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(l America's oldest radio magazine and the ac
cepted journal of the amateur, !)ST reports each 
month in direct and analytical style the rapid 
developments in amateur radio. Its suhscription 
price is $2.50 per year in U.S. and Possessions. 

(l You are reading the Special DefeQISe Edition. 
The sCandard edition, in addition to telling the 
things needed for the comprehensive understand
ing of amateur radio, contains chapters on the 
design, construction and operation of many pieces 
of radio equipment and on qperating procedure. 
Paper bound, $1.00; $1.25 outside continental 
U.S. A. Buckram bound, $2.50. Also available in 
Spanish, paper bound, $1.50. 

Cl This 40-page booklet gives the necessary in
formation, including typical or paraphrased ex
amination questions and answers, co enable one to 

pass the government examination for amateur 
operator's license. Price 25c. 

(l A comprehensive manual on the design and 
construction of many types of antennas. 144 pages 
in this format, profusely illustrated. _Price 50c. 

(l A compilation of hundreds. of good radio ideas, 
savers of time and money for the experimenter. 
128 pages in this format. Price 50c. 

(l This publication is recognized as the standard 
elementary guide for the prospective radio ama
teur. 48 pages, just revised. Price 25c. 

(l Circular slide rules, on 8,½ x 11-in. bases, of 
special cardboard, with satisfactory accuracy. 
Two types: 
I 

Type A solves problems in frequency, wave
length, inductance and capacity. Price $1. 

Type B makes computations involving voltage, 
current and resistance. Price $1. 
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S1NCE 1926 the American Radio Relay League has published The 
Radw Amateur's Handbook, primarily as a manual for the tens of thousands of 
practitioners of amateur-radio communication all over the world. The League is a 
nonprofit society of such radio specialists and one of its functions has been to 
make reliable literature on the art available at modest cost. With most amateur 
stations c\osed down because of the_ war, and with the whole nation engaged in 
the great struggle, the Handbook now has a new mission to perform. With many 
hundreds of radio training classes in formation in the universities, colleges, 
high schools and community centers of the eountry, this special revision of the 
current edition has been prepared in the belief that it can serve as a more valuable 
but iriexwnsive text for defense training courses. 

Devot.ed to a fast-moving and progressive science, the Handbook has required 
sweeping and virtually continuous modification throughout its life. Its annual 
rewriting is a major task in the family life of the headquarters group of the League 
at West Hartford, where most of the technically-skilled specialists of the staff 
participate in the work under the general technical editorship of George .Gram
mer, technical editor of QST. Some measure of the book's acceptance is to be· 
found in the fact that there have been nineteen previous editions, with thirty-four 
pressings and total sales of well over three-quarters of a million copies. 

In this special edition for training courses we have retained everything from 
the current standard edition that seems useful to the task in hand but have 
eliminated those portions that would serve only to distract or encumber the 
student. We have omitted everything that treated particularly of this League, 
the advertising that usually accompanies the Handbook, and the chapters that 
ordinarily deal with the home construction of specific pieces of apparatus for 
amateur stations. In place of the latter we have prepared a profusely-illustrated 
new chapter calculated to acquaint the student with the appear3nce and the cir
cuit diagrams of representative types of apparatus. A valuable new chapter 
gives fundamental instruction in the solution of formulas and the reading of 
graphs, something that has long been needed even in the Handbook. And because 
many defense courses. will also incorporate instruction in the in�rnational tele
graph code, the newly-added material contains a chapter on learning the code 
and some suggestions for a classroom code table. Our aim throughout has been to 
write an understandable text for busy, practical people of average education, 
employing a minimum of mathematics. A major objective has been to provide 
the answers to the questions that naturally arise in the course of study. The 
material has been so arranged as to make it readily possible to find what is 
wanted, a multitude of headings identifying subjects at a glance. Information 
has been presented concisely but with copious cross-references to permit the 
background always to accompany the subject under consideration. We have 
endeavored to employ cross-references in such quantity that no treatment of 
any subject can be considered "too technical," since the references will eventually 
lead the reader, if he needs it, to the applying fundamentals themselves. The se
quence of presentation has been planned to lend itself to an ordered course of 
instruction. Necessarily compact (as is any good text), information is deliberately 
presented without sugarcoating, but every effort has been made to make it under
standable and to avoid saying things in such a way that they are intelligible only 
to those who already know the subject thoroughly! 

.. 

' 



A word about the reference system: It will be noted that eaoh chapter is 
divided into serially-numbered sections. The number takes the form of two digits 
or groups connected by a hyphen. The first figure is the chapter number, the sec
ond the section number within the chapter. Cross references in the text talce such 
a form as (§4-7), for example, which means that the subject referred to will be 
found discussed in Chapter Four, Section 7. Illustrations are numbered serially 
in each chapter. Thus, Fig. 502 can be readily located as the second illustration 
in Chapter Five. There is a carefully-prepared index at the end of the reading 
pages. 

We here shall be very happy if this special edition of the Handbook can be of 
88 much assistance in the national effort 88 its predecessors have been to licensed 
amateurs. 

WEST HARTFORD, CONN. 
KENNETH B. WARNER 

Managing Secretary, A.R.R.L. 
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I N  ORDJNARY radio work mathe
matical applications reduce to the solution of 
formulas, or equations, and to reading (and 
sometimes plotting) graphs. Only elementary 
mathematical knowledge is required, but that 
knowledge should include a few fundamentals 
in a number of branches of the subject. This 
chapter is intended to cover those fundamen
t11.ls in sufficient detail to give the reader an 
understanding of principles, as well as to 
demonstrate the methods of arriving at solu
tions to the formulas he will find in later 
chapters. Familiarity with elementary arith
metic is assumed, but a review of decimals and 
the method of extracting square root is in
cluded for the benefit of those whose daily 
mathematical experience is limited to the very 
simple arithmetical operations which most _. 

people find sufficient for non-technical pursuits. 
e l•I DECIMALS 

Notation - Our system of writing numbers 
is based on multiples of ten, with the position 
of the digit indicating the multiple to be used. 
F,undamentally we have only the digits 1, 2, 
3, 4, 5, 6, 7, 8, 9 and 0; all our numbers are 
based on the positions of these digits in rela
tion to others in the number. Any number is 
actually a sum. Thus the number 4826 means 
the sum of 

6 units 
2 tens 

8 hundreds (10 X 10) 
4 thousands (10 X 10 X 10) 

which we write 4826 
Each time we move one place to the left the 
digit in that place is multiplied by an addi
tional factor of 10. 

Since this system lends itself so readily to 
calculations, it is very convenient to extend it 
to numbers less than one -'In other words, to 
include fractions. Looking at the number 4826 
from a slightly different viewpoint, it is evident 
that we divide by ten each time we move one 
place to the right. There is no reason why this 
process cannot be continued indefinitely. We 
need some method of distinguishing the units 
column, and this is accomplished by placing a 
period or decimal point to its right, thus mark
ing off the whole numbers from the fractions. 
Continuing the division, the multiple for the 
first place to the right of the decimal point 

(first decimal place) is 1 divided by 10, or 1/10, 
the second place is 1/10 divided by 10, or 
1/ 100, the third place is 1/100 divided by 10, 
or 1/1000, and so on. Dy converting fractions 
to make their denominators 10 or multiples of 
10 we can fit them neatly into the system. 

Forming decimal., - Fractions can be con
verted by multiplying both the numerator 
and denominator by a number wbich causes 
the resulting denominator to be a multiple of 
ten. For example, the fraction ½ can be 
converted as follows: 

1 5 5 
_ 2 x 5

""

10 
which is then written 0.5. The zero is used to 
show that there are no whole numbers and to 
add emphasis to the fact that the decimal point 
'is present - the decimal point is small and 
sometimes is overlooked. A fraction with a 
larger denominator would be converted to the 
next larger multiple of ten: 

2 4 8 
25 X 4 = 100 = 0.08 

and similarly for still larger denominators. 
The zero is placed between the decimal point 
and the 8 to bring the latter into the " hun-
dredths" column. 

Multiplying the numerator and denominator 
of a fraction by the same number does not 
change the ratio of numerator to denominator 
and hence does not change the value of the 
fraction, so we can for instance, do the following: 

5 10 50 
10 X 10 = 100 = 0.50 
5 100 500 or 10 X 100 = 1000 == 0.500 

That is, zeros may be added to or subtracted 
from columns on the right-hand side of a 
decimal fraction without changing the value 
of the decimal. We can just as readily put zeros 
to the right of the decimal point in a number 
which bas no fraction; 237 and 237.0000 are 
exactly the same number. 

The multiplier by which a fraction can be 
converted to a decimal can be found by divid
ing the denominator into a multiple of 10. 
Thus in the example 

2 4 8 
25 X 4 = 100 = 0.08 

C H A P T E R  O N E  7 
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the multiplier is 100 + 25, or 4. The 4 is then 
immediately multiplied by 2 to give 8, and 
then the denominator (100) is dropped by 
writing the result 0.08. This process can be 
shortened to the very simple one of dividing 
the numerator of the fraction by its denomi
nator. To do this it is first necessary to add 
decimal places after the 2 so that we can per
form the division by familiar methods. Thus 

we have 2.00 divided by 25, which for purposes 
of division can be considered the same as di
viding 200 by 25. By short division, 

.08 . 
25) 2.00 

Note that the decimal point in the quotient is 
placed directly above the decimal point in the 
dividend, and that the place intervening· be
fore the first digit is filled by a zero. 

Mixed numbers, such as 6 ¾, can be changed 
to decimals either by making an improper 
fraction (which in this case would be ¥> and 

then dividing as above, or by changing the 
fraction alone into a decimal and simply plac
ing the integer (an integer is a whole number) 
to the left of the decimal point. Thus ¾-0.75; 
adding the 6 gives 6. 75. 

Rulea for placing the decimal point -
In addition and subtraction of numbers con
taining decimals the numbers are set down in a 
column with the decimal points aligned verti
cally. Thus to add 24.85, 218.003, and 4.6, 
the procedure would be 

2 4.8 5 
2 1 8.0 0 3 

4.6 
2 4 7.4 5 3 

the addition being carried out as though the 
decimal point were not there. 

Subtraction is handled similarly; for exam
ple, ·suppose 31.028 is to be.. subracted from 
286.2: 

2 8 6.2 0 0 

3 1.0 2 8 
2 5 5.1 7 2  

In this case addition of the zeros in the first 
number is helpful, to avoid subtraction from 
"unfilled" places. In both addition and sub
traction the decimal point in the answer is 
placed directly below the others. 

When two decimal numbers are multiplied, 
the number of decimal places in the result is 
equal to the sum· of the decimal places in' the 
original numbers. Thus, 

2 3.6 5 
X 4.8 

1 8 9 2 0  
9 4 6 0  

1 1 3.5 2 0  

8 C H A P T E R  O N E  

The decimal places in the result a.re counted 
off from the right, including any terminating 
ze.ros that may arise as a result of the multipli
cation. It should not be bard to see the reason 
for this rule, remembering that the decimal 
portions of the numbers are really fractions. 
Without decimals, the fractional parts of the 
numbers in the example would be 65/100 and 
8/10, respectively, and the normal process of 
multiplication would be to convert both mixed 
numbers to improper fractions, one having a 
denominator of 100 and the ·other 10. On mul
tiplication the resulting denominator would be 
1000, or three decimal places. 

Division reverses the rule for multiplica
tion. The number of decimal places in the quo
tient is equal to the number in the dividend 
minus the number of places in the divisor. 
Thus in dividing 163.122 by 52.62 we have 

5 2. 6 2 ) 1 6 3.1 2 2 ( 3.1 
1 5 7 8 6  

5 2 6 2 
5 2 6 2  

Another example, 22.5 divided by 0.15: 

0.1 5 ) 2 2.5 0 ( 1 5 0 
1 5 

7 5  
7 5  

0 

illustrates the case where the number of 
decimal places in the divisor is greater than that 
in the dividend. There is a simple rule covering 
such cases: When the number of decimal places 
in the divisor is greater than that in the divi
dend, add zeros to the right of the dividend 
until both have the same number of places, 
when the quotient will come out as a-whole 
number. · 

In most cases division can be simplified by 
using the following form : 

3.1 
5 2.6 2 ) 1 6 3.1 2 2 

1 5 7 8 6  
5 2 6 2  
5 2 6 2  

• 
Starting from the decimal point in the divi-
dend, count off to the right the number of 
decimal places in the divisor, place the decimal 
point for the quotient directly above and after 
this place, then proceed as in ordinary division. 
If there are no decimal places in the divisor, 
the decimal point in the quotient goes directly 
above that in the dividend. This form has the 
advantage that the division can be continued 
conveniently in case the quotient is not " even." 
For example, to divide 23.84 by 13.3: 

' 



1.7 9 2 + 
1 3.3 ) 2.3.8 4 0 0 

1 3 3 
1 0 5 4  

9 3 1  
1 2 3 0  
1 1 9 7  
�o 

2 6 6  
64 

· Zeros can be added to the dividend until the 
answer is carried out to any desired number of 
decimal places. 

e 1•2 POWERS AND BOOTS 
Powers - The power of a number is the 

number of times it is used as a factor, or multi
plier. Thus the number 3 can be considered to 
be the product of 3 X 1 and, having been used 
once as a factor, 3 is said to be the first -power 
of itself. II we multiply 3 by 3 we have used 3 
twice as a factor, hence the product,·9, is called 
the second power of 3. Multiplying by 3 again 
gives 27, which is the third power; once more 
gives 81, the fourth power; and so on. A number 
is said to be raised to a certain power when it is 
used that number of times as a factor or 
multiplier. 

When a number is to be raised to a certain 
power it is indicated by writing the number of 
the power as a superscript to the right of the 
number itself ; thus 3 raised to the 4th power is 
written 34• The number which denotes the 
power is called an exponenl. The second power 
is frequently called the "square," because if 
the number represents the length of a line, 
multiplying by itself is equivalent to finding 
the area of a square having sides of that length. 
Similarly, the third power is called the "cube," 
since .the multiplication would give the volume 
of a cube having edges equal in length to the 
number. 

Roots - The converse of a power is called 
the root of a number. It is that number which 
when raised to the required power would be 
the number given. For example, 3 is called the 
third (or cube) root of 27, because 3 raised to 
the third power is 27. Likewise, 4 is the second 
or square root of 16, because 42 (4 raised to the 
second power) is 16. The fourth root of 16 is 2, 
because 2 raised to the fourth power equals 16, 
and so on. When a root is to be found the 
radical 8ign ...;-- is used, with the order or 
number of the root (called the index) written 
in the opening of the "V." For example, the 
4th root of 16 is written 

When the second or square root is to be taken, 

the index usually is omitted; the order of the 
root in this case is understood to be 2. 

Square root - The numerical operation of 
extracting square root is frequently necessary 
in solving problems. The method can best be 
described by means of an example. Suppose the 
square root of 528.367 is to be found. Set down 
the number and point off groups of two places, 
starting with the decimal point and going both 
to the right and left: 

v�5-'2_8 ___ 3_6_'1-o . 

Note that a zero has to be added to the decimal 
to make two figures in the last group; this 
is necessary on the right-hand side but not on 
the left. Now find the largest integer whose 
square is contained in the first group, which in 
this case is the single digit 5. The largest 
number -whose square is contained in 5 is 2, 
the square of which is 4 (the square of 3 would 
be 9, which is greater than 5). Write this root 
above the 5 and write the square below the 
5, then subtract: 

2 
v'5'2 8 .3  6'7 0 

4 
1 

Now bring down the next group of numbers 
alongside the remainder, 1, and draw a vertical 
line to the left of the 1 : 

2 
v'5'2 8.3 6'7 0 

4 
11 2 8  

Double the root (2) al�eady found and ·place it 
to the left: 

2 
v'5'2 8 . 3 6'7 0 

4 
4 11 2  8 

Cover the last number (8) and see how many 
times the divisor, 4, will go into the remaining 
number, 12. The answer is obviously 3. Place 
the three in the root above the 28 group and 
also write it alongside the divisor, 4. Then 
multiply the complete divisor, 43, by 3 and 
write the result under the 128: 

2 3 

v'5'2 8.3 6'7 0 . 
4 

4 3 fT28 
1 2 9  

At this point it is necessary to subtract, again, 
but unfortunately the subtraJ:iend is just a bit 
too large. If 3 gives a product which is too 
large, obviously the next step is to try 2, so we 

C H A P T E.\R O N E  9 



substitute 2 for 3 and try again, getting a 
smaller number which can be subtracted: 

2 2 
-y' 5'2 8.3 6'7 0 

4 
4 2  [128 

8 4  
4 4  

Bring down the next group, 36, and repeat the 
procedure - double the root already found 
(22) and find the largest multiplier which can 
be used: 

2 2 9 
V 5'2 8.3 6'7 0 

4 
,4 2 f128 

- 8 4  
4 4 9 14 4 3 6  

, 4 0 4 1-
3 9 5  

Continue until all places are filled above the 
two-digit groups in the original number: 

2 2 .  9 8 
y5'2 8.3 6'7 0 

4 
4 2 ! 1 2 �  

8 4  
4 4 9 !4 4 3 6  

4 0 4 1  
4 5 8 8 !3 9 5 7 0  

3 6 7 0 4  
2 8 6 6  

Notice that the decimal point in the root is 
placed directly above the decimal point in the 
original number. If desired, the solution can 
be carried out to additional decimal places by 
adding groups of two zeros to the right of the 
existing decimal, then proceeding just as 
before. 

Should any of the divisors be too large to go 
into the remainder, a zero is placed in the an
swer at that point, just as in the similar case 
in ordinary division. This is illustrated in the 
following example: 

5 

v'2 5'7 0.4 9 
2 5  

1 0 �  
On covering up the O in 70 it is found that 10 
is too large to be contained in 7, hence a zero is 
put in the second place in the answer and the 
process continued as before: 

5 0 

v'2 5'7 0.4 9 
2 5  

1 0 0 1_ 7 0 4 9  

10 . C H A P T E R  O N E  

an additional group (49) being brought down 
for the next division. 

e 1-3 FORMULAS 

Literal notation - The laws of electricity 
and electrical circuits are most conveniently 
expressed by formulas in which the various 
quantities are denoted by arbitrary symbols, 
generally letters of the alphabet. This is called 
literal notation, and is simply a compact 
method of writing. To cite an example, Ohm's 
Law for direct currents, a fundamental law in 
electrical work, can be expressed as follows: 
"The current Bowing in a circuit is equal to the 
impressed electromotive force divided by the 
resistance, using consistent units." In algebraic 
formula this is written 

E 
J = -

R 

in which the letter I stands for current, ·E for 
electromotive force and R for resistance. Ex
pressing the law in this way has the additional 
advant�ge that anyone familiar with the ele
mentary processes of algebra can see at a 
glance the further relations: 

E = RI 

E and R = 
1 

either of 'which would'iiave to be learned by 
rote or else reasoned out from the ordinary-
language statement. . . 

"Solving a formula " merely means sub
stituting the proper numbers for the literal 
quantities whose values are known, and then 
performing the indicated arithmetical opera
tions to find the unknown quantity. 

Signs of operation - The ordinary signs 
of arithmetic ( +, -, X, +, -v, etc.) are used. 
However, division is nearly always indicated 
by writing the dividend over the divisor in the 

form of a fraction, as i in Ohm's Law given 
above; this means E divided by R. An alterna
tive method of writing the same thing is E / R, 
where the diagonal bar has the same meaning 
as the horizontal fraction bar. Multiplication 
can be indicated by the usual sign ( X) and 
also by a dot (.), but the sign is frequently left 
out altogether, the two quantities to be multi
plied simply being written side by side. Thus, 
RI means_ " R multiplied by I." However, the 
multiplication sign must be used when ·ordi
nary numbers appear together in a formula ; 
for instance, 31 multiplied by 42 is written 
31 X 42; the abbreviated method cannot be 
used in this case because neither 3142 nor 
31.42 is the same thing as 31 X 42. But when 
an actual number and a literal number are 
multiplied together they can be written- with-



out the sign : 15E, for example, means 15 
times E. 

In an expression such as 15E the number 15 
is called a coeffident of E. A coefficient is a 
factor, either literal or numerical, whose value 
is fixed. The symbol k is frequently used in 
electrical formulas where a coefficient, or 
"constant," is specified. When numerical 
coefficients are multiplied the ordinary numeri
cal operation is usually performed; thus if we 
multiply 4R by 3, the product is written 12R, 
instead of 4 X 3R. The latter or algebraic form 
is used only when multiplication is by a literal 
quantity; thus, I X 3R would be written 3/R. 
It is usual to assemble the literal factors to
gether and to put the numerical factor first. 

Bracketa - Bracketed symbols indicate a 
group that is to be treated as a unit. Thus if 
we write (a + b) we mean that the bracketed 
quantity must be treated aa though it were all 
one symbol. This is necessary to distinguish 
between expressions of the type ab - c and 
a(b - c). The former means " Multiply a by b 
and then subtract c from the product," while 
the latter means "Subtract c from b and then 
multiply the difference by a." The two are not 
the same thing, as substitution of any numbers 
you may choose for a, b and c will readily show. 
Similarly, (a - b)2 means " Multiply (a - b) 
by (a - b)" as distinguished from a - b2, 
which means "Multiply b by itself and sub
tract the product from a." 

Fundamental rules - In general, a series 
of additions can be performed in any order, 
since the same sum results no matter which 
number is put first or last. For example, 
1 1  + 6 + 8 gives the same total as 6 + 8 + 11 
or 8 + 11 + 6, etc. The same thing is true 
of multiplication; 5 X 3 X 2 - 2 X 5 X 3 -
3 X 5 X 2, etc. However, in subtraction and 
division this is not the case in ordinary· arith
metic: 12 - 9 is not the same thing as 9 - 12, 
nor is 42 + 7 the same as 7 + 42. By con
sidering subtraction as algebraic addition of a 
negative number this restriction can be over
come, likewise with division by considering 
every divisor as a fraction of the form 1/n, 
where n is the divisor, and then using it as a 
factor. Thus, 12 - 9 = - 9 + 12, the plus 
and minus signs being considered to be prop
erties of the numbers. A number having no 
sign prefixed is always underl!tood to be posi-

tive. Similarly, 42 + 7 - 42 X �, which is the 

same as } X 42. Therefore, by reducing sub

traction to algebraic addition, and reducing 
division to multiplication by a fraction, we can 
say that, in general, a sequence of •the same 
operations can be performed in any convenient 
order. 

When algebraic addition and multiplication 
arc both indicated, as they frequently are in a. 
single formula, the order of operations is very 
important. Thus if we have ab - c, in which 
a, b, and c have the values 4, 8 and 3, respec
tively, substitution would give 4 X 8 - 3. 
This gives 29 as an answer, which is not the 
same as if we first subtracted the 3 from the 8 
and then multiplied the difference by 4. The 
general rule is that the operations indicated in 
an equation must be performed in sequence 
from left to right. It is important to note that 
in a literal expreasion factors may not be sepa
rated by addition or subtraction. Thus in the 
expression a + be, when numerical values are 
substituted the multiplication must be per
formed first. Using the previous values, a + be 
does not mean 4 + 8 X 3, which is 36, but. 
4 + (8 X 3), which is 28. In other words, a 
series of factors is equivalent to a bracketed 
quantity; when numerical values are sub
stituted for the letter symbols. 

Powers and roots - In some formulas it is 
necessary to raise a series of factors to a certain 
power or to take a specified root of a group of 
factors. If we want to square the expression 
abc we have (abc)2• This means that the whole 
expression is multiplied by itself; that is, 
abc X abc, or, dropping the multiplication 
sign, abcabc. Since the order in which the 
multiplication is performed does not matter, 
this can be rewritten aabbcc. But aa = a2, 
bb = b2, and cc = c2; therefore (abc)2 = a2b2c2• 
In other words, the square of a series of factors 
is equal to the product of the squares of each 
factor, and similarly for higher powers. Identi
cal reasoning will show that the same rule ap
plies for roots: v'alic - v'a X VO X v'c, or 
vav'&v'c. 

In expressions calling for raising the alge
braic sum of two or more numbers to a given 
power, or for extracting a given root, no such 
simple rule applies. For instance, (4 + 3)2,is 
equal to '12, which is 49. It is not equal to 
42 + 32, which is the sum of 16 and 9, or 25. 
(Expressions of this kind should be multiplied 
out when they are encountered.) Usually, in 
ordinary radio formulas the actual values will 
be substituted and it will be possible to take 
the sum before finding the power or root. This 
simplifies the computations. · · .  

Bracketed quantities - One other type ·of 
operation needs to be learned. When a sum is 
multiplied by a number, as in the expression 

1 
a(b + - � d) each part (called a term) of the 

C 

sum must be multiplied by the factor. In the 
example this gives 

1 a 
a(b + - - d) - ab + - - ad 

C C 

Notice that the signs of the terms in the right-
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hand part of the equation are the same as in 
the original bracketed quantity (both a and b 
are positive, since their signs are not written). 
This is always the case when the multiplier is 
positive. If the multiplier has a negative sign, 
as in the expression a - b(c + d - e), all the 
terms inside the brackets must be reversed 
when the multiplication is performed and the 
brackets eliminated. Thus the resulting ex
pression would be a - be - bd + be. 

If the bracketed quantity is to be added to 
another quantity, as a + (b - c + d), remov
ing the brackets requires no changes in the 
signs, so 

a + (b - c + d) - a + b ..:.. c + d 

But if the bracketed quantity is preceded by 
a minus sign, all signs inside the brackets must 
be reversed when the brackets are removed: 

a - (b - c + d) = a - b + c - d 

These rules are easily illustrated by means of 
numerical examples. In each case the dis
tributed form is shown first, followed by the 
method of first collecting term11 (performing the 
additions) inside the brackets. 
Multiplication by a positive number: 

· 5 X (8 - 4 + 1) = 40 - 20 + 5 = 25 
5 X (5) - 25 

Multiplication by a negative number: 

12 - 3(4 - 2) - 12 - 12 + 6 = 6 
12 - 3(2) == 12 - 6 = 6 

Addition of a bracketed quantity : 

10 + (8 + 2 - 3) = 10 + 8 + 2 - 3 17 
10 + 7 = 17 

Subtraction of a bracketed quantity : 

10 - (8 + 2 - 3) - 10 - 8 - 2 + 3 = 3 
10 - 7 � 3 

Troruposition - In general, a satisfactory 
solution of a formula cannot be obtained un
le88 the numerical values of all but one of the 
literal quantities are known. Taking Ohm's 
Law again as an example, the relation 

1 - !  
R 

will give the current, I, when known values of 
electromotive force (voltage) and resistance 
can be substituted for E and R in the formula. 
Using ordinary units, if E should be 80 volts 
and R 40 ohms, the current would be 80 + 40, 
or 2 amperes. However, should only the voltage 
be known, we could learn nothing about the 
current that might flow, since every value of 
resistance would give a different value of cur
rent. Therefore, it must be possible to substi
tute known values for every quantity in the 
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formula or equation except one, which is called 
the "unknown." Usually, any one of the literal 
quantities may be the unknown, regardless 
of its position in the equation, and the equa
tion can be tranaposed so that the unknown 
quantity appears on one side (usually to the 
left of the equality sign) and all the known 
quantities on the other side. It is convenient 
to arrange an equation in this way before 
actually substituting the numerical values for 
the known quantiiies. 

Transposition is based on the principle that 
performing the same operation on each side 
of an equation does not alter the equality. 
Thus if we add the same number to both sides 
of an equation the resulting sums also are 
equal. A numerical example will quickly illus
trate the point. Suppose we have the following 
equation: 

5 X 3 = 1 1 + 4 

and add 6 to each side: 

(5 X 3) + 6 = 11 + 4 + 6 
15 + 6 = 21 

The same quantity subtracted from each side 
\ of an equation also leaves both remainders 

equal; similarly, multiplying both sides by 
the same number or dividing both sides by the 
same number does not change the fact of equal
ity. Likewise, raising both sides to the same 
power or taking the same root on both sides 
leaves the resulting quantities equal. Whatever 
the operation, it must be performed similarly 
on both sides and on the whole of each side. 
For example, if we wish to square both sides 
of the equation a = b + c, the right-hand side 
must be considered as a unit so that the result
ing equation is a2 = (b + c)2. As we have seen 
before, this is not the same thing as b + c1 or 
even b2 + t?-. Careless errors can be avoided 
by keeping this point in mind. 

An equation such as I ;., E/R can be trans
posed very readily. Suppose we know the cur
rent and resistance and want to find E. The 
object is to get E alone on one side of the equa
tion and get all the other quantities on the 
other side. To get E by itself we must eliminate 
R on that side of the equation. Since E is 
divided by R, we can eliminate the R in the 
denominator if we multiply E/R by R, since a 
number divided by itself is 1. The common ex
pression is that the R's "cancel out." However, 
to make the resulting expression an equality 
we must multiply both sides of the equation by 
R, so we have 

E 
I X R = - X R  

R 

The R's on the right-hand side cancel, leaving 
us with IR = E, or, since we usually put the 
quantity we want to find on the left-hand side, 



E - JR. From this we can readily find R in 
terms of the other two quantities by dividing 
both sides <?_f the equation by I or (which is the 
same thing) by multiplying both sides by 1/ I: 

E x ! = rn x ! 
I I 

In this C!ISe the J's on the right-hand side can
cel, leaving us 

R = ! 
I 

In more complicated equations it may be 
necessary to perform several operations or this 
nature in sequence before the desired arrange
ment of the equation is secured. For example, 
the equation for the resonant frequency of a 
tuned circuit is 

1 

f = 2rv'LC 
where f is the frequency, L is the inductance 
and C the capacity in the circuit. (r, the ratio 
of the circumference to the diameter of a circle, 
has . its usual value of 3.1416 . . .  ) Suppose 
we want to find C in terms of the other quan
tities. First we need to bring C out of the de
nominator, since we do riot want the result in 
fractional form. To do this, multiply both sides 
by 2ry'LC. This gives 

.. 1 

I . 
/ X 2r-.../LG = . /yr, X 2rv'LC 

. 2.-vLC 
or 2rf--./LC = 1 

The order in which the factors 2, r and / a.re 
written together does not really matter, but 
that shown is customary. We next need to get 
rid of the radical, which we can do by squaring 
both sides of the equation: 

(2,r/--./LC)• = 11 
or (2rf)• LC = 1 

since 11 is still 1. Tlie la.st step is to get C alone 
on one side of the equation, which is accom
plished by dividing both sides by all the re
maining factors in the left-hand side of the 
above expression :  

(2rf)• LC 1 
· (2r/)• L • (21'/)' L 

when the ('Jrf)•L's on the left cancel out, 
leaving 

1 
C = (2rf)• L 

It is useful to know one more ·thing in con
nection with transposition. If we have an 
equation of the form 

a C 

b :- d 

and multiply both sides by bd, we have ac 

abd bdc 
abc - adc 

The a's and b's on the left cancel out, as do 
the d's and e's on the right, leaving 

d b b . d 
- =- - or - =- -
c a a c 

That is, if both sides of an equation a.re in
verted, the resulting expression is an equality. 
Any equation can be considered to be in this 
form, even though neither side is expressly 
fractional, because any whole number can be 
considered to be a fraction of the form n/1 
(dividing a number by 1 does not change its 
value). Such a number inverted becomes 1/n. 

Inversion can be used to advantage in 
transposing a formula. such as the following 

- R = ---1 __ _ 
1 1 1 

R1 + R2 + Ra 
which is the rule for finding the net resistance 
of resistances· connected in parallel. The series 
of dots indicates that similar terms c.!. where 

R • . 
n indicates the la.st number of a consecutive 
series) may be added until there is one term 
for each resistor in the actual group considered 
in the problem. Suppose we have two resistors 
inJ>arallel and want to add a third to make the 
total resistance, R, have a specified value. We 
need then to · transpose the equation to give 
Ra, the third resistor, in terms of the first 
two, R1 and R2, and the total resistance, R. 
By the rule for inversion, 

1 1 1 1 
- + - + - = R1 R2 Ra R 

Subtracting ¾
1 

+ ¾2 from both sides we have 

remaining 

.k = ½ - (�! + ;J = ! 
Inverting again, 

1 1 
R1 Rs 

Observe that the whole expression on the right 
hand side must be inverted, not simply the 
individual fractions. 

Hinta for solving formula. - In practical 
. use of formulas the quantity_ which must be 
found may or may not appear a.lone on one 

· side of the equation as given. If it does not, 
the equation must be transposed to bring the 
unknown on one side and all the known qua.n
tites on the other. 

When the formula is in suitable form, sub
stitute the . known. values for the appropriate 
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letters, inserting the proper signs of operation. 
Where two or more factors appear together, 
write the multiplication sign between them 
when the figures are substituted. Enclose fac
tou in brackets when their product is to be 

, added to or subtracted from a preceding quan
tity, and perform the necessary numerical 
operations to reduce bracketed quantities to 
a single number jir8t. 

When the equation has several terms, per
form the operations necessary to make each 
term a single number before adding or sub
tracting. 

These points are illustrated by the following 
example, using a formula for finding the output 
voltage of a power supply:_ 

E = O OE _ (lb + h ) (R1 + R2) _ E • . ' 1000 ' 
Since the meanings of the symbols have no 
particular bearing on the present discussion, 
we may simply assign the following values for 
the known quantities: E, - 750; lb - 25; 
h = JOO; R1 = 75; R2 = 125; E, - 15. Sub
stituting, we have: 

E. = 
· (O 9 X 750) _ (25 + 100) (75 + 125) _ 15 . 1000 

Collecting terms: 

E = 675 _ 125 X 200 _ 15 • 1000 
- 675 - 25 - 15 

E0 - 635 
When fractions appear in the denominator 

of a formula it is usually best to convert them 
to decimals. For example, the formula for three 
resistances in parallel previously mentioned: 

..!.. + ..!... +..!... R1 R2 Ra 

R 

is more easily solved by decimals than by the 
method of finding a common multiple for the 
fractions in the denominator and then adding. 
Thus, suppose that the values given for R1, R2 
and Ra are 500, 250 and 100, respectively. 
Substituting gives 

1 
R - ------

1 1 I 

500 + 250 + 100 
The corresponding decimals. are 0.002, 0.004, 
and 0.01. Substituting again: 

R - 1 = -1-0.002 + 0.004 + 0.01 0.016 
�erforming the division, . 

R • 62.ti 
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e 1-t LAWS 01' EXPONENTS 

Multiplication and division - As we have 
seen (§ 1-2), the power to which a number is 
raised is the number of times it is used as a 
factor. The number a alone means the first 
power of a, or a1, but the exponent 1 is S!Jldom 
written since a number having no exponent is 
always understood to be its first power. 

Now if we multiply a2 by a, we really have 
aaa, since a2 = aa. Also if we multiply a2 by a2 

we have aaaa, or a4• Similarly, a3 X a2 (ordi
narily written aaa2) is equal to aaaaa, or a6• ln 
other words, when two powers of the same 
number are multiplied together, ·the product 
is the number raised to a power which is equal 
to the sum of the exponents. Thus, aa3 - a'; 
a3a' = a1; b4b = b6, and so on. It is necessary· 
to remember that a number with no exponent 
written always has the exponent 1. 

·suppose now we have a1 /a. This is the same 
as saying 

/ aaa 

a 

in which one a in the numerator cancels one in 
the denominator, leaving aa, or a2• Or, 
b1 /b2 - bbb/bb; the two b's in the denominator 
cancel two in the' numerator, leaving b as the 
answer .. When a power of a number is divided 
by another power of the same number, the 
quotient ia the number rnised to a power equal 
to the exponent of the dividend minus the 
exponent of the divisor. Th4s, a4/a = a3; 
b5 /b2 = b1; b6 /b3 = b3, etc. This fact opens the 
possibility of writing a divisor in a different 
way. Thus, a'/a - a1 can be written as a 
multiplication in which the exponent of the 
divisor is negative: a4a-1 = a8• Addition of 
the negative exponent is the same as sub
traction of a positive exponent. Other examples 
are: blib-2 = b3; a2a-1 = a, and so on. 

Consequently, a negative exponent indicates 
division by the same number with a positive 
exponent. In other words, a-a = l/a3; b-• = 
l/b5; a-1 = 1/a, etc. This form is frllquently 
used in formulas where it is desired to avoid 
writing the equation as a fraction. 

When a number (other than 0) is divided by 
itself the quotient is 1; that is, a/a = 1. Since 
a = a1 and 1/a = a-1, a/a can be written 
a1a-1 = 1, or simply aa-1 = l. By the law of 
exponents this also can be written aa-1 = a0• 
Similarly, a1a-a = a0; b2b-2 = b0, etc. Dividing 
a number by itself is equivalent to raising the 
number to the 0th power ; therefore the ex
ponent O me!l,ns that the number reduces to 1. 

Significant figu:rea; order of magnitude 
..,.. When numerical values arc very small or 
very large it is common practice to make two 
factors out of the number, one of which is the 1'significant" part and the other a power of 
ten, the "ofder of magnitude," FOf el(ample, 



the number 568,000,000 would be separated 
into the two factors 568 and 1,000,000 and 
written 568 X 108 ; 293,000 would be separated 
(factored) into 293 and 1000 and written 
293 X 10'; 0.0016 would be factored to 16 and 
1/10,000 (0.0001) and written 16 X 10-4 ; 
0.000004 would be factored to 4 and 1/1,000,-
000 (0.000001) and written 4 X 10-•, and so 
on. The following table shows the powers of 
10 c_ommonly used as factors in writing num
bers in s�ch form: 

104 - 1,000,000 
106 100,000 
104 10,000 
101 1,000 
102 100 
10-1 - 0.1 
10-2 - 0.01 
10-1 - 0.001 
104 - 0.0001 
10-5 - 0.00001 
10-• = 0.000001 

The factor 10, when used, is of course simply 
written as 10. 

In practical work it is sufficient in nearly all 
cases to obtain results only to three significant 
figures. Subsequent figures can be dropped or 
rounded off, retaining only the appropriate 
power of ten to give the order of magnitude. 

