and the free condition,
the transition is smooth and the frequency
Jp2n of efficient operation may be quite
large. Accordingly, the disturbance orUn-
wanted reflection of the guided wave m2y
be Quire small.

If, on the other hand, the transition be-
tween the guided and the free-spzcc waves is

abrupt, a region of reflection exists in the

system such that a portion of .the wave is

sent bach down the transmission line. The

reflected wave may be compensated for, to a

degree, by adjustments made to a matching

device which creates equal and opposite re-

flections to annul the original reflection

generated by the abrupt transition in the

antenna system. In any case, the frequency

span, or bandwidth, of the antenna system

is considerably reduced over that achieved by

a perfect transformation between guided 2nd

free waves.

The bandwidth of an antenna system is

relative, and one way of specifying it is to

define the limit of wave reflection allowed

on the transmission line feeding the antenna.

For example, if it is specified that the re-

flected wave shall be limited in amplitude to

one quarter the value of the incident (direct)

wave on the line, the overall system band-

width mav be defined by this limit, as mea-

sured under actual operating conditions.

It is common practice to specify antenna

system bandwidth in terms of the amplitude

of the reflected wave with respect to the

incident wave. This specification may be ex-

pressed as a voltage standing-wave ratio

(abbreviated VSWR, or simplv 5WR) which

is measurable by an Inexpensive instrument

placed in series with the transmission line.

The $VR figure bears a definite relationship

to the amplitude of the reflected wave, and

it is simpler to measure and plot the SvTR of

an antenna and then to define the operating

limits by SVR readings than it is to in-

terpret the 5WR in terms of the amount of

reflection. Generally speaking, SWR. values

up to 3 are acceptable in simple 2ntenna

systems, while a somewhat lower STvR value

of 2 is often specified as a maximum limit

for various forms of beam antennas. On the

other hand, some antennas employ so-called

htned feeders which operate with $W
values as high as 100. Strictly speaking, the

maximum value of S'JTR acceptable in a sys-

tem is often limited by the economics of the

problem and is subiective rather than ob-

jective, being a relative concept rather than

an absolute limitation arbitrarily imoo'ed.

In practice, the maximum acceptable S'^TR

limit of an antenna system may be decreed

bv the greatest allowable line loss, the desired

operating bandwidth, or perhaps be expanded

bevond credibility bv an aggressive adver-
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Figure 56

REGULATED POWER SUPPLY FOR MOBILE EQUIPMENT

trical system voltages for Lome operation of

mobile equipment. The supply is constructed

upon a 6" X 6” X 2" chassis.

A Medium-Volfoge A stable, voltage-regu-

Reguloted Supply latcd power supply is a

(ISO to 250 volts) useful adjunct to the

experimenters workshop

for use with receivers, test equipment, and

other devices requiring controlled voltage.

Shown in figure 57 is a small power supply

that is well suited to this task. The unit de-

livers 250 volts at 60 mA and may be con-

trolled down to 150 volts, at which point

the maximum current is limited to 40 mA.

A single 6JZ8 Compaction tube serves as a

series regulator and dc amplifier. A small

NE-2 neon lamp connected in the cathode

circuit of the triode section of the 6JZ8 pro-

vides reference voltage and may be used as

a pilot light.

23-14 Transceiver Power

Supplies

Single-sideband transceivers require power

supplies that provide several values of

high voltage, bias voltage, filament voltage,

and dc control-circuit voltage. The supply

may provide up to 600 watts of dc power in

intermittent voice service. The use of high-

storage ''computer”-type electrolytic ca-

pacitors permits maximum power to be

maintained during voice peaks, while still

permitting the power transformer to be op-

erated within an average power rating of

about 50-percent peak power capability,

even for extended periods of time.

Two transceiver power supplies are shown

in this section. The first is designed around

a power transformer specially built for S5B

sendee. The second supply is designed around

a heavy-duty "TV replacement” type power

transformer. The former supply is capable

of a PEP power level of better than 600

watts, while the latter design is limited to

about 500 watts PEP.

A schematic of the 600-watt PEP power

supply is shown in figure 59. A multiple-

winding transformer is used which has suf-

ficient capacity to run the largest transceiv-

ers on a continuous voice-operared basis.

The transformer weighs 16 pounds and ha

great reserve capacity. The power supply

provides 800 volts at an intermittent cur-

Figure ‘57

medium-voltage

REGULATED SUPPLY

D, thru D4-JtKM5
or equivalent

T.-4E0 VOltS,

e.t. at 70 mA,

EJ volts at 5 araps

L —

s

henrys, 75 mA
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The abstract concept of a radio weve travelling through space is difficult to

comprehend without the assistance of Maxwell’s equations. Viewed from the simple

concept of electron flow in a conductor there is no suggestion of radiation of energy

into space in the form of electromagnetic waves. Maxwell's assumptions that an

electric field changing in time is a form of current which sets up a magnetic held

about itself, end the latter, also changing in time, sets up the electric field, is the

basis for the further assumption that the two interact and propagate energy from

one place to another. These assumptions provide the necessary bridge between

simple electron flow end en electromagnetic field about the conductor.

(1) tffirE-0 (3) cur!E =— -~
c vt

(2) divH = 0 (4) curlH=--~
o or

Maxwell’s equations (above) form the basis of modern electromagnetic theory.

The first equation states that, in the absence of electric charges, electric lines of

force can neither be created nor destroyed. The second equation states the same

principle for magnetic lines of force and, in addition, states that magnetic charges

do not exist The third equation is a generalized statement of Faraday's Law that a

changing magnetic field produces an electric field and that the ratio of the electro-

static units to the electromagnetic units is a constant (c) related to the speed of

light The fourth equation is derived from Ampere's Lew end states that a changing

electric field produces a magnetic field by virtue of the sum of the conduction and

displacement currents and that the time rate of change of the electric field has

properties related to the displacement current.

E and H represent the electric and magnetic field strengths. Div (divergence)

and curl (en abbreviation for rotation) represent mathematical operations express-

ing rate of change and vorticity. The symbol 8 indicates a partial differentiation with

respect to time, f.

Maxwell shovred that an electric charge which is accelerated or decelerated is

accompanied by a magnetic field which pulsates end, with the passage of time, is

propagated outward through the surrounding medium. The increase of energy, of

course, has. been supplied by the force responsible for the acceleration of the

charge. During acceleration and deceleration, the magnetic field energy does not

simply flow outward and again inward. Rather, this energy is radiated and perma-
nently lost to the charge end its field. The electromagnetic field thus created is in

the form of an energy wave travelling radially outward from the source, with electric

and magnetic components identical in form and mutually perpendicular. The electric

and .magnetic components become weaker as the wave travels outward because both
j

are inversely proportional to the radius of thd wave from the point of origin, I

Figure 3

MAXWELL'S FAMOUS EQUATIONS

Marc-ell's equations (figure 3) picture the -ith the energy radiating outeratd from the

interpity of energy between electric and point of origin. The equations express the

magnetic fields which is self-maintained, continuous nature of the fields and define
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tising department of a particular antenna

manufacturer, or it may merely be decided

by whim. In any event, rhe SV7R values

mentioned earlier are acceptable for the

various antenna designs commonly used by

radio amateurs and are specified is arbi-

trary system bandwidth parameters in this

Handbook.

24-2 The Electromagnetic

Wove

A time-varying electromagnetic held, or

wave, may be propagated through empty

X X I
0

©

Figure 2

THE PLANE ELECTROMAGNETIC WAVE

When a wave h2s uavelfetf Ur ercujfi irtn the

source the wavefrcnl zppca'S Jn " ** lS

called a plane wave. The plane contains the

pcrpenflicuiat electric and nstne.it ("1

lines representing the wave Ircnt vMe* 1 >s al-

ways perptndioviar Is the tSirestisfl ef ****

travel. In (A) the wave is travelling cut si .he

page teward the reader. A cross -stt'.isn c. a

travelline wave is shown in IS). Arrtws wbch

go riots the plane ct the pace * fe shswn iy

small “T't for the tail, and thoot wh'.th ec^e

cut ef the page are shewn fcy Sits Ur the 'o-*:s

cl the arrows. The particular c:nrrvr{!.:n t!

an etcctrorr-s jtr.etit reld h termed 3 "mt.e.

space at the velocity of light. The wave »
considered to be made up of interrelated

elecfric (£) 2nd magnetic (H) field? ::

right angles to each other and lving in a

plane, as pictured in figure 2. The rave
energy is divided equally fcetsrecn the rvo
fields. If the wave is pictured a? eriginatinc

at a point source in space, the wave spreads

out in an ever-grooving sphere with the

source as the center. The oath of ar, energy

ray from the source to any $po: on the sphere

is a straight line znd, at a large distance from

tbt source, the wavefront does r.o: appear

to be spherical, but is assumed to be a fiat

surface, 25 shown in the illustration.

The plane electromagnetic wave mas* be

represented in terms of its fields, with the

vertical arrows representing the direction

and strength of the electric field and the

horizontal arrows the direction ar.d strength

of the magnetic field. The wave shown is

S2id to be j crficclly fclsrjzrd because the

electric field is vertical. If the electric field

were horizontal, the wave would be hori-

zontally polarized. Other wave; may be cir-

cularly polarized, corresponding to lift*

handed 2nd right-handed helices.

The abstract concept oi an electromag-

netic wave travelling through space is diffi-

cult to comprehend without the assistance

of mathematical proof. Viewed from the

theory of electron tiom in a conductor, there

is no suggestion of energy radiatra into

space. A set of relationships termed 'U\*

ucll’i equations form the kmc :«& for

the analysis of most electromagnetic vave

problems.

Meiwell's fcjaatisrijJj—esC. Maxveil

of the natural sciences, derived 1 breath-

taking concept of nature ar.d revealed a set

of striking equations that fnc'mrarrr-* tnr

magnetic theory. Xr-t rr.'.y dd

f

equation' describe a!! kr.sv-n ele at-
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versal of charge would result in a periodic

reversal of the energy flow and no net energy

would flow outward. This would be so if the

field at a point away from the doublet at a

given instant depended on the charge distri-

bution of the doublet at that instant. How-

ever, here is a time lag between the creation

of a particular current in the doublet, the

charge distribution, and the consequent elec-

tromagnetic field at a given point. It is this

time lag that allows some of the energy in

the region around the doublet to continue

to travel outward in a closed electric field

even when conditions of charge at the dou-

blet indicate a flow of energy directed inward

toward the doublet. The dosed, moving elec-

tric field generates a magnetic field in accord

with Maxwell’s third Jaw and the detached

electromagnetic field moves away from the

doublet at the speed of light. The cycle starts

to repeat itself with the collapse of the field

when the charges move together and then

separate once again.

With sinusoidal doublet motion there

must, therefore, be a continuous radiation of

energy over and above the amount required

to establish a steady-state field. Maxwell’s

equations describe a beautifully simple elec-

tromagnetic wave travelling radially out-

ward from the doublet, becoming weaker

with distance since the two component

fields are inversely proportional in strength

to the distance travelled from the doublet.

There is no loss of energy, it is merely dissi-

pated in area as the wave spreads. Once hav-

ing been produced, the expanding wave trav-

els and propagates itself for an unlimited

time, as do the light waves reaching the

earth from an extragalactic nova, millions of

years after the star that created them has

ceased to exist.

24-3 The Standing Wave

A previous paragraph touched on the volt-

age standing-wave ratio (SWR) an d its

relation to amenna system discontinuity, and
to the coefficient of reflection. This is an

important concept and deserves additional

elaboration.

f W'Jjcn an electromagnetic wave travels
" through space, there is a balance between the

’

electric and magnetic fields, with half the

energy in cacti field (figure J). If the wave

OBLIQUE VIEW OF TRAVELING WAVE

The traveling electromagnetic wave is repre-

sented in terms of its electric and magnetic

components, identical in form, and perpendicular

in direction to each other and to the direction

of travel of the wave. The fields vary sinusoidally

along the axis of travel and at any fixed point,

the fields vary sinusoidally with time. As »he

wave travels, the whole pattern moves to the

right with the velocity of light.

enters a new medium, or encounters a dis-

continuity in the medium, there must be a

new redistribution of energy. Whether the

new medium is a conducting, semiconduct-

ing, or nonconducting material, there will

have to be a readjustment of energy relations

as the wave reaches the surface of the

discontinuity.

Since no new energy can be added to the

wave as it passes through the boundary’ sur-

face, the only way that a new balance may

be achieved is for some of the energy to be

rejected. The rejected energy constitutes a

reflected ware. In this manner, the observer

secs reflection of light from a conducting

metal surface or from a nonconducting glass

surface.

The electromagnetic wave, if unimpeded,

will travel indefinitely in free space. In the

hypothetical case of an infinitely long con-

ducting medium, the travelling wave could

voyage onward forever. But if the medium

is broken at a point, and a load, or absorptive

device (a discontinuity) of the correct mag-

nitude replaces the rest of the medium, the

energy is completely absorbed and converted

to heat in the load. If the medium is termi-

nated by a discontinuity having reflective

properties, the discontinuity will reflect
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Jiow changes in one field bring about changes

in the other. The compound disturbance

described by Maxwell’s equations was proven

in fact byHertz, who generated, radiated and

intercepted electromagnetic waves in 1888,

fifteen years after Maxwell had predicted

their existence. A complete discussion of

Maxwell’s equations and electromagnetic

waves may be found in Electromagnetics, by

John D. Kraus, McGraw-Hill Book Co.,

Hew York.

Radiation From Radiation and interception

An Antenna of electromagnetic energy

is explained by Maxwell's

equations. The equations provide the link

between electron morion in a conductor and

electromagnetic waves in space. In addition,

the equations show that the electromagnetic

field, in ebb and flow, provides a quantity

of energy which is propagated cutward and

is detached from the field of the moving

electron, or charge, in the antenna.

The somewhat obscure concept of radia-

tion from a current-carrying conductor may

be pictured with the aid of an imaginary bit

of antenna termed an oscillating doublet

(figure 4). Two equal electric charges of

opposite polarity spaced a fixed distance

apart in space comprise this configuration.

This concept allows for the regular, periodic

linear displacement of charges along the

axis of the doublet when excited by an

alternating current. If the charges move up

and down along the axis with equal and

opposite velocities so that the system is in

a continuous scare of acceleration or deceler-

ation, a current is said to flow in the doublet

and the system must radiate energy.

The principles of radiation of electromag-

netic energy are based on Maxwells laws

that a moving electric charge creates an elec-

tric field. The created field at any instant is

in step with the parent field, but is per-

pendicular to it in space. These laws hold

true whether a conductor is present or not.

At the start of oscillation (figure 4A) the

doublet is neutral and the charges are just

beginning to move apart. Flux lines arc

drawn between the charges. An electromag-

netic field is created with the direction of the

magnetic field in a loop around the doublet,

perpendicular to the page. The electric field

is in the plane of the page. As the doublet

Wls
Figure 4

THE OSCILLATING DOUBLET

the creation of a closed elec trie field about an
oscillating doublet is illustrated here. The radia-

tion of electromagnetic energy takes place from

an oscillating doublet composed of charges

moving sinusoidally wilh respect to each other

along a common axis. Current flow (movement
of charges) causes a magnelic held tc be

created, which is perpendicular to the page and
not shown. Separation of charges causes an
electric field to be set up, which is shown here

by electric lines cf force in the plane of the

page. Since the currents and charges produc-

ing these fields are cut of phase, the fields are

also out of phase and constitute an induction

field, the energy of which cannot be detached

from the doublet. The electric field, hewever, in

a radiated wave, does not terminate cn a

charge, and when the charges move together

(C), the field closes upon itself in the polar

regions. The independent electric field, in turn,

generates a magnelic field and both fields con-

stitute a radiated electromagnetic wave Hewing

outward from the doublet.

moves toward its full displacement (figure

4B) energy in both magnetic and electric

fields is propagated outward. The intensity

of rfie electromagnetic field u approximately

E X H, showing that as the charges sep-

arate, stored energy is increasing in the space

around the doublet. Maxwell’s fin: equation,

moreover, states that the electric lines of

force in a radiated wave do not terminate

on a charge but are closed curve: (dir E -Of

in the polar regions of the doubler, 25 shown

in figure 4C.

An instant after the independent field

has been formed, the double: charges start

to move together, producing lines o' force

opposite to the recently formed independent

electric field (figure 4DJ. Ar first though:

it would appear as though the pcn^ic re-
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hand, the reflection coefficient is near unity

(the discontinuity possessing good reflective

qualities), the maximum field strength will

vary as a function of the distance from the

surface, with well-defined nodes and loops.

The resulting wave bears a definite relation-

ship to the amplitude of the reflected wave

and to the reflection coefficient, as expressed

by:

Coefficient of reflection
55—r~r

17 T 1

where,

<r
~ the voltage standing-wave ratio

Finally, it should be noted that if the

medium is terminated by a load of the proper

magnitude, no discontinuity or reflection

will exist in the medium, and the medium is

considered to be mulched. The degree of

mismatch between the medium and the load

can be defined in terms of the amplitude of

the reflected wave, or in terms of the stand-

ing-wave ratio (SWR), which may be read-

ily measured by inexpensive instruments.

24-4 General Anfenna

Properties

All antennas have certain general proper-

ties which apply both to receiving and trans-

mitting modes. Thus, the more efficient

the antenna is for transmitting, the more

effective it is for receiving. Directive prop-

erties will be the same for transmission as

for reception and, in the case of directive

antennas, the gain will be the same on both

transmitted and received signals. In long

distance, high-frequency communication, it

should he noted, the often observed odd

behavior and seeming perversity of antennas

which often occurs, is due to the fact that

the waves may not take exactly the same
paths through the ionosphere when going in

nnnoiitc directions, the two waves utilizing

different portions of the directive pattern of

the antenna, Even so, the concept of recipro-

city between transmission and reception still

stands correct,

Antenna Rescnoocc The strength of the ra-

dio wave radiated by an

antenna depends on antenna size and the

amount of current flowing in it. It is rea-

sonable to expect the largest amount of

current that can be achieved from the power

available will provide the best radiation from

a given antenna, The greatest amount of

current flow's when the reactance of the

antenna is cancelled and the antenna made

resonant at the operating frequency. The

shortest conductor that will be self-resonant

at a given frequency is one that is about

half as long as the size of the radio wave.

The half-wavelength antenna is used as 2

basis for all antenna theory and is a funda-

mental building block in antenna design

(fi2urc7).

VOLTAGE

X am
N. —+—**-.

CURRENT t N CURRENT

SHOWING HOW STANDING WAVES \
EX 1ST ON A HOR

I ZONTAl ANTENNA

CURRENT IS MAXIMUM AT CENTER VOLTAGE

VOLTAGE IS MAXIMUM AT 0<D5

Figure 7

THE RESONANT ANTENNA

The greatest amount of current flows in the

antenna when it is resonant. The shortest con*

ductor that is self-resonant at a given frequency

is one that is about a half-vravelength lone. The

reflection pattern on the antenna creates a

standing wave of both voltage and current. The

half-wave, centered antenna is often called a

“doublet."

Two practical methods exist to make a

conductor self -resonant. First; the frequency

of the radio wave may be changed to suit

the conductor length; second the electrical

length of the conductor may be altered to

suit the given frequency of the wave.

The electrical length of a half-wave of

electromagnetic energy is related to the speed

of travel of the wave (the same velocity as

the speed of light) and also to the frequency

of the wave bv an equation that is similar to

equations dealing with other waves (such as

waves in the ocean, or the vibrations of a

piano string) . In the case of a radio wave in

free space, the metric formula is:

Half wavelength (meters) =r

150,000,000 _ _ HO

Frequency in Hz Frequency in MHz
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energy back through the medium toward the

source. The reflected energy will combine

with the forward energy in such a way as to

produce a pattern in the medium known as

a standing wave.

Ware Reflection An example of a simple dis-

continuity is a perfectly

conducting plane surface (figure 6 )

.

A wave

falling on the surface is totally reflected.

Both the electric and magnetic components

of the travelling wave are reflected, but

while the electric component is reflected with

reversal of sign (A) thus leaving the elec-

tric field at the reflecting surface zero, the

magnetic component is reflected with un-

changing sign (B) and is so doubled at the

reflecting surface. The sum of the forward

and reflected travelling waves is a standing

wave which is continually changing in mag-

nitude but is fixed in spice, resembling the

vibration of a string on a musical instru-

ment. The total electric intensity at the

reflecting surface is always zero, 2nd also

zero at distances that are multiples of half-

wavelengths from the surface. These points

of zero electric field are termed nodes. There

are also nodes in the intensity of the mag-

netic field, at one-fourth wavelength and

odd multiples thereof from the reflector. If

there were no loss of energy, for example, in

the form of friction in the case of the

vibrating string, or energy lost in the trav-

elling wave, the standing ware would persist

indefinitely.

Derivations of Maxwell's equations show

that where there are nodes of magnetic fields,

maximum electric fields (loops) occur. In

addition, the standing waves of magnetic

and electric fields pulse out of phase in rime,

so that when the magnetic field is zero, the

electric field is maximum, 2nd vice versa.

Thus, the standing ware has a very different

appearance from s traveling wave, although

it is nothing more than the sum of two

traveling waves.

The Reflection When an electromagnetic

Coefficient wave falls On the surface of

a dielectric or insulating ma-

terial, or meets a discontinuity, there is a

partial reflection and partial transmission

of the incident energy. That fraction of the

incident V2ve that is reflected, when ex-

pressed as a ratio of the original wave, is

termed the reflection coefficient. If the re-

flection coefficient is low {the discontinuity

of the medium possessing poor reflective

qualities), there is very little reflected

energy, and the total field about the reflec-

ting surface is only slightly modified from

that of a traveling wave. If, on the other

© ®

REFLECTION OF THE ELECTROMAGNETIC WAVE FROM A CONDUCTING SURFACE

Wfiert an electromagnetic wave is renected from
8 su^ce

h

fs

e

ara?
5

Tne

l

'rnag

t

n!lie fiefu is

reversed sim (A) s. ttet Ore rS?£rt“c. (SI. T»e -eve in

reRected Willi rmclraniing
«a,« and .scillate. in mamittde, Set is «<ed o spate,

ease ,s lire srrrn el lire two
,Mdi„E



24,10 RADIO HANDBOOK

as the ground, or other antennas or conduc-

tors, The length-to-diameter ratio of the an-

tenna also affects the radiation resistance; as

the antenna becomes thicker with respect to

the length, the radiation resistance decreases

(figure 8).

The feedpoint resistance of a resonant an-

tenna is the load for the transmitter and its

value is important in determining the

method used to couple the two together.

Antenna Impedance Because the power at any

point in an antenna is

the same at any other point, the impedance

at any point along the antenna expresses

the ratio between voltage and current at

that point (figure 7). Thus, the lowest im-

pedance occurs where the current is highest

Figure 10

REACTIVE COMPONENT AT
FEEDPOINT OF CENTER-FED

ANTENNA

feeflpoint reactance rises rapidly when antenna
is in nonreconant condition and also increases
as the lenEth-to-diametcr ratio ef the antenna
decreases, "Fat” antennas exhibit less reac-
tance than “thin" ones. Reactance varies rapidly

for center-fed antenna one wavelength lone.

and the impedance rises uniformly toward

the ends of the antenna, where it can reach

^ value as high as 10,000 ohms for a thin

dipole remote from ground (figure 9).

Like a tank circuit, an antenna may ex-

hibit reactance at the feedpoint. Since the

antenna, by definition, is nonreactive at res-

onance, antenna reactance implies a state of

nonresonance. Antenna reactance rises rap-

idly off-resonance and the manner in which

the reactive component varies is illustrated

in figure 10. The rate-of-change of the re-

actance increases as the antenna length de-

parts from resonance and also increases as the

length-to-diameter ratio decreases. The reac-

tive component of an antenna is zero when

the overall antenna length is slightly less

than a multiple of quarter-wavelengths long.

Near resonance, the resistance and reactance

terms of an antenna vary much in the man-

ner shown in figure 1 1.

0.47 0. 4? 0.
15? 0.50 0.51 0.52 0.53 0.54

AKTEKM UKGTH (VfAVElfliGTHSI

Figure 11

FEEDPOINT RESISTANCE AND

REACTANCE AS FUNCTION OF

ANTENNA LENGTH

Hear resonance, the resistance and reactance

of a dipole antenna vary in this typical manner.

Reactance is zero vrhen the antenna is slightly

less than one-hatf wavelength Jong. The reac-

tance changes more rapidly for “thin" antennas

than for “fat" ones.

Both feedpoint resistance and reactance

change more slowly with frequency for a

fixed radiator length with "fat” elements

than with "thin” elements, indicating that

the effective antenna Q is lowered as element

diameter increases. Lower Q is desirable, be-

cause it permits the use of a radiator over a

wide frequency range without resorting to

means for eliminating the reactive compo-



RADIATION AND PROPAGATION
24.9

The formula in the English system is:

Half wavelength (ft) =
492

Frequency in MHz

The physical length of an antenna element

varies slightly from this fundamental elec-

trical length because the element has thick-

ness and is affected by nearby objects. Infor-

mation will be presented in a later Section

defining this relationship in practical terms.

Rodiotion Resistance ^en r_f poW jj ap_

and Reactance plied an antenna, it

is radiated into space,

the antenna acting as a load, or sink, for the

transmitter, in order to establish a frame of

reference, the power dissipated in a dummy
load (such as a resistor) may be compared in

terms of voltage and current with the power

radiated by a real antenna. This reference

frame is defined in terms of rbe radiation re-

sistance of the antenna. Simply stated, the

radiation resistance of an antenna is that

imaginary resistance exhibited which seems

to dissipate the power rhe antenna actually

radiates into space. Radiation resistance is

expressed in ohms and is normally measured

at a point in the antenna which has the max-

imum value of current flowing in it. A more

general term used in this connection is an-
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Fjgure 8

LENGTH'TO-DIAMETER RATIO OF

ANTENNA AFFECTS RADIATION

RESISTANCE

As the antenna becomes thicker with respect to

length, the radiation resistance decreases and

the antenna must be shortened to reestablish

resonance. This chart illustrates the amount of

shortening required with a resonant half-wave-

length antenna in the frequency range of 2 MHz

ta 30 MHz.

Urns impedance which, in addition t0 ;m .

PW raltatm resistance, also implies the
presence of reactance in rhe antenna circuit.

in addition to radiation resistance, pracri-
cal antennas also exhibit loss resistance which
“ encr

S)' dissipated in heat loss in the an-
tenna element and nearby dielectrics, The
total resistance of the antenna, which is the
sum of these two figures, is often referred

So is peedpoint resistance, although in popu-
Jar usage the term "radiation resistance”

usually encompasses the two separate entities.

The radiation resistance and resonant fre-

quency of an antenna depend on the antenna

Figure 9

IMPEDANCE OF ANTENNA VARIES

ALONG THE LENGTH AND EXPRESSES

THE RATIO BETWEEN VOLTAGE AND

CURRENT AT ANT POINT ON THE

ANTENNA

Tfie feedpoini resistance of a center-fed an.

tenna is s function cf the physical length. For

example, a half-wave antenna has a center

feedpoint resistance cf about 73 ohms, while an

antenna one wavelength long has a center

feedpoini resistance of 1000 ohms to S500 ohms

(depending upon the diameter of the element).

As the length of the radiator increases, the im-

pedance excursions become less drastic, especi-

ally for “fat" radiators.

size wirh respect to the radio wave and the

proximity of the antenna to nearby objects

which either absorb or reradiate power, such
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2tion resistance of the parent antenna, as

well as its tuning, is affected as well.

ANTENNA PATTERN OF

DIRECTIONAL ARRAY

Polar plot shows antenna radiation as compared

to an omnidirectional 2ntenna. Signal pin
varies with the number and adjustment of sn-

tenna elements in the array. The directive pat-

tern is termed the "main lobe” of the antenna,

with the unwanted lobe termed the "rear lobe."

The ratio between the two lobes is called the

"front-to-back ratio” of the array.

The Isotropic Directivity of an antenna is

Radiator the ability of the antenna to

concentrate radiation in a par-

ticular direction. All practical antennas ex-

hibit some degree of directivity. A com-

pletely nondirecrional antenna (one which

radiates equally well in all directions) is

known as an isotropic radiator, and only

exists as a mathematical concept. Such an

antenna, if placed at the center of a sphere,

would "illuminate” the inner surface of the

sphere uniformly.

Antenna The effective signal gain, or

$i;nc! Gam power gain, of an antenna is

the ratio between the power

required in the antenna and the power re-

quired in an isotropic radiator to achieve

the same field strength in the favored di-

rection ot the antenna under measurement

^figure Jf). Directive gain may be expressed

'he power ratio, in units called decibels

idtD, Referring to the illustration, the

POWER GAIK OVER

ISOTROPIC RADIATOR

52
.
53 )

OTrSGAW’ jr^;

SURFACE AKA OF SPHERE

AREA Of ELLIPSE AT HALF-TWER ANGLES

Figure 15

ANTENNA POWER GAIN OVER

ISOTROPIC RADIATOR

The effective power gain of an antenne is the

ratio of power required in the antenna and the

power required in an isotropic radiator to

achieve the sane field strength in the favored

direction of the antenna under measurement.

The power gain of a half-wave dipole over an

isotropic radiator is 1.S4. The gain of a direc-

tional antenna over an isotropic radiator is

expressed by the formula in the illustraticn.

as that illuminated portion of the sphere

which lies between the "half-power” angles

of the radiator field. On the usual polar plot

of an antenna pattern, these points are the

" — 3 dB” power points.

The power gain over 2n isotropic radiator,

or over a simple dipole, is the measuring

stick for antenna performance. The power

gain over a dipole may be computed from

the formula shown in the illustration, which

provides a quick method of determining the

power g2in of an antenna by measuring the

radiation pattern at the ~3 dB power

points.

Closely allied to the concept or power

gain is the problem of suppressing unwanted

radiation from the sides and rear of a direc-

tive 2ntenn2 system. Unwanted energy ra-

diated to the rear of the directional antenna

may be compared to the energy rama~j

from the front of the array and is expresses

as a power ratio in decibels termed the trom-

to-bsck ratio.

Simple antennas o*:en have a symmetri-

cal radiation pattern and may even P^spss

modest gain wjtnout having approx-

front-to-back ratio. More comwo: antenna

arrays exhibit higher gain and fron:-:o-b:e>:

ratio, but seldom will maximum rower gam

and maximum front-to-back ratio occur at

Power gain implies hm-.lzl c:^ : rr::rri
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ncnt. If the antenna Q is low enough, the

radiator is termed a broadband antenna.

The curves of figure 12 indicate the theo-

retical feedpomc resistance of a dipole an-

tenna for various heights above a perfect

ground plane. In free space, the feedpoint

resistance of a thin dipole is approximately

73 ohms. The modifying effects of the

Figure 12

FEEDPOINT RESISTANCE OF DIPOLE

SUSPENDED ABOVE A PERFECT

GROUND

In free space the feedpoint resistance of a half-

wave dipole is about 73 ohms. The modifying

effects of the ground change this, as shown

above, with the value approaching 73 ohms as

the dipole is far removed from the ground. The

ground has less effect on the feedpoint imped-

ance of a vertical antenna.

ground change this nominal value as shown,

with the value approaching 73 ohms as the

dipole is removed from the ground by more

than a wavelength.

ground or from nearby objects. Structures

which lie within a few wavelengths of the

antenna have the greatest influence on the

directivity of the antenna. Tie change in

directivity is caused by the ability of the

nearby conducting structure to reradiate

energy emitted by the antenna. This re-

radiation may either reinforce or cancel the

direct radiation of energy from the antenna,

thus producing a distortion of the free-space

pattern of the antenna (figure 13). By using

properly adjusted conducting objects (called

driven elements, reflectors, or directors) the

3 * RADM7K/.' FR0.M A'iTE?,
n
tf J

riiimil * fUDInllO.'i ROWWIEKW 2

Figure 13

RADIATION PATTERN FROM TWO
ANTENNAS

Antenna Directivity Because of the manner in

which current flows in an

antenna, radiation from practical antennas

is not uniform, hut is directive to a certain

degree. The amount of directivity can be

altered or enhanced through the use of extra

radiating elements, reflecting plane or

curved surfaces; or, in the microwave por-

tion of the radio spectrum, by the use of

electromagnetic horns, lenses, and slotted

devices.

The directive pattern of an antenna may

also be modified by wave reflection from the

Wave interference patterns created by two ad-

jacent antennas. Radio waves from two adjacent

sources of the same frequency reinforce or

cancel each other to provide wave pattern in

space adjoining the antennas. In this represen-

tation, the waves reinforce each other along

radial lines OA, OB, 00', OC, and CD. Midway

between these lines the waves cancel each

other- This pattern represents an antenna array

having five fobes.

antenna radiation pattern may be deliber-

ately distorted to produce an enhanced sig-

nal in a desired direction (figure 14). The

signal gain varies with the adjustment and

spacing of the various elements and the radi-
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ment. In addition, the elements may intro-

duce reactance into the fed element, detun-

ing it from a resonant condition. All of

these effects are interlocking, and changes

in spacing or tuning can create vast differ-

ences in the performance of an antenna

array.

The mutual impedance between antennas

of an array is important as this factor deter-

mines the current that flows in the system

for a given amount of power. The current

determines the power in a given array and if

the mutual impedance between the elements

of an array is such that the resulting cur-

rents are greater (for the same amount of

power) than if the antenna elements were

not coupled, then the power gain of the

system is greater.

24-5 The Antenna
Above A Ground Plane

GROUND PLANE PROVIDES

MIRROR-IMAGE ANTENNA

The effects of t nearby conducting ground may
be estimated by Jews of optics! reflection from

a mirror. An image 2ntenna is introduced below

the ground plane at the same distance from it

that the master antenna is above the plane. At

a distant point the field strength of the antenna

is the resultant of two rays, one direct from

the antenna and the other reflected from the

ground.

The properties of an antenna pUced near
a large conducting ground plane will be
modified by the effect of ground reflection.

In the hf region, the ground is 2 basic part
of the antenna system 2nd affects both the
radiation pattern of the antenna as well 2s
its radiation resistance. To estimate the ef-

fects of the ground plane, an image antenna
is introduced below the ground plane as

shown in figure 17. The electric charges of
the master antenna above the ground are
reversed in the imaginary ground image an-
tenna. In addition, the vertical components
of the image are in the same direction as

those in the master antenna, while the hori-
zontal components are reversed in direction.
The radiated field of the master antenna
above the ground plane can be determined
bv replacing the ground plane with the
unage 2ntenna and computing the resulting
field of the two antennas. In a similar man-
ne., w.e effect of the ground on the radia-
tion resistance of the antenna can be de-
termined by image theory.

^(0* interest is the case where one end
°* the master antenna terminates on the
pound For tne of the Mcrcmi tm-
.

’’f
( J 'F“ re 1E i. the input impedance of

<ntcnr.2 is one-half of the value of the
a^ucnnA plus its image when driven in free
•r*cc, Ine impedance of a quarter-wave
•’-irconi, tnea, is one-half that of a half-
wave dipole in space, or about 56.5 ohms.)

A reflected ray is assumed to radiate from

the image antenna 2nd is combined with the

direct ray, the resultant my depending upon

the orientation of the 2ntenna with respect

to the earth. The reflected, or image, ray

travels 2 longer distance to a given point

than does the direct ray 2nd this difference

in path length results in a distant field pat-

tern that is dependent on the height of the

antenna above the ground 2nd the charac-

teristic of the ground. At some vertical

angles above the horizon the direct 2nd re-

flected izys may be in phase, additive, and

at other angles the rays may be out of phase

with the resultant field being the difference

between the two.

In summary, then, the effect of the re-

flecting ground phne is different for hori-

zontal and vertical antennas because of the

reversal of electric charges in the image

antenna. Vertically polarized waves are re-

flected with no change in phase and hori-

zontally polarized waves have their phase

shifted 180 degrees on reflection. These ef-

fects produce profound differences in the

field pattern of the antenna, as will be dis-

cussed in a subsequent chapter.

The "Perfect" A simple antenna capable of

Antenna covering an immense fre-

quency span and having 2

smooth electrical transition between guided

and free waves is shown m figure 19. A
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be best expressed as a directive pattern wbidi

is a graph showing the relative radiated held

intensity expressed in terms of the azimuth

angle for horizontal directivity and in terms

of the elevation angle for vertical directivity

(figure 16).

Antenna Boniwiith The bandwidth of an

2ntenna is a measure of

its ability to operate over a specified range of

frequencies. Unlike other 2ntenna properties,

bandwidth does not have 2 unique definition,

as it depends on the operational requirement

of the antenna. Bandwidth may be limited

DIRECTIVITY PATTERNS FOR DIPOLE

ANTENNA ONE-HALF WAVELENGTH

ABOVE PERFECT GROUND PLANE

plottetf field Intensity for dipole antenna. Azi-

muth angle for horizontal directivity is shewn

st (Al. Vertical angle (elevation angle) is shewn

at IB).

fay loss in gain, change of antenna pattern,

excessive 5WR. on the feed system, or change

in input impedance. One of these factors,

such as gab or impedance, usually limits the

low-frequency limit of operation, whereas

change of pattern shape might determine the

high-frequency limit. In amateur practice,

bandwidth is usually specified in terms of a

maximum 5YFR limit on the transmission

line feeding the 2ntenna system.

MutuoJ Impedance A conductor placed in

the field of an antenna

will have 3 current induced in it by virtue

of the voltage applied to the antenna. In the

case of two adjacent antennas, if a voltage

is applied to the terminals of the first an-

tenna and the induced current measured at

the terminals of the second antenna, then an

equal current will be found at the terminals

of the first antenna if the original voltage Is

applied to the terminals of the second

antenna.

This classic theory can be expanded into

the concept of mutual impedance between

two coupled antennas and accounts for the

fact that the feed impedance of an individ-

ual element in an array of antennas may

differ considerably from its frec-'oace im-

pedance because of the effect of mutual

coupling with the other elements of the

array. In an antenna array where the cur-

rent distribution in the elements is critical

because of pattern requirements, it is neces-

sary to adjust the coupling system between

the elements to provide correct current dis-

tribution and to match the inbut impedance

of the array, rather than the sclf-imp?dancc

of the input: element.

The input impedance i< the sum of the

self-impedance of the fed element and the

mutual impedance with all other element* in

the array. The magnitude and phase of the

mutual impedance depends on the amplitude

of the current induced in the fed antenna by

the other elements and this, in turn, is a

function of the spacinc and tuning nf the

additional elements. Induced currents In the

fed clement are greatest when the elements

of the array arc close together, resonant, and

parallel.

The induced current may hr in phase, or

out of phase, with the fcd-ckxcr.t current

and the impedance of the arrar may w
higher, or lower, than that of the tfd r!e*
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In the hf and vhf spectrams, in particular, bandwidth antenna systems haring hip

very thin wire or tubing elements are com- gain, suitable only for operation over 2 quite

monly used to assemble relatively narrow- restricted frequency region.

PART {[

ELECTROMAGNETIC WAVE PROPAGATION

Radio waves may be propagated from a

transmitting antenna to 2 receiving antenna
along the surface of the earth, through the

atmosphere, or by reflection or scattering

from natural or artificial reflectors. At the
lower end of the communications spectrum,
tne ground wave may be propagated for
seseral hundred miles. At high frequencies,

however, the ground losses are so great that
the ground wave can be propagated for less

than one hundred miles. Propagation in the
medium and high portion of the hf band is

therefore primarily by ionospheric reflection.

The refractive index of the atmosphere is

an important factor in radio propagation,
especially above 100 MHz. Scattering of the
radio waves by inhomogeneities in the at-
mosphere is used to provide satisfactory com-
munication up to several times the line-of-
sight distance. At higher frequencies,
atmospheric absorption limits propagation to
an extent, but the use of high-gam beam
antennas makes the use of such frequencies
practical.

Propagation Propagation of very low fre-
UP ,0 qncncy (v]f) radio waves over
30 KHz short distances is by a ground

or surface wave. Attenuation
of the wave is quite low. At great distances

the field intensity falls rapidly because of
losses in the ground 2nd because of the curv-
ature of the earth. These losses increase with
frequency.

At sufficiently great distances propagation
is chiefly due to propagation in the earth-
ionosphere "waveguide” composed of earth
and ionospheric multiple reflections.

F,om P«P»S«5oa « the*

qutncics is s combic
2000 kHi of surface end sky i

t

reflected from die

,
O'poCre. The attenuation of surface

• propagation over land is shown in flgui
Sftvwave reflection causes fading 2 : me

distances, particular!}' at night and on the

lower frequencies during the day*. Skyw2ve

held strength is subject to various irregular

fluctuations due to changing properties of

the ionosphere.