Pou,ers and roots - To square a number 
such as a3, we use it twice as a factor, thus : 
a3a3 = a8• The operation usually would be 
indicated by writing it in the form (a1)2, in
dicating that the quantity inside the brackets 
is to be squared. Similarly, (a2)1 - a2 a2 a2 -
a8; (b4)2 = b4 b4 = b8, and so on. The exponent 
in the result is equal to the product of the ex
ponents in an expression such as (a2)4 - a8• 
It follows that in taking a root of such an ex-
pression as W we should divide the ex
ponent of the number under the radical sign 
by the index of the root to find the exponent 
of the result; W - a1; va4 - a2; Va' - a; 
W • a2, etc. Since division of exponents is 

indicated in such cases, we can write an ex-
• 

pression like W as a•, which equals a1; • 
# can be written a•, equalling a2; vii' -

" _lr:.i I a• - a, v a8 - ai - a2, and so on. An 
• 

expression such as ai also can be written I 
(a4)1, since multiplication of the exponents 

� , 
gives a•, and similarly for the other examples. 
In other words, a fractional exponent of the 
form 1/n means the same thing as V. 

e 1-3 LOt.ARITDMS 

Logarithm.a - The laws of exponents (§ 1-4) 
show that, when we deal with one basic num-

her, the processes of multiplication and di
vision reduce to addition and subtraction of 
exponents, and the processes of raising to a 
power and taking roots reduce to multiplica
tion and division of exponents. Advantage 
can be taken of this fact to simplify numerical 
operations, provided all ordinary numbers can 
be expressed as exponents of some number 
chosen as the ba.8e. Such exponents are called 
logarithm,, and in the common system of 
logarithms the base chosen is the number 10. 
The logarithm of a number is the exponent of 
the power to which the base 10 must be raised 
to produce the given number. 

Since 10 1 = 10, the logarithm of 10 is I ;  
since 101 - 1000, the logarithm of 1000 is 3, 
and so on. Likewise, the logarithm of 1 is 0 
(written log l - 0), since 10° - 1 ;  log 0.1 .. - 1, 
since ,10-1 = 0.1, etc. Some of the logs of the 
powers of 10 are as follows: 

log 10,000 - 4 
log 1000 = 3 

log 100 - 2 
log 10 - 1 
log I = 0 
log 0.1 = - 1 
log 0.01 - -2 
log 0.001 = -3 
log 0.0001 - -4 

The logarithms of all numbers between I 
and 10 must have values lying between 0 and 
1, since log 1 - 0 and log 10 - l. They 
are, for convenience in calculation, us1ually 
written as decimals. For example, 10• (or 
its equivalent 10°·5) represents VW, the value 
of which, to two decimal places, is 3.16, there
fore log 3.16 = 0.5. Similarly, {/io = 10°·113, 
the value of the number being 2.15, therefore 
log 2.15 = 0.333; {/IOi =- 10°·'"; the number 
is 4.64, therefore log 4.64 = 0.666. The 
logarithms of the integers from 1 to lO are 
given, to four decimal places, in the following 
table: 

log 1 - 0 
log 2 = 0.3010 
log 3 = 0.4771 
log 4 = 0.6021 
log 5 - 0.6990 
log 6 - 0. 7782 
log 7 = 0.8451 
log 8 - 0.9031 
log 9 - 0. 9542 
log 10 = 1.0000 

Despite the fact that the table above is 
extremely limited in scope, it will serve to 
illustrate the use of logarithms .. 

Fundamental relationa - Remembering 
the laws of exponents, and that logarithms are 
actually exponents of powers of the base, we 
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can e_xpress the rules for their use by the equa-
tions�· • 

log (a X b) - log a + log b 

log �- = log a - log b 
b 

log a• .,; n X log a 
� log a . log a• - -;;-

Suppose we multiply 2 by 4. Using the first 
rule and substituting 2 for a and 4 for b, 

log (2 X 4) - log 2 + log 4 
- 0.3010 + 0.6021 
- 0.9031 

This is the logarithm of the product, and we 
find from the table that 0.9031 is the log of 8. 
Therefore 2 X 4 = 8. 

Divide 10 by 5, using the second rule: Sub
stituting 10 for a and 5 for b, 

log (10 + 5) - log 10 - log 5 
- 1.0000 - 0.6990 
"' 0.3010 

This is the logarithm of 2, therefore the 
quotient is 2. 

Raise 2 to the third power. Using the third 
rule and substituting 2 for a and 3 for n, 

log 21 - 3 X log 2 
- 3 X 0.3010 
• 0.9030 

Within the limit of accuracy, this is the log 
of 8, therefore the cube of 2 is 8. 

Take the square root of 9. Using the fourth 
rule and substituting 9 for a and 2 for n, 

1 91 log 9 og = -2-
- 0.9542 + 2 

- 0.4771 
This is the logarithm of 3, therefore the square 
root of 9 is 3. 

The characterutic - Since we simply add 
the exponents when multiplying two powers 
of the same base, it is unnecessary to determine 
the logarithms of any numbers other than 
those between 1 and 10. Every number be
tween 10 and 100 is 10 times some number 
between 1 and 10, every number between 100 
and 1000 is 102 times some number between 1 
and 10, and so on. Similarly, every number 
between 1 and 0.1 is 1/10 of (or 10-1 times) 
some number between 1 and 10; every number 
between 0.1 and 0.01 is 10-2 times some number 
between_ 1 and 10, etc. For example, the 
logarithm of 600, which factors to 6 X 102, is 
equal to the sum of the logarithms of 6 and 
102, or 0.7782 + 2, which equals 2.7782. Simi
larly, the logarithm of 6000 is 3.7782, log 60 -
1. 7782, log 0.6 • 0. 7782 - 1, . log 0.06 = 
0. 7782 - 2 (written 2. 7782) and so on. The 
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decimal part of the logarithm is called the 
mantiBBa and the integral part is called the 
charadmstic. When the characteristic is nega
tive it is customary to add 10 to it and then 
indicate that 10 is to be subtracted from the 
whole logarithm. Thus 2. 7782 would be written 
8. 7782 - 10, L 7782 would be written 9. 7782 
- 10, etc. This avoids having a negative 
characteristic with a positive mantissa. It 
would be possible, of course, to subtract di
rectly; thus the algebraic sum of 0.7782 and 
- 1 is - 0.2218, but this form would be less 
useful, because a negative exponent indicates 
that the same number with a positive exponent 
is to be divided into 1. Thus 10-0-2218 means 

10: .. ,., or l.�66. Performing the division gives 

0.6 as the required number, but the same result 
is more conveniently obtained by keeping the 
mantissa positive and using the negative char
acteristic simply to. indicate the number of 
decimal places in the result. Thus 0. 7782 - 1 
is the logarithm of 6 X 0.1, or 0.6. The number 
of zeros after the decimal point and before the 
first digit is one less than the characteristic 
when the characteristic is negative. To place 
the decimal point when the characteristic is 
positive, point off from the left one more place 
than the number in the characteristic. 

Logarithms are assembled in tables for ready 
reference. Only the mantissas are given; in any 
particular problem the characteristic must be 
supplied by taking the appropriate power of 10 
as described above. A four-place table is given 
in the Appendix; four-place tables give results 
which are accurate to the third figure and 
approximately so to the fourth figure. This 
usually is high enough accuracy in radio cal
culations. Fig. 101 shows the relationship be
tween the numbers from 1 to 10 and their 
logarithms, and the drawing can be used as a 
three-place table by reading the logarithm 
opposite the given number. The scale of num
bers is called a logarithmic scale, and is very 
frequently used in graphs, as discussed in later 
sections. 

e 1-e FIJNCl'IONS 

Variables - One quantity is said to be a 
function of another quantity (called the inde
pendent variable) when the value given the 
latter determines the value of the former. Thue 
the area of a square is a funetion of the length 
of one side, since assigning a value to the length 
of the side immediately determines the area. 
Similarly, the current flowing through an 
electrical circuit of given characteristics is a 
function of the applied electomotive force or 
voltage. That is, if 
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1 0  generally, in a. formula. of this kind the value of 
the function, or dependent variable, is propor-

9 

8 

7 

6 

5 0.7 

�ional to a. power (in the example, the second 
power) of the independent variable. Such a 
function is ca.lied a. power functwn. Direct and 
inverse proportions· are really special cases of 
power functions where the exponents are 1 and 
-1, respectively. The characteristic feature 
of a. power function is that when the inde
pendent variable is increased in a. constant 
ratio the dependent variable also increases in a 
constant (although not necessarily the same) 
ratio. For example, when A is proportional to 
r2, A will become 4 times as great ee.cli time 
the radius is doubled. 

4 0.6 

Fi&- 101 -Tbe right band 
acale givee the logarithms 
of the numbers shown on 0.5 
the left band acale. 3 

2.5 0.4 

2 0.3 

0.2 

0.1 

0 

I is a function of E, when R is constant. We 
can say the same thing in other ways : / varies 
with E, or I u proportional to E. In this case I 
is direcay proportional to E, meaning that if E 
is changed by a certain percentage, I will 
change by the same percentage and in the same 
direction (that is, if E is -made greater, I will 
also be greater). 

If in the same formula we hold E constant 
and vary R, we say that I is a function ·of R. 
In this case I is said to be inveraely proportional 
to R, since if R is me.de larger I becomes 
smaller, and vice versa. 

Power Jun.ctiona - Other functions may 
have different modes of proportionality. For 
example, the area of a circle is 

A .. n2 

If -,, is a constant, the area, A ,  win be propor
tional to the square of the radius, r. Spee.king 

&ponential and logarithmicfun.ctioru
Another type of function is one in which an 
increase in eque.1-ve.lue steps in one variable is 
accompanied by eque.1-re.tio steps in the other 
variable. This is ca.lied e.n tzpomntial function. 
Thus if we have a. series of numbers, a, a2, a*, 
a4, a5, the exponent increases by 1 in each step, 
but the number itself increases by the factor a 
ea.ch time. The difference between this type of 
function and the power function can be ilh.111-
tre.ted by the following table: 

Independent 
Variable 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Dependent V ariabu 
Power Exponential 

Function Function 

l 
4 
9 

16 
25 

36 
49 

64 
81 

100 

1 
2 
8 

16 
32 

64 

128 
256 

512 
1024 

using 2 as the factor for the dependent variable 
in each case. That is, the power function is pro
portional to the square (exponent = 2) of the 
independent variable, and the exponential 
function is doubled (powers of 2) for each 
equal-value step in the independent variable. 
If we call the independent variable x and the · 
dependent variable y, the formulas for the two 
cases are as follows: 

Power function: y - ,!l 
Exponential function: y = 2• 

From laws of exponents (§ 1-4) and the discus
sion on logarithms (§ 1-5) it is evident that the 
exponential formula can also be written in 
logarithmic form: 

x - log, y 

where the subscript 2 indicates that the loga
rithmic base is the number 2. In ordinary 
formulas the base 10 would be used; converting 
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from one base to another is a simple process, 
but need not concern us here. 

An important case of a logarithmic function 
in radio work is the loudness of signals. To the 
ear, equal steps in loudness are caused by 

_equal;-atio steps in sound power. A just
detectable increase (or decrease) in loudness is 
called a "decibel," and the relationship be
tween steps of loudness and power ratios is 
given by the formula: 

Decibels - 10 X log �: 

where P1 and P, are the first and second power 
levels, respectively. The logarithmic base is 10, 
which is always the case when no other base is 
definitely specified. 

e 1•7 GBAPBS 

Coordinates - A graph is a pictorial means 
of expressing the relationship between a func
tion and independent variable. It shows at a 
glance the value of the function for a continu
ous series of values of the independent variable 
over any range of values of the latter that may 
be desired. The values are shown on coordinau 

systems, the most common of which is the 
system of rectangular coordinates, so called 
because it consists of equally spaced series of 
lines at right angles to each other. A graph of 
the relationship between E and / in the 
formula / - E/R, when R is constant, is 
shown in Fig. 102. The horizontal lines are 
called abscissas and the vertical lines ordinatu. 

The horizontal base line is called the "X axis" 
and the vertical base line (at the left) is called 
the " Y axis." These names are used because 
it is customary to use the symbol y for the 
function and :i: for the independent variable, 
and to plot the values of the function on the 
ordinates and the values of the independent 
variable on the abscissas. 

Plotting - Graphs are plotted by assuming 
suitable values of the independent variable at 
relatively small intervals, then solving the 
equation for the value of the function for each 
value of the independent variable. Each pair of 
values represents a point on the graph, the 
position of the point being determined by the 
spot where the ordinate and abscissa represent
ing those particular values cross. Thus in Fig. 
102 the X axis is marked off in terms of voltage 
and the Y axis in current. With R constant at 
I 00 ohms, we can make a table of the values of 
/ as follows, using 10-volt steps for E: 

When E = 0 volts, I = 0 amperes 
E = 10 " I = 0.1 " 
E = 20 " I =  0.2 
E = 30 " I = 0.3 " 
E = 40 I =  0.4 
E = 50 I =  0.5 " 

18 C H A P T E R  O N E  

C.0 

0.9 

�o.a 
... 
:so. 
io.6 
� 

7 

C>-S ... 
l.."OA 

� 
CIC o.3 
CIC 
� 0.2 

0. I 

I/ 

I I I I I 
I I 

R:IOOOHMS 

/ 
/ 

.I 

� 
., 

/ I/ 
/ 

/ 

.I 
., . 

/ 

0
o 10 210 JO ..0 50 60 10 80 !10 100 

ELECTROHOTIVE FORCE, E {VOLTS} 

Fis. �02 

and so on, all values being found from the 
formula I - E / R. The first point · obviously 
lies on the intersection of the axis at O (this 
point is called the origin). The next point, 
E - 10, I = 0.1, is plotted by moving out 
along the X axis to the value 10, then moving 
up on the ordinate at that point to the value 
0.1. The second point is plotted by locatin� 
E - 20 and then moving up on that ordinate 
to the value 0.2. The remaining points are 
plotted similarly. When the series of points hll.l' 
been plotted, a smooth line is drawn joining all 
of them together; this Hue is called a cun1e, even 
though it may be perfectly straight aa in the 
illustration. 

It can be seen from Fig, 102 that the graph 
of I as a function of E is a straight line. A 
function which is directly proportional to the 
independent variable always gives a straight
line graph on rectangular coordinates. 

Scalea - Scales of the type shown in Fig. 
102, in which equal segments on a given scale 
have the same value no matter where they are 
taken, are called linear. Thus the length on the 
X axis between O and 10 (10 volts difference) is 
the same as between 40 and 50 (again 10 volts 
difference). The same length of line always 
represents 10 volts, This type of scale is useful 
for many kinds of graphs, but in some cases the 
logarithmic scale is better because parts of 
some curves are very steep when plotted on a 
linear scale. That is, a small change in the value 
of the _independent variable causes a large 
change m the function, which makes it difficult 
to read the graph accurately. In general it is 
advisable to choose scales so that the piot of 
the _functi�n will be a straight line, or nearly 
straight hne, making an angle of about 45 
degrees with either axis. This gives maximum 
readability. 

logarithmic scales for both abscissae and 
ordinates will give a straight-line curve for any 
power function. Thus in the formula P - 12R, 
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which gives the relationship between power, 
current and resistance, P is a function of P 
when R is constant. Using 10 ohms for R and 
selecting values for I, we tabulate as follows : 

When I .; 1, P = 10 
I =  2, P = 40 
I =  3, P = 90 
I =  4, P = 160 
I = 5, P - 250, etc. 

Plotting these values on logarithmic scales 
(graph paper of this type is called " logarith
mic"_ paper, or sometimes " log-log" paper) 
gives a curve of the type shown in Fig. 103. 
Note that a zero point cannot be plotted, since 
a logarithmic scale never reaches zero. This 
type of scale also is useful for plotting functions 
which are inversely proportional to the inde-
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pendent variable, such as in the formula 
I = E/R, when E is held constant and R is 
varied. In this case I is & function of 1/R. 

Exponential functions are best plotted on 
semi-logarithmic paper, or paper having one 
scale linear and the coordinate scale logarith
mic. The graph of such & flfnction will be a 
straight line when the exponential variable is 
plotted to & linear scale and the linear variable 
to a logarithmic scale. When the formula is in 
logarithmic forn'.l �h� lo�!I a.I:� plotwd on_ �I!� 

linear scale. Fig. 104 illustrates the graph 
of the formula for the relationship · between 
decibels and power ratios, the latter being the 
independent variable and the former the 
function. It is seen that the curve is a straight 
line. · 

In plotting graphs it is desirable to mark off 
the scales in units which will make the whole 
graph approximately square, when the "end" 
values are selected. Thus, suppose we are inter
ested in / as a function of E, with R constant at 
100 ohms, for all values of E between 0 and 100 
volts:The end values of E are 0 and 100, and 
the end values of I, found from the formula, 
are 0 and 1 ampere. Using ordinary rectangular 
paper having 20 divisions to the inch, with 
every tenth line heavy, it is convenient to make 
e84)h small division represent 1 volt on the X 
axis, and each small division represent 0.(H 
ampere on the Y &xis. The graph will then be 
square, as shown in Fig. 102. (To avoid diffi
culty in reproduction, the "units" lines are 
omitted in the figure, only the "fives" lines 
being shown.) 

If a large range of values has to be shown, 
logarithmic scales are to be preferred to linear 
scales. If we extended the graph of Fig. 102 to 
include all values of I when E varies from 1 to 
1000 volts, it is evident that to maintain the 

same accuracy of reading, particularly in the 
range shown in Fig. 102, it would be necessary 
to make the axes 10 times as long. If we kept 
the graph the same size and simply reduced the 
scales to accommodate the IO-times larger 
range of values, considerable percentage error 
would arise in reading the curve for values 
below 100 volts. This difficulty can be over-
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come by using logarithmic paper, since with 
Iegarithmic scales the same percentage ac
curacy can be obtained no matter what the 
order of magnitude of the quantities. In the 
specific problem considered, we could use 
'.'.three cycle" paper (one cycle is the scale from 
1 to 10, or 10 to 100, or 100 to 1000, etc.) for all 
values of E between 1 volt and 1000 volts, as 
shown in Fig. 105. The range could be extended 
indefinitely in either direction by using more 
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cycles or changing both scales in the same ratio 
of some power of 10. As stated before, we can
not reach zero on this type of scale, but in many 
cases this is no particular handicap-. 

Interpolation - On graph paper the co
ordinates must be spaced at definite intervals, 
and if we are interested in values lying between 
two coordinate lines it is necessary to inter
polate. Interpolation is simply estimating the 
value from the position of the point between 
two lines. If the scale is linear, half the distance 
between two lines will add to the value of the 
lower line half the difference between the 
assigned values of the two lines. That is, if a 
point lies half-way between two ordinates 
marked "4" and "5", the difference between 
the two values is 1, hence the half-way position 
indicates 0.5. Adding this to the value of the 
lower ordinate gives 4.5 as the value at that 
point. It is usually possible to estimate to one
tehth of a unit when the coordinate lines are 
sp.,aced ¼ inch or more apart. If they are closer 
together it may be possible to estimate ac
curately only to ¼ unit. 

Interpolation on logarithmic scales is a little 
mor.e difficult, but can be learned by studying 
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how the values vary compared to a linear scale, 
using a scale such as Fig. 101 for comp!1fison. 
When in doubt, estimate the position of the 
point on a linear basis and then.measure off a 
corresponding fractional length on an enlarged 
logarithmic scale. This procedure will permit 
fairly accurate interpolation. 

Polar coordinate• - When it is necessary 
to show graphically the variation in a quantity 
whose value is a function of its direction with 
respect to a fixed reference line, the function 
can be plotted on polar coordinate paper. Fig. 
106 shows such a graph. Polar coordinates con
sist of a set of radial Jines represe�ting units of 
angle, and a series of concentric circles, both 
coordinates originating from a common point 
(the origin). 

The polar coordinate graph is especially 
useful for showing the directional characteristic 
of an antenna system. The plot in Fig. 106 is 
the theoretical directional characteristic or 
"pattern " for a straight, horizontal antenna 
when its length is considerably Jess than a half 
wavelength. If the antenna wire lies in the 
direction indicated on the graph, the relative 
field strength, or relative intensity of radiation, 
will vary with the direction with respect to the 
wire as shown, assuming that the field strength 
is observed at the same distance in any direc
tion. Note that the scale in such a case is purely 
relative, and the maximum strength, which 
occurs in the direction at right angles to the 
length of the wire, is arbitrarily assigned a 
value of 1. If we measure the field strength 
directly off the end of the wire it will be zero; 

200"190" l30"n0"160" 

210• t.S0-
2.20• '--..-,-,_, ,w 

at 45 degrees it y,,ill be 0. 71, or 71 %, of its value · 
at right angles to the wire, and so on. · 

If the field strength is uniform in all direc
tions with respect to the antenna, the graph of 
the function will simply be a circle concentric 
with the origin. 
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CHAPTER TWO 

e.2-1 FUNDAMENTALS OF A RADIO 
·sYSTEM 

THE BASIS of radio communication 
ie the transmission of electromagnetic waves 
through space. The production of suitable 
waves constitutes radio transmission, and their 
detection, or conversion at a distant point into 
the intelligence put into them at the originat
ing point, is radio reception. There are several 
distinct processes involved in the complete 
chain. At the transmitting point, it is necessary 
first to generate power in such form that when 
it is applied to an appropriate radiator, called 
the antenna, it will be sent off into space i.n 
electromagnetic waves. The message to be 
conveyed must be superimposed on that power 
by suitable means, a process called modulation. 

As the waves spread outward from the 
transmitter they rapidly become weaker, so 
at the receiving point an antenna is again used 
to abstract as much energy as possible from 
them as they pass. The wave energy is trans
formed into an electric current which is then 

· amplified, or increased in amplitude, to a 
suitable value. Then the modulation is changed 
back into the form it originally had at the trans
mitter. Thus the message becomes intelligible. 

Since all these processes are performed by 
electrical means, a. knowledge of the basic 
principles of electricity is necessary to under
stand them. These essential principles a.re the 
subject of the present chapter. 

e 2-2 THE NATIJIUf OF ELECl'BICITl( 

Electron.11- All matter - solids, liquids 
and gases - is ma.de up of fundamental units 
ca.lied moleculu. The molecule, the smallest 
subdivision of a. substance retaining all its 
characteristic properties, is constructed of 
atoms of the elements comprising the substance. 

Atoms in turn a.re made up of particles, or 
charges, of electricity, and a.toms differ from 
each other chiefly in the number and arrange
ment of these charges. The atom has a nu
cleus containing both positive and negative 
charges, with the positive predoinina.ting so 
that the nature of the nucleus _ is positive. 
The charges in the nucleus a.re closely bound 
together. Exterior to the nucleus are negative 
charges - electrons - some of which a._re not 
so closely bound and can be made to leave the 
vicinity of the nucle\18 without too much urg-

ing. These electrons whirl around the nucleus 
like the planets a.round the sun, and their orbits 
are not random paths but geometrically
regular ones determined by the charges on the 
nucleus and the number of electrons. Ordinarily 
the atom is electrically neutral, the -outer nega
tive electrons balancing the positive nucleus, 
but when something disturbs this ha.la.nee 
electrical activity becomes evident, and it is 
the study of what happens in this unbalanced 
condition that makes up electrical theory. 

Insulators and Conductors - Ma.�erials 
which will readily give up an electron are called 
conductors, while those in which all the elec
trons a.re firmly bound in the a.tom a.re ca.lied 
insulators, Most meta.ls a.re good conductors, 
as are also acid or salt solutions. Among the 
insulators a.re such substances as wood, ha.rd 
rubber, bakelite, quartz, glass, porcelain, tex
tiles, and many other non-metallic materials., 
· Resistance - No substance is a. perfect con

ductor - a. "perfect" conductor would be 
one in which an electron could be detached 
from the a.tom without the expenditure of 
energy - and there is also no such thing as a 
perfect insulator. The measure of the difficulty 
in moving an electron by electrical means is 
called resistance. Good conductors have low re
sistance, good insulators very high resistance. 
Between the two a.re materials which are 
neither good conductors nor good insulators, 
but they a.re nonetheless useful since there is 
often need for intermediate values of resistance 
in electrical circuits. 

Circuits - A circuit is simply a complete 
path along which electrons can transmit their 
charges. There will normally be a source of 
energy (a battery, for instance) and a. load or 
portion of the circuit where the current is made 
to do useful work. There must be an unbroken 
path through which the electrons can transmit 
their charges, with the source of energy acting 
as an electron pump and sending them around 
the circuit. The circuit is said to be open when 
.no charges can move, due to a break in the 
path. It ia closed when no break exists - when 
switches a.re closed and all connections are 
properly made. 

e 2-3 STATIC EI.1'CTBICIT1( 

The electric charge - Many materials that 
have a high resistance can be made to acquire 
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a charge (surplus or deficiency of electrons) 
by mechanical means such as friction. The fa
miliar crackling when a hard-rubber comb is 
run through hair on a dry winter day is an 
example of an electric charge generated by 
friction. Objects can have either a surplus or a 
deficiency of electrons - it is called· a ·negative 
charge if 'there is a surplus of electrons; a 
positive . charge if there is a lack of them. As _ 
with all things in nature, there must always be 
a balance, and for every negative charge there 
will be found a similar positive charge, since 
each electron that leaves an atom to form a 
negative charge leaves the rest of the atom 
with a positive charge. The kind of charge is 
called polarity, a negative charge constituting 
e. negative pole, a positive charge being a posi-
tive pole. 

Attraction and reprtlsion - Unlike charges 
(one positive, one negative) exert an attraction 
on each other. This can be demonstrated by 

Fig. 201 - Attractioo and repuloion �£ cha;ged ob
jects, as sbown by the pitb-ball experiment. 

giving e�ual but opposite charges to two very 
light objects of insulating material (pith balls 
'are used in the classical experiment) and sus
pending them near each other. They will be 
drawn toward each other, and if they touch the 
charges will neutralize, leaving both objects 
without charge: Charges of the same type, how
ever, repel each other, and a similar-experiment 
with like-charged objects will show them tend
ing to swing apart. 

Electrostatic field- From the foregoing it 
is evident that an electric charge can exert a 
force through the space surrounding the 
charged object. The region in which this force 
is exerted is considered to be pervaded by the 
electrostatic field, this concept of a field being 

Fill, 202 - Line, of force from a eharged object ex
tend outward radially. Although only two dimension• 
are ahown, the field extend• in all direction, from tbe 
charge, and the field should be visualized in three di
mensions. 
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adopted to explain the "action at a distance" 
of the charge. The field is assumed to consist 
of linu of force originating on the charge and 
spreading in all directions. The number of 
lines of force per unit area is a measure of the 
intensity of the field. 

Potential difference - If two objects are 
ch>Lrgi:<l differently, a pokntial difference is 
said to exist between them, and this difference 
is measured by an electrical unit called the 
voU. The greater the potential difference, the 
higher (numerically) the voltage. This poten
tial difference or voltage exerts an electrical 
pressure or force as explained above, and for 
this reason it is often called electromotive force 
or, simply, e.m.f. It is not necessary to have 
unlike charges to have e. difference of potential; 
both, for instance, may be negative so long as 
one charge is more intense than the other. 
From the viewpoint of the stronger charge, 
the weaker one appears to be positive in such 
a case, since it has a- smaller number of excess 
electrons; in other words, its relative polarity 
is positive. The greater the potential difference 
the more intense is the electrostatic field be
tween the two charged objects. 

Capacity - If two metal plates are sepa
rated a short distance by a high-resistance ma
terial, such as glass, mica, oil or air, it will be 
found that the two plates can be given a charge 
by connecting them to a source of potential 
difference. Such a device is called a condenser, 
and the insulating material between the metal 
plates is called the dielectric. The potential 
difference, or voltage, of the charge will be 
equal to that of the source. The quantity of the 
charge will depend upon the voltage of the 
charging source and the capacity of the con
denser. The value of cape.city of a condenser 
is a constant depending upon the physical di
mensions, increasing with the area of the 
plates and the thinness and dielectric constant 
of the insulating material in between. The 
dielectric constant of air is 1, while for other 
insulating materials it is usually higher. Glass, 
for instance, has a dielectric constant of about 
4; this means, simply, that if glass is sub
stituted for air as the dielectric in an other
wise identical condenser, the cape.city of the 
condenser will be four times as great. 

Capacity is measured in farad&, a unit much 
too large for practical purposes, and in radio 
work the terms microfarad (abbreviated µfd.) 
and micro-microfarad (,,.µ.Jd.) are used. The 
microfarad is one-millionth of a.farad, and the 
micro-microfarad is one-millionth of a micro
farad. 

The electrical energy in a charged condenser 
is considered to be stored in much the same 
way that mechanical energy is stored in · a 
stretched spring or rubber band. Whereas the· 
mechanical energy in the spring can be stored 
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becall8e of the elasticity of the material, the 
electrical enorgy in a condenser i8 stored in 
the electrostatic field between the plates. 

Condenaen - The construction of a con
denser i8 determined by the use for which it i8 
intended. Where the capacity must be con
tinuously adjustable, as in tuning radio circuits, 
sets of interleaved metal vanes are used with 
air- as the dielectric.- In high capacity units 
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Fig. 203 - A simple type of condenser, consi.oting of 
two metal plates with dielectric material between. The 
diagrammat"ic symbols for condenoen are shown at the 
right. The two at the top indicate condenoen of fixed 
capacity, the t�·o below, condensen,whoae capacity i..s 
variable. The symbols in the left hand column are more 
commonly need. 

where adjustment is not required, the dielectric -
may be thin paper or mica. The choice of a die
lectric and its thickness is determined by the 
capacity desired, the voltage for which the 
condenser is intended and, in many cases, by 
the losses in the dielectric, since the electrical 
stress caused by the electrostatic field is ac
companied by consumption of energy which 
appears as a heating effect in the dielectric. 

• 2-4 THE BLBCTRIC CURRENT 

Conduction - If a difference 6f potential 
exists across the ends of a conductor (by con
necting the conductor - usually a wire - to 
a battery or generator or other source of volt
age) there will be a continuoll8 drift. of electrons 
from atom to atom, and an electrical current 
is said to be flowing. The individual electrons 
do not streak from one end of the conductor to 
the other but the action is rather like a "  bucket 
brigade " where, instead .of firemen handing 
buckets down the line, atoms pass electrons 

Fig. 204 - Electrolytic conduction. When an e.m.f. 
ia applied to the electrodes, negative iona are attracted 
to the poeitively charged plate and positive iona to the 
neaatively charged plate, The battery ia indicated by 
ita cuaiom&rJ 1:,mbol. 

down the line of the conductor. The current, 
or total effect of the electron drift, travels 
quite fast, close to the speed of light, but the 
electrons themselves move only a short 
distance. 

The current is measured in amperes, · and a 
current of one ampere represents nearly 1019 

(ten million, million, million) electrons flowing 
past a point in one second. On more familiar 
ground, the current which flows through an 
ordinary 60-watt lamp is approximately one
half ampere. 

Gaaeous conduction (ionization) - All 
conduction does not necessarily take ,place in 
solid conductors. If a glass tube is fitted wi�h 
metal plates at each end, and filled with a gas 
or even ordinary air (which is a mixture of 
gases) at reduced pressure, an electric current 

_ may be passed thro'U{Jh the gas it a high enough 
voltage is applied across the metal terminals. 
When the voltage is applied across the tube, 
the positively charged plate attracts a few 
electron11, which acquire considerable velocity 
because of the electric charge and the "fact that 
the reduced pressure in the tube (less gas) per
mi1.s the electrons to travel farther before 
colliding with a gas atom. When one ·does 
collide with an atom, it knocks off an outer 
electron of the gas atom and this electron also 
joins the procession towards the positive 
plate, knocking off more electr:ons from other 
atoms as it goes. The atoms that have had an 
electron or two knocked ofJoare �o longer true 
atoms but i0118, and since they .have a positive 
charge (due to the electron deficiency) they 
are called " positive ions." These positive ions, 
being heavier than the electrons, travel more 
slowly towards the negative plate, where they 
acquire electrons and become neutral atoms 
again. The net result is a flow of electrons, 
and hence of current, from negative plate 
(called the cathode) to positive plate (anode). 

Current flow in liquids - A very large 
number of cpemical compounds have the pe
culiar characteristic that when they are put 
into solution the component parts become 
ionized. For example, common table salt or 
sodium chloride, each molecule of which is 
made up of one atom of sodium and one of 
chlorine, will, when put into water, break down 
into a sodium ion (positive, with one electron 
deficient) and a chlorine ion (negative, with 
one excess electron). This can only occur so 
long as the salt is in solution - take away the 
water and the ions are recombined into the 
neutral sodium chloride. This spontaneous 
diaassociation in solution is another form of 
ionization, and if two wires with a difference 
of potential across them are placed in the solu
tion, the negative wire will attract the positive 
sodium ions and the positive wire will attract 
the negative chlorine ions, and a current will 
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flow through the solution. When the ions reach 
the wires the electron surplus or deficiency will 
be remedied, and a neutral atom will be formed. 
The energy supplied by the source of potential 
difference is used to move the ions through the 
liquid and to supply or remove electrons. This 
type of current flow is called electrolytic con
duction. 

Batterie11 - All batteries depend upon chem
ical action for the generation of a potential 
difference across their terminals. The common 
dry cell (which will not work when completely 
dry) depends upon zinc ions (the metal case 
of a dry cell is the zinc plate) with a positive 
charge going into solution and leaving the 
zinc plate strongly negative. The electrical 
energy is derived from the chemical energy, 
and in time the zinc will be used up or worn 
away. However, in lead storage batterill8, such 
as are used in automobiles for starting, the 
electrical energy is stored by chemical means 
and entails no destruction of the battery ma
terials. The water that must be replaced from 
time to time is lost by evaporation. 

It' might be pointed out here that the term 
"battery" is used correctly only when speak
ing of more than one cell - a single cell is not 
a battery, but two or more connected together 
become a battery. 

Curreqt flow in vacuum - If a suitable 
metallic conductor, such as tungsten or oxide
coated or thoriated tungsten, is heated to a 
high temperature"in a vacuum, electrons will 
be emitted from the surface. The electrons are 

Fig. 205·- Jllustrating conduction by thermionic 
emission of electrons in a vacuum lube. One bauery i.o 
med only to heat the filament lo a temperature where 
it will emit electrons. The other battery places a poeitive 
potential on the plate, with respect to the filament. and 
the elecLroos are attracted to the plate. The flow of 
electrons completes the electrical path, and current 
flows in the plate circuit. 

freed from this filament or cathode because it 
has been heated to a temperature that acti
vates them sufficiently to allow them to break 
away from the surface. The process is called 
thermionic electron emission. Now if a metal 
plate is placed in the vacuum tube and given a 
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positive charge by connecting a battery be
tween plate and cathode, this plate . or anode 
will attract a number of the electrons that sur
round the cathode. The passage of the elec
trons from cathode to anode constitutes an 
electric current. All thermionic vacuum tubes 
depend for their operation on the emission of 
electrons from a hot cathode. 

Direction of current/low - Use was being 
made of electricity for a Jong time before its 
electronic nature was understood, and while it 
is now clear that current flow is a drift of nega
tive electrical charges or electrons toward a 
positive potential, in the era p,receding the 
electron theory it was assumlld that the ·cur
rent flowed from the point of higher positive 
potential to a point of lower (i.e., less positive 
or more negative) potential. While this as
sumption turned out to be wholly wrong, it is 
still customary to speak of current as flowing 
"from positive to negative " in many applica
tions. The practice often causes confusion, but 
this distinction between "current" flow and 
"electron" flow often must be taken into 
account. If electron flow is specifically men
tioned there is of course no doubt as to the 
meaning, but when the direction of. current 
flow is specified it may be taken, by convention, 
as being opposite to the t�e direction. 
e 2-:5 BLBCTIIOMAGNBI"ISM 

The magneticfield - The' power that a bar 
or horseshoe magnet possesses of attr11,cting 
smaH pieces of iron to· itself is known to every
one. As in the case of electrostatic attraction 
(§ 2-3) the concept of a field of magnetic force 
is adopted to explain the magnetic action. Tbe 
field is made up of lines of magnetic force, the 
number of which per unit area determine the 
strength of the field. 

A moving electron generates a magnetic field 
of exactly. the same nature as that existing 
about a permanent magnet. Since a moving 
electron, or group of electrons moving together, 
constitutes an electric current, it follows that 
the flow of current is accompanied by the crea
tion of a magnetic field. 

Conversely, when a conductor is moved 
through a magnetic field (or the field is moved 
past the conductor) electrons in the conductor · 
are forced to move, producing a current. An 

electric current generates a magnetic field about it 
and, cmwersely, an electric current is generated 
by a magnetic field mwi11(1 (or changing) past the 
conductor. 

When a conductor carrying a current is 
placed in a magnetic field, a force is exerted 
on the wire which tends to move it in a direc
tion determined by the relative directioµs of 
the flux lines of the external field and. that set 
up by the current flow in the wire. This is a 
corollary of the fact that a current ·is induced 



in a wire moving in a magnetic field, and is 
the principle used in the electric motor. 

Magnetomotive force - When the con
ductor is a wire, the lines of force are in the 
form of concentric circles around the conductor 
and lie in planes at right angles to the axis of 
the conductor. The magnetic field constituted 
by these lines of force exists only when current 
is flowing through the wire. When the current 

' , .  

Fi&. 206 -When
ever current paaeee 
tbrou gb a wire, a 
magnetic field exieta 
around the wire. 
I ta direction can be 
traced by mean• of a 
email compue. 

is started through the wire, we may visualize 
the magnetic field as coming into being and 
sweeping outward from the axis of the wire. 
On cessation of current flow, the field collapses 
toward the wire and disappears. Thm energy is 
alternately Btored in the field and returned to the 
wire. When a conductor is wound into the form 
of a coil of many turns, t_he magnetic field be
comes stronger because there are more lines of· 
force. The force is expressed in terms of mag
neto-motive force (m.m./.) which depends on the 
number of turns of wire, the size of the coil and 
the amount of current flowing through it. The 
same magnetizing effect can be secured with a 
great many turns and a weak current or with 
few turns and a strong current. If 10 amperes 

SYMBOLS 

Fig. 207 - When the conducting wire ie coiled, the 
individual magnetic fields of each tum are in ouch a 
direction as to produce a field oimilar to that of a bar 
magnet. 'l'be ecbematic eymbole for induetance are 
shown at the right. The oymbols at the left in the top row 
indicates an iron-core inductance; at right, air oore. 
Variable inductances are obown in the bottom row. 

flow in one turn of wire, the magnetizing effect 
is 10 ampere--turm. Should one ampere flow in 
10 turns of wire, the magnetizing effect is also 
10 ampere-turns. 

Inductance· - When a source of voltage is 
connected across a coil, the current does not 
immediately reach its final fixed value. The 
reason for this is that, as the current starts to 
flow through the coil, the magnetic field around 
the coil builds up, and 8.3 the field changes it 
induces a voltage back in the coil. The current 
cawied by this induced voltage is always in the 
opposite direction to the. current originally 
passed through the coil. Therefore, because of 
this property of self...,indudion, the coil tends 
constantly to oppose any change in the current 
flowing through it, and it takes an appreciable 
amount of time for the current to reach its 
normal value through the coil. The effect can 
be visualized as electrical inertia. After the cur
rent has come to a steady value, the self
inductance has no effect, and the current is 
only limited by the resistance of the wire in the 
coil. 

The inductance of a coil is measured in 
henrys or, when smaller units are more conven
ient, the miUihenry (one thousandth of a henry) 
or microhenry (one-millionth of a henry). The 
inductance of a coil depends on several factors, 
chief of which are the number of turns, the 
cross-sectional area of the coil, and the material 
in the center of the coil, or core. A core of mag
netic material will greatly increase the in
ductance of a coil, just as certain dielectrics 
greatly increase the capacity of a condenser 
(§ 2-3). Even a straight wire has inductance, 

although small compared to that of a coil. 
· The inductance of a straight wire of given 
length is less as the diameter of the wire is in:
creased. In general, a conductor of large cross
sectional area, or large surface, will have less 
inductance than one of small area but having 
the same length. 

Mag1U1tic circuits and units - Unlike elec
trostatic lines of force, magnetic lines of force 
must always be cloaed, forming circles or loops, 
so that the complete magnetic path of the lines 
of force must be considered iri computing the 
effect of a magnetic core material on the in
ductance of a coil. The measure of the number 
of magnetic lines of force set up in a closed 
magnetic path or circuit through a given mate
rial for a specified applied m.m.f. is called the 
magnetic permeability of the material. It is ex
pressed as a ratio to the number of lines set up 
by the same coil with the same applied m.m.f. 
with air as the core material, air therefore being 
assigned a permeability of unity. If the mag
netic circuit is partly through a magnetic 
material and partly through a non-magnetic 
material (as in the case of a coil wound on a • 
straight bar of iron, where part of the magnetic 
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path mu,_st· be through air) the permeabilities 
of both: mediums must be taken into account. 

Permeability corresponds to conductivity in 
conductors, and its reciprocal, reluctance, cor
responds to resistance. Magnetic flux density, or 
lines of force per unit area, is in the magnetic 
circuit equivalent to current in the electrical 
circuit, while the magnetomotive force is 
analogous to electromotive force or voltage. 

e 2-e FIJNDAMENT AL RELATIONS 

Ohm's law - The current in a conductor is 
determined by two things, the voltage across 
the conductor and the resistance of the con
ductor. The unit of resistance is the ohm, and,, by 
definition, an e.m.f. of one volt will cause a 
current of one ampere to flow through a resist
ance of one ohm. Since the three quantities are 
interdependent, if we know the values of any 
two we can easily determine the third by the 
simple relation known as Ohm's Law. When / 
is the current in amperes, E is the electromo
tive force in volts and R is the circuit resistance 
in ohms, the formulas of Ohm's Law are: 

I = !!_  
R 

E = IR 

The resistance of the circuit can therefore be 
found by dividing the roltage by the current: the 
current can be found by dividing the roltage by 
the resistance: the electromotive force or e.mJ. is· 
equal to the product of the resistance and the 
current. 

The resistance of any metallic conductor 
depends upon the material and its tempera
ture, its cross-sectional area and the length of 
the conductor. When resistance is deliberately 
added to a circuit, as is often done to adjust 
voltages or limit current flow, the resistance is 
usually lumped in a single unit and the unit is 
called a resistor. 

Heating effect and power - When current 
passes through a conductor there is some 
molecular friction, and this friction generates 
heat. The heat generated is dependent only 
upon the current in the conductor, the re
sistance of the conductor and the time during 
which the current flows. The power used in 
heating (which may be considered sometimes 
as an undesired power Joss) can be determined 
by substitution in the following equations:_ 

P = EI, 
or P = PR, 

or P = E2 
R 

P being the power in watts, E the e.m.f. in 
volt.8, and / the current in amperes. 

It will be noted that if the current in a 
• resh1tor and the resistance value are known, we 

can readily find the power. Or if the voltage 
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across a resistance and the current through it 
are known, the product of volts and amperes 
will give the power. Knowing the value of a 
resistor (ohms) and the applied voltage across 
it, the power dissipated is given by the last 
formula. 

Likewise, when the power and resistance in a 
circuit are known, the voltage and current 
can be calculated by the following equations 
derived from the power formulas given above: 

E = '\IPR 

I = J 
Units - Besides the fundamental units -

volt, ampere, watt - fractional and multiple 
units frequently are convenient. Thus a mil
liampere is 1/1000 ampere and a microampere 
is 1/1,000,000 ampere. MilliroU and microvoU 
are corresponding fractional units of the volt. 
The kilovolt also is a frequently used unit; it is 
equal to 1000 volts. Resistance is frequently 
expressed in megohms (1 megohm = 1,000,000 
ohms) and sometimes in kilohms (1000 ohms). 
Other units for power are the microwatt, milli
watt, _ and kilowatt, having equivalent mean
ings to those ab_ove. The watt-hour and kilo
watt-hour are energy units, representing the 
total energy consumed when it is delivered at a 
given power rate for a given period of time; 
the numerical values are equal to the product 
of power and time in the units named. 

Unless otherwise specified, formulas are al

ways given in terms of the fundamental units, 
so that fractional or multiple units must first 
be converted to the fundamental units before 
an equation can be used. 

Resistances in series and parallel - Re

sistors may be connected in series, in parallel 
or in series-parallel, as shown jn Fig. 208. 
When two or more resistors are connected in 
series, the total resistance of the group is 
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higher than that of any of the units. Should 
two or more resistors be connected in parallel, 
the total resistance is decreased. Fig. 208 and 
the following formulas show how the value of a 
bank of resistors in series, parallel or series
parallel may be computed, the total resistance 
being that which appears between A and B in 
each case. 

Resistances in series : 
Total resiatance = Rt + R2 + R3 + R4 

Resistances in paraHel : 

Total resistance = 1 

...!.. + ...!.. + ...!... + ...!..  
R1 R2 Ra R4 

Or, in the case of only two resistances in 
parallel, 

Total resistance = � 
R1 + R2 

Resistances in series-parallel: 
Total resiatance = 

_1_ + __ 1_ + __ 1_+ 1 
R1 + R2 Ra + R• R, + Rs R1 + Rs + Re 

This means that in series-parallel circuits 
the various groups of series resistors should 
first be added, then each group treated as a 
single resistor, so that the formula for resist
ances in parallel can be used. 

Voltage divider" and potentiometerlJ -
Since the same current flows through resistors 
connected in series, it follows from Ohm's 
Law that the voltage (termed voltage drop) 
across each resistor of a series-connected group 
is proportional to its resistance. Thus in Fig. 
209-A the voltage Et across Rt is equal to the 
applied voltage E multiplied by the ratio of 
Rt to the total resistance, or 

Et =  Rt - E  
Rt + R2 + R3 

Similarly, the voltage Et is equal to 
Rt + R2 . E 

R1 + R2 + R3 
Such an arrangement is called a 110Uage divider. 
When current is drawn from the divider at the 
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Fi,. 209 - The voltage divider or potentiometer. 

various tap points the above relations are no 
longer strictly true, since the same current does 
not flow in all parts of the divider, Design data 
for such cases are given in § 8-10. 

A similar arrangement is shown in Fig. 
209-B, where the total resistance R is equipped 
with a sliding tap for fine adjustment. Such a 
resistor is frequently called a potentiomeur, al
though the word is not used in its original 
sense. 

Inductances in series and parallel - The 
formulas for the total inductance of a group of 
separate inductances connected in series, 
-parallel, or series parallel are exactly the same 
as those given in the previous paragraph for 
resistances, provided only that the magnetic 
fields about the coils are not permitted to inter
act with each other. 

Condensers in series and parallel - The 
total capacity of a group of condensers con
nected in series, parallel or series parallel can 
be computed by formulas similar to those used 
for resistances and inductances, but with the 
series and parallel formulas interchanged. 
Thus, for condensers in parallel, 

Total capacity = Ct + C2 + Ca + c., etc. ,. 
For condensers in series, 

I Total capacity = 1 1 1 1 
Ct + C2 + Ca

+ C4 

or for two condensers in series 

Total capacity = 
C

CiCt
C 1 + 2 

With condensers in series parallel, first com
pute the resultant capacity of the condensers 
in series in each parallel branch, then add the 
capacities so found for the various branches. 

Ti,ne constant - When a condenser and 
resistor are connected in series with a source 
of e.m.f. such as a battery the initial flow of 
current into the condenser is limited by the 
resistance, so that a longer period of time is 
required to complete the charging of the con
denser titan would be the case without the 
resistor. Likewise, when the condenser is dis
charged through a resistance, a measurabl.e 
period of time is taken for the current flow to 
reach a negligible value. In the case of either 
charge or discharge the time required is pro
portional to the capacity and resistance, the 
product of which is called the time constant of 
the circuit. If C is in farads and R in ohms, or 
C in microfarads and R in megohms, this prod
uct gives the time in seconds required for the 
voltage across a discharging condenser to drop 
to 1 /e or approximately 37% of its original 
value. (The constant e is the base of the 
natural series of logarithms.) 

A circuit containing inductance and re-
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Fif. 210 - Showing bow the current in a circuit com• 

bining ruiatance with inductance or capacity takea a 
finite period of time to reach ita 1teady .. tate value. 

sistance also has a time constant, for similar 
reasons. The time constant of an inductive 
circuit is equal to L/R, and when L is in henrys 
and R in ohms gives the time in seconds re
quired for the current to reach 1-1 /eor approx
imately 63% of its final steady value when a 
constant voltage is applied to the circuit. 

M-ring inatrumenta - Instruments for 
measuring d.c. current and voltage make use 
of the force acting on a coil carrying current in 
a magnetic field (§ 2-5), produced by a per
manent magnet, to move a pointer along a 
calibrated scale. All such instruments are 
therefore current operated, the current required 
for full-scale deflection of the pointer varying 
from several milliamperes to a few microam
peres according to the sensitivity required. If 
the instrument is to read high currents, it is 
ahunud (paralleled) by a low resistance 
through which most of the current flows, leav
ing only enough flowing through the instru
ment to give a full scale deflection correspond
ing to the total current flowing through both 
meter and shunt. An instrument which reads 
microamperes is called a microammeter or 
galoanometer; one calibrated in milliamperes is 
called a milliammeter; one calibrated in am
peres is an ammeter. A ooUmeter is simply a mil
liammeter with a high resistance in series so 
that the current will be limited to a suitable 
value when the instrument is connected across 
a voltage sourl:e; it is calibrated in terms of 
the voltage which must appear across the 
terminals to cause a given value of current to 
flow. The series resistance is called a muUi
plier. A wattmeter is a combination voltmeter 
and ammeter in which the pointer deflection 
is proportional to the power in the circuit. 
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An ammeter or milliammeter is connected 
in series with the circuit in which current is 
being measured, so that the current flows 
through the instrument. A voltmeter is con
nected in parallel with the circuit. 

e 2-7 ALTERNATING C:IJBBENT 
Deacription - In self-induction the in

duced voltage always opposes the voltage 
causing the original current flow (§ 2-5). 
Similarly, if a closed wire is placed in an ex
panding magnetic field, the current induced 
in the wire by the changing field will flow in 
such a direction that the magnetic field set up 
in turn by this induced current opposes the 
field which originally caused it. Now if the 
original field is caused to collapse (moving 
toward the wire instead of outward from it) 
the induced current will change its direction 
so that its field again will be in opposition to 
the original field. If the primary field regularly 
builds up and collapses the current will change 
direction correspondingly ; in other words, it 
is an alternating current. Since current is only 
caused to flow by a changing magnetic field, it 
is easy to see why alternating currents are 
widely used ; they are a natural result of the 
application of the principle of induction. 

The simplest form of alternating current (or 
voltage) is shown graphically in Fig. 211 .  This 
chart shows that the current starts at zero 
value, builds up to a maximum in one direc
tion, comes back down to zero, builds up to a 
maximum in the opposite direction and comes 
back to zero. The curve followed is described 
mathematically as a sine curoe; its_ wavelike 
nature causes it to be known as a sine waoe. 

Frequency - The complete wave shown in 
Fig. 211 is called a cycle, or period. Each half of 
the cycle, during which the current is flowing 
in one direction, although its strength is vary
ing, is known as an alternation. The number of 
cycles the wave goes through each second of 
.time is called the frequency of the current. 
Frequencies vary from a few cycles per eecond 
for power line alternating currents to many 
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Fig. 211 -Representing sine-wave alternating cur
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millions per second in radio circuits. For con
venience, two other units, the kil.ocycle (1000 
-cycles) and the m61Jacycle (1,000,000 cycles) 
also are used. ·The abbreviations for these are 
kc. and Mc., respectively. 

Electrical degrees - If we take a fixed point 
on the periphery of a revolving wheel, we find 
that !1-t the end of each revolution, or cycle, the 
point has come back to its original starting 
place. Its position at any instant can be ex
pressed in terms of the angle between two lines, 
one drawn from the center of the wheel to the 
point at the instant of time considered, the 
other drawn from the wheel center to the start
ing point. In· making one complete revolution 
the point has travelled through 360 degrees, a 
half revolution 180 degrees, a quarter revolu
tion 90 degrees, and so on. The periodic wave 
of alternating current may be treated simi
larly, one complete cycle equalling one revo
lution or 360 degrees, one alternation (half 
cycle) 180 degrees, and so on. With the cycle 
divided up in this way, the sine curve simply 
means that the value of current at any instant 
is proportional to the sine of the angle which 
corresponds to the particular fraction of the 
cycle considered. 

The concept of angle .is universally used in 
alternating currents. Generally; it is expressed 
in the fundamental form, using the radian 
rather than the degree as a unit, whence a 
cycle is equal to 2-.. radians, or a ha.If cycle to 
,.. radians. The expression 2-r f, for which the 
symbol "' i& often used, simply means electrical 
degrees per cycle times frequency, and is 
called the angular 11el.ocity. It gives. the total 
number of electrical radians passed through by_ 
a current of given frequency in one second. 

Waveform, harmonics - The sine wave is 
not only the simplest but in many respects the 
most desirable waveform. Many other wave
forms. are met with in practice, however, and . 
they may differ considerably from the' simple 
sine case. It is possible to show by analysis. 
that any such waveform can be resolved into a 
number of components of differing frequencies 
and amplitudes, but related in frequency in 
such a way that all are integer multiples of 
the lowest frequency present. The lowest fre
quency is called the fundamental, and the 
multiple frequencies are called harmonics. Thus 
a wave may consist of fundamental, 3rd, 5th, 
and 7th harmonics, meaning, if the funda
mental frequency is say 100 cycles, that fre
quencies of 300, 500 and 700 cycles also a.re 
present in the wave. 
· Effective, peak and average values - It 
is evident that both the voltage and current 
are swinging continuously between their posi

· tive maximum and negative maximum values, 
and it might be wondered how one can speak 
of so many amperes of alternating current 

when the value is changing continuously. The 
problem is simplified in practical work by 
considering that an alternaJ.ing current has an 
effective 11alue of one ampere when it produces 
heat at the same a11erage rate as one ampere of 
continu.om direct current flowing through a given 
resistor. This effective value is the square root 
of the mean of all the instantaneous current 
values squared. For the sine-wave Corm, 

E.11 = v'½E'_. 
For this rea.son, the effective value of an alter

-nating current, or voltage, is also known as the 
root-mean-square or ·r.m.s. value. Hence, the 
effective value is the square root of ½ or 0.707 
of the maximum value - practically consid
ered 70% of the maximum value. 

Another important value, involved where 
alternating current is rectified to direct current, 
is the a11erage. This is simply the average of all 
instantaneous values in the wave, and for a 
sine wave is equal to 0.636 of the maximum 
(or peak) value of either current or voltage. 
The three terms mazimum (or peak), effective 
(or r.m.s.) and a11erage are encountered fre
quently in radio work. For the sine form they 
are related to each other as follows: 

&,,.,,. = E.11 X 1.414 = Em X f.57 
E.11 = Emu. X 0.707 = E ••• X 1.11 
E... = Emu. X 0.636 = E.11 X 0.9 

The relationships for current are the same as 
those given above for voltage. 

Phase.- It has been mentioned that in a 
circuit containing inductance, the rise of cur
rent is delayed by the effect of electrical inertia 
presented by the inductance (§ 2-5). Both in
creases and decreases of current are similarly 

@ F\:J  -
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Fi«. 212 - Phase relationohips between voltage and 
current in resistive and reactiTe circuite. The eymbol at 
the left represents a generator. 
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delayed. It is also true that a current must 
flow into a condenser before its elements can 
be charged and so provide a voltage difference 
between its terminals. Because of these facts, 
we sa.y that a. current "lags "  behind the volt
age in a. circuit which has a. preponderance of 
inductance and that the current "leads" the 
voltage in a. ·circuit where ca.pa.city predomi
nates. Fig. 212 shows three possible conditions 
in a.n alternating current circuit. In the first, 
when the load is a pure resistance, both volt
age and current rise to the maximum values 
simultan�ously. In this case the voltage and 
current are said to be in phase. In the sc:_cond 
instance, the existence of inductance in the 
circuit has caused the current to lag behind the 
voltage. In the diagram, the current is lagging 
one quarter cycle behind the voltage. The cur
rent is therefore said to be 90 degrees out o/ 
phase with the voltage. In the third example, 
with a. capacitive load, the voltage is lagging 
one quarter cycle behind the current. The 
pha8e difference is a.gain 90 degrees. These, of 
course, are theoretical examples in which it is 
assumed that the inductance and the con
denser have no resistance. Actually, the angle 
of lag or lead (phase angle) depends on the 
amounts of inductance, ca.pa.city and resist-

- a.nee in the circuit. 
The phase relationships between two cur

rents (or two voltages) of the same frequency 
a.re defined in the same way. When two such 
currents are combined the resultant is a. single 
current of the same frequency, but having a.n 

. instantaneous amplitude equal to the algebraic 
sum of the amplitudes of the two components 
a.t the same instant. The amplitude of the re
sultant current hence is determined by the 
phase relationship between the two currents 
before combination. Thus if the two currents 
are exactly in phase, the maximum value of 
the resultant will be the numerical sum of the 
maximum values of the individual currents; if 
they are 180 degrees out of phase, one reaches 
its positive maximum at the instant the other 
reaches its negative maximum, hence the re
sultant current is the difference between the 
two. In the latter case, if the two currents have 
the same amplitude the resultant current is 
zero. 

The a.c. spectrum - Alternating currents 
of different frequencies have different proper
ties and are useful in many varieties of ways. 
For the transmission of power to light lamps, 
run motors, and perform familiar everyday 
tasks by-electrical means, low frequencies are 
most suitable. Frequencies of 25, 50 and 60 
cycles are in common Ulle, the latter being 
most widespread. The range of frequencies be
tween about 30 and 15,000 cycles is known as 
the audio-frequency range, because when · fre
quencies of this order are converted from a.c. 
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into air vibrations, · as by a loudspeaker or 
telephone receiver, they are distinguishable as 
sounds, having a tone pitch proportional to 
the frequency. Frequencies between 15,000 
cycles (15 kilocycles) and about 1,000,000,000 
cycles (1000 mega.cycles) are used for radio 
communication, because with frequencies of 
this order it is possible to convert electrical 
energy into radio waves. The latter frequency 
is about the highest it is possible to generate at 
present, but does not necessarily represent the 
highest frequency that could be used for radio 
work. 

The a.c. spectrum is divided into the follow
ing approximate classifications for convenience 
in reference: 

15-15,000 cycles Audio frequencies 
15-100 kilocycles Low radio frequencies 

100-1500 kilocycles Medium radio frequencies 
1.5-{l megacycles Medium high frequencies 

6-30 megacycles High frequencies 
Above 30 megacycles Ultra-high frequencies 
e 2-8 OHM'S LAW FOR ALTERNATING . 

CURB�TS 

· Resistance - Since.current and voltage are 
always in phase throµgh a resistance, the in
stantaneous relations are equivalent to those in 
direct-current circuits, and since by definition 
the units of current and voltage for a.c. are 
made equal to those for d.c. in resistive cir
cuits, the various formulas expressing Ohm's 
Law for d.c. circuits apply without any change 
for a.c. circuits containing resistance only, or 
for purely resistive parts of complex a.c. cir
cuits. The formulas are given in § 2-6. 

Reactance - In an a.c. circuit containing 
inductance or capacity, the current and volt
age are not in phase (§ 2-7) so that .Ohm's 
Law cannot be applied directly. The current 
is not limited by resistance, as in d.c-. circuits, 
but by a quantity called reactance, which ex
presses the opposing effect of the voltage of 
self-induction (§ 2-5), in the case of an in
ductance, and the accumulation of charge in 
the case of a condenser. In circuits containing 
only reactance no energy is consumed, since 
the energy put into an inductance or capacity 
in one part of the cycle is stored in the electro
magnetic or electrostatic field and is returned 
to the circuit in another part of the cycle. 
Thus in a purely reactive circuit it is possible 
to have both high voltage and high current 
without the consumption of any power. Of 
course in practice there. il} always some re
sistanoo in the wire of an inductance, or heat
ing of -the dielectric of a condenser, so that some 
energy may be lost, but it is usually negligible 
in well-designed components. 

Rea.eta.nee is expressed in ohms, the same 
unit as for resistance, since with a given re
acta.nce at a given frequency the current tha.t 



will flow is proportional to the applied voltage. 
Hence, 

x = f 
for a purely reactive circuit. X is the symbol 
for reactance. 

In circuits containing both resistance and 
reactance the values of each cannot be added 
directly because of the different phase relations. 

Inductive reactance - The greater the in
ductance of a coil, the greater is the effect of 
self-induction (§ 2-5), or the opposition to a 
'Change in the value of current, hence the higher 
the reactance. Also, the higher the frequency 
the greater the reactance, since the greater the 
rate of change of current the more opposition 
the coil offers to the change. Hence, inductive 
reactance is proportional to inductance and 
frequency, or 

XL = B1rfL 
It will be recognized here that angular velocity, 
Br/(§ 2-7), expresses the rapidity with which 
the current changes. 

The fundamental units (ohms, cycles, 
henrys) must be used in the above equation, 
or appropriate factors inserted in case other 
units are employed. If inductance is in milli
hcnrys, frequency should be in kilocycles; if 
inductance is in microhcnrys, frequency should 
be in megacycles, to bring the answer in ohms. 

Capacitive reactance - When a condenser 
is used in an a.c. circuit it is rapidly charged 
and discharged as the a.c . . voltage rises and 
falls and reverses in polarity. This repetition 
of charge and discharge constitutes the flow 
of alternating current through the condenser. 
Since for a given voltage the energy stored in 
the condenser is fixed by its capacity ( § 2-3) 
it is obvious that the total amount of energy 
stored in the condenser (and subsequently 
restored to the circuit) in one second will be 
greater when the condenser is charged many 
times per second than when it is charged only 
a few times. Hence the current flow will be 
proportional to the frequency and to the ca
pacity of the condenser, or conversely the 
reactance will be inversely proportional to the 
frequency and the capacity. Therefore 

· Xc = -
1
-

2.,,-JC 

where 2.,,-/ again is the angular velocity or the 
rapidity · with which the current changes. 
When/ is in cycles per second and C in farads, 
Xe will be in ohms: If C is in microfarads, / 
must be expressed in megacycles to bring the 
resistance in ohms. 

Impedance - In circuits containing induc
tive reactance the current lags the voltage 
while with capacity reactance the current leads 
(§ 2-7). Hence the effects of inductive and 

capacitive reactance are opposite in sense, or, 
as it is commonly expressed, inductive and 
capacitive reactances cancel each other. In 
series circuits having both inductive and ca
pacitive reacte,nce the net reactance is the dif
ference between the two, and the current will 
either lead or lag depending upon which is 
larger, capacitive or inductive reactance. In
ductive reactance is considered positive and 
capacitive reactance negative, so that 

X = XL - Xe 

The combined effect of resistance and re
actance is termed impedance. The symbol for 
impedance is Z and, for a series circuit, it is 
computed from the formula: 

Z = v'R2 + X2 

where R is the resistance and X is the react
ance. The terms Z, R and X are all expressed 
in ohms. Ohm's Law for alternating current 
circuits then becomes 

I = � -
Z '  

Z = � - E = IZ 
I '  

The phase angle depends upon the relative 
amounts of resistanc:e and reactance, becoming 
more nearly zero ((lurrent and voltage in phase) 
when reactance is small compared to resistance, 
and more nearly 90 degrees when resistance-is 
small compared to reactance. 

Power factor - The power dissipated in 
an a.c. circuit containing both resistance and 
reactance is consumed entirely in the resist
ance, hence is equal to l2R. However, the 
reactance is also effective in determining the 
current or voltage in the circuit, even though 
it consumes no energy. Hence the product of 
volts " times amperes (which gives the power 
consumed in d.c. circuits) for the whole circuit 
may be several times the actual power used up. 
The ratio of power dissipated (watts) to the 
volt-ampere product is called the power factor 
of the circuit, or 

Walls Power factor 
= Volt -amperes 

Distributed capacity and inductance -
It should not be thought that the reactance 
of coils becomes infinitely high as the fre
quency is increased to a high value and, like
wise, that the reactance of condensers becomes 
infinitely low at high frequencies. All coils have 
some capacity between turns, and the react
ance of this capacity can become low enough 
at some high frequencies to tend to cancel the 
high rea.ctance of the coil. Likewise, the leads 
and plates of condensers will have considerable 
inductance at very high frequencies, which will 
tend to offset the capacitive reactance of the 
condenser itself. For these reasons, coils for 
high-frequency work must be designed to have 
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low "distributed " capacity, and condensers 
must be made with short, heavy leads to have 
low inductance. 

Uniu and instruments - The units used 
in a.c. circuits may be divided or multiplied to 
give convenient numerical values to different 
orders of magnitude, just as in d.c. circuits 
(§ 2-6). Because the rapidly reversing current 
is accompanied by similar reversals in magnetic 
field, instruments used for measurement of 
d.c. (§ 2-6) will not operate on a.c. At low fre
quencies suitable instruments can be con
structed by making the current produce both 
magnetic fields, one by means of a fixed coil 
and the other by the moving coil. Such in
struments are used for measurement of either 
current or voltage. At radio frequencies this 
type of instrument is inaccurate because of 
distributed capacity and other effects, and the 
only reliable type of direct-reading instrument 
is the thermocouple ammeter or milliammeter. 
This is a power-operated device consisting of a 
resistance wire, heated by the flow of r.f. cur
rent through it, to which is attached a thermo
couple, or pair of wires of dissimilar metals 
joined together and possessing the property of 
developing ·a small d.c. vpltage between the 
terminals when heated. This voltage, which 
is proportional to the heat applied to the 
couple, is used to operate a d.c. instrument 
of ordinary design. 
e 2-8 TDE TBANSIFOBMER 

Principles - If two coils of wire are wound 
on a laminated iron core and one of the coils 
is connected to a source of alternating current, 
it will be found that there is an alternating 
voltage a.cross the terminals of the other coil 
of wire, and an alternating current will fl.ow 
through a conductor connecting the two ter
minals. The alternating current in the first 
coil, or primary, causes a changing magnetic 
field in the iron core, and this changing mag
netic field induces an alternating current in 
the second coil, or 8econdary. This is simply an 
application of the principle of induction (§  2-5) 
with the induced voltage being ca.used by a 
varying magnetic field set up by a current 

�]II[ 
] [  

SYMBOLS 

Fi&. 213 - The transformer. Power is transferred 
from one coil to the other by means of the magnetic 
field. The upper symbol at the right indicates an iron
core transformer, the lower one an air-core transformer. 
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fl.owing in a separate winding instead of the 
same coil. 

Voltage and turn ratio - For a given vary
ing magnetic field, the voltage induced in a 
coil in the field will be proportional to the 
number of turns on the coil. Since the two coils 
of a transformer a.re in the same field, it fol
lows that the induced voltages will be pro
portional to the number of turns on ea.ch coil. 
In the case of the primary, or coil connected to 
the source of power, the induced voltage is 
practically equal to, and opposes, the applied 
voltage. Hence, the secondary induced voltage 
is very nearly equal to the voltage applied to 
the primary, multiplied by the ratio of the 
number of turns on the secondary to the num

. her of turns on the primary. 
Voltage and current relations - A trans

former cannot deliver more power to its 
secondary load thari it takes from the primary 
source of power, since to do so would be to 
violate the principle of conservation of energy. 
Hence we find thii.t transforming a given volt
age to a new value causes an inverse transfor
mation in the current delivered to the load as 
compared to that taken from the line. For 
example, a transformer with a secondary-to
primary voltage ratio of 5 will have a current 
ratio of ¾, which means that the primary 
current will be five times the secondary cur
rent. A voltage ratio of less than unity gives a 
corresponding increase in secondary-to-prima
ry current ratio. Actually these ratios are not 
exact, since the transformer will have some 
losses both in the wire and in the iron core, 
and this additional loss appears as power ta.ken 
by the primary which is not available for the 
secondary load. The efficiency, or ratio of 
power delivered to the load to power taken 
from the line, of small transformers may vary 
between 60% and 90%, depending upon the 
design. 

Impedance ratio - In a properly designed 
iron-core transformer practically all the mag
netic lines _of force cut both primary and 
secondary coils, hence the relationship be
tween secondary current and primary current 
described in the preceding paragraph. The 
only reactance present is that due to "leak
age," or magnetic flux lines which cut one 
coil but not the other. Since the leakage react
s.nee is small, a transformer having a resistive 
load on its secondary Mil also "look like" a 
practically resistive load to the power line 
which supplies its primary. The impedance is 
equal to E / I ( § 2-S) · and, neglecting losses, if 
n is the secondary-to-primary turn ratio, then 

E. 
EP = n" = � or n2 Ep = E, 
Ip -

1 
·n21, Ip I, 

n • 
That is, the impedance (Ep/ Ip) presented by 



the primary to the line (called the refected im-
pedance or reflected load) is equal to the sec
ondary load impedance (E,/1,) divided by the 
square of the secondary-to-primary turns ratio. 
The impedance ratio, or ratio of secondary load 
impedance to impedance presented by the 
primary to the line, is therefore equal to the 
square of the turn ratio. This relation is very 
frequently used in radio oircuits. 

Impedance m.otchin.g - Many devices re
quire a specific value of load resistance (or 
impedance) for optimum operation. The re
sistance of the actual load which is to dissipate 
the power may differ widely from this value, 
hence the transformer with its impedance
transforming properties is frequently called 
upon to change the actual load to the desired 
value. This is called impedance matching. From 
the preceding paragraph, 

N, = /� 
N,, '\Jz,, 

where N,/ N,. is the required secondary-to
primary turn ratio, z. is the impedance of the 
actual load, and Z,. the impedance requi.red for 
optimum operation of the device delivering 
the power. 

IPad 

Fig. 214 -The auto
tranoformer. Line and load 
currenu in the common 
winding (A) flow in oppo
site directions oo that the 
resultant current ia the dif
ference between them. 

The autotron.sformer - The transformer 
principle can be utilized with only one winding 
instead of two, as shown in Fig. 214; the princi
ples just discussed apply equally well. The 
autotramformer has the advantage that the 
line and load currents in the common section 
are out of phase, hence this portion of the 
winding carries less current than the remainder 
of the coil. This advantage is not very marked 
unless the primary and secondary voltages do 
not differ very greatly, while it is frequently 
disadvantageous to have a direct connection 
between primary and secondary circuits. For 
these reasons its application is usually limited 
to boosting or reducing the line voltage for 
voltage correction or similar purposes. 

• 2-10 RESON � CIRCIJITS 

Principle qf resonance - It has been shown 
( § 2-8) that the inductive reactance of a coil 
and the capacitive reactance of a conderu1er 
are oppositely affected by frequency. In any 
combination of inductance and capacitance, 
therefore, there is one particular frequency for 
which the inductive and capacitive reactances 

are equal and, since these two reactances cancel 
each other, the net reactance becomes zero, 
leaving only the resistance of the circuit to 
impede the flow of current. The frequency at 
which this occurs is known as the resonant 

freqtiency of the ci.rcuit and the circuit is said to 
be in resonance at that frequency or tuned to 
that frequency. 

NIICIMASIMI �----

Fi«. 215 - Characterutic9 of oeries.........,.nt and 
· paralld-reaonant circuita. 

Serie" circuitll - The resonant frequency 
of a simple circuit containing inductance and 
capacity in series is given by 

where 

1 
f =  -- x 10' 

t-....;Tc 

f is the frequency in kilocycles per second 
tr is 6.28 
L is the inductance in microhenrys (µh.) 
C is the capacitance in micro-microfarads 

(µµfd.) 
The resistance that may be present does not 

enter into the formula for resonant frequency. 
With a constant-voltage alternating current 

applied as shown in A of Fig. 215 the current 
flowing through such a circuit will be maxi
mum at the resonant frequency. The magni
tude of the current will be determined by the 
resistance in the circuit. The curves of Pig. 
215 illustrate this, curve a being for low re
sistance and curves b and c being for greater 
resistances. 

Parallel circuit.. - The parallel resonant 
circuit is illustrated in B of Fig. 215. This also 
contains inductance, capacitance and resist
ance in series, but the voltage is applied in 
parallel with the combination instead of in 
series with it as in A. Here we are primarily 
interested in the characteristics of the circuit 
as viewed from its terminals, especially in the 
parallel impedance it offers. The variation of 
parallel impedance of a parallel resonant cir
cuit with frequency is illUBtrated by the same 
curves of Fig. 215 that show the variation in 
current with frequency for the series-resonant 
circuit. The parallel impedance is maximum at 
resonance and increases as the series reeistance 
is made smaller. 
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In the case of parallel circuits, resonance 
may be defined in three ways: the condition 
which gives maximum impedance, that which 
gives maximum power factor, or (as in series 
circuits) when the inductive and capacitive 
reactances are equal. If the resistance is. low, 
the resonant frequencies obtained on the three 
bases are practically identical. This condition 
usually is satisfied in radio work, so that the 
resonant frequency of a parallel circuit is gen
erally computed by the series-resonance for
mula given above. 

Resutance at high Jreq,umcies ._ At 
radio frequencies the resistance of a conductor 
may be considerably higher than its resistance 
to direct current or low-frequency a.c. This 
is because the magnetic field set up inside the 
wire tends to force the current to flow in the 
outer part of the wire, an effect which in
creases with frequency. At high radio frequen
cies this skin effect is so pronounced that 
practically all the current flows very near the 
surface of the conductor, thereby in effect 
reducing the cross-sectional area and hence 
increasing the resistance. For this reason low 
resistance can be achieved only by using con
ductors with large surface area, but since the 
inner part of the conductor does not carry 
current, tbin tubing will serve just as well as 
solid wire of the same diameter. 

A similar effect takes place in coils for radio 
frequencies, where the magnetic fields cause a 
concentration of current in certain parts of 
the conductors, again causing an effective 
decrease in the conductor size and raising the 
resistance. These effects, plus the effects of 
stray currents caused by distributed capacity 
( § 2-8), raise the effective resistance of a coil 
to many times the d.c. resistance of the wire. 

Sharpness of resonance - The resonance 
curves become " flatter " for frequencies near 
resonance frequency, as shown in Fig. 215, 
as the internal series resistance is increased, 
but are of the same shape for all resistances 
at frequencies farther removed from resonance 
frequency. The relative sharpness of the reso
nance curve near resonance frequency is a 
measure of the aharpness of tuning or selec
tivity (ability to discriminate between voltages 
of different frequencies) in such circuits. This 
is an important consideration in tuned circuits 
used for radio work. 

Flywheel PJ/ect; Q - A resonant circuit 
may be compared to a flywheel in its behavior. 
Just as such a wheel will continue to revolve 
after it is no longer driven, so also will oscilla
tions of electrical energy continue in a resonant 
circuit after the source of power is removed. 
The flywheel continues to revolve because of 
its stored mechanical energy; current flow 
continues in a resonant circuit by virtue of the 
energy stored in the magnetic and electric 
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fields of the condenser and coil. The abarpnees 
of resonance, which is directly related &o the 
flywheel effect, is determined by the ratio of 
energy stored to energy dissipated, hence is 
proportional· to the reactance in the circuit 
and inversely proportional to the resistance. 
This ratio of stored energy to dissipated energy 
is called the Q of the circuit. 

In resonant circuits at frequencies below 
about 28 Mc. the resistance is practically 
wholly in the coil ; condenser resistance may 
be neglected. Consequently the Q'of the circuit 
as a whole is determined by the Q of the coil, 
or its ratio of reactance to resistance. Coil� 
for frequencies below . the ultra-high frequency 
region may have Q's ranging from 100 to 
severat hundred, depending upon their size and 
construction. 

Damping, decrement - The rate at which 
current dies down in amplitude in a resonant 
circuit after the source of power has been re
moved is called the decrement or damping of 
the circuit. A circuit with high decrement 
(low Q) is said to be highly damped; one with 
low decrement (high Q) is lightly damped. 

Voltage rise - When a voltage of the reso
nant frequency is inserted in series in a reso
nant circuit, the voltage which appears across 
either the coil or condenser is considerably 
higher than the applied voltage. This is be
cause the current in the circuit is limited only 
by the resistance and hence may have a rela
tively high value; however, the same current 
flows through the high reactances of the coil 
and condenser and consequently causes large 
voltage drops (§ 2-8). As explained above, the 
reactances, and hence the voltages, are oppo
site in phase so that the net voltage around the 
circuit is only that applied. The ratio of the 
reactive voltage to the applied voltage is pro
portional to the ratio of reactance to resist
ance, which is the Q of the circuit. Hence the 
voltage across either the coil or condenser i.s 
equal to Q times the voltage inserted in series 
with the circuit. 

Parallel-resonant circuit impedance -
The parallel-resonant circuit offers pure re
sistance (its re&onant impedance) between its 
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Fig. 216 - The impedance of a parallel-resonant 
circuit separated ioto ii.I reactance aod resistance 
oomponenta. The parallel resistance ia equal to the 
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terminals at the resonant frequency. If the in
ternal or series resistance of the coil is low so 
that the impedance of the inductance branch is 
practically the same as its reactance, the cur
rent through the coil is equal to the applied 
voltage divided by the reactance _(§ 2-8). The 
current through the condenser also is equal to 
E/X. Since the two reactances are equal at 
resonance the two currents also are equal, and 
since they are nearly 180 degrees out of phase 
(§ 2-7) they cancel·each other in the external 
circuit, or line. The small current which flows 
in the line results from the fact that the resist
ance in the inductance causes the phase angle 
to be slightly less than 90 degrees in this branch 
so that complete cancellation cannot take 
place. The impedance (Z = E/ I) is high because 
the line current is small, and is resistive be
cause the current is practically in t>ha>ie with 
the applied voltage. At frequencies off reso
nance the current increases through the branch 
having the lower reactance (and vice versa) so 
that the circuit becomes reactive, and the re
sistive component of the impedance decreases 
as shown in Fig. 216. 