24-6 Propagation

—

2 to 30 MHz

At frequencies between about 2 and 30

MHz and for distances greater than 300

miles, transmission depends chiefly on sky

waves reflected from the ionosphere. This is

a region high above the earth’s surface where

the rarefied air is sufficiently ionized by

ultraviolet light from the sun to reflect or

absorb radio waves. The ionosphere is con-

sidered to be that region lying between 30

to 250 miles (50-400 km) above the sur-

Bzsic prcp2£2ticn lass erpttltS far svrfcas

waves ted ever t snssth sefccriczt ezrt.

.
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Figure 18

MARCONI ANTENNA AND
GROUND IMAGE

The missing half of the dipole anienna is sup-

plied by the ground image for the case of the

Marconi anienna. Antenna feetfpoint impedance

is one-half that of dipole, or about 2S.5 ohms.

coaxial transmission line gradually diverges

in such a way as to hold constant the natural

line dimension ratios, expressed as an im-

pedance {illustration A). If the divergence

is smooth, gradual, and small in terms of

wavelength, relatively little reflection will

exist at any point along the diverging sys-

tem. A guided wave traveling along the

expanding line will expand smoothly over a

larger and larger area, and when reaching

the end of the line, will simply proceed into

free space with little, if any, reflection. This

simple antenna is relatively insensitive to

the frequency of the emitted wave, pro-

vided the antenna is large in relation to

wavelengrh.

A more practical and less bulky broadband

antenna which holds true to the concept of

gradual, smooth dimensional change per

wavelength, is shown in illustration B. If

the structure modification is more severe

introducing a sudden change in system cross-

section, additional sources of reflection are

introduced 20d the bandwidth of tie an-
tenna is reduced according (Illustrations

C and D),

For very practical reasons it is economical
to hold the volume occupied by anv antenna

0 ©'

Figure 19

EVOLUTION OF A

BROADBAND ANTENNA

A coaxial transmission line gradually diverges

in such a W2y as to bold constant the natural

impedance ef the line (A). The wave travelling

along the line will expand smoothly over a

larger and larger area and, when reaehing the

open end of the line, will pass into free space

with little reflection. This infinitely broad struc-

ture can be modified (B) while still fielding to

the concept c! gradual dimensional change per

unit of wavelength, now resembling a broad-

band conical 2ntenna working against a modi-

fied ground plane. More severe modification (CJ

produces a true conical antenna of moderate

bandwidth and more severe change in system

cross-section. The ultimate mctfificaticn is

reached when the center structure is reduced

to a monopole (D) having a very restricted band-

width and minimum reflection only ever a re-

stricted frequency range.

to the very minimum. Tidebsnd antennas

such as those discussed are uneconomical,

except in the uhf region, since they occupy

more space than other designs that have

acceptable bandwidth. Smaller antenna

structures can be built by permitting a

greater degree of reflection ro occur in tne

transformation of radio energy from the

guided to the free state, and then compensat-

ing for the undesired reflection by jntroduc-

ing a compensating reflection somewhere in

the feed system, or transmission line.
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50 MHz. Multiple-hop propagation is often

possible up to about 2500 miles (4000 Vn )

on occasion. Sporadic B propagation has been

observed in the 344 l>5Hz band, but is not

as common as on the lover frequency bands.

t layer propagation on tie vif bands is

most common during tie summer months,

vith 2 shorter season curing the vinrer,

vith the periods rerersed in tie southern

hemisphere.

re. D Lcysr Bek » tie E layer, the 3 ky?r
exists at heights of 30 to 50

miles (50-50 km). It is absorptive 2nd
exists m the middle oi the day during fie

varmer months. Not much is presently

hnovn about the characteristics of this

layer, as it is so veakly ionized that the
usual pulse-probing techniques do not nro-
duce meaningful echos. It is knovn that the
D la_> fir remains ionized as long as the atmo-
sphere receives solar radiation 2nd disaunears
quickly at sundovn. It is thought this layer
causes high absorption of signals in the med-
ium- and high-trequsnev range during the
middle of the day.

TSi= Cr:f,;c| Tbs njfrrfl jnqiur.cy (/.) 0f
Frequensy a joDDFoieric kyer is the ijyh-

est frequency -Inch -Kill be
refected •trim the vroe srrles the kyer it

J£K~\t£

Figure 23

FEIShT OF IOK0SPHERE
is PRESENTED IK AK lOKOBKAM

Priri r* Ttnesttc-,
?t wttEWS ini p:

!*it» n t
times. Frcci;

-£•*5 in irnsEphtne

dt. r* *sr

Vrsr. r erki.

yerrical incidence. Frequencies higher than

Jr pass through the layer. The critical fre-

quency of the most highly ionized kyer of

the ionosphere may be as Id” as 2 Mhz at

night and as high as 10 to 15 MHz in the

middle of the day.

The critical frequency and height of the

layers are measured by a pulse technique,

the pulse and its return echo bring observes

on 2 cathode-r2j rube, as in 2 radar set. The

virtue! bright, or print of refection in the

ionosphere determined by this technique is

presented in an ior.ograrr., shoving hrignt as

2 fuucrion of frequency for specific perm*

of rime (figure 23).

The critical frequency is of interest in

that 2 skip listcr.cc zone v3! srirr on all

frequencies greater than the highest critical

trequency at 2 given rime for a given cir-

cuit. lbs higher the critical frequency, the

greater the density of ionization and the

higher the maximum usable freemency.

Figure 24

IKE MAXIMUM USABLE FEEGUEKBT

** erfsr fsr z rafts s:pa:T is is rrflEztDi

7 ts R, ths clirDtrrr, itns'tj' at 5 jnert iit iisfi

Enotyr *3 srpatrt rtrflfsSDr. is ib* JnsrawcT

tf tht slpnti Is rz'svt, zl srms psir: tia

trrr. Sirarty irTH tjc! i>E jTSrt ettsej;- ir

ihs vtte trch is txrir stjS 7. vTj srriiTTHt

thrash thE lr.it rprrt. TJte oyrtr
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face of tlie earth and consists of a number
of layers:

The Fj layer The higher of the two major

rejection regions of the iono-

sphere is called the F. layer. This layer has

a virtual height ranging from 350 to 250

miles (200-400 km) 2nd is the principal

reflecting region for long distance high-
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the daylight hours. This layer occasionally

is the reflecting region for hr transmission,

but usually waves that penetrate the £ hyer
abo penetrate the F1 hyer, to be reflected by
the F» layer. The F

: hyer introduces addi-

tional absorption of such waves. At night

the F3 layer is nonexistent, merging with

the F2 hyer to form the single nighttime F
layer.

The £ Layer Bslow the F layer at a height

of about 60 miles (100 km)
is an absorptive layer termed the E layer,

which exists during daylight hours, reaching

ISPM
; .iVufeza, ’tamarm
g ' NA/

„I . 1 iStMA. ,

VWST

Figure 21

REPRESENTATIVE HOUR-TO-HOUR
CHANGES IN THE IONOSPHERE

lonizrt regions are referred to as layers, but

they are not completely separated from one
another. Each region overlaps the adjoining one,

to some extent, forming a continuous but non-

uniform area with at least four levels of peak

density designated D, E, Pi and F* layers. Sum-
mertime Fj critical frequencies are lower than

winter V2lues but F, nighttime critical frequen-

cies during the summer months are higher than

in winter. Thus the difference between day 2nd
night critical frequencies is much smaller in

the summer than during the winter.

frequency communication. Height and ioni-

zation density vary diumally, seasonally, and

with the sunspot cycle. At night, the Ft

layer merges with ibeFj layer and reduction

in absorption of the E layer causes nighttime

field intensities and noise to be generally

higher than during daylight hours.

The Fi layer appears about sunrise, local

rime, the critical frequency rising sharply,

reaching a maximum 2 few hours after the

sun Is at its highest elevation, then decreas-

ing exponentially from this value, reaching

minimum during nighttime hours (figure

21 ).

The FT Layer The F, layer has a virtual

height of about 100 to 150

miles (160-240 km) and exists only during

£ I I 1 1 1 : f i I ( < t

> aj sa? m n zn mmmBXBxisB&i
Ji'US

Figure 22

E LAYER SCATTER RANGE

E layer scatter range may be es great as fcflfl

miles for low angle, slngis-bop transmission. A

high antenna (several thousand feet high, such

as on a mountain top?, combined with s sea

level horizon, is ideal. The scatter occurs at

layer height of about 36 to E0 miles.

a diurnal maximum at noon. For all practi-

cal purposes, the E layer disappears at night,

although weak traces of it are often observed.

This layer is important for daytime h£ prop-

agation at distances less than 1000 miles

(1600 km), 2nd for occasional medium-

frequency nighttime propagation at dis-

tances in excess of 100 miles (160 km).

Irregular cloud-like areas of unusually high

ionization, called sporadic E, may occur up

to more than half of the time on certain

days or nights. A large percentage of spo-

radic E propagation is attributed to visible

bombardment of the atmosphere by the sun.

Layer height and electron density of the

atmosphere determine the skip-distance of

sporadic E propagation for a given signal

angle (figure 22), and distances of 400 to

1200 miles (6W-1930 km) are common on
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of the sun, is lover for the long path than

for the short path.

Representative open hours of the long

patii from Europe to Australia are shown in

figure 26 . The spring months of the year

are the best for tins circuit, with May
shoving a long path opening of nearly four

hours. I he shortest openings occur in the

winter months.

Many times both the short and long paths

between two points are open for communi-
cation. Then this happens, a distinct echo

can be heard on a signal which results from
the delay in arrival time of the long path

signal as compared to the arrival time of the

short path signal

® m '

lore her

intGuaniK.

mined at a given time may he manifest ns

a series of broken, short pulses at different

arrival rimes. Mvlirvsfh JznvrZTOv may

cause serious errors in frequency-shili key-

ing or frequency modulation, as well as in

forms oi amplitude-modulated transmission.

24-7 Cycles tit

Ionospheric Activity

The first recorded observations of ststsio*

activity were made by Chinese observers

more than 200D years ago (figure 27). Cen-

turies later, in 3? 01, Marconi was unaware

that his successful spanning of the Atlantic

Ocean by radio for the first rime was posa-

ble only because of the existence of sunspots

which, the astronomers of that rime thought,

might be holes cut in the sun’s surface by

solar hurricanes, exposing the cooler layers

below.

Experiments conducted by Heaviside

(3502), Appleton (1524), and Xrisnith

(3 527) proved the existence of an electrified

reflecting region in the atmosphere, measured

the characteristics of it and reached the con-

Fifurs 2S

LONE PATH OFEKIRBS
Openin'; tours t! tine Idhe Crert Circle
.wren Western Europe End i-ustraliE z\

(Frcm We JoumEl a* the rtU)

It) b^-

f*

SUNSPOTS IN ACTION"

Sunsprts tiErr brer observed 2nd rrcovirt 4ir

mm tber. UOOa years, In Ibis UJS. MrV bbrW*

IWbb. t lew j4isn> r* cunsprs Ir srer.. vr«-

inj: frnrr, czr*. It v'es*.. cr We sur rrirtey

Sunsnn*
. setivity See brsd btrvinf nr. rntif
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hops, as indicated in figure 24. For a radio

signal to travel from T to R via the iono-

sphere, its frequency must be less than a

maximum value. Above this frequency, the

electron density at B will not be great

enough to bend the signal back to earth

and it will continue on through the iono-

sphere into space. There is, therefore, an

upper limit to the range of frequencies that

will be reflected by the ionosphere between

any two fixed points. This upper limiting

frequency is called the maximum usable fre-

quency (MUF) for a given circuit. The

MUF is highest near noon or in the early

afternoon and is highest during periods of

greatest sunspot activity, often going to

frequencies higher than 30 MHz (figure

25). The MUF often drops below 5 MHz in

the early morning hours. Ionospheric losses

are at a minimum near the MUF and in-

crease rapidly for lower frequencies during

daylight. MUF data is published periodically

in radio amateur magazines.

« W 12 I*

local time

Figure 25

The Optimum The recommended upper
Troffic Frequency fa* 0f frequeDCy £or

maximum reliability is

called the optimum traf-

fic frequency (POT) and is selected some-
what below the MUF to provide some mar-
gin for ionospheric irregularities and tur-

bulence, as well as for day-to-day deviations

from the predicted monthly median values

of MUF. The FOT is usually about l f-per-

cent less than the MUF for a particular com-
munication circuit. As far as practicable, the

FOT is chosen in close proximity to the

MUF in order to reduce absorption loss.

The Lowest UsobJe The lou/est usable high
High Frequency frequency (LUF) is the

lowest frequency that

can be used for a satis-

factory communication circuit over a par-

ticular path at a particular time. The LUF
depends primarily on atmospheric noise and

static at the receiving site for a determined

signal-to-noise ratio. At frequencies below

the LUF, reception will nor be possible since

the received signal is lost in the prevailing

noise level. As the operating frequency is

raised above the LUF, the signal-to-noise

ratio improves.

Unlike the MUF, which is dependent en-

tirely upon ionospheric characteristics, the

LUF can be controlled to an extent by ad-

justments in effective radiated power and

circuit bandwidth. Generally speaking, the

LUF can be lowered approximately 2 MHz

for each 10-dccibe! increase in effective

radiated power.

Long Pofh The great circle path is the

Propagation shortest distance between two

points on the earth's surface.

Most if communication is via the great

circle route. However, long path propagation

along the reciprocal path is common in the

hf region. Generally speaking, the long path

travels through a zone of darkness while

the short path travels through sunlight.

MUF extremes are greatest during periods of

high sunspot activity, ionospheric losses are at

a minimum near the MUF and increase rapidly

for lower frequencies, especially during daylight.

The recommended upper limit of frequency for

maximum circuit reliability is called the Opti-

mum Traffic Frequency and is selected some-

what below the MUF to provide margin for

ionospheric irregvlarities.

The illuminated short path implies high

ionospheric absorption in addition to path

attenuation. The long path passes through

the dark hemisphere so that considerably

less signal absorption is encountered. More*

over, the maximum usable frequency

(MUF), which also depends on the position
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proceeded according to two difierent schools

o£ thought, one holding that solar activity

is a periodic phenomenon, the other consid-

ering each solar cycle as an independent

event.

Since hf radio transmission is dependent

on the ionosphere, which varies with the

sunspot cycle, the action or the cycle is of

extreme interest to communicators (figure

29). "‘Then the sunspot count is high,

ionization of the earth’s atmosphere is heavy

and the MUF is correspondingly high, open-

ing up additional frequencies for long-

distance communication. During cycle 19,

which peated at a count of over 200, the

llUr regularly exceeded 50 MHz. Cycle 20,

which ended in 1975, was considerably lover,

limiting the MUF to something over 30

MHz at the peak of sunspot activity.

Cycle 21 reached its peak of about 150

during the late summer of 1979, making it

among the most intense recorded since sun-

spot observations began. In the twenty

cycles observed since 1755, only three have

exceeded a smoothed sunspot number of 150;

cycle 3 with a peak of 1 59 in 1778. cycle

18 with a peak of 152 in June, 1947 and

cycle 19 with a record-breaking level of

201 m November, 1957. An extended pre-

diction indicates that sunspot numbers in

the vicinity of 100 to 150 may be observed

Figure 20

LATITUDE VARIATION IK F-

CRITIOAl FREQUENCIES
*

! vitcs! •'t'rs.'ET.ry an tzr.trcVy hit*,
tr’jftr'it! tr.i terc-t in Wgft.

c ftprr-i. Fftrsercy sl« xiftt* *-Jtb time
rf tty.

riming the following sunspot cycle. Thus,

the next 40 years may be characterized by

medium to high values of sunspot actrrity

comparable to the activity of the last 40

years.

The implication of low sunspot acridly

is that the JfHF will be considerably lower,

long distance propagation will be more

infrequent 2nd will occur for shorter periods

of time, and with reduced signal levels, fre-

quencies below 8 MHz, however, may show

improvement even though the higher fre-

quencies may show marginal performance.

Thus communication using ionospheric

reflection in the hf hands will continue to

react to the influence of the sun and

undoubtedly more vital communication cr-

ams will be switched to satellites to over-

come the vagaries of ionospheric reflection.

GepsrcpMccl At any specific rime of day

Venetians the sun’s zenith angle varies

in the MU F with geographical latitude,

and the intensity of ionizmg

radiarion sweeping across the earth’s upper

atmosphere varies accordingly. The critical

frequency and MUF, therefore, vary with

geographical location, being highest m
equatorial regions, where the sun is more

directly overhead, and decreasing propor-

tionately north and south of these latitudes

(figure 30).

24-8 Ionospheric

Disturbances

The diurnal, seasonal and solar mule vari-

ations of the ionosphere discussed previousy-

are dependent on the regular, more-or-iers

predictable behavior of the ionizing st-itr

radiation. From time to time, however, tne
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elusion that the principal solar factor in the

production of ionization in the atmosphere

was ultraviolet radiation from the sun. later

Figure 28

SPOTS ON THE PHOTOSPHERE

OF THE SUN

large spots embedded in the solar surfcoe are

seen in this NASA photograph made from an

unmanned research balloon 2 t an '^',
he

80,000 feel The granular composition et tn

sun's surface can be seen cleany.

investigators discovered 2 direct rebtraasfap

between the ultraviolet radiation, the decree

of ionization in the atmosphere, an its

relationship with long distance ra 10

communication.

Sunspots in Action With the aid of suitable

instruments, sunspots can

be seen to develop from small d*rk areas on

the brilliant surface of the sun. Studies

indicate that the inner portion ot the sun-

spot is a depression in the sun’s surface nav-

ing an average depth of several thtmsand

indes (figure 28 ). The temperature o, the

-sunspot is several thousand dep® coole,

than that of the general surface o. ±<j »“

and gives off about one-half as much ughs

as the same area of the pUosphm, or sur-

face of the sun. .

Sunspots almost !£S
some spots as large as SO.Mlo mues i

km) in diamerer. The groups move par*

to the equator of the sun in an eas. to Test

direction in accord with

Many terrestrial
phenomena

influenced by localized sunspot acnv.yn

the sun tend to occur at intervals o. about

27 days, which is the period of rotation of

the sum

The Sunspot Cycle The number of sunspot

groups, and individual

sunspots, visible on the sun s surface ^yary

between wide limits over a period 01 rime.

Sunspot activity follows an approximate 11-

vear cycle, steadily rising from very few to

a maximum amount, then slowly receding to

a minimum amount 2gain.

The sunspot count is recorded in Zvncb

Surrspof Numbers on a daily and monthly

basis and 12-month, smoothed running

numbers are published in CQmcgszine and

various astronomical publications. The

recordings began in 1/10 and 19 complete

cvcles have been recorded to date No two

cycles have been exactly alike, although a

(rififlire repetitive behavior is established.

Basic characteristics of the cycle, such as

duration, height of maximum, depth O*

minimum and ascent and descent nme are

observed, and vary from cycle to cycle. Iso

explanation of the sunspot cycle has yet

proven to be completely factory and

current estimates of future performance are

open to speculation. The present search for

empirical laws governing solar activity has

Figure 23

tflON between OBSERVED muf

SMOOTHED SUNSPOT NUMBER

tns sunspot count is high, 5^°"
‘

J

2 rth’s atmosphere is heavy^ the
‘

.

to approximately 32 MHz for -

years.
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SOLAR PARTICLES CAUSE
IONOSPHERIC STORMS ON EARTH

An ionospheric storm is caused by corpuscular

radiation emitted from solar flares at the s2me
time flare emits ultraviolet and x-ray radiation

which produce the SID. Corpuscular radiation

travels at lower velocity than light and arrives

at the earth at a later time period. Particles

cause long-lasting ionospheric storm which dis-

rupts long distance radio communication.

solar flare, the SID and the magnetic storm
will be revealed, and in the future the pre-

diction of these phenomena may be made
with greater accuracy than is possible at

the present time.

Atmospheric Noise The usefulness of a radio

signal is limited by the

total noise in the receiver which may be

cither unwanted, external noise or the

internal noise of the receiver.

Atmospheric italic is usually the limiting

factor in receiver sensitivity at frequencies

below 50 MHz. while receiver noise is the

primary limitation at higher frequencies,

especially those above 200 to 500 MHz. In
the hf band, the controlling factor depends
upon the location of the receiver, time of
day, man-made noise and atmospheric static.

Static is caused by lightning and other
natural electrical disturbances and is prop-
agated worldwide by ionospheric reflection.
Static levels are generally stronger at night
than in the daytime and the levels are higher
m the warm tropical areas than in the cooler

,
.‘0: tnern regions,^ which are far removed
trom most lightning storms.

Ore average static level in the tropics may
be as much as 15 decibels higher than for
me temperate zones, while in the Arctic

regions the static level may be 15 to 25

decibels lower. In all areas, typical summer

averages are a few decibels higher than the

winter values.

External noise is an important factor in

receiver design, and this subject is discussed

further in the receiving section of this

Handbook.

24-9 Propagation in

the VHF Region

As a result of the tremendous increase in

vhf activity since World War H, much has

been learned about the different modes of

radio propagation at these frequencies. The

boundary between the hf and the vhf region

is variable, falling between 30 MHz and 50

MHz and is generally taken to be the UVT,
above which normal ionospheric reflection

ceases. Deviations from this simple defini-

tion are numerous. Interestingly, certain

types of vhf propagation provide the only

reliable means of long distance radio com-

munication known today. These types will

be discussed in detail later in this chapter.

Ionospheric Scatter Ionospheric scatter prop-

Propagation egation permits commun-

ication in the frequency

range of about 50 MHz to 300 MHz over

Figure 33

IONOSPHERIC SCATTER SIGNAL

LEVEL IS LOW, PUNCTUATED BY

METEOR BURSTS

Because cniy a small proportion ef the radiated

energy is scattered and returned tc earth, scat-

ter signals are very weak. Lower limit cf ions*

spheric scatter is determined by masking action

cf normal ionospheric skip distances. Regular

sky wave propagation can create selective in-

terference cn a scatter link circuit.
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Ionospheric disturbances fail into two

msjo categories: the judder. zmoipkcne di

iurhr.ee (SIDj and the hxG'pkeric storm.

The SID commences suddenly and lasts from

a few minutes to an hour or so. The iono-

spheric storm develops over 2 period of a

day or two and generally continues for

several days. In either case, the normal

behavior of the ionosphere is upset, with

critical frequencies dropping, and iono-

spheric absorption increasing as the intens-

tv of the disturbance Increases.

The SID has a spectacular cucct on

propagation. A near-simultaneous radio fade-

3tii occurs over a large portion of the h£

spectrum, from approximately 2 MHz to 30

MHz* with even background noise some-

rimes disappearing. Tne only signals that

ran b: heard during an SID are these from

nations within the ground-wave range. The

hideout lasts for a short period, then condi-

tions slowly return to normal.

It is thought that the SID is 2 result of 2

olar flare, a sudden, short-lived, bright

rnption on the face of the sun- The inci-

lence of solar flares varies with the solar

:vc!e and is most prominent during years

'f very high solar activity.

The SID takes place about 11 minutes

Iter a solar flare commences, and occurs

raly in those areas of the world in complete

Wight. Not all flares produce SIDs, indi-

cting that the SID is only one manifesta-

ion of the release of solar energy.

The typical change in a communication

ircuic during an SID is shown in figure 31.

:gnal drop-off is approximately -40 decibels

> 2 matter of 2 few minutes, with the sig-

al returning to normal in about 40 minutes.

A second type of disturbance is the iono-

riteric storm, ’’while not as spectacular as the

ID, the storm actually constitutes 2 more

^OUS communications problem because of

s much greater duration. During a storm,

lif signals (from approximately 3 MHz to

30 MHz) drop to a very low level 2nd 1327

evert disappear twritelv fur periods of several

days. Measurements indicate that the f layer

is usually sc an abnormally great height dur-

ing the disturbance and is subject to con-

siderable turbulence. Unlike the SID, the

higher frequencies 2re most affected, 2nd the

storm occurs in both dsj-iigSil and darkness

regions of the storld. Ionospheric absorption

Fijute 31

SID SIGNAL DROP-OUT IN A
COMMUNICATION CIRCUIT

Solar flare causes 'i sudden ionospheric dis-

turbance about 11 minutes rater in areas ef Uis

yrerld in wmpleia daylight Signal returns to

octroi in 30 ta 40 minutes after a drap<fi of

abcat <0 decibels in strength.

increases and signals are subject to consider-

able fading, often of an unusual type known

as f,niter fading.

It is thought that the ionospheric storm

is caused by corpuscular radiation of ionized

calcium emitted from solar flares at the same

rime the flare emits ultraviolet and X-ray

radiation which produce the SID. Corpus-

cular radiation travels at a velocity much

lower than the speed of light because of its

greater energy content and arrive at die

earth at a fete: period of time. The radiation

is <0 confined that unless the emission is

pointing directly at the earth, it may miss

the earth entirely (figure 52).

Besides radiant energy, solar flares also

emit bursts of electromagnetic energy in the

form of radio "noise.” These bnrsts, occur-

ring over a wide range of frequencies above

about 10 MHz, are strongest in the vhf

region of the radio spectrum. They can be

received as 2 hissing sound on a sensitive

receiver. The flares also violently disrupt the

earth’s magnetic field for short periods of

time as they disrupt the ionosphere. These

magnetic storms are most intense in high

latitudes and often last for several dap.

As satellites and space vehicles probe fur-

ther into space, many of the secrets of the
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tion, the aurora superimposes an amoral

fattier on hf signals.

Amoral propagation of vhf signals is com-

mon at frequencies between 100 MHz and

A JO MHz. The propagation involves reflec-

tion of the -stave from the auroral display.

The reflection properties of the aurora vary

unite rapidly, with the result that the re-

flected vhf signal is badly distorted by mul-

tipath effects. Voice modulation becomes

very rough and c-w telegraphy is usually

employed for auroral communication in the

vhf amateur bands.

Since aurora is caused by emission or

charged particles from the sun, it is natural

to find that aurora propagation follows the

sunspot cycle and reaches a peak at the

same time as the cycle. In addition, auroras

follow a seasonal pattern, peaking around

March and September, although they may
occur 2t any time.

Because of the shallow nature of the

aurora belt, east-west transmission paths are

usually favored. At times it is possible to

communicate up to 2000 miles (3200 km)
or more, via aurora propagation, but ranges

of a few hundred miles are more common.
Aurora propagation seems to reach a pzzk
2round sundown or early evening, and again
around 0200, local time. The farther north
a station is situated, the more frequently it

will encounter aurora propagation, but dur-

ing rare occasions it may be possible to

employ this mode of transmission in the

southernmost portions of the United States.

Vhf aurora propagation may be predicted

by monitoring signals in the 2-MHz to 5-

MHz range for the characteristic aurora dis-

tortion. This is evidence that vhf propaga-

tion may soon be possible.

Tropospheric Tropospheric scatter {iropo-

Secfter meatier) is thought to be

Propagation caused by random irregulari-

ties in the atmosphere in

which the refractive index differs from the

mean value of surrounding areas. The scat-

tering effect seems to take place hy partid

reflection where there is a rapid change oi

reflective index over a small range in bright

associated with temperature and humidity

changes. The result of scatter refraction is

a faint signal illumination of the grouno

well beyond the horizon (figure 36).

The forward- scattering mechanism in-

volves a large transmission loss and it be-

comes necessary to use high gain, narrow

beam antennas for both transmission and re-

ception. The effect of the scatter angle be-

tween the receiving and transmitting beau)

antennas is significant and is kept as snuB

as possible by choosing transmining and re-

ceiving sites so as to have an unobstructed

view or the horizon.

Figure 35

AURORA DISPLAY IS MOST

PREVALENT AT NORTHERN
LATITUDES

Aurcre can be seen cn cccaslcn as

fer ssutb as I/erics City. The sverece

number cf r.jghls per year h.zv;n£

surere tJisplsys are shown in this

pater chert Aurcrel pnspzcetisn «
vhf si?r,s!s is ccmmcn et frequences

between ICO sr.5 450 VHz, but surer?

{Ji-rupts hf re5is ccmmuniczticn z'

the ssme time.
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distances ranging from 600 miles (1000
Jem) to nearly 1200 miles (2000 km). Ir
is believed that this type of propagation is

due to scattering of the signal from die
lover D layer

, or possibly the E layer. Be-
cause only a small portion of the radiated
energy is scattered and returned to earth,

such scatter signals are very weak (figure

33), The lower limit of ionospheric scatter

is determined by the masking action of nor-

mal ionospheric skip distance. Regular sky-

tvave propagation will create undesirable

interference to a scatter signal and produce

selective fading on a scatter link circuit.

Ionospheric scatter seems limited to a

single-hop distance. Theoretically, it would

be possible to communicate via double-hop

scatter, which could extend the range to

2000 miles (3200 km) or so, but circuit

attenuation would be extreme.

Meteor-Burst Meteors have been observed

Ptopogotion
for centuries, but until re-

cently they were assumed to

be relatively few in number. Recent studies,

however, have shown that the earth is con-

stantly colliding with innumerable particles

as it sweeps on its annual journey around

the sun. Over ten billion particles ate esti-

Name of

Shower

Dale of Peak

Intensity

Duration

(Days)

Meteors

Per Houi

Quartdrartfds January 3 1 35-40

lyrlds April 21 2 12-15

Eta Aquarids May 5 9 12-20

Delta Aqua rids July 29 10 20-30

Perseids August 12 5 50

Orionids October 21 A 20-25

Nov. 5; Nov. 12 20 12-15

Leonids November 17 4 20-25

Semin ids December 13 5 40-50

Ursids December 22 _JJ .“J
Figure 34

MAJOR METEOR SHOWERS

List of major meteor showers. The spring show-

ers peak between midnight and 0600, the Ursids

peak during the early afternoon hours. Others

generally peak during hours of darkness. Sea-

sonally, more meteors occur during May and

July than at any other time.

mated to reach the earth each 24 hour pe-
riod, with the largest number of these less

than 0.016 cm in diameter. Only a very few
are large enough to be noticed, and only an
extremely small percentage of the latter are

large enough to reach the ground before
they are burned up by friction with die
earth’s atmosphere (figure 34 ).

When a meteor strikes the earth’s atmos-

phere, a cylindrical region of free electrons

is formed at about the height of the £
layer. This slender, ionized column is quite

long, and when first formed is sufficiently

dense to reflect radio waves back to the

earth. Frequencies in the range of 30 MHz
to 80 MHz have been found best for meteor-

burst transmission.

The effect of a single meteor of medium

size (1 cm) shows up as a sudden "burst”

of signal of short duration at a point not

normally reached by the transmitter. The

aggregate effect of many meteors impinging

on the earth’s atmosphere, while perhaps too

weak to provide long-term ionization, is

thought to contribute to the existence of

the nighttime E layer.

Aurora Propogoffon At the earth’s poles,

where the atmosphere is

more rarefied than elsewhere, radiation from

the sun not only causes ionization, but often

causes the air molecules to ignite. This phe-

nomenon is called an aurora (or "northern”

or "southern” lights). The action is similar

to that which takes place in a neon tube.

The aurora is a spectacular observance,

with lights arcing across the night sky as

yellowish-green dancing ribbons, or curtains,

or great draperies which appear to fold and

unfold. They occur at E layer height in the

ionosphere and can be seen on the horizon

as far as 600 miles (960 km) from the

zenith point.

In the northern hemisphere, the zone of

maximum occurrence (auroral zone) swings

across northern Norway, Greenland and

central Canada and back across Alaska, Si-

beria and northern European USSR (figure

JS). Both north and south of this belt the

occurrence of auroras decreases.

Auroras play havoc with high frequency

radio communication and cause severe ab-

sorption of any hf wave that passes near or

through the auroral zone. Besides absorp-
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KIJIFE EDGE HSIRACTIOK

Figure 37

KNIFE-EDGE DIFFRACTION

A ridge of hills or mountains may exhibit dif-

fraction of a vhf v/ave traveling over the crest

An obstacle gain as high as 20 decibels may be

realized when transmitting and receiving sites

are optimized for maximum diffraction.

shortly after sunset when the ground air

cools more quickly than the upper air lay-

ers. The same action may take place in the

morning when the rising sun warms the

upper air layers.

Tropospheric communication as a result

of ducting is rare below 144 MHz, but

occurs commonly in the 144-MHz to 450-

MHz range. Less spectacular communica-

tions are possible as a result of simple

temperature inversion, where ducting is not

believed possible. Ducting over water, par-

ticularly between California and Hawaii,

and Brazil and Africa, has produced vhf

communication in excess of 3000 miles

(4500 km).

Kmfc-Edgc Under certain conditions, it is

Diffraction possible for a ridge of hills or

mountains to exhibit noticeable

diffraction of a vhf wave traveling over

the crest. This phenomena of wave propa-

gation is known as knife-edge bending, and
lias been demonstrated for years with light

rays. The transmission path over a practical

knife-edge diffraction path depends criti-

cally on the shape of the edge, the distance

separating the stations and the angle from
the stations to the obstacle. Ground reflec-

tion patterns may binder the knife-edge

path, but when all factors are optimized,

an obstacle gain as high as 20 decibels may
be realized (figure 37).

Moon Reflection Since 1953, radio amateurs

Propagation have been experimenting

with lunar communication

(moonbounce) . Moonbounce allows com-

munication on earth between any two points

that can observe the moon at a common

time and has recently attracted the attention

of growing numbers of experimentally

minded vhf amateur experimenters.

The earth-moon-earth (EME) path varies

from 442,000 miles (680,000 km) to

504,000 miles (750,000 km) for a round-

Figure 38

EME PATH LOSS

The average path loss, assuming 500 watts of

radiated power, and a moon reflectivi y

percent Is given. Path loss vanes abort i

decibel plus or minus this figure as the mont y

range to the moan changes. For 2-mete <

the total path loss Is about 225 ceeiMi*.
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The received scatter signal fluctuates con-
tinuously due to the large number of ran-
domly varying components; hourly, daily
and monthly variations may reach 10 to 20
decibels or more. However, consistently -us-

able signals are obtainable at ranges exceed-
ing 400 miles (700 bn).

The scattering mechanism may be com-
pared to the scattering of a light beam in

a heavy fog, or mist, which results in a

heavy glare of light caused by miniature
water droplets, leaving the background
weakly illuminated. No critical frequency
is involved in the scattering mechanism,

though the intensity of the scattered reflec-

tions decreases with increasing frequency.

GEOMETRY OF TROPOSPHERIC

SCATTER SYSTEM

Forward scatter mechanism involves 8 large

transmission loss and requires high gain, nar-

row beam antennas at both ends of the circuit.

The scatter angle is kept as small as possible

by proper choice of transmitting and receiving

sites.

Trons-Equotoricj] Trans-equatonal seal-

Scofter Propagation feT (T-E scatter
)

has

been observed on the

amateur hand during periods of

moderate and high solar activity, over long

north-south paths spanning the magnetic

equator at times when the expected MUF
15 considerably lower for the paths involved.

T-E scatter is believed to be due to a

highly ionized distortion known to exist in

the ionosphere over the magnetic equator.

Waves entering this area at a favorable

angle are reflected considerable distances be-

t^'cen the sides of the bulge, resulting in a

long, single-hop opening, without interme-

diate ground reflection, of up to 5000 miles

(8000 km).

T-E scatter is z nighttime propagation
phenomenon, with most openings occurring
between 2000 and 2500 hours, local time at
the path midpoint. The signals must cross
the magnetic equator in a north-south direc-
tion or propagation will not take place. The
T-E maximum usable frequency is approxi-
mately 1.5 times greater than the daylight

<WF observed on the same path. To date,

no T-E scatter propagation has been observed

over 100 MHz.

Sporadic

.

Sporadic E propagation has
£ Propagation been mentioned earlier in this

chapter. It is a popular form
of communication for radio amateurs on

the hf and vhf frequencies as it calls for

no special station equipment. Sporadic E
openings on the higher frequency bands

may often be predicted by observing the

characteristics of the 28-MHz band. The
geometry of propagation is such that as the

skip distance decreases on the 28-MHz band,

the highest frequency that will be reflected

by a sporadic E cloud is increasing. Expe-

rience has shown that when skip signals are

heard less than 500 miles (800 km) away

on 10 meters, the chances are very good that

sporadic E propagation will be noted on

the 50-MH2 band over the same general

direction.

Tropospheric Ducting Tropospheric fading

of vhf signals is quite

common and is the result of change in the

refractive index of the atmosphere at the

boundary between air masses of differing

temperatures and humidities. Using a sim-

plified analogy, it can be said that the denser

air at ground level slows the wave front a

little more than does the rarer upper air,

imparting a downward curve to the wave

travel.

Ducting can occur on a very large scale

when a large mass of cold air is overrun by

warm air. This is termed a temperature in-

version, 3nd the boundary between the two

air masses may extend for 1000 miles (1S00

km) or more along a stationary weather

front.

Temperature inversions occur most fre-

quently along coastal areas bordering large

bodies of water. This is the result of natural

onshore movement of cool, humid air
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small compared with the earth’s radius, is

given with a good approximation by:

3 Kb
2

where,

J
“ “ f«t above the earth,

_ ^Can
_

ce fo radio horizon in miles,
effective earth radius in miles.

The nomograph of figure 39 gives the
ratio

I honton d,stance between a transmitter
a height A, and a receiver at height h„

24-10 Forecast of

High-Frequency
Propagation

JnT J

1'"
5
’

“I
esP£rmtsnration, con-stanJj advancing hand in hand smce the

first ionospheric experiments of 192; te,1,mqucs have been evolved for applet;

Figure 40

’^«sss»
£'“ 2r,'f)'5;s Chart sh-** K
£1.* frt“aercy cf 14 **th

Cf 1030 wafts.*#; h-
*******

•

,~‘e r,ty f^pn Jr, Attest prrb-
,

-.« *i:j ecs« r cn >,s
tf U.UF

r
?}* ef !he ft-r.u Vk. T ,

1C Pfrce«t of^ ‘wjyrs?
LUF ,s ^JtSf tfcja «;• HPF.

tain measurable ionospheric data to the so-
lution of propagation and other engineering
problems encountered in establishing if
radio circuits. It is possible, therefore, to
estimate the Mff and FOT for a particular
smoothed sunspot number for a given com-
munication circuit. A representative -propa-
gation analysis chart for the New Trft a
London circuit for a sunspot number of 150
is shown in figure 40.

World maps with overIa3r frequency con-
tours are available for making frequency
estimates manually and hftjp estimations for
months in advance may be made, if 2 pre-

dicted value of smoothed sunspot number is

known. The maps are available in a set of
lour volumes: Ionospheric Vreiiclms, OT-
JER 13, obtainable from the Superinten-
dent of Documents, U.S. Government Print-
ing Ofice, Washington, DC 20402. The
Institute of Telecommunication Sciences of
the Environmental Sciences Sendees Admin-
isrration (EsSA) issues forecasts which may
“ "sed t0 fistermine the UVF and FOT for

mgh-frequeacy communication paths. A
andy source of propagation information is

broadcast by the National Bureau of Stand-
ards station WWV during part of every
Hth minute period on the standard fre-

quencies in the hf range. Finallv, the head-
quarters station of the American Radio

, league, WlAW, rebrozdeasts Propa-
gation Forecast Bulletins on 2 regularly,
v eekly scheduled basis to 2II radio amateurs.

The^best estimates indicate that the us-
able h* spectrum is expected to dwindle to

half that space available during 19S0 and
that between the years 19S5 to 2005 she
2tnount of usable hf spectrum may never
exceed 20 percent of that available during
I

.^

S0
- Pn the other hand, the steady use of

tbe hf spectrum is expected to continue,
e * eo inspire of the transfer of large volumes
ot to space satellites. Spectrum con-
servatioa and improved propagation knowl-
edge are two actions that must be taken

T* prevent the high-frequency spectrum
from becoming less useful for communica-
tions as 2 result of decreasing solar activity.

Propccetfon Bulletins Preparation bullfries

tiona! Bureau of Standards radio stations

- V and WWYH and are updated four
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trip signal, which takes approximately 2.5

seconds to make the journey. Tie moon sub-
tends an angle of only one-half degree, as

sieved from tie earth and has a cosSdent
of reflection of only 7 percent for vhf en-
ergy that strikes its surface. In spite of these

tremendous obstacles, EME radio amateur

circuits are in almost daily operation on 144
and 452 MHz, The attenuation of the EME
p2th is shown in figure 38. Attenuation may
vary 2s much as plus or minus one decibel

during each month as range to the moon

changes. For 144-MHz moonbounce work,

the total path loss is about 225 decibels.

The requirements for tbe amateur station

interested in moonbounce experiments are

well known. For 144 MHz, as 2n example,

with a transmitter running maximum legal

power, an antenna grin of 20 decibels, or

wore, is required, along with a receiver hav-

ing a high degree of selectivity and a noise

figure of 2 decibels, or better. (The cosmic

noise level is about 1.9 decibels, so a system

V?.'C£iVI!G-
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Figure 39

RADIO HORIZON NOMOGRAPH

Example shown: height of receiving *nftn"a «

60 feet; height of transmitting antenna, 500

feet; maximum radio path length, 41 .S miles.