If the circuit Q is about lOor more the parallel 
impedance at resonance is given by the formula 

Z, = )('l/R = XQ 
where X is the reactance of either the coil or 

, the condenser and R is the internal resistance. 
Q of waded circuib - In many applica

tions, particularly in receiving, the only re-

� �) 
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f'i.�. 217 - The equivalent circuit of a resonant cir• 
cuit delivering power to a lo1t:J. The reAi&tor R repreR�nll 
the load reoiotance. At B the load io ohown tapped acrooe 
part of L, which by transformer action is equivalent to 
using a higher value of load resistance across t.be whole 
circuit. 

sistance present in the resonant circuit is that 
of the circuit itself. Hence the coil is designed 
to have as high Q as possible. Since, within 
limits, increasing the number of turns raises 
the reactance faster than it raises the resist
ance, coils for such purposes are made with 
relatively large inductance for the frequency 
under consideration. 

When the circuit delivers energy to a load, 
as in the case of resonant circuits used in 
transmitters, the energy consumed in the cir
cuit itself is usually negligible compared with 
that consumed by the load. The equivalent of 
such a circuit can be represented as shown in 
Fig. 217-A where the parallel resistor repre
sents the load to which power is delivered. 

Since Z � XQ, the Q of a circuit loaded with a 
resistive impedance Z is (neglecting internal 
resistance) 

z 
Q = x 

Hence for a given parallel impedance, the 
effective Q of the circuit including the load is 
proportional to 1 / X, or inversely proportional 
to the reactance of either the coil or the con
denser. A circuit loaded with a relatively low 
resistance (a few thousand ohms) must there
fore have a large capacity and relatively small 
inductance to have reasonably high Q. 

The effect of a load of given resistance on 
the Q of the circuit also can be changed by con
necting the load across only part of the circuit. 
The most common method of accomplishing 
this is by tapping the load across part of the 
coil, as shown in Fig. 217-B. The smaller t�e 
portion of the coil across which the load ts 
tapped the less the loading on the circuit; in 
other words, tapping the load "down" is 
equivalent to connecting a higher value of load 
resistance across the whole circuit. This is 
similar in principle to impedance transforma
tion with an iron-core transformer (§ 2-9). 
However, in the high-frequency resonant cir
cuit the impedance ratio does not vary exactly 
as the square of the turn ratio because all the 
magnetic flux lines do not cut every turn of 
the coil. A desired reflected impedance usually 
must be obtained by experimental adjustment. 

L/C ratio - For a given frequency the 
product of·L and C must always be the same, 
but it is evident that L can be large and C 
small, L small and C large, etc. The relation 
between the two for a 6.xed frequency is called 
the L/C ratio. A high-C circuit is one which 
ha.� more capacity than " normal " for the fre
quency; a low-C circuit one which has less than 
normal capacity. These terms depend to a 
considerable extent upon the particular appli
cation considered, and have no exact numeri
cal meaning. 

Pie:zso-electri.city - Properly-ground crys
tals of quartz and some other �aterials show a 
mechanical strain when subjected to an elec
tric charge and, conversely, will show a differ
ence in potential between two faces when sub
jected to mechanical stress. This characteris
tic is called the pieZ<Hleclric effect. A properly
ground quartz crystal is a mechanical vibrator 
electrically equivalent to a series-resonant 
circuit of very high Q, and can be used for 
many of the purposes for which ordinary reso
nant circuits are used. 
e 2-U O.UPLED CIRCUITS 

Energy transfer; loading - Two circuits 
are said to be coupled when energy can be 
transferred from one to the other. The circuit 
delivering energy is called the primary circuit; 
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that receivin& energy is called the secondary 
circuit. The energy may be practically all 
dissipated in the secondary circuit itself, as in 
receiver circuits, or the secondary inay simply 
act as a medium through which the energy is 
transferred to a load resistance where it does 
work. In the latter case the coupled circuits 

are brought cloeer to each other with their axes 
coinciding. 

Link coupling - A variation of inductive 
coupling called link coupling is shown in Fig. 
219. This gives the effect of inductive coupling 
between two coils which may be so separated 
that they have no mutual inductance; the link 
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Fi,. 218 - Basic typee of circuit coupling. 

may act as a radio-frequency impedance 
matching device ( § 2-9) where the matching 
may be accomplished by adjusting the loading 
on the secondary (§ 2-10) and by varying the 
coupling between the primary and secondary. 

Coupling by a common circuit element -
The three variations of this type of coupling 
(often called dir,.d c,mpling) are shown at 
A, B and C of Fig. 218, utilizing common in
ductance, capacity, and resistance, respec
tively. Current circulating in one.LC branch 
flows through the common element (L .. , C .. , 
or R .. ) and the voltage developed across this 
element causes current to flow in the other 
LC branch. The degree of coupling between 
the two circuits is greater as the reactance 
(or resistance) of the common element is in
creased in comparison to the remaining re
actances in the two branches. 

The circuit at D shows electrostatic coupling 
between two resonant circuits. The coupling 
increases as the capacity of C .. is made greater 
(reactance of C .. is decreased). 

lruluctioo coupling - Fig. 218-E illus
trates inductive coupling, or coupling by 
means of the magnetic field. A circuit of this 
type resembles the iron-core transformer 
( § 2-9) but because only a small percentage of 
the flux lines set up by one coil cut the turns of 
the other coil the simple relationships between 
turn ratio, voltage ratio, and impedance ratio 
in the iron-core transformer do not bold. The 
interlinking of the lines of force emanating 
from one coil with the turns of the other is 
measured by �he mutual inductance between 
the two coils. Its value is determined by the 
self-inductance of each -of the two coils and 
their position with respect to each other. The 
mutual inductance increases as the two coils 
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impracticable because of constructional 
considerations. 

The link coils generally have few turns com
pared to the resonant-circuit coils, since the 
coefficient of coupling (see next paragraph) is 
relatively independent of the number of turns 
on either coil. . 

Coefficient of coupling - The degree of 
coupling between two coils is a function of 
their mutual inductance and self-inductances: 

k = M 
v'L,Lt 

where k is called the coefficient of coupUng. It is 
often expressed as a percentage. The coefficient 

=:HE 3[[ - -
M M 

Fi,. 219 - Link coupling. Mutual inductance at 
both eod.o of the link i• equivalent to mutual inductance 
between the {wo tuned circuil8. 

of coupling cannot be greater than 1 ,  and gen
erally is much smaller in resonant circuits. 

Critical coupling- When there is little 
coupling between two circuits tuned to the 
same frequency (loose coupling) each behaves 
much as, though the other were not present. 
As the coupling is increased, each circuit loads 
the oth�r because of the emirgy transfer, an 
effect which is equivalent to increasing the 
series resistance in each circuit (or reducing its 
parallel impedance). Hence the sharpness of 
resonance, or selectivity, is decreased. At 
critical coupling, maximum energy is trans
ferred from one circuit to the other, and the 
overall resonance curve shows a single fairly 
broad peak. At still closer coupling (tight 
coupling) the energy transfer will drop off and 



the overall resonance curve will show two 
peaks, one on either side of the frequency to 
which the circuits are tuned. The tighter the 
coupling the greater the frequency separation 
of the two peaks. 

Critical coupling is a function of the Q's of 
the two circuits taken independently. A higher 
coefficient of coupling is required to reach 
critical coupling when the Q's are low; if the 
Q's are high, as in receiving applications, a 
coupling coefficient of a few percent may give 
critical coupling. 

Effect of circuit Q - With loaded circuits 
it is not impossible for the Q to reach such low 
values that critical coupling cannot be ob
tained even with the highest practicable co
efficient of coupling (coils as physically close as 
possible). In such case the only way to secure 
sufficient coupling is to increase the Q of one 
or both of the coupled circuits. This can be 
done either by decreasing the L/C ratio or 
by tapping the load down on the secondary 
coil ( §  2-10). One or the other of these methods 
often must be used in link coupling, because 
the maximum coefficient of coupling between 
two coils seldom runs higher than 50% or 
60%, and the net coefficient is approximately 
equal to the products of th11 coefficients at each 
end of the link. If the load resistance is known 
beforehand, the circuits may be designed for a 
Q in the vicinity of 10 or so with assurance that 
sufficient coupling will be available; if un
known, the proper Q's can be deter-

coupling (link coupling, for instance) there may 
be a small amount of re.sidual reactance in the 
secondary circuit. 

Shielding - It is frequently necessary to 
prevent coupling between two circuits which 
for constructional reasons must be physically 
near each other. Capacitive coupling may 
readily be prevented by enclosing one or both 
of the circuits in grounded low-resistance 
metallic containers called shields. The electro
static field from the circuit components does 
not penetrate the shield because the lines of 
force are short-circuited (§ 2-3). In many cases 
a metallic plate, called a ba.ffte shield, inserted 
between two components may suffice to pre
vent electrostatic coupling between them, 
since very little of the field tends ·to bend 
around such a shield if it is large enough to 
make the components invisible to each other. 

Similar metallic shielding is used at radio 
frequencies to prevent magnetic coupling. In 
this case the magnetic field induces a current 
(eddy current) in the shield which in turn sets 
up its own magnetic field opposing the original 
field (§ 2-5). The induced current is propor
tional to the frequency and also to the conduc
tivity of the shield, hence the shielding effect 
increases with frequency and the conductivity 
and thickness of the shielding material. A 
closed shield is required for good magnetic 
shielding; in some cases separate shields, one 
about each coil, may be required. The baffle 

mined by experiment. 
Coupled resistance and reac� 

once - If the two circuits are tuned 
to the same frequency, their effect on 
each other is resistive. For example, 
a loaded and resonant secondary will 
cause an apparent increase in the 
series resistance of the primary cir-

,�, 
cuit (representing the energy dis-
sipated in the load) which in turn 
causes the parallel impedance of the 
primary to decrease. It is by this 
means that the parallel impedance of 
the primary can, by adjustment of 
secondary loading and coupling, be 
adjusted to the optimum value for 
the device furnishing the power 
( §  2-9). 

Should the secondary circuit be 
slightly off tune it will have a reactive 
as well as resistive component, and 
the reactance is likewise coupled into 
the primary circuit. Since this in turn 
throws the primary off tune, the latter 
must be retuned to bring it back to 
resonance. The reflected reactance 
may be either inductive or capacitive. 
This effect occurs frequently in trans-
mitters, where with certain types of 
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Fi,. 220 - Simple filter circuita. 
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shield is rather ineffective for magnetic shield
ing, although it will -give partial shielding if 
placed at right angles to the axes of, as well as 
between, the two coils to be shielded from 
each other. 

·Cancellation of part of the field of the coil 
reduces its inductance, and since some energy 
is dissipated in the shield, the effective resist
ance of the coil is raised as well, hence the coil 
Q is reduced. The effect of shielding on coil Q 
and inductance becomes less as the distance 
between the coil and shield is increased. The 
losses also decrease with an increase in the 
conductivity of the shield material. -Copper 
and aluminum are satisfactory materials. The 
Q and inductance will not be greatly reduced 
if the spacing between the sides of the coil and 
the shield is at least half the coil diameter, and 
is not less than the coil diameter at the ends of 
the coil. 

At audio frequencies the shielding container 
is made of magnetic material, preferably of 
high permeability (§ 2-5) to short-circuit the 
external flux about the coil to be shielded. 
A non-magnetic shield is quite ineffective at 
these low frequencies because the induced 
current is small. 

Filters - By suitable choice of circuit ele
ments, a coupling system may be designed to 
pass without undue attenuation all frequen
cies below and reject all frequencies above a 
cert.sin value called the cut-off frequency. Such 
a coupling system is called a filter, and in the 
above case is known as a low-pass filter. If fre
quencies above the cut-off frequency are passed 
and those below attenuated, the filter is a 
high-pass filter. Simple filter circuits of both 
types are shown in Fig. 220. The fundamental 
circuit from which more complex filters are 
constructed is the L-secUon. Fig. 220 also 
shows r-section filters, constructed from the 
basic L-section and frequently encountered in · 
both low-frequency and r.f. circuits. The pro
portions of L and C for proper operation of the 
filters depend upon the load resistance con
nected across the output terminals, L being 
larger and C smaller as the load resistance is 
increased. 

A band-pass filter is one designed to pass 
without attenuation all frequencies between 
two selected cut-off frequencies and to at
tenuate all frequencies outside these limits. 
The group of frequencies passed through the 
filter is called the pass-band. Two resonant 
circuits with greater than critical coupling 
represent a common form of band-paSfo filter. 

The resistance-capacity jiUer shown in Fig. 
220 is used where both d.c. and 11.c. are flowing 
through the circuit and it is desired to provide 
greater attenuation for the alternating current 
than the direct current. It is usually employed 
where the direct current has a low value so 
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Fig. :t21 - Bridge circuit& utiliziog. re1i8laoce, induc
tance and capacity, alone and in combination. 

that the d.c. voltage drop is not excessive, or 
when a d.c. voltage drop actually is required. 
The time constant (§ 2-6) of the filter must be 
large compared to the time of one cycle of the 
lowest frequency to be attenuated. In deter
mining the time constant, the resistance of the 
load must be included as well as that in the 
filter itself. 

Bridge circuits - A bridge circuit is a device 
primarily used in making measurements of re
sistance, rcactance or impedance (§ 2-8), al
though it has other applications in radio cir
cuits. The fundamental form of bridge is 
shown in Fig. 221-A. It consists of four re
sistances (called arms) connected in series
parallel to a source of voltage E, with a sensi
tive galvanometer M connected between the 
junctions of the series-connected pairs. When 
the equation 

R1 Ra 
Rt 

-
R4 

is satisfied no current flows through M because 
no potential difference exists between points 
A and B since the drop across R2 equals that 
across R4, and the drop across R1 equals that 
across Ra. Under these conditions the bridge is 
said to be balanced. IC Ra is an unknown re
sistance and R4 is a variable known resistance, 
Ra can be found from the following equation, 
after R• has been adjusted to balance the 

· bridge (null indication on M): 



R1 and Rs are known as the ratio arm., of the 
bridge ; the ratio of their resistances is usually 
adjustable (frequently in steps of 1, 10, 100, 
etc.) so that a single variable resistor R4 can 
serve as a standard for measuring widely dif
ferent values of unknown resistance. 

Bridges can be similarly formed with con
densers, inductances, and combinations of re
sistance with either. Typical simple arrange
ments are shown in Fig. 221. · For measure
ments with alternating currents the bridge 
must not introduce phase shifts which' would 
destroy the balance, hence similar impedances 
should be used in each branch, as shown in 
Fig. 221, and the Q's of the coils and con
densers should be the same. When bridges are 
used at audio frequencies a telephone headset 
is a good null indicator. The bridges at E and 
F are commonly-used r.f. neutralizing circuits 
(§ 4-7); the voltage from the source E.. is 
bl\lanced out at X. 

• 2-l2 l.lNEAR CI.RCUITS 

Standing waves - If an electrical impulse 
is started a.long a wire it will travel at approxi
mately the speed of light until it reaches the 
end. If the end of the wire is open circuited, 
the impulse will be reflected at this point and 
travel back again. When a high-frequency al
ternating voltage is applied to the wire a cur
rent will flow toward the open end, and reflec
tion will occur continuously. If the wire is long 
enough so that time comparable to a half cycle 
or more is required for current to travel to the 
open end, the phase relations between the re
flected current and outgoing current will vary 
along the wire, and at one point the two cur
rents will be 180 degrees out of phase and at 
another in phase, with intermediate values 
between. Assuming negligible losses, this 
means that the resultant current will vary in 
amplitude from zero to a maximum value 
along the wire. Such a variation is called a 
standing wave. The voltage along the wire also 
goes through standing waves, but reaches its 
maximum values where the current is mini
mum, and vice versa. 

Frequency and Wavelength - It is possible 
to describe the constants of such line circuits in 
terms of inductance and capacitance, or in
ductance and capacitance per unit length, but 
it is more convenient to give them simply in 
terms of fundamental resonant frequency or of 
length. In the case of a straigh�wire circuit, 
length is inversely proportional to lowest resonant 
frequency. Since the velocity is 300,000 kilo
meters (186,000 miles) per second, the wave
length is 

where X is the wavelength in meters and J,... is 
the frequency in kilocycles. The lowest fre
quency at which the wire or line will be reso
nant is known as its fundamental frequency 
or wavelength. It is common to describe lines 
(or antennas, which have similar c·urrent and 
voltage distribution) as half-wave, quarter-wave, 
etc., for a certain frequency (" half-wave 
7000-kc. antenna," for instance). 

Wavelength is also used interchangeably 
with frequency in describing not only antennas 
but also for tuned circuits, complete trans
mitters, receivers, etc. Thus the terms "high
frequency receiver " and "short-wave ·re
ceiver," or " 75-meter fundamental antenna" 
and "4000-kilocycle fundamental antenna," 
are synonymous. 

Harmonic resonance - Although a coil
condenser combination heving lumped con
stants (capacitanc'e and inductance) resonates 
at only one frequency, circuits such as an
tennas containing distributed constants reso
nate readily at frequencies which are very 
nearly integral multiples of the fundamental 
frequency. These frequencies are therefore in 
harmonic relationship to the fundamental fre
quency and, hence, are referred to as harmon
iC8 ( §  2-7). In radio practice the fundamental 
itself is called the ,first harmonic, the frequency 

2""/1,,,mot,k 

a-C,,rmnt Haximd (anti-notlds) 
b.c.d.«f. - Current Not/es 

Fig. 222 - Standing-wave current distribution on a 
wire operating a8 an oscillatory circuit at its funda
men.tal, second harmonic and third harmonic frequen • 
ciee. 

twice the fundamental is called the second har
monic, and so on. 

Fig. 222 illustrates the distribution of cur
rent on a wire for fundamental, second and 
third harmonic excitation. There is one point 
of maximum current with fundamental opera
tion, two when operation is at the second 
harmonic and three at the third harmonic; the 
number of current maxima corresponds to the 
order of the harmonic and the number of stand
ing waves on the wire. As noted in the figure, 
the points of maximum current are called 
anti-nodes (also known as "loops") and the 
points of zero current are called nodes. 
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Radiation resilltonce - Since a line circuit 
has distributed inductance and capacity, cur
rent flow causes storage of energy in mag
netic and electrostatic fields ( § 2-3, 2-5 ). At 
low frequencies practically all the energy so 
stored is returned to the wire during another 
part of the cycle ( § 2-8) but above 15,000 
cycles or so (radio frequency) some escapes -
is radiated - in the form of electromagnetic 
waves. Energy radiated by a line or antenna is 
equivalent to energy dissipated as in a resistor. 
The value of this equivalent resistance is 
known as radiation reautanu. 

Resonant line circuits - The effective re
sistance of a resonant straight wire sucb as an 
antenna is considerable, because of the power 
radiated. The resonance curve of such a 
straight-line circuit is quite broad; in other 
words, its Q is · relatively low. However, by 
folding the line, as suggested by Fig. 223, the 
fields about the adjacent sections largely can
cel each other and very little radiation takes 
place. The radiation resistance is greatly re
duced and the line-type circuit can be made to 
have a very sharp resonance curve or high Q. 

S/,u,du,, 1Hz,ot 
------/ · ofaf=11t ----......... , - ,, > 

Fi,. 223 - Stand.ins "''ave a.nd instantaneous current 
(arrows) conditions o( a folded re&<>nant-line circuit. 

A circuit of this type will have a standing 
wave on it, as shown by the dash-line of Fig. 
223, with the instantaneous current flow in 
each wire opposite in direction to the flow in 
the other, as indicated by the arrows on the 
diagram. This opposite current flow accounts 
for the cancellation of radiation, since the 
fields about the two wires oppose each other. 
Furthermore, the impedance across the open 
ends of the line will be very high, thousands of 
ohms, while the impedance across the line near 
the closed end will be very low. 

A folded line may be made in the form of two 
concentric conductors, as shown in Fig. 224. 
The conuntric line has even lower radiation 
resistance than the folded wire line, since the 
outer conductor acts as a shield. Standing 
waves exist, but are confined to the outside of 
the inner conductor and the inside of the outer 
conductor, since skin effect prevents the cur
rents from penetrating to the other sides. 
Thus such a line will have no radio-frequency 
potentials on its exposed surfaces. Because of 
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Fig. 224 - A concentric line resonant circuit. 

the low radiation resistance and relatively 
large conductina; surfaces, such lines can be 
made to have much higher Q's than are attain
able with coils and condensers. They are most 
applicable at ultra-high frequencies (very 
short wavelengths) ( §  2-7) where dimensions 
are small. 

• 2•13 CIRCUITS WITII SUPERIMPOSED 
CIJBBHNTS 

Combined a.c. and d.c. - There are many 
practical instances of simultaneous flow of 
alternating and direct current in a "circuit. 
When this occurs there is a pul:iating current 
and it is said that an alternating current is 
superimposed on a direct current. As shown in 
Fig. 225, the maximum value is equal to the 
d.c. value plus the a.c. maximum, while the 
minimum value (on the negative a.c. peak) is 
the difference between the d.c. and the maxi
mum a.c. values. The average value ( §  2-7) of 
the current is simply equal to the direct-cur
rent component alone. The effective value 
(§ 2-7) of the combination is equal to the 
square root of the sum of the effective a.c. 
squared and the d.c. squared : 

I - ..,;1 •• • + I.s} 

where IA. is the effective value of the a.c. 
component, I is the effective value of the com
bination and / "• is the average (d.c.) value of 
the combination. 

Beats - lC two or more alternating cur
rents of different frequencies are present in a 
normal circuit, they have no particular effect 
up·on one another and, for this reason, can be 
separated again at any time by the proper 
selective circuits. However, if two (or more) 
alternaFng currents of different frequencies are 
present in an element having unilateral or one-
way current flow properties, not only will the 
two original frequencies be present in the out
put but also current.I! having frequencies equal 
to the sum, and difference, of the original fre-
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current 1uperimpo.cd on direct current. 

�{I- ¼----},� 
; - ., 

,,-' ,,, __ ,, ------



quencies. These sum and difference frequencies 
are called the beat frequencies. For example, if 
frequencies of 2000 and 3000 kc. arc present in 
a normal circuit, only those two frequencies 
exist, but if they are passed through a uni
lateral-element (such as a properly-adjusted 
vacuum tube) there will be present in the out
put not only the two original frequencies of 
2000 and 3000 kc. but also currents of 1000 
(3000 - 2000) and 5000 (3000 + 2000) kc. 
Suitable circuits can select the desired beat 
frequency. 

By-passing- In combined circuits it is fre
quently necessary to- provide a low-impedance 
path for a.c. around, for instance, a source of 
d.c. voltage. This can be done by using a by
pass condenser, which will not pass direct cur- . 
rent but will readily permit the flow of alter
nating current. The capacity of the condenser 
should be of such value that its reactance is 
low (of the order of 1/lOth or less) compared 
to the a.c. impedance of the device being by
passed. The lower the reactance, the better is 
the a.c. confined to the desired path. 

Similarly, alternating current can be pre
vented from flowing through a direct-current 
circuit to which it may be connected by in
serting an inductance of high reactance (called 

a choke coil) between the two circuits. This will 
permit the d.c. to flow without hindrance, since 
the resistance of the choke coil may be made 
quite low, but will effectively prevent the a.c. 
from flowing where it is not wanted. 

If both r.f. and low-frequency (audio or 
power frequencies) currents are present in a 
circuit, they may be confined to desired paths 
by similar means, since an inductance of high 
reactance for radio frequency will have negli
gible reactance at low frequencies, while a 
condenser of low reactance at radio frequencies 
will have high reactance at low frequencies. 

Ground& - The term "ground" is fre
quently met in discussions of circuits, and 
normally means the voltage reference point i n  
the circuit. There may or may not be an ac
tual connection to earth, but it is understood 
that a. point in the circuit said to be a.t ground 
potential could "be connected to earth without 
disturbing the operation of the circuit in any 
way. In direct-current circuits the negative 
side is generally grounded. The ground symbol 
in circuit diagrams is used for convenience in 
indicating common connections between vari
ous parts of the circuit, and with respect to 
actual ground u.eua.lly has the meaning indi• 
cated a.hove. 
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CHAPTER T H R E E  

e 3-l DIODES 

Rectification '- Practically all of the vac
uum tubes used in radio work depey.d upon 
thermionic conduction ( §  2-4) for their opera
tion. The simplest type of vacuum tube is that 
shown in Fig. 301. It has two elements, cath
ode and plate, and is called a diock. The 
cathode is heated by the " A "  battery and 
emits electrons which flow to the plate when 
the plate is at a po,itive potential with respect 
to the cathode. Because of the nature of 
thermionic conduction, the tube is a con
ductor in one direction only. If a source of 
alternating voltage is connected between the 
cathode and plate, then electrons will flow 
only on the positive half-cycles of alternating 
voltage; there will be no electron flow during 
the half cycle when the plate is negative. Thus 
the tube can be used as a rectifier, to change 
alternating current to pulsating direct current. 
This alternating current can be anything from 
the 60-cycle kind to the highest radio frequencies. 

Characteristic curves - The performance 
of the tube can be reduced to easily-understood 
terms by making use of tube characteristic 
curves. A typical characteristic curve for a 
diode is shown at the right in Fig. 301. It 
shows the current flowing between plate and 
cathode with different d.c. voltages applied 
between the elements: The curve of Fig. 301 
shows that, with fixed cathode temperature, 
the plate current increases as the voltage 
between cathode and plate is raised. For an 
actual tube the values of plate current and 
plate voltage would be plotted along their 
respective axes. 

The power consumed in the tube is the 
product of the plate voltage multiplied by the 
plate current, j ust as in any d.c. circuit. In a 
·vacuum tube this power is dissipated in heat 
developed in the plate and radiated to the bulb. 

Pr.ATE IOLTAGE 

Fig. 301 - The diode or two-elcmeut tube and a typi
cal cbaractcriatic curve. 
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Space charge - With the cathode tem
perature fixed, the total number of electrons 
emitted is always the same regardless -0f the 
plate voltage. Fig. 301 shows, however, that 
less plate current will flow at low plate voltages 
than when the plate voltage is large. With low 
plate voltage only those electrons nearest the 
plate are attracted to the plate. The electrons 
in the space near the cathode, being them
selves negatively charged, tend to repel the 
similarly-charged electrons leaving the cath
ode surface and cause them to fall back on the 
cathode. This is called the space charge effect. 
As the plate voltage is raised, more and more 
electrons are attracted to the plate until 
finally the space charge effect is completely 
overcome and all the electrons emitted by the 
cathode are attracted to the plate, and a 
further increase in plate voltage can cause no 
increase in plate current. This is called the 
saturation point. 

e 3-2 TRIODES 

Grid control - If a third element, called 
the control grid, or simply the grid, is inserted 
between the cathode and plate of the diode 
the space-charge effect can be controlled. The 
tube then becomes a triode (three-element 
tube) and is useful for more things than 
reetification. The grid is usu11.lly in the form 
of an open spiral or mesh of fine wire. With 
the grid connected externally to the cathode 
and with a steady voltage from a d.c. supply 
applied between the cathode and plate (the 
positive or the "B" supply is always con
nected to the plate), there will be a constant 
flow of electrons from cathode to plate, 
through the openings of the grid, much as in 
the diode. But if a source or variable voltage 
is connected between the grid and cathode · 
there will be a variation ih the flow of electrons 
from cathode to plate (a variation in plate 
current) as the voltage on the grid changes 
about a mean value. When the grid is made 
less negative (more positive) with respect to 

· the cathode, the space charge is partially 
neutralized and there will be an increase in 
plate current ; when the· grid is made more 
negative with respect to the cathode, the space 
charge is reinforced and there will be a de
crease in plate current. 

Amplijication - The grid thus acts as -a 



valve to control the flow of plate current, and 
it is found that it has a much greater effect 
on plate current flow than does the plate 
voltage ; that is, a small change in grid voltage 
is just as effective as a large change in plate 
voltage in bringing about a change in plate 
current. When a resistance or impedance 
(load) is connected in series in the plate circuit, 
the voltage drop across it, which is a function 
of the plate current through it, can therefore 
be changed by varying the grid voltage as well 
as by giving the plate voltage a new value. 
Thus a small change in grid voltage will cause 
a large change in voltage drop across the 
impedance; in other words, the grid voltage is 
ampliµd in the plate circuit. 

So long as the grid has a negative potential 
with respect to the cathode, electrons emitted 
by the cathode are repelled ( § 2-3) with the 
result that no current flows to the grid. Hence 
under these conditions the grid consumes no 
power. However, when the grid becomes posi
tive with respect to the cathode, electrons are 
attracted to it and a current flows to the grid; 
when this grid current flowe power is dissipated 
in the grid circuit. 

Characteristics - The measure of the am
plification of which a tube is capable is known 
as its amplification factor, designated by µ 
(mu). Mu is the ratio of plate-voltage change 
required for a given change in plate current to 
the grid-voltage change necessary to produce 
the same change in plate current. Another 
important characteristic is the plate remtance, 
designated r 

P
· It is the ratio, for a fixed grid 

voltage, of a small plate voltage change to the 
plate current change it effects. It is expressed 
in ohms. Still another important characteristic 
used in describing the properties of a tube is 
grid-plate transconductance, or mutual conduct
ance, designated by g .. and defined as the 
rate of change of plate current with respect 
to a change in grid voltage. The mutual con
ductance is a rough indication of the design 
merit of the tube. It is expressed in micromhos 
(the mho is the unit of conductance and is 
equal to 1/ R) and is the ratio of amplification 
factor to plate resistance, multiplied by one 
million. These tube characteristics are inter
related and are dependent primarily on the 
tube structure. 

Static and dynamic curves - The opera
tion of a vacuum tube amplifier is graphically 
represented in elementary form in Fig. 302. The 
sloping line represents the variation in plate 
current obtained at a constant plate voltag.e 
with grid voltages ranging from a value suffi
ciently negative to reduce the plate current to 
zero, to a value slightly positive. Grid voltage 
is specified with reference to the cathode or 
filament. Notable facts about this curve are 
that it is essentially a straight line (is linear) 

Vacuum :J,,J,., 

I - 0 + GRID BIAS, Ee 
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Fig. 302 - Operating cbaractcriotico of a vacuum
tube amplifier. Claoa-A amplifier operation io depicted. 

over the middle section and that it bends 
towards the bottom (near cut-off) and near the 
top (saturation). In other words, the variation 
in plate current is directly proportional to the 
variation in grid voltage over the region be
tween the two bends. With a fixed grid voltage 
(biaa) of proper value the plate current can be 
set at any desired value. 

Tube characteristics of the type shown in 
Fig. 302 may be of either the static or dynamic 
type. Static characteristics 1bow the plate cur
rent that will flow at specific grid and plate 
voltages in the absence of any output device 
in the plate circuit for transferring the plate 
current variation to an external circuit, while 
the dynamic characteristic shows the behavior 
of the same quantities when there is a load in 
the plate circuit, and thus represents the actual 
operation of the tube as an amplifier. 

lnterelectrode capacitu.11 - Any pair of 
elements in a tube forms a miniature condenser 
(§ 2-3), and although the capacities of these 
condensers may be only a few micromicro
farads or less, they must frequently be taken 
into account in vacuum-tube circuits. The ca
pacity from grid to plate (grid-plate capacity) 
has an important effect in many applications. 
In triodes, the other capacities are the grid
cathode and plate-cathode. In multi-element 
tubes (§ 3-5) similar capacities exist between 
these and other electrodes. With screen-grid 
tubes, the terms "input" and "output" ca
pacity mean, respectively, the capacity meas
ured from grid to all other elements connected 
together, and from plate to all other elements 
connected together. The same terms arc used 
with triodes but are not so easily defined since 
the effective capacities existing depend upon 
the operating conditions (§ 3-3). 

Tube ratings - Specifications of suitable 
operating volta�es and currents are called 
tube ratings. Ratings include proper values for 
filament or heater voltage and current, plate 
voltage and current, and similar operating 
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specifications for other �ements. An important 
rating in power tubes is the maa:imum 8afe 
plate dislipation, which is the maximum power 
which can be dissipated continuously in heat 
on the.plate (§ 3-1). 

e 3-3 AMPLIFIC:ATION 

Circuits - Besides the vacuum tube, a 
complete amplifier includes a means for intro
ducing the signal or exciting voUage into the 
grid circuit, a means (the load) for taking 
power or a�plified voltage from the plate 
circuit, and sources of supply for bias voltage, 
power for heating the cathode, and d.c., power 
for the plate circuit. A representative circuit 
for audio-frequency amplification is shown in 
Fig. 303. The signal is introduced into the grid 
circuit in series with the bias voltage by means 
of transformer T1, and T2 serves as a means for 
transferring the amplified signal from the 
plate circuit to the load. Battery supplies are 
indicated for simplicity. 

Fis. 303 - A typical audio-frequency amplifier using 
a triode tube. 

A single amplifier such as is shown in Fig. 
303 is called an amplifier 8tage, and several 
such stages may be used in ca8cade, the output 
of one stage being fed to the grid circuit of the 
next, to provide large amounts of overall 
amplification. 

Load impedance - The load connected in 
the output or plate circuit of the tube is called 
the load impedance or load reaistance, and 
designated R.,.. It is the device in which the 
power output of the tube is consumed. 
In some types of amplifiers the load is an 
actual resistance, but in most cases it is a 
resistive impedance; that is, it shows resistance 
for a.c. but not for d.c. This type of load can 
be obtained with a resonant circuit (§ 2-10) or 
by coupling through a transformer to a power
consuming device ( § 2-9). The impedance load 
has the advantage that there is no drop in 
d.c. plate voltage across the load as there 
would be in the case of the resistor, since 
the latter has the same resistance for d.c. as 
for a.c. · 

In general, there will be one value of R,, 
which will give optimum results for a given 
type of tube and set of operating voltages; 
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its value also depends upon the type of service 
for which the amplifier is designed. If the 
impedance of the actual device used is con
siderably different from the optimum load 
impedance, the tube and output device can be 
coupled through a transformer having a turn8 
ratio such that the impedance reflected into 
the plate circuit of the tube is the optimum 
value ( § 2-9). 

Operating point and grid bias - As indi
cated in Fig. 302, the relationship between 
varying grid voltage and plate current will be 
determined by the grid bias ( §  3-2), which sets 
the operating point on the characteristic curve. 
Th\! choice of operating point depends: upon 
the type of service in which the tube is to be 
used. 

Distortion - With negative grid bias as 
shown in Fig. 302 the operating point comes 
in the middle of the linear region. If an alter
nating voltage (signal) is now applied to the 
grid in series with the grid bias, the grid voltage 
swings more and less negative about the mean 
bias voltage value and the plate current swings 
up (positive) and down (negative) about the 
mean plate current value. This is equivalent to 
an alternating current superimposed on the 
steady plate current. At this operating point 
it is evident that the plate current wave shapes 
(§  2-7) are identical reproductions of the grid 
voltage wave shapes and will remain so as long 
as the grid voltage amplitude does not reach 
values sufficient to run into the lower- or 
upper-bend regions of the curve. If this occurs 
the output waves will be flattened or distorted. 
If the operating point is set towards the bottom 
or the top of the curve there will also be distor
tion of the output wave shapes because part or 
all of the lower or upper half-cycles will be cut 
off. 

Whenever the bias is adjusted so that the 
tube works over a non-linear portion of its 
characteristic curve, distortion will take place 
and the output wave-form will not duplicate 
the wave-form of the voltage introduced at the 
grid. This characteristic of non-linearity of an 
amplifier is useful in some applications but is 
an undesirable feature in others. The distor
tion will take the form of harmonics added to 
the origin(!,! wave (§ 2-7). If the exciting signal 
is a sine wave, the output wave, when distor
tion is present, will consist of the fundamental 
plus harmonics. 

Another type of distortion, known as fre
quency di8tortion, occurs when the amplifica
tion varies with the frequency of the a.c. volt
age applied to the grid circuit of the amplifier. 
It is not necessarily accompanied by harmonic 
distortion. It can be shown by a frequency re
apome curve, or graph in which the relative 
amplification is plotted against frequency over 
the frequency range of interest. 

it-



J'ol,a«e amplification -The ratio of the 
alternating output voltage derived from the 
plate circuit to the alternating voltage applied 
to the grid circuit is called the voltage amplifica
tion of the amplifier. A voltage amplifier is 

· one in which this ratio is the primary con
sideration, rather than the power which may 
be taken from the output circuit. The load 
resistance for voltage amplification must be 
high to give a large voltage across its terminals. 

Power amplification - The ratio of output 
power to a.c. power consumed in the grid 
circuit (drilling power) is called the power 
amplification of the amplifier. A power ampliµr 
is one designed to deliver power to a load 
circuit, the voltage amplification. being in
cidental. The power amplification ratio may be 
practically infinite in certain types of am
plifiers. The load impedance for power am
plification is selected· either to give maximum 
power with minimum distortion or to give a 
desired value of plate efficiency. 

Plate efficiency - The ratio of output 
power to d.c. input power to the plate (plate 
current multiplied by plate voltage) is called 
the plate efficiency of the amplifier. Plate 
efficiency is generally low in amplifiers designed 
primarily for minimum distortion, but may 
be made quite high when distortion is per
missible. 

Power sensitivity - This is the ratio of 
output power to alternating grid voltage, and 
is ordinarily used in connection with amplifiers · 
operating in such a way that no power is 
consumed in the grid circuit. The same term 
also is used frequently in connection with radio
frequency power amplifiers, but in this case has 
the same me.!ming e.s power amplification ratio, 
defined above. 

Pluue- relation.a in plate and grid circuiu 
- When the exciting voltage on the grid has 
its maximum positive instantaneous value 
the plate current also is maximum (§ 3-2) so 
that the v-oltage drop across the impedance 
connected in the plate circuit likewise has 
its greatest value. The actual instantaneous 
voltage between plate and cathode is therefore 
minimum at the same instant, because it is 
equal to the d.c. supply voltage (which is 
unvarying) minus the voltage drop across the 
load impedance. Since the decrease in in
stantaneous plate voltage is negative in sense, 
this means that the alternating plate voltage 
is 180 degrees out of phase with the alternating 
grid voltage. Thus there is a phase rever8al 
through an amplifier tube. 

Input capacity - When an alternating volt
age is applied between grid and cathode of the 
amplifier tube an alternating current flows in 
the small condenser formed by these elements 
(§ 3-2), just as it would in any other condenser 
(I Z-8). Similarly, an alternating current also 

flows in the condenser formed by the grid and 
plate, but since the instantaneous v-oltage be
tween these two elements is considerably larger 
than the signal voltage when the tube is am
plifying, the.current in the grid-plate capacity 
is likewise larger than it would be were no am
plification taking place. Looked at from the grid 
circuit, the increased current is equivalent to an 
increase in input capacity of the tube, and the 
effective input capacity may be many times 
that which would be expected from considera
tion of the interelectrode capacities alone. The 
effective input capacity is proportional to the 
actual grid-plate capacity and to the voltage 
amplification. 