Effective earth radius Is token as 1.33.

none figure much better than this only al-

iovts the listener to hear more noise.)

Because the moon may he moving toward
or away rrom the EhE stations at speeds up
to 9S0 miles per hour, Doppler shift will

change the received frequency, according to

the formula:

Doppler shift (Hz) = 2.966 X /{iEt,

when the shift is measured at the equator

of the earth.

^/hen the moon is rising, the Doppler

effect increases the received frequency; at

moonse: the frequency is decreased.

In addition to the normal path attenua-

tion, additional problems are caused by Pcr-

afay rotation of the polarization of the re-

ceived signal. Because of the reflection of

the signal, the polarization sense is reversed

on tbe received signal, along with a "twist”

in polarization along the path, out and back.

A plane-polarized vhf signal paring through

the ionosphere is gradually rotated in phase,

and W2y go through several rotations before

passing through the ionosphere into space.

After reflection and phase reversal, the sig-

nal re-enters the ionosphere and rotates once

again on the return path to the receiving an-

tenna. The overall rotation may produce a

20 to 30 decibel signal loss when received

on an 2ntenna having incorrect polarization.

Line-of-Sight Under normal propagation

Propagation conditions, the refractive in-

dex of the atmosphere de-

creases with height so that waves travel

more slowly near the ground than at higher

altitudes. This variation in velocity with

height results in bending of tbe wave to-

ward the earth’s surface. Under unusual

atmospheric conditions, the refractive in-

dex may increase with height, causing the

wave to bend upwards, resulting in a de-

crease in the line-of-sight path.

Over most of the time, uniform, down-

ward bending is present in the vhf and uhf

region and may be represented by straight-

line propagation, bur with the radius of the

earth modified so that the relative curva-

ture remains unchanged. The new radius is

known as the effective csrtb ruins (£).

The average value of K in remperate cli-

mates is about 1.53.

The distance to the rdio horizon over

smooth earth, when the height h U very
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little. if anything, to do with line length,

resistance of the conductors, or the fre-

quency of operation o£ the lint - la short,

the characteristic impedance is equal to that

value of impedance measured at the input

end of the line , when the other end is ter-

minated m 2n impedance of like value. Tins

definition may seem confusing, hut the val-

idity is emphasized when it is found that

raising the load impedance at the end of a

certain length of transmission line may ac-

tually reduce the impedance measured at

the input end. It can he seen, therefore, that

it is possible for a transmission line to exhibit

impedance transformations that, if under-

stood and properly applied, can be extremely

useful, but if ignored, can be catastrophic

in their results.

The Equivalent Load To demonstrate the

rather intangible con-

cept of characteristic impedance, assume a

given transmission line is terminated by a

resistance with a small capacitance con-

nected in parallel and a small inductance in

series with the resistance, somewhat analog-

ous to the lumped constant situation pic-

tured for a short length of cable (figure 2).

By mathematical conversion, the parallel

RC load may he replaced by an equivalent

Figure 2

CHARACTERISTIC IMPEDANCE OF

A TRANSMISSION LINE

A—Th* ctsiic! ! rj ftj missis's lire is 'tnnir.atti

fc}' 3 .5 tfc! l!!V.pti*rtrs!jr.t

E— c? circuit f. with

cjrrptr.frts in series eerrertijn. The e:siv-

2'trt see? tircuit is elsatrita'tj' e;u2i to the

series RC circuit, is statu ia 5g®e a ^
Ac trro reactances are equal, they cranl

eacli other (a coadirion or resoaaace) t'-

the follo-a-ing definition of the taauaariaj

reastance (R’) is achieved:

let R' equal the series tersinanay resis-

I2ace. At resonance,

X..=
Xi = 2-jL

X, = 1

2v/C

Substituting and simplifying:

I = R'-C, or R’-
C

IT
and R; — Y ~

Thus the equivalent load circuit ot figure

2B appears to £ measuring instrument to be

identical to the circuit of figure 2A. regard-

less of frequency and may therefore s*

as a substitute for the terminating load o:

figure 2A. The input imnsdance ox the

equivalent circuit is still equal to the original

impedance. There is no reason why this sub-

stitute process cannot he repeated indefinite \

to build up an electrical equivalent oi

transmission line, 2nd it can be said that fi-t

input impedance of such 2n artmcial .hne

will always be the same, regardless oi &
length 2nd the frequency oi operation,

vided that the far end of the artificial trans-

mission line is always terminated in 2

resistance equal to \!L C. Funner, the iV--

measurement of the line rail alwavs

this exact amount 2nd is apparently 2 **'

sistance, termed the characteristic jmpeC«*^

of the line. The only dinerence^hetv

real line and the 2rnficizl hue is L-y-

real one is hound to have some loss resucc—

-

as well as inductance ar.d capacitance. Goo-

transmission lines, however, nave very —

loss resistance in the hi region.

25-2 Transit Time and

Wave Reflection

Thile electromagnetic waves :

proximate)}* 1 $ 6.2r 0 roues per s

space, it takes more time for 2

progress along a transmission ime.
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Figure 41

THE APPROXIMATE RELATIONSHIP

BETWEEN 2800 MHz SOLAR FLUX

AND SUNSPOT NUMBER

times daily, usually at 18 minutes after each

hour. A propagation quality forecast is given

along with conditions of the geomagnetic

field, the K-index and the solar flux index.

The K-index is a statement of geomag-

netic activity and provides an insight of

propagation quality on high latitude com-

munication paths. The solar Sax index is a

measure of solar radiation and is related to

the sunspot number and hence the maximum

usable frequency (figure 41).

Both indices tend to follow a 27-day pat-

tern as a result of the period of rotation of

the sun. They are used to make short-term

propagation forecasts for circuits of interest.

Generally speaking, the higher the value of

solar flux and the lower the level of the K-

index, the better will be the propagation

conditions.

A complete overview of high frequency

propagation is available in The Shortwave

Propagation Handbook, by Jacobs and Co-

hen, published by Cowan Publishing Corp.,

NY.
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TRANSMISSION LINE LENGTH IN

ELECTRICAL DEGREES

A conductor may be divided into etectricel de-

crees, expressing length referenced to the input

or output end of the line. One weveiength, or

electrical cycle, is expressed as '53 electrical

degrees. If the wave is, for example, 23 meters

long, it will t2ke 0.1 microsecond to pass one

wavelength along the line. During this lime,

the phase has shifted through 353 degrees.

(one cycle) with respect to the source over

a one-wavelength line segment- A second

360-degree phase shift will take place over

a second electrical wavelength of line. The

total phase shift over a transmission line two

wavelengths long. then, is 720 degrees, or

two complete cvcles of source current.

Since the radio energy travels at constant

velocity along the transmission line, the line

may be divided into electrical degrees, as

shown in the illustration. A quarter-wave-

length of line is referred to as a 90-degree

line, a half-wavelength line as a 180-degree

line, and so on. In effect, the phase shift

along the line msy be explained in the terms

used for phase shift in lumped constants, as

discussed earlier in this Handbook, and as

will be further discussed in the following

chapters.

Wore Rcfleef.cn on c Befcrs mve reDecrion
Tfer.imijiion Line

is viewed in terms of

fields and waves, it is

interesting to observe it in terms of Ohm’s
law :r.d ‘imple r -f circuits. Figure 5A shows

: 200 -voi: gene rator coupled to a 50-ohm
lead through a cction o* transmission line

having a chars ctcristic impedance of 50

cr.ms <7, = 50). Trie current flowing in

tn: circuit i< 4 amperes and the power dis-

sipated at the load is 800 « atts. Accordingly,

the generator deliver; - amperes at

watts and the circuit satisfies Ohm’s law in

all details.

Assume the load resistance is changed to

300 ohms, designated as T£. If reflection does

occur, let:

I equal generator current .sent down t_s

fine,
, r

E equal generator voltage 21 m?Dt end C-

theline,
,

; equal the current reflected back oo«-i

the line toward load,

e equal the voltage reflected back down

the line toward load.

The characteristic impedance is common

to all voltages and currents, so:

It follows from Maxwell’s equations anO

the previous discussion that the net curreni

in the load is (/ — r) and the total vqhagc

across the load is (£ + f), as shown in

figure 5B. To fulfill "Ohm’s law, then:

i~t
= r‘

when K' is any value of load resistance.
^

Solving thesE simultaneous equations.

inclusive expression for the general load con-

dition, R, when the value of the loan re-

sistance is no: equal to !;.

j^e K-2,
I E R + Z,

Now, if R = 300 ohms, then:

1 = J_ _ 300 ~
0.715

4 *200 500 w 50 350

2nd/ = 2.86 amperes and r — 3-?.’

In summation, men:

Power leaving the generator: 4 X

= 800 watts.

Power arriving at load: 800 watts.

Power absorbed in load: (A v t)

(

I

- i) = 343 X 1.34 = 3?3

watts.

Power reflected by load: c X i
~ 3-.‘

X 2.S6 = 409 watts.

If the generator has an internal impedance

land all 'of them do), and the

happens to be the same as me cha.a^.f,
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the distributed capacitance of the line and
induce an electric field along the distributed

inductance of the cable (figure 3). For

many solid-dielectric coaxial cables, the

wave travels at about 66 percent as fast as

in air, and the cable is said to have a velocity

of propagation (Vp ) of 0.66.

As the energy passes Sown the transmis-

sion line from generator to load, it is inter-

esting to note that the generator has no

means of determining rbe load conditions at

the end of the line, nor does it “know^ if

the prooer terminating condition R—'\fL/C
is fulfilled or not. Thus, during the short

interval the wave initially travels along the

line, the current supplied by the generator

h determined only by the characteristic im-

pedance of the line. The power supplied by

rbe generator is used exclusively to create a

pattern of electric and magnetic fields speed-

ing along the line. Since the characteristic

impedance of the line is a resistance (ne-

glecting cable losses), the current and volt-

age along the line are in phase. Until the

energy reaches the end of the transmission

line, it would seem that Ohm's law has been

placed in suspended animation.

amount finally due has been determined. In
such cases, it is necessary to make an esti-

mated payment subject ro later adjustment
if the total sum is found to be in error. In
a similar fashion, the generator has to "pay"
current into the transmission line before it

"knows” how much current the terminating

bad resistance will take. Ohm’s law is, in

effect, held in suspense until the current

reaches the load at the end of the transmis-

sion line. During this finite period of transit,

the only load the generator "sees” is that

load caused by the creation of the electro-

magnetic field about the line.

If, when the energy reaches the end of

the transmission line rhe load is a resistance,

and the ratio of load voltage to line current

is equal to the characteristic impedance of

the line, then Ohm’s law is fulfilled and the

power arriving at the load is absorbed at

exactly the same rate as it is being fed into

the generator end of the line, The only effect

of the transmission line, assuming it is loss-

less, is the transit time-lag of the electro-

magnetic ware along the line.

On the other hand, if the line energy

arrives at the load and "finds” a load re-

sistance unequal to the characteristic line

impedance, Ohm’s law is not fulfilled and a

portion of the energy is sent back down the

0 line coward the generator in opposition to

the normal line current and voltage, the

COAXIAL LIKE remainder of the energy being absorbed by

_ rhe load in accordance with Ohm's Jaw.

Phase Shift The finite period of rime the

\ radio wave takes to Hash along

4 the transmission line at near the velocity of

j light may be expressed in terms of phase

j
shift along the line. The amount of phase

' shift introduced by the line is a function

of the velocity of propagation of the wave

and the distance of the point of reference

from the end of the line,

Phase shift is commonly expressed in elec-

ELECTRIC AND MAGNETIC FIELDS

ABOUT TRANSMISSION LINES

Lines of electric field [solid) terminate cn con-

ductors and lines of magnetic field (dashed)

curve afiouf conductors.

trical degrees and to determine the phase of

the current at any point along the line, it

is only necessary to determine rhe number

of electrical wavelengths and fractions

thereof between the point of investigation

The "Suspension" The transit time required and one end of the line and divide the result

of Ohm's Lw for the wave to pass the into 360 degrees; this gives the phase shift

length of the transmission in degrees per unir length (figure 4).
_ _

line may be compared to quarterly income The current and voltage in a transmission

tax payments made before the annual line exhibit a phase shift of >60 degrees
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Figure 5

WAVE REFLECTION ON A

TRANSMISSION LINE

A—A matched line (Z„ = R = 50 ohms) delivers

BOO watts to a load and satisfies Ohm's law.

B—Unmatched tine [Z
e
= 50 ohms, R' = 300

ohms) delivers 391 watts to load and returns

409 watts to the generator, thus satisfying

Ohm’s law.

impedance of the line, the generator will

completely accept the returned power, which

in this case is 409 watts, As a result, the net

outgoing power from the generator is re-

duced to: 800 ~ 409 = 391 watts.

Tijus, the mismatch at the load has drop-

ped the system power from 800 to 391

watts. If, however, the internal impedance

of the generator is other than equal to the

characteristic impedance of the tr.insmiss,on

line (the usual case), it will rereflect a p
or'

tion of the reflected power reached it-

turn, a portion of the rereflected power will

once again travel down the line, to be re-

flected in the load, the total power traveling

in each direction along the line being a som
'

mation of all incident and reflected
powers.

The net outgoing power at the generator, oi

course, is a function of the mismatch of the

generator to the line, looking backward to-

ward the generator.

In this fashion, a system mismatch at the

terminating load can seriously affect the

loading of the generator, and the power in

the transmission system. A considerable por-

tion of system power can be reflected and

rereflected along the line causing undesirable

characteristics to appear on the line.

Of immediate interest ro the operator of

a transmitter which is working into a mis-

matched transmission line is that the mis-

match at the input end of the line may be

so great that the tuning system of the equip-

ment is unable to accomodate the load. Dam-

age to the equipment may be the end result

of trying to load into a badly matched

antenna system.

25-3 Waves and Fields

Along a

Transmission Line

Maxwell’s equations define the action of

transmission line as expressed in terms of

ield theory. A simplified discussion of fields

nd waves on a line may help clarify the

irevious discussion.

The current along, and voltage between,

he conductors of a line produce magnetic

nd electric fields about the line conta.rang

he energy which hsWi**

thick has not yet arrived at the bad- a

erne, the transmission Ime guides and con-

i« electromagnetic field, « «» “

ondoccing the energy in a form of alteraa -

„g current. The former Concept is: of> t

:„es Figure 3 showed end-cn '«« °

j lint and a coaxial line. The

“fjj
fio,,ing in the conductors produced

’magnetic field and the voltage diffeime

l the conductors produced an elcc-

Satie field. It is tapossMe !0 hivc
,

cnr'

A :„1 at a point on a transmission

without the existence of a

lectromagnetic field. 1

it is

“““Theier“ Point along the line

"T^ttthin and the voltage he-

eftkSuctors are due =0 the electro-
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0 If the terminating load on the line is

resistive, the reflection coefficient is:

r
U

£ =
K-Z,
K + Zt

!0 :© ,©"00 E0 E0 where
-

* /
]

s
s

| |

R is the terminating load,

/ V Z 0 is the characteristic line impedance,

'— For example, assume a 1

0

-ohm line is

terminated in a 2 5-ohm load. Then,

k =
25 - 50

.

25 + 50 75
-= -

0.33

Figure 8

STANDING WAVE PATTERNS OF
VOLTAGE AND CURRENT ON A

TRANSMISSION LINE

Mismatched two-wire line has reflected wave
which interferes with incident wave, creating 3
third wave which remains fixed in position,
while incident and reflected waves travel alone
tho line.

A—Representation of voltage standing wave,
B—Representation of current standing wave.

moreover, are separated by a quarter wave-
length along the line from the maximum
voltage points, and the pattern is repeated

at half-wavelength intervals.

25-4 The Standing-Wave

Ratio

Wave interference creates standing wares
of voltage and current on a transmission line
and measurement of these waves provides
useful information concerning the electrical

condition of the line. The condition may be
defined in terms of the reftcUm cocfficirnt

(*) and the Handmg wait ratio (ST"R).

y.e Meciicm The reflection coefficient ej-
atlfieini

p Ics .
c! jjjj ntio of ^ n

,

fleeted wave voltage (£,) to
T-ie incident, or forward wave voltage (£,)

:

t = ii
fcf

Thus, the reflected wave is of opposite

phase to the incident wave and has one-third

the voltage amplitude.

The Standing- The ratio of maximum rms

Wove Ratio voltage or current to mini-

mum rms voltage or current

along a transmission line defines the standing

wave ratio:

STO = ,
Fam

Fair.

The SWR may have a range of values

from unity to infinity, and is an indicator

of the line properties. The voltage standing-

wave ratio (VSWR.) can be measured with

an inexpensive instrument (SWR meter)

and is 3 convenient quantity in making cal-

culations of line performance. The general

case for a line terminated in a resistive load

of any value is:

sw =

when K is greater than ZfJ,
and

STO =f
when K is less than Z5.

fnpuf fmpecfonce The value of impedance

seen at the input end of 2

transmission line is imoortant as this is the

value that the transmitting equipment must

work with. The input impedance must be

within the limits imposed by the output

matching network of the equipment in order

to achieve proper loading.
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so, a collapse also occurs fa the magnetic

field, creating an electric field which acts in

the manner of a reverse generator, inducing

a new current equal to that of the incident

wave, traveling back along the line toward

the input end. The reinforced electric field

at the end of the line is in phase with the

incident voltage, while the current compon-

ent of the reflected wave at this point is

equal in amplitude and opposite in phase to

that of the incident wave, giving a resultant

current of zero (figure 7A)

.

If the generator switch is again closed

during the reflected wave cycle, a condition

then exists in which energy' is traveling both

ways on the line. If the switch is held closed,

both incident and reflected waves are present

on the transmission line, in the manner sug-

gested in figures f and 6, chapter 24.

©

Figure 7

WAVE REFLECTION FOR OPEN-AND

CLOSED-END LINES

A—Reflect/on on a half-wavelength open line.

Current and voltage waves are so degrees off-

set after reflection. The current is zero at the

open end or the line and voltage is maximum

at this point. Both waves exist as standing

waves, each being the resultant of conflicting

incident and reflected waves, A line having s

standing wave on it may he regarded as a

"storehouse” of energy similar le a lumped

circuit.

B—Reflection on 3 half-wavelsngtn closed fine.

Current and voltage waves are ISO degrees out

of phase from condition fA). Open- and closed-

end lines are used as tank circuits in vhf and

uhf equipment as well as in matching devices.

'Wave refection also occurs along a trans-

mission line shorted at the load end for rea-

sons comparable to the open-end situation.

The voltage at the short circuit collapses

because a potential difference cannot exist

across zero resistance, the current at this

point is doubled, the current and voltage

roles being reversed from the case of the

open-end termination (figure 7B). The volt-

age undergoes a phase reversal upon reflection

and a reflected wave flows back along the

line toward the generator. The line does not

have to be of any particular length to allow

reflections to be created on it; the only re-

quirement is that the line be finite in length

and not terminated in its characteristic

impedance.

Reflection and Hertz's early experiments

Standing Waves show that when a radiated

wave strikes an abrupt

change in medium, or a sharp boundary,

some of the wave is reflected, and all of it

Is reflected in the case of meeting a conduct-

ing sheer or plane of perfect conductivity.

Hertz also observed that the reflected ware

tended at some points afong the path to

interfere destructively with rhe incident

wave, while at other points it tended to

interfere constructively. The ner effect was

rhe apparent creation of a third wave, termed

a standing wave, which remained fixed in

position, while the incident and reflected

waves traveled along the antenna, or trans-

mission line, at near the speed of light.

Hertz concluded that an interference pat-

tern of waves had been set up along the path.

An analogy may be drawn between a

standing wave of electromagnetic energy

and rhe vibrations of a violin string when

it is plucked at some noint. The string vi-

brates along its length, but the amplitude

of vibration is a function of position along

the string. The standing ware on the string,

in fact, is a trapped wave that cannot escape

because of the barriers created by the ends

of the string. As far as the transmission line

is concerned, voltmeters and ammeters placed

along the line will provide visual evidence

of the standing wave condition (figure 8).

The r-f power at any point along the line

remains constant, regardless of excursions of

voltage and current caused by the wave

interference pattern. The consecutive points

of maximum current of the standing wave,
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The input impedance of the line depends

not only on the load impedance at the far

end of the line, but also on the electrical

length of the transmission line, Thus, the

input impedance is a function of frequency,

as the electrical length of the transmission

line changes in relation to the physical

length with a change in frequency.

When the load impedance is not matched

to the line, the input impedance of the line

may be inductive, capacitive, resistive, or

a combination of all three of these qualities.

The magnitude and phase angle of these

qualities depends on the line length, the

SWR, and the characteristic impedance of

the line.

An antenna system of the type used by

most amateurs, is resistive at the resonant

frequency and is reactive at frequencies off-

resonance, exhibiting various combinations

of resistance and reactance to the transmis-

sion line {figure 9). Some combination of

these Qualities is the rule, rather than the

exception, although the resistive term of the

combination is predominant in most cases.

25-5 Impedance Matching

With Resonant Lines

A transmission line exhibiting wave re-

flection is termed a resonant line since it

assumes many of the characteristics of a

resonant circuit. Variations of formulas that

apply to LC circuits also apply to resonant

lines. Sections of such lines can be economic-

ally substituted for lumped tuned circuits in

wave filters, impedance-matching devices,

phase shifters, line-balance conveners, and
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The Resonant Stub A shorted, Quarter-wave

line is equivalent to 2

parallel resonant circuit, making it possible

to substitute the line for a lumped LC cir-

cuit (figure 7B). For the general case, the

open-end impedance of a shorted or open

line varies with line length and may be

capacitive, inductive, or present a low or

high resonant impedance. The open-end

inductive reactance of a loss-tree, shorted

line, less than a quarter-wavelength long is:

Xt
" Z :

. tan I

where,

! is the electrical length in degrees,

Ze is the characteristic impedance of the

line. ,

The open-end capacitive reactance ot a

loss-free, open line, less than a quarter-wave-

length long is:

XV - Z-, cot /

Figure 11 illustrates the manner m which

the input reactance of a transmission me

THE quantity X/Z„ {* JpVtolhe
terntic impedance of the une a h

input reactance. The *JSl2w
of line is compiementaw. ^o|ant c!r.

open-end line art,nS ”.„a
0 S5 as a parallel-

cuit and the closed-end line g
. (ioe are

resonant circuit. Such sett ‘on5
-

it5 ;n the

often used as chokes or \v?tf arena

vhf/uhf region.

varies with length for the open- and closed-

end cases. Figure 12 represents the reactance

curves for the two types of line.

Sfub Matching A line segment less than a

quarter-wavelength long

presents a value of reactance at the measur-

ing end that can be used to match out un-

wanted reactance in an antenna system.

Either open- or closed-end stubs may be

used, depending on the circuit requirements.

If a transmission line is connected di-

rectly to an antenna 2t, or near, 2 current

loop or node, the chances are that the an-

tenna will present other than 2 matched load,

and standing waves will exist on the line.

At a point on the line, less than one-half

wavelength from the antenna, the resistive

component of the antenna load will equal

the characteristic line impedance, and a re-

actance whose value is equal and opposite

placed at this point will cancel the unwanted

reactance on the transmission line (figure

13). Stub dimension and placement is a

function of the SW on the line, as mea-

sured at the load. In some cases, lumped

constants are substituted for the matching

stub, and the resulting device is called an

impedance matching network.

Bofonsing Hehvorkj Most hf antennas are

balanced systems in that

equal and out-of-phase voltagK to ground

exist at each input terminal. The Marconi

antenna, discussed in the previous chapter,

i; an example of an exception to this stare-

When a balanced antenna is used, the

uvo-conductor transmission line feeding the

mtenna should carry equal and opposite cut-

ra(s throughout its length to maintain the

Jectrica! symmetry of the antenna system.

n,e popular coaxial transmission line (dis-

-ussed later in this chapter) is an unbalanced

ievice, with one conductor normally oper-

ned at ground potential. An electrical tin-

salance exists when such a line is connected

to a balanced antenna.

In addition, a transmission line in the near-

field of an antenna is coupled to the antenna

bv virtue of its proximity, and «*"** «*-

** can flow in the outer condu tor of

the coaxial dine. This current is called an

atom current and it tends to upset the
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antenna currents on the line to a minimum,

the line should be brought away from the

antenna at right angles to it. reducing in-

ductive coupling to a minimum, and a bal-

ancing device should be placed between the

transmission line and a balanced antenna.

A suitable derice is Termed 2 belcnang net-

work, or belun. Linear and lumped-constant

baluns are illustrated in figure 14.

Wideband Baiuns Wideband baluns may be

made of a section of

transmission line wound into an inductance.

A frequeue}’ span of 10 or 20 to 1 is

achieved with the proper design and the

device may be balanced or unbalanced with

various transformation ratios. Shown in fig-

ure 15 are representative designs for phase-

reversal, bal2nce-to-unb2l2r.ce and imped-

ance-transforming baluns.

The bandwidth of a particular balun is

determined at the low-frequency end of the

operating range by the inductance of the

windings and at the high-frequency end by

the distributed capacitance of the design.

If a ferrite core is used in the device, care

must be taken to limit the signal level so

that saturation does not occur.

A two-winding balun may be used for

phase reversal, or balance to unbalance. A
l-to-4 balun requires either 5 cr 4 wind-

ings, depending on the state of balance, is

wideband balun transformers

ft turn

ft teftTO H*S transformation

flSa.an« » ««
tlon ratio.
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Figure 18

REPRESENTATIVE SWR
MEASUREMENTS

Measurements made on a length of R5-214U

whf coaxial cable showing an SV/R spike at 5.5

GHz. An attenuation "suck out" would be no*

ticcd if this cable were used at that frequency.

and may result in large reflections over nar-

row frequency bands which may upset

equipment operation (figure 18). The new

cables limit such excursions over the entire

uteful frequency band of the cable.

Military Standard MIL-C-17D lists vari-

ous classes of coaxial line in use today. Class

!
polyvinyl chloride* (PVQ jackets were

used on older cables such as RG-8/U (no

longer a military-approved type), RG-58/U,

and RG-59/U. These cables have a plasti-

cizer added to the jacket in manufacture to

improve cable flexibility. Eventually the

plasticizer migrates through the shield and

attacks the inner insulation, greatly increas-

ing the r-f loss of the dielectric, lifespan of

this class of cable is two years from date of

manufacture.

Class 2A noncontaminating jackets are

used on newer cable, such as RG-213/U
fRG-S/U replacement), RG-58C/U, and

RG-59B/U, This class of cable has a life-

span of 15 years from date of manufacture.

Class-2 jackets arc similar to 2A but they

arc gray, not black.

RG-f/U cable it no longer manufactured

to military specifications and manufacturers

often produce cheapened versions of RG-
Vb\ The braid on these cables is usually

reduced to the point where any bend in the

cable cauies an undcsired gap in the sparse

r welding. This results in r-f leakage even at

relatively low frequencies. Sometimes the

Table 3. Coaxial Cable Connectors

FOP. P.G-e/U, RG-ll/U AND 8G-213/U

COAXIAL LINES (0.405" DIAW.}

"UHF'-TYPe CONNECTORS

Description Type Number

Amphenol

Number

Plug

Fl-25?

RL-259A

UG-in/u

83-TSP

83-755

83-750

Solderless

Plug
- 83-T5I

Splice PL-258 83*1 J

Reduction

Adapter:

RG-58/U

RG-59/U

UG-175/U

UG-176/U

83-185

83-168

Receptacle SO-239 83-1 ft

7YPE-N CONNECTORS ISO-OHM CABLES)

Plug
UG-21B/U

UG-2TC/U

82-61

82*96

Splice UG-29A/U 83*65

Receptacle KG-58A/U 82*97

UHF lo Type-N UG-U6/U -

Type-N to BNC UG-201A/U 31-216

TYPc-BNC CONNECTORS

Plug
UG-88/U

UG-88B/U

31*002

31-018

Splice UG-9U/U 31-219

Receptacle
UG-290/U

UG-625B/U

31-003

31-236

BNC (o UHF UG-273/U 31-028

Table 3. Coaxial Connectors

This portiol lilt covers the most widely used coar-

iol connectors ol the UHF, type-N end type-ENC

families. The UHF type is considered obsolete,

although by lor the most widely used hordwcie

on amateur equipment. The fype-N family hes

superceded the UHF connector* and provide! c

constant inpedonce ct coble joints and |!

weatherproof. The ENC-family of fittings is de-

signed for small diameter cobles, such cs P-G*

53/U and feo'ute a quid'-disconnect bayonet

loch crron$ement. Most B?"«C Fittings o fe weether*

proof. Many ether connecting devices, such cl

right-angle end T-edepttn ore available in «’•

types, os well os special fittings to rc'ch C't

style cf connecter to another. In eddrf-on <5

these fo-ilies, fype-HN, type-C c*d >ype-MHV

families e? ccnnectc'S e'lst, cs well os spedol

eonrecto's fc p twiner cables.
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Receiving types 2d transmitting types Jar.
“S Fow levels of up to one iifeatt in tkM ™Se m fisted, with tkir pertinent ciar-
acxeristics in Table 1,

Table I. Ribbon and Tubular Line

tmpeience

(Ohmit

Ampheno

Type

Number

Velssily

of

Prcpcecfior

|

Power

j

PofEno

:f30 MHrJ

In WeMt

75 214023 OJJ 1000

3M
fflet)

2144)56 0X2 -

200

tOvcl)
214022 0X2 -

3to 214-271 0X2 5to

(Tubular) 214076 0X2 itoo

tfesfl
I

214103 - -

Cocxiol Lme The coaxial line has advan-

tages that make it very prac-

tical for efficient operation in the bf and
vhf regions. It is a perfectly shielded line

and has a minimum of radiation loss. It may
be made with braided conductors to gain

flexibility and is impervious to steadier. Since

the line has little radiation loss, nearby metal-

lic objects have minimum effect on the line

as the outer conductor serves as a shield for

the inner conductor (figure 17).

As in the case of a two-wire line, power

lost in a properly terminated coaxial line is

rjrc nan of the effective lokznce k'l aloe,
the length of the cable 2nd the &Iectric
loss between the two conductors. Of the two
losses, the resistance loss is the greater; since
it is largely due to the skin effect and the
loss (all other conditions remaining the
same) trill increase directly as the square
root of the frequency.

The coaxial cable used in the majority of
amateur instaliarions is a flexible type, the
outer conductor consisting of a braid of
copper wire, with the inner conductor sup-
ported within the outer hv means of a semi-
solid dielectric of exceedingly Jow-Ios;

characteristics called polyethylene. The char-
acteristic impedance of the cable is about 50
ohms, but other cables are available in an
impedance of 75 ohms (Table 2).

In order to preserve the waterproof chsr-

acteratic of the flexible, coaxial fine, special

coaxial fittings are available as well as less-

expensive nonwaterproof Strings (Table 5).

New Ccoiisl The new military procurement
CcMes numbers for two of the popular

coaxial cables in use 2re: MlT

/

02S-RG05S for RG-58C/U and M17/028-

RG2I5 for RG-215/U. These cables pass

rigid tests that ensure they can be used re-

liably as high as 1 GHz.

Theoretically, the attenuation of a coaxial

cable follows a predictable curve and the

SWR of die cable itself should be negligible.

Manufacturing variances, however, occur

Table 2. Coaxial Cables. Six Digit Type Numbers

Are Amphenol Foamed Dielectric Cables.

Impedance

(Ohmsl

Type

Number

Velocity of

Propegslisn

Diameter

(Inches!

Power Rating

(Watts) At

30 KHz

52.0 RG-SA/U 0.65 0.405 1720

50.0 RG-213/U 0.65 0405 1720

50.0 621-111 0X0 0/05 -
535 RG-5S/U 045 0.195 5E0

50.0 RG-53A/U 0.65 0.155 550

50.0 RG-5SC/U 045 0.195 520

75.0 RG-1JA/U 046 0/05 1400

75.0 621-100 0X0 0/05 -

73.0 RG-59/U 046 0X42 720

73.0 RG-59B/U 0.65 0X42 720

73.0 621-136 0X0 0X42

93.0 EG42A/U 0X4 0X42 £50

125.0 RG43/U - 0/05 -
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Figure 20

ATTENUATION OF WAVEGUIDE

Relationship between transmission modes and
cross section of waveguides shows cutoff fre.

Cooney below which guide will not propagate
Energy efficiently.

trie, or tremversc w.cgr.ctic, abbreviated TE
and l M, respectively. In addition to tbe let-

ters TE or TM, subscript numbers are used
to complete the description of the field pat-
tern of the wave. The first number indicates

the number of half-wave patterns of trans-
verse lines which exist along the short di-

mension of the guide through the center of
the cross section. The second number indi-
cates the number of transverse half-wave
patterns that exist along the long dimen-
sion of the guide through the center of the
cross section {figure 19). In case there is

no change in the field intensity, a zero is

u<cd.

E’nlikc coaxial and two-wire lines, the
waveguide has a niton frequency below
whicn it wdl not propagate energy cSciendv
(ugure -0). The minimum frequency of
operation o* a particular guide is reached

,

ICr “ ?zriicuJ2f mode of transmission,
::r dimensions of the guide approach a half
vavetength. Actually, propagation with high
attenuation does take place for a small dis-
tence, an ta a s.tOrt length of Waveguide
operating m!ow cutofi » often 3

Figure 21

METHODS OF COUPLING A
COAXIAL LINE TO A WAVEGUIDE

FOR TE
3

MODE

Energy is coupled into and removed from

waveguides by the use of a coupling loop

(which cuts, or couples, the lines of the

magnetic field) or a probe (antenna) which

is placed parallel to tbe electric lines. A
third method is to link or contact the field

of die guide by 2n externa! field through dir

use of a common slot or bole between the

guide and the external circuit.

Two representative wavs of coupling from

a coaxial line to a rectangular waveguide to

excite the TE ; .r mods are shown in figure

21. The techniaue permits an S^*R less man

1.15 to 1 at the junction over a 10- to 3 5-

perccn; frequency band.
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inner conductor is reduced in area, thus in-

creasing the resistive loss of the cable.

Available on the market is foamed coaxial
line that has an inner dielectric containing
bubbles. This increases the velocity factor
of the line and presumably reduces the line

loss at the same time. However none of the

present common foamed line is manufac-
tured to military specifications and none
presently has Class-2A jackets. Most of the

foam insulations are not impregnated with
an inert gas, but with air, and moisture

accumulates in the air bubbles. This increases

cable attenuation and also changes the veloc-

ity factor as the cable heats up with pro-

longed use. Finally, the foamed cable is more
susceptible to physical damage at bend points.

Cable Power The factor controlling the

Rating power capability' of a coaxial

fine is heat, most of which is

generated in the center conductor. The inner

dielectric ability to withstand the heat and

its effectiveness in transferring heat to the

outer shield and jacket are the limiting

agents in the heating process. Table 2 lists

the power handling capability of common

cables. For vhf/uhf use, coaxial cables util-

izing a teflon inner dielectric are used which

permit a center conductor operating tem-

perature as high as 250°C.

SWR end Line Loss A high value of SWR on

a cable indicates a mis-

matched load. The mismatch increases cable

loss as the portion of the reflected power

makes two complete trips through the

cable—once toward the load, the other back

toward the transmitter. Since the reflected

power makes two trips through the line,

each with attenuation, it receives twice as

much loss as that portion of the power

which makes only one trip down the line.

This slight additional loss is not serious

on the hf bands where cable attenuation is

low but increases with frequency. When

cable attenuation is high, as is the case at

vhf, or if long runs of cable are used at

lower frequencies, high SWTl can drastically

increase power loss.

TOPVISYCfSECnc:; ;

HOT! 1C liraSITY—mine iwasiiY

Figure 19

REPRESENTATIVE FIELD

CONFIGURATIONS IN WAVEGUIDE

Top-Configuration for a TEj, e wave.

Bottom-Configuration for a TEj ,

,

wave.

Waveguides Electromagnetic energy at mi-

crowave frequencies may be

propagated through a hollow metal tube

under fixed conditions. Such a tube is called

a waveguide. Any surface which separates

distinctly two regions of different electrical

properries can exert a guiding effect on

electromagnetic waves and the surface may

take the form of a hollow pipe, generally

rectangular or circular in cross section, with

an air dielectric.

A hollow waveguide has lower loss than

a two-wire or a coaxial line since it has no

dielectric or radiation loss, and the copper

loss is low, because the area of current flow

in the waveguide is great.

Energy may be propagated along a wave--

guide in several modes which are described

by the relation between the electric (E)

and magnetic (H) fields and the walls of

the guide. The configuration of the electro-

magnetic fields in a waveguide can take

many forms, and each Is called a mode of

operation. In all cases, either the magnetic

or electric held must be perpendicular to the

direction of wave travel. Tire modes, there-

fore, are classified as either transverse elec-
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tire, shovbg large value; of reactance for

small frequEncy changes from resonance. Tbs

determines to an extent the parameters and

complyit of the matching circuit to he

used.

The feedpoint reactance of an antenna

vanes with frequency and cannot he matched

perfectly over a vide frequency hand, for

practical purposes, the bandwidth obtain-

able for a given value of STR on the trans-

mission line is of importance, or conversely,

the minimum limit of 5TR that may he

achieved for a given bandwidth. In the gen-

eral case, the feeepoint impedance of a

resonant antenna tabes the form of a series-

resonant circuit whose 0 , or fgure of merit.

the greater the 5TB., the mors the input

level being limited.

Is the great majority of cases, compen-

sating circuits of some type are employed a:

one end or the other of the transmission line

to "provide a low value of STB. cn the line

and to provide 2 convenient load tor tne

transmitter than might otherwise be pro-

vided by a high-Q antenna operated at, cr

near, the^resonant frequency.

and basic impedance matching systems nave

been described in 2 previous chapter ana

this, and the following chapters, descr.ne

impedance compensation devices and mar

oracrical aoolicaticn.

vnere,

1
} is tne resonant frequency,

A* is the frequency difference between the

half-power points.

Ir, this case, the half-power points are de-

nned as the two frequencies a: which the

series reactance of the antenna is equal no

me jerstc rer* stance.

_

Cn.ce the 0, the feeepoint resistance, and

the operating fcandw-cth are specified, i: is

pesunle to design 2 compensatbs network
to provide the lowest value of STR, over

26-2 The Smrfh Chart

Cresthg an impedance match between

antenna and transmission line is not dim-

cult for spot frequency operation. In ama-

teur operation over frequency bancs, a satis-

factory match is achieved by matching the

impedance at the resonant frequency ao 2

allowing the STB. on the line to increase

oil-frequency to 2 predetermined value. 0:-

ten chosen as 3 . This defines the operational

bandwidth of the antenna.

The ieedpoht impedance of the antenna

2t 2 given frecuency may be expressed as a

complex number B. ±jX and may be puttee

on an R.-X diagram, as shows in npre I-

The antenna impedance (

Z

t ;
cetermmec at

be plotted and the pobrs connecter v:tr. a

c^rve. The excursions 0: B. and.X Determent



CHAPTER TWENTY-SIX

Mem Matching Systems

Some antenna, such as the hslf-wzre di-

pole, can often be attache' to a Iow-iasped-

ance transmission hi for direct connection

to the Station equipment ~i;hcut toe need

of impedance matching devices a: erh: end

of the line.

In all antenna systems using a resonant

antenna and a transmission fine, however,

the load presented to the transmitter is that

value of impedance present a: the antenna,

modified by the transforming action of the

Figure 1

REACTANCE PLOT OF

80-METER DIPOLE

fit the resonant frequency ef 35J MHz this £5-

pale has 2 rediitfen resistance figure cf *3

efims. Tfts feetfpoint jnpedense rises rspity

each side c! ttie rtssmrt frequency, reaching

57 ~jS3 at 3.? KHz zni ll ~}?j at 2.5 MHz.

These measurements vrers (2Ken 2f the input

end- cf 2 hs)f~Ksrsleegiii tesipne having an

impedance of 53 chms, fit no point ever the cp-

erzting range dees the antenna match the tfr.e

impedance sa a SVTC? vzVcz el veit/ is never

achieved, fit the resonant frequency, the mini-

mum value cf SV/R is 1.25.

transmission line v-hsch h a function or fee

impedance, line length, lead mismatch, and

the operating frequency.

Most antennas, even the simple ones, ex-

h.civ c in.tTf.en change ns ^eenpomt irupee-

ance ~fcsa operated cfi-frequsacy and, even

at resonance, oner a fed-mint load of other

than 50 ohms. Off-romance, the feedpoint

impedance shifts rapidly, producing a sub-

stantial mismatch to the transmission line

2nd a consequent high value of SWR on the

line (figure I). The load presented to the

transmitter, then, can fiuccuate over an ex-

tremely large range of impedance which die

equipment may ce incapable o: matching.