Feedback -'Some of the amplified energy in 
the plate circuit can be coupled back into the 
grid circuit to be re-amplified, this process 
being called feedback. If the voltage induced 
in the grid circuit is in phase with the grid 
signal voltage, the feedback is called positioe, 
and the ·resultant voltage is larger and hence 
the amplification is increased. Positive feed
back, usually called regeneration, can effec
tively increase the amplification of a stage 
many times. If the fed-back voltage is op
posite in phase to the exciting voltage, the 
feedback is called negati1Je and, since the 
resultant grid voltage is smaller, the amplifica
tion is decreased. Negative feedback is some
times called degeneration. 

Positive feedback is accompanied by a 
tendency to give maximum amplification at 
only one frequency, even though the input and 
output circuits may not otherwise be resonant. 
It therefore increases the selectivity of the 
amplifier and hence is used chiefly where high 
gain and sharpness of resonance are both 
wanted. 

i--�-..... ,,,,1,1.i,, + 

PARALLEL 

PUSH-PULL 
Fil, 304 - Parallel and pmh-pull amplifier connec

tioaa. 
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Negative feedback has the opposite char
acteristics. It tends to widen the frequency 
range of the amplifier, even with resonant 
input and output circuits. It also reduces 
distortion and makes the amplifier tube more 
tolerant of changes in load impedance. Hence 
it is used where low-distortion, wide frequency 
range amplification is wanted, as in some 
audio circuits, even though amplification is 
sacrificed. 

Parallel operation - When it is necessary 
to obtain more power output than one tube is 
capable of giving, without going to a larger 
tube structure, two or more tubes may be 
connected in parallel, in which case the similar 
elements in all tubes are connected together 
as shown in Fig. 304. The power output will 
then be in proportion to the number of tubes 
used; the exciting voltage required, however, 
is the same as for one tube. 

If the amplifier operates in such a way as 
to consume power in the grid circuit; the grid 
power required also is in proportion to the 
number of tubes used. 

Push-pull operation - An increase in 
power output can be secured by connecting 
two tubes in puah-pull, the grids and plates 
of the two tubes being connected to opposite 
ends of the circuit as shown in Fig. 304. A 
"balanced" circuit, in which the cathode re
turns are made to the midpoint of the input 
and output devices, is necessary with push
pull operation. At any instant the ends of the 
secondary winding of the input transformer, 
T1, will be at opposite potentials with respect 
to the cathode connection, so the grid of one 
tube is swung positive at the same instant 
that the grid of the other is swung negative. 
Hence, in any push-pull-connected stage the 
voltages and currents of one tube are out 
of phase with those of the other tube. The 
plate current· of one tube therefore is rising 
while the plate current of the other is falling, 
hence the name "push-pull." In push-pull 
operation the even-harmonic (second, fourth, 
etc.) distortion is cancelled in the symmetrical 
plate circuit, so that for the same output the 
distortion will be less than with parallel oper
ation. 

The exciting. voltage measured between the 
two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the stage is twice that taken by 
either tube alone. 

TM decibel - The ratio of the power levels 
at two points in a circuit such as an amplifier 
can be expressed in terms of a unit called the 
duibel, abbreviated db. The number of deci
bels is 10 times the logarithm of the power 
ratio, or 

db. = 10 log;: 
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The decibel is a particularly useful I unit be
cause it is logarithmic, and thus correspond8 
to the response of the human ear to sounds of 
varying loudness. One decibel is approximately 
the power ratio required to make a just no
ticeable difference in sound intensity. Within 
wide limits, changing the power by a given 
ratio produces the same apparent change in 
loudness regard.less of the power level ; thus 
if the power is doubled the increase is 3 db., 
or three steps of intensity ; if it is doubled 
again, the increase is again 3 db., or three 
further distinguishable steps. Successive am
plications expressed in decibels can be added 
to obtain the overall amplification. 

A power loss also can be expressed in deci
bels. A decrease in power is indicated by a 
minus sign (e.g., - 7 db.), and increase in 
power by a plus sign (e.g., + 4 db.). Negative 
and positive quantities can be added numeri
cally. Zero db. indicates the reference power 
level, or a power ratio of 1. 

ApplicatioRll of amplification - The ma
jor uses of vacuum tube amplifiers in radio 
work are to amplify at audio and radio fre
quencies (§  2-7). The audio-frequency am
plifier is generally used to amplify without 
discrimination at all frequencies in a wide 
range (say from 100 to 3000 cycles for voice 
communication), and is therefore associated 
with non-resonant or untuned circuits which 
offer a. uniform load over the desired range. 
The radio-frequency amplifier, on the other 
hand, is genera.Uy used to amplify selectively 
at a. single radio frequency, or over a. small 
band of frequencies at most, and is therefore 
associated with resonant circuits tunable to the 
desired frequency. 

An audio-frequency amplifier may be con
sidered a broad-band amplifier; · most radio
frequency amplifiers are relatively narrow
band affairs. 

In  audio circuits, the power tube or output 
tube in the last stage usually is designed to 
deliver a. considerable amount of audio power, 
while requiring but negligible power from the 
input or exciting signal. To get the alternating 
voltage (grid awing) required for the grid of 
such a. tube voltage amplifiers a.re used, em
ploying tubes of high µ. which will greatly 
increase the voltage amplitude of the signal. 
Voltage amplifiers are used in the radio
frequency stages of receivers as _ well as in 
audio amplifiers ; power amplifiers a.re used in 
r.f. stages of transmitters. 

e 3-4 CLASSE.S OJI AMPLD'I.BRS 

Reaaon for classification - It is conven
ient to divide amplifiers into groups according 
to the work they a.re intended to perform, as 
related to the operating conditions necessary 
to accomplish the purpose. Thia makes identi-
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fication easy and obviates the necessity for 
giving a detailed description of the operation 
when apecific operating data are not required. 

Claaa A - An amplifier operated as shown 
in Fig. 302 in which the output wave shape is a 
faithful reproduction of the input wave shape, 
is known as a Class-A amplifier. 

As generally used, the grid of a Class-A 
amplifier never is driven positive with respect 
to the cathode by the exciting signal, and never 
is driven so far negative that plate-current 
cut-off is reached. The plate current is con
stant both with and without grid excitation. 
The chief chara<.teristics of the Class-A am
plifier are low distortion, low power output for 
a given size of tube, and a high power-amplifi
cation ratio. The plate efficiency ( § 3-3) is 
relatively low, being in the vicinity of 20 to 
35 percent at full output, depending upon the 
design of the tube and the operating conditions. 

Class-A amplifiers of the power type find 
application as output amplifiers in audio sys
tems. Class-A voltage amplifiers are found in 
the stages preceding the power stage in such 
applications, and as radio-frequency amplifiers 
in receivers. 

Claas B- The Class-B amplifier is primar
ily one in which the output current, or alter
nating component of the plate current, is 
proportional to the amplitude of the exciting 
grid voltage. Since power is proportional to the 
square of the current, the power output of a 
Class-B amplifier is proportional to the square 
of the exciting grid voltage. 

The distinguishing operating condition in 
Class-B service is that the grid bias is set so 
that the plate current is relatively low without 
excitation ; the exciting signal amplitude is 
such that the entire linear portion of the tube's 
characteristic is used. Fig. 305 illustrates 
Class-B operation with the tube biased prac
tically to cut-off. In this operating condition 
plate current flows only during the positive 
half-cycle of excitation voltage. No plate cur
rent flows during the negative swing of the 
excitation voltage. The shape of the plate 
current pulse is essentially the same as that of 
the positive swing of the signal voltage. Since 

• the plate current is driven up toward the 
saturation point, it is usually necessary for the 
grid to be driven positive with respect to the 
cathode during part of the grid swing. Grid 
current flows, therefore, and the driving source 
must furnish power to supply the grid losses. 

Class-B amplifiers are characterized by 
medium power output, medium plate effi
ciency (50% to 60% at maximum signal) and 
a moderate ratio of power amplification. At 
radio frequencies they are used as linear am
plifiers to raise the output power level in 
radiotelephone transmitters after modulation 
has taken place. 

Fi&. ,105 - Operation of the ClaM-B amplilier. 

For audio-frequency amplification two tubes 
must be used. The second tube, working alter
nately with the first, must be included so that 
both halves of the cycle will be present in the 
output. A typical method of arranging the 
tubes and circuit to this end is shown in Fig. 
306. The signal is fed to a transformer Ti, 
whose secondary is divided into two equal 
parts, with the tube grids connected to the 
outer terminals and the grid bias fed in at the 
center. A transformer T, with a similarly
divided primary is connected to the plates of 
the tubes. When the signal swing in the upper 
half of T1 is positive, Tube No. 1 draws plate 
current while Tube No. 2 is idle; when the 
lower half of T1 becomes positive, Tube No. 2 
draws plate current while Tube No. 1 is idle. 
The corresponding voltages induced in the 
halves of the primary of T2 combine in the 
secondary to produce an amplified reproduc
tion of the signal wave-shape with negligible 
distortion. The Class-B amplifier is capable 
of delivering much more power for a given tube 
size than a Class-A 11,mplifier. 

Class AB - The similarity between Fig. 306 
and the ordinary push-pull amplifier circuit 
( § 3-3) will be noted. Actually the circuits are 
the same, the difference being in the method 
of operation. If the bias is adjusted so that the 
tubes draw a moderate value of plate ourrent 
the amplifier will operate Class A at low aignal 
voltages and more nearly Class B at high signal 
voltages. An amplifier so operated is called 
Class AB. The advantages of this method are 
low distortion at moderate signal levels and 
higher efficiency at high levels, so that rela
tively small tubes can be used to good advan
tage in audio power amplifiers. 

A further distinction can be made between 
amplifiers which draw grid current and those 
which do not. The Class-AB, amplifier draws 
no grid current and thus consumes no· power 
from the driving source ; the Class-AB2 am
plifier draws grid current at higher signal 
levels and power must therefore be supplied 
to its grid circuit. 

Claas C - The Class-C amplifier is one op
erated so that the alternating component of 
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Fig. 306 - The Claee-B audio amplifier, showing bow 

the ootputa of the two tubes are oomhined to give dis
tortiooleu ampli6catioo. 

the plate current is directly proportional to the 
plate voltage. The output power is therefore 
proportional to the square of the plate voltage. 
Other characteristics inherent to Class-C oper
ation are high plate efficiency, high power out
put, and a relatively low power-amplification 
ratio. 

The grid bias for a Class-C amplifier is 
ordinarily set at approximately twice the value 
required for plate current cut-off without grid 
excitation. As a result, plate current flows dur
ing only a fraction of the positive excitation 
cycle. The exciting signal should be of suffi
cient amplitude to drive the plate current to 
the saturation point, as shown in Fig. 307. 
Since the grid must be dfrren far into the posi
tive region to cause saturation, considerable 
numbers of electrons are attracted to the grid 
at the peak of the cycle, robbing the plate of 
some that it would normally attract. Thia 
causes the droop at the upper bend of the char
acteristic, and also causes the plate current 
pulse to be indented at the top, as shown. Al
though the output wave-form is badly dis
torted, at radio frequencies the distortion is 

Fi,. 307 -Claee-C amplifier operation. 
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largely eliminated by the flywheel effect of the 
tuned output circuit. 

Although requiring considerable driving 
power because of the relatively large grid 
swing and grid-current flow, the high plate 
efficiency (ordinarily 70-75 %) of the Class-C 
amplifier makes it an effective generator of 
radio-frequency power. 

- �  MIJLTIELEMENT AND SPECIAL- . 
PIJBPOSE TUaES 

Radio-frequency amplification - In a ra
dio-frequency amplifier the input (grid) and 
output (plate) circuits must be tuned to the 
same frequency for maximum amplification and 
selectivity. H a triode tube is used in such an 
arrangement the feedback through the grid
plate capacity will sustain oscillation at radio 
frequencies (§ 3-7) so that the circuit becomes 
an oscillator rather than an amplifier. Although 
special circuits can be used to overcome oscilla
tion, it is preferable to use a tube in which 
such feedback is negligible. Such a tube can 
be made by inserting a second grid to act as 
an electrostatic shield between the control 
grid and plate and tbus reduce the grid-plate 
capacity to a negligible value. The addition of 
the extra grid, ca.lied the Bcreen grid or screen, 
makes the tube a tetrode, or four-element tube. 

TM tetrode - The screen grid increases 
the amplification factor and plate resistance 
of the tube to values much higher than are at
tainable in triodes of practicable construction, 
although the mutual conductance is about 
the same as that of an equivalent triode. The 
screen grid is ordinarily operated at a lower 
positive potential than the plate, and is by
passed back to the cathode so that it has 
essentially the same a.o. potential as the cath
ode. 

Another type of tetrode, in which the elec
trostatic shielding provided by the second 
grid is purely incidental, is built for audio 
power output work. The second grid acceler
ates the flow of electrons from cathode to 
plate, and the structure has a higher power 
sensitivity (§ 3-3) than is possible with triodes. 

Secondary emiasion - When an electron 
travelling at appreciable velocity through a 
tube strikes the plate it dislodges other elec-· 
trons which "splash" from the plate into the 
interelement space. This phenomenon is ca.lied 
ae001ldary tmiuion. In the triode, ordinarily 
operated with the grid negative with respect 
to cathode, these secondary electrons are re
pelled back into the plate and cause no dis
turbance. In the screen-grid tube, however, 
the positively charged screen grid attracts the 
secondary electrons, causing a reverse current 
to flow between screen and plate. The effect is 
particularly marked when the plate and screen 
potentiala are nearly equal, which may be the 



case during part of the a.c. cycle when the 
instantaneous plate current is large and th.e 
plate voltage low (§  3-3). 

The pento<k - To overcome the effects of 
secondary emission a third grid, called the 
suppressor grid, can be inserted between the 
screen and plate. This grid is connected 
directly to the cathode and repels the rela
tively low-velocity secondary electrons back 
to the plate without obstructing to any 
appreciable extent the regular plate-current 
flow. Larger undist-0rted outputs therefore 
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Fi1. 308- Symbols for pentode and tetrode tubca. 
H, beater; C, cathode; G, control crid; P, plate; S, acrcen 
grid; Sup., aupprcaeor grid. 

can be secured from the pentode, or five-ele
ment tube. 

Pentode-type screen-grid tubes are used as 
radio-frequency voltage amplifiers, and in ad
dition can be used as audio-frequency voltage 
amplifiers to give high voltage gain per stage. 
Pentodo tubes olso o.re suitable o.s o.udio
frequency power amplifiers, having greater 
plate efficiency and power sensitivity than 
triodes. 

Beam tubes - A "beam" type tube is a 
tetrode incorporating a structure which forms 
the electrons travelling to the plate into con
centrated paths, resulting in higher plate ef
ficiency and power sensitivity. Suitable design 
also overcomes the effects of secondary emis
sion without the necessity for a suppressor 
grid. Tubes constructed on the beam principle 
are used in receivers as both r.f. and audio 
amplifiers, and are built in larger sizes for 
transmitting circuits. 

Variable-mu and sharp cut-off tu.bes -
Receiving screen-grid tetrodes and pentodes 
for radio-frequency voltage amplification are 
made in two types, known as sharp cut-off 
and variable-µ or "super-control " types. In 
the sharp cuk>ff type the amplification factor 
is practically constant regardless of grid bias, 
while in the variable-µ type the amplification 
factor decreases as the negative bias is in
creased. The purpose of this design is to permit 
the tube to handle large signal voltages with
out distortion in ci�uits in which grid-bias 
control is used to vary the amplification. 

Multipurpose types..:... A number of com
bination types of tubes have been constructed 
to perform multiple functions, particularly in 

receiver circuits. Among the simplest are full
wave rectifiers, combining two diodes in one 
envelope, l\nd twin triodes, consisting of two 
triodes in one bulb for Class-B audio amplifica
tion. More complex types include duplex-diode 
triodes, duplex-diode pentodes, converters and 
mixers (for superheterodyne receivers), com
bination power tubes and rectifiers, and so on. 
In many cases the tube structure can be iden
tified by the name, and all the types are 
basically the same as the simpler element 
combinations already described. 

Mercury-vapor rectifiers - The power lost 
in a diode rectifier ( § 3-1) for a given plate 
current will be lessened if it is possible to de
crease the plate-cathode voltage at which the 
current is obtained. If a small amount of 
mercury is put in the tube, the mercury will 
vaporize when the cathode is heated and, 
further, will ionize ( § 2-4) when plate voltage is 
applied. This neutralizes the space charge and 
reduces the plate-cathode voltage drop to a 
practically constant value of about 15 volts 
regardless of the value of plate current. Since 
this drop is much smaller than can be attained 
with purely thermionic conduction, there is 
less power loss in the rectifier. The constant 
voltage drop also is an advantage. Mercury
vapor tubes are widely used in power rectifiers. 

Grid-control rectifiers - If a grid is in
serted in a mercury-vapor rectifier it is found 
thot with sufficient negative grid bias it is 
possible to prevent plate current from flowing 
if the bias is present before plate voltage is 
applied. However, if the bias is lowered to the 
point where plate current can flow, the mer
cury vapor will ionize and the grid loses control 
of plate current since the space charge is 
neutralized. It can assume control again 011ly 
after the plate voltage is disconnected. The 
same phenomenon also occurs in triodes filled 
with other gases which ionize at low pressure. 
Grid-control rectifiers find considerable ap
plication in many circuits where "electronic 
switching" is desirable. 

e 3-8 COMMON ELEMIKN'l'S IN VACIJIJM• 
TIJBE CIRCIJITS 

Types of cathodes - Cathodes are of two 
types, directly and indirectly heated. Directly
heated cathodes or filaments used in receiving 
tubes are of the oxide-coated type, consisting of 
a wire or ribbon of tungsten coated with cer
tain rare metals and earths which form an 
oxide capable of emitting large numbers of 
electrons with comparatively little cathode
heating power. 

When directly-heated cathodes are operated 
on alternating current, the cyclic variation of 
current causes electrostatic and magnetic ef
fects which vary the plate current of the tube 
at supply-frequency rate and thus produce 
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hum in the output. Hum from this source is 
eliminated by the indirectly-heated cathode, 
consisting of a thin metal sleeve or thimble, 
coated with electron-emitting material, en
closing a tungsten wire which acts as a heater. 
The heater brings the cathode thimble to the 
proper temperature to cause electron emission. 
This type of cu.tlJutlt: is also known as the equi
potential cathode, since all parts are at the 
same potential. 

Methods of obtaining grid bias - Grid 
bias may be obtained from a source of voltage 
especially provided for that purpose, as a 
battery or other type of d.c. power- supply. 
This is indicated in F'ig. 309-A. A second 
method is shown at B, utilizing a catho<k 
re3istor; plate current flowing through the 
resistor causes a voltage drop which, with the 
connections shown, has the right polarity to 
bias the grid negatively with respect to the 
cathode. The value of the resistor is deter
mined by the bias required and the plate cur
rent which flows at that value of bias, as found 
from the tube characteristic curves; with the 
voltage and current known, the resistance can 
be determined by Ohm's Law (§ 2-6): 

R • .., E X  1000 

I. 
where R. = cathode bias resistor in ohms 

E = desired bias voltage 
I. = total d.c. cathode current in milli

amperes. 

- 8 + 
Fig. 309- Methods of obtaining grid bias. A, fixed 

bias; B, cathode bias; C, grid-leak b�. 
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Screen- and suppressor-grid currents should be 
included with the plate current in multi
element tubes to obtain the total cathode 
current, and also the control-grid current if the 
control grid is driven positive during operation. 
The a.c. component of plate current flowing 
through the cathode resistor will cause a volt
age drop which gives negative feedback into 
the grid circuit ( § 3-3) so to prevent this the 
resistor usually is by-passed (§ 2-13), c. being 
the cathode by-pass condenser. 

A third method is by use of A grid leak, R. 
in Fig. 309-C. This requires that the exciting 
voltage be positive with respect to the cathode 
during part of the cycle so that grid current 
wi11 flow. The flow of grid current through 
the grid leak ca.uses a voltage drop across the . 
resistor which gives the grid a negative bias. 
The time constant (§ 2-6) of the grid leak and 
grid condenser should be large in comparison 
to the time of one cycle of the exciting voltage 
so that the grid ,bias ,will be substantially con
stant and will not follow the variations in 
a.c. grid voltage. For grid-leak bias, 

n, -
E x 1000 

1. 
where R, = grid-leak resistance in ohms 

E = desired bias voltage 
I, = d.c. grid current in milliamperes. 

When two tubes a.re operated in push-pull 
or parallel and use a common cathode- ur grid
leak resistor, the value of resistance becomes 
one-half what it would be for one tube. 

Cathode circuits; filament center tap 
When a filament-type cathode is heated by 
a.c. the hum introduced can be minimized by 
making the two ends of the filament have equal 
and opposite potentials with respect to a 

center point, usually grounded (§ 2-13), to 
which the grid and plate return circuits are 
connected. The filament transformer winding 
is frequently center-tapped for this purpose, as 
shown in Fig. 310-A. The same result can be 
secured with an untapped winding by sub
stituting a center-tapped resistor of 10 to 50 
ohms as at B. The by-pass condensers, C1 and 
C2, are used in radio-frequency circuits to 
avoid having the r.f. current flow through the 
transformer or resistor, either of which may 
have considerable rea.ctance at radio frequen
cies. 

The filament supply for tubes with in
directly-heated cathodes sometimes is center-· 
tapperl for the same purpose; although fre
quently one side of the filament supply, and 
hence one terminal of till tube heater, is simply 
grounded. 
e 3-7 OSCILLATORS 

S.lf-o•cillat.ion - If in an amplifier with 
positive feedback the feedback or regeneration 
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Fig. 310 - Filawent center-tap connections. 

(§ 3-3) is increased to a critical value, the tube 
will generate a continuous alternating current. 
This phenomenon, called oscillation, occurs 
when the power transferred between plate and 
grid circuits becomes large enough to overcome 
the circuit losses and the tube provides its own 
grid excitation. The power consumed is of 
course taken from the d.c. plate supply. 

It is not necessary to apply external excita
tion to such a circuit, since any random varia
tion in current, even though minute, will 
rapidly be amplified up to the proper value 
to cause oscillation. The frequency of oscilla
tioµ will be that at w�ich losses are least which, 

A 

B 

Fig. 311 - Oscillator cireuita with magnetic feed
back. A. tickler circuit; B, Hartle7 circuit. 

in the case of the resonant ciPCuits usually 
associated with oscillators, is very nearly the 
resonant frequency of the circuit. 

Magneticfeedback - One form of feedback 
is by electromagnetic coupling between plate 
(output) and grid (input) circuits. Two repre
sentative circuits of this type are shown in 
Fig. 3 1 1 .  That at A is called the tickler circuit. 
The amplified current flowing in the " tickler," 
L2, induces a voltage in L1 in the proper phase 
when the coils are connected as shown and 
wound in the same direction. The feedback 
can be adjusted by adjusting the coupling 
between L1 and Lt. 

The Hartley circuit, B, is similar in principle. 
There is only one coil, but it is divided so that 
po.rt of it is in the plate circuit and part in the 
grid circuit. The magnetic coupling between 
the two sections of the coil provides the feed
back, which can be adjusted by moving the 
tap on the coil. 

B 

L, ..__..__,__-+--11-"--+---' 

nt· 
F/.F.� 

tB 

C 
I 

-8 

� 
Fig. 312 - Oscillator circuita with capacit7 feedback. 

A, Colpitts circuit; B, tuned-plate tuned-grid circuit; C. 
ultraudion circuit. 

Capacity feedback - The feedback can also 
be obtained through capacity coupling, as 
shown in Fig. 312. At A, the Colpitts circuit, 
the voltage across the resonant circuit is 
divided, by means of the series condensers, 
into two parts. The instantaneous voltages at 
the· ends of the circuit are opposite in polarity 
with respect to the cathode, hence in the right 
phase to sustain oscillation. 
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The tuned-grid tuned-plate circuit a.t B 
utilizes the grid-plate capacity of the tube 
to provide feedback coupling. There should be 
no magnetic coupling between the two tuned
circuit coils. Feedback can be adjusted by 
varying the tuning of either the grid or plate 
circuit. The circuit with the higher Q (§ 2-10) 
determines the frequency of oscillation, al
though the two circuits must be tuned ap
proximately to the same frequency for 
oscillations to occur. 

The ultraudicn circuit a.t C is equivalent to 
the· Colpitts, with the voltage division for 
oscillation brought about through jhe grid
to-filament and plate-to-filament capacities 
of the tube. In this and in the Colpitts circuit 
the feedback can be controlled by varying the 
ratio of the two capacities. In the ultraudion 
circuit this can be done by connecting a 
small variable condenser between grid and 
cathode. 

Crystal oscillators - Since a properly-cut 
quartz crystal is equivalent to a high-Q tuned 
circuit (§ 2-10) it may be substituted for a 
conventional circuit in an oscillator to control 

. the frequency of oscillation. A simple crystal 
oscillator circuit is shown in Fig. 313. It will be 

Xtal. 
L 

-B +B 

Fi,. 313 - Simple cry•tal OACillator circuit. 

recognized as the tuned-plate-tuned-grid cir
cuit with the crystal substituted for the res
onant circuit in the grid. Many variations 
of this fundamental circuit are used in prac
tice. 

Seriea and parallel feed- A circuit such as 
the tickler circuit of Fig. 311-A is said to be 
series fed because the source of plate voltage and 
the r.f. plate circuit (the tickler coil) are con
nected in series, hence the d.c. plate current 
flows through the coil to the plate. A by-pass 
(§ 2-13) condenser, C&, must be connected 
a.cross the plate supply to shunt the radio
frequency current a.round the source of power. 
Other examples of series plate feed are shown 
in Figs. 312-B and 313. 

In some cases the source of plate power must 
be connected in parallel with the tuned circuit 
in order to provide a pa.th for direct current to 
the plate. This is illustrated by the Hartley 
circuit of Fig. 311-B where it would be im
possible to feed the plate current through the 
coil because there is a direct connection be-

52 C H A P T E R  T H R E E  

tween the coil and cathode. Hence the voltage 
is applied to the plate through a radio-fre
quency choke which prevents the r.f. current 
from flowing to the plate supply and thus 
short-circuiting the oscillator. The blocking 
condenser Cb provides a low-impedance path 
for radio-frequency current flow but is an open 
circuit for direct current ( § 2-13). Other ex
amples of parallel feed are shown in Figs. 
312-A and 312-C. 

Values of chokes, by-pass and blocking con
densers are determined by the considerations 
outlined in § 2-13. 

&citatwn and bias - The excitation volt
age required depends upon the characteristics of 
the tube and the losses in the circuit, including 
the power consumed in the load. In practically 

- a.LI oscillators the grid is driven positive during 
pa.rt of the cycle, so that power is consumed in 
the grid circuit (§ 3-2). This power must be 
supplied by the plate circuit. With insufficient 
excitation the tube will not oscillate ; with 
too-high excitation the grid losses, or power 
consumed in the grid circuit, will be exces
sive 

Oscillators are almost always grid-leak 
biased (§ 3-6), which not only takes advan
tage of the grid-current flow but also gives 
better operation since the bias adjusts itself to 

the excitation voltage a.va.ila.ble. 
Tank circuit - The resonant circuit asso

ciated with the oscillator is generally called 
the tank circuit. This name derives from the 
storage of energy associated with a resonant 
circuit of reasonably high Q (§ 2-10). It is 
applied to any resonant circuit in transmitting 
applications, whether used in an oscillator or 
amplifier. 

Power output - The power output of an 
oscillator is the useful a.c. power consumed 
in a load connected to the oscillator. The load 
may be coupled by any of the means described 
in § 2-ll. 

Plate efficiency - The plau efficiency 
(§ 3-3) of an oscillator depends upon the load 
resistance, excitation, and other operating 
conditions, and usually is in the vicinity of 
50 %- It is not as high a.a in the case of an 
amplifier, since the oscillator must supply its 
own grid losses, which are usually 10% to 20% 
of the output power. 

Frequency stability - The frequency sta
bility of an oscillator is its ability to maintain 
constant frequency in the presence of variable 
operating conditions. The more important 
factors which may cause a change in fre
quency are (1) plate voltage, (2) temperature, 
(3) Joa.ding, (4) mechanical variations of 
circuit elements. Plate-voltage variations will 
cause a corresponding instantaneous shift in 
frequency; this type of frequency shift is called 
dynamic instability. Temperature changes will 
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cause tube eleme.nts to expand or contract 
slightly, thus causing variations in the inter
electrode capacities ( § 3-2), and since these are 
unavoidably part of the tuned circuit the 
frequency will change correspondingly. Tem
perature changes in the coil or condenser will 
change the inductance and capacity slightly, 
again causing a shift in the resonant frequency. 
Both these temperature effects are relatively 
slow in operation, and the frequency change 
caused by them is called drift. Load variations 
act in much the same way as plate voltage 
variations except when there is a temperature 
change in the load1 when drift also may be 
present. Mechanical variations, usually caused 
by vibration, cause changes in inductance and/ 
or capacity which in turn cause the frequency 
to "wobble" in step with the vibration. 

Dynamic instability can be reduced by using 
a tuned circuit of high effective Q which means, 
since the tube and load represent a relatively 
low resistance in parallel with the circuit, that 
a low L/C ratio (" high-C") must be used 
( § 2-10), and that the .circuit should be lightly 
loaded. Dynamic stability also can be im
proved by using a high value of grid leak, 
which gives high grid bias and raises the ef
fective resistance of the tube as seen by the 
tank circuit, and by using relatively high plate 
voltage and low plate current, which accom
plishes the same result. Drift can be minimized 
by using low d.c. input (for the size of tube), 
by using coils of large wire to prevent undue 
temperature rise, and by providing good 
ventilation to carry off heat rapidly. A low 
L/C ratio in the tank circuit also helps because 
the interelectrode capacity variations have 
proportionately less effect on the frequency 
when shunted by a large condenser. Special 
temperature-compensated components also 
can be used. Mechanical instability can be 
prevented by using well-designed components 
and insulating the oscillator from mechanical 
vibration. 

Negative-resistance oscillators - If a reso
nant circuit were completely free from losses 
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known as the tranaatron, reqwre& that the screen be 
operated at a higher d.c. potential than the plate of the 
tube. 
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Fi,. 315 - The multi vibrator circuit, or reluatioa 
oscillator. 

a current once started would contimie indefi
nitely; that is, sustained oscillations would 
occur. This condition can be simulated in prac
tice by cancelling the actual resistance in the 
circuit by inserting an equal or greater amount 
of negative resistance. Negative resistance is 
exhibited by any device showing an increase of 
current when the applied voltage is decreased, 
or vice versa. 

The vacuum tube can be made to show nega
tive resistance by a number of arrangements of 
electrode potentials. One circuit is shown in 
Fig. 314. Negative resistance is produced by 
virtue of the fact that as the suppressor grid of 
a pentode is given more negative bias, elec
trons normally passing through to the plate 
are turned back to the screen, thus increasing 
the screen current, and reversing normal tube 
action ( §  3-2). The negative resistance so pro
duced is sufficiently low so that ordinary 
tuned circuits will oscillate readily at fre
quencies up to 15 Mc. or so. 

The multivibrator - The type of oscillator 
circuit shown in Fig. 315 is known as the 
mu.ltiuibrator, or relaxation oscillator. Two 
tubes are used with resistance coupling, the 
output of one tube being fed to the input cir
cuit of the other. The frequency of oscillation 
is determined by the time constants ( § 2-6) 
of the resistance-capacity combinations. The . 
principle of oscillation is the same as in the 
feedback circuits already described, the second 
tube being necessary to obtain the proper 
phase relationship U 3-3) for oscillation when 
the energy is fed back. 

The multivibrator is a very unstable oscilla
tor, and for this reason its frequency readily 
can be controlled by a small signal of steady 
frequency introduced into the circuit. This 
phenomenon is called locking. Its outpqt wave
shape is highly distorted, hence hae high har
monic content U 2-7). A useful feature is that 
the multivibrator will lock with a frequency 
corresponding t.o one of its higher harmonics 
(the tenth harmonic is frequently used) and it 
can therefore be used as a freqmncy divider. 
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e a-a  «::ATBO.IK-RAY TIJBES 
Principks - The cathode-ray tube is a 

vacuum tube in which the electrons emitted 
from a hot cathode are accelerated to give them 
considerable velocity, formed into a beam, and 
allowed to strike a speci&l translucent screen 
which fluoresces, or gives off light at the point 
where the beam strikes. A narrow beam of mov
ing electrons is similar to a wire carrying cur
rent ( § 2-4) and is accompanied by electrostatic 
and electromagnetic fields. Hence it can be de
flected (have its direction changed) by applica
tion of external electrostatic or magnetic fields 
which exert a force on the beam in the same 
way as similar fields do on charged bodies or on 
wires carrying current ( § 2-3, 2-5). Since the 
beam consists only of moving electrons, its 
weight and inertia are negligibly small, hence 
it can be deflected easily and without any 
appreciable time lag. For this reason it can 
be made to follow instantly the variations in 
fields which are changing periodically at very 
high radio frequencies. 

Ekctron gun - The electrode arrangement 
which forms the electrons into a beam is called 
the electron gun. In the simple tube structure 
shown in Fig. 316, the gun consists of the 
cathode, grid, and anodes Nos. 1 and 2. The in
tensity of the electron beam is regulated by the 
grid in the same way as in an ordinary tube 
(§ 3-2). Anode No. 1 is operated at a positive 
potential with respect to the cathu<le, thus 
accellerating the electrons which pass through 
the grid, and is provided with small apertures 
through which the electron stream passes and is 
concentrated into a narrow beam. This anode 
is also known as the focusing electrode. Anode 
No. 2 is operated at a high positive potential 
with respect to cathode and further increases 
the velocity of the electrons in the beam. The 
electron velocity and sharpness of the beam are 
determined by the relative voltages on the 
electrodes. In some tubes a second grid is in
serted between the control grid and anode No. 
1 to provide additional accelleratioq of the 
electrons. 

Methods of deflection - The gun alone 
simply produces a small spot on the screen, 
but when the beam is deflected by either mag
netic or electrostatic fields the spot moves 
across the screen in proportion to the force ex
erted. When the motion is sufficiently rapid, 
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retentivity of vision makes the path of the mov
ing spot (trace) appear to be a continuous line. 

Electrostatic deflection, generally used in 
the smaller tubes, is produced by deflection 
plates. Two sets of plates are placed at right 
angles to each other, as indicated in Fig. 316. 
The fields are created by applying suitable volt
ages between the two plates of each pair. Usu
ally one plate of each pair is connected to anode 
No. 2 to establish the polarities ( § 2-3) of the 
fields with respect to the beam and to each 
other. 

Tubes intended for magnetic deflection have 
the same type of gun, but have no deflection 
plates. Instead, the deflecting fields are set up 
by means of coils corresponding to the plates 
in tubes having electrostatic deflection. The 
coils are external to the tube but are mounted 
close to the glass envelope in the same rela-

. tive positions occupied by the electrostatic 
deflection plates. 

The beam deflection caused by a given 
change in the field intensity is called the de
flection sensitivity. With electrostatic-deflection 
tubes it is usually expressed in millimeters per 
volt, which gives the linear movement of the 
spot on the screen as a function of the voltage 
applied to a set of deflecting plates. Values 
range from about 0. 1 to 0.6 mm/volt, depend
ing upon the tube construction and gun elec
trode voltages. The sensitivity is decreased by 
an increase in anode No. 2 voltage. 

Fluorescent screens-The fluorescent screen 
materials used have varying characteristics ac
cording to the type of work for which the tube 
is intended. The spot color is usually green, 
white, yellow or blue, depending upon the 
screen material. The per8istence of the screen 
is the time duration of the afterglow which 
exists when the excitation of the electron beam 
is removed. Screens are classified as long-, me
dium- and short-persistence. Small tubes for 
oscilloscopl! work are usually provided with 
medium-persistence screens having greenish 
fluorescence. 

Tube circuits - A representative cathode
ray tube circuit with electrostatic deflection is 
shown in Fig. 317. One plate of each pair of de
flecting plates is connected to anode No. 2. 
Since the voltages required are normally rather 
high, the positive terminal of the supply is 
usually grounded (§ 2-13) so that the common 

Fis- 316 - An-an1ement of dementa in the cathode-ra7 
tube with electr0et.atic beam ddlectioo. 

deflection plates will be at ground poten
tial. This places the cathode and other ele
ments at high potentials above ground, 
hen<re these elements must be well insu
lated. The various electrode voltages are 
obtained from a voltage divider ( § 2-6) 
across the high-voltage d.c. supply. Ra is a 
variable divider or "potentiometer" for ad
justing the negative bias on the control 
grid and thereby varying the beam cur-
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f',&. 317 - Cathode-ray tube circuit. Typical values 
for a three-inch (ecreen-diameter) tuhe such as the type 
906: 
R1, fu - l to 10 megohms. 
Ra - 20,000-obm potentiometer. 
R, -0.2-megohm potentiometer. 
U4-0.S megohm. 

The high-voltage supply should furnish about 
volts d.c. 

1300 

rent; it is called the intemity or brightness 
control. The focus, or sharpness of the luminous 
spot formed on the screen by the beam, is con
trolled by R,, which changes the ratio of anode 
No. 2 to anode No. l voltage. The focusing and 
intensity controls interlock to some extent, and 
the sharpest focus is obtained by keeping the 
beam current low. 

Deflecting voltages for the plates are applied 
to the terminals marked " input voltage," R1 
and R2 being high resistances (1 megohm or 
more} to drain off any accumulation of charge 
on the deflecting plates. Usually some provision 
is made to place an adjustable d.c. voltage on 
each set of plates so that the spot can be 
"centered" when stray electrostatic or mag
netic fields are present; the adjustable voltage 

Vacuum :JuJ,ed 

of the small current requirements a rectified 
a.c. supply with half-wave rectification (§ 8-3) 
and a single 0.5 to 2-µfd. condenser as a filter 
( § 8-5) is satisfactory. 

e 3-8 THE OSC�PB 

Description - An oscilloscope is essentially 
a cathode-ray tube in the basic circuit of Fig. 
317, but with provision for supplying a suitable 
deflection voltage on one set of plates, ordi
narily those giving horizontal deflection. The 
deflection voltage is called the aweep. Oscillo
scopes are frequently also equipped with 
vacuum-tube amplifiers for increasing the am
plitude of small a.c. voltages to values suitable 
for application to the deflecting plates. These 
amplifiers are ordinarily limited to operation 
in the audio-frequency range, and hence cannot 
be used at radio frequencies. 