Thus, for other than spot-frequency opera-

tion, most antenna systems require some type

of impedance transformation or reactance

compensation to provide a nominal match

to the universally used 50- or / 5-ohm coax-

ial transmission fine, fc some cases, addi-

tional compensation is required at the station

eaa oi the hi to afford a good match to

the transmitting equipment over a desired

frequency ss2fi. The maximum value of mis-

match permitted at the station usually de-

fines the limits of S^TR on the antenna sys-

tem for a giver frequency ranges

26-1 SWR and Impedance

Compensation

Antenna resonance h that electrical state

ia which the antenna presents a acoreactive

load at the feedpoint. Some antennas exhibit

moderate values of feedpoint reactance as

rhs frequency cf operarisn is .word away

from the resonant frequency: ethers, such

as short whip antennas or closely spaced

parariric arrays, are quite frequency smsi-

26.1
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Figure 2

R-X DIAGRAM SHOWING DEFINITION CIRCLES

Complex impt6zr.cn czn ts pltSteg cr, zn P.-X Cizzrsn such zs this. X-axis repese/ils p;si-

the sr.S rsgstive rezctznoe zr.a if.s Y-axis rspmssnts rzsistzr.ee. &{?. <f*tfnrti:n efrefss s.-e pWfs*
cn the Oiegrem for SV/P. rzJus3 cf ^ 2nd 5. The series tcunffsry lines zn Gnrits wilhir. which the

zntennz rezctsr.ee nzy te nsiifisS by ziiing z series rezctsr.ee te the circuit, 7,tin usstul, this

fsnn cf rapresent2ticn ties fcean supplanted tj the Smith Chart, in which curved, rsther than

straight, lines zre used tc ftrni the cccrdinets system,

cashed lines represent tie series coundirie. perimeter of tie chart in terns of tie el?c-

that is. if the impedance curve falls within tried wavelength along a transmission line,

these lines, by adding a series component, one scale running clockwise, the other coan-

tbe curre can be shifted to be within tee rer-dockrfse. The complete circle, in either

definition circle. represents a half-wavelength.

The scaled vertical line of the chart rep-

The Impedance Tbs impedance circle dia- resents the ratio of the resistive component

Circle Diagram gram, or Smith Chart is a of the antenna (R) to the impedance of the

specialized graph hating z transmission line (Z-). measured at a par-

curved coordinate svstea. The system is cicufar frequency. SWR circles may he added

composed of two families of circles, the to the Smith Chart by the user, centered at

resistance circles and the reschr.ce circles 1.0 on the vertical resistance scale. A circle

(figure 3). These circles zre curves of con- centered at 1.0 and -hich' passes thrush

slant resistance and constant reactance. The 5.0 on the same scale, for examp. e, auto*

complete coordinate svstem of the Snath ail values of impedance which will cause a

Chart is shown in figure 4. Wavelength and STRof 5 or less when they terminate a tmns-

phase-angle scales are plotted around the mission line having a cmrsdenstic imped-
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Figure 27

ANTENNA COUPLING SYSTEM

The antenna coupling system illustrated zbeve Is for use when the errterm? trarsmissicn fins
does not have the seme characteristic impedance as the TV I filter, cr when the standing-wave

ratio cn the antenna transmission line is high.

to achieving the required match, provides

up to 20 dB of attenuation to transmitter

harmonics falling in the TV channels. The

tuner is rated for 1 kv7 output power level

and is built in an aluminum box. The

approximate setting of the tap switch for

each amateur band is given in the caption.

The fixed mica capacitor is required only

for operation on the 80 meter band.

For transmitter powers up to 200 watts

output, capacitor Q mat' be a receiving

type ar.d for low-power transmitters, a

compression-type mica capacitor mav be

used,

An SWR meter between the line flatterer

end transmitter is required for proper adjust-

ment. Using reduced power, the tap switch is

w: for the band of operation and the capac-

itor adjusted for minimum SVR consistent

with proper transmitter loading.

Figure 25

COAXIAL LIKE FLATTEN ER
€?' L it !? turns, 2'

ret 23 j-.

tvrr* tre •

i"lhcs In Ciznettr, t« trv.tti, *b> whcie
12 toms tre

wait f:r fifteen

tut a-; fer to
cut Tctei ir-Cacf-

itfchrp-y:. twjtcfttt S,
i?rj—!c-ircv switchtr*;

C?cati'.cr Ci is a trjns-
ritt'rj.tyye r.ica cr?.

The Tror.rrr.ctch TKe frensmtich (popular-

ized by vTTICP) is an

adjustable network that can function as a

line flatterer, or as z matching device for

an end-fed wire antenna, v/hen combined

with a balun such zs described earlier in this

chapter, the trsnsmatch can also be used

with 2 two-wire transmission line system.

The splir-stator capacitor (figure 2?)

provides good harmonic rejection as the

capacitive reactance to ground in the TV
channels is very low.

The transmatch is built in an aluminum

box to achieve maximum harmonic rejec-

tion 2nd should be used in conjunction with

an SW meter pkced between the timer

and the transmitter.

For preliminary adjustment, both capaci-

tors are set at maximum value. The variable

inductor is then adjusted for minimum SV'R

THE TRAKSMATCH AKTEHNA
COUPLER

This deric* w-rfs ever the range t*. 2.5 15 2S.7

VHz Capaciisr C; I: r 250 ptr ieclisr. tpfii*

stater unit with C.17 • inch t?2:is£ fer Wth
pewer. CzpztHcr c, it instated frerr. the st-

ttr.tly J-5 j; pant'.-dfhrafi tftrtsgh an insulated

cjsplipg. Spa-Ire ef this eapasiler 5: C.171 irth.

7ft* i-.iuttrr h a nV.tr cel! having * r-irl-wm

iftductir.c* e? *t fcH, fer ICO-mtltr

the irSssttnct tfttyli fc* ir.crerefS 15 2t ,fl.
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filter be included in the transmitter-to-

antenna circuit at a point where the im-
pedance is close to the nominal value of the

filter, 2nd ar .1 point where this impedance is

likely to remain fairly constant with varia-

tions in frequency.

Bfock Dicgrcms of There are two basic

TYcmsmrtteMo-Antenno arrangements which
Coupling Systems include all the provi-

sions required in the

transmitter-to-antenna coupling system, and

which permit the harmonic attenuating filter

to be placed at a position in the coupling

system where it can be operated at an imped-

ance level close to its nominal value. These

arrangements are illustrated in block dia-

gram form in figures 26 and 27.

The arrangement of figure 26 is recom-

mended for use with a single-band antenna

system, such as a dipole or a rotatable array,

wherein an impedance matching system is

included within or adjacent to the antenna.

The feedline coming down from the antenna

system should have a characteristic imped-

ance equal to the nominal impedance of the

harmonic filter, and the impedance matching

at the antenna should besuch that the stand-

ing-wave ratio on the antenna feedline is less

than 3 over the range of frequency to be fed

to the antenna.

The arrangement of figure 26 is more or

less standard for commercially manufac-

tured equipment for amateur and commer-

cial use in the hf and vhf range.

The arrangement of figure 27 merely adds

an antenna coupler between the output of

the harmonic attenuating filter and the

antenna transmission line. The antenna cou-

pler will have some harmonic attenuating

action, but its main function is to trans-

form the impedance ar the station end of
the antenna transmission line to the nominal
value of the harmonic filter.

26-6 Pracficcl Anfenna

Couplers

The antenna coupler, or antenna tuner, is

a matching device that translates the elec-

trical characteristics of the antenna and

feedline into values more compatible with

the communication equipment attached to

the antenna. Some form of antenna coupler

may he necessary with modern solid-state

transmitters. The coupler matches the an-

tenna system impedance and SWR to a

value such that the transmitter docs not

suffer reduced power output caused by oper-

ation into a mismatched load.

The transmitter employing vacuum tubes

in the final amplifier stage and a pi-network

output circuit is considerably more tolerant

of a high SWR antenna load than is equiv-

alent solid-state equipment and may not

require an antenna tuner in the case where

a tuner is necessary to make the solid-state

equipment operable.

The Line Ffottener The line ftattener is a

network inserted in a JO-

ohm feed system to reduce the SWR on the

line to near unity. This efficient and low

cost tuner is recommended to amateurs who

have solid-state transmitters and who wish

to achieve a good antenna match with a

minimum of adjustment. The schematic is

shown in figure 28. The device is an adjust-

able T-section network which, in addition

Figure 25

ANTENNA COUPLING SYSTEM
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on the line to the transmitter. Once this

point is reached, the capacitors are tuned

to decrease the SWR, with possibly a slight

readjustment of the inductor. The correct

setting of the controls is the one which

provides a good match with maximum

capacitance setting for both Cj and Q.

A Single-Wire Tuner A simple tuner for an

end-fed wire antenna is

shown in figure 30. This adjustable net-

work will match a wide range of impedance

values from l.S to 29.7 MHz. The com-

ponents of the tuner are placed in an alum-

inum box and the unit is rated at 1 kW
transmitter output power. Connection to

the wire antenna is made by means of a

large ceramic feedthrough insulator mounted

at a convenient point on the box.

For proper adjustment, an SWR. bridge

between the tuner and the transmitter is

required. Capacitor Ci is set at minimum

value and the tap switch adjusted for a

drop in SWR reading. Once this has been

found, the adjustable inductor and capaci-

tor are tuned for a further reduction in

SWR. Adjustment of the three controls

will drop the SWR to near-unit)-. The trans-

mitter controls are then readjusted for

proper loading.

Cos! Lt is 35 turns, 2 inches xn drairretE^ 3%

inches long-tapped at 15 an* 27 the

input (left) end. Coil Ls is a rotary inductor, 10

M. The fixed capacitor is a transmittmg-type

mica unit This tuna! should he used m con-

junction with a good ground connection.

An Inexpensive Some transmitters incorpo-

SWR Bridge for rate an SWR-reading circuit

the Tuners in their metering arrange-

ment. For those transmit-

ters that do not have such a convenience,

the SWR meter shown in figure 31 is use-

ful- This bridge indicates tuner resonance

at the operating frequency. The resistive

arm of the bridge is made up of ten 1 0-ohm

composition resistors soldered to two 1-inch

diameter copper rings made of heavy wire

(figure 32). The bridge capacitors are

attached to this assembly with very short

leads. The diode mounts at right angles to

the resistor bank to ensure minimum capaci-

tive coupling between the resistors and the

detector.

The bridge must be calibrated for 50-

ohm service. This can he done by connect-

ing a 2 -wart J2-ohm (nominal value) com-

position resistor or other dummy load at the

SIMPLE SWR METER FOR

TUNERS

This resistive bridge makes use of a special se-

ries resistor made up of ten 10-ohm, 1-nrati

composition resistors connected in parallel. Sil-

ver-mica capacitors are used for the other bridge

legs. The meter has a 0-1 mA do movement See

figure 32 for bridge assembly.
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antenna. and tbs frequency of operation. In

calculating tbs vertical angle of radiation

for a particular antenna, tbs in2ge concept

(Chapter 2-
7-5 ) is used to establish tbe ef-

fects of wave reflection. The surface of tbe

eartb h tbe vicinity of tbe antenna is as-

sumed to be fiat and perfectly conductive.

Tbe angle of radiation of tbe vertical field

pattern marl-nun is created by addition and

cancellation of tbe fields from tbs antenna

and the hypothetical image antenna. Sim-

ilarly, tbe image antenna concept is also

used to calculate tbe impedance and current

distribution characteristics of tbe actual an-

tenna. The elect of refection from a con-

ducting surface can be expressed as a factor

which, when multiplied by the free space

radiation pattern of tbe 2ntenn2, gives the

resultant pattern for various angles above

the surface. Tbe limiting conditions are

those “-hen the direct and reflected waves

are in phase cr out of phase, and the result-

ing acid strength a; a distant point will be

either twice the field strength from tbe

antenna alone, or zero.

_

By changing the bright of tbe antenna

trove me rejecting ground, the vertical

2ngle of tbs refiscficn 2nd cancellation pat-

terns may be readily changed. Ground re-

flection patterns harts been developed by

which tbe free space pattern of 2 dipole an-

tenna can be modified to show the true ver-

tical p2ttem of the antenna 2: any bright

above the ground, as shown in figure 2.

These plots are multiplying factors that

represent the enact ox ground refiecrien on

a horizontal antenna.

Because tbe current relationships between

the actual antenna and the image antenna

are reversed in the case of vertical polariza-

tion, the ground reflection patterns for a

vertical dipole are different from those of

a horizontal dipole {figure 5 ).

GrDtird Tb2 ground reflection charts

ttcreeterofics are based on tbe assumption

that tbe earth is a perfect

conductor, which it is not. Under actual con-

ditions
,
ground conductivity varies widely

with locale. In 2reas of poor surface conduc-

tivity, the actual reflection surface may

seem to be several feet below the actual

surface and tbe layer of earth near the rat-

face acts as a lossy dielectric to tbe radio

wave. If the amplitude 0: tbe reflected wit?

is reduced through ground losses, tbe vatt-

.
cal pattern of redeemer will be ane:ted. as

Figure 2

GROUND HEFLECTiDK

PATTERNS FORA
DIPOLE ANTENNA

Tbs vertical £irrrtii'’ti' pattr-ni

rT a hrrirr.ijl hatf-rrvt vtipulr

art rtir»r, bsrt tliartrris'r, l

rrvtl'rptb iter* errant, ir.i

ttirt-rtcn E cbcyi tnt :r-

ermi It 1rr«trtfr ftfitter,

t*. tl t.Ti i.T vmltrrtt. tbrrr

tnuTt. As rrtt-nr biirbt rs

Irt-rttri, mrr? irbrs trrrr*

ir. tt;t ctttrr rite tee Srrr*

trbrs 7 rcvrte.rj tb? nwirrr-



CHAPTER TWENTY-SEVEN

HF General Purpose Antennas

An antenna is a system o: conGuctors

that radiates and intercepts electromagnetic

Tares. The general characteristics of hr and

vhf antennas were outlined in an earlier

chapter. This chapter, and the following

ones, deal with the practical aspects of

designing, building, and adjusting antennas

for optimum performance.

Under normal circumstances, long dis-

tance h£ transmission is propagated along a

Great Circle path to the targe: area. Iono-

spheric reflection for this path is most effec-

tive when the we is propagated at a cer-

tain definite angle of radiation (A) abore

the horizon, as shown in figure I. Energy

radiated in other directions 2nd a: other

elevation angles performs no useful func-

tion. Hf directional antennas are commonly

used by the various communication services.

Eong distance vhf propagation is generally

over a straight-line route to the target area,

but the mode of propagation may be one or

more of many types. Directive vhf antennas

2re effective for all of the common propaga-

tion modes and also help to reduce fading

2nd interference arriving from unwanted

directions. Thus, the directional character-

istics and angle of radiation above the hori-

zon of the 2ntenn2 are of great importance

to the hf or vhf operator. Other 2ntenna

attributes, such as bandwidth, power gain and

front-to-back ratio are equally important.

27-1 The Angle of

Radiation

The 2ngle of radiation of an antenna is

the angle above the horizon of the axis 0

the main Jobe of radiation. With practical

hf antennas of moderate size, the radiation

27/

partem or tse mam ions is quite crosG ana

occupies a large area in front of the antenna.

The antenna "sprays” a great section of the

ionosphere with energy, ensuring that even

with 2 large change in layer height and vari-

ations in propagation along the path, a csr-

Flgurel

OPTIMUM ANGLE OF RADIATION

WITH RESPECT TO DISTANCES

Shoim Sturt is a plot of the optimum angle

of radiation fer cne-ficp and twe-ftop com-

munication. An operating frequency close to

cf radiation for cne-fiop and two-lisp com-

munication distance is assumed.

tain amount of the radiated signal h2S 2 good

chance of reaching the target area. .Multiele-

ment rhf antennas that 2re large compared

to the vavelength of the radiated suave, on

the other band, are capable of providing a

sbarplj- defined pattern at a specific angle of

radiation, and their aiming map prove to be

quite critical.

The angle of radiation above the holKOn

for a typical antenna close to the earth is

dependent on the antenna height above the

surface of the earth, the poknzamm of the



27.4 RADIO HANDBOOK

Optimum Angie The optimum angle of ra«

of Rodiotion Nation for hf propagation

between two points is de-

pendent upon a number of variables, such

as height of the ionospheric layer providing

the reflection, the distance between the

two stations and the number of hops neces-

sary for propagation between the stations.

It is often possible for different modes of

(FEED

Figure 5

OPTIMUM VERTICAL ANGLE OF
RADIATION FOR HF TRANSMISSION

The optimum vertical angle for hf transmission
lies between 5» and «•, depending on fre-
puer.ty used and path length. The optimum
anc'f ef radiation for the 7-MHz hand occurs
at an antenna height cl <5 feet or greater above
sreund. for the K-MHs band at a height cl <o

*r f3r ,he 21-MHl band at a height
cl 35 feet cr afccve, and for the IE-V.Hr band at
s height cl 35 feet cr above, Experience h 2S

J;*"”
that M'SMs ef <3 to 70 feet are a goed

tsmprtnue for long-distance communication on
the various hf amateur bands.

propagation to simultaneously provide sig-

nals between two points. This means, of

course, that more than one angle of radia-

tion is effective. If no elevation directivity

is used under this condition of propagation,

selective fading will take place because of

interference between waves arriving over

the different paths.

Measurements have shown that the opti-

mum angles useful for long distance hf

communication lie between 5° and 40°, the

lower angles being more effective for the

higher frequencies {figure S). These figures

assume normal propagation by virtue of F-

layer reflection.

The radiation available at useful, low

angles from any antenna is of interest. The

reflection plots of figures 2 and 3 apply to

a dipole antenna. Other antennas which con-

centrate radiation in certain directions and

suppress it in others provide modified vertical

radiation patterns because some lobes that

show up in the dipole pattern do not show

up to as great a degree in the pattern of

a different antenna type. In the case of a

beam antenna, the resultant pattern may

not be symmetrical since the beam tends to

suppress radiation in certain directions. An
example of this is shown in figure 6, wherein

the high angle radiation of a dipole placed

0.7J wavelength above the ground is greatly

attenuated in the case of a beam antenna

located at the operating height. Placement

of the two antennas at 0.3 wavelength

height, on the other hand, produces nearly

identical patterns. The angle of radiation of

representative beam antennas will be dis-

cussed in the next chapter.

It should be noted that the beam antenna

does not lower the angle of radiation of the

main lobe, as compared to a dipole. The angle

of radiation is a function of antenna height

Figure 6

VERTICAL RADIATION

PATTERNS

vertical radisliers

patterns tf a hariWRtil

element beam (wild curves)

and a heriicr.iti dipsit

(dashed curves) when

art C.5 wavelength (A) end

6.7S wavtler.tfh (B)

trcur.d. Mete the jorpemSss

cl the Mfh rtfe ratfkt'e*

Js the Utter cm.

Sh:
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Figure 3

GROUND REFLECTION

PATTERNS FORA
VERTICAL HALF-

WAVE ANTENNA

The vertical directivity patterns

of a vertical antenna are shown
here, illustration A indicates

the relative intensity ot radia-

tion at 0.25 and 3.375 wave-

length above ground and illus-

tration B shows the radiation

patterns for C.5 and 0.75 wave-

length above ground, These

plots represent multiplying fac-

tors representing the effect of

ground rcflection.Note that the

nulls and maxima are inter-

changed with those of the hor-

izontal antenna,

0 0.2 IS CUD! AND 0.375 13RCO)tYAVBIKGIH A50VEGROUND.

0 1 5 (SOHO) AND 0. 75 (BROKEN! IVAVElfh'CTH A50VE GROUND.

will the feedpoint impedance of the antenna.

The chief effect of the lossy dielectric is to

absorb a largo portion of the energy radiated

at low angles to the earth. In addition, the

magnitude of the main lobes is decreased by

the amount of energy lost, or dispersed, and

the nulls of the pattern tend to become

obscured (figured).

In the rhf region, the antenna is usually

several wavelengths above the surface of the

earth and the direct wave from the antenna

travels to the target area without benefit of

the portion of the wave that travels along

the ground. The loss of energy at low angles

due to a lossy ground is quite low and wave

attenuation is limited to that normal amount

caused by path attenuation and spreading.

A perfectly conducting ground can be

simulated by a ground screen placed under

the antenna. The screen should have a small

mesh compared to the size of the radio wave

and should extend for at least a half wave-

length in ever}' direction from the antenna.

Unless the screen is extremely large (several

wavelengths in every direction) the screen

will affect only the high angle radiation from

a horizontal antenna and will not materially

aid the effect of the earth on low angle ra-

diation which is useful for long distance hf

communication.

Figure 4

GROUND LOSS ALTERS

VERTICAL PATTERN

OF ANTENNA

If the amplitude of the ground

reflected wave is reduced

through ground losses, the ver-

tical pattern of reflection will

be affected. Chief effect of

lossy ground is to absorb a

large portion of the energy ra-

diated at low angles and to

fill in the nulls of the pattern.
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Figure 7

FEED SYSTEMS FOR

AHALF-WAYE
DIPOLE ANTENNA

».... --CFL \/: *' 0.#*A/2-
Thi hilf-wm dipsli antrn*

na miy te either center* er

end-fed, zs discussed In the

text. For the hf region (be-

low 30 MHz), the length of z

simple dipole is computed
by: length (feet) = if'/f,

with i In MHz. For the

folded dipole, length is com-

puted fcy: length (feet) a
iF2/f, with f in MHz. Above

SO MHz, the length of the

dipole is effected tc tc, im-

potent degree by the diem-

eter cf the element end the

method ef supporting the

dipole.
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above ground and the operating frequency,

and has little co do with antenna configura-

tion, at least in the case of die simpler

antenna arrays.

Horizontal Horizontal directivity is desir-

DrVectirfty able for hf or vhf operation, but

it is not easily obtainable with

reasonable antenna, dimensions 2: the lower

frequencies. Arrays baring extremely high

horizontal directivity are cumbersome, bar

the smaller designs can be rotated for point-

to-point work. As in the case of ground

redeems, the effect of 2 nearby conducting

surface can alter the horizontal directivity

of an antenna. The result is that the radia-

tion pattern loses symmetry. In some cases,

pattern distortion is deliberate, as in estab-

lishing the front-to-back ratio of a beam

antenna; in other cases it is unintentional

Dipole "The most popular and least

Antenna Types expensive 2fltenn2 for gen-

eral usage is the dipole. An-

tennas for the lower-frequency portion of

the hf range and temporary or limited use

antennas for the upper portion,, usually 2re

of 2 relatively simple type in which direc-

tivity is not 2 prime consideration. Also, it

is often desirable that a single antenna sys-

tem be capable of operation on various bands,

or on frequencies outride the amateur band

(MARS, etc.). Variations of the dipole and

Marconi antenna designs are well qualified

for this usage and the first portion of this

chapter is devoted to 2 discussion of such

antenna systems. The latter portion of the

chapter is devoted to matching systems and

antenna installation.

27-2 The Center-Fed

Anfenna

A center-fed half-wave antenna spam

is usually to be desired over an endued

system since the center-fed system is inher-

ently balanced to ground and is therefore

less likely to be troubled by feeder radiation.

A number of center-fed systems are illus-

trated in figure 7.

The Dipc!e Anfenna The center-fed dipole

with an open-wire

transmission line is an inherently balanced

antenna system if properly hoik. The
antenna is matched to the transmitter by
means or an antenna tuner and 2 coarial

line, as discussed in Chapter Twenty-Six. Jr

tne dipole is cut for the lowest operating

frequency, it may be used on any higher

amateur band by proper adjustment of the

tuner. Figure 7A shows a representative

antenna.

In figure 7B a half-w2ve shorted trans-

mission line is used to resonate the antenna

system and an open wire line (or coaxial

line with bslun) is tapped on the line at

a point which provides a low value of SVTt
This feed system is often used in vhf beam

an:enn2 designs.

The average fesdpo'mt impedance of a

center-fed dipole is about 7J ohms. The

actual value varies with antenna height and

construction. In figure 7C a quarter-wave

Hutching transformer is nsed to accomplish

an impedance transformation to 2 high

impedance, open wire transmission line. This

system is popular in the vhf region as the

use of the open wire line reduces transmis-

sion line losses as compared to a conventional

coaxial cable.

An alternative method for increasing the

feedpoht impedance of a dipole so that a

medium impedance, low loss transmission

line may be used is shown in figure 7D. This

dipole uses more than one wire for the radi-

ating element. The two wires are parallel

connected but only one wire is broken for

the feedpint. Since the total antenna cur-

rent is divided between the wires, the imped-

ance ar the center of the broken element is

four times higher than that of a single

wire.

The antenna shown in the illustration is

made of 300 ohm tv "ribbon line" for ease

of assembly. The dipole is made slightly

shorter than the conventional length

{-.62lfyzi) instead of (46S/F^T) 2nd

the two wires of rite twin lead arc joined

together at each end. The center of one of

the conductors is broken and the ribbon

feedline is spliced into the dipole leads.
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suitable L-network to match the antenna to

the transmission line is suggested.

An "All-band” Vertical Antenna—

A

short vertical antenna can be used on several

amateur bands by employing an adjustable

base-loading inductor. Sets of radial wires

are used for the bands of interest. Shown in

figure 14 is a 22-foot vertical antenna de-

signed for operation on the amateur bands

from 10 through 80 meters. The height is

chosen to present a %-wavelength vertical

for low-angle radiation at the highest fre-

quency of operation. Multiple radial wires

are used for the 10, 15, and 20 meter bands,

and a single radial wire is used for either 40-

or 80-meter operation. A ground connection

may be used at the junction of the radial

wires for lightning protection. If the an-

tenna is roof mounted, it may be possible to

use tbc metal gutter system as a ground.

Four-wire TV rotator cable is used to con-

struct the hf radial system, each cable in-

cluding a radial wire for one of the three

bands. The fourth radial wire mav be ex-

tended for 40- or 80-meter operation. At
least three such radial assemblies should be

used. These can be laid out on the roof, hid-

den in the attic, or parsed about the yard (if

the antenna is ground-mounted).

k
22- rWT VtBTItHi. Wijr r&OV
ALUUIK'JV TV VAST SECTIONS

(»«:)

The vertical radiator is made of two ten-

foot sections of aluminum TV mast, plus one

five-foot section cut to the proper length.

The sections are assembled with self-tapping

sheet metal screws. The antenna and base

coil are attached to ceramic insulators

mounted on the upright support post.

The antenna is resonated to the operating

frequency in each band with the aid of an

SWR meter in the coaxial feedline. The two

taps are adjusted for lowest value of SWR
reading. The approximate tap positions are

indicated in the illustration.

Vhasei Vertical Antennas—Two or more

vertical antennas can be operated in an array

to obtain additional power gain and direc-

tivity. The antennas may be in broadside,

end-fire, or collinear configuration (figure

15). In illustration 15A, the broadside an-

tennas are fed in-phase by two coaxial lines

to produce a figure-S pattern broadside to

the plane of the antennas. The length of the

lines from the line junction to the antennas

is unimportant as long as both lines arc of

equal length. Illustration 15B shows the

same antennas in end-fire connection, with

the antennas fed out-of-phasc. The pattern

is in-line with the plane of the antennas. The

interconnecting coaxial line must be an elec-

Figure 14

"ALL-BAND" VERTICAL ANTENNA

Base-loaded whip and multiple radial system

may be used on all bands from EO through

10 meters, loedins-coil t 2 ps are adjusted Iff

lowest SWR cn each fc 2 nd. The SWR cn 10

meleis m2y be improved by placing a 250-pf

capacitor in series with the feedline cenr.eE-

fon to the b2Se of the enlenna and adjusts
the capacitor for minimum SWR. Coil is 4-

turns, r in diameter, 4" tone (Mt-Du* t£1C).
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antenna. The use of a balun on the lover

frequencies is not generally necessary.

The single-wire fed antenna is shown in

figure 7G. The feeder wire is tapped on the

dipole at a point which provides an approxi-

mate impedance match. This system requires

a good ground for the return current.

Dimensions for hf dipole antennas are

tabulated in Table 1.

Table 1.

Lengfh of Wire Dipole Antenna

FREQUENCY OR

BAND

(MHz)

DIPOLE LENGTH

TIP-TO-T1P

Feef Meiers

1600-1900 kHz 253.0 77.16

1900-2000 kHz 240.0 7330

3.5- 3.8 MHz 125.25 3810

3.7- 4.0 m 121.0 35.50

7.0- 7.3 MHz 655 19.97

10.1 MHz 463 14.12

K0- 14.35 MHz 33.0 10.05

21.0-21.45 MHz 211 6.74

28.0- 29J MHz 16.3 4.97

50.0-510 MHz 9.6 193

510-54.0 MHz 92 181

27-3 The Vertical

Antenna

The vertical antenna is of interest because

its ground reflection patterns are reversed as

compared to those of a horizontal antenna

and because it may he supported in a mini-

mum amount of ground space. In addition,

the vertical is well suited to low-frequency

service, wherein the groundwave range is

used for communication. The vertical an-

tenna is also popular in the vhf field, as

much vehicular communication is vertically

polarized.
. .

The electrical equivalent of the dipole is

the half-wave vertical antenna (figure 9).

Placed with the bottom end from 0.01 to

0.2 wavelength above ground, it is an elec-

tive transmitting antenna for low-angle

radiation in areas of high ground conduc-

tivity. The vertical antenna, in one form or

another, is widely used for genera! broad-

cast service and for point-to-point work

up to about 4.0 MHz. Generally speaking,

the vertical antenna is susceptible to man-

made interference when used for receiving,

as a great majority of noise seems to be ver-

tically polarized.

The vertical antenna produces high cur-

rent density in the ground beneath and

around it and ground conduction currents

return to the base of the antenna. Ground

system losses can dissipate a major portion

of the antenna power and reduce the radi-

ated field accordingly unless precautions

are taken to ensure a low resistance ground

return p2th for the induced currents.

The best ground surface, or ground plane,

is 2n infinite copper sheet placed beneath

the antenna. This may be approximated in

the medium- and high-frequency region by

a system of radial wires. Broadcast specifi-

cations call for 120 radials, each approxi-

mately 0.2 f wavelength long. The radials

may be buried a few inches beneath the

surface of the earth for protection from

damage, or laid atop the surface.

METHODS OF FEED

In the amateur sendee, few enthusiasts

can go to the trouble and expense of install-

ing an elaborate ground system and must be
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RADIATION PATTERNS FOR 2-ELEMENT PHASED ARRAY

t< variety p) pslierns can be obtained by selection of spacing and phasing between two vertJcst
antennas. The Beep null of the phased array is of great help in the broadcast service, where protection

must be given to a distant station working on the same channel.

bands arc let? than one quarter wavelength
in height above ground (in the case of a

inverted.!, arrangement or .1 short vertical

antenna) the feed point impedance is quite
low, typically 5 to tfl ohms for a Marconi
antenna 50 feet high operating at U MH?.
The theoretical feedpoint resistance for an
inverted.!- or top-loaded vertical antenna is

thov.'n in figure 18. A sine wave current

distribution in the antenna is assumed.
^ actions on the basic Marconi antenna

arc shown in figure 19. The vertical antenna
is shown in illustration 19A and the in-

verted-!. in illustration 19B, Top loading

techniques are shown in illustrations I?C
through 19F. TKc object of all loading tech-
niqucs is to produce an increase in the ef-
fective length of the radiator, and thus to
” ,r

? T°,n! maximum current in the
rotator st far as possible above the ground.
Ihf arrangement in illustration 19F pro-
vides the maximum amount 0 ! loading for
.1 given antenna height.

Amateurs primarily interested in the
uw.hti-tjti'utnty bands, but liking to work
lfl f'r U' (> rr-- ;cr' occs’ionaUy. can mtufly

5 ,, rc-onatc one of their hi antennas
' M ircnr.t I7 v nrkmg the «!•/.!? iV«CBi

. ir and all) against n ground system,
fC'iT'.m?. 5 loading coil, if nrcessarv.

Woter-Pipe Copper water pipe, because of its

Grounds comparatively large surface and

cross section, has a relatively low

r-f resistance. If it is possible to attach to a

junction of several water pipes a satisfactory

ground connection will be obtained. If one

of the pipes attaches to a lawn or garden

sprinkler system in the immediate vicinity of

the antenna, the effectiveness of the system

will approach that of buried copper radial*.

The main objection to iron water-pipe

grounds is the possibility of high-resistance

joints in the pipe, due to the "dope” put on

the coupling threads. By attaching the

ground wire to a junction with three or more

legs, the possibility of requiring the main

portion of the r-f current to flow through

a high resistance connection is greatly re-

duced.

Motcwii A Marconi antenna is an odd

OimcMioni number of electrical quarter

waves long (usually only one

quarter wave in length), and is always wo-

nated to the operating frequency. The cor*

rect loading of the final amplifier is ac-

complished by varying the coupling, rather

than by detuning the antenna from reso-

nance.
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Figure 15

PHASED VERTICAL ANTENNAS

Antennas may be arrayed m broadside (A), end-fire (B), or collinear (CJ configuration depending on
phase difference between the !wo antennas. Antennas are spaced one-half wavelength apart. The

collfnear vertical stack antenna produces an omnidirectional pattern.

trical half-wavelength long (or multiple

thereof) to provide the figure-8 pattern. A
collinear, vertically stacked array is shown

in illustration UC. The pattern is omnidi-

rectional and a configuration of this type is

popular on the vhf amateur bands.

Ttawi v.wj 'inm&fcd w, yt,-

duce a unidirectional pattern (figure 16).

The antennas are spaced a quarter wave-

length with a 90° phase reversal between

the antennas. The pattern is in-line with the

plane of the antennas and in the direction of

the vertical receiving the lagging excitation.

The interconnecting line is an electrical

quarter wavelength (or odd multiples there-

of) long.

A good ground system is required for

proper operation of a phased array and ex-

perimenters have reported satisfactory re-

sults with radial systems composed of 60

radials, each 0.25 wavelength long.

Typical radiation patterns for two verti-

cal antennas employing different spacing and

phasing are summarized in figure 17.

27-4 The Marconi

Antenna

On [he lower-frequency amateur bauds

there is often insufficient space to erect a

I? LAGS !).BY«P

Figure 16

PHASED VERTICALS PRODUCE
UNIDIRECTIONAL PATTERN

Two vertical antennas, spaced ore-quarter wave-

length apart and fed with a 90“ phase reversal

between them produce a unidirectional, cardioid

pattern, as shown. The pattern is in line with

the antennas and in the direction of the verti-

cal receiving the lagging current.

half wavelength antenna and some form of

Marconi antenna is used. This is essentially

a vertical, or inverted -L antenna working

against a ground or radial system.

The fundamental Marconi antenna is a

quarter-wavelength radiator having an im-

pedance transforming device to match a

coaxial transmission line. Since most ama-

teur antennas for the 160- and 80-meter
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RADIATION PATTERNS OF LOOP
ANTENNAS
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VARIATIONS OF THE
MARCONI ANTENNA

Ttre Kzrcctti uses the giwnd
inzge £s the missing helf cf

the htlf-wsveier.^th snter.rs.

(A) Simple qugrter-wave verti-

cal. IE) Inverts*! l/zresni. (C)

Top-loetfed Ksreeni. (D) 7:p-

lizied MercCJii, using iDSiins

inctoctence z\ top of structure.

(E) LOcdEd Mzrcsni with indue-

tor pieced near niipoint cf

structure. (F) optimum loeding

confi£uretion combinmE losi-

ing inductor with repetitive

"her et tep of entenne. This

errzngemsnt provides rnerimum

degree cf loetfiPE for z given

entenne height

or floating.” The radial wire may be run

about the baseboard of the operating room
or out the window 2nd a foot or two above

tbc ground. A high-impedance point is es-

tablished at the end of the wire and a corres-

ponding low-impedance (ground) point a:

the transmitter end which simulates a ground

connection. VfTiile it may be used by itself

as. a ground termination, the radial ground

wire works best when used in combination

with a regular ground connection. In use

is highly recommended with all the antennas

shown in this Handbook which require an

external ground connection. Since the radial

"'ire is a tuned device, separate radial wire'

cut to length arc required for each amateur

band. Several such radials can be connected

m parallel at the transmitter ground point

<or multiband operation.

27-5 The Loop Antenna

The loop enter,r,e is 2 radiating 1

one or more turns. A loop whore din-

are small compared to the wavtlengtl

cation h2s a figure-?, radiation patter

tsc.il wish that of 2 dipole oriented

to the plane of the loop, with the e

and magnetic fields interchanged 1

2 ('A). For 3 small closed, circular loop

ture, the approximate value of rsdiati

sistance if:

R.
~

J 9 " V ffor /. less then
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Figure 18

FEEDPOINT RADIATION RESISTANCE OF LOADED VERTICAL ANTENNA

The theoretical radiation resistance for a top-loaded vertical antenna is quite low, if any degree of

loading is assumed, for an eighth-wave vertical antenna with full top loading, the radiation resistance

is about 20 ohms. Practical loading conditions provide a lower value of radiation resistance than

indicated here. (Graph adapted from “Performance of Short Antennas," Smith & Johnson, Proceedings

of the IRE, October, 1547).

Physically, a quarter-wave^ Marconi rmy 0f a series capacitor, and it begins to take

be made anywhere from one-eighth to three- shape as an end-fed Hertz, requiring a

eighths wavelength overall, including the method of feed such as a pi-network,

total length of the antenna wire and

ground lead from the end of the antenna

to the point where the ground lead attaches Kodiol The ground termination for

to the junction of the radials or counter- Ground Wire a Marconi or other unbalanced

poise wires, or where the water pipe enters antenna system can be Jm-

the ground. The longer the antenna is made proved by the addition of a radial ground

physically, the lower will be the current *irc *hich i* connected in parallel with

flowing in the ground connection, and the the regular ground connection. The radial

greater will be the overall radiation effi- w*re consists simply of a quarter wavelength

cicncy. However, when the antenna length of insulated wire connected to the ground

exceeds three-eighths wavelength, the an- terminal of the transmitter. The opposite

tenna becomes difficult to resonate by means “d °f :hc ra d‘a l w*rc >s 1*“ disconnected.
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THE MINI-LOOP ANTENNA
This compact loop Is shown from above. The

.
°p
.'Vl

thc horizontal P’anc. Dimension l is

V.°.“
* M5S

.

3f 3 Tree-space half-waveleneth.
CO.I M consists Of so turns, i inch in diameter
ipacrd tw'ce the wire diameter. It is adjusted

for lowest SWR on the transmission line.

roini, otherwise the resonant frequency of
the loop will b altered. Two small insula-
tors in scries will d0 the job.

BO-Wetct Loop A loop jntennj mjy bc
Ar

1 U ' C(1 to advantage on 80

meters. The passband is

•time broad and the loop may be mounted
close to the remind and still provide good
results. Shown in figure 2! is a loop designed

g
C,

,

h^C m <« 3-B-MHz operation.
I Is; loop I! mounted in the vertical plane
and employs : 4-to-l ait core balm to match

coaxial line. Operational bind-
S'nsth IS 210

'sMe be: ween the 2-to-l Sw'R
psnts on the fcedline.

supposi support

ROPE US' esnt POPE

A VERSION OF THE G3AQC
BD-METER LOOP ANTENNA

This antenna is supported in the vertical plane

on 60-foot poles. The bottom of the loop is

about six feet above ground. The 4-to-l air core

balun consists of 7 turns of No. 14 enamel (or

Formvar) bifilar wound on a 2% inch diameter

form.

Two 80-meter loop antennas designed by

GI3ZXM arc shown in figure 24. The larger

loop provides the broadest frequency

response. Both loops arc fed with open-

wire ladder line and a balanced antenna

tuner of the type shown later in this chap-

ter. The passband of the smaller loop is

quite sharp, requiring tuner readjustment

when the frequency of operation is moved

over 50 kHz.

The W9LZX Lazy-Ouad is shown in fig-

ure 25. This is a standard quad loop laid on

its side and fed at one corner by a 50-ohm

coaxial line. Height of the loop is about 30

feet above ground. The radiation angle of

this loop is high so that a strong signal is

put out within a radius of 500 miles. At

long distances, the loop performs much in

the manner of a dipole at an equivalent

height.

The W6TC loop for 80 and 40 meters if

shown in figure 26. This loop is fed with

an open-wire line which acts as a short

matching transformer for 40 meter opera-

tion. On £0 meters, the effect of the line
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where,

L equals the perimeter of the loop in

wavelengths.