Formation of patterns - When periodi
cally-varying voltages are applied to the two 
sets of deflecting plates the path traced by the 
fluorescent spot forms a pattern which is sta
tionary so long as the amplitude and phase re
lationships of the voltages remain unchanged. 
Fig. 318 shows how such patterns are formed. 
The horizontal sweep voltage is assumed to • 
have the "sawtooth" waveshape indicated; 
with no voltage applied to the vertical plates, 
the trace would simply sweep from left to 
right across the screen along the horizontal 
axis X-X' until the instant H is reached, when 
it reverses direction and returns to the starting 
point. The sine-wave voltage applied to the 
vertical plates would similarly trace a line 
along the axis Y-Y' in the absence of any de
flecting voltage on the horizontal plates. How-

V 

simply is set to neutralize such fields. 
The tube is mounted so that one set of plates X --l-ic"""H-1"H."---+--f-....L.-'-"-''f-ir-r-r-r.-X' 

produces a horizontal line when a varying volt
age is applied to it, while the other set of plates 
produces a vertical line under similar condi
tions. They are called, respectively, the "hori
zontal " and "vertical " plates, but which set 
of actual plates produces which line is sim
ply a matter of how the tube is mounted, 
It is usually necessary to provide a mount
ing which can be rotated to some extent so 
that the lines will actually be horizontal and 
vertical. 

Power supply - The d.c. voltage required 
for operation of the tube may vary from 500 
volts for the miniature type (1-inch diameter 
screen) to several thousand for the larger tubes. 
The current, however, is very small, so that 
the power required is likewise small. Because 

Fi&. 318 - Showing the formation of the pattern from 
the boruontal and vertical oweep voltages. 
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ever, when both voltages are present the posi
tion of the spot at any instant depends upon 
the voltages on both sets of plates at that in
stant. Thus at time B the horizontal voltage 
has moved the spot a short distance to the 
right and the vertical voltage has similarly 
moved it upward, so that it reaches the actual 
position B' on the screen. The resulting trace 
is easily followed from the other indicated 
positions, which are taken at equal time in
tervals. 

Types of sweeps - A horizontal sweep-volt
age waveshape such as that shown in Fig. 318 
is called a linear sweep, because the deflection 
in the horizontal direction is directly propor
tional to time. If the sweep were perfect, the 
"fly-back" time, or time taken for the spot to 
return from the end (H) to the beginning (I or 
A) of the horizontal trace would be zero, so that 
the line HI would be perpendicular to the axis 
Y-Y'. Although the fly-back time cannot be 
made zero in practicable sweep-voltage gener
ators, it can be made quite small in comparison 
to the time of the desired trace AH, at least at 
most frequencies within the audio range. The 
fly-back time is somewhat exaggerated in Fig. 
318 to show its effect on the pattern. The line 
H'I' is called the return trace; with a linear 
sweep it is less brilliant than the pattern be
cause the spot is moving much more rapidly 
during the fly-back time than during the time 
of the main trace. If the fly-back time is short 
enough the return trace will be invisible. 

The linear sweep has the advantage that it 
shows the shape of the wave applied to the 
vertical plates in the same way in which it is 
usually represented graphically (§  2-7). By 
making the sweep time equal to a multiple of 
the time of one cycle of the a.c. voltage applied 
to the vertical plates, several cycles of the 
vertical or signal voltage will appear in the 
pattern. The shape of only the last cycle to 
appear will be affected by the fly-back in such 
a case. Although the linear sweep is generally 
most useful, other waveshapes may be desira
ble for certain purposes. The shape of the pat
tern obviously will depend upon the shape of 
the horizontal sweep voltage. If the horizontal 
sweep is sinusoidal, the main and return sweeps 
each occupy the same time, and the spot moves 
faster horizontally in t.he center of �he pattern 

than it does at the ends. If two sinusoidal volt
ages of the same frequency are applied to both 
sets of plates, the resulting pattern may be a 
straight line, an ellipse or a circle, depending 
upon the amplitude and phase relationships. 
If the frequencies are harmonically related 
( § 2-7) a stationary pattern will result, but 
if one frequency is not an exact harmonic of 
the other the patte.rn will show continuous 
motion. This is also the case when a linear 
sweep circuit is used; the sweep frequency 
and the frequency under observation must be 
harmonically related or the pattern will not be 
stationary. 

Sweep circuits - A  sinusoidal sweep is easi
est to obtain, since it is possible to apply a.c. 
voltage from the power line directly or through 
a suitable transformer to the horizontal plates. 
A variable voltage divider can be used to regu
late the width of the horizontal trace. 

A typical circuit for a linear sweep is shown 
in Fig. 319. The tube is a gas tri-,de or grid
control rectifier (§ 3-5). The breakdown volt
age, or plate voltage at which the tube ionizes 
and starts conducting, is determined by the 
grid bias. When plate voltage is applied, the 
voltage across Ci rises, as it acquires a charge 
through R1, until the breakdown voltage is 
reached, when the condenser discharges rapidly 
through the comparatively low plate-cathode 
resistance of the tube. When the voltage drops 
to a value too low to maintain plate-current 
flow, the ionization is extinguished and C1 

once more charges through R1. If R1 is large 
enough, the voltage across C1 rises linearly 
with time up to the breakdown point. This 
voltage is used for the sweep, being coupled to 
the cathode-ray tube or to an amplifier through 
Ct. The fly-back is the time required for dis
charge through the tube, and to keep it small 
the resistance during discharge must be as low 
as possible. 

To obtain a stationary pattern, the "saw
tooth" frequency can be controlled by varying 
C1 and R1, and by introducing some of the 
voltage to be observed (on the vertical plates) 
into the grid circuit of the tube. This voltage 
" triggers " the tube into operation in syn
chronism with the signal frequency. Synchro
nizing will occur even though the signal fre
quency is a multiple of the sweep frequency, 

Fi&. 319 - A linear &weep-oocillator cireuit. 
,......,===....--�'c-Output C, - 0.001 to 0.25 ,.fd. 

2 c, -0.5 ,.fd. Ca - 0.1 ,.fd. Sync. 
Volf-49e 

Rs 

-8 +8 
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C. - 25 i,Id., 25-volt electrolytic. 
R, -0.3 to 1.5 megohms. 
R2 -2000 ohms. R, - 25,000 ohms. 
Ra -0.25 megohm. R6 -0.1 megohm. 

"B" supply 1hould deliver 300 volta. C, and R, are 
proportioned to give 1uitable sweep frequency; tho 
higher the time constant ( I 2-0) the lower the frequency. 
R, i• a protective reoistor to limit grid�urrent ffow dur
in1 the deionising period, when poeifrre ioaa are at
tracted to the ne1atisre grid. 

c .. 



provided the circuit constants and the ampli
tude of the synchronizing voltage are properly 
adjusted. 

The voltage output of the type of circuit 
shown in Fig. 319 is limited because the charg
ing rate of the condenser is linear only on that 
portion of the logarithmic charging curve 
( § 2-6) whi�h is practically a straight line. A 
linear charging rate over a longer period of 
time can be secured by substituting a current
limiting device, such as a properly-adjusted 
vacuum tube, for R,. 

A.mpUfiera - The usefulness of the oscil
loscope is enhanced by providing amplifiers for 
both the horizontal and vertical sweep volt
ages, thereby insuring that sufficient voltage 
will be available at the deflection plates to give 
a pattern of suitable size. With small oscillo
scope tubes (3-inch and smaller screens) the 
voltage required for a deflection of one inch 
varies from about 30 to 100 volts, depending 
upon the anode voltages, so that an amplifier 
tube capable of an undistorted peak output 

voltage of 100 or so is necessary. (With such an 
amplifier the voltage difference, or total volt
age "swing", between the positive and nega
tive peaks is 200 volts.) A resistance-coupled 
voltage amplifier (§ 3-3) having a pentode tube 
is ordinarily used because of the high stage 
gain obtainable, and the amplifier should be 
designed to have good frequency response over 
as wide a range of audio frequencies as possible 
(§ 5-9). Since a voltage gain of 100 to 150 or 
more is readily obtainable, full deflection of 
the beam can be secured with an input of one 
volt or less with such an amplifier. 

Constructional conaiderotiona - An os
cilloscope should be housed in a metal cabinet, 
both to shield the tube from stray electromag
netic and electrostatic fields which might de
flect the beam, and also to protect the operator 
from the high voltages associated with the 
tube. It is good practice to provide an inter
lock switch which automatically disconnects 
the high-voltage supply when the cabinet is 
opened for servicing or other reasons. 

C H A P T E R  T H R E E  57 



C H A PT E R  FOIJB 

e 4-1 TRANSMl'ITER REQUIREMENTS 
General Requirements - The power out

put of a transmitter must be as stable in fre
quency and as free from spurious radiations as 
the state of the art permits. The steady r.f. 
output, called the carrier (§ 5-1), must be free 
from amplitude variations attributable to rip
ple from the plate power supply (§ 8-4) or 
other causes, its frequency should be unaf
fected by variations in supply voltages or in
advertent changes in circuit constants, and 
there should be no radiations on other than 
the intended frequency. The degree to which 
these requirements can be met depends upon 
the operating frequency. 

Design principles - The design of the 
transmitter depends on the output frequency, 
the required power output, and the type of 
operation (c. w. telegraphy or 'phone). For 
c.w. operation at low power on medium-high 
frequencies (up to 7 Mc. or so) a simple crystal 
oscillator circuit can meet the requirements 
satisfactorily. However, the stable power out-

. put which can be taken from an oscillator is 
limited, so that for higher power the oscillator 
is used simply as a frequency-controlling ele
ment, the power being raised to the desired 
level by means of amplifiers. The requisite fre
quency stability can be obtained only when 
the oscillator is operated on relatively low fre
quencies, so that for output frequencies up to 
about 60 Mc. it is necessary to increase the os
cillator frequency by multiplication (harmonic 
generatio11 - § 3-3), which is usually done at 
fairly low power levels and before the final 
amplification. An amplifier which delivers 
power on the frequency applied to its grid cir
cuit is known as a straight amplifier; one which 
gives harmonic output is known as a frequency 
multiplier. An amplifier used principally to 
isolate the frequency-controlling oscillator 
from the effects of changes in load or other va
riations in following amplifier stages is called a 
buffer amplifier. A complete transmitter there
fore may consist of !n oscillator followed by 
one or more buffer amplifiers, frequency multi
pliers, and straight amplifiers, the number 
being determined by the output frequency and 
power in relation to the oscillator frequency 
and power. The last amplifier is called the final 
amplifier, and the stages up to the last com
prise the e:uiter. Transmitters are usually de-
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signed to work in a number of frequency bands, 
so that means for changing the frequency of 
resonant circuits in harmonic steps usually is 
provided, generally by means of plug-in in
ductances. 

The general method of designing a transmit
ter is to decide upon the power output and the 
highest output frequency required, and also 
the number of bands in which the transmitter 
is to operate. The latter usually will determine 
the oscillator frequency, since it is general 
practice to set the oscillator on the lowest fre
quency band to be used. The oscillator fre
quency is seldom higher than 7 Mc. except in 
some portable installations where tubes and 
power must be conserved. A suitable tube (or 
pair of tubes) should be selected for the final 
amplifier and the grid· driving power required 
determined from the tube manufacturer's data. 
This sets the power required from the preced
ing stage. From this point the same process is 
followed back to the oscillator, including fre
quency multiplication wherever necessary. 
The selection of a suitable tube complement 
requires knowledge of the operating ·character
istics of the various types of amplifiers and os
cillators. These are discussed in the following 
sections. 

At 112 Mc. and above the ordinary methods 
of transmitter design become rather cumber
some, although it is possible to use them with 
proper choice of tubes and other components. 
However, in this ultra-high-frequency (§ 2-7) 
region the requirements imposed are less se
vere, since the limited transmission range 
(§ 9-5) mitigates · the interference conditions 
that determine the requirements on the long
distance lower frequencies. Hence simple os
cillator transmitters are widely used. 

Vacuum tubes - The type of tube used in 
the transmitter has an important effect on the 
circuit design. Tubes of high power sensitivity 
( § 3-3) such as pentodes and beam tetrodes, 
give larger power amplification ratios per stage 
than do triodes, hence fewer tubes and stages 
may be used to obtain the same output power. 
On the other hand, triodes have certain oper
ating advantages such as simpler power sup
ply circuits and relatively simpler adjustment 
for modulation (§ 5-3), and in addition are 
COI\Siderably less expensive for the same power 
output•rating. Consequently it is usually more 

' 

• 
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economical to use triodes as output amplifiers 
even though an extra low-power amplifier 
stage may be necessary. 

At frequencies in the region of 56 Mc . and 
above it is necessary to select tubes designed 
particularly for operation at ultra-high fre
quencies, since tubes built primarily for the 
lower frequencies may work poorly or not at 
all. 

e4-2 SELF-CONTROLLBD 
OSCILLATORS 

Advantages and disadvantages - The 
chief advantage of a self-controlled oscillator 
is that the frequency of oscillation is deter
mined by the constants of the tuned circuit, 
and hence readily can be set to any desired 
value. However, extreme care in design and 
adjustment are essential to secure satisfactory 
frequency stability (§ 3-7). Since frequency 
stability is generally poorer as the load on the 
oscillator is increased, the self-controlled os
cillator should be used purely to control fre
quency and not for the purpose of obtaining 
appreciable power output, in transmitters in
tended for working below 60 Mc. 

Oscillator circuits - The inherent stability 
of all of the oscillator circuits described· in 
§ 3-7 is about the same, since stability is more 
a function of choice of proper circuit values and 
adjustment than of the method by which 
feedback is obtained. However, some circuits 
are more convenient to use than others, par
ticularly from the standpoint of feedback ad
justment, mechanical consideratione (whether 
the tuning condenser rotor plates can be 
grounded or not, etc.), and uniform output 
over a considerable frequency range. All sim
ple circuits suffer from the fact that the power 
output must be taken from the frequency
determining tank circuit, so that aside from 
the effect of loading on frequency stability, 
the following amplifier stage also can react on 
the oscillator in such a way as to change the 
frequency. 

The electron-coupled oscillator - The 
effects of loading and coupling to the next 
stage can be greatly reduced by use of the 
electron-coupled circuit, in which a screen-grid 
tube (§ 3-5) is so connected that its screen 
grid is used as a plate, in connection with the 
control grid and cathode, in an ordinary 
triode oscillator circuit. The screen is operated 
at ground r. f. potential (§ 2-13) to act as a shield 
between the actual plate and the cathode and 
control grid; the latter two elem�nts must 
therefore be·above ground potential. The ou� 
put is taken from the plate circuit. Under these 
conditions the capacity coupling (§ 2-11) be
tween the plate and other ungrounded tube 
elements is quite . small, hence the output 
power is secured almost entirely by variations 

-M.V. + 

Fig. 401 - Electron-coupled oscillator circuit. For 
maximum 11ability tbe grid leak, R,, obould be 100,000 
ohms or more. The grid condenser should be of the order 
of 100 ,.,.Cd., other find condenoero from 0.002 ,.fd. to 
0.1 ,.Cd. Proper values for R2 and Ra may be determined 
from 1 8-10. For maximum isolation between 08Cillator 
and output circuit.A, the tube ohould have extremely 
low grid-plate capacity. 

in the plate current caused by the varying 
potentials on the grid and cathode. Since in a 
screen-grid tube the plate voltage has a rela
tively small effect on the plate current, the re
action on the oscillator frequency for different 
conditions of loading is small. 

It is generally most convenient to use a 
Hartley (§ 3-7) circuit in the frequency-deter
mining part of the oscilla.tor. This is shown in 
Fig. 401, where L1C, is the oscillator tank cir
cuit. The scree.:: is grounded for r.f. through a 
by-pass condenser (§ 2-13) but has the usual 
d.c. potential. The cathode connection is made 
to a tap on the tank coil to provide feedback. 
In the plate circuit a resonant circuit, L.C2, • 
can be connected as shown at A; it may be 
tuned either to the oscillation frequency or to 
one of its harmonics. Untuned output coupling 
is shown at B; with this method the output 
voltage and power are considerably lower than 
with a tuned plate circuit, but better isolation 
between oscillator and amplifier is secured. 

If the oscillator tube is a pentode with an 
external suppressor connection the suppressor 
grid should be grounded, not connected to 
cathode. This provides additional internal 
shielding and further isolates the plate from 
the freq uency-deterrnining circuit. 

Factors influencing stability - The causes 
of frequency instability and the necessary 
remedial steps have been discussed in § 3-7. 
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These apply to all oscillators. In addition, 
in the electron-coupled oscillator the ratio of 
plate to screen voltage has an important ef
fect on the stability with ehanges in supply 
voltage; the optimum ratio js generally of the 
order of 3:1  but should be determined experi
mentally for each case. Since the cathode is 
above ground potential, means should be taken 
to reduce the effects of heater-to-cathode
ce.pacitance or leakage, which by allowing a 
small a.c. voltage from the heater supply to 
develop between cathode and ground may 
cause modulation (§ 4-1) at the supply fre
quency. This effect, which is usually appre
ciable only at 14 Mc. ind higher, may be 
reduced by by-passing of the heaters as indi
cated in Fig. 401 or by operating the heater at 

' the same r.f. potential as the cathode. The lat-

.-i 
Fil. 

Fig. 402 - Method of operating the beater at cathode 
r.f. potential in an electron.,,.,upled oscillator. Lo should 
have the same number of turns as the parl of L, between 
ground and the eathode tap, and should be closely 
coupled to L1 (preferably interwound). By.pa88 con
denser C should be 0.01 to 0.1 ,.rd. 

ter may be accomplished by the wiring ar
rangement shown in Fig. 402. 

Tank circuit Q - The most important 
single factor in determining frequency stabil
ity is the Q of the oscillator tank circuit. The 
effective Q must be as high as possible for best 
stability. Since oscillation is accompanied by 
grid-current flow, the grid-cathode circuit 
constitutes a resistance of load of appreciable 
proportions, the effective resistance being low 
enough to be the determining factor in estab
lishing the effective parallel impedance of the 
tank circuit. Consequently, if the ends of the 
tank are connected to plate and grid, as is 
usual, a high effective Q can be obtained only 
by decreasing the L/C ratio and making the 
inherent resistance in the tank as low as pos
sible. The tank resistance can be decreased by 
using low-loss insulation on condensers and 
coils, and by winding the coil with large wire. 
With ordinary construction the optimum tank 
capacity is of the order of 500 to 1000 µµid. at 
a frequency of 3.5 Mc. 

The effective circuit Q can be rair-:Jd by in-
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creasing the resistance of the grid circuit and 
thus decreasing the loading. This can be ac
complished by reducing the oscillator grid 
current, by using minimum feedback to main
tain stable oscillation and by using a high value 
of grid-leak resistance. 

A high-Q tank circuit can also be obtained 
with a higher L/C ratio by "tapping down " 
the tube connections on the tank (§ 2-10) . 
This is advantageous in that a coil with higher 
inherent Q can be used; also, the circulating 
r.f. current in the tank circuit is reduced so 
that drift from coil heating is decreased. How--
ever, the circuit is complicated to some extent 
and. the taps may cause parasitic oscillations 
to be set up (§ 4-10). 

Plate supply - Since the oscillator fre
quency will be affected to some extent by 
changes in plate supply voltage, it is necessary 
that the latter be free from ripple (§ 8-4) which 
would cause frequency variations at the ripple
frequency rate (frequency modulation). It is also 
advantageous to use a voltage-stabilized power 
supply ( § 8-8). Since the oscillator is usually 
operated at low voltage and current, gaseous 
regulator tubes are quite suitable. 

Power level - The self-controlled oscillator 
should be designed purely for frequency con
trol and not to give appreciable power output, 
hence small tubes of the receiving type may be 
use<l. The power input is ordinarily not more 
than a watt or two, subsequent buffer ampli
fiers being used to incre:.ise the power to the 
desired level. The use of receiving tubes is 
advantageous mechanically, since the small 
elements are less susceptible to vibrat.ion and 
are usually securely braced to the envelope. 

OscillaU>r adjustn-wnt - The adjustment 
of an oscillator consists principally in observ
ing the design principles outlined in the pre
ceding paragraphs. Frequency stability should 
be checked with the aid of a stable receiver, or 
an auxiliary crystal oscillator may be used as a 
standard for checking dynamic stability and 
drift, the self-controlled oscillator being ad
justed to approximately the same frequency 
so that an audio-frequency beat (§ 2-13) can 
be obtained. H it is possible to vary the oscil
lator plate voltage (an adjustable resistor of 
50,000 or 100,000 ohms in series with the plate 
supply lead will give considerable variation) 
the change in frequency with change in plate 
voltage may be observed and the operating 
conditions varied until minimum frequency 
shift results. The principal factors affecting 
dynamic stability will be the tank circuit 
L/C ratio, the grid-leak resistance, and the 
amount of feedback. In the electron-coupled 
circuit the latter may be adjusted by changing 
the position of the cathode tap on the tank 
coil; this adjust·ment is quite important in its 
effect on the frequency stability. 



Drift may be checked by allowing the oscil
lator to operate continuously from a cold start, 
the frequency change being observed at reg
ular intervals. Drift may be minimized by us
ing less than the rated power input to the plate 
of the tube, by construction which prevents 
tube heat from reaching the tank circuit ele
ments, and by use of large wire in the tank coil 
to reduce temperature rise from internal beat
ing. 

In the electron-coupled oscillator having a 
tuned plate circuit (Fig. 401-A) resonance at 
the fundamental and harmonic frequencies of 
the oscillator portion of the tube will be indi
cated by a dip in plate current as the plate 
tank condenser is varied. This dip should be 
rather marked at the fundamental, but will be 
less so on harmonic frequencies. 

e 4-3 P.IEZO-HLBCTBIC CBYST A.LS 
Choracteriatic11 - Piezo-electric crystals 

(l 2-10) are universally used for controlling 
the frequency of transmitting oscillators be-

. cause the extremely high Q of the crystal and 
the necessarily loose coupling between it and 
the oscillator tube make the frequency stabil
ity of a crystal-controlled oscillator very high. 
Active plates may be cut from a raw crystal at 
various angles to its electrical, mechanical and 
optical axes, resulting in differing characteris
tics as to thickness, frequency-temperature 
coefficient, power-handling capabilities, etc. 
The commonly used cuts are designated as 
X, Y, AT, V, and LD. 

The ability to adhere closely to a known fre
quency is the outstanding characteristic of a 
crystal oscillator. This is also its disadvan
tage, in that the oscillator frequency can be 
changed appreciably only by using a number 
of crystals. 

Frequency-thickne1111 ratio - Crystals 
used for transmitting purposes are so cut 
that the thickness of the crystal is the fre
quency-determining factor, the length and 
width of the plate being of relatively minor im
portance. For a given crystal cut, the ratio 
between thickness and frequency is a con
stant; that is, 

F = .!:_ 
t 

where F is the frequency in megacycles and t 

is the thickness of the crystal in thousandths 
of an inch. For the X-cut, k = 112.6; for the 
Y-cut, k = 77.0; for the AT-cut, k - 66.2. 

At frequencies above the 7-Mc. region the 
crystal becomes very thin and correspondingly 
fragile, so that crystals are seldom manufac
tured for operation much above this frequency. 
Direct crystal control on 14 and 28 Mc. is se
cured by use of "harmonic" crystals, which 
are ground to be active oscillators when ex-

f<aJio-:J.n'l'"ncg- Powt1r (}t1nt1ralion 

cited at the third harmonic of the frequency 
represented by their thickness. 

Temperature coefficient of frequency
The resonant frequency of a crystal will vary 
with its temperature, to an extent depending 
upon the type of cut. The frequency-tempera
ture coefficient is usually expressed in cycles 
frequency change per megacycle, per degree 
Centigrade temperature change, and may be 
efther positive (increasing frequency with in
creasing temperature) or negative (decreasing 
frequency with increasing temperature). X-cut 
crystals have a negative coefficient of 15 to 25 
cycles/megacycle/degree C. The coefficient of 
Y-cut crystals , may vary from - 20 cycles/ 
megacycle/degree C. to + 100 cycles/mega
cycle/degree C. The AT, V and LD cuts have 
very low coefficients. Y-cut crystals frequently 
"jump" to another frequency when the tem
perature is changed rather than gradually 
changing frequency as the nominal coefficient 
might indicate, and hence are rather unre
liable under temperature variations . 

The temperature of a crystal depends not 
only on the temperature of its surroundings 
but also on the power it must dissipate while 
oscillating, since power dissipation causes 
heating ( §  2-6, 2-8). Consequently the crystal 
temperature may be considerably above that 
of the surrounding air when the oscillator is in 
operation. To minimize heating and fre(iuency 
drift ( §  3-7) the power used in the crystal must 
be kept to a minimum. 

Power limitations - If the crystal is made 
to oscillate too strongly, as when it is used in 
an oscillator circuit with high plate voltage 
and excessive feedback, the amplitude of the 
mechanical vibration will become great enough 
to crack or puncture the quartz. An indication 
of the vibration amplitude can be obtained by 
connecting an r.f. current indicating device of 
suitable range in series with the crystal. Safe 
r.f. crystal currents range from 50 to 200 mil
liamperes, depending upon the type of cut. A 
flashlight bulb or dial light of equivalent our
rent rating makes a good current indicator. By 
choosing a bulb of lower rating than the cur
rent specified by the manufacturer aa safe for 
the particular type of crystal used, the bulb 
will serve as a fuse, burning out before a cur
rent dangerous to the crystal is reached. The 
60-ma. and 100-ma. bulbs are frequently used 
for this purpose. High crystal current is ac
companied by increased power dissipation and 
heating, so that the frequency change also is 
greatest when the crystal is overloaded. 

Crystal mountings - To make use of the 
crystal, it must be mounted between two metal 
electr11des. There are two types of mountings, 
one having a small air-gap between the top 
plate and the crystal and the other maintaining 
both plates in contact with the crystal. It is es-
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sential that the surfaces of the metal plates in 
contact with the crystal be perfectly flat. In 
the air-gap type of holder, the frequency of 
oscillation depends to some extent upon the 
size of the gap. This property can be used to 
advantage with most low-drift crystals so that 
by using a holder having a top plate with 
closely a.djustable spacing a controllable fre
quency variation can be obtained. A 3.5-Mc. 
crystal will oscillate without very great vari
ation in power output over a range of about 5 
kc. X- and Y-cut crystals are not generally 
suitable for this type of operation because they 
have a tendency to "jump" in frequency with 
different air gaps. 

A holder having a heavy metal bottom plate 
with a large .surface exposed to the air is ad
vantageous in radiating quickly the heat gen
erated in the crystal and thereby reducing 
temperature effects. Different plate sizes, 
pressures, etc., will cause slight changes in 
frequency, so that if a crystal is being ground 
to an exact frequency it should be tested in the 
holder and with the same oscillator circuit with 
which it will be used in the transmitter. 

e 4-4 CR'l'STAL OSCILLATORS 

Triode oscillators - The triode crystal os
cillator circuit (§ 3-7) is shown in Fig. 403. 
The limit of plate voltage that can be used 
without endangering the crystal is about 250 
volts. With the r.f. crystal current limited to a 
safe value of about 100 ma., the power output 
obtainable is about 5 watts. The oscillation 
frequency is dependent to some extent on the 
plate tank tuning because of the change in in
put capacity with changes in effective ampli
fication ( § 3-3). 

Tetrode and pentode oscillators - Since 
the power output of a crystal oscillator is lim
ited by the permissible r.f. crystal current 
( § 4-3), it is advantageous ·to use an oscillator 

-8 +B 

Fi&. 403 - Triode cryetal oeciUator. The tank con
denser C1 may be a 100-µ,.{d. variable, with Lt propor
tioned eo that the tank will tune to tbe crystal frequency. 
C2 •hould be 0.001 µ{d. or larger. The 1rid leak, R1, 
will vary with the type of tube; high-,. types take lower 
values, 2500 to 10,000 ohms, while medium and low-,. 
types take valuee of 10,000 to 25,000 ohms. F'lasbligbt 
bulb or r.{. milliammetcr (f 4-3) may be inserted at X. 
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tube of high power sensitivity (§ 3-3), such as 
a pentode or beam tetrode (§ 3-5). Thus for a 
given crystal voltage or current more power 
output may be obtained than with the triode 
oscillator, or for a given output the crystal 
voltage will be lower, thereby reducing crystal 
heating. In addition, tank circuit tuning and 
loading react less on the crystal frequency be
cause of the lower grid-plate capacity (§  3-3). 

Fig. 404 shows a typical pentode or tetrode 
oscillator circuit. The pentode and tetrode 
tubes designed for audio power work are ex
cellent crystal-oscillator tubes. The screen 
voltage is generally of the order of hall the 
plate voltage for optimum operation. Small 
tubes rated at 250 volts for audio work may be 

Xta.l 

-8 +S.G. +8 

Fig. 404 - Tetrode or pentode crystal oscillator. 
Typical values: C1, 100 ,.,.Id. with L wound to suit fre. 
quency; C2, Ca, 0.001 ,.Id. or ·larger; C., 0.01 ,.Id.; R,, 
10,000 to 50,000 ohms, beet value being determined by 
trial for tbe plate voltage and operating conditions 
cho.eu; R2, 250 Lo 400 ohms. R, and C. may be omitted, 
connecting calhode directly to ground, if plate voltage is 
limited to 250 volts. C. (if needed) may be formed by 
two metal plates about ½ inch square spaced about ¼ 
inch. If the tube has a &uppre•sor grid, it should be 
1rounded. X indicatC8 point where fla•hlight bulb may 
be in.cried ( i 4-3). 

operated with 300 volts on the plate and 
100-125 on the screen as crystal oscillators. 
The screen is at ground potential for r.f. and 
has no part in the operation of the circuit 
other than to set the operating characteristics 
of the tube. The larger beam tubes may be 
operated at 400 to 500 volts on the plate and 
250 on the screen for maximum output. 

Pentode oscillators operating at 250 to 300 
volts will give 4 or 5 watts output under nor
mal conditions. The beam types 6L6 and 807 
will give 15 watts or more at maximum plate 
voltage. 

The grid-plate capacity may be too low to 
give sufficient feedback, particularly at the 
lower frequencies, in which case a feedback 
condenser, C,, may be required. Its capacity 
should be the lowest value which will give 
stable oscillation. 

Circuit constants - Typical values for 
grid-leak resistance and by-pass condenser 
values are given ill Figs. 403 and 404. Since the 

L 
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Fi,. 405 - D.c. plate 
current "'"· plate tuning 
capacity with the triode, 
tetrode or pentode cryatal 
oecillator. • 

crystal is the frequency-determining element, 
the Q of the plate tank circuit has a relatively 
minor effect on the oscillator frequency. A Q 
of 12 ( § 4-8) is satisfactory for average condi
tions, but departure from this figure will not 
greatly affect the performance of the oscillator. 

Adjustment of crystal oscillators - The 
tuning characteristics and procedure to be fol
lowed in tuning are essentially the same for 
triode, tetrode or pentode crystal oscillators. 
Using a plate milliammeter as an indicator 
of oscillation (a 0-100 ma. d.c. meter will have 
ample range for all low-power oscillators), the 
plate current will be found to be steady when 
the circuit is in the non-oscillating state, but 
will dip when the plate condenser is tuned 
through resonance at the crystal frequency. 
Fig. 405 is typical of the behavior of plate cur
rent as the tank condenser capacity is varied. 
An r.f. indicator, such as a small neon bulb 
touched to the plate end of the tank coil, will 
sbow maximum at point A. However, when the 
oscillator is delivering power to a load it is best 
to operate in the region B-C, since the oscillator 
will be more stable and there is less likelihood 
that a. slight change in loading will throw the 
circuit out of oscillation, which is likely to hap
pen when operation is too near the critical 
point, A. The crystal current is lower in the 
B-C region. 

When power is ta.ken from the oscillator, the 
dip in plate current is less pronounced, as in
dicated by the dotted curve. The greater the 
power output the smaller the dip in plate cur
rent. If the load is ma.de too great, oscillations 
will not start. Loading is adjusted by varying 
the coupling to the load circuit (§ 2-11) . 

The greater the loading, the smaller the volt
age fed ha.ck to the grid circuit for excitation 
purposes. This means that the r.f. voltage 
a.cross the crystal also will be reduced, hence 
there is less crystal heating when the oscillator 
is delivering power than when opera.ting un
loaded. 

Failure of a crystal circuit to oscillate may 
be ca.used by any of the following: 

1. Dirty, chipped or fractured crystal 
2. Imperfect or unclean holder surfaces 
3. Too tight coupling to load 
4. Plate tank circuit not tuning correctly 
6. Insufficient feedback capacity 
Pierce oscillator - This circuit is shown in 

Fig. 406. It is equivalent to the ultraudion cir-
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cuit ( § 3-7) with the crystal replacing the 
tuned circuit. The output of the Pierce oscil
lator is relatively small, although it has the ad
vantage that no tuning controls a.re required. 
The circuit requires capacitive coupling to a 
following stage. The a.mount of feedback is de
termined by the condenser C2. To sust.ain 
oscillation the net res.eta.nee ( § 2-8) of the 
plate-cathode circuit must be capacitive; this 
condition is met so long as the inductance of 
the r.f. choke, together with the inductance 
of any coils associated with the input circuit 

RFC 

-fl . 
200 - 300 

VOlT3 

Fi1. 406 - Pierec oacillator circuit. Tuhee euch ae the 
6C5 and 6F6 are euitahle, operating at plate voltaree 
not exceeding 300 to prevent cryatal fracture. When a 
triode io uM!d, Rs and C. are omitted. R, ebould he 
25,000 to 50,000 ohmo. 1000 ohms is recommended for 
R2. Ro � the screen voltage dropping resistance (75,000 
ohmo for the 6F6). C1 may have any value between 
0.001 and 0.01 µ[d. C. and C. should be 0.01 µfd. C2, 
the regeneration capacity., must be dctennined by ex
periment; uoual values are between 50 and 150 µµfd. 
The capacity of C., usually 100 µµfd., ehould he ad
juoted so that the oecillator � not overloaded. 

of the following stage and the tube and stray 
capacities, forms a. circuit tuned to a lower 
frequency than that of the crystal. 

e 41-5 BABMONlc-Glffll"ERATING 
CRYSTAL OSCl.llATORS 

Tri-tet oscillator - The Tri-tet oscillator 
circuit is shown in Fig. 407. In this circuit the 
screen grid is operated at ground potential 
and the cathode at an r.f. potential above 
ground. The screen-grid acts as the a.node of a 
triode crystal oscillator, while the plate or out
put circuit is tuned to the oscillator frequency 
or, for harmonic output, to a multiple of it. 

Besides harmonic output, the Tri-tet circuit 
has the "buffering" feature of electron-coup
ling between crystal and output circuits 
( § 4-2) . This makes the crystal frequency less 
susceptible to changes in Joa.ding cir tuning and 
hence improves the stability. 

If the output circuit is to be tuned to the 
same frequency as the crystal, a tube having 
low grid plate capacity (§ 3-2, 3-5) must. be 
used, otherwise there may be excessive feed
back and danger of fracturing the crystal. 

The cathode tank circuit, L1C1 , is not tuned 
to the frequency of the crystal, but to a oon-

CH A P T E R F O U R 63 

l..ctz,m/ 

� 1/nl.y,
)

, (t , 
I 

a I � ,• 

� 
A 

-



• 

-a +SUR +'4- +I 

-8 +S.G. +8 

Fig. 487 - Tri-tel oocillator circuit, using peotodes 
(A) or beam tetrodes (B). C1 and C2, 200-"�d. vari
able; Ca. C., C., Ce, 0.001 to 0.01 �d., not critical; 
R1, 20,000 to 100,000 ohma; fu, 400 ohm, for 400- or 
500-volt operation. 

Following specifications for cathode coilo, Lt, are 
based on a coil diameter ofl ½ inches and length 1 incb; 
turns obould be opaced evenly to fill tl,e required length. 
For 1.75-Mc. cryotal, 32 turns; 3.5 Mc., 10 turno, 7 
Mc., 6 turna. The ocreeo should be operated at 250 volte 
or Iese. Audio beam tetrodea ouch as tbe 6L6 and 6L6G 
ohould be used only for occood-harmonic output. Flash
light bulb may be inoerted at X (§ 4-3). 

The L-C ratio in the plate tank, L.C., should be 
ad,iuoted eo that the capacity in uoe is 75 to 100 ""fd. 
for fundamental output and about 25 "�d. for occond 
harmonic output. 

siderably higher frequency. Recommended 
values for L1 are given under the diagram. C1 
should be set as near minimum capacity as is 
consistent with good output. This reduces the 
crystal voltage. 

With pcntode-type tubes having separate 
suppressor connections, the suppressor may be 
connected directly to ground or may be oper
ated at about 50 volts positive. The latter 
method will give somewhat higher output than 
with the suppressor connected to ground. 

With transmitting. pentodes or beam tubes 
operated at 500 volts on the plate an output of 
15 watts can be obtained on the fundamental 
and very nearly as much on the second har
monic. 

Grid-plate oscillator - In the grid-plate 
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oscillator, Fig. 408, the crystal is connected be
tween grid and ground and the cathode tuned 
circuit CsRFC. is tuned to a lower frequency 
than that of the crystal. This circuit gives high 
output on the fundamental crystal frequency 
with low crystal current. The output on even 
harmonics (2nd, 4th, etc.) is not as great as 
that obtainable with the Tri-tet, but the out-

xw 

It 
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Fig. 488 - Grid-plate crystal oocillator circuit. 1n 
the cathode circuit, RFC is a 2.5-mh. r.f. choke. Other 
conotanto are the aame as in Fig. 506. X indicates point 
where cryotal..:urreot indicator may be inoerted 
(§ 4-3). 

put on odd harmonics (3rd, 5th, etc.) is ap
preciably better. 

If harmonic output is not needed, C1 may be 
a fixed capacity of 100 µµfd. The cathode coil, 
RFC, may be a 2.5-mh. choke, since the in
ductance is not critical. 

Output power of 15 to 20 watts may be ob
tained at the crystal fundamental with a tube 
such as the 6L6G at plate and screen voltages 
of 400 and 250, respectively. 

Tuning and adjustment - The tuning pro
cedure for the Tri-tet oscillator is as follows: 
With the cathode tank condenser at about 
three-quarters scale, turn the plate tank con
denser until there is a sharp dip in plate cur
rent, indicating that the plate circuit is in 
resonance. The crystal shculd be oscillating 
continuously regardless of the setting of the 
plate condenser. Set the plate condenser so 
that plate current .is minimum. The load cir
cuit may then be coupled and adjusted so 
that the oscillator delivers power. The mini
mum plate current will rise; it may be neces
sary to retune the plate condenser when the 
load is coupled to bring the plate current to a 
new minimum. Fig. 409 shows the typical be
ha vior of plate current with plate-condenser 
tuning. 

After the plate cir�t is adjusted and the 
oscillator is deliveri9· power, the cathode 
condenser should be readjusted to obtain 
optimum power output. The setting should be 
as far toward the low-capacity end of the scale 
as is consistent with good output; it may, in 

• 



Fi,. 4()9 - D.c. plate 
current vs. plate tuning 
capacity �th the Tri-tet 
oecillator. 

-

TUNING CAPACITY 

fact, be desirable to sacrifice a little output if 
so doing reduces the current through the crys
tal and thus reduces heating. 

· For harmonic output the plate tank circuit 
is tuned to the harmonic instead of the funda
mental of the crystal frequency. A plate-cur
rent dip will occur at the harmonic. If the 
cathode condenser is adjusted for maximum 
output at the harmonic, this adjustment will 
usually serve for the fundamental as well. The 
crystal should be checked for evidence of ex-

+B -c 

AMP. 

+B -c 
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cessive heat.ing, the most effective remedy for 
which is to lower the plate and/or screen volt
age, or to reduce the loading. With this circuit 
maximum r.f. voltage across the crystal is de
veloped at maximum load so crystal heating 
should be checked with the load coupled. 

When a fixed cathode condenser is used in 
the grid-plate oscillator the plate tank circuit is 
simply resonated, as indicated by the plate
current dip, to the fundamental oz'a harmonic 
of the output frequency, loading being ad
justed to give optimum power output. If the 
variable cathode condenser is used, it should be 
set to give, by observation, the maximum 
power output consistent with safe crystal cur
rent. The variable condenser is chiefly useful in 
increasing the output on the third and higher 
harmonics; for fundamental operation the 
cathode capacity is not critical and the fixed 
condenser may be used. 

+ B  -c 

Fi,. 410 - Direct- or capacity-coupled driver and amplifier atages. Coupling condenser capacity may he from 
SO 11,.!d. to 0.002 ,.!d., not critical except when tapping the coils for control of excitation is not possible. Parallel 
plate feed to th�diiver and series 1rid feed to the amplifier may he substituted in any of the circuit& (1 3-7). 
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e -t-e INTEIIST AGE C:OIJPLING 
Requiremenu - The purpose of the inter

stage coupling system is to transfer, with as 
little energy loss as possible, the power devel
oped in the plate circuit of one tube (the dri_.) 
to the grid circuit of the following amplifier 
tube or frequency multiplier. The circuits in 
practical use are based on the fundamental 
coupling arrangements described in § 2-11. In 

the process Of power transfer, impedance trans
formation ( § 2-9) also is frequently necessary 
so that the proper erciting voltage and current 
will be available at the grid of the driven tube. 

Capacity coupling - Fig. '\10 shows several 
types of capacitive coupling. In each case, C 
is the coupling condenser. The coupling con
denser serves also as a blocking condenser 
(§ 2-13) to isolate the d.c. plate voltage of the 
driver from the grid of the amplifier. The cir
cuits of C and D are preferable when a bal
anced circuit is used in the output of the 
driver; instead of both tubes being in parallel 
across one side, the output capar.ity of the 
driver tube and the input capacity of the am
plifier are across opposite sides of the tank 
circuit, thereby preserving a better circuit bal
ance. The circuits of E and F are designed for 
coupling to a push-pull stage. 

In A, B, E and F, excitation is adjusted by 
moving the tap on the coil to provide an opti
mum impedance match. In E and F, the two 
grid taps should be maintained equidistant 
fi::om the center-tap on the coil. 

While capacitive coupling is simplest from 
the viewpoint of construction, it has certain 
disadvantages. The input capacity of the am
plifier is shunted across at least a portion of the 
driver tank coil. When added to the output 
capacity of the driver tube, this additional ca
pacity may be sufficient, in many cases, to 
prevent use of a desirable L/C ratio in circuits 
for frequencies above about 7 Mc. 

Unk coupling - At the higher frequencies 
it is advantageous in reducing the effects of 
tube capacities on the L/C ratio to use separate 
tank circuits for the driver plate and amplifier 

- grid, coupling the two circuits by means of a 
link (§ 2-11). This method of coupling also 
has some constructional advantages, in that 
separa_te parts of the transmitter may be con
structed. aa separate units without the neces
sity for running long leads at high r.f. potential. 

Circuits for link coupling are shown in Fig. 
411 . . The coupling ordinarily is by a turn or 
two of wire closely coupled to the tank induct
ance at a point of low r.f. potential such as the 
center of the coil of a balanced tank circuit, or 
the "ground" end of the coil in a single-ended 
circuit. The link line usually consists of two 
closely-spaced parallel wires; occasionally the 
wires are twisted together, but this usually 
causes undue losses at high frequencies. 
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Fit,. 411 - Link coupling betwe,:n driver and ampli-
fier. 

It is advisable to have some means of vary
ing the coupling between link and tank coils. 
The link coil may be arranged to be swung in 
relation to the tank coil or, when it consists of 
a large turn around the outside of the tank coil, 
can be split into two parts which can be pulled 
apart or closed somewhat in the fashion of a 
pair of calipers. If the tank coils are wound on 
forms, the link may be wound close to the main 
coil. 

With fixed coils, some adjustment of coup
ling can usually be obtained by varying the 
number of turns on the link. In general the 
proper number of turns for the link must be 
found by experiment. 

• 4-7 ft.II'. POWER AMPLl.ll'IEB 
CIRCUITS 

Tetrode and pentode amplifiers - When 
the input and output circuits of an r.f. ampli
fier tube are tuned to the same frequency, it 
will oscillate as a tuned-grid tuned-plate oscil- , 
lator unless some means is provided to elimi
nate the effects of feedback through the plate
to-grid capacity of the tube (§ 3-.5). In all 
transmitting r.f. tetrodes and pentodes, this 
capacity is reduced to a satisfactory degree by 
the internal shielding between grid and plate 
provided by the screen. Tetrod� and pentodes 
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designed for audio use (such as the 6L6, 6V6, 
6F6, etc.) are not sufficiently well screened for 
use as r.f. amplifiers without employing addi
tional means for nullifying the effect of the 
grid-pla.te capacity. 

Typical circuits of tetrode and pentode r.f. 
amplifiers are shown in Fig. 412. The high 
power sensitivity (§ 3-3) of pentodes and tet
rodes, however, makes them prone to self
oscillate with very small values of feedback 
voltage, so that particular care must be used 
to prevent feedback by means external to the 
tube itself. This calls for adequate isolation of 
plate and grid tank circuits to prevent unde
sired magnetic or capacity coupling between 
them. The r�quisite isolation can he secured 
by keeping the circuits well separated and 
mounting the coils so that magnetic coupling 
is minimized, or by shielding (§ 2-11). 

Triode amplifiers - The feedback through 
the grid-pla.te capacity of a triode cannot be 
eliminated in the tube itself, and therefore 
special circuit means, called neutralization, 
must be used to prevent oscillation. A prop
erly-neutralized triode amplifier then behaves 
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Fis, 412 -Teh-ode-pentode r.f. ampli6er circuita. 
C1 - 0.01 i,Jd.; C, - 0.001 i,Jd. or lar1er; C.-L - see 
' 4-8. 

In circuita for tetrod..-, the 1uppreat10r-1rid connec
tion and by-pa .. condenoer are omitted. 
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as though it were operating at very low fre
quencies where the grid-plate capacity feed
back is negligible (§ 3-3). 

Neutralisation - Neutralization amounts 
to taking some of the radio-frequency current 
from the output or input circuit of the am
plifier and introducing it into the other circuit 
in such a way that it effectively cancels th!' 
current flowing through the grid-plate capacity 
of the tube, thus rendering it impossible for the 
tube to supply its own excitation. For com
plete neutralization it is necessary that the two 
currents be opposite in phase ( §  2-7) and equal 
in amplitude. 

The out-of-phase current (or voltage) can be 
obtained quite readily by using a balanced 
tank circuit in either grid or plate, taking the 
neutralizing voltage from the end of the tank 
opposite that to which the grid or plate ie 
connected. The amplitude of the neutralizing 
voltage can be regulated by means of a small 
condenser, the neutralizing condenser, having 
the same order of capacity as the grid-plate 
capacity of the tube. Circuits in which the 
neutralizing voltage is obtained from a bal
anced grid tank and fed to the plate through 
the neutralizing condenser are termed grid
mmraliud circuits, while if the neutralizing 
voltage is obtained from a balanced plate tank 
&11d fed to the grid of the tube, the circuit is 
plate-mmraliud. 

Plate-neutrali..ed circuits - The circuits 
for plate neutralization are shown in Fig. 413 
at A, B and C. In A, voltage induced in the 
extension of the tank coil is fed back to the 
grid through the neutralizing condenser C,. to 
balance the voltage appearing between grid 
and plate. In this circuit the capacity required 
at C,. increases as the tank coil extension is 
made smaller; in general, neutralization is aat
isf actory over only a small range of frequencies 
since the coupling between the two sections of 
the tank coil · will vary with the amount of 
capacity in use at C. 

In B the tank coil is center-tapped to give 
equal voltages on either side of the center i&p, 
the tank condenser being across the whole coil. 
The neutralizing capacity is approximately 
equal to the grid-plate capacity of the tube in 
this case. A disadvantage of the circuit, when 
used with the single tank condenser shown, is 
that the rotor of the condenser is above ground 
potential and hence small capacity changes 
caused by bringing the hand near the tuning 
control (hand capacity) cause detuning. In gen
eral, neutralization is complete at only one 
frequency since the plate-cathode capacity of 
the tube is across only half the tank coil ; also, 
it is difficult to secure an exact center-tap. Both 
these cause unbalance which in turn causes the 
voltages across the two halves of the coil to 
differ when the frequency is changed. 
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Fif. 413 -Triode amplifier cin:uiu. Plate neutraliution is shown in A, B and C; D, E and F show typee o( 
grid neutralization. Either capacitive or link coupling may be used with circuiu of A, B or C. 
C-L -See t 4-8. C, - 0.01 ,.Cd. 
Co-Lo - Grid tank circuit. C, - 0.001 ,.!d. or larger. 
C1< - Neutralizing condensers. 

The circuit of C also uses a center-tapped 
tank circuit, the voltage division being secured 
by use of a balanced (split-stator) tank con
denser, the two condenser sections being iden
tical. C. is approximately equal to the grid
plate capacity of the tube. In this circuit the 
upper section of the tank condenser is in paral
lel with the output capacity of the tube, hence 
the circuit can be completely neutralized at 
only one setting of the tank condenser unless a 
compensating capacity (Fig. 414) is connected 
across the lower section. In practice, if the ca
pacity in use in the tank circuit is large com
pared to the plate-cathode capacity the unbal
ancing effect is not serious. 

Grid-neu.tralued circu.ita - Typical cir
cuits employing grid neutralization are shown 

Fif. 414 - Compenoating for capacity unbalance io 
the eiorJe-tube neutralizio1 circuit. C., the balancing 
capacity, should be variable and should have a maxi
mum capacity somewhat larger than the output ca
pacity of the tube. It is adjusted to minimize shift in 
neutralizin1 capacity at C. 11 the frequency is chaogod. 
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in Fig. 413 at D, E and F. The principle of bal
ancing out the feed-back voltage is the same as 
in plate neutralization. However, in these cir
cuits the fed-back voltage may either be in 
phase or out of phase with the excitation volt
age on the grid side of the input tank circuit 
(and the opposite on the other side) depending 
upon whether the tank is divided by means of 
a balanced condenser or a tapped coil. Cir
cuits such as those at D and E neutralized by 
ordinary procedure (described below) will be 
regenerative when the plate voltage is applied ; 
the circuit at F will be degenerative. In a'.ddi
tion, the normal unbalancing effects described 
in the preceding paragraph are present, so that 
grid .neutralizing is less satisfactory than the 
plate method. 

Inductive neu.tralisallion - With this type 
of neutralization inductive coupling between 
the grid and plate circuits is provided in such a 
way that the voltage induced in the grid coil by 
magnetic coupling from the plate coil opposes 
the voltage fed back through the grid-plate 
capacity of the tube. A representative circuit 
arrangement, using a coupling link to provide 
the mutual inductance (§ 2-11) is shown in 
Fig. 415. Ordinary inductive coupling between 
the two coils also could be used, but is less con
venient. Inductive neutralization is complete 
at only one frequency, since the effective mu
tual inductance changes to some extent with 
tuning, but is useful in cases where the grid
plate capacity of the tube being neutralized is 
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Fi/l. 415 - Inductive neutralizing circuit. Tbe link 
coils should have one nr two tum• and •bould be coupled 
to tbe grounded ends oftbe tank coils. Neutralization is 
adjusted by moving the link coils in relation to tbe tank 
coilas. Rc-.-ereal o( oonoecliooa to one of tbc coile m.ay be 
required to obtain the proper phasing. 

very small and suitable circuit balance cannot 
be obtained with circuits using neutralizing 
condensers. 

Push-pull neutraluation - With push
pull circuits two neutralizing condensers are 
used as shown in Fig. 416. In these circuits the 
grid-plate capacities of �he tubes and the neu-
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Fig. 416 -Push-pull triode amplifier circuits with 

"cro&8-oeutralisation." Either capacitive or link cou• 
plin1 may be used. 
C-L - See i 4-8. 
C. - Neutralizing condeooen. 
C, -0.01 iofd. 
Ct -0.001 i,fd. oc larger. 

tralizing capacities form a capacity bridge 
(§ 2-11) which is independent of the grid anc.l 
plate tank circuits. The neutralizing capacities 
are approximately the same as the tube grid
plate capacities. With electrically similar tubes 

and symmetrical construction (stray cirpacitilll' 
to ground equal on both sides of the circuit) 
the neutralization is complete and independent 
of frequency. A circuit using a balanced con
denser, as at B, is preferred since it is an aicl 
in obtaining good circuit balance. 

Frequency effects - The effects of slight 
dissymmetry in a neutralized circuit become 
more important as the frequency is raised, and 
may be sufficient at ultra-high frequencies (or 
even lower) to prevent good neutralization. At 
these frequencies the inductances and stray 
capacities of even short leads become impor
tant elements in the circuit, while input load
ing effects (§ 7-6) may make it impossible to 
get proper phasing, particularly in single-tube 
circuits. In such cases the use of a push-pull 
amplifier, with its general freedom from the 
effects of dissymmetry, is not only much to be 
preferred but may be the only type of circuit, 
which can be satisfactorily neutralized. 

Neutralizing conde=ers - In most cases 
the neutralizing voltage .will be equal to the 
r.f. voltage between the plate and grid of the 
tube so that for perfect balance the capacity 
required in the neutralizing condenser theoret
ically will be equal to the grid-plate capacity. 
If, in the circuits having tapped tank coils, the 
tap is more than half the total number of turns 
from the plate end of the coil, the required neu
tralizing capacity will increase approximately 
in proportion to the relative number of turns in 
the two sections of the coil. 

With tubes having grid and plate con
nections brought out through the bulb, a con
denser having at about half-scale or less e. ca
pacity equal to the grid-plate capacity of the 
tube should be chosen. If the grid and plate 
leads are brought through a common base, the 
capacity needed is greater because the tube 
socket and its associated wiring adds some ca
pacity to the actual inter-element capacities. 

When two or more tubes are connected in 
parallel, the neutralizing capacity required 
will be in proportion to the number of tubes. 

The voltage rating of neutralizing con
densers must at least equal the r.f. voltagt 
across the condenser plus the s'1m of the d.c. 
plate voltage and the grid-bias voltage. 

Neutralizing procedure - The procedure 
in neutralizing is essentially the same for all 
tubes and circuits. The filament of the tube 
should be lighted and the excitation from the 
preceding stage should be fed to the grid cir
cuit. There should be no plate voltage on the 
amplifier. 

The grid-circuit milliammeter makes a good 
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neutralizing indicator. If the circuit is not com
pletely neutralized, tuning of the plate tank cir
cuit through resonance will change the tuning of 
the grid circuit and affect its loading, causing a 
change in the rectified d.c. grid current. The 
setting-of the neutralizing condenser which 
leaves the grid current unaffected as the plate 
tank is tuned through resonance is the correct 
one. If the circuit is out of neutralization, the 
grid current will drop perceptibly as the plate 
tank is tuned through resonance. As the point 
of neutralization is 11,pproached, by adjusting 
the neutralizing capacity in small steps, the dip 
in grid current as the plate condenser is swung 
through resonance will become less and less 
pronounced until, at exact neutralization, there 
will be no dip at all. Further change of the neu
tralizing capacity in the same direction will 
bring the grid-current dip back. The neutraliz
ing condelll!er should always be adjusted with 
a screwdriver of insulating material to avoid 
hand-capacity effects. 

Adjustment of the neutralizing condenser 
may affect the tuning of the grid tank or driver 
plate tank, so both circuits should be retuned 
each time a change is made in neutralizing 
capacity. In neutralizing a push-pull amplifier, 
the neutralizing condensers should be adjusted 
together, step by step, keeping their capacities 
as equal as possible. 

With singlirended circuits having split-stator 
neutralizing, the behavior of the grid meter 
will depend somewhat upon the type of tube 
used. If the tube output capacity is not great 
enough to upset the balance, the action of the 
meter will be the same as in other circuits. 
With high-capacity tubes; however, the meter 
usually will show a gradual rise and fall as the 
plate tank is tuned through resonance, reach
ing a maximum right at resonance when the 
circuit is properly neutralized. 

When an amplifier is not neutralized, a neon 
bulb touched to the plate of the amplifier tube 
or to the plate side of the tuning ·condenser 
will glow when the tank circuit is tuned 
through resonance, providing the driver has 
sufficient power. The glow will disappear when 
the amplifier is neutralized. 

However, touching the neon bulb to such 
an ungrounded point in the circuit may intro-

+8 -+ C - +8 
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duce enough stray capacity to unbalance the 
circuit slightly, thus upsetting the neutralizing. 

A flashlight bulb connected in series with a 
single-turn loop of wire 2½ or 3 inches in 
diameter, with the loop coupled to the tank 
coil, will also serve as a neutralizing indicator. 
Capacitive unbalance can be avoided by 
coupling the loop to the low-potential part of 
the tank coil. 

Incomplete neutroluation. - If a setting 
of the neutralizing condenser can be found 
which gives minimum r.f. current in the plate 
tank circuit without completely eliminating it, 
there may be magnetic or capacity coupling 
between the input and output circuits external 
to the tube itself. Short leads in neutralizing 
circuits are highly desirable, and the input 
and output inductances should be so placed 
with respect to each other that magnetic 
coupling is minimized. Usually this requires 
that the axes of the coils should be at right 
angles to each other. In some cases it may be 
necessary to shield the input and output cir
cuits from each other. Magnetic coupling can 
be detected by disconnecting the plate tank , 
from the remainder of the circuit and testing 
for r.f. in it (by means of , the flashlight lamp 
and loop) as the tank condenser is tuned 
through resonance. The driver stage must be 
operating, of course. 

With single-ended amplifiers there are many 
stray capacities left uncompensated for in the 
neutralizing process. With large tubes, espe
cially those having relatively high interelec
trode capacities, these commonly neglected 
stray capacities can prevent perfect neutraliza
tion. Symmetrical arrangement of a push-pull 
amplifier is about the only way to obtain 
practically perfect balance throughout the am
plifier. 

The neutralization of tubes with extremely 
low grid-plate capacity, such as the 6L6, is 
often difficult, since it frequently happens that 
the wiring itself will introduce sufficient ca
pacity between the right points to "over
neutralize " the grid-plate capacity. The use 
of a neutralizing condenser only aggravates 
the condition. Inductive or link neutralization 
as shown in Fig. 415 has been used successfully 
with such tubes. 

Fi.g. 417 - IDYerted amplifier. The nwnber of 
turns at L ohould be adjmted by experiment to 
give optimum grid excitation to the ampli&er. 
By.pass condenser C may be 0.001 ,.Cd. or lar1er. 



The int1erted ampUfier - The circuit of 
Fig. 417 avoids the necessity for neutralization 
by operating the control grid of the tube at 
ground potential, thus making it serve as a 
shield between the input and output circuits. 
It is particularly useful with tubes of low 
grid-plate capacity which are difficult to neu
tralize by ordinary methods. Excitation is ap
plied between grid and cathode through the 
coupling coil L; since this coil is common to 
both the plate and grid circuits the amplifier 
is degenerative with the circuit constants 
normally used, hence more excita�ion voltage 
and power are required for a given output than 
is the case with a neutralized amplifier. The 
tube used must have low plate-cathode ca
pacity (of the order of 1 µµfd. or less) since 
larger values will give sufficient feedback to 
permit it to oscillate, the circuit then becom
ing the ultraudion (§ 3-7). Tubes having suf
ficiently low plate-cathode capacity (audio 
pentodes, for example) can be used without 
danger of oscillation at frequencies up to 30 
Mc. or so. 

e 4-8 POWEil AMPUFIEll OPERATION 

Efficiency - An r.f. power amplifier is 
usually operated Class-C (§ 3-4) to obiain a 
reasonably-high value of plate efficiency 
(§ 3-3). The higher the plate efficiency the 
higher the power input that can be applied to 
the tube without exceeding the plate dissipa
tion rating ( § 3-2), up to the limits of other 
tube ratings {plate volta'ge and plate current). 
Plate efficiencies of the order of 75% are read
ily obtainable at frequencies up to the 30--60 
megacycle region. The ooerall efficiency of the 
amplifier will be lower by the percentage of 
power lost in the tank and coupling circuits, so 
that the actual efficiency is less than the plate 
efficiency. 

Operating angk - The operating angle is 
the proportionate part of the exciting grid
voltage cycle (§ 2-7) during which plate cur
rent flows, as shown in Fig. 418. For Class-C 
operation it is usually in the vicinity of 120-
150 degrees which, with other operating con
siderations, results in an optimum relation
ship between plate efficiency and grid driving 
power. 

Load impedance - The load impedance 
(§ 3-3) for an r.f. power amplifier. is adjusted, 
by tuning the plate tank circuit to resonance, 
to represent a pure resistance at the operating 
frequency (§ 2-10). Its value, which is usually 
in the neighborhood of a few thousand ohms, is 
adjusted by varying the loading on the tank 
circuit, closer coupling to the load giving lower 
values of load resistance and vice versa 
(§  2-11). The load may be either the grid cir
cuit of a following stage or the antenna circuit. 

For highest efficiency the value of load re-

' 
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sistance should be relatively high, but if only 
limited excitation voltage is available greater 
power output will be secured by using a lower 
value of load resistance. The latter adjustment 
is accompanied by a decrease in plate effi
ciency. The optimum load resistance is that 
which, for the maximum permissible peak 
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F/&. 418 - lnotanlancouo voltage. and currenta in 
a Clue-C amplifier operating under optimum condition,. 

plate current, causes the minimum instan
taneous plate voltage (Fig. 418) to be equal to 
the maximum im;tantaneous grid voltage re
quired to cause the peak plate current to flow; 
this gives the optimum ratio of plate effi
ciency to required grid driving power. 

RJ. grid voltage and grid bias - For most 
tubes optimum operating conditions result 
when the minimum instantaneous plate volt
age is 10% to 20% of the d.c. plate voltage, so 
that the maximum instantaneous positive grid 
voltage must be approximately the same figure. 
Since plate current starts flowing when the 
instantaneous voltage reaches the cut-off value 
(§ 3-2), the d.c. grid :voltage must be consid
erably higher than cut-off to confine the operat
ing angle to 150 degrees or less (with grid bias 
at cut-off the angle would be 180 degrees). For 
an angle of 120 degrees the r.f. grid voltage 
mu.st reach 50% of its peak value (§ 2-7) at 
the cut-off point. The corresponding figure for
an angle of 150 degrees is 25%. Hence the op
erating bias required is the cut-off value plus 
25% to 50% of the peak r.f. grid voltage. These 
relations are shown in Fig. 418. The grid bias 
should be at least twice cut-off if the amplifier 
is to be plate modulated so that the operating 
angle will not be less than 180 degrees when the 
plate voltage rises to twice the steady d.c. 
value (§ 5-3). Because of their relatively high 
amplification factors, with most modern tubes 
Class-C operation requires considerably more 
than twice cut-off bias to make the operating 
angle fall in the region mentioned abo\'.e. 
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Suitable operating conditions are usually 
given in the data accompanying the type of 
tube used. 

Grid bias may be secured either from a bias 
source (fiud bia8), a grid leak (§ 3-6) of suit
able value, or from a 'combination of both. 
When a bias supply is used, its voltage regula
tion should be taken into consideration (§ 8-0). 

Driving power - As indicated in Fig. 418, 
grid current flows only during a small portion 
of the peak of the r.f. grid voltage cycle. The 
power consumed in the grid circuit is therefore 
approximately equal to the peak r.f. grid volt
age multiplied by the average rectified grid 
current as read by a d.c. milliammeter. The 
peak r.f. grid voltage, if not included in the 
tube manufacturer's operating data, can be 
estimated roughly by adding 10% to 20% of 
the plate voltage to the operating grid bias, 
assuming the operating conditions are as de
scribed above. 

At frequencies up to 30 Mc. or so the grid 
losses are practically entirely those resulting 
from grid-current flow. At ultra-high fre
quencies, however, dielectric losses in the glass 
envelope and base materials become appre
ciable, together with losses caused by transit
time effects (§ 7-6), and may necessitate 
supplying several times the driving power indi
cated above. At any frequency, the driving 
stage should be capable of a power output 
two to three times the power it is expected the 
grid circuit of the amplifier will consume. This 
is necessary because losses in the tank and 
coupling circuits must also be supplied, and 
also to provide reasonably good regulation of 
the r.f. grid voltage. Good voltage regulation 
(see § 8-1 for general definition) insures that 
the waveform of the excitation voltage will not 
be distorted because of the changing load on 
the driver during the r.f. cycle. 

Grid impedance - During most of the r.f. 
grid voltage cycle, no grid current flows, as 
indicated in Fig. 418, hence the grid impedance 
is infinite. During the peak of the cycle, how
ever, the impedance may drop to very low 
values (of the order of 1000 ohms) depending 
upon the type of tube. Both the minimum and 
average values of grid impedance depend to a 
considerable extent on the amplification factor 
of the tube, being lower with tubes having large 
amplification factors. 

Theaverage grid impedance is equal to E2/P, 
where E is the r.m.s. (§ 2-7) value of r.f. 
grid voltage and P the grid driving power. 
Under optimum operating conditions values of 
average grid impedance ranging from 2000 ohms 
for high-µ tubes to four or five times as much 
for low-µ types are representative. Values in 
the vicinity of 4000 to 5000 ohms are typical 
of modern triodes with amplification factors 
of 20 to 30. 
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Because of the large change in impedance 
during the cycle it is necessary that the tank 
circuit associated with the amplifier grid have 
fairly high Q so that the voltage regulation 
over the cycle will be good. The requisite Q 
may be obtained by adjusting the L/C ratio 
or by tapping the grid circuit across only part 
of the tank ( § 1.-6). 

Tank circuit Q - Besides serving as a 
means for transforming the actual load resist
ance to the required value of plate load im
pedance for the tube, the plate tank circuit 
also should suppress the harmonics present in 
the tube output as a result of the non-sinusoidal 
plate current (§ 2-7, 3-3). For satisfactory har
monic suppression a Q of 12 or more (with the 
circuit fully loaded) is desirable. A Q of this 
order is also helpful from the standpoint of 
securing adequate coupling to the load or an
tenna circuit (§ 2-11). The proper Q can be ob
tained by suitable selection of L/C ratio in 
relation to the optimum plate load resistance 
for the tube (§ 2-10). 

For a Class-C amplifier operated under opti
mum conditions as described above, the plate 
load impedance is approximately proportional 
to the ratio of d.c. plate voltage to d.c. plate 
current. For a given effective Q, the tank ca
pacity required at a given frequency will be 
inversely proportional to the parallel resistance 
(§ 2-10), so that it will also be inversely pro
portional to the plate-voltage/plate-current 
ratio. The capacity required on various ama
teur bands for a Q of 12 is shown in Fig. 419 as 
a function of this ratio. The capacity given is 
for single-ended tank circuits as shown in Fig. 
420 at A and B. When a balanced tank circuit 
is used, the total tank capacity required is re
duced to ¼ this value because the tube is con
nected across only half the circuit (§ 2-9). Thus 
if the plate-voltage/plate-current ratio calls for 
a capacity of 200 µµCd. in a single-ended circuit 
at the desired frequency, only 50 µµfd. would 
be needed in a balanced circuit. If a split-stator 
or balanced tank condenser is used, each sec
tion should have a capacity of 100 µµfd., the 
total capacity of the two in series being 50 
µµfd. These are "in use" capacities, not simply 
the rated maximum capacity of the condenser. 
Larger values may ·be used with an increase in 
the effective Q. 

To reduce energy loss in the tank circuit the 
inherent Q of the coil and condenser should be 
high. Since tr11,nsmitting coils usually have Q's 
ranging from 100 to several hundred, the tank 
transfer efficiency is generally 90% or more. 
An unduly large C/L ratio is not advisable 
since it will result in large circulating r.f. tank 
current and hence relatively large losses in the 
tank, with a consequent reduction in the power 
available for the load. 

Tank con.at.ant& - When the capacity nee-
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essary for a Q of 12 has been determined from 
Fig. 419, the inductance required to resonate 
at the given frequency can be found by means 

A B C 

Fii. 419 - Chart showing tan.k-capaciti .. nquin,d 
for "Q" of 12 with variom rati0& of plate voltage to 
plate curreot for various frequeocieo. In circuiu F, G, 
H (Fig. 420), the capacities shown in the faph may be 
divided by four. In circuiu C, D, E, I, and K., the 
capacity of each section of the split-etator coodeoser 
may be one-half that shown by the graph. Values giTeo 
by the graph should be used for circuiU A and B. 

of the formula in § 2-10. Alternatively, the re
quired number of · turna on coils of various 
construction can be found from the charts of 
Figs. 421 and 422. 

Fig. 421 is for coils wound on receiving-type 
forms having a diameter of I½ inches and 
ceramic forms having a diameter of 1 ¾  inches 
and winding length of 3 inches. Such coils 
would be suitable for oscillator and buffer 
stages where the power is not over 50 watts. 
In all cases the number of turns given must be 
wound to fit the length indicated and the turns 
should be evenly spaced. 

Fig. 422 gives data on coils wound on trans
mitting-type ceramic forms. In the case of the 
smallest form, extra curves are given for 
double-spacing (winding turna in alternate 
grooves). This is sometimes advisable in the 
case of 14- and 28-Mc. coils when only a few 
turns are required. In all other cases it is as
sumed that the specified number of turns is 
wound in the grooves without any additional 
spacing. 

Ratings of components - The peak voltage 
to be expected between the plates of a tank 
condenser depends upon the arrangement of 
the tank circuit as well as the d.c. plate voltage. 
Peak voltage may be determined from Fig. 420, 
which shows all of the commonly used tank
circuit arrangements. These estimates assume 
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Fii. 420 -In circuits A, B, C, D and E, the peak voltage E will be approximately equal to the d.c. plate voltage 
applied for c.w. or twice thi. value for phone. In circuiu F, G, B, J, J and K, E will be twice the d.c. plate volta1e 
for c.w. or 4 times the plate voltage for phone. Circuit is as,n1med to be fully loaded. Tubes in parallel in any of the 
circuiu will not affect the peak voltage. Circuits A, C, E, F, G and H require that the tank coodeoser be in1ulated 
from cha... or p,>UDd and be provided with a euitably inaulated abaft coupling for tuning. 

C H A P T E R  F O U R  73 

--=r:=1 1 
I 

II 1 --+-I -+--i--+-l----!-H-+-------1----1 

6ill 911] 
r11 +H.V T 

I · I - I -



IOO 

-
S50 
300 
2SO 

��so �
11 
I :  

IO 

-�� 
I'\\: 

-,, 
' 
T 

A & C  

I I 

- . •.. 
' ' ,, ,, '\. 

� \. ,\. � .\..' 
\� ' �� \ � 

� T, 
�- I 

'\. '\. '\. \ '\. A 

� � 
�- �� ' 
'\.' ' ' 

'\. ' A 9 C 

.... '\. \. A IC 

A 8 C 

1 I I 
� 4 , s , , e , 10 1s 20 25 30JHo 50 60 10 IO  

NUNIIER OF ,VRNS ON COIL 

Fi«, 421 - Coil-winding data for receiving-type 
form•, diameter 1.½ inches. Curve A - winding length, 
1 inch; Curve B - winding length, l½ inches; Curve 
C - winding length, 2 inches. Curn C iB also suitable 
for ooila wound on l¾-inch diameter ceramic forms 
with 3 inches of winding length. 

that the amplifier is fully loaded ; the voltage 
will rise considerably should the amplifier be 
operated without load. The figures include a 
reasonable factor of safety. 

The condenser plate spacing required to 
withstand any particular voltage will vary 
with the construction. Most manufacturers 
specify peak voltage ratings for their condensers. 

Plate or screen by-pass condensers of 0.001 
µfd. should be satisfactory for frequencies as 
low a.s 1. 7 Mc. Cathode-resistor and filament 
by-pa.sses in r.f. circuits should be not less than 
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Fis. 422-Coil-winding data for ceramic transmit
ting-type forms. Curve A - ceramic form 2½-incb 
effectin diameter, 26 grooves, 7 per inch; Curve B -
same as A, but with turns wound in alternate grooves; 
Curve C - ceramic form 2½-incb effective diameter, 
32 grooves, 7.1 turns per inch, app.; Curve D - ceramic 
form 4-incb effective diameter, 28 grooves, 5.85 turns 
per inch, app.; Curve E - ceramic form 5-incb effec. 
tin diameter, 26 grooves, 7 per inch. Coile may be 
wound with No. 12 or No. 14 wiff. 
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0.01 µ[d. Condensers should have voltage rat
ings 25 to 50% greater than the maximum d.c. 
or a.c. voltage across them. 

Interstage coupling condensers should have 
voltage ratings 50% to 100% greater than the 
sum of the driver plate and amplifier biasing 
voltages. 

• 4-9 All,HJSTMENT 011 POWEii 
AMPLD'IEIIS 

&citation - The effectiveness of adjust
ments to the coupling between the driver plate 
and amplifier grid circuits can be gauged by the 
relative values of amplifier rectified grid cur
rent and driver plate current, the object being 
to obtain maximum grid current with minimum 
driver loading. The amplifier grid circuit rep
resents the load on the driver, and the average 
grid impedance must be transformed to the 
proper value for optimum driver operation 
(§ 4-8). 

With capacity coupling, either the driver 
plate or amplifier grid must be tapped down on 
the driver tank coil a.s shown in Fig. 410 at A 
and B unless the grid impedance is approxi
mately the right value for the driver plate load, 
when it will be satisfactory to connect both 
elements to the end of the tank. If the grid im
pedance is lower than the required driver plate 
load, Fig. 410-A is used; if higher, Fig. 410-B. 
In either ca.se the coupling which gives the 
de11ired grid current with minimum driver load
ing should be determined experimentally by 
moving the tap. Should both plate and grid be 
connected to the end of the circuit it is some
times possible to control the loading, when the 
grid impedance is low, by varying the capacity 
of the coupling condenser, C, but this method 
is not altogether satisfactory since it ie simply 
an expedient to prevent driver overloading 
without giving suitable impedance matching. 

In push-pull circuit,, the method of adjust
ment is the same, except that the taps should 
be kept symmetrically located with respect to 
the center of the tank circuit. 

With link coupling, Fig. 411, the object of 
adjustment is the same. The two tanks are 
first tuned to resonance, as indicated by maxi
mum grid current, and the coupling adjusted 
by means of the links (§ 4-6), to give maximum 
grid current with minimum driver plate cur
rent. This will usually suffice to load the driver 
to its rated output provided the driver plate 
and amplifier grid tank circuits have reasonable 
values of Q. If the Q of one or both of the cir
cuits is too low, it may not be possible to load 
the driver fully with any adjustment of link 
turns or coupling at either tank. In such a case 
the Qa of the tank circuits must be increased to 
the point where adequate coupling is secured. 
If the driver plate tank is designed to have a Q 
of 12, the difficulty almost invariably is in_ the 
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amplifier grid tank. Its Q can· be increased to a 
suitable value by adjustment of the L/C ratio 
or by tapping the load across part of the coil 
(§ 2-10). 

Whatever the type of coupling, a preliminary 
adjustment should be made with the proper 
bias voltage and/or grid leak, but with the 
amplifier plate voltage off; then the amplifier 
should be carefully neutralized. After neutrali
zation, the driver-amplifier coupling should be 
readjusted for optimum power transfer, after 
which plate voltage may be applied and the 
amplifier plate circuit adjusted to resonance 
and coupled -to its load. Under actual operating 
conditions the grid current decreases below the 
value obtained without plate voltage on the 
amplifier and the effective grid impedance 
rises, hence the final adjustment is to recheck 
the coupling to take care of this shift. 

With recommended bias, the grid current 
obtained before plate voltage is applied to the 
amplifier should be 25% to 30% higher than 
the value required for operating conditions. 
If this value is not obtained, and the driver 
plate input is up to rated value, the reason may 
be either improper matching of the amplifier 
grid to the driver plate or simply insufficient 
power output from the driver to take care of all 
losses. Driver operating voltages should be 
checked to assure they are up to rated values. 
If batteries are used for bias and are not strictly 
fresh, they should be replaced, since batteries 
which have been in use for some time often 
develop high internal resistance which effec
tively acts as additional grid-leak resistance. 
If a rectified a.c. bias supply is used, the 
bleeder or voltage-divider resistances should 
be checked to make certain that low grid cur
rent is not caused by greater grid-circuit re
sistance than is recommended. In this connec
tion it is helpful to measure the actual bias 
when grid current is flowing, by means of a 
high-resistance d.c. voltmeter. There is also 
the possibility of loss of filament emission of 
the amplifier tube either from prolonged serv-

. ice or from operating the filament under or 
over the rated voltage. 

Plate tunint - In preliminary tuning, it is 
desirable to use low plate voltage to avoid 
possible damage to the tube. With excitation 
and plate voltage applied, rotate the plate tank 
condenser until the plate current dips, then set 
the condenser at the minimum plate-current 
point (resonance). When the resonance point 
has been found, the plate voltage may be 
increased to its normal value. 