Tile radiation resistance of a small square
oop IS practically the same as for the circu-
lar loop if the}' have equal area.

yhen the perimeter of the loop is one-
half wavelength, a resonance point is reached
and the feedpoint impedance is very high
(of the order of 10,000 ohms). The radia-

tion resistance of the loop, however (re-

ferred to the current loop opposite the ter-

minals) is very Iow~-approximately 5 ohms.
The radiation pattern of the half-wave-

length loop is shown in figure 20B.

The full-wave loop (Quad loop) has a

pattern similar to that shown in figure 20C
and provides a power gain of approximately

2 dB over a dipole. This configuration is

widely used in the popular Quad beam an-

tenna. Tire feedpoint impedance of the Quad
loop is of the order of 120 ohms. Practical

Quad beam antennas wifi be discussed in 2

later chapter.

The Derm-Quod Shown in figure 21 is a

Loop Antenna simple one-^nd vertical

loop antenna which pro-

vides almost 2 dB gain over a dipole. The

radiation pattern of the loop is a figure-8

at tight angles to the plane of the wires.

The demi-Quad m2y be square or rectang-

ular in shape, with the feedpoint either at

the center of the bottom wire or at a comer.

A diamond configuration is shown in the

drawing. Antenna polarization is horizontal

The feedpoint impedance of the loop is

about 120 ohms and a short section of 75-

ohm coaxial line is used as a transformer to

match the loop to a 50-ohm transmission

line. All joints in the line, plus the connec-

tions to the loop wire should be made water-

proof by coating the connections with

bathtub caulk or other moisture-resistant

sealant, such as General Electric ATV-J02.

If water enters the connections, or the end

of the line, it can cause damage to the

conductors.

The Mini-Loop A half-ware dipole can be

Anfenno bent into a square to form

a compact loop antenna (fig-

ure 22). The loop is placed in the horizon-

r
S3£UK
(nt’Yd:

10 STAtlO.’i

BttD

VHz

D:va?S'iS

5

FHT .V333 f£ii Viler"

234.0 2U5 i:T 131?

7.0-72 ii't’ 10.12 nr Sit

HU 7.4J 35T •i

KJMtiS 17T 545 nr m
210-2)4: irr 351 rs’ Ui
2&M9.7 E'9

r
ISS Vi

w in

Figure 21

THE DEMI-QUAD LOOP ANTENNA

The loop is made of No. 1G enamel wire sup-

ported wf(h small glass Insulators and nylon

rope. The bottom insulator is cal from 2 smelt

length of luoite or plexiglass rod. Top end cf

75-ohm line and straight adapter shcofd be

waterproofed.

tal plane 2nd exhibits 2 slight degree of

directivity in the direction of the feedpoint

as shown in the illustration. Antenna feed

impedance is about 20 ohms and a small

matching coil shunted across the feedpoint

serves to raise the impedance to about 50

ohms.

Care must be taken to reduce the capaci-

tance across the insulator opposite the feed-
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£5' {<:’1 EDrc

Figure 2B

THE Y/6TC QUAD-LOOP ANTENNA
FOR 80-40 METERS

This two-band loop delivers maximum perform-
ance on BO and <0 meters. For lengths shown,
resonance is at 7.15 KHz and 3.7 MHz. Adding
G.5 feel (J m) to open-wire line will decrease
BD-mctcr resonance to 3.5 MHz. Extra line is re-
moved for 7-KHz operation. The 75-ohm coaxial
matching Ime is coiled up to form a simple

isolation transformer.

any number of matching systems. Band*

width, however, is important, especially on

the SO- and 10-meter bands which are quite

wide in terms of the center frequency.

27-6 The Sloper Anfenno

A simple and effective radiator for the

low-frequency bands is the sloper anfcnr.c

(figure 28). The most common version is a

quarter-wavelength radiator, fed at the top,

using the existing metal tower structure as

a ground plane. The sloper is fed with a

coaxial line, with the shield of the line

grounded to the tower at the point where

the sloper is fed.

The sloper wire is approximately half the

length of the equivalent dipole. The exact

length is determined by the angle the wire

makes to the tower and the height of the

wire end above ground. Exact resonance

may be adjusted by varying the end height

or by trimming the wire.

G = u.5;s

n r
1% U&3V

0

i r
!“9

0 ET.ViTjV

HOC
3W P03-EST

IV

K Q

Figure 27

bODP CONFIGURATION DETERMINES PERFORMANCE
CjjS, 2: is ret sre treiei whrn shspe cf qusd Jet? 5s chBr-gid. All ls:;r

..Vr'tfl,
'*• zr.d pin *rt test !:r rireeter Issr

wre sna tsentuttr er
' - - -

HeriRftsRg entr'ii f;:p {irfsfpreriii

E-Czlfi it best ft? rsrticilljr trite Isa dtsijm bst
is lew etrptrei ts trei5Scr.il tpuirt let? fet-.ttrV

.... h . . .
fcsr.iwiift st tbs extent cf n't. Irput irpti-

r:‘- rirreuei wi«t referents tc j €fcste.
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THE SJ-METER LOOP ANTENNAS
of tmm

A—The large foop provides gocrf frequency cov-

erage, A random length open-wire fine is fed
from 2 tuner, such as the one shewn later in
tfifs chapter, B-A smaller loop design.- The fre-

quency response is quite stizrp, repairing itzd-

justment of the tuner when the frequency cf

operation is moved over 50 kHz.

is negligible, except ro establish loop reso-

nance, As shown, the loop is resonant at 3.7

MHz and 7-15 MHz. A second matching

transformer made o£ 75-ohm co2X provides

a good match to z 50-ohm coaxial line. The

matching transformer is coiled up into a

simple balun to reduce line currents that

flow on the outside of the co2Xkl line.

To more the 80-meter resonance point

lower in the band, six feet of line is added

to the open wire section. The line should be

removed for 40-meter operation.

The shape of the WTC two-band loop

is not as important as the total length of

wire in the loop plus the open-wire line.

The total length of wire is 225 feet. Better

bandwidth can be achieved on SO meters by

forming the wire into a rectangle instead of

a triangle, the rectangle being about 30 feet

Laop Configuration Studies hare been made

on different loop config-

urations to determine hop gain and band-

width. A. summary of this information is

given in figure 27. Generally spiking, loop

gain is greatest when the area within the

loop is greatest. That is, a circular loop pro-

vides slightly higher power gain than s

square shape, and z square provides higher

grin than z triangle. T^th regard to band-

width, 2 squat, wide loop provides better

bandwidth than a square, and z square bit-

ter bandwidth than a tall, thin configura-

tion. Likewise, the input impedance of the

squat, wide loop is the highest of the three

models. The gain of the rail, thin loop is

slightly higher than the grin of the square

(quad) configuration, and the gain of the

squ2t, wide loop is lowest of the three

models.

The antenna designer, then, is faced with

various sets of tradeoffs in loop performance.

Luckily, cone of the tradeoffs is of great

importzirce except bandwidth. vtratbn

in loop grin is not great and variation in

input impedance can be accommodated by
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The sloper rends 10 exhibit a small amount
of directivity through the tower in the di-

rection the w/re points. Some amateurs have

experimented with a number of sloper wires

mounted around a single support, switching
from wire to wire for optimum directivity.

In some cases, certain of the unused sloper

wires have been used as reflectors, by
lengthening them slightly using a remote
relay located on the tower.

Experimenters have also tried a full dipole

as a sloper. with one end tied to a high

tower and the other end near ground level.

Again, some directivity has been established

in the general direction of the low end of

the antenna, but the radiation pattern still

resembles the figure-8 pattern of the dipole.

Figure 28

THE SLOPER ANTENNA FOR

100, 80, OR 40 METERS

The single wire sloper is hung from an existing

tower for low-band operation. The wire Is ap-

proximately a quarter wavelength long. Exact

length depends on the angle the wire makes with

the tower and the height of the end of the

sloper above the ground. Good results have Been

obtained with tower heights as low as 40 feet

and as high as 100 feet. The shield of the coax-

ial line is grounded to the fewer at the top.

27-7 Space-Conserving

Antennas

In many cases it is desired to undertake a

considerable amount of operation on the 80-

or 40-meter band, but sufficient space is

simply not available for the installation of

a half-wave radiator for the desired fre-

quency of operation. This is a common ex-

perience of apartment dwellers.

One technique of producing an antenna

for lower-frequency operation in restricted

space is to erect a short radiator which is

balanced with respect to ground and which

is therefore independent of ground for its

operation. Several antenna types meeting this

sec of conditions are shown in figure 29. Fig-

ure 29

A

shows a conventional center-fed

dipole with bent-down ends. This type of

antenna can be fed with coaxial line in the

center, or it may be fed with a resonant line

for operation on several bands. The overall

length of the radiating wire will be a few

percent greater than the normal length for

such an 2ntenna since the wire Is bent at a

position intermediate between a current loop

and a voltage loop.

Figure 29B shows a method of using a

half-length dipole. It is recommended that

spaced open conductor be used for the radi-

ating portion of the folded dipole. The rea-

son for this lies in the fact that the two

wires of the flat top are nof at the same

potential throughout their length when the

antenna is operated on one-half frequency.

The antenna system shown in figure 29C

may be used when not quite enough length

is available for a full half-wave radiator.

The dimensions in terms of frequency are

given on the drawing. An antenna of this

type is 93 feet long for operation on 3600

kHz and 86 feet long for operation on

3900 kHz. This type of antenna has the

additional advantage that it may be oper-

ated on the ?- and 14-MHz bands, when

the flat top has been cut for the 3.3-MHz

band, simply by changing the position of

the shorting bar and the feeder line on the

stub.

A sacrifice which must be made when

using a shortened radiating system {as for

example the types shown in figure 29} is

in the bandwidth of the radiating system.
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SHORT DIPOLE FOR S3* OR 43-METER OPERATION
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shows no gain and little directivity. But it

will work, and sometimes it is the only con-

figuration that will fit in a restricted space.

TWIN-LEAD MARCONI ANTENNA FOR
THE BO- AND 160-METER BANDS

The length of the mrertedAT
is somewhat

greater than that of a linear dipole and may

be computed from the following formula:

Overall length (feet) = 48?

/<MHz)

Tfre Fan Dipofe Two dipoles may be con-

for 80 Meters nected in parallel and trim-

med for operation at the

ends of the 80-meter band (figure 31). The

ends of the antennas must be well separated

for proper operation. The SWR curve of

the parallel-connected dipoles resembles a W
with the points of minimum SWR faffing

near the band edges.

A BROADBAND FAN DIPOLE

FOR 80 METERS

This dipole will cover the range of 35 to 4.0

MHz with a low SWR on the transmission line.

The angle between the separate dipoles should

be 60 degrees, or greater. Dipoles are fed in

parallel at the center point. The wires of the

dipole lie in the horizontal plane.

The Loaded A shortened dipole or vertical

Anfenno antenna is often the only an-

swer to a "tough” 2ntenna lo-

cation, Amateurs living in apartments, town

houses or condominiums often find that

covenants or restrictions in the lease or deed

prohibit the erection of outdoor antennas of

any type. It is passible to erect an "invisible”

antenna of #26 enameled copper wire, strung

to a nearby tree or lamp post, and used in

conjunction with a radial ground wire inside

the dwelling. A second alternative is an in-

door 2ntenna, artificially loaded to fit into

the available space.

Hie indoor antenna will work well in a

wood frame building, provided it is not elec-

trically coupled to the electrical wiring of

the building. Placement of the antenna is a

"cut-and-try” process, moving the antenna

about until the least interaction with the

wiring of the building is noticed.

A simple loaded antenna design is shown
'

’in figure 32. The illustration shows a sim-

ple dipole installation, making use of similar

loading coils in each halfof the antenna. The

ends of the dipole may be dropped down to

conseire more space. Suggested values for

coils are given in the drawing. The antenna

can he resonated to the operating frequency

by adjusting the loading cods for the mini-

mum value of SWU on the transmission line

at the design frequency. The coils are ad-

justed Vi turn at a time or by trimming the

antenna tips until resonance is established.

At any given coil setting, a low value of

SM will be maintained only over a nar-

row frequency range, depending on the

amount of loading required in the installa-

tion.

An antenna that will operate on more than

one band is a great convenience to the ama-

teur operator. Various types of roulriband

antenna designs are available, and the choice

depends on factors such as the amount of

space at hand and the bands desired for the

majority of operation. A number of recom-

mended mukiband antennas are shown in

this section.

Long Wire One of the simplest multiband

Multibond antennas is the long wire, either

Antennas end-fed, or fed at the center.

Two practical designs arc shown

here, along with compact models suitable
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CENTER

FEEDER

Figure 36

SINGLE-WIRE-FED ANTENNA FOR
ALL-BAND OPERATION

An antenna of this type for 40-, 20- and IO-

meter operation would have a radiator G7 feet

long, with the feeder tapped 11 feet off center.

The feeder can be 33, 66 or 99 feet long. The

same type of antenna for B0-, 40-, 2D- and IO-

meter operation would have a radiator 134 feet

long, with the feeder tapped 22 feet off center.

The feeder can be either 66 or 132 feet Jong.

This system should be used only with those

coupling methods which provide good harmonic

attenuation.

The 1 60- SO-Mefer Marconi Antenna—

A

thrcc-cighths wave Marconi can be operated

on its harmonic frequency, providing two-

band operation from a simple wire. Such an

arrangement for operation on 160-80 meters,

and 80-40 meters is shown in figure 37. On
the harmonic frequency, the antenna acts as

a three-quarter wavelength radiator, operat-

Figure 37

A TWO-BAND MARCONI ANTENNA
FOR 160-80 METER OPERATION

ing a gains t ground. Tuned radial wires, as

dhemsed earlier in this chapter, arc recom-
mended for u«c with this antenna.

Overall antenna length may be varied

‘lightly to place the self-resonant frequency

at the second harmonic at the chosen spot

in the band.

Th Mnltce Antenna—A two-band an-
tenna for 160/ 80 or 80/40 meters is an im-
partant adjunct to a beam antenna for the

high?:-frequency band'. The malice antenna

(figure Jr) i< sufficiently compact to fit on
a small lot and will cover two adjacent low-

frequency bands and perform* this tail: in an

efficient manner. The antenna evolves from

a vertical multiwire radiator, fed on one leg

only. On the low-frequency band, the top

portion does little radiating so it may be

folded horizontally to form a radiator for

the high-frequency band. On the lower band,

the antenna acts as a top-loaded vertical an-

tenna, while on the higher band, the flattop

does the radiating, rather than the vertical

portion. The vertical portion, instead, acts

as a quarter-wave linear transformer, match-

ing the 6000-ohm nominal antenna imped-

ance of the 50-ohm impedance of the coax-

ial transmission line.

A radial ground system should be installed

beneath the antenna, two or three quarter-

wave radials for each band being recom-

mended.

Figure 38

THE MULTEE TWO-BAND ANTENNA

This compact antenna can be used with ex-

cellent results on 160/80 and 80/40 meters. The

fcedlinc should be held as vertical as possible,

since it radiates when the antenna is operated

on its fundamental frequency.

When operating on either band, the trans-

mitter should be checked for second har-

monic emission, since this antenna will ef-

fectively radiate this harmonic.

The Low-Frequency Discove Antenna—

The discone antenna is widely u<cd on the

vhf bands, but until recently it has not been

put to any great use on the lower-frequency

bands. Since the disconc is a broadband de-

vice, it may be used on several harmonically

related amateur bands. Size is the limiting
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E3
Figure 34

DIMENSIONS FOR CENTER-FED
MULTIBAND ANTENNA

uni: located at the operating position. Since

the flattop does all die radiating, it would

be prudent to place at much wire in the Sat-

top as possible and leave the remainder to

make up the two-wire, balanced feed system.

A flexible antenna runer is shown in fig-

ure 3J. A f0-ohm coaxial line and 5WR

meter connect the tuner to the transmitter.

Proper antenna adjustment is achieved by
observing the SWR reading and adjusting

the variable capacitors for the lowest SW
reading consistent with proper transmitter

loading. The switch connects the primary
coils in either series or parallel. In general,

the coils are series-connected for the 80-

meter band and parallel connected for the

higher bands.

The Window Antenna—The shgle-wire-

fed, or Window, antenna is widely used for

portable installations and locations where an

unobtrusive antenna is required (figure 36).

A single-wire feeder is used, having a char-

acteristic impedance of about 300 ohms. The

feeder is tapped at a point on the antenna

that approximates this value on more chan

one band. An external ground system is re-

quired for proper operation of the antenna.

Since the feeder wire radiates, it is necessary

to bring it away from the antenna at right

angles to the wire for at least one-half the

length of the antenna. The antenna is fed

with a simple L-network, such as described

earlier in this section, and an bWK meter.

The network is adjusted for minimum SWR
on the coaxial line from network to trans-

Figure 35

ANTENNA TUNER FOR CENTER-FED ANTENNA

The tee, lafibn coll k mdi from s stn* ™»eS$25

1 P
Menr.es for Raaio ameleuis,” Orr, Ream Faueaum 1"=-)-
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Figure 41

MECHANICAL CONSTRUCTION OF
20-METER DISCONE

rcje-rnrcn: ;nd do no: enter into

;
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hri h- g-trap 2 tingle-tum coil

(!.: «.!::! cor.r.rrt-on :ri ccugling :h- grid-
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S2-0XM COAX TO TRANSMITTER

Figure 42

TRIBAND TRAP VERTICAL ANTENNA

Parallel-tuned trap assembles are used in Ibis

vertical antenna designed for 20-, 15- and IO-

meter operation. A radial ground wire set, sucb

as described earlier in the chapter is used.

Automatic trap action electrically switches an*

tenna for proper operation on each band.

ustment is to the top section for resonance

t about 14.2 MHz.
It must be remembered that trap, or other

nuhifrequenev antennas, arc capable Oi

adiating harmonics of the transmitter tha*

nay be coupled to them via rhe transmission

ine. It is veil to check for harmonic radi-

ition with a nearby radio amateur. If

urmonics arc noted, an antenna tuner Sim-

la r to the one described later in this chapter

should be added to the installation to reduce

unwanted harmonics to a minimum-

The Trcp Dipok Arintr.c—Tht trap pnn-

:ip!e may be applied to a dipole as T
^
c“ ’’

:o a vertical antenna. Shown in figure 3>c

ierigns for various hf amateur bands- Fc.

portable, or Field Day use, the antennas may

or fed cirectlv with 50-ohm coaxial line. Fc:

fixed station use, insertion ot a 1-to-I b:iun

between
j
he r:

p

^

2n tcnna^and th co.x-«



HF GENERAL PURPOSE ANTENNAS 27.25

DIMENSIONS

23,13,11.10.1 UgltM UETW U.19.e,2lCT*i
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Figure 39

DIMENSIONS OF DISCONE ANTENNA
FOR LOW-FREQUENCY CUTOFF AT
13.2 MHz, 20.1 MHz, AND 26 MHz

The Discone is a vertically polarized radiator,

producing an omnidirectional pattern similar

to a ground plane. Operation on several ama-

teur bands with low SWR on the coaxial feed

line is possible.

factor in the use of a discone, and the 20-

meter band is about the lowest practical fre-

quency for a discone of reasonable dimen-

sions. A discone designed for 20-meter oper-

ation may be used on 20, 15, 11, 10, ana 6

meters with excellent results. It affords a

good match to a 50-ohm coaxial feed system

on all of these bands. A practical discone

antenna is shown in figure 39, with an Sw

R

curve for its operation over the frequency

range of 13 to 55 MHz shown in figure 40.

The discone antenna radiates a vertically

polarized wave and has a very low angle of

radiation. Tor vhf work the discone is con-

structed of sheet metal, but for low-fre-

quency work it may be made of copper wire

and aluminum angle stock. A suitable me-

chanical layout for a Wrtqumcy discom

Is shown In figure 41. Smaller versions of this

antenna may be constructed for I I, 11, UN

and 6 meters, or for 11, 10, 6, and 2 meters

as shown in figure 39.

For minimum wind resistance, the top

"hat” of the discone is constructed from

three-quarter-inch aluminum angle stock, the

rods being bolted to an aluminum plate at

the center of the structure. The tips of the

rods are all connected together by lengths

of No. 12 enameled copper wire. The cone

elements are made of No. 12 copper wire

and act as guy wires for the discone struc-

ture. A very rigid arrangement may be made

from this design, one that will give no trou-

ble in high winds. A 4
W X A" post can be

used to support the discone structure.

The discone antenna may be fed by a

length of 50*ohm coaxial cable directly

Figure 40

SWR CURVE FOR A 13.2-MHz DISC0NE

ANTENNA. SWR IS BELOW 1.5 TO 1

FROM 13.0 MHz TO 58 MHz

from the transmitter, with a very low SWR

on all bands,

The Trap Vertical Antenna—The trap

technique described in a later chapter can be

employed for a three-band vertical antenna

as shown in figure 42. This antenna is de-

signed for operation on 10, 15, and 20

meters and uses a separate radial system for

each band. No adjustments need be made to

the antenna when changing frequency from

one band to another. Substitution of a

ground connection for the radials is not rec-

ommended because of the high ground loss

normally encountered at these frequencies.

Typical trap construction is discussed in the

reference chapter, and the vertical radiator

is built of sections of aluminum tubing, as

described earlier.

Each trap is built and grid-dipped to the

proper frequency before it is placed in the

radiator assembly. The 30-meter trap is self-

resonant at about 27.9 MHz and the 15-

meter trap is self-resonant at about 20.8

MHz. Once resonated, the traps need no
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(inn-

Figure 45

THE G3TKN TRIBAND LINEAR

TRAP DIPOLE

This inexpensive three-band antenna for 40, 20,

and 15 meters is m2de of wire and coaxtel cable.

Because of the trap design, maximum power in-

put to the antenna should be limited to 250

watts. (Antenna design by G3TKN, courtesy of

‘'Radio Communications" magazine.)

transmission-line form of trap is occasionally

used in commercial multiband antennas. In

this particular design, the trap extends paral-

lel along the element to conserve space and

is termed a decoupling stub.

A resonant coaxial section may take the

place of the decoupling stub and this con-

W, Vn mV&reqvrcncy
vhf beam antennas.

It is important that the end sections of

the coaxial line arc properly sealed to pre-

vent moisture from entering the able;

caulking material will do the job. Because

of the added weight of the additional coax-

ial sections, it is suggested that the antenna

be mounted as an inverted-V with center

support and with the ends tied oft to pre-

vent sagging. The tip sections may be

adjusted to provide antenna resonance at

any point in the 40-meter band. (Antenna

design by G3TKN, England).

Linear Trop Dipole The inexpensive linear

for 40, 20, and trap dipole shown in fig-

15 Meters ure 45 is designed for

operation on three ama-

teur bands. It uses coaxial cable sections as

linear traps which are cut to an electrical

quarter wavelength at 20 meters. If RG-

5S/U line is used, the velocity factor is

0.66. The coaxial sections act in the same

manner as a conventional antenna trap. The

center section of the antenna functions as a

dipole on 20 meters and on 40 meters the

isAs. us -a Wild aVa. tnarixl

sections acting as inductors. On 15 meters,

the 40-meter dipole is resonant on the third

harmonic.
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Figure 43

MULTIBAND TRAP DIPOLES

Trap d'pofes for duobsnd operation and s tri-

band dipole are shown above. Traps 2re assem-

bled as shown in the photograph. Antenna

dimensions are based on an overall trap length

at ty/a totes. Kitest. tete ttsnoacd. tanwnc*
may be shifted by changing dimension Oi. Lower

band is also aFfected and dimension Di must be

adjusted to compensate for change in D t. Se-

quence of adjustment is Di, D2 ,
and then Bj.

Dimensions listed are for center-of-bend reso-

nance, Parallel-tuned traps are adjusted to trap

frequency outside the low frequency end of

each band. Dipoles may be fed with a 1-te-l

balun, if desired.

covered with 2 plastic “overcoat’ made

from a section of a flexible squeeze bottle,

such as bleach or laundry $02p containers.

Operational bandwidth on the lower-fre-

quency band is somewhat less than that of

a comparable dipole, since a portion of the

antenna is wound up in the trap element and

does not radiate. Typical bandwidth for 2n

80- and 40-meter dipole, 2s measured be-

tween the 2/1 SW points on the transmis-

sion line, is: 80 meters, 180 kHz; 40 meters,

250 kHz.

Operational bandwidth of the 40- and 20-

meter antenna is typically: 40 meters, 500

kHz; 20 meters, 550 kHz. In addition, the

antenna may be operated over the lower 1

Figure 44

TRAP CONSTRUCTION

FHJeen-melBr trap is shewn here. Trap is de-
signed for power level cf SCO watts, PEP. Trap
ts built around strain Fnsul2tor which removes
pull of antenna from coil and capacitor. Ca-
pacitor is Centralab £S3A-20Z (20 pfl and coil is

Kft turns =16, V diamEferand 2’’ long (8 turns
per inch), Air-Dux EOST. Trap is about 2r tong
with ns?" leads. Before placement in the an-

tenna, it is grid-dipped to 20.7 MHz on the

bench and adjusted to frequency by removal cr
addition of 2 fraction of a turn- Traps for other

bands 2re constructed in similar manner. For 2
fcW PEP level, coil should be =12 wire, about
2" diameter, and capacitor should be Cenlra-

lab type 850S.

MHx ssi -Jte W-mm knsA -wvlk am S'S'Sv

figure of less than 1.5/1.

Data is 2l$o given in figure 45 for 2 tri-

band doublet covering the 20-, and 15-, and

10-meter amateur bands. Operational band-

width is sufficient to cover all the included

bands with 2 maximum SW figure at the

band edges of less than 2/l on the trans-

mission line. As with any antenna configu-

ration, bandwidth and minimum S\v’K

indication are a function of the height of

the antenna above the ground.

Tire Lineor Trap The parallel-tuned trap

circuit used in multifre-

quency antennas operates as an electrical

switch, connecting and disconnecting por-

tions of the antenna as the frequency of

operation is changed. The lumped trap may

be replaced by a quarter-wavelength section

of transmission line, shorted at the far end

with equal results. Because of the problem

of constructing a waterproof inductor and

procuring s high-voltage capacitor, the
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Figure 1

01 1 ?

DIRECTIONAL RESPONSE OF

2-ELEMENT PARASITIC BEAM

Close spaced, two-elcmcnt parasitic beam hay-

ing a resonant parasitic element provides a bi-

directional pattern with 3 dB pain, A pronounced

null exists along the Y-axis. Spacing between

elements is approximately 0.04 wavelength. The
radiation resistance of such a beam is about

2 ohms.

of frequencies. In most cases, the bandwidth

of such an array is compatible with the

width of the hf amateur bands.

The compactness of a parasitic beam an-

tenna more than outweighs the disadvantage

of the critical performance and no other nn-

rcniti exists that can compare, size for size,

with the power gain and directional char-

acteristics of the parasitic array.

29-2 The Two-Element

Parasitic Beam

since in the X-Y plane only one-half as

much energy is radiated as compared to a

dipole. The fronl-to-fock (T/S) rafts is

unit}'.

If the length of the parasitic element ss

increased a few percent, the parasite now

acts as a reflector, reducing radiation to the

rear and providing a greater forward posse,

gain (figure 2). A front-ro-back ratio is

Figure 2

POWER GAIN OF

TOD-ELEMENT YAGI BEAM

Power g2in over a dipole of a two-element Y2p

is about S.5 dB when the parasitic element

serves as a director. Maximum gain oceurs with

less than O.t wavelength spacing. When the

parasitic element is a reflector, maximum gem

of about 4.7 dB occurs at 0.2 wavelength

spacing.

now evident. By decreasing the length of

the parasitic clement from resonance b) a

few percent, the parasite serves as a di-

rector, providing essentially the same direc-

tive pattern as before. Finally, both a re-

flector and a number of directors may -

combined to form a multielement Y3gi

beam providing impressive gain over a com-

parison dipole. (Note: In this chapter an-

tenna gain is referenced to a dipole tinier

otherwise noted.)

Ti:: para'itic beam, or Yn^VJa array

t named after IVs. Y art and l-da of Tokyo

l‘mver' ;
:y t, was invented in 1926 and firs:

placed in service by radio amateurs about

15*-*. The simples: form of Vagi is a two

configuration with - very dose

spaced. re’-Dnant prritu' element (figure

1
1

. TV” array pros ides bidirectional di-

rrctr.
• ith a pv-rr gain V about ? dBd.

Element Spacing An infinite combination of

clement spacing and Jcngtn

exists for the two-clement Yagi beam and

no one specific combination provides hip^‘

gain, best front-to-back ratio, and higJf«

driving impedance. Measurements made on

antenna ranges with model "tap 3ntc‘“'*'

and comprehensive computer runs, a.

shown that a tradeoff mtr: be made tor t-
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HF Rotary Beam Antennas

rotary beam antenna has become

standard equipment for the vbf and upper-

hf amateur bands. The rotary array offers

many advantages, such as power gain, re-

duction in interference from undesired di-

rections, compactness and the ability to

quickly and easily change the azimuth

direction.

The majority of hf rotary antennas are

horizontally polarized, unidirectional para-

sitic type designs while the vhf rotary an-

tenna may be cither horizontally or rent'

cally polarized, depending on local usage and

the mode of communication desired. In most

cases the arrays are self-supporting, being

constructed of aluminum or wire elements

with a metal or wood framework. The elec-

trical design is mainly end-fire, with parasitic

elements lying in a single plane. This design

is chosen because it provides a maximum gain

figure for a given antenna volume, without

the need of interconnecting feedlines be-

tween array elements. The parasitic beam

antenna makes use of dements whose Cur-

rans are derived by radiation from a nearby

driven dement.

29-1 The Porosific Beam

A beam antenna may be composed of a

radiator, ot driven element, plus an addi-

tional number of parasitic elements, uncon-

nected to the driven element. The magnitude

of current in the parasitic elements falls off

rapidly with increasing distance from the

driven element and thus there is a tendency

to use relatively close spacing between the

elements of a parasitic array.

29.!

The parasitic element intercepts and re-

radiates energy from the driven element. The
distance between the parasitic and the driven

elements and the length of the parasitic de-

ment determine how the field about the

elements is modified by the presence of the

parasitic. Both spacing and parasitic element

length determine the phase difference be-

tween the intercepted and reradiated energy

and proper adjustment of these variables can

produce an array which exhibits power gain

in a favored direction at the expense of

radiation in unwanted directions. An in-

finite number of combinations of dement

spacing and parasitic length exists, which

makes the problem of designing a multi-

element parasitic array a complex one. As a

result, many of the existing array designs

are based on experimental data collected

from the study of model antennas on an

antenna range.

A parasitic director demerit is one that

prorides power gain in a direction through

the element. It is generally shorter in length

than the driven element and thus capacitive

in reactance and leading in phase. A parasitic

reflector element is one that provides power

gain in a direction away from the element,

It is generally longer than the driven ele-

ment and thus inductive in reactance and

lagging in phase.

The presence of a parasitic element tends

to reduce the feedpoint resistance of the

driven element for close spacings and to

increase it for spacings greater than one-

half wavelength. Optimum dimensioning of

spacing and element lengths, moreover, can

only be obtained over a very narrow fre-

quency range, and the parasitic beam will

work only over a relatively restricted hand
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Triii rrovide equivalent power gain and F/B

ratio. The two design? thus provide approxi-

:yr>c amv v:;i; nave z teednoint resistance

cf about 30 emus and the director-type

array will have 2 renounce of about 15

29-B The Three-Element

Parasitic Beam

The threc-clemcnt Vagi ip made up of 2

in the case of the tvo-elemcnt Dean. :r.nn-

r.ilf combinations of element spacings

ar.c lengths exist and no one sprcir.c ctra-

Hnation of these parameters provides cpd-

a: a boom length of about 0.45 wavelength.

T~o pain curves are shown in the illustra-

tion: one when the parasites are tuned tor

maximum pain ana the other "-hen they are

tuned for maximum F/B ratio. 1 re cirer-

ence in pain between the two conditions is

about 0.7 dB. Then tuned for madman
F/B ratio. 1 peak ratio cf about 2S £3 can

be obtained somewhat lover in frequency

than the design frequency. As the oper-

ating frecuencr is raiser, me i"/ n ratio

deteriorates.

A representative three-element Yap or* a

0.5 wavelength boom will provide about 7

to F £3 pain over a dipole and display a

F/B ratio from 15 to 35 £3, depending

upon element remap. In all cases design

parameters for maximum r/3 ratio are more

critical than those for maximum forward

pain. The feedpoint resistance is about IF-

to 25 ohms.

Fipurs S

FROKT-TO-BACK RATIO OF

THREE-ELEMEKT YAG! BEAM

GAIN OF
!!*7 YAG! BEAM

Th? F/3 rri/s rta^ts 2 narlner: f*

abDLl rr iE sil|*l'r bclnr CEtifT ^rrerrrr V
7ht F/B rjlir ft: rltr: iotri JrnfTs rcstr.Wfi

Ibis rrm. "rrr.-tt-h::* rrlit ins-esrei r: tif-

rr.ir. twe:S£ Setrtssu zr.i ;-rb: fS r'U*

tttt.fi tttnsrt r?tt:ttr- Storrli iberr a **:

It WHr !. — 1*/£ HKi,

Element Lt*rtrt The length cf anv ar.tcr.r.;
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two-element beam between efficiency and

bandwidth, in one case, and gain 2nd front-

to-back ratio in the other.

The gain characteristics of a two-element

Yagi are shown in figure 2. The case when

the parasite is a reflector provides maximum

gain with an element spacing of about 0.2

wavelength at the design frequency. Vhea

the parasite is properly adjusted, the gain

figure is about 4.6 dB. Vheo the parasite

is a director, 2 maximum gain figure of

about 5.4 dB occurs at an element spacing

of 0.075 wavelength at the design fre-

quency. The practical difference in gain be-

tween the two examples is minimal

The front-to-back ratio of the two ele-

ment Yagi is a complex picture. While rhe

gain-versus-frequenc}’ response of a properly

adjusted beam is quite good, rhe front-w-

hack ratio is poor for designs that are prac-

tical (figure 3). In the case of a two-ek-

FR0N7-T0-BACK RATIO OF

TWO-ELEMENT YAGI BEAM

Front-to-bzck hrVo is poor far wo-eJement beam

a! practical element spacings. Compromise spac-

ing of 0.15 wavelength provides F/B ratios of 5

to f2 dB, Nois Nisi F/B ratio vanes with respect

to the design frequency, f
r
- The high F/B ratio

at a spacing of QJ3S wavefengtft is oBorneo ar

the expense of bsndwiiVi sod very low feedpoint

resistance.

meat beam having spacing of 0.15
'wa^‘

length the F/B ratio runs less than 10 dB

when rhe parasite is adjusted either^ as a

reflector or director. 5Fhen sparing is re-

duced to 0.05 wavelength, the F/B ratio

of a reflector parasite is maximum outside

the passband of the beam. On the other hand

the F/B ratio of a director parasite is nearly

25 dB at the design frequency. The feed-

point resistance of such an array, however,

is of the order of 4 ohms and the F/B ratio

drops rapidly as the operating frequency is

removed from the design frequence.

The feedpoint resistance of the two-ele-

ment Yagi is shown in figure 4. Experience

has shown that efficiency and bandwidth

suffer when the resistance is Jess than about

20 ohms. Antennas exhibiting low values of

feedpoint resistance require an extensive

matching system which introduces loss and

has a greatly restricted operating bandwidth

when the $WK an the feed system is exam-

ined. Thus, from a practical point of view,

the excellent front-to-bach ratio shown for

an element sparing of .05 wavelength shown

in figure 3 is impractical.

Since a feedpoint resistance of about 20

ohms is not unduly hard to match, it an
be argued that the best all-around perform-

ance may be obtained from a two-element

parasitic beam employing .15 wavelength

element spacing, with the parasite tuned to

act as a reflector. This antenna will provide

a power gain of about 4.6 dB power gain

over a dipole with a F/B ratio of about 10

dB. If it is desired to use a director, optj-

FEEDP0INT RESISTANCE OF

TWO-ELEMENT YAGf BEAM

For practical spacing of 0.1 to 0.15 wavelength,

the feedpoint resistance varies frem 15 to 20

ohm st the design frequency. The excellent

F/B ratio obtained at z spacing of 0.05 wave-

length results in a feedpeint impedance cf less

Ifcn 5 ohms.



29.6 RADIO HANDBOOK

The length of a metallic element is less

than this theoretical relationship because a

practical element has thickness and because

radio energy travels more slowly along the

element than in free space. As the thickness

(diameter) of the element increases, the

clement must be made shorter to establish

resonance. Even for very thin wires the

shortening effect is appreciable (figure 7).

At 7 MHz, for example, the length-to-

diameter ratio of No. 12 wire is about

1 0,000 and the element length must be re-

duced 5 percent from the theoretical value.

At the same frequency, the length of a

dipole made of 5-inch diameter tubing must

be reduced 6 percent. Shortening is described

in terms of the k-factor and expressed as a

percentage of original length, where k is

the ratio of wavelength to element diameter.

Thus, in the first instance, k~ .97 2nd
in the second, k

~
.94.

In the case of a wire antenna suspended

by end insulators, k is approximately .95

and the length of a half-wave antenna is:

Length (feet) = —y
* 3

\.

/'Mirr.

Length (feet) = -ill

/::Hr

In the case 0 : a tub:ng clement supported
at i.:c center With no end insulators, the
hail -wavelength is approximately:

Length (fee:) = -~ii

h:\ir

i

‘ 2n:cnna where the
- 0 : :..e enven element is affected bv

lca?:h^ds Ur^r

ance per unit length than average and must

be made longer. The smaller diameter por-

tion, on the other hand, has smaller capac-

itance per unit length than the standard

section, and must also be made longer. Taper

correction, therefore, must be applied to the

element as s whole and is quite significant.

A representative taper correction factor Is

shown in figure S. This is only approximate

as the rate of taper can vary depending

upon the number of lengths and diameters

of concentric cubing used. This chart as-

sumes the taper is linear from the center of

the element to the rips.

Operating Bandwidth The operating band-

of the Yogi Antenna widih of any direc-

tional antenna may bs

specified in terms of SWR on the feedline,

pattern deterioration or loss of gain. In the

case of amateur arrays, the effective band-

width is commonly specified as a maximum

value of $WR and is usually limited to 2

figure of 2 to 1. In most instances, band-

width is limited by the matching device be-

tween antenna and feedline, rather than by

the antenna characteristics. When adjusted

for maximum gain, the bandwidth of 2

typical three clement Yagi is about 2.5 per-

cent of the design frequency, as defined by

the $W"R limitation. This means that 20

array cut to 14.35 MHz would have s

bandwidth between the 2-to-l SVTR points

on the transmission line of about 550 kHz,

centered on the design frequency. In Hit*

fashion, a beam cut for 10-meter operation

at 28.5 MHz would have an effective band-

width of 700 kHz. Since the band is 1700

kHz w;de, the array should be cither cut lot

low- or high-frequency operation in tne

band. Operation of the Yagi outside the

effective bandwidth will result in 2 high

SVR on the transmission line and 2 degra-

dation of forward gain and F/B ratio.

The band-width on the high-l requeue;

J’.ce of the design frequency is !im;iec by

director resonance. That is, when tr: opera-

ting frequency approaches the resonant ire-

cuer.cv of the director, the directive pitte'r.

of the array reverses itself ar.d the pir:'-*

director tends to act as 2 reflector.

The Yagi arrays dewribed in tr.:' sdar.c-

boc-k are a compromise between banawiCtr.

F, B ratio ar.d power gain. !n all ca*m
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GRAPH OF ELEMENT DIAMETER VERSUS LENGTH

The re Is live wave velocity fin any element is a fundisn ef the Ier.gth-t:-c!izn;fer retie falter

SeheJfcunoff and Friis). Greater shortening is teguirea for thick elements; hcwever, even wy
thin elements require appreciable shortening. The k-factcr (x-axis) iniicatei the Cegret cl

shortening.
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Figure 12

HIGH-Q ISOLATING TRAP

This trap has a Q of nearly 300 and is well

suited for muKifaand antennas. The coil is

wound of Ho. 8 aluminum clothesline wire and
Is 3" in diameter and 3" long. The I5*meter
trap has seven turns (illustrated) and the IO-
meter trap has five turns. The capacitor is

made from two lengths of aluminum tubing,
coaxially aligned in a lucile dielectric. Capaci-
tor length is about five inches and tubing sizes
are Vi inch and iVi inch. Capacitance is about
35 pf. lucitc projects from end of capacitor to
form tb-inch collar which is coated with epoxy
to prevent deterioration of the dielectric under
exposure to sunlight. Similar traps have been
made using teflon as a dielectric material. Ends
of aluminum tubes are slotted to facilitate as-

scmbly to antenna elements.

11

29-6 The Multielement

Yogi Beom

Additional gain may be obtained from a

Yagi array through, the use of more than

two parasitic elements. Gain is proportional

to element spacing and tuning and hence

proportional to boom length. In fact, gain

is nearly independent of the number of

elements along the length of a given boom

as long as there are enough. And there is

a practical limit of the upper number of

elements for a given boom length. Figure

13 illustrates representative gain figures for

various boom lengths and number of ele-

ments. The dashed gain-vs-boom length

line is a compromise derived from various

conflicting measurements made over a per-

iod of years by knowledgeable experimenters.

The actual curve is not smooth and exhibits

bumps of up to 1 dB along the boom length

figure. These variations are probably within

the expected accuracy of such measure-

ments and do not detract from the general-

ized data.

F/B ratio of the multielement beam

design is not appreciably better than that

of the three-element configuration, running

between 25 dB and 30 dB, depending on

adjustment, In all cases the F/B ratio

peaks sharply slightly lower than the

design frequency. Table I provides dimen-

BOOM LENGTH (X)

Figure 13

gain versus boom length for multielement yagi beams
Clin is pfeptr.ier.si v
tftn lerj as me
b::« tfrjm. The re::

rr ..
PtJr,y ’^dependent cf the number ef element: on the

aji,
bsjhtiJ lint shows average gsin figure in terms el

" ,n3,Vl

^
ua ‘ team depend on tuning, height ebeve ground, teS

e.het mitigating factors.
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HF ROTARY BEAM ANTENNAS

power gain at the design frequency is within
one decibel or less of maximum theoretical

gain.

Yogi Dimensions for the general case, with

no element taper, the
lengths of the three-element Yagi if an-
tenna made of nontapered aluminum tubing
may be calculated from:

Length of director (feet) =
/(MHz)

Length of driven element (feet) = T~~~~
/(.MHr)

504
Length of reflector (feet) = -j

7(mh*>

Element spacing (feet)
=

hmt)

If the element is made of more than one

section of aluminum tubing and has a taper

from the center toward the tips
,
the correc-

tion factor shown in figure 8 must be ap-

plied to the above formulas.

For example, assume a three-element Yagi

is to be built at a design frequency of 7.02

MHz for 40-meter DX work at the low-

frequency end of the band. Each element is

made of aluminum tubing, starting with

1
3A" tubing at the center, tapering to ft"

tubing at the tips. This provides a minimum

of element sag. The tubing diameters used

are: 1
3A'\ 1%" (a reducer to %"),

3A", 5/%" anc} y2 ". The taper correction

(figure 8) is the ratio of the clement diam-

eters (Dj/D 2
= 1.75/0. 5 = 3.5) and the

taper correction factor is 1.053. Element

lengths, therefore, are:

Length of director (feet) X 1-053

= 68.7'

__ 472
Length of driven element (feet) ——j

X

1.053 = 70.8'

Length of reflector (feet) = X 1,055

= 75.6'

Element spacing is not affected by element

taper and remains at 21 feet. A 42-foot

TAPER AFFECTS OVERALL
ELEMENT LENGTH

Onee the element lengths have teen determined
famuli, they mi/st fig increased fo correct

for efement taper as shown by this graph. For
example, if the taper (D,/D*) is 3, the taper cor-

rection factor is about T.04B.

boom is thus required. A 40-meter beam

built to these dimensions checked out with-

in 15 kHz of the design frequency when

completed.

29-4 The Miniature Beam

A parasitic array may be builr of short,

electrically loaded elements in place of the

more common half-wavelength elements. In

addition, element spacing may be reduced

severely to make the overall beam dimensions

small in terms of the operating wavelength.

In order to obtain the benefits of small phys-

ical size, the miniature beam must sacrifice

both power gain and bandw'idth to some

degree. The overall loss of performance is

dependent to a large extent on the r-f losses

incurred in the loading system.

The usual technique is to employ high-0

loading coils or stubs, as shown in figure 9.
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sional data for several hf, multielement Yagi

arrays.

Band

(MHz)
director

Driven

ilement
tefledor Spacing

7.07.3

67’Q" 71 '6" 21*0"

(19.8) (20.42) (21.80) (6.4)

10.1

45'4" 46'9" 49*11" 14*8"

(13.83) (14.25) (15.22) (4.47)

14,0-14.35

33'4" 35'6" 10*5"

(9.87) 00.17) (10.86) (3.19)

18.1

25'4" 26'T' 27'10” 8'2"

(7.7) (7.95) (8.48) (2.49)

22'3" 23'9" 7'0"

21.0-21.45
[6.57) (6.77) (7.23) (2.12)

I9'0"
20'3" 5*1

1"

24.9
(5.60) (5.78) (6.17) (1.81)

!6'6" 17*8" 5'2"

28.0-29.0
(4.88) (5.03) (5.37) (1.58)

!6'2" !7'3" 5'0"

29.0-29.7
(4.78) (4.93) (5.26) 0-55)

= 7.05,1 .15,21.25,28.4 and 29.2 MHz

pmensions In parentheses are in meters

[Feedpoint resistance at fs approx. 23 ohms

Table 1. Dimensional Data for HF

Yagi Beam Antennas

Slsraenl length and spacinj ate

meters for the high frequency band .

five element beam the spacing an e

e[&>

additional directors are as shown for
,

|

ment case. These dimensions are for

ments. For taper, apply the correct.on factor given

figure 8.

29-7 Feed Systems for

Parasitic Arrays

Table I gives, in addition '

ntation, the approximate feedpomt rest

referred to the center of the dnvenelemen

of multielement parasitic Yagi arra)a-

obvious, from this Ion- value of rad at.on

resistance, that special care must

in materials used and in the construe on

the elements of the array to en
^

re

nr .

ohmic losses in the conductors *j
£

an appreciable percentage of e ” 1

resistance. It is also obvious that w
method of impedance transformation

be used in many cases to match the

feedpoint resistance of these antenna arrays

to the normal range of characteristic imped-

ance used for antenna transmission lines.

The various matching systems described in

Chapter 26 apply to Yagi beams in general.

Many homemade beams employ either the

gamma or the omega match for ease of

adjustment, whereas commercial arrays gen-

erally employ a balun matching system for

economic reasons. In most cases, it is not

mechanically desirable to break the center

of the driven element for feeding the sys-

tem, especially in the hf beam assemblies.

Breaking the driven element rules out the

practicability of building an all-metal array,

and imposes mechanical limitations with any

type of construction.

29-8 Building the

Yogi Beam

The majority of hf Yagi beam antennas

make use of elements made up of lengths of

telescoping aluminum tubing. This assembly

is easy to construct and avoids the problem

of getting sufficiently good insulation at the

ends of the elements, as the elements may

be supported at the center with a minimum

amount of sag.

Available tubing comes in 12-foot sec-

tions and 6061 '7

6

alloy is recommended as

a good compromise between strength and

ability to resist corrosion.

The element diameter depends on the size

of the element. Generally speaking, a 20-

meter Yagi element may be made of a

center section of tubing about 1 n (j.81

cm) diameter, with end-sections made of

iVs" (2.86 cm) diameter tubing. Alter-

natively, the element may be made of a

lW diameter center section, intermediate

sections of Ws" diameter tubing, and end

sections of l" (2.54 cm) tubing. Overall

element length is determined by, tk dis-

tance the smaller sections arc extended be-

yond the end of the center section (figure

15) For ease in telescoping, the difference

in diameters (clearance) between the sec-

tiona should be about ,0.01" (».«> «">•

For n- and 10-meter beanos, the center

section of a typical clement may be made of

1
» diameter tubing, m th end-seamns .

%" (2.23 cm) diameter tubing.
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Figure 18

STACKING GAIN VERSUS
STACKING DISTANCE
FOR YAGI ANTENNAS

The slacking pin fcr thrte-eleraer.t Yagi anter,.
nas is about 3 e6 fcr vertical slacking ana
cccun at an array spacing cf O.S wavelength.
Maximum p>n cf abcut 4.B dB is achieved fcr
hcrijcniai slaclir.g when the element lips are
atc-jt c.7 wavelength apart Optimum sia-kir?

distance increarts as pin cf array increases.

of piratic loop elements brings tbe zih
up iu :hc SJU\- r:::o :s adding :le cqairalu:
flraana 10 2 Yogi array. Ties, clcruEat for
dcn-.cn:. the Quad cxhiK-.s about 1 .: dB
more m trail yaio than an equivalent Vag
oo the tame lar.tth burnt.

Jj

Figure 19

EVOLUTION OF THE QUAD LOOP

The Goad !ccp evc’ves frem the folded tflpcW

(A) and may take a diamcr.d, spitere. cr tri*

angular shape {B, C. D, E). The Quad is ted **•

a high current point with a balanced feed sys*

lam. If the feedpein! F is closed, and the G*-?d

Iccp epened at either print E cr C, vertical P**

larizaiicn will result The limiting case is 2 tve

wire, sherted transmissicn line (0. »h«th repre-

sents the fcided dpri* •ullEd e'er. !.c the mari*

rum a.nrunt The crnfigirraticns cf (D) and (HI

provide VErtici! as well 2s hrriacntal p:lar:3-
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29-9 Stacking Yagi Antennas

Any gain antenna may be stacked to pro-

vide additional gain in the same manner that

dipoles may be stacked- Thus, if an array

of two dipoles would provide a power gain

over a single dipole of 3 dB, the substitution

of Yagi arrays for each of the dipoles would

add the gain of one Yagi to the gain ob-

tained with the dipoles. In other words,

doubling the number of arrays provides 3

dB gain under optimum conditions.

In order to obtain this theoretical im-

provement in gain, the spacing between the

arrays is critical. For small arrays stacked

in the vertical plane (figure 17) the opti-

mum array spacing is about 0.6 wavelength.

Smaller spacing provides less gain and larger

spacing is of no advantage. As array gain

increases, however, the spacing must increase

to achieve maximum stacking gain. A good

rule of thumb is that stacking spacing must

be at least as great 2s the boom length of

one of the arrays. The gain curve for two,

three-element stacked Yagi beams is shown

in figure 1 8. The solid curve is for vertical

stacking (one beam above another) and the

dashed curve is for horizontal stacking (side

by side). Vertical stacking provides a sharp

lobe in the vertical plane and horizontal

stacking narrows the lobe in the horizontal

plane. The stacking mode usually depends

on whether the operator desires enhanced

azimuthal or elevation directivity.

29-10 The Cubical Quad
Beam

The Cubical Quad beam is a parasitic

array whose elements consist of closed loops

having a circumference of one wavelength

at the design frequency. The loops may take

a diamond, square, or triangular shape (fig-

ure 13). The Quad beam has proren to be

a very effective antenna and provides some-

what enhanced gain over a Yagi having an

equal number of elements.

One advantage of the Quad configuration

is that a smaller array for a higher frequency

band can be readily placed within a larger,

lower frequency array, facilitating the con-

struction of a compact, high gain beam for

20, 15, and 10 meters on a small frame.

Figure 17

DRIVEN ELEMENTS OF
STACKED YAG! BEAM ANTENNAS

Elements cf stacked beams mast be driven in

phase. This is accomplished by driving at a

common junction point through equal length

lines (A and 8). The feedpoint resistance of

e 2 ch driven element is adjusted to 56 ohms at

the design frequency by means of a matching

unit 2nd each feedline has an impedance of 75

ohms. The lines are cot to 32 wavelength and

act as an impedance matching transformer fl
f
*

wavelength) in series with a t-to -1 transformer

OS wavelength). The parallel impedance at the

junction point is 50 ohms. Array spacing may
be OS to 1.0 wavelength, depending on the size

of the Yagi antennas.

The wave polarization of 2 Quad array is

2 function of the placement of the feed-

point on the driven loop. Vhen fed at the

center of the horizontal side, the Quad is

horizontally polarized 2nd is vertically polar-

ized when fed at the center of a vertical

side. The parasitic elements, being closed

loops, function equally well regardless of

the polarization of the driven element.

The power gain of 3 driven Quad loop is

about 1.2 dB over a dipole and the addition
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Figure 21

SPIDER CENTER STRUCTURE FOR QUAD ANTENNA

The four-element Quad provides a power

gain of about 10.5 dB over a dipole, and

about 1.2 dB over a four-element Yagi beam

mounted on the same length boom. Dimen-

sions for a typical four-element Quad arc

shown in figure 22. The boom length is 50

feet, made up of two sections of l yh n
(6.4

cm) aluminum tubing having 3n 0.065”

(0.1? cm) wall. Material is 6061 -ST6. The
sections are joined by a short section of

rufcmi; machined to slip-fit within the boom

The elements are supported on Fibcrglss

arms mounted to the boom with cast alumi-

num .sttmgs. A 'implc gamma match is used

to proviue adjustment and the antenna is

teJ with : coaxial transmission line.

of :!

Ar :

» types is contain*.

\.t QM:i\ Oi:d j

cf Quad antennas

i in the book All

\xtewsi, available

Jrem K::ih Publications. Inc., Tilton,

Conn.. WT.

29*11 The Driven Array

driifr elements 'rather thin pa rarities*!y

excited elements. This arrangement provides

somewhat greater frequency coverage than

does the parasitical!)' excited array. Shown in

figure 25 is the so-called ZL-Spcciel, two-

element driven array. Half-wave elements

arc used, fed at the center with a transposed

feedline. The antenna provides a cardiom

pattern with a power gain of about 4 gd

over a dipole.

Various other types of unidirectional

driven arrays arc illustrated in figure 24. The

array shown in figure 24A is an end-fire

system which may be used in place o. a

parasitic array of similar dimensions when

greater frequency coverage than is avai.ab.e

with the Yagi type is desired. Fgurc 24B is

a combination end-fire and collineaf system

which will give approximately the same ?
2,ri

as the system of figure 24A, but which re-

quires less boom length and greater to.a

element length. Figure 24C illustrates tne

familiar Jazy-H with driven reflectors (ot

directors, depending on the pom: of vieM

in a combination which will show

bandwidth with a cor.*:cerah!e amour.. o.

forward gain and good front-to-back ratio

over the entire frequency coverage.
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Circumference of driven element:

1005
Feet —

/(ME!)

MS
Meters = -

,

/(MHz)

Circumference of director element:

575
Feet =

/(MHz)

s«
UKGTHOFSI0E

SPAClf&iSl

D3IV3.£L£. RfflEIDR

FEET KJERS FEET M3BS FEET /.was

« 35' V 10.76 35 UK 17' 0" 5.2

2D 17'?’ 5. 35 IS’?' 5.34
£'6" 2.6

15 11'*' 3.56 12'?' 3.7S 5T 1.7

10
£'?’ 2.65 ,T 2.77 vr 1.3

Circumference of reflector element:

Feet =
1030

/(MHz)

Meters =
314.2

/(MHz)

Figure 20

THE TWO-ELEMENT QUAD BEAM

This simple, 2-element Quad provides a power

gain of nearly 6.5 dB over a dipole. The an-

tenna may be fed with either a 50- or 75-ohm

coaxial line and 1-to-l baiun. Spacing (S) rs not

critical. The framework shown in figure 21 may

be used with this array.

of a dipole or Yogi array. At a height of h

wavelength, for example, the angle of radi-

ation of the main lobe of a Quad antenna ,s

about 4° below that of a dipole. Ac an ele-

vation of % wavelength, the angle of radi-

ation of a Quad it nearly If below that of

a dipole and, at a height of wavelength

the dipole is almost useless asi most of the

radiation is directed upwards. ^eC2“”

tenna, however, at the same height holds

the main lobe at an angle of 40 above ithe

horizon. Thus for low heights, the Quad

antenna provides an appreciably lower angl

of radiation than does either the dipole or

the Yagi array.

Element Dimensions Element lengths for the

Quad antenna may be

expressed in terms of the drcumfer«ice of

the loop, regardless of whether the shape o

the element is square, diamond, tmngolar

or circular. The following formulas apply

hi Quads made of wire:

A Simple Quad Shown in figure 2 1 is an all-

Framework metal support structure for

a 2-element Quad. Built of

thin wall conduit pipe and angle iron, this

"spider” will accommodate bamboo or Fiber-

g/tfs arms of sufficient length for a 20-, 15-,

or 10-meter Quad, or an interlaced triband

version. The "spider” is made in two parts

so the elements may he assembled on the

ground and carried to the top of the tower

for final assembly. Boom length is only two

feet, so the entire Quad can be easily sup-

ported by a single person.

When the structure is completed, it should

be given a good coat of antirust paint, fol-

lowed by a coat of heavy duty, outdoor

paint to retard rust and corrosion. All hard-

ware should be either stainless steel, or heav-

ily plated,

The Multielement The three-element Quad

Quod provides improved gain

and front-to-back ratio

over a two-element design but few antennas

of this type are used since the center element

tends to interfere with the rotational and

support system of the antenna. The four-

element Quad, on the other hand, is quite

popular as it is symmetrical with respect to

the supporting structure and does not inter-

fere with the rotating system.
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Figure 24

UNIDIRECTIONAL ALL-DRIVEN
ARRAYS

t\ ur'<iffcti5nsi Jll-dfiven end-life array is

et A. B shews an array with two half
wrirj Jr phv.r with driren reflectors. A tary-H
vny with dr.ven reflectors is shown at C. Hots
!Mt the «,!tcti»i!y it thrtech the elements with
t

fc

e C'fsttst tsiit ferdtire lercth in arrays such
s: shown at n and c.

idireetioflcl Threepractica! tvpcsofuni-

eled directional stacked broad-

ediide Arrcys tide arravs arc shown in

firurc 25. The first type,

:: ::gu:t a 5A, u the simple 1j7v-H

o* antenna with parasitic reflectors for

each clement. In figure 25B is shovrn a more

complex array with six half waves and six

reflectors which will give a very worthwhile

amount of gain.

In both of the antenna arrays shown the

spacing between the driven elements and

the reflectors has been shown as one-quarter

wavelength. This has been done to eliminate

the requirement for tuning of the reflec-

tor, as a result of the fact that a half-

wave element spaced exactly one-quarter

wave from a driven element will make a

unidirectional array when both elements are

the same length. Using this procedure will

give a gain of 3 dB with the reflectors over

the gain without the reflectors, with only a

moderate decrease in the radiation resistance

of the driven element. Actually, the radia-

tion resistance of a half-wave dipole goes

down from 73 ohms to 60 ohms when an

identical half-wave element is placed one-

quarter wave behind it.

A very slight increase in gain for the en-

tire array (about I dB) may be obtained at

the expense of lowered radiation resistance,

the necessity for tuning the reflectors, and

decreased bandwidth by placing the re-

flectors 0.15 wavelength behind the driven

elements and making them somewhat longer

than the driven elements. The radiation re-

sistance of each clement will drop approxi-

mately to one-half the value obtained with

untuned half-wave reflectors spaced onc-

quartcr wave behind the driven elements.

Antenna arrays of the type shown in fig-

ure 25 require the use of some sort of lat-

tice work for the supporting structure since

the arrays occupy appreciable distance m
space in all three planes.

Feed Methods The requirements for the feed

systems for antenna arrays of

the type shown in figure 25 arc less critical

than those for the close-spaced parasitic

arrays shown in the previous section. This

is a natural result of the fact that a larger

number of the radiating elements are direct-

ly fed with energy, and of the fact that the

effective radiation resistance of each of the

driven elements of the array is much higher

than the feedpomt resistance of a parasitic

array. As a consequence of this fact, arrajs

of the type shown in figure 25 can be

peered to cover a somewhat greater it*-
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Figure 22

FOUR-ELEMENT QUAD BEAM PROVIDES 10.5 dB GAIN

Mounted on a 30-foot boom for 20 meters, this antenna provides a power gain of ever ten

times. A multibantf Quad for 20, T5, and to meters may be built on the boom, using these

dimensions. Alternatively, the boom may be shortened to 22 feel for a is-meter Quad, or to

15 feet for a 10-meter version. For 3-band operation, the driven loops are connected in parallel

at the fsedpolnt (F-FJ and fed with a T-tr-5 baton and stohm ccaxtil tine. Additional feed

information is given in the Quad handbook, discussed in the text.

1

Figure 23

TOP VIEW OF TWO ELEMENT
"ZL-SPECIAL” PHASED ARRAY

The two-element phased array provides about «

dB power gain over a dipole with a F/B ratio

of nearly 30 dB. The cress-connected 3GtWhm

feedline provides a 135-degree phase difference

between the elements. Since the line is trans-

posed, the actual electrical length is AS degrees.

Dimensions shown are for 20-meter operation

with etement diameters of inch. Fccdpomt

(F-F] resistance is about 100 ohms. A baton may

be used ts match the antenna to a 50-cbn

ccaxial line.
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sions from the portable transmitter should

be made as short as possible and die call

sip of the station making the test should

be transmitted at least even' ten minutes.

One satisfactory method of tuning the

array proper, assuming that it is a system

with several parasitic elements, is to set the

directors to the dimensions given in Table 1

2nd then to adjust the reflector for maxi*

mum forward signal. Then the first director

should be varied in length until maximum

forward signal is obtained, and so on if

additional directors are used. Then the array

may be reversed in direction and the reflector

adjusted for best front-to-back ratio. Sub-

sequent small adjustments may then be

made in both the directors and the reflector

for best forward signal with a reasonable

ratio of front-to-back signal. The adjust-

ments in the directors and the reflector will

be found to be interdependent to a certain

degree, but if small adjustments are made

after tbc preliminary tuning process a sat-

isfactory set of adjustments for maximum

performance will be obtained. It is usually

best to make the end section of the ele-

ments smaller in diameter so that they will

slip inside the larger tubing sections. The

smaller sliding sections may be clamped in-

side the larger main sections.

Matching to the The problem of matching
Antcnno Trans- the impedance of the an-

rrmnon Une tenna transmission line to

the array is much simpli-

fied if the process of tuning the array is

made a •ubstantlally separate process as just

trsenbed. After tne tuning operation is

complete, the resonant frequency of the

driven c.tmcnt o: the antenna should be

checks-:, directly at the center of the driven

clement if practical, with a grid-dip meter.

It :• important that tree resonant frequency
o: the arit'-r.r.: be a: the erntfr of the fre-

m2de without repeating the tuning process

for the parasitic elements.

When the resonant frequency of the an-

tenna system is correct, the antenna trans-

mission line, with impedance-matching de-

vice or network between the line and

antenna feedpoint, is then attached to the

array and coupled to a low-power exciter

unit or transmitter. Then, preferably, a

standing-wave meter is connected in senes

with the antenna transmission line at a

point relatively much closer to the trans-

mitter than to the antenna.

If the standing-wave ratio is below 1.5

to 1 it is satisfactory to leave the installation

as it is. If the ratio is greater than this range

it will be best when twin line or coaxial

line is being used, and advisable with open-

wire line, to attempt to decrease the S^' fr-

it must be remembered that no adjust-

ments made at the transmitter end of the

transmission line will alter the SWR on the

line. All adjustments to better the SWR

must be made at the antenna cad of the line

and to the device which performs the im-

pedance transformation necessary to maten

the characteristic impedance of the antenna

to that of the transmission line.

Before any adjustments to the matching

system are made, the resonant frequency o.

the driven element must be ascertained, as

explained previously. If all adjustments to

correct impedance mismatch arc made at this

frequency, the problem of reactance termi-

nation of the transmission line is eliminates,

greatly simplifying the problem. The to.-

lowing steps should be taken to adjust me

impedance transformation:

The output impedance of the ms
>

tcn:
'_y

device should be measured, nr. -s*-*—

nascop: and a grid-dtp oscillator a.-

required for this step. The nr..

scope is connected to the output

minds of the matching device. I- “*

driven element is a folded dipole, the

Antenniscop: connects directly to tte

split- section of the d’-pole- II

match, or T-match is use-

tenr.ascopc connects to the tra

i:on-lir.c end of the device. 1. 5

^
end ot :

connects to the uotto:

< co-
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Figure 25

BROADSIDE ARRAYS
WITH PARASITIC

REFLECTORS

The apparent gain of the

arrays illustrated will be

greater than the values

given due to concentration

of the radiated signal at

the lower elevation angles.

©
"LAZY H* WITH REFLECTOR

SAIN APPROX. 9 Cfl

®
*7WO OVER TWO OVER TWO
WITH REFLECTORS

quency band for a specified value of stand-

ing-wave ratio than the parasitic type of

array.

In most cases a simple open-wire line may

be coupled to the feedpoint of the array

without any matching system. The stand-

ing-wave ratio with such a system of feed

will often be less than 2 to 1. However, if

a more accurate match between the antenna

transmission line and the array is desired a

conventional quarter-wave stub, or a quar-

ter-wave matching transformer of appro-

priate impedance, may be used to obtain a

low standing-wave ratio.

29-12 Tuning the Parasitic

Array

Although satisfactory results may be ob-

tained in most cases by precutting the an-

tenna elements to the dimensions given ear-

lier in this chapter, the occasion might arise

when it is desired to retune the parasitic

beam, or to check on the operation of the

antenna. The following information applies

to the Yagi antenna, but the same general

process applies to any parasitic array, such

as the Quad.

The process of tuning an array may sat-

isfactorily be divided into two more or less

distinct steps: the actual tuning of the array

for best front-to-back ratio or for maxi-

mum forward gain, and the adjustment to

obtain the best possible impedance match

between the antenna transmission line and

the feedpoint of the array.

Tuning the The actual tuning of the array

Array for best front-to-back ratio or

maximum forward gain may

best be accomplished with the aid of a low-

power transmitter feeding a dipole antenna

(polarized the same as the array being

tuned) at least four or five wavelengths

away from the antenna being tuned and

located at the same elevation as that of

the antenna under test. A calibrated field-

strength meter of the remote-indicating^ tvp:

is then coupled to the feedpoint o< the

antenna array being tuned. The transmit-
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Figure 26

ADJUSTMENT OF GAMMA MATCH
BY USE OF ANTENNASCOPE

AND GRID-DIP METER

pled to the input terminals of the

Antennascope as shown in figure 26.

2. The grid-dip oscillator is tuned to the

resonant frequency of the antenna,

which has been determined previously,

and the Antennascope control is turned

for a null reading on the meter o*

rhe Antennascope. The impedance pre-

sented to the Antennascope by the

matching device may be read directly

on the calibrated dial of the Antenna-

scope.

3. Adjustments should be made to the

matching device to present the desired

impedance transformation to the An-

tetmascope. If a folded dipole is used

as the driven element, the transforma-

tion ratio of the dipole must be varied

as explained previously in this Hand-

book to provide a more exact match. If

a T-match or gamma match system js

used, the length of the matching rod

may be changed to effect a proper

match. If the Antennascope ohmic

reading is lover than the desired read-

ing, the length of the matching rod

should be increased. If the Antenna-

scope reading is higher than t e

sired reading, the length of the match-

ing rod should be decreased. Alter

each change in length of the matching

rod, the series capacitor in the match-

ing system should be re-resonated fo.

best null on the meter of the Anten-

nascope.

(See Chapter 31 for details of the instru-

ments.)

Raising end A practical problem always

Lowering present when tuning up and

the Array matching an array is the physi-

cal location of the structure. If

the army is atop the mast it is inaccessible

for adjustment, and if it is located on step-

ladders where it can be adjusted easily it

cannot be rotated. One encouraging factor

in this situation is the fact that experience

has shown that if the array is placed 8 or

10 feet above ground on some stepladders

for the preliminary tuning process, the rais-

ing of the system to its full height will not

produce 2 serious change in the adjustments.

So it is usually possible to make prelunmary

adjustments with the system located slightly

greater than head height above ground, and

then to raise the zntennz to a position where

it m2y be rotated for final adjustments. If

the position of the matching device as de-

termined near the ground is marked so that

the adjustments will not be lost, the array

may be raised to rotatable height and the

fastening clamps left loose enough so that

the elements m2y fee slid in by means of a

long bamboo pole. After a series of trials

2 satisfactory set of adjustments can be

obtained.

The matching process does not require ro-

tation, but it does require that the antenna

proper be located at as nearly its normal

operating position as possible. However, on

a particular installation the standing-wave

ratio on the transmission line near the trans-

mitter may be checked with the array in the

air, and then rhe array may be lowereu

to ascertain whether or nor the SWR has

changed. If it has not, and in most cases if

the feeder line is strung out back and forth

well above the ground as the antenna is

lowered, they will not change, the ^ad-

justment may be determined, the standing-

wave ratio again checked, and the antenna

re-installed in its final location.

29-13 Indication of

Direction

The most satisfactory method for indi-

cating the direction of transmission of a ro-

tasik amv is that wild. jtb™ *

Synchros for tie trinmisaon o. the to

from the rotating structure to the indicating
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t-CHlmt,, Mtsy. citmrnu lip >n ssmt pliat, rnti to pntl and arr fed with equal, in-phase encrpy.
wasimuw ud.Mipn is at iiRhi .melts to t.ne of array.

fl-rto.'CSirtr >»?>. Elements l.c in samp plane, parallel to one another .and arc fed with equal in-phase
rneify, >, Ai.murn urtiMien is perpendicular to ax.s of array and to plane conlaininj; the elements.

c -rrdhrtjura). Hrmenn l.e (n sane plane, parallel to one another, Radiation coincides with direction

;
*’*

^
rmf

4

nU *’>' tie ted with proprrssive phase shill, or may be parasitically excited
urm tee driven element,

P-rftqv-tPe) -independent array. Elements he in same plane, parallel to one another. Radiation coin-

I.'” ,

*‘ 4 ef sr
.

,?v - t'rments fed out-ei-phase with progressive phase shift. Element

/ *
, .

‘ fJ,pn f * ,f1p m* they subtend from the apev point ot array and whose distance
1 -h r apes *i such tc prov.de wideband behavior,

a hijjh cam figure ami vers

S;\'h avwmbhcs ate mu-
Nc loss c! frequencies be
va later Mae of the an

Hv'ttcv-, at to MH;
iRWr.t» a w v*

t
mt<

Travi can b? bisil

r ,

;inuM:r.'n. meteor re

*1 hh chapter covers some of the more pop-
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CHAPTER THIRTY

VHF and UHF Antennas

The very-high-frequency or vhf domain
is defined as that range falling between 30

and 500 MHz. The ultraHgh-freqnency or

ithf range is defined as falling between 300

and 3000 MHz. This chapter will be devoted

to the design and construction of antenna

systems for operation on the amateur 50-,

144-, 220', and 420-MHz bands. Although

the basic principles of antenna operation are

the same for all frequencies, the shorter phy-

sical length of a wave in this frequency range

and the differing modes of signal propagation

make it possible and expedient to use antenna

systems different in design from those used

in the range from 5 to 50 MHz.

30-1 Antenna
Requirements

Any type of antenna design usable on the

lower frequencies may be used in the vhf

and uhf bands. In fact, simple nondirective

half-wave or quarter-wave vertical antennas

2re very popular for general transmission

and reception from all directions, especially

for short-range repeater work. But for serious

vhf or uhf work the use of some sort of di-

rectional antenna array is a necessity. In the

first place, when the transmitter power is

concentrated into a narrow beam the appar-

ent transmitter power 2t the receiving sta-

tion is increased many times. A ’’billboard”

array or a Yagi beam having 2 gain of 16 dB

will make a 25-w2tt transmitter sound like

a kilowatt at the other station. Even a much

simpler and smaller three- or four-element

parasitic array having a gain of 7 to 10 dB

will produce a marked improvement in the

received signal at the other station.

However, 2s all vhf and uhf workers

know, the most important contribution of a

high-gain antenna array is in reception. If a

remote station cannot be heard it obviously

is impossible to make contact. The limiting

factor in vhf and uhf reception is in almost

evert' case the noise generated within the re-

ceiver itself. Atmospheric 2nd solar noise are

quite low, and ignition interference can al-

most invariably be reduced to a satisfactory

level through the use of an effective noise

limiter. Even with 2 low noise front-end in

che receiver, the noise contribution of the

first tuned circuit will be relatively large.

Hence it is desirable to use an antenna system

which will deliver the greatest signal voltage

to the first tuned circuit for 2 given field

strength 2t the receiving location.

Since the field intensity being produced at

the receiving location by 2 remote transmit-

ting station may be assumed to be constant,

the receiving antenna which intercepts the

greatest amount of. wave front (assuming

that the polarization and directivity of the

receiving antenna is proper) will be the an-

tenna which gives the best received signal-

tc-ncise ratio. An antenna which has two

square wavelengths of effective area will pick

up twice as much signal power as one which

I-25 one square wavelength area, assuming the

same genera! type of antenna and that both

arc directed at the station being received.

Many instances have been reported where a

frequency band sounded" completely dead

with a simple ground-plane receiving antenna

but when the receiver was switched to a

three-element or larger array 3 considerable

amount of activity from SO to 160 miles

distant was heard.

VHF Antenno Types The vhf direction:) an-

tennas most used by se-

rious experimenters fall into four character-

istic groups:co!Iinear. broadside, end-fire, ana

frequency-independent {figure 1). All of

these, except the last, have been discussed in

earlier chapters of this handbook. It is com-

mon vhf practice to combine antennas cf

one type into a large directional array ot an-

30.1
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ATTENUATION IN 4B/1O0 FT. POWER RATING {WATTS}

CAEIE l. V- 50 MHz 144 MHz 220 MHz 432 MHz 50 MHz 144 MHz S20MHI 432

FC-5SC/U £2.5 .45 3.0 6.0 8.0 1 5.0 350 575 125 90

p.c-£e:f) 50 .79 2.2 4.1 5.0 7.1 450 220 160 120

F.G-59S/U 73 .65 2.3 a 5.5 3.0 500 250 150 125

RG-£5;F) 75 .79 2.0 3.4 4.6 4.1 650 320 220 160

rg-sa/u
£2 .66 2£ 3.5 5.0 1500 500 650 400

FG-213/U
U

RG-2?) 50 .£0 1.2 2.2 2-7 3.9 1950 HOD 550 520

RG-llA/U 75 .66 1.55 2.E 37 5.5 1500 EM 640 <00

P.G-17A/U
52 .66 Oi 1.0 1.3 2.3 4500 2200 1500 1200

P.G-21E/U

Figure 2

COAXIAL CABLES FOR VHFUSE

The pcpular RG-SA/U 2nd RG-55C/U are recommended for general purpose vhf use. Foam-dielectric
eafile, having somewhat lower less than the solid-dielectric czbJe, is indiczled by (H- The impedance
(Z,) of these cables is about 50 chms. The velocity of propagation (V.) of the wave along the cable is

t function of the dielectric materiel. Where lire loss is an important factor, air-insulated rigid coaxial

line may be used.

loss, as compared to solid-diclcctric line, and

many amateurs prefer this newer type of

cable.

Since most vhf f-m gear is designed for

use with coaxial cable, the use of low-loss,

open line is impractical. Some amateurs,

however, use an antenna tuner or baiun and
convert their nation equipment to use either

T\ -style a GO-ohm twin lead, or open-wire
line in order to reduce line losses {figure }).
While the initial cost of the TV line is low
:nd th; overall efficiency of the line is high,
the hr.? loss increases rapidly when the line

n f '- covered with ice and snow. In
aJJitr.n, the line must be installed well clear

t urte T‘ r'rtter thrr. the small?r receiving
•w. t ,-t either type must be carefully in'.

p:::!.?..conductor iir.e must

pared, a coaxial line is waterproof 2nd may
be run anywhere, since the r-f energy is

mainly contained within the cable. In addi-

tion. vhf $\VR meters arc available, or easily

made, to be used with standard 50- or 75-

ohm coaxial line.

^ hilc the coaxial line is waterproof, the

ends of the line arc not. and water can

cumIv get inside the exposed end of the line

if precautions arc nor taken. To protect the

line, it is necessary to coat the coaxial fittings

v hh a waterproofing sealant. such as G >/i rd

Electric RT\'-Ki2

.

As a substitute, white

bathtub calking compound may be used. > he

coaxial plugs should be coated on the interior

vjtn Don C>kii/u£ DC-4 paste, or c.y.uva*

lent, to prevent moisture from entering the

r'»".

VHF Cosxis! Most amateur equipment is

Htsrdwcrc fitted with the so-called

Y'ifr coaxial fittings. r*rt:C-

r

are a relic of the ''forties.” The pi ,J Z > 5

known r.s the PL-259 and the recert-*h

the SO-259. Thc'c items arc not vaterpre^'t
• , - ' «rr, »/)-/*

am? are rot suite.: tor u'r aoovt <
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Because vhf beams are relatively snazil

compared to hf beam antennas of equivalent

gain. it is possible for the experimenter to

easily build and evaluate various vhf antenna

designs. The broadside, curtain style beams

are generally simpler to gee working than

the Yagi, although the Yap can be made
with fewer elements for 3 given amount of

power gain. Unless the Yagi is accurately ad-

justed. the broadside array may end up with

more signal gain than the Yagi Stacking

Yagi antennas, in addirion, can raise addi-

tional problems nor always encountered in

the broadside array. The expected S-dB power

gain expected for the addirion of a second

Yagi may no: be realized unless the antennas

ate spaced far enough apart so that the aper-

tures do not overlap. This may cause the

minor lobes of the pattern to enlarge, which

may lead to undesired signal pickup and de-

graded front-ro-side ratio.

In spite of the design problems associated

with the Yagi, many successful designs have

been worked out and some of the better ones

are described in this chapter. The log-periodic

Yagi (LPY) beam overcomes some of the

difficulties associated with the Yagi and a

wideband, LPY array for JO MHz is shown.

Other practical beams for 220 and -.20 JfHz

are shown in later sections.

Generally speaking, an omnidirectional an-

tenna pattern with vertical polarization and

moderate gain is desired by the f-m enthusi-

ast who wishes to work into numerous re-

peaters at various distances 2nd directions

from his station. A rotary beam antenna in

this instance would be a nuisance. The moon-

bounce enthusiast requires 2 high gain an-

tenna, movable in both azimuth and elevation

so that he can track the moon. The OSCAR,

experimenter perhaps requires a medium-gain

antenna having 2 broad lobe that will allow

the satellite to move a distance across the sky

before it becomes necessary to realign toe an-

tenna. Selecting the proper vhf antenna^ is

the first important step, then, in the order

of priorities that faces the vhf operator.

VHF Antenna for hf DX work, the higher

Pleeement- the antenna, the lower tne an-

gle of radiation wiil be and,

presumably, the better the DX results. In

the vhf region, height is a virtue, especially

for extended, line-of-sieht contacts. How-

ever. ate antenna bright must be balanced

against the increase in transmission &* fcjj,

which can be quite high, esctcialiv h -hz

upper vhf and lower uhf range. Lars* vhf
antennas, too. are often damaged cy winter

1“ the dear, rcr specialized communication.

little importance as Icaz as the antenna can

'‘see” the moor. Satellite work with OSCAR
dcs no: require great antenna bright either.

with regard to the transmitting and receiving

antennas.

VHF Antenna Yof mobile operation gener-

Polor'nolrw ally implies vertical polari-

zation and base nation* b
general contact with mobiles use vertical

polarization exclusively. Long range vri

operation, however, seems to show no prefer-

ence for one form of polarization over an-

other. Manmade noise seems to be vertically

polarized aad many amateurs avoid vertical

polarization if they live in an area having

a high level of "r-f smog.” Generally speak-

ing, horizontal polarization seems to hold a

slight edge over vertical polarization tor long

distance vhf communication and construe-

rion problems seem to he less with horizontal

elements when a large antenna array is as-

sembled. Cross polarization (horizontal to

vertical, and vice versa) entails a circuit

loss cf about 20 e3, so it is wise to check

what type cf pebrizarien is in use in you:

area before the construction of a large an-

tenna array is undertaken.

VHFTrcnsmissfcn Both cafallel-conductcr

lines air iise and coaxial line

cases where line loss is a limiting factor.

air-Lnmhted coaxial line may he usee. It :s

wise to use the very minimum amount ©l

transmission line possible since hue Iks

mounts rapidly at trequer.cies above 50 MHi

(figure 2). Generally speaking, the popular

50-chm coaxial iinc (RG-SA V sr.i RG-

55A Ui are commonlv used tor more e:b.e

. * j l.'j, «rr, X'U-
runs cr. tr.t vnt c-r.a? tv -w
Lcnccr runs require tn; larger, expensive

RG-V U cable, cr ©pen-wire line. Foam-

dielectric coaxial line may be used tor let*
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Table 1. Wavelength and Antenna Dimensions

'Rounded!
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DESCRIPTION

AND MAKE V-

AT"

d

ENUAT

/TOO FE

ON

ET

50

MHi

100

MHi

400

MKt
GENERAL PURPOSE

7X28 WIRE

AM-214-056

C-4506

CL-01C04

0.85 0.72 1.3 2.6

HEAVY DUTY

7X26 V/IRE

TUBULAR

AM-214-076

C-4523

0.82 07 1.1 2.3

GENERAL PURPOSE

HOLLOY/ OP.

FOAM CORE

7 X 28 WIRE

AM-214'022

C-4527

0.84 0.55 0.8 1.8

SHIELDED

FOAM DIELECTRIC

C-4535

005720

0.76 2.0 2.8 5.9

If 1 1
C=ConJolidofed Wire AM—Amphenol

CL=Columbro Wire

Figure 3

“RIBBON” LINE FOR VHF USE

Attenuation varies somewhat between different

cable manufacturers. Types having foam dielec-

tric have lower loss than equivalent types hav-

ing solid dielectric. Amphenol also makes a

heavy-duty 75-ohm "ribbon" line for transmit-

ting service (214-023).

“constant impedance” and do nor appreci-

ably affect the $WR on the transmission line

at least up to 500 MHz.

Generally speaking, RG-SA-TJ line and

typesN fittings are recommended for high

power operation and or long cable runs from

equipment to antenna- The smaller, light

duty RG-58 TJ cable and associated BNC

hardware are suggested for low power and

short cable runs.

Antenno h is recommended that the

Chongeover same antenna be used for trans-

mitting and receiving in the

vhf and uhf range. An ever-present problem

in this connection, however, is the antenna

changeover relay. Reflections at the antenna

changeover relay become of increasing im-

portance as the frequency of transmission is

increased. When coaxial cable is used as the

antenna transmission line, satisfactory coax-

ial antenna changeover relays with low

reflection can be used.

On the 220- and 420-MHz amateur

bands, the size of the antenna array becomes

quite small, and it is practical to mount two

identical antennas side by side. One of these

antennas is used for the transmitter, and the

other antenna for the receiver. Separate

transmission lines are used, and the antenna

relay may be eliminated.

TYPE-N CONNECTORS

DESCRIPTION MILITARY

TYPE

AMPHENOL

TYPE

PLUG UG-21/U 3900

SPLICE UG-29/U 15000

RECEPTACLE UG-58/U 82-97

j/gj gg
IEHEBHI UG-88/U

06414/11

ISWl UG-625/U

ADAPTER

TO UUP UG-273/U 31-028

Figure 4

VHF COAXIAL HARDWARE

Type-H and type 8NC coaxial hardware are used

on up-to-date vhf and uhf equipment. These

units are constant-impedance design and do not

appreciably affect the SV/R on the transmission

line at least up to 500 MHz. Many type num-

bers exist, and these listed are representative.

Adapters are available to convert from one sys-

tem of hardware to another.

Effect of It is important that line

Feed System on radiation be held to a mini-

Radiation Angle mum or the radiation pat-

tern of a high gain vhf

antenna may be adversely affected. Military-

style cables having the “RG” nomenclature

exhibit radiation loss through the outer

braided shield of about — 35 dB below the

power in the line. Less expensive cables hav-

ing a looser outer braid, or having less wires

in the braid, often show a radiation loss in

the neighborhood of -20 dB. Line radiation

cot only robs the antenna of some power,

but can distort the radiation pattern or the

antenna and dilute the front-to-back ratio

of an otherwise good antenna pattern. In
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connected together. Since the point of con-

nection is effectively at ground potential, no

insulation h required: the horizontal rods

may be bolted directly to the supporting

pole or mast, even if of metal. The coaxial

line should be of the low-loss type especially

designed for vhf use. The shield connects to

the junction of the radials, and the inner

conductor to the bottom end of rbe vertical

radiator. An antenna of this type is moder-

ately simple to construct and will give a

good account of itself when fed at the lower

end of the radiator directly by the 50-ohm

RG-S U coaxial cable. Theoretically the

standing-wave ratio will be approximately

1.5-to-l but in practice this moderate SV7R

produces no deleterious effects.

The modification shown in figure 5C per-

mits matching to a standard 50- or 75-ohm

flexible coaxial cable without a linear trans-

former. If the lower rods hug the line and

supporting mast rather closely, the feedpoint

impedance is about 75 ohms. If they are bent

out to form an angle of about 50° with the

support pipe the impedance is about 50 ohms.

The number of radial legs used in a vhf

ground-plane antenna of either type has an

important effect on the feed-point imped-

ance and on the radiation characteristics of

the antenna system. Experiment has shown

that three radials is the minimum number

that should be used, and that increasing the

number of radials above six adds substanti-

ally nothing to the effectiveness of the an-

THE DOUBLE SKELETON CONE
ANTENNA

f. smitten ctne hat teen substituted for the
eier-tM renter cl l.t;ure sc. This ^really

.'•t'tjtrs th* tjn-A.fith. if at least to elements
»>f v-.fi fi! tact- *> finer, cent and the an^le
«< rriitj'.cr a*d element lentfh arc optimized.
t Ci\r tan te ctliiretj ever a frequency
ti-tt cf ti teas! j* c cilsves. Tc cbfj.n this

f ta-tmuib. element ler£th L shsutd be
t: w.*vf!err;h .»! thr fic .

c t! »’f t-”i- are the anjlf C f re«.
i.t.t- tat i- ,*?S *:r t-t J:»ett mjT,r-un $ v/ p
* -xi rjrre tc be csvfifd. *,

Vfi'.t- .rrreif-f-t ,n l-e
-f, e .

{• srjttHitt-t esn te asHmd by acc-np
t-j'- by .nvf.n.'c the Cijr-tlri e f the

(*"?'!! y.'ii cr*y i e't'-ent e?' "serf j-s
r t-jl’er a^e t» » t;» ZfiP.

tf ct'j -ed cer a I'tcue-c/ n?tt e* j“.

fSi -i'.f) f 5 It tC «!'“ t'.r fierf-t tenths
,,f eri ~.ttt

Figure 7

N0N0IRECT10NAL ARRAYS FOR

144 AND 220 MHz

On rich! is shewn » i*:-bind ,realistic*:. ftt

CCrtjbi* use. the »bo«e syitem may eiti'y b*

dissembled tt-i carried cn t hunt rsc k

s ce*
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caution. As an example, reducing ele-

ment diameter by a factor of four at 50

MHz requires an increase in element length

by about 8 percent to maintain resonance.

Representative lengths for a dipole element

for the vhf bands is given in Table 1.

Since the length- ro-diameter ratio of an-

tennas above 200 .MHz or so is somewhat

smaller than that of high-frequency arrays

and because rhe arrays are physiczlly smaller

dimensions are generally given in inches,

based on the following formula:

Dipole length finches)
5600

f:iHi

The metric equivalent is:

Dipole length (cm) = 14,224

/’IHi

The dimensions for small (3, 4, or 5 ele-

ment) Yagts may be derived from Table 1,

based on elements of the listed diameters

and using 2 nominal spacing of 0.2 wave-

length. Tf other element spacings are to be

used, the reflector and director elements

will have to be readjusted accordingly.

Closer reflector driven-element spacing will

call for a slightly shorter reflector for

optimum gain. Closer director driven-ele-

ment spacing will call for a slightly longer

director for optimum gain. Generally speak-

ing, anything closer to 0.2-wavelength spac-

ing in Yagi arrays rends to reduce the

bandwidth, reduce the driven-element im-

pedance, and increase the front-to-back

The parasitic element should not be painted

as this tends to detune the element. A light

coat of Kryhn plastic spray may be used to

protect the element against weather.

30-2 Base Station

Antennas

'' ariou; vertical sntennss sre shown in

figure 5. Antenr.2 A is known as the sleeve

stifcmm, the lower half of the radiator being

a large piece of pipe up through which the

concentric feedline i; run. At B is shown

the ground-[Jaw vertical, and at C a modi-

fication of this latter antenna. In many
cases, the antenna; of illustrations A and

C have a set of quarter-wavelength radials

placed beneath the array to decouple it from

the transmission line.

The radiation resistance of the ground-

plane vertical is approximately 30 ohms,

which is not a standard impedance for co-

axial line. To obtain a good match, the first

quarter wavelength of feeder may be of 50

ohms impedance, and the remainder of the

line cf 75 ohms impedance. Thus, the first

quarter- wavelength section cf line is used

as a matching transformer, and a good match

is obtained.

In actual practice rhe antenna would con-

sist of a quarter-wavelength rod, mounted by

means of insulators atop a pole or pipe mast.

Elaborate insulation is no: required, as the

voltage at the lower end of the quarter-

wavelength radiator is very low. Self-sup-

porting rods 0.2 J wavelength long are ex-

tended out, as shown in the illustration, and

Vhf mobile communication makes use of

vertical polarization and most vertical an-

tennas are omnidirectional in the azimuth

plane unless the pattern is modified by the

addition of parasitic elements. Tn the great

majority of cases, the desired bare station

coverage is omnidirectional and simple ver-

tical dipoles form the basic antenna element.

THREE VERTICALLY POLARIZED

low-angle radiators

own St A is Ihs “sleeve” cr “hype-emnc

ie Cf radiator. At B is shewn the gmtinfl-

jne vertical, and C shews a modification «
is antenna system which increases the fees-

int impedance to 2 value such that the sys*

n may he fed directly from a c«ar>al line w.tn

no standing waves cn the feedine.
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tor, as dots the center conductor of the

coaxial feedlmc. The outer shield of the line

is grounded to the roast section
_

at the in-

sulator. The outer sleeve (A) is attached

to the mast section by means of machine

screws tapped into the aluminum plug.

The lower sleeve is attached to the mast

Jn a similar manner, as shown in the draw'-

ing. The radials, made of aluminum clothes-

line wire arc threaded and screwed to an

aluminum mounting cylinder (similar to B)

which encircles the mast.

Three aluminum fittings (B) arc required,

one for the top sleeve, one for the lower

sleeve, and one for the radials. The top fitting

is shown in figure S. The center one is simi-

lar. except that it is drilled to pass the mast

section. The fitting for the radials is similar

to the center one. except that the ’-inch

lip at the top is omitted.

The length of the fitting is such so that

the inner resonant portion of the sleeve is

slightly shorter than the outer section. The

outer section acts as a portion of the antenna

and the inner section acts as a decoupling

transformer. The resonant lengths are dif-

ferent for each case, and the length of the

fitting mihcs up the electrical difference.

The sleeves arc free at the lower ends,

with no connection or support at this point.

Care must be taken to make the assembly

waterproof, as an accumulation of moisture

in the sleeve may detune it. Plugs at the

bottom of the sleeves, therefore, are no: ad-

vised.

The $ 0-ohm coaxial transmission line runs

up the inside of the mast to the top fitting

where the outer shield is grounded to the

•rructurc by means of a washer placed be-

neath the feedthrough insulator. The shield

•• b soldered to a lug of the washer, which may

hr cut from thin brass or copper shim stock.

When fed with a 50-chm transmission

bnr, the measured across the 1^4-MHz.

hand i\ in than 2 •'!, and better than M/I
at the center frequency of W MHz.

Ar»cr*e ’ 0 -,i r.n-rafrurp:” base sts-

fed at the base with a quarter-wave maten-

ing transformer and a coaxial line. The as-

sembly is C
I

U 'K ru”S£lJ 'lnlJ c3n bc nwunKI*

,uop an existing tower, or can be formed

from an existing whip antenna.

The 144MHz J-Pole antenna is shown in

figure 9B. The antenna is basically the same

as the 6-mcter version, except that a pamma

match system is used to match the coaxial

line to the quarter-wave transformer. The

tap point of the pamma and the setting o!

the series capacitor are adjusted for loaves;

SW'R on the coaxial transmission line.

The Discone The Dhcoitc antenna is a vcrci-

Anfenna cally polarized omnidirectional

radiator which has very broad-

band characteristics and permits a simple,

rugged structure. This antenna presents -

substantially uniform feedpoint impedance,

suitable for direct connection of a coaxial

line, over a range of several octaves. Also,

the vertical pattern is suitable for ground-

wave work over several octaves, the gam

varying only slightly over a very wict

frequency range.
^

A Discone antenna suitable for multiband

amateur work in the uhf, • vhf range is sho^ n

schematically in figure 10. The distance (D)

should be made approximately equal to *

irec-spacc quarter wavelength at the l°r' c

^
operating frequency. The antenna then

perform well over a trequency range

least S to 1. At certain frequencies wit..m

this range the vertical pattern will tend w

rise slightly, causing a slight reduction

gain at zero angular elevation, but t..c -

duction is vert* slight.
^ ^

Below the frequency a: which the J

heigh: of the conical skirt is equal ro a

space quarter wavelcngtn t“c starcing---
^

ratio starts to climb, ar.5 oelow a irc««c**Cr

approximately 20 percent lower than

the standing-wave ratio climbs verc

imattly equal to a tree-space quarter

-refer to fir-tc U'h c
‘^^
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tenna md Fias no effect on the feedpoint

impedance.

Double Skeleton The bandwidth of the an-
Cone Antenne tenna 0£ figUre fC can be

increased considerably by

substituting several space-tapered rods for

the single radiating e/ement, so that the

"radiator” and skirt are similar. If a suffi-

cient number of rods are used in the skele-

ton cones and the angle of revolution is

optimized for the particular type of feed-

line used, this antenna exhibits a very low

SVR over a 2-to-] frequency range. Such

an arrangement is illustrated schematically

in figure 6.

A Nondi/eetfcnflJ Half-ware elements may
Vertical Array be stacked in the vertical

plane to provide a non-

direcrional pattern with good horizontal

gain. An array made up of four half-wave

vertical elements is shown in figure 7A.

This antenna provides a circular pattern

with a gain of about 4.5 dB over a vertical

dipole. It may be fed with 300-ohm TV-

type line. The feed line should be conducted

in such a way that the vertical portion of

the line is at least one-half wavelength

away from the vertical antenna elements.

A suitable mechanical assembly is shown in

figure 7B for the 144- and 220-MHz ama-

teur bands.

A Slacked The sleeve antenna makes

SFeeve Antenna a good omnidirectional ar-

for 144 MHz ray for 144 MHz in areas

where vertical polarization is used. A double

stack, such as illustrated in figure 8, will

provide low-angle radiation and a power

gain of about 3 decibels. The array is de-

signed to be fed with a 50-ohm coaxial

transmission line.

Tie antenna is built on an eight-foot

length of aluminum TV mast section, l l/%"

diameter. A quarter-wavelength whip ex-

tends from the top of the assembly, and

two sleeves are mounted to the mast sec-

tion below the whip. Both sleeves are elec-

trically connected to the mast at their tops,

and tie bottom sleeve is shock-excited by

the top antenna array, which functions as

a simple dipole. Directly Below the sleeves

SLEEVE ANTENNA FOR 144 MHz

Stacked dipoles provide nondirectional cover-

age with low-angle radiation. The top whip is

fed by a coaxial line passed up through the

mast section and is insulated from remainder of

the antenna structure. Lower dipole is com-

posed of mast section and matching skirt which

is grounded to the mast at the top. Bottoms of

both skirts are free. Radials beneath bottom sec-

tion impede flow of antenna current on outside

of coaxial line.

are mounted four quarter-wave horizontal

radials which decouple the stacked antenna

from the outer shield of the coaxial trans-

mission line.

Antenna construction is straightforward

and simple. The top of the mast is closed

with an aluminum plug (B) having a

ceramic feedthrough insulator mounted in

it. The vertical whip attaches to the insula-
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Figure 10

THE DISCONE BROADBAND
RADIATOR

This antenna system radiates a vertically polar-

ized wave over a very wide frequency range.

The “dist" may be made of solid metal sheet,

a group of radi3is, or wire screen; the "cone”
may best be constructed by forming a sheet

cl thin aluminum. A single antenna may be used

for operation on the 50-, 1«-, 2nd 220-»/Hz ama-
teur bands. The dimension 0 is determined by
the lowest frequency to be employed, and is

given in figure 11.

- Iff!

Figure 11

DESIGN CHART FOR THE DISCONE
ANTENNA

;rc U:”' jce .1 and the vector turn of the

A 'tviru: ar.tcnn: producing a uniform,

m b. I "hrcc dipoles are curved to

to prevent antenna currents from flowing on

the outer surface of the coaxial conductor.

The hah antenna (figure 15) is a third

popular form of horizontally polarized ra-

diator. Basically, the halo is a dipole element

formed into a circle and end-loaded by a

capacitor to establish resonance. Any con-

ventional feed system may be used with this

antenna.

The Vhf Rhombic For vhf transmission and

Aj,,enno reception in a fixed direc-

tion. a horizontal rhombic

permits 10 to 16 dB gain wjth a simpler con-

struction than does a phased dipole array, and

has the further advantage of being useful

over a wide frequency range.

Except at the upper end of the vhf range

a rhombic array having a worthwhile gain is

too large to be rotated. However, in loca-

tions 75 to 150 miles from a large metropol-

itan area a rhombic array is ideally suited

for working into the city on extended (hor-

izontally polarized) ground wave while 3t

the same time making an idea! antenna for

TV reception.

The useful frequency range of a vhf

rhombic array is about 2 to 1, or about plus

40'/ and minus 30'/ from the design jrc-

qucncy. This coverage is somewhat less than

that of a high-frequency rhombic used for

sky-wave communication. For ground-wave

transmission or reception the only effective

vertical angle is that of the horizon, and 3

frequency range greater than 2 to 1 cannot

be covered with a rhombic array without an

excessive change in the vertical angle of

maximum radiation or response.

The dimensions of a vhf rhombic array are

determined from the design frequency

and figure 14, which shows the proper tilt

enyle (sec figure 11) for 3 given leg length-

The gain of a rhombic array increases with

leg length. There is no; much point in con-

structing a vhf rhombic array with !ep

shorter than about 4 wavelengths, and tht

beam width begins to become excessive!*

sharp for leg lengths greater than about *

wavelength'. A leg length of 4 wavelength 1

i* a ;»-id compromise between beam wicifi

and gain.

The tilt angle tr,*'} given in ficurc ^ i<

baw l on a v. as e angle of zero degree', f or '?

lengths Til - wavelengths or longer it ri!i
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Figure 3

THE J-POLE ANTENNA
FOR 50 AND 144 MHZ

The half wave vertical antenna
is a popular cmMirecIioml
installation for the vhi bands.

A—so MHz J.pole antenna. The
coaxial cable is brought up in*

side (he aluminum pipe, which
serves es antenna end msst.

The outer shield of the line is

grounded to the pipe 6 inches

above the mounting ctzmp for

the matching section. The in-

ner conductor is tapped on the

matching section as shown.

B—li4 KHz j-pole antenna. A
coaxial receptacle is mounted
on the shorting bar. The inner

terminal is tapped on the verti-

cal radiator through a 20-pF

variable capacitor. Adjustment

of the capacitor and the tap

point (about T' above the bar)

permit a very low value of SV/R

to be achieved on the transmis-

sion fine. This is a simpfe ver-

sion of the gamma match.

V rlZc-i SM.VaS

liEm'jtffcsiis

B‘6"
I <.!r.l

CkAI'IC

t'srjcre

<1.37n

Fn it

cav/i:

IH5EAKB

k

j)*U switfen

©
1"-£V*Z

i

;

renna. It looks to the feed line like a prop-

erly terminated high-pass filter. The top disc

2nd the conical skirt may be fabricated

either from sheet metal, screen {such as

"hardware cloth"), or 12 or more "spine”

radhls. If screen is used, a supporting frame-

work of rod or tubing will be necessary for

mechanical strength except at the higher

frequencies. If spines 3re used, they should

be terminated on a stiff ring for mechanical

strength, except at the higher frequencies.

The top disc is supported by means of

three insttheiag pillars fastened to the skirt.

Either polystyrene or low-loss ceramic is

suitable for the purpose. The apex of the

conical skirt is grounded to the supporting

mast and to the outer conductor of the

coaxial line. The line is run down through

the supporting mast. An alternative arrange-

ment, one suitable for certain mobile appli-

cations, is to fasten the base of the skirt

directly to an effective ground plane such

as rhe top of an automobile.

Horizontally Qn occasion, horizontal polar-

Polarized ization is desired in a base

Antennes station. Shown in figure 12

2re two simple, omnidirec-

tional horizontally polarized antennas. A set

of crossed dipoles, fed 50 out of phase b

shown in illusmtion A. This furml/k an-

tenna is the basic antenna clement used in

many f-m broadcast arrays. The antennas
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Tsble 2. Rhombic Antenna Dimensions
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Figure 15

VHF RHOMBIC ANTENNA
CONSTRUCTION

carbon resistors i" fines. Ji 2-~'zz*

30-3 the Lcg-PcriodSc

Antenna

frecasacy-r-dspEndsa: behavior. Yenzur-n*

of this basic c-en02 stay tabe the fern r:

toothed structures. such as illustrated.

An outgrowth of this form of "sd:3Ebzx

astasia is the log-pnio&c Jit'Ote ctt£) (re-

nte i?) "'hich is “ell suited to vhf and nr.:

*’ori. This interestinp antenna is esge -?

cf dipole elements —hose lengths are deter-

mined by the ancle they subtend from tot

apex point, and "whose distance from the ;p£i

is such as to provide the lop-periodic be-

havior. The dipoles are fed a: the center

from 5 parallel--’:* line in such jVhb:

that successive dipoles ccme cu: from the

line in opposite direction*. equivalent to :

3:0* phase shift between elements. A brori*

banc Joe-periodic nrucrure is thus termed.

"'-;th most cf the radiation ccm.inc from

those dipole elements in the vicinity of t

half-^avelencth loop. The bandwidth of the

sirrcrure is thus Lhmited by the length of

the Ion rest and shor.es: elements, -which must

be approximately a half-vavelenctb lory

a: the extreme frequency limits 0: the a>
term 2 array. Gain and bandwidth c: tor
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HORIZONTAL POLARIZED, OMNIDIRECTIONAL VHF ANTENNAS

A—Turnstile antenna is widely used in f-m broadcast service,
fi—Modified turnstile using circular elements. A series of antennas of this type may be mounted in a

stack on a single tower to provide power gain without sacrificing the omnidirectional pattern.

©
-AI2-

F-F F F

Figure 13

EVOLUTION OF THE HALO ANTENNA

A—Half wave dipole antenna fed at F*F

B—Dipole bent into circle

C-~Short dipole bent into circle and end-loaded

to establish resonance. Halo antenna is placed

parallel to the earth to establish herirentat

polarization and essentially omnidirectional

pattern. Conventional feed system, such as a

gamma match, may be used. Circuit-Q of a

Halo is quite high and operational bandwidth

is less than that of equivalent dipole.

ic necessary to elongate the array a few

icrcent (pulling in the sides slightly) if the

lorizon elevation exceeds about 5 degrees.

Tabic 2 gives dimensions for two dual

lurposc rhombic arrays. One covers the

i-meter amateur band and the "low" tele-

vision band. The other covers the 2-mctcr

amateur band, the "high” television band,

and the 1 Yi-meter amateur band. The gain

is approximately 12 dB over a matched half-

wave dipole and the beam width is about

6 degrees.

The recommended fecdline is an opcn-wjrc

line having a surge impedance between 410

and 600 ohms. With such a line the SWR
will be less than 2 to I. A line with two-

inch spacing is suitable for frequencies below

100 MHz, but one-inch spacing is recom-

mended for higher frequencies.

If the array is to be used only for recep-

tion, a suitable termination consists of two

Figure U

VHF RHOMBIC ANTENNA DESIGN

CHART

The optimum till ancle (tee f ‘wro-

angle” radiation depends en Ibr fe-jtf! e! in
lidt*.
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TTiIs equianguler spire] antenna structure serves

zs z (regency fntfepenefent antenna as its

shape is entirely specified by angles. The sheps

cf the antenna, when erpresssd in terms of

operating wavelength, is the sane for 2ny

frequency. The structure is fed at the center

(point F) and the arm length is infinite.

The balanced log-periodic dipole structure

may be fed with an unbalanced coaxial line

by using the support structure as a balun,

feeding the coaxial line back from the feed-

point through the structure toward rhc rear.

A L-P Dipole Army A practical L-P dipole

for 140—450 MHz array for the vhf spec-

trum is shown in figure

17. The antenna has a power gain over a

dipole of about 7 decibels and may be fed

with a 50-ohm coaxial transmission line.

The maximum SVR. on the transmission

line, after adjustment of the boom spacing

is better ritzn 2.VI over the entire range.

The L-P array is built on a twin boom made

of 14-inch diameter, heavy-wall aluminum

tubing. Two lengths of material are clamped

together ro form a low-impedance transmis-

sion line 84" (213 cm) long. The clamps

may he made of hard wood, or other good

insulating material. An impedance match

between the array and the transmission line

is effected by varying the sparing of the

boom, which changes the impedance of the

transmission line created by the proximity

of the booms to each other.

Alternate halves of successive dipole ele-

ments 2re fastened to a boom section by
threading the element, and affixing it to a

clamp, as shown in the illustration. Ele-

ment spacing? are measured from the rear

of the array 2nd are rounded oft to the

nearest quarter inch.

'when the array is completed, all elements

lie in the same plane, with successive ele-

ments off center from the supporting struc-

ture by virtue of the alternate feed system

employed. Boom spacing should be set as

shown, in the drawing, and kter adjusted

for minimum SVR on the coaxial trans-

mission line at the various frequencies of

interest.

The coaxial line is passed through one

boom from the rear 2nd connection to both

booms is made at the nose of the array. The

outer braid of the line is connected to the

boom through which the line passes, and the

center conductor connects to the opposite

boom. Type-N coaxial connectors are recom-

mended for use in this frequency region.

A L-P Yogi A yap antenna consists of a

for SO MHz driven element plus parasitic

elements to increase the gain

and directivity of the radiation pattern over

that of a dipole. The number of parasitic

elements, their length and sparing with

respect to the driven element determine the

characteristics of the parasitic vagi antenna.

As gain and directivity increase, bandwidth

decreases. limiting the ultimate usefulness of

this antenna over a complete amateur band,

especially at 10 meters and above. To in-

crease the bandwidth of the array, the log-

periodic principle used for broadband an-

tennas may be applied to the parasitic beam.

The log-periodic vagi array consists of

log-periodic elements, interposed with para-

sitic reflectors 2nd directors to form individ-

ual cells, differing in size bv a geometric con-

stant. The driven element in each cell is

fed by 2 common balanced transmission line.

A variation of the log-periodic principle

is used in the parasitic antenna described in

this section. This L-? vagi antenna is com-
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izcd component leads or laps the horizontal

component.

A circularly polarized antenna will re-

spond to any plane polarized wave whether

horizontally polarized, vertically polarized.

T I G<t SOU*PE TB»HSUIT
r

!
SBOUMSSCPCtN

t

SCCE1VE

I
! ^ t j.

THE HELICAL BEAM ANTENNA

This type of directional antenna system gives

excellent performance over a frequency range

of 1.7 to 1.8 to t. Us dimensions are such that

it is ordinarily rot practical, however, for use as

a rotatable array on frequencies below about

1M MHi. The center conductor of the feodline

should pass through the ground screen for con.
nection to the fccdpoinl. The outer conductor
of the coaxial line should be grounded to the

ground screen.

nr diagonally polarized. Aho, a circular pa*

Un/cd wave can be received on a plane

polarized antenna, regardless of the polar*-

/uum of the latter.

Wlu-n WMnjj circular!) polui/ed antenn.u

at hath ends of the circuit, however, both
imrt be left handed or both must be right

handed. This offer' Mime interesting pussihil-

,5u”‘ v "h regard to reduction of interference.

V. the time «f writing there has been no
itjruhtdizatton of the twist" for general

‘Ht'tJtmr work.

t

i s ‘ie simplest antenna configum-
•* '•’> tor i directional beam antenna having

P'sl'fi/atum the /i- h( ,ti lumu
soif!‘ts '.»!:;•!< «.{ » helix v orking

t a ground plane and fed */Uh coaxial
h: fl-v uftt and the upper vhf range

;v.‘. itirrrnsmn* arc sctVteiently small
:i r*rn‘-i c< m:re;ttwi of a rotatable 'true.

' t,,{' til '' d'.n-.r.ssons atv optimj/cd. the

‘.v's'ti.s f tf.i r-eii.i. t*. antenna

little variation in the pattern of the main

lobe and a fairly uniform feed-point im-

pedance averaging approximately 12 J ohms

over a frequency range of as much as 1.7

to 1. The direction of "electrical twist"

{right or left handed) depends on the direc-

tion in which the helix is wound.

A six-turn helical beam is shown sche-

matically in figure 19. The dimensions shown

will give good performance over a frequency

range of plus or minus 20 percent of the

design frequency. This means that the di-

mensions are not especially critical when the

array is to be used at a single frequency or

over a narrow band of frequencies, such as

an amateur band. At the design frequency

the beam width is about JO degrees and the

power gain about 12 dB, referred to a non*

directional circularly polarized antenna.

For the frequency range 100 to J00 MHz
a suitable ground screen can be made from

"chicken wire” poultry netting of 1-inch

mesh, fastened to a round or square frame

of either metal or wood. The netting should

be of the type that is galvanized after weav-

ing. A small, sheet-metal ground plate of

diameter equal to approximately D/2 should

be centered on the screen and soldered to it.

Tin, galvanized iron, or sheet copper is

suitable. The outer conductor of the R.G-

63 U (12J-ohm) coax is connected to this

plate, and the inner conductor contacts the

helix through a hole in the center of the

plate. The end of the coax should be taped

with Scotch electrical tape to keep water

out.

It should be noted that the beam proper

consists of six full turns. The start of the

helix is spaced : distance of S
;
2 from the

ground screen, and the conductor goes di-

rectly from the center of the ground screen

to the start of the helix.

Aluminum tubing in the 2014 alloy

grade is suitable for the helix. Alternatively,

lengths of the relatively soft aluminum

electrical conduit may be used. In the vhf

range it will be necessary to support the

helix on either two or four wooden long-

erons in order to achieve sufficient strength.

The longerons should be of the smallest

cross section which provides sufficient rigid*

ity, and should be given several £nat*. of

Vi'r.i'.h. The ground pi r.c butt' avaunt tJ1
"

longerons and the whole assembly n sup



Figure 18

L-P YAGI ANTENNA FOR SIX METERS

This design combines bandwidth of log-periodic structure with gain of y2gi antenna. L-P yagi may be

built on Ite-inch (4.0 cm) diameter boom, about IS feet (5.8 m) long. L-P elements are insulated from

boom by mounting on insulating blocks. Yagi elements are grounded to boom at their center point. The

antenna is fed with a balanced 7c-ohm ribbon line at the feedpoint and the L-P transmission line is

made Up of Ho. 8 aluminum clothesline wire, criss-cross connected between the elements. Rear erement

is shorted with six-inch loop of aluminum wire. The snacing between the inner tips of the L-P elements

is 3J4 inches (8 J3 cm}.

about 18 {4 feet (5.64 meters} and it pro-

vides improved bandwidth performance and

smaller size than the comparable yagi array.

304 The Helrcaf Beam

Antenna

Most vhf and uhf antennas arc either

vertically polarized of horizontally polar-

ized (plane polarization). However, circu-

larly polarized antennas having interesting

characteristics which may be useful for

certain applications. The installation of such

an antenna can effectively solve the problem

of horizontal versus vertical polarization.

A circularly polarized wave has its energy

divided equally between a vertically polarized

component and a horizontally polarized

component, the two being 90 degrees out of

phase. The circularly polarized wave may be

cither "left handed" or "right handed.” de-

pending on whether the vertically polar-
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poned from the bzfence point if it it to Lc

roared.

Aluminum tubing in the larget diameters

ordinarily is no: readily available in lengths

greater than 12 fee:. In this case several

lengths can be spliced by means of short

telescoping sections and sheet-metal sere?:?,

The tubing is cfestwoontf on a drum and

then spaced to give the specified pitch.

.Vote that the length of or.e complete turn

when spaced is some?, ha: greater than the

circumference of a circle having the diam-

eter D-

Bread-Band A highly useful vfcf h»Ii-

144- fo 225-MHa cal beam -/hick will re-

Helical Ecom ceive signals “-'ids good

gain over the complete

frequency range from 144 through 225

MHz may be constructed by using the fol-

lowing dimensions (ISO MHz design cen-

ter):

D 22 in, { 55.S cm)
S 16% is. ( 41.9 cm)

G 55 in, (254,6 cm)

Tubing c.d—„„ 1 in. ( 2J cm}

The D and S dimensions are to the center

of the tubing. These dimensions must be

held rather closely, since the range from

144 through 22 J -MHz represent; /use about

the practical limit of coverage of this type

or antenna system.

Vote that an array constructed with the

above dimensions will give unusually good

highfcand TV reception in addition to cov-

ering the 144- and 220-MHz amateur bands

and the ta.ti and police services.

On the 144-MHz band the beam width is

approximately 60 degress to the half-power

®

Figure 20

BEAM ANTENNA FOR OSCAR SATELLITE

T« 144-MHz W5i terns, rmraM zl iWa ™SlH <= <®» =»

cf eha'E vflll orevfd* circular psisrrza tfan. (A)—Oimensifcs of cce Yagi array are s.>* p- *'

ment lengths are eirtfor 2 wesfi fiaam. The seecr.d set cf events are

as 3SK 5S?«s^ -
is hg-S/U C3 cnmsj-
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bv 6 dB every time the operating frequency

is doubled. The power gain of such a horn

compared to a half-wave dipole at frequen-

cies higher than cutoff is:

r. • «, 8.4#
Power gam (dB) p

—

where A is the frontal area of the mouth of

the horn. For the 60-degree horn shown in

figure 23 the formula simplifies to:

Power gain (dB) = 8.4 D when D is

expressed in terms of wavelength.

When D is equal to one wavelength, the

power gain of the horn is approximately 9

dB.

Figure 23

THE DO* HORN ANTENNA FOR USE ON
FREQUENCIES ABOVE 144 MHz

30-6 VHF Yogi Beam
Antennas

The multielement rotary beam is undoubt-
'iy the most popular type vhf antenna in

W.*. In general, the design, assembly and tun-

ing of these antenna* follows a pattern sim-
s.ar to that used for the larger rotary array:

“.y- f ‘n w-'er- frequency amateur bands,

I.’.r characteristics of the latter antennas are

discussed in a previous chapter of this Hand-

book, and the information contained in that

chapter applies in general to the vhf beam

antennas discussed herewith.

Element Lengths Optimum length for par-

asitic elements in vhf ar-

rays is a function of element spacing and

the diameter of the element. To hold a

satisfactory length/diameter ratio, the diam-

eter of the element must decrease as the

frequency of operation is raised. At very-

high frequencies, element length is so short

that the diameter of a self-supporting ele-

ment becomes a large fraction of the length.

Short, large-diameter elements have low Q
and are not practical in parasitic arrays.

Thus the yagi array becomes critical in ad-

justment and marginal in operation in the

upper reaches of the vhf spectrum. Yagi

antennas can be made to work at 432 MHz
and higher, but their adjustment is tedious,

and preference is given to broadside arrays

having relatively large spacings between

elements and high impedance. The yagi an-

tenna, however, remains "the antenna to

beat” for the 50-, 144-, and 220-MHz ama-

teur bands.

The yagi antennas shown in this section

arc of all-metal construction with the ele-

ments directly grounded to the boom. Either

a gamma-match system, T match, or folded-

dipole clement may be used on the arrays.

For short lengths of transmission line, J0-

ohm low-loss coaxial cable is recommended

for use with a gamma match, or with folded

dipole or T match and a coaxial balun.

Longer line lengths should be made up of

300-ohm TV-type "ribbon" line or open-

wire TV-type transmission line. Care should

be taken to keep the ribbon or open-wire

lines dear of nearby metallic objects.
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The antenna may be tested by aiming it

at a linearly polarized signal (such as from

a repeater) , Rotating the array on its axis

should produce no more than 1 dB signal

variation if the phasing is correct. Power

gain of the array is approximately 8 dB.

30-5 The Corner-Reflector

and Horn-Type Antennas

The corner-reflector antenna is a good

directional radiator for the vhf and uhf

region. The antenna may be used with the

radiating element vertical, in which case the

directivity is in the horizontal or azimuth

plane, or the system may be used with the

driven clement horizontal, in which case

the radiation is horizontally polarized, and

most of the directivity is in the vertical

plane, With the antenna used as a hori-

zontally polarized radiating system the arras

is a very good low-angle beam array al-

though the nose of the horizontal pattern h

still quite sharp. When the radiator is ori-

ented vertically the corner reflector operates

very satisfactorily as a direction-finding an-

tenna. r>

Design data for the corner-reflector an-

tenna is given in figure 21 and in Table 3,

Corncr-Kepctor Desi$n Data. The planes

which make up the reflecting corner may

be made of solid sheets of copper or alu-

minum for the uhf bands, although spaced

wires with the ends soldered together at

top and bottom may be used as the reflector

on the lower frequencies. Copper screen ma>

also be used for the reflecting planes-

The values of spacing given in the corner-

reflector chart have been chosen sue t 2

the center impedance of the driven c emen

would be approximately 75 ohms. This mcam

that the element may be fed directl) *it

75-ohm coaxial line, or a
quartcr-wavc

matching transformer such as a U-sec i

may be used to provide an impedance ma

between the center impedance of the emcn

and a 460-ohm line constructed of * o-

wire spaced 2 inches (3 cm)*
,

In many uhf antenna systems,
'vaycguia

transmission lines are terminated b) pj

mid horn antennas. These horn ante

^
(figure 22A) will transmit and rccci

cither horizontally or vertically P°J
n

,

waves. The use of waveguides at ^

220 MHz, however, is out of the question

because of the relatively large dimensions

needed for a waveguide operating at these

low frequencies.

A modified type of horn antenna may still

be used on these frequencies, since only one

particular plane of polarization is of interest

to the amateur. In this case, the horn an-

tenna can be simplified to two triangular

sides of the pyramidal horn, When these

two sides are insulated from each other,

direct excitation at the apex of the horn by

a two-wire transmission line is possible.

@ UHf HO°M AH7EMNA

(g)
VHP HORIZONTALLY POLARIZED HORN'

Figure 22

TOO TYPES OF HORN ANTENNAS

The -two-sided ham" ef lUostratien 8 ensy te

,td by means ol an open-wire wramiwd line.

In a normal pyramidal horn, all four

^angular sides are covered srith conducting

material, but «*» horizontal polarization

done is of interest (as in amateur core)

anly the rcrlictl areas of the horn need

u«d. If vertical polarization is required,

,„!y the bvizmtd arras of tilt hern arc

employed. In either case, the syr.w, « ««•

directional. a«y from the =f« «

horn. A typical horn o. this tjp: n r>7.

in figure KB. The t« me* nd- «f.l

horn are insulated from each o...... --a

chc sides of the liorn art mu <
.

;

mesh "chicken sure or copper v.

screening.
, ! ; .,b.

A pyramidal hom
, , a'

pass device vhe.se h*..r«w-v ”

reached when a
f-

t« - 1 "V s’;.;,

length. It *ia
"

!
',a V -X.j

trrqufnc'tt- the g :1" M 1
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Figure 25

THREE-ELEMENT VAGI BEAK
FOR SIX METERS

™’- tlt-ilmlfwm may i: ; popular pir-miie,
JMonn!. AHlIallt iB K| form, it *1:3 may ti-.ily
to untlnltltl (torn available aluminum tubin?
Liernent: ate dampen to the boom ano cither
a T match. Gamma match or eptit-priven-otc-
mchl Iced tysltm men. T milch with batt-wave
coarral balun it rccommendea tvttem tor ca-e
'”

k
or aluminum hardware

ch.uld be employed to prevent eorrotion ot de-
ment: dm to Wither.

the antenna and the length of the T section.!

2nd the series C2p2ciiors 2re adjusted to pro-

vide the lowest value of $v‘7R on the trans-

mission line. The capacitors are varied in

unison to preserve the symmetry of balance.

The capacitors should be enclosed in a weath-

crproof box and mounted 21 the center of

the T section-

A four-element array for the 2-mclc:

band is shown in figures 27 2nd 28. Dimen-

sions are given for a center frequency of

146 MHz. The 2ntenna provides 2 power

gain of about 9 decibels over 2 dipole and

is capable of good operation over the com-

plete 2-meter band. For optimum operation

at the low end of the band, 2II element

lengths should be increased by one-half inch.

Antenna construction is similar to the

6 -meter array in that an aluminum section

of tubing is used for the boom and the

elements are passed through holes drilled in

the boom. One-quarter inch aluminum tub-

ing is used for the elements. The T match
and coaxial balun arc used to match the

antenna to 2 f0-ohm coaxial transmission

line.

Long Yogi for a gjvcn power gain, the

Antennas yayj anfcnt}lJ can fa built light-

er, more compact, and with less

wind resistance than any other type. On the

Figure 26

;IX-METER BEAM ASSEMBLY

,,en tStt >!ui~i-

* CO»-

; V‘ fitirtr! csrmion.
*V e! v«,eiis ef Mnttf.

"Jjj tr.t

Figure 27

FOUR-ELEMEMT YAGI BEAM
FOR TV/0 METERS

aluminum is employees fer essy-tc-tuif*

tws m*ter bffm. RtynstS: "Du It YcurseH"
iluminon, eraitsble si msny hirtwre tr.4

builSinj tuptfy stiff*, nty be tilt3. ce«t«;-
tisn \\ tiwiisr to i

:/‘rtier ursy. If bstffl ftt™'
tltf i* sbru! ent inch, t"* fce?m ns/ fct

ftr the wfclth ire {“tn he?*5 ifl

t/ s tvel-r.ets! Jcffw tftrcajh bun t

etfirifr*.
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T
hc Y°9 ' Mcclianica] ustmbly 0/ : vhf

Assembly Yjgi is crilica! since the fcam
and mounting hardware approach

a fraction of the operating wavelength.

Multielement Vagi beams built on wood
booms provide confusing results in recent
tests. It was found that moisture absorption

and shrinkage of the wood made repeata*

bility of measurements almost impossible,

despite various coatings applied to the wood.

Metal beam Yagis, however, were entirely

repeatable if the elements were lengthened

to compensate for the boom .structure. The
amount of change was a function of how
the clement was mounted to the boom (fig-

ure 24). In general, small diameter booms
have less effect on clement length than

larger booms. Mounting hardware also affect-

ed clement length to a small degree. Ele-

ment caper usually does not enter the pic-

ture as most vhf beam elements are con-

structed of single sections of tubing that

have no taper.

When the clement is run through the

middle of the boom, the element length

should be increased by about 0.7 times the

diameter of the boom to compensate for the

shunting effect caused by the metallic boom

structure.

When the element is mounted directly

above the boom, but in contact with it,

the clement length should be increased by

about .06 of the boom diameter, but when

the element is mounted only a very short

distance above the boom, no correction fac-

tor is required.

Beams All-aluminum beam antennas

for 6 omJ 2 are g^y to construct for the

6- and 2-meter amareur bands.

The three-element array is very popular for

general 6-meter operation, and up to ten

elements are often used for DX work on

this band. The four-element array is often

used on 2 meters, either horizontally or ver-

tically polarized, and arrays having as many

as twelve to fifteen elements are used for

meteor-scatter and over-horizon work on

144 MHz.
Shown in figures 25 and 26 is a simple

three-element array for the 6-meter band.

Vhe design frequency is 50.5 MHz, and the

beam is capable of operation over the 50-

t° Jl-MHz frequency span. The antenna

3*£) an
zXV

i

©
Figure U

MOUNTING VHF ELEMENT
TO THE BOOM

A-Element passed through hole in boom. Ele-

ment length should be increased by 0.7 boom
diameter to compensate for shunting effect of

the boom. B-Whsn element is mounted directly

2bove the boom, element length should be

increased by 0.05 boom diameter. C-When ele-

ment is mounted clear of the boom no correc-

tion factor is required.

may be fed from a 50-ohm coaxial line with

a half-wave balun 2nd T match as shown

in the illustration. The supporting boom is

made of 2 length of 1 16 -inch diameter

aluminum TV mast section, and the ele-

ments are made of id-inch diameter alum-

inum tubing. The elements are mounted in

position by drilling the boom to pass the

element and then clamping the point as

shown in the drawing.

The T-match system must be properly

resonated at the center frqnency of antenna

operation. To do this, the antenna is tem-

porarily mounted 2top a step ladder, in the

ffryr, and fed with 2 few warts of power
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Figure SD

SIX-ELEMENT VAGI BEAM FOR E METERS
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C*<V£H
ggrt£CTC« Et-EWS'.T OrP£CTS» giA-TTC*

L«I' L=2t' L-3f L=2«- fECj'STSii

Figure 28

TWO-METER BEAM ASSEMBLY

ElEjnsnts 2re mounted slop Boom By means

of small clamps m2de cf soft aluminum strap.

Either foltfstl dipole cr T-melcftins device may

he used with antenna. Eight-element beam sim-

ilar in construction is manufactured and sold

in Kt fsrm.

other hand, if a Yagi srray °f 1136 s

f
e

approximate size and weight as ano tr

antenna type is built, it trill provide a b&*

order of power gain and directivity i.bzn

that of the other antenn2 (figure 29).
_

The power gain of a Y2gi antenna in-

creases directly with the physical length o

the array. The maximum practical lengt
^

entirely a mechanical problem of physica >

supporting the long series of director e -

ments, although when the array exceeds a

few wavelengths in length the e Dk

lengths, spacings, and Q’s become more an^

more critical. The effectiveness of the array

depends on z proper combination o -

mutual coupling loops between a jacent

rectors and between the first director an

the driven element. , v •

Shown in this section are sr^ral Mgi

beam antenna designs based on 2 ^S11
,

nique developed by the
c>

Stundards and popularized by WiJ

A Six-Hement Ycgi for 6 JW»7™
antenna design provides a power g3£££

10.2 dBd and is bnilr on a 24-foot b®

(figure 30). All elements are. ™£ fV
K-inch diameter alummum tubing and «
mounted on insulating blocks attac .

a Ihz-inch diameter boom. Tbe

designed for a center frequency o *

MHz. Measured F/B ratio at the design

frequency is about 28 dB.

The driven element is attached directly

to the boom with a U-bol: while the para-

sites are insulated by means of phenolic

blocks attached to the boom by U-shaped

damps. The elements ate bolted to the

blocks.

Th- driven element is fed With a gamma

match, the gamma capacitor bring about 12

inches of RG-SA/U coaxial cable with tfc.

outer jacket and shield removed. The cab.e

is inserted in the %-inch diameter gamma

tube. The shotting bar at the end of the

gamma rod is adjusted for lowest SVR on

die feediine at the design frequency o. the

figure 31 is a long Yagi design centered

a; 144.2 MHz. The array provides ove.

14 dB gain compared to a dipole and has

- F/B ratio of about 22 dB. The amenna

is feigned to be fed with either a 300-ohm

ribbon line o: a 10-ohm coaxial line and a

coaxial balun. The dements are

pas-ed through holes drilled through a l A-

S diameter boom and are compensated

for the boom diameter. If die e.curentsSJTC

mounted atop the boom on

should all be shortened abou. /
-mc"-

A 0" die transmission line is aojustcdbs

varying the spacing >*™? '

“1

1

element and the wire yoke beneath ...
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Figure 32

FIFTEEN-ELEMENT YAGl BEAK FOR 432 KHz

Thit Setten pnvliti t crwtr ti‘!" cl ibrut 13.5 £E crtr z Sipcie. The intcrra is evt

<3?.C VHz. Attv is built er s fcscm n$ inches 1: nj nsis cf : :-inch iizmtte* ilrmrh-rc

tvb'ff. Cif~ep‘.s ?rt Sj^r.ch iijmetcr tries rois presses ir.to unSenized holes in the bccm.

A Cfipr mitrh is rr.zit cf r.;. 14 wire tcppsi tech slit cf the driven element. A 4-ts-t cocci*’

fcJlun mtfehfs {‘t sjittm to t 50-chm coeiiel line. Anteme leyrst is shcm 2*. A. the St-t*

rr.:*.:h niter. it E, ir>S the ccsriel fcilan it C.
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Figure 31

LONG YAG! BEAU ANTENNA FOR 2 METERS

This derign provides is dB fain over a dipole and coven about I MHz at lid MHz. Dimensions
are provided for four frequencies in the 2-meter band. Multiply dimensions by zst tc obtain

element lengths and spacings in centimeters. Antenna may te fed by 50-chm coaxial line and

half-wave balun.

30-7 Stocking vhf

Anfennos

By stacking, it is meant tta: tro or note

single antennas of zny type form a broad-

side array, so that antennas can be stacked

horizontally as well zs vertically. Any num-
ber of antennas, within reason, may be

stacked and coupled together to provide

enhanced gain and directivity.

_

The optimum stacking distance for two

dipoles is 0.67 wavelength for maximum
gain, but this is not generally true for high-

gain beam antennas. By spacing the beams so

that their apertures just "touch,” power gain

*21 increase directly 2s the number of

antennas used.

The bsamwidth of the stacked array will

change according to die direction of the

stacking. If the array is made four antennas

wide, the beitawidth in the horizontal plane

will be one-fourth of the bcamvjdrh of one

antenna. If the array is made two antennas

high, the vertical beirawj'dth will be one-

half that of one antenna alone.

As a simple rule of thumb in stacking

extended Yagi antennas, or other arrays

having high gain, it is suggested that stack-

ing distance be equal to ?.« of the length

of the antenna. Tills figure will be quite

close to the aperture size of a single antenna.

Examples of good stacking technique arc

shown in figures 34 and 35.
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Figure 3' Figure 35

72 ELEMENT, MHz 1E0-ELEMENT. 144-MHz

ARRAY OF W32LV ARRAY OF KEI1I

To ny-twr, firt-elttr.tr!. tr

>

rejt or* strati rich! h'-E* ari 1r
-^

r
^

tr.H r.'EEti irtsurbiisr. Eitt irSitKcl! K*

rt 2 errsrJri et-Sp^Wr-
tr ij tw: rtfrtsttrs jr.2 : s>tft

tcjtttr Jr*. Fnrtr prr it t*!Kr t
fc J*. ?3 "

rrtra

SO-S Exfcndcd, Expanded
vhf Arrays
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Figure

LONG LOOP TAG! BEAM FOR MHz

This antenna design ty C3JVL *l«s J^ j
very high trequeneies. C

u

2d-type
c ( u;;s, leap s^ r ‘ * '*

plate. A-Sitfe view cf Yagi shewn*_P£ •-
I?;?J ,, c rait ef «•*?*•

*'*i,*„"
millimeters for greatest accareey.^- • ^
circle. The circle diameter ii ct-.rr--'

ir ;rtrt< it r:er.t te:? *

”

.y,'n

'~

leaps are halted directly to the t—-
• ^ (£~~tztan f ;

' vLil
line at the bcttem and split

'
"rj-Stre?

•’ itr‘ ’ :

team and spaced abrsrt *C5
g-^M;c« are fir**

m-il-rettm.

i rejecter
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VHF AND

Figure 35

COAXIAL MANIFOLD FEED SYSTEM

four antennas are fed from a central feedpeinl (B). Each branch feeds two ether antennas atsecondary feedpoint (A). Each antenna has a folded-dipole driven element and a half-wave
ccanal baton to provide an unbalanced 50-ohm feedpolnt. A gamma match may te substituted
tar the folded dipole and baton. For the terser, more complicated arrays, many vhf experi-

menters use balanced, open-wire fine in preference to ccazizl line.

Figure 37

THE W6GD EXTENDED-EXPANDED
FEED SYSTEM FOR
STACKED ARRAYS

T°hr Yagj antennas may be fas with this simple

dr'v

m
*]rovItfe improved power gain. The

The v
e
!
Bments Dn!y arE shown in this brewing,

cenf
3re sacked two 2 bove two, with the

ter line of the Y2gi boom marked as shown,

shr. ,» *
y ‘s fed at F-P with a half-wavelength,

nuenrv
Stuh ' 1116 assemMy is grid-dipped to fre-

lion *
ZM the movable short soldered in pesf-

feerf th
coaxiaI sntf half-wavelength baton

short- J
3alance[i slu6 2 few inches above the

bar- Dimensions are for 144 MHz. Nor-
tongth reflectors and directors are used.
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A simple manifold feed system designed

by ex-TFtfGD is shown in figure 37. Four

Yagi antennas, stacked 2 above 2 may be

driven by this easily built harness. Each

driven clement is extended in length to about

*6 wavelength, which places the horizontal

Yagi beams about Vi wavelength apart when

the driven elements arc placed tip to tip.

The spacing is a little less than optimum,

but gain and antenna pattern are no: seri-

ously affected. Vertical stacking is about

Vi wavelength. Dimensions for the 144

MHz band are given in the drawing.

Four of these coilincar arrays may fcc red

from a single transmission line, as shown in

figure 57 to provide a simple driving clement

for more complex arrays. Because of the

gain of the coilincar elements, a sue.-; a*

four provides a power gain of about 6 cB

over a dipole.

The extended, expanded antenna stack

jimv be used in Yagi arrays or in broadside

arrays. Shown in this section 2zc representa-

tive antennas for the 144, 220, and 420

MHz bands that make use of this prwcipA

A Six-Element This compact array p-*0 '

ErocdsrJe Beom vides about 10 dB vo«e,

for 144 MHr gain, Only six elements are

used, four in 2 co.lmear

broadside configuration,, plus

directors. A single director for each *» °*

collinear elements provides more g*m t 'n

separate directors placed in front 0
*^

eac

element (figure 58). Director sp*cw$ i~

quite dose and the director clement is longer

than usual. The array is fed T,u
.

u * !

wavelength, shorted stub and coaxial Wun,

and may be mounted in other a , o.tzonu

or vertical position. Horizontal po ^nzaaou

b A».„ b fflBtntte. Tte

dipoles are physically connected b) 2 - °**

length of tefon rod slipped inside en

of Ike tubing. The dip* P* “^ .T
ported from a horizontal support ™

means of 6-40 hardware and ”\ea
.rt

K
,l--

affixed at the center of the rod. -

ments are made of 14' (1-2 5?)

robing, as is the support red.•

nectmg phasing line is 0
ve.

and is fed at the midpoint by z *
,

length matching stub, coaxial * un

50-ohm line (illustration C).

Only two directors are required for the

array, centered between the collinear ele-

ments (illustration B). The directors are

Vi

"

tubing mounted to the support rod

with a sm2 ii clamp.

The antenna is adjusted to the design fre-

quency with the coaxial balun and transmis-

sion fine removed. Tbs wire stub is coupled

to a dip oscillator 2nd the short adjusted to

provide resonance. The balun and line 2rs

then attached near the shorting bar znd

power applied to the array. The tap position

of the balun and the shorting bar are then

adjusted to provide the lowest value of SwU

on the transmission line. The coaxial line

and balun are brought back to the mast and

the line is run down the mast to make sure

it does not enter the active field of the

antesna.

24-EIemenf The extended, expanded con-

tpanded cep: developed by ex-W?D

eg! Array works well with Yagi J^ms,

:r 220 MHr as illustrated by this ' iOur-

over-four” array for 220

ufe. The antenna provides *l»“ I
.

< ^
m over 2 dipolo and performs well pl» 0:

,,'ooe 1 MHz of rbe design faqosicy.

Four, six-elmen: beams are arrangeo ;n a

mare (Store 39). The driver. elements*.

,‘,t, Yarf extend inwards a) s»». «
“velenjh and are fed with . "•«
ferns line. A half-wavelength, snorted

S and coaxial balun (as shown an figure

E) are connected to the posing tat -

"the elements arc made of '/a -inch charnercr

od or tubing passed through a wood boom.

elements arc held in position by means

,f a woodscresv pssing into the boom and

iressing against the elemcn^

The shorting stub is about 26 {« “I

oua and the half-wavelength coaxial balun

s 17% " «) '“S’ 11,2H“A/U
ojsial transmission line use HG-SA/U

naxial line. The balun taps on the stvi

tout / (7.6 cm) from the short®;; b.r.

Adjustment is similar to tf,zt o* ^
IHt arrav. The srub length and rap p™

Xjustd for lowest S« on the coaxial

X"hs arc chosen for a Td

rnrtture and will hare to be lengthened ..

,
metal structure is sabsunstd.
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30-9 A VHF SWR Meter

_

Shown in figures 41 .ind 42 arc construc-

tion details for an inexpensive SWR meter
that functions well through 450 MHz. It

can l>e used for adjusting the antennas

shown In this chapter, The device is based
upon the designs given in Chapter 31 of this

Figure 41

VHF SWR BRIDGE

wkTtcst C„ Cj-Small capacitive tats for balance

(see text)

Ci, C«—.001 /iF disc ceramic or chip ca-

pacitor

CRi-iNB2 or equivalent germanium diode

Ji, J«-UG-290A/U type BNC connector

J», Ji-UG-50/U type N connector

Ri, Ri-47 to 55 ohms, Wwatt carbon-

composition

Ri-51 ohms, y* watt as above

Handbook and is intended for use with a

JO-ohm coaxial line.

The values of resistors Rj and R2 arc not

critical but both should be the same type

and matched for best accuracy. This can

be done by comparing a dozen similar re-

sistors on an ohmmeter and choosing the

two which are closest in value. Capacitors

C| and C 2 are small copper tabs that can be

added close to
J-. and J ; ,

if the ultimate in

balance is desired.

When building such a bridge short leads

and symmetry are prime considerations as

long leads and stray capacitance can obscure

bridge balance. A recommended layout is

shown in the illustration.

To check the bridge identical loads arc

placed at J, and
J....

The dc output at J<

should be zero when an r-f signal is applied

At Jj. If the identical loads arc swapped

in position, the output at should remain

zero. A simple homemade JO-ohm load is

shown in figure 43. Two of these can be

used to check rhe bridge.

For operation, one 30-ohm load is plugged

into J- and the antenna or other device

under test is attached to J> A 0-100 /*A

may be used for rclauive readings at Ji.

pcm « no o«w.
i/i CMOS'*
coutvywiy*
«:>sro« re*
W-C-u l(W3

r*r-«r
comic*

Figure 42

BRIDGE LAYOUT

* *• s -417 tNttetd bsx.

Figure 43

VHF 5D-0HM
LOAD
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The W6GD Broadside The exteaded-expanded

Array for 432 MHz broadside array was

designed by the late

W6GD of Stanford University and has

consistently out-perfonned larger and more

sophisticated antennas at 432 hfHz. The

W£GD beam is a 16-element beam and

has been measured to have 12 decibels yovrer

gain over a dipole. Extended elements 2re

used with %-wavelength spacing. The array

hs a sharp front lobe, with nulls at 19°

and 42° each side of center and must be

aimed carefully for best results.

All elements are made of 0.175-inch diam-

eter brass rod. The active elements are

made of square “U"s bent from four lengths

of rod, each SPA inches long. The half-

wavelength reflectors are cut of the same

material and are 1314 inches long. The

W6GD array is built on a wooden frame-

work, so designed as to keep the supporting

structure in back of the array. The driven

elements are self-supporting except for four

insulating blocks placed at low-voltage

points. The blocks and spacers are drilled

and slipped on the brass rods before the

assembly is bent into shape (figure 40).

After assembly, the matching stubs are

silver-soldered to the driven elements and

the bake and the interconnecting transmis-

sion line temporarily connected in place. The

line is tapped up each stub to attain a low

value of SWR on the coaxial or open-wire

transmission line. Placement of the raps is

determined by experiment.

A complete discussion of vhf antennas is

contained in the VHF Handbook, available

from Radio Publications, Inc., Wilton,

CT 06897.

Figure 40

W6GD EXPANDED BROADSIDE ARRAY FOR 432-MHz

^ ^

The 15-element beam is made of brass rod suspended'.from «

*®[J“ E/Jimi* elements

points on the antenna. Small ceramic insulators are
t [DCits passed ever t-e

and lines are aligned by means of small teflon or vejyarrt P^
;jj ,„£ jyst-n »jel«r

rods before they are bent into shape. Half-wave are <mp fM
^ a c^no tranimis-

with a full-wavelength transformer and baton to provide a c tm art

sion line. Lines and transformer are made up of brass res ana

used.





CHAPTER THfRTY-ONE

Electronic

Test Equipment

All amateur stations are required by law

to have certain items of test equipment

available within the station. A c-w station

is required to have a frequency standard or

other means, in addition to the transmitter

frequency control, for ensuring that the

transmitted signal is on a frequency within

one of the frequency bands assigned for

sucb use. An SSB station is required ' in

addition
:

to have a means of determining

that the transmitter is not being modulated

iu excess of its modulation capability, and

ui the case of an a-m transmitter, not more

than 100 percent. Further, any station oper-

ating with 2 dc power input greater than

900 watts is required to have a means of

determining the exact input to the final

stage of the transmitter, so as to ensure that

the dc power input to the plate circuit of

the output stage does not exceed 1000 watts.

The additional test and measurement

equipment required by a station will be de-

termined by the type of operation contem-

plated. It is desirable that all stations have

aO accurately calibrated voltohmmerer for

routine transmitter and receiver checking

a°d as an assistance in getting new pieces of

^uipment into operation. An oscilloscope

^d an audio oscillator make a very desir-

able adjunct to a station using f-m transmis-

sion, and are recommended items oi test

equipment if single-sideband operation is

contemplated. A calibrated signal generator

« almost a necessity if much receiver work

is contemplated, although 2 noise generator

wHl serve in place of the signal generator,

^tensive antenna work invariably requires

31.1

the use of some type of standing-wave meter.

Lastly, if much construction work is to be

done, 2 simple, solid-state dip meter will be

found to be one of the most used items of

test equipment in rite station.

Other modem pieces of tost equipment

such as digital voltmeters, counters and

frequency synthesizers are becoming com-

mon items of station equipment as the ama-

teur operator advances tepidly into today’s

world of solid-state equipment.

3I-I Voffoge, Current

,

and Resistance Measurements

The measurement of voltage, airtcnt, and

resistance in electronic circuits is very im-

portant in the design, operation, and main-

tenance of equipment. Solid-state devices

2nd vacuum tubes of die types used in com-

munications work must be operated within

rather narrow limits in regard to electrode

voltages and they must be operated within

certain maximum and minimum limits with

regard to the voltage and current Soaring in

the circuit elements.

Analog Instruments Both direct current and

voltage msv be meas-

ured with the aid of an analog instrument

which indicates a measurement smoothly

and continuously as the voltage or current

passes through an infinite number of dix-

ferent values. The most common instru-

ment of this type consists of a coil that is
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ohms on the 7 00-volt rtnce. or '0,00? ohms

per volt. ?or a ia& reshmnee circuit,

the sscoai multimeter vould lie ccrcnable.

vherecs the firs: voa13 no:.

Generally gner.kirg. the resistance of the

source impeoaacfi of the voltage mcasurei

ir.g. Circuit TCth loir volttpe ena hip
nr.pentnee piece

^

crlckd oemancs the

meter resistance shouB exceed tver.tr-five

jccdfflp error to less then nco oercer:, trhlcV.

» visHa the accuracy range* of toe merer

movement.

^

Since the ohmmercr section of the mrti-

T,'Oen measuring or otherwise eiheeHr c cir-

cuits r.nc components roe: ere voltrcr

sensitive. Some semiconductors too sm:!!

ejectroirtic eapac:tors can be aesrrrvet if

^12 mu it;meter rupblies excessive volte ce or

currer.: Curing measurement.

31-2 The Dieifat

Voltmeter (DVM1



electronic test equipment

Potion byM meal bads ^ faomt as ths movement turns,

ine d Arsoaval movement is directly

for dc measurements (figure 2A). Tbs
cun-ear to be measured passes through the
coil and causes a proportional deletion of
the pointer. The basic mere movement is
very sensitive and “hen large currents 2re
to be measured a parallel path, or sfor.t, h
provided^ to bypass most of the curreat
in rhe circuit around the meter coil For
nigh accuracy, the shunt must be a precise

fraction of the coil resistance.

The d’Arsonval movement is also used for

measuring voltage (figure 2B). A resistance

(termed a multiplier) is connected in senes

tfith the merer movement so tb: a cer-

tain voltage is required to cause full-scale

deflection.

Resistance measurements are accomplished

as shown in figure ZC. This simple obmneln
is representative of more sophisticated cir-

cuits. The meter movement is connected

across a variable shunt resistor and the

combination is connected in series with a

fixed resistor, a power source and the un-

known resistor. In this application, meter

displacement is reversed; that is, when the

unknown resistance is zero, the meter will

indicate maximum (full scale) deflection

and the meter is adjusted to read ''zero” by

means of the adjustable shunt resistor. The

meter scale is calibrated backwards, with the

left end of the scale being infinity and the

right end being zero. The scale is nonlinear,

with the graduations crowded together near

the high end.

SI ,3

dynamometer-type meter
Hsffilic mu is tnffla ty ssriwancssj

fteftl mils.

an rms reeding regardless of the waveform of
the ac wave.

For higher accuracy sc measurements at

low frequencies (below 2000 Hz) an elec-

trodynanoniefer-type merer (figure 3) is

commonly used. It is similar to the d’Anon-
val meter except that the magnetic field in

which the coil moves is provided bv a pair

of field coils rather than by a permanent

magnet. All cods are connected in series

2nd the measured current flows through all

of them, providing a true rms measurement.

Power is consumed by this type of meter

and it does not have the high sensitivity of

the true d’Arsonval movement.
The dynamometer movement can be used

for ac power measurements as shown in fig-

ure 4. The field coils are series connected

with the load so that field current is pro-

portional to load current. A resistor is con-

nected in series with die moring coil across

the line so that coil voltage is proportional

to line voltage. The meter now reads the

Measurement of The d’Aisoaval move-

Alfernofrns Current ment can also be used

and Yoltage for measuring ac volt-

ages or current by the

use of a diode rectifier to convert the ac

to a dc value. The pointer deflection of the

meter is proportional to the average value

of the unidirectional, pulsating dc wave

produced by the rectifier. Commonly, ac

meter deflection is proportional to the rms

value of the measured sine wave (see Chap-

ter 3) and the scale is calibrated for 1.11

times the actual current or voltage that

would be read by a correctly scaled dc meter.

A meter calibrated in this fashion will show

Fixed coil field is prcpcrtiena! tc lead current

and moving toil field is proportional tj lino

voltege.
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Successive Approximation—!This instru-

ment converts the input voltage into digital

form by a scries of approximations and de-

cisions. The device consists of a digital stor-

age register, a digital-to-analog converter, an

error detector, a precision voltage reference,

and control circuitry. The input voltage is

compared first with the most significant

reference bit. If the input voltage is less

than the most significant bit of the refer-

ence, the most significant bit of the register

is cleared and the next lower bit is switched

in for comparison. The process of switching

in the next lower significant bit is con-

tinued until a decision is made on all digits.

At this point, the voltmeter has completed

its measurement.

Coniiusms Balance—This type of meter

performs a digital measurement by compar-

ing the unknown voltage against a voltage

derived from a reference source. At the be-

ginning of a measurement, the unknown is

compared to the "full-scale" reference. If a

null is not reached, a voltage derived from

the reference is reached by an incremental

value representing a unit of the least signifi-

cant digit by automatically switching pre-

cision resistors. This process continues until

a null is reached.

Ramp (Voltage to Time Conversion)

—

The ramp meter measures the length of time

it takes for a linear ramp of voltage to

become equal to the unknown input voltage

after starting from a known level. This rime

period is measured with an electronic rime-

interval counter and is displayed on an in-

line indicating device. A block diagram of

a ramp-type DVM is shown in figure 6.

A voltage ramp is generated and compared

with the unknown voltage and with zero

voltage. Coincidence with either voltage

starts an oscillator and the electronic coim-

ter registers the cycles. Coincidence w'ith the

second comparator stops the oscillator. The

elapsed time is proportional to the rime the

ramp takes to go between the unknown

voltage and zero volts, or vice versa. The

order in which the pulses come from the

two comparators indicates the polarity of

the unknown voltage.
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is limited in the amplitude of the voltage

the input circuit can handle. Modern elec-

tronic voltmeters have an input resistance

of 10 megohms, or more, and usually incor-

porate a series resistance of 1 megohm, or

more, to isolate the electronic voltmeter

circuit from the circuit under test.

The Solid-State The circuit of a solid-state

Voltmeter voltmeter is shown in fig-

ure 8. The three input cir-

cuits (AC Volts, DC Volts, and Ohms) are

shown on 'the left-hand side of the schematic.

These circuits perform the switching atten-

uation and rectification required to supply

the correct voltage to the detecting and

indicating circuits at the right-hand side

of the schematic. Approximately 0.5 volt

is required at the gate of FET input transis-

tor Qi for full-scale deflection of the meter.

Voltages greater than 0.5 are attenuated in

the input circuits.

Input transistor Q, has a very high im-
pedance gate circuit which keeps it from
loading the input switching and attenuating

circuits. A constant current source (Q4 ),
is used in place of a resistor in the source
circuit of the FET. Bias adjust and zero
adjust controls are provided to set the meter
pointer to zero when no signal voltage is

passed through the input circuits.

Transistors Q3 and Qs, together with a
3. 3-megohm series input resistor, are used to
protect the input FET from accidental
overload. The reverse-connected transistors
perform like a 9-volt zener diode, short
circuiting higher input voltages by virtue
of me drop across the series input resistor.

The meter movement is driven by the
voltage applied to the output circuit by Q..
The source of Qj is directly coupled to the
base of Q5 Transistors Q, and Q s are used as
emitter followers to provide the power to
dnve the meter. When the circuit is proper-
ly adjusted, no current flows through the
meter without a signal being applied to (V

brnce the source of current Qx « con-
stant and Q5 is a direct-coupled emitter
follower, voltage variations at the input of

am transferred to the. meter circuit; a
negative going input signal causing the
meter pointer to move backwards. Meter
polarity may be reversed so that negative
going input voltages cause forward meter

readings. The zero adjust control, moreover,

varies the gate bias on Q, by introducing a

positive voltage in series with the source

which is returned to a "floating” negative

return bus.

31-4 Power

Measurement

Audio-frequency or radio-frequency power

in a resistive circuit is most commonly 2nd

most easily determined by the indirect

method, i.e., through the use of one of the

following formulas:

?=£/, ?=F/£, ?=I2
it

These three formulas mean that if any two

of die three factors determining power are

known (resistance, current, voltage) the

power being dissipated may be determined.

In an ordinary 120-volt ac line circuit the

above formulas are not strictly true since

the power factor of the load must be mul-

tiplied into the result—or a direct method of

determining power such as a wattmeter may
he used. But in a resistive a-f circuit and in

2 resonant r-f circuit the power factor of

the load is taken as bring unity.

For accurate measurement of 2-f and r-f

power, 2 ihnmogalvanometcr or thermocou-

ple ammeter in series with 2 noninductive

resistor of known resistance C2n be used.

The meter should have good accuracy, and

the exact value of resistance should be

known with accuracy. Suitable dummy-load

resistors are available in various resistances

in ratings up to thousands of kilowatts.

These are virtually noninductive, and may
he considered as a pure resistance up to

150 MHz depending on the design.

Sine-wave power measurements (r-f or

single-frequency audio) may also be made
through the use of a high impedance volt-

meter and a resistor of known value. In fact

a solid-state voltmeter of the type shown in

figure 8 is particularly suited to this work.

The formula P-Ir/H is used in this case.

However, it must be noted that some devices

indicate the peak value of the ac wave.

This reading must be converted to the rms

or heating value of the wave by multiplying

it by 0.707 before substituring the voltage

value In the formula. (Note: Some solid-
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3n sedition to the electronic DM. zn iec-

troaechsracsi type aba which employs

sapping switches. sso'ddscojxc device. o:

analog servo systems.

Tie electronic DM. is addition to ottering

s high order of accuracy, also css pro-ids

csfopohsriiy, whereby the correct poUritv

(either rKgsrire or ?:ijdre) if sctomstictllr

indicated on tbs cisphy. for a ~ezsmc

quantity. Some instruments also fearers

(rjfoKr.gr.g, -spHcii provides switching from

range to range zutomsricaiiy 2nd sviozero,

whereby all zeros are displayed —ben no

measurement is being made.

Other features include ffrsmsffsg, 2

feature wherein some indication (usually a

blinking light 0: Sashing display) that the

quantity being measured is too high in value

for die range selected and kd-cor.ttr.szd

rcshfer.es, wherein the resistance of the mea-

surement leads is nulled out with a trout

panel control.

TEST EQUIPMENT

31-3 Electronic

Yolfmefers

An electronic voltmeter is essentially a

detector in which a change in the input

signal will produce a change in the indicat-

ing instrument (usually 2 d'Arsoavai meter)

placed in the output circuit. A vseusm~

tube voltmeter (vrvm) may use a diode

rectifier and several amplifying robs,

whereas a solii-sicfc voltmeter makes use of

transistors or ICs for the measurement tu

alternating or direct current-

Vhen an electronic Tolccster is used in

dc measurement it is used primarily became

of the very great input resistance Oi the

device. Thus, the electronic voltmeter may

be used for the measurement of 2gc, afc. ana

discriminator output voltages where no

loading of the circuits can be tolerated.

The electronic voltmeter requires 2 closed

dc path for proper operation and—hse the

simple meter—can be overloaded sad. thus.

Rpre 8

HEALTH SOLID-STATE

VOLTMETER 1M-18
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Fipre 11

DUMMY-LOAD
ASSEMBLY

Twelve eio&er resirtsrs

(surplus) are mounted to

aluminum ‘Tee" stodfc

sir to a side, in fuss

dips. Right end is sup*

ported by ceramic pil*

l2rs from front panel.

Probe, meter, 2nd po-

tentiometers 2re 2! right.

die merer. In the_2000-watt position, the

other potentiometer is adjusted for a meter

reading of 200 -watts. The excitation fre-

quency is now changed to 29.7 MHz and

tiie 17.6-volt level re-established. Adjust the

frequency compensating capacitor until the

meter again reads 100 watts.'Recheck at 3.5

MHz and repeat until the meter reads 100

watts at each frequency when 17.6-rok level

is maintained.

31-5 Measurement
of Circuit Constants

The measurement of the resistance, ca-

pacitance, inductance, and O (figure of

merit) of the components used in com-
munications work can be divided into three

general methods: the impedance method, the

substitution or resonance method, and the

bridge method.

The Impedance The impedance method of
MetK,li manning indnctance and

capacitance can. be likened
to the ohmmeter method for measuring re-

sistance. An ac voltmeter, or milhammeter
ia^enes with a resistor, is connected in
series with the inductance or capacitance to
be measured and the ac line. The reading of
the meter will be inversely proportional to

impedance ot the component bang
measured. After the meter has been cali-

brated it will be possible to obtain the ap-

proximate value of the impedance directly

from the scale of the meter. If the cdmp>

nent is a capacitor, the value of impedance

may be taken as its reactance at the meas-

urement frequency and the capacitance

determined accordingly. But the dc re-

sistance of an inductor must also be taken

into consideration in determining its in-

ductance. After the dc resistance and the

impedance have been determined, the re-

actance may be determined from the for-

mula: Xt — V T‘—R\ Then the induc-

tance may be determined from: L eauals

Xi/2rj.

The Substitution Xhe suBsfifvfion method is

Method 2 satisfactory system tor

obtaining the inductance

or capacitance of high-frequency compo-

nents. A large variable capacitor with a good

dial having an accurate calibration curve is

2 necessity for making determinations by

tins method. If an unknown inductor is 10

be measured, it is connected in parallel with

the standard capacitor and the combination

tuned accurately to some known frequency.

This tuning may be accomplished e-ther by

using the tuned dremt a^z wavemeter and

coupling it to the tuned car?®1 a TSJ~~

eace oscillator, or by using the circulr

in the controlling position of }
r'ro Krrt:;~

sal os dilator such 2s 2 dynamo? o:

tron. The capacitance required r? ^
first frequency is then noted as O'

^
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state multimeters are peak reading bur are

Calibrated rms on the meter scale).

Power may also be measured through the

use of a calorimeter
, by actually measuring

the amount of heat being dissipated. Through
the use of a water-cooled dummy-load resis-

tor this method of power output determina-

tion is being used by some of the most mod-
dern broadcast stations.

Power may also he determined pbofomefri-

cally through the use of a voltmeter, am-

meter, incandescent lamp used as a load

resistor, and a photographic exposure meter.

With this method the exposure meter is

used to determine the relative visual output

of the lamp running as a dummy-load resis-

tor and of the lamp running from the 120-

volt ac- line. A rheostat in series with the

lead from the ac line to the lamp is used

to vary its light intensity to the same value

(as indicated by the exposure meter) as

achieved as a dummy load. The ac voltmeter

in parallel with the lamp and ammeter in

series with it is then used to determine lamp

power input by: P — El. This method of

power determination is satisfactory for audio

and low-frequency r-f but is not satisfactory

for vhf work because of variations in lamp

efficiency due to uneven heating of the fila-

ment.

Finally, r-f power may he measured by

means of a directional coupler, as discussed

later in this chapter.

The Dummy Load A suitable r-f load for

power up to a few W2tts

may be made by paralleling 2-watt compo-

sition resistors of suitable value to make a

JO-ohm resistor of adequate dissipation.

A 2-W dummy load having an SWR of

less than 1.0* to 1 at 30 MHz is shown in

figures 9, 10, and 11 . The load consists of

twelve 600-ohm, 120-watt Global- type CX

noninductive resistors connected in parallel.

A frequency-compensation circuit is used

to balance out the slight capacitive react-

ance of the resistors. The compensation cir-

cuit is mounted in an aluminum tube 1.

in diameter and 2%" long. The tube is

plugged at the ends by metal discs, and is

mounted to the front panel of the box.

The resistors arc mounted on aluminum

T-bar stock and are grounded to the case at

Figure 3

2-KILOWATT DUMMY LOAD
FOR 3-30 MHz

LC£d is built in care measuring 22" deep, 11"

wide and 5" high. Meter is calibrated in watts

against microampere scale as follows: (I) 224
pA. (5), SO pA. (10}, 705 pA. (15), 8G4 pH (20},

100 pA. Scale may be marked off as shown in

photograph. Calibration technique is discussed

in text Alternatively, a standing-wave bridge

(calibrated in watts) may bo used to determine

power input to load.

Vents in lap of case, and Vx-ineh holes in

chassis permit circulation of air about resistors.

Unit should be fan-cooled for continuous dis-

sipation.

the rear of the assembly. Connection to the

coaxial receptacle is made vi2 copper strap.

The power meter is calibrated using a

solid-state voltmeter and r-f probe. Power is

applied to the load at 3.5 MHz. and the level

is adjusted to provide 17.6 volts at "Calibra-

tion point.” With the Watts Switch in the

200-watt position, the potentiometer is ad-

justed to provide a reading of 1 00 watts on

Figure 10

SCHEMATIC, KILOWATT DUMMY
LOAD
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in degrees of rotation if the slide wire is

bent around a circular former. Alternatively,

the slide wire may consist of a linear-wound

potentiometer with its dial calibrated in de-

grees or in resistance for each end.

Figure 13A shows a simple type of ac

bridge for the measurement of capacitance

and inductance. It can also, if desired, be

used for the measurement of resistance. It

is necessary with this type of bridge to use

a standard which presents the same type of

impedance as the unknown being measured:

resistance standard for a resistance measure-

ment, capacitance standard for capacitance,

and inductance standard for inductance

determination.

The Wagner For measurement of capaci-
Ground tances from a few picofarads

to about 0.001 /aF, a Wag-
ner-grounded substitution capacitance bridge

of the type shown in figure I3B will be

found satisfactory. The ratio arms RA and

Rb should be of the same value within 1

percent; any value between 2300 and
10,000 ohms for both will be satisfactory.

The two resistors Rc and RD should be

1000-ohm wirewound potentiometers. Cs
should be a straight-line capacitance ca-

pacitor with an accurate vernier dial; 500
to 1000 pF will be satisfactory. Cc can be
a two- or three-gang broadcast capacitor

from 700 to 1000 pF maximum capacitance.

The procedure for making a measurement
is as follows: The unknown capacitor Cx is

placed in parallel with the standard capaci-
tor Cs. The Wagner ground (RD ) is varied
back and forth a small amount from the
center of its range until no signal is heard
in the phones with the switch ($) in the
center position. Then the switch (S) is

placed in either of the two outside posi-
tions, Cc is adjusted to a capacitance some-
what greater than the assumed value of the
unknown Cx, and the bridge is brought into
balance by variation of the standard capac-
itor (Cs). It may be necessary to cut some
resistance in at Rc and to switch to the
other outside position of S before an exact
balance can be obtained. The setting of Cs
is then noted, Cx is removed from the cir-
cuit (but the leads which went to it are
not changed in any way which would alter
their mutuaI capacitance), and Cs is read-

Zx= IMPEDANCE BEING MEASURED, Rs = RESISTANCE COMPCNBffOF Z$

Zs s IMPEDANCE OP STANDARD, REACTANCE COMPONENT OF Zx

Rx-RESISTANCE COMPONENT Of Zx.Xs=RtACTANCE COMPONENT OfZj

®

The operation of these bridges is essentially the

same as those of figure 12 except that ac is fed

into the bridge instead of dc and a pair of

phones is used as the indicator instead of the

galvanometer. The bridge shown at A can be

used for the measurement of resistance, but it

is usually used for the measurement of the im-

pedance and reactance of coils and capacitors

at frequencies from 200 to 1000 Hz. The bridge

shown at B is used for the measurement of

small values of capacitance by the substitution

method. Full description of the operation of

both bridges is given in the accompanying text.

justed until balance is again obtained. The

difference in the two settings of Cg is equal

to the capacitance of the unknown capaci-

tor Cx .

31 -7 The R-F Bridge

The basic bridge circuits are applicable

to measurements at frequencies well up into

the uhf band. While most of the null cir-

cuits used from dc to about 100 MHz are

adaptations of the fundamental Wheatstone