With adequate excitation, the off-resonance 
plate current of a triode amplifier may be two 
or more times the normal operating value. 
With screen-grid tubes, the off-resonance plate 
current may not be much higher than the nor
mal operating value since the plate current is 

principally determined by the screen rather 
than the plate voltage. 

With reasonably efficient operating condi
tions, the minimum plate current with the 
amplifier unloaded will be a small fraction of 

� , \ ct ' 

g Vnloa,k,; 
� -
ll' -

r1M1tNO CAMClrY 

F� 423 - Typkal 
behavior of d.c. plate 
current with tunini of 
an ampli6er. 

the rated plate current for the tube (usually a 
fifth or less) since with no load the parallel 
impedance of the tank circuit is high. If the ex
citation is low, the "dip" will not be very 
marked, but with adequate excitation the 
plate current at resonance without loading will 
be just high enough so that the d.c. plate 
power input supplies all the losses in the tube 
and circuit. As an indication of probable effi
ciency, the minimum plate current value 
should not be taken too seriously, because 
without load the Q of the circuit is high and 
the tank current relatively large. When. the 
amplifier is delivering power to a load, . tru, 
circulating current drops considerably and the 
tank losses correspondingly decrease. High 
mi.nimum unloaded plate c·urrent is chiefly 
eucoW1tered at 28 Mc. and above, where tank 
losses are higher and the tank L/C ratio is 
usually lower than normal because of irre
ducible tube capacities. The effect is particu
larly noticeable with screen-grid tubes which 
have relatively high output capacity. Because 
of the decrease in tank r.f. current with loading, 
however, the actual efficiency under load is 
reasonably good. 

With the load (antenna or following amplifier 
grid circuit) connected, the coupling between 
plate tank and load should be adjusted to make 
the tube take rated plate current, keeping the 
tank always tuned to resonance. As the output 

. coupling is increased, the minimum plate cur
rent will also increase about as shown in Fig. 
423. Simultaneously, the tuning becomes less 
sharp, because of the increase in effective re
sistance of the tank. If the load circuit simu
lates a resistance, the resonance setting of the 
tank condenser will be practically unchanged 
with loading; this is generally the case since 
the load circuit itself usually is also tuned to 
resonance. A reactive load (such as an antenna 
or feeder system which is not tuned exactly to 
resonance} may cause the tank condenser 
setting to change appreciably with loading 
since reactance as well as resistance is coupled 
into the tank ( § 2-11). 

Power output -As a check on the opera
tion of an amplifier, its power output may be 
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measured by the use of a load of known re
sistance coupled to the amplifier output as 
shown in Fig. 424. At A a thermoammeter M 
and non-inductive (ordinary wire-wound re
sistors are not satisfactory) resistance R are 
connected across a coil of a few turns coupled 
to the amplifier tank coil. The higher the re
sistance of R, the greater the number of turns 
required in the coupling coil. A resistor used 
in .this way is generally called a "dummy an
tenna," since its use permits the transmitter 

• to be adjusted without actually radiating 
power. The Joa.ding may readily be adjusted 
by varying the coupling between the-two coils, 
so that the amplifier draws rated plate current 
when tuned to resonance. The power output is 
then ca.Jcula.ted from Ohm's Law: 

P (watts) = 12R 

where l is the current indicated by the thermo
ammeter and R is the resistance of the non
inductive resistor R. Special resistance units are 
available for this purpose ranging from 73 to 
600 ohms (simulating antenna and transmis
sion-line impedances) at power ratings up to 
100 watts. For higher powers, the units may be 
connected in series-parallel. The meter scale 
required for any expected value of power out
put may also be determined from Ohm's Law: 

l = � � 

Incandescent light bulbs can be used to re
place the special resistor and thermoammeter. 

lank. 
Circuit 

]] \); 
(A) 

Tank circuit 

Tonk 
Circuit 

(B) 

Fig. 424 - "Dummy antenna" circuits for checking 
power output aod making operating adjustments with
out aprlrin1 power to the actual anteooa. 
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The lamp should be equipped with a pair of 
leads, preferably soldered to the terminals on 
the la.mp base. The coupling should be varied 
until the greatest brilliance is obtained for a. 
given plate input. In using lamps as dummy 
antennas, a size corresponding to the expected 
power output should be selected so that the 
lamp will operate near its normal brilliancy. 
Then when the adjusLmeuLl! L!ive been com
pleted an approximation of the power output 
can be obtained by comparing the brightness of 
the lamp witli the brightness of one of similar 
power rating in a. 115-volt socket. 

The circuit of Fig. 424-B is for resistors or 
lamps of relatively high resistance. In using 
this circuit, care should be ta.ken to avoid ac
cidental contact with the plate tank when the 
power is on. This danger is avoided by circuit 
C, in which a separate tank circuit, LC, tuned 
to the opera.ting frequency, is coupled to the 
plate tank circuit. The Joa.ding is adjusted by 
varying the number of turns a.cross which the 
dummy antenna is connected on L and by 
changing the coupling between the two coils. 
With push-pull amplifiers, the dummy antenna 
should be tapped equally on either side of the 
center of the tank, when Fig. 424-B is used. 

Harmonic suppression - The most im
portant step to take in elimination of harmonic 
radiation ( § 4-8, 2-12) is to use an output tank 
circuit having a Q of 12 or more. Beyond this, 
it is desirable to avoid any considerable amount 
of over-excitation of a Class-C amplifier, since 
excitation in excess of that required for normal 
Class-C operation further distorts the plate-
current pulse and increases the harmonic con
tent in the output of the amplifier even though 
the proper tank Q is used. If the antenna sys
tem will accept harmonic frequencies they will 
be radiated when present, consequently the an
tenna coupling system preferably should be se
lected with harmonic transfer in mind (§ 10-6). 

Harmonic content can be reduced to some 
extent by preventing distortion of the r.f. 
grid voltage waveshape. This can be done by 
using a grid tank circuit with high effective. 
Q. Link coupling between the driver and final 
amplifier are helpful, since the two tank cir
cuits provide more attenuation than one at the 
harmonic frequencies. However, the advan
tages of link coupling in this respect may be 
nullified unless the Q of the grid tank is high 
enough to give good voltage regulation and 
thus prevent distortion in the grid circuit. 

The stray capacity between the antenna 
coupling coil and the tank coil may be sufficient 
to couple harmonic energy into the antenna 
system. This coupling may be eliminated by 
the use of electrostatic shielding (Faraday 
shield) between the two coils. Fig. 425 shows 
the construction of such a shield, while Fig. 426 
illustrates the manner in which it ill installed. 



The construction shown in Fig. 425 is used to 
prevent current flow in the shield, which would 
occur if the wires formed closed circuits since 
the shield is in the magnetic field of the tank 
-coil. Should this occur there would be magnetic 
shielding as well as electrostatic; in addition, 
there would be an undesirable power loss in the 
shield. 

Improper operation - Inexact neutraliza
tion or stray coupling between plate and grid 
circuits may result in regeneration. This effect 
is most evident with low excitation, when the 
amplifier will show a sudden increase in output 
when the plate tank' circuit is tuned slightly 
to the high-frequency side of resonance. It is 
accompanied by a pronounced increase in 
grid current. 

Self-oscillation is lipt to occur with tubes of 
high power sensitivity such as the r.f. pentodes 

Fig. 425 -Tlie Faraday &hield. It is made of parallel 
conductors, io&ulated from each other except at one end 
where all are joined. Stilf wire or small diameter rod may 
be uaed, spaced about the diameter of the wfre or rod. 

and tetrodes. In event of either regeneration 
or oscillation, circuit components should be 
arranged so that those in the plate circuit are 
well isolated from those of the grid circuit. 
Plate and grid leads should be made as short 
as possible &.nd the screen should be by-passed 
as close to the socket terminal as possible. A 
cylindrical shield surrounding the lower portion 
of the tube up to the lower edge of the plate is 
sometimes required. 

"Double resonance" or two tuning spots on 
the plate tank condenser, one giving mmimum 
plate current and the other maximum power 
output, may occur when the tank circuit Q is 
too low (§ 2-10). A similar effect also occurs 
at times with screen-grid amplifiers when the 

screen voltage regulation (§ 8-1) is poor, aa 
when the screen is supplied through a dropping 
resistor. The screen voltage decreases with an 
increase in plate current, because the screen 
current increases under the same conditions. 
Thus the minimum plate current point causes 
the screen voltage, and hence power output, 
to he less than when a slightly higher plate 
current is drawn. 

A phenomenon known as "grid emission" 
may occur when the amplifier tube is oper
ated at higher than rated power dissipation on • 
either the plate or grid. It is particularly likely 
to occur with tubes having oxide-coated cath
odes such as the indirectly-heated types. It is 
caused by the grid reaching a temperature high 
enough to cause electron emission (§ 2-4). 
The electrons so emitted are attracted to the 
plate, further increasing the power input and 
heating, so that grid emission is characterized 
by gradually increasing plate current and heat 
which eventually will ruin the tube if the power 
is not removed. Grid emission can be prevented 
by operating the tube within its ratings. 

e 4-IO PARASITIC OSCILLATIONS 

Deacription - If the circuit conditions in 
an oscillator or amplifier are such that self
oscillation at some frequency other than that 
desired exist, the spurious oscillation is termed 
parasitic. The energy required to maintain a 
p1m1sitic oscillation is wasted so far as useful 
output is concerned, hence an oscillator or 
amplifier having parasitics will operate at re
duced efficiency. In addition, its behavior at 
the operating frequency often will be erratic. 
Parasitic oscillations may be higher or lower 
in frequency than the operating frequency of 
the amplifier. 

The parasitic oscillation usually starts the 
instant plate voltage is applied or, when the 
amplifier is biased beyond cut-off, at the instant 
exc1tation is applied. In the latter case, the 
oscillation frequently will be self-sustaining 
after the excitation has been removed. At other 
times the oscillation may not be self-sustaining, 
becoming active only in the presence of excita
tion. It may be apparent only by the produc
tion of abnormal key clicks (§ 6-1) over a wide 
frequency range or by the presence of sim
ilarly wide-spread spurious side-bands (§ 5-2) 
with 'phone modulation. 

Fig. 426- Methods of using the Fara• 
day shield. Two are required with a push. 
pull or balanced tank circuit. The shield 
should he somewhat larger than the dj. 
amete111 of the coupled coil•, and should 
be inserted between them so each ia 
completely unupoeed to the other. 

. Tank. Coil 
J 
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Low-frequency parasitica - Parasitic os
cillations at low frequencies (usually 500 kc. or 
less) are of the tuned-plate tuned-grid type, 
the tuned circuits being formed by r.f. chokes 
and associated by-pass and coupling condens
ers, with the regular tank tuning condensers 
having only a minor effect on the oscillation. 
The operating-frequency tank coil has negligi
ble inductance for such low frequencies and 
may be short-circuited without affecting the 
oscillations. The oscillations do not occur when 
no r.f. chokes are used, hence whenever possible 
in series-fed circuits such chokes should be 
omitted. With single-ended amplifiers it is 
usually possible to arrange the circuit so that 
either the grid or plate circuit needs no choke. 
In push-pull stages where chokes must be used 
in both plate and grid circuits, it is helpful 
to connect an unby-passed grid leak from the 
choke to the bias supply or ground, thus placing 
the resistance in the parasitic circuit and tend
ing to prevent oscillation. When the driver 
plate circuit has parallel feed and the amplifier 
grid circuit series feed ( § 3-7) this type l)f os
cillation cannot occur so long as no choke is 
used in the series grid circuit, since the grid is 
grounded through the tank coil for the parasitic 
frequency. 

Parasitica near operating frequ.ency - In 
circuits utilizing a tap on the plate tank coil 
to establish a ground for a balanced neutralizing 
circuit, such as Fig. 413-B, a parasitic oscilla
tion may be set up if the amplifier grid is 
tapped down on the grid (or driver plate) tank 
circuit for adjustment of driver-amplifier 
coupling (§  4-6). In this case the turns between 
grid and ground, and between plate and 
ground, form with the stray and other capaci
ties present a t.p.t.g. circuit (§  3-7) which os
ciJlates at a frequency somewhat higher than 
the nominal operating frequency. Such an os
cillation can be prevented by dispensing with 
the taps in either the plate or grid circuit. 
Balancing the plate circuit by means of a split
stator condenser, as in Fig. 413-C, is .recom
mended. 

Ultro-hi6h J�qu.ency paroaima - Para
sitics in the u.h.f. region are likely to occur 
with any amplifier having a balanced tank cir
cuit, particularly when associated with neu
tralizing connections. The parasitic circuit may 
be either of the t.p.t.g. or ultraudion type, 
and is formed by the leads connecting the 
various components. 

The frequency of such oscillations may be 
determined by connecting a tuned circuit in 
series with the grid lead to the tube. A variable 
condenser (60 or 100 µµfd.) may be used in 
conj�otion with three or four self-supporting 
turns of heavy wire wound in a coil an inch or 
so in diameter. With the amplifier oscillating at 
the parasitic frequency, the condenser is slowly 
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tuned through its range until oscillations cease. 
In case this point is not found on first trial, the 
turns of the coil may be spread apart or a turn 
removed and the process repeated. While this 
may not be the simplest cure in all cases, the 
use of such a tuned circuit as a trap is an al
most certain remedy, if the frequency can be 
determined, and introduces little if any loss at 
the operating frequency. 

An alternative cure which is feasible when 
the oscillation is of the t.p.t.g. type is to detune 
the parasitic circuit in either the plate or grid 
circuit. Since this type of oscillation occurs 
most frequently with push-pull amplifiers, 
it may often be cured by making the grid and 
plate leads to their respective tank circuits of 
considerably different length. Similar consid
erations apply to neutralizing connections in 
push-pull circuits. The extra wire length may 
be coiled up in the form of a so-called "choke," 
which in this case is simply additional induc
tance for detuning the parasitic circuit. 

Teating for paroaitic oacil'4tiona - An 
amplifier always should be tested for parasitic 
osciJlations before being considered ready for 
service. The preferable method is first to 
neutralize the amplifier, then apply sufficient 
fixed bias to permit a moderate value of plate 
current to flow without excitation. (The plate 
current should not be large enough to cause 
the power input to exceed the rated plate dis
sipation of the tube.) If the amplifier is free 

from self-starting parasitics the plate current 
will remain steady as the tank condensers are 
varied in capacity ; also, there will be no grid 
current and a neon bulb touched either to the 
plate or grid will show no glow. Care must be 
used not to let the hand come in contact with 
any metal parts of the transmitter in using the 
neon bulb. 

If any of these effects are present the fre
quency of the parasitic must first be deter
mined. If r.f. chokes are used in both the plate 
and grid circuits one of them should be short
circuited to determine if the oscillation is at a 
low frequency; if so, it may be eliminated by 
the methods outlined above. If the test indi
cates that the parasitic is not a low-frequency 
oscillation, the grid trap described above should 
be tried for the u.h.f. type. The type which 
occurs near the operating frequency will not 
occur unless the plate and grid tank coils are 
both tapped, hence may be eliminated from 
consideration if this is not the case in the cir
cuit used. When it is possible for such an oscil
lation to be present, its existence can be de
tected very readily by moving the grid tap to 
include the whole tank circuit, when the oscil
lation will cease . 

Some indication of the frequency of the para
sitic can be obtained from the color of the 
glow in the neon bulb. Usually it will be yellow-



ish with low-frequency oscillations and violet 
with u.h.f. oscillations. 

If the amplifier is stable under the condi
tions described above, excitation should be 
applied and then removed to ascertain if a self
sustaining oscillation is set up with excitation. 
If the plate current does not return to the 
previous value when the excitation is cut off, 
the same tests should be applied to determine 
the parasitic frequency. 

As a final test, the transmitter should be put 
on the air and a nearby receiver tuned over 
as wide a frequency range as possible to locate 
any off-frequency signals a11Sociated with the 
radiation. Parasitics usually can be recognized 
by their poor stability, Bil contrasted to the 
normal transmitter harmonics, which will have 
the same stability as the fundamental signal 
as well as the usual harmonic frequency rela
tionship. Harmonics should be quite weak 
compared to the fundamental frequency, 
whereas parasitic oscillations may have con
siderable strength. 

e 4-ll ll'BEQIJENCY MIJL'nPUCATION 

Circuits - A frequency multiplier is an 
amplifier having its plate tank circuit tuned 
to a multiple (harmonic) of the frequency ap
plied to its grid. The difference between a 
straight amplifier (§  4-1) and a frequency mul
tiplier is in the way in which it is operated 
rather than in the circuit. However, since the 
grid and plate tank circuits are tuned to differ
ent frequencies a. triode frequency multiplier 
will not self-oscillate, hence does not need neu
tralization. A typical circuit arrangement is 
shown in Fig. 427-A. For screen-grid multi
pliers the circuit is the sa.me as in Fig. 412-A. 
Under usual conditions the plate efficiency of a 
frequency multiplier drops off rapidly with an 
increase in the number of tin,es tbe frequency 
is multiplied. For this reason most multipliers 
are used as frequency doublers, giving second 
harmonic output. 

A specie.I circuit · for frequency doubling 
(" push-pUBh" doubler) is shown in Fig. 427-B. 
The grids of the tubes are in push-pull and the 
plates in parallel, thus the plate ta.nk circuit 
receives two pulses of plate current for ea.ch 
cycle of excita.tion frequency. The circuit is 
similar in principle to the full-wave rectifier 
( § 8-3) where the ripple frequency is twice the 
a.pplied frequency. 

Push-pull_ amplifiers a.re suitable for fre
quency multiplication at odd harmonics but 
are unsuited to doubling or other even-har
monic multiplication because the even har
monics are largely balanced out in the tank 
circuit ( § 3-3). 

Operating corulitioru arul circuit con
stants .......: To obtain good efficiency the operat
ing angle at the harmonic frequency must be 
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180 degrees or less, preferably in the vicinity 
of 150-120 degrees (§ 4-8). In a doubler this 
means that plate current should flow during • 
only ha.If this angle of fundamental frequency. 
Consequently the r.f. grid voltage, operating 
bias, and grid driving power must be increased 
considerably beyond the values obtaining for 
normal Class-C amplification. For compare.hie 
plate efficiency the bias will ordinarily be four 
to five times the normal Cl&88-C bias, and the 
r.f. grid voltage must be considerably larger 
to drive the tube to the same peak plate cur
rent. Since the plate and grid current pulses 
under these conditions have the same peak 
amplitudes but only half the time duration a.e 
in a stra.ight amplifier, the average d.c. values 
should be one-ha.If those for normal Cla.se-C 
operation. That is, a tube operated in this way 
will have the same plate efficiency a.e a  Cla.se-C 
amplifier, but can be operated at only half the 
plate input so that the output power also is 
halved. The driving power required is usually 
about twice that for straight-through ampli
fication with the same plate efficiency. 

Greater output can be secured by using a 
larger operating angle (lower grid bias) or 
lower plate load resistance to increase the plate 
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Fi11. 427 - Frequency-multiplying circuita. A ia for 
triode., uaed either aingly or in paralld. The puah
puah doubt..r ia ohown at B. Any type of coupling may 
be uaed between the grid circuit and the driver. C, 
abould be 0.01 ,.fd. or larger; C., 0.001 ,.fd. or larger. 

C H A P T E R  F O U R  79 

-

B 



current, but this is accompanied by a decrease 
in efficiency. Since operation as described 

. above is below the maximum plate dissipation 
rating of the tube, the decrease in efficiency can 
usually be tolerated in the interests of securing 
somewhat more power output. Ordinarily the 
efficiency is 40% to 50%. 

The tank circuit should have reasonably 
high Q (12 is satisfactory) to give good output 
voltage regulation ( § 4-9) since a plate-current 
pulse occurs only once every two cycles of out
put frequency. A low-Q circuit (high L/C 
ratio) is helpful chiefly when the operating 
angle is greater than 180 degrees at the second 
harmonic. Such a tank circuit will have rela
tively high impedance to the considerable 
fundamental-frequency component of plate 
current which is present with large operating 
angles, and thus aid in reducing the average 
d.c. plate current. 

The grid impedance of a frequency multi
plier is considerably higher than that of a 
straight amplifier because of the high bias 
voltage. The average impedance can be calcu
lated as previously described ( § 4-8). The 
L/C ratio of the grid tank circuit may be 
higher, therefore, for a given Q. It is often ad
vantageous to use a fairly high ratio since a 
large r.f. voltage must be developed between 
grid and cathode, so Jong as it is not made too 
high (Q too low) to permit adequate coupling 
between the grid tank circuit and the driver 
stage. In some cases it may be necessary to step 
up the driver output voltage to obtain suffi
cient r.f. grid voltage for the doubler; this may 
be done by tapping the driver plate on its tank 
circuit, when capacity coupling is used, or 
by similar tapping or use of a higher C/L ratio 
in the driver plate tank when the stages a.re 
link-coupled ( § 4-6). 

Tubes for Jreq=ncy multiplication -
There is no essential difference between tubes 
of various characteristics in their performance 
as frequency doublers. Tubes having high 
amplification factors will require somewhat 
less bias for equivalent operation, but the grid 
driving power needed is almost independent of 
the µ, assuming tubes of otherwise similar con
struction and characteristics. Pentodes and 
tetrodes having high power sensitivity will, 
as in normal amplifier opera.tiol),. require less 
driving power than triodes for efficient dou
bling, although more power will be needed than 
for straight amplification. 

e 4-12 tJL TRA-BIGB-IFIIIIIQIJENCY 
OSC::ILLATOBS 

Unear circuits - At ultra-high frequen
cies tube interelectrode capacities become of 
increasing importance, so that eventually the 
shortest possible straight wire connection . be
tween elements, in conjunction with internal 
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leads and capacities, represents the highest 
possible frequency to which the tube can be 
tuned. The tube usually will not oscillate up to 
this limit because of dielectric losses in the sea.ls 
and other loading effects ( §  7-6). With most 
small tubes of ordinary construction the upper 
limit of oscillation is in the region of 150 Mc.; 
for higher frequencies it is necessary to use 
special u.h.f. tubes having low interelectrode 
capacities and low internal lead inductance. 
Only a few types are capable of developing 
more than a few watts at frequencies of 300 
Mc. and higher. 

Although ordinary coil and condenser tank 
circuits can be used at frequencies as high as 
112 Mc., the Q of such circuits is low at ultra
high frequencies because of increased losses, 
so that both stability and efficiency are poor. 
For this reason special tank circuits of the lin
ear type (§ 2-12) are preferable. These may be 
any multiple· of a quarter wave in length, the 
Q increasing with the number of quarter 
waves. The quarter-wave line is generally 
used, however, because of the considerable 
space required for longer lines. At 112 Mc. 
it is also possible to build high-Q tank circuits 
with lumped constants, not in the form of ordi
nary coils and condensers but with large con
ducting surf aces to reduce resistance to the 
lowest possible value. 

The oscillator circuits used are the same in 
principle e.s on the lower frequencies {§ 3-7) 
although frequently modified considerably to 
compensate for inherent capacities and induc
tances which are negligible at lower frequencies. 

Two-conductor lines - The quarter-wave 
two-conductor open line is equivalent to a 
resonant circuit ( § 2-12) and can be used as the 
tank circuit ( § 3-7) in an oscillator. It should 
be used as a balanced circuit to avoid unequal 
currents in the two conductors and consequent 
loss of Q because of radiation. 

A typical oscillator circuit of the ultraudion 
type is shown in Fig. 428. The resonant line is 
usually constructed of copper tubing to give 
a large conducting surface and hence reduce 
resistance, and also to make a mechanically
stable circuit and thus minimize the effects of 
vibration on the oscillator frequency. The line 
should be approximately a quarter wavelength 
long, although the resonant frequency will 
decrease somewhat when the tube with its in
ternal capacities is connected across it so that a 
somewhat shorter length is- ordinarily suffi
cient. The frequency can be changed by means 
of the shorting bar, which can be moved along 
the line to change its effective length. 

The tube elements preferably should be 
tapped down on the line as shown to reduce 
the loading effect and thus prevent an undue 
decrease in Q. In general, these taJ)6 should be 
as close to the shorted end of the line as is con-
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Fig. 428- Single-tube line oscillator. The grid con
den&er, C1, may be 50 ,.,.fd.; grid leak, Rt, 5000 to 50,000 
ohme depending upon the type of tube. The choke, 

RFC, will in general consist of relatively few turns (20 
to 50) wound to a diameter of ¼ inch, although dimen-
1iona will change contiderably with the frequency. By
pue conden&ere ahould be email in size to reduce lead 
inductance; 500 ,.,.Id. ia a aatiafactory value. 

sistent with reliable operation and satisfactory 
power output, since the frequency stability 
will be better under these conditions. 

The coils (L) in the filament circuit are fre
quently required at 112 Mc. and higher to com
pensate for the effects of the inductance of 
connecting leads, which in many cases are long 
enough to cause an appreciable phase shift 
(§ 2-7) which reduces the oscillator efficiency. 
The effective length of the filament circuit to 
the points of connection to the lines 1:1huu!J oo 
approximately ½ wavelength to bring the 
filament to the same potential as the shorted 
ends of the lines. The proper inductance must 

Fil .. Sup. 

be determined by experiment, the coils being 
adjusted until optimum stability and power 
output are obtained. 

The oscillation frequency may also be ad
justed by connecting a low-capacity variable 
condenser across the open end of the line. The 
added capacity makes it necessary to shorten 
the line considerably for a given frequency, 
however, and this together with. the additional 
loss in the condenser causes a marked decrease 
in the Q of the line. These effects will be less if 
the condenser is connected down on the line 
rather than at the open end. Tapping down 
also gives a greater band-spread tuning effect 
(§ 7-7). 

Pu.&h-pull oscillators - It is often advan
tageous to use a push-pull oscillator circuit at 
ultra-high frequencies, not only as a means to 
secure more power output than can be ob
tained from one tube but also because better 
circuit symmetry is possible with open lines. 
Fig. 429 shows a typical push-pull circuit of 
the t.p.t.g. (§ 3-7) type. The grid line is usually 
operated as the frequency-controlling circuit 
since it is not associated with the load and 
hence its Q can be kept high. The same adjust
ment considerations apply as in the case of the 
single-tube oscillator described in the preced
ing paragraph. The grid taps in particular 
should be tapped down as far as possible, thus 
improving the frequency stability. 

It is also possible to use a linear tonk in the 
grid circuit for frequency control in conjunc
tion with a conventional coil-condenser tank 
in the plate circuit, where the lower Q does not 

(A) 

have so great an effect on the sta
bility. 

Fig. 429-B shows a push-pull oscil
lator having tuned plate and cathode 
circuits, using linear tanks for each. 
The grids are connected together and 
grounded through the grid leak, R1; 
ordinarily no by-pass condenser is 
needed across R1. This circuit gives 
good power output at ultra-high fre
quencies, but is not especially stable 
unless the plates are tapped down on 
the plate tank circuit to avoid too 
great a reduction in Q. Tapping on the 
cathode line is not feasible for me-
chanical reasons, since one filament 
lead must be brought through the 
tubing in order to maintain both sides 
of the filament at the same r.f. po
tential. 

Fig. 429 - Pueb-pull line oscillator circuite. See Fig. 428 and 
text for diecuaaion of circuit comtaoto. 

Concentric-line circuits - At fre
quencies in the neighborhood of 300 
Mc. radiation (§ 2-12) from the open 

-line becomes so serious that the Q is 
greatly reduced. This is because the 
conductor spacing represents an ap
preciable fraction of the wavelength. 
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Consequently at these frequencies the concen
tric line must be used. Io this type the field ii! 
confined inside the line so that radiation is neg
ligible; there is a further advantage in that the 
outside of the line is "cold "; that is, no r.f. po
tentials develop between points on the outer 
surface. The concentric line also is advanta
geous at lower frequencies, but as it is more 
complicated to construct and length adjust
ment and tapping both are difficult mechan
ically, the open lines are generally favored. 

The concentric line is usually constructed of 
copper pipes arranged concentrically and short
circuited at one end. The optimum ratio of 
inner diameter of the outer conductor to the 
outer diameter of the inner conductor is 3.6. 
Taps are usually made on the inner conductor 
and brought through a hole in the outer con
ductor to the tube element, as shown_ in Fig. 
430. The tube loads the line in the same way as 
described in the preceding paragraphs, hence 
the length is generally shorter than an actual 
quarter wavelength. The length can be ad-

, justed by a sliding short-circuiting disc at the 
closed end, a close fit and low-resistance con
tact bei.ng necessary to avoid reduction of the 
Q. It is also possible to make the inner con-

(B) 

F;«. 430 - Concentric-line oocillator circuito. The 
line, u,ually of tubular eonductoni, is shown in Ct'081· 
section. See Fig. 428 and te:,:t for diacuaaion of cireuit 
eonatanto. 
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Fi«. 431 - High-Q lumped-constant tank cireuit in 
a u.h.f. oscillator. This drawing show, a croeo.-tioo of 
the tank, which is uoually built of conceotric cylinden. 
Ct and Rt are the grid eondenser and leak, re&i-ti•ely; 
oee Fig. 428 for diacuMion of circuit conotanto. 

ductor a pair of close-fitting concentric tubes 
BO that one may be slid in and out of the other 
to change the effective conductor length. 

The circuit of Fig. 430-A is a t.p.t.g. (§ 3-7) 
oscillator using the concentric line in the grid 
circuit for frequenc_y control. An ordinary coil
condenser tank is shown in the plate circuit, 
but a linear tank may be substituted. The 
filament inductances have the same function 
as in the preceding circuits. The ultraudion 
circuit is shown at B; the same considerations 
apply. In this case the output is taken from the 
line inductively by means of the half-turn 
"hairpin" shown; coupling can be changed to 
some extent by varying the position of the hair
pin. Both circuits may be tuned by means of 
the small variable condenser Ct, although this 
condenser may be omitted and the tuning 
accomplished by changing the line length. 

For ease of construction; the concentric line 
is sometimes modified into a "trough," in 
which the cross-section of the outer conductor 
is in the shape of a square "U," one side being 
left open for tapping and adjustment of the 
inner conductor. Some radiation takes place 
with this construction, although not as much 
as with open lines. 

High-Q circuit& with lumped co,...tant. -
To obtain reasonably high effective Q when a 
low resistance is connected across the tank 
circuit it is necessary to use a high C/L ratio 
and a tank of inherently high Q (§ 2-10). At 
low frequencies the inherent Q of any well
designed circuit will be high enough BO that it 
may be neglected in comparison to the effec
tive Q when loaded, so that no special pre
cautions have to be taken with respect to the 
resistance of coils and condensers. At ultra
high frequencies these internal resistances are 
too large to be ignored, and a reduction of the 
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L/C ratio will not increase the effective Q 
unlees the internal resistance of the tank can 
be made very small. The reduction in resistance 
can be brought about by use of large conduct
ing surfaces and elimination of radiation. In 

such cases the inductance and capacity are 
generally built as a unit; several arrangements 
are poasible, one being shown in Fig. 431. 
The tank circuit consists of a rod A (the induc
tance) inside two concentric cylinders B and C 
which form a two-plate condenser, one plate 
being connected to each end of the inductance. 
The resonant frequency is determined by the 
length and diameter of A, and the length, 
diameter and spacing of B and C. The oscilla
tor shown uses the tickler circuit ( § 3-7) with 

RaJio-:J-rt1'fut1nc'I Powt1,. (}t1nt1ralion 

the feedback coil in the grid circuit; this induc
tance is the wire D in the diagram. Output is 
taken from the tank circuit by means of the 
hairpin coupling coil. The tank circuit may 
also be used in the ultraudion circuit, replacing 
the concentric line in Fig. 430-B. A variable 
condenser may be connected across the tank 
for tuning, if desired, although the Q may be 
reduced if a considerable portion of the tank 
r.f. current flows through it. 

This type of circuit actually has lumped 
constants only when the length is small (10% 
or less) in proportion to the wavelength. At 
greater lengths it tends to act as a linear cir
cuit, eventually evolving into the concentric 
line. 

, 
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e 3-1 MODULATION 

The carrier - The steady radio-frequency 
power generated by transmitting circuits can
not alone result in the transmissi'bn of an 
intelligible message to a receiving point. It 
serves only as a "carrier " for the message ; 
the intelligence is conveyed by modulation 
(a change) of the carrier. In radiotelephony 
this modulation reproduces electrically the 
sounds it is intended to convey. 

Sound and alternating currents - Sounds 
are caused by vibrations of air particles. The 
pitch of the sound depends upon the rate of 
vibration; the more rapid the vibration the 
higher the pitch. Most sounds consist of com
plex combinations of vibrations of differing 
rates or frequencies; the human voice, for in
stance, generates frequencies from about 100 
per second to several thousand per second. 
The problem of transmitting speech by radio 
is therefore one of varying the r.f. carrier in a 
way which corresponds to the air-particle vi
brations. The first step in doing this is to 
change the sound vibrations into alternating 
electrical currents of the same frequency 
and relative intensity; the electromechanical 
device which achieves this translation is t,he 
microphone. These currents may then be 
amplified and used to modulate the normally
steady r.f. output of the transmitter. 

Methods of modulation - The carrier may 
be made to vary in accordance with the speech 
current by using the current to change the 
phase (§ 2-7) frequency or amplitude of the 
carrier. Amplitude modulation is by far the 
most common system, arid is used exclusively 
on all frequencies below the ultra-high-fre
quency region (§ 2-7). Frequency modulation, 

· which has special characteristics which make 
its use desirable under certain conditions, is 
used to a considerable extent on ultra-high 
frequencies. Phase modulation, which is closely 
related to frequency modulation, has had little 
or no direct application in practical com
munication. 

e 3-2 AMPLITUDE MODIJLATION 

Carrier requirements - For proper ampli
tude modulation, the carrier should be com
pletely free from inherent amplitude variations 
such as might be caused by insufficient filtering 
of a rectified-a.c. power s�pply ( § 8-4). It is 
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also essential that the carrier frequency be 
entirely unaffected by the application of 
modulation. If modulating the amplitude of 
the carrier also causes a change in the carrier 
frequency, the signal wobbles back and forth 
with the modulation, introducing distortion 
and widening the channel taken by the signal. 
This causes unnecessary interference to other 
transmissions. In practice, this undesirable 
frequency modulation is prevented by applying 
the modulation to an r.f. amplifier stage which 
is isolated from the frequency-controlling 
oscillator by a " buffer" amplifier. Amplitude 
modulation of an oscillator is almost always 
accompanied by frequency modulation. It is 
permitted on ultra-high frequencies above 112 
Mc. because the problem of interference is 
less acute than on lower frequencies. 

Percentage of m.odulation - In the ampli
tude-modulation system the audible output 
at the receiver depends entirely upon the 
amount of variation - termed depth of modu
lati011 - in the carrier wave and not upon the 
strength of the carrier alone. It is therefore 
desirable to obtain the largest permissible 
variations in the carrier wave. This condition 
is reached when the carrier amplitude during 
modulation is at times reduced to zero and at 
other times increased to twice its unmodulated 
value. Such a wave is said to be fully modu
lated, or 100% modulated. Any desired degree 
of modulation can be expressed as a percent
age, using the unmodulated carrier as a base. 
Fig. 501 shows at A an unmodulated carrier 
wave; at B the same wave modulated 50%, 
and at C the wave with 100% modulation, 
using a sine-wave (§ 2-7) modulating signal. 
The outline of the modulated r.f. wave is 
called the modulation envelope. 

The percentage modulation can be found by 
dividing either Y or Z by X and multiplying 
the result by 100. If the modulating signal is 
not symmetrical, the larger of the two (Y or Z) 
should be used. 

Power in m.odulated wove - The ampli
tude values correspond to current or volt-age, 
so that the drawings may be taken to represent 
instantaneous values of either. Since power 
varies as the square of either the current or 
voltage (so long as the resistance in the circuit 
is unchanged), at the peak of the modulation 
up-swing the instantaneous power in the wave 
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Fi,. 501 - Graphical repreoentation of (A) unmodu
lated carrier wave, (B) wave modulated 50%, (C) wave 
modulated 100%. 

of Fig. 501-C is four times the unmodulated 
carrier power. At the peak of the down-swing 
the power is zero since the amplitude is zero. 
With a sine-wave modulating signal, the aver
age power in a 100 %-modulated wave is one 
and one-half times the unmodulated carrier 
power: that is, the power output of the trans
mitter increll8Cs 50% with 100% modula
tion. 

Linearity - Up to the limit of 100% modu
lation, the amplitude of the carrier should 
follow faithfully the amplitude variations of 
the modulating signal. When the modulated 
r.f. amplifier is incapable of meeting this con
dition it is said to be non-linear. The amplifier 
may not, for instance, be capable of quadru
pling its power output at the peak of 100% 
modulation. A non-linear modulated amplifier 
causes distortion of the modulation envelope. 

Modulation characteristic - A graph 
showing the relationship between r.f. ampli
tude and instantaneous modulating voltage is 
called the modulation characteristic of the 
modulated amplifier. This graph should be a 
straight line (linear) between the limits of zero 
and twice carrier amplitude. Curvature of the 
line between these limits indicates non-line
arity. \ 

Modulation capability - The modulation 
capability of the transmitter is the maximum 
percentage of modulation that is possible 
without objectionable distortion from non
linearity. The maximum capability is, of 
course, 100%. The modulati_on capability 
should be as high as possible so that the most 
effective signal can be transmitted for a given 
carrier power. 

Overm.odulation - If the carrier is modu
lated more than 100%, a condition such as is 
shown in Fig. 502 occurs. Not only does the 
peak amplitude exceed twice the carrier ampli
tude, but there may actually be a considerable 
period during which the output is entirely 
cut off. The modulated wave is therefore dis
torted (§  3-3) with the result that harmonics 
of the audio modulating frequency appear. 
The carrier should never be modulated more 
than 100%. 

Sidebands -The combining of the audio 
frequency with the r.f. carrier is essentially a 
heterodyne process and therefore gives rise to 
beat frequencies equal to the sum and differ
ence of the a.f. and r.f. frequencies involved 
(i 2-13). Therefore, for each audio frequency 
appearing in the modulating signal two new 
radio frequencies appear, one equal to the 
carrier frequency plus the audio frequency, 
the other equal to the carrier mi.nus the audio 
frequency. These new frequencies are called 
sicu freqmnciea, since they appear on each 
side of the carrier, and the groups of side fre
quencies representing a band or group of 
modulation frequencies are called sidebands. 
Hence a modulated signal occupies a group 
of radio frequencies, or channel, rather than a 
single frequency as in the case of the unmodu
lated carrier. The channel width is twice the 
highest modulation frequency. To accommo
date the largest number of transmitters in a 
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given part of the r.f. spectrum it is apparent 
that the channel width should be as email as pos
sible, hut on the other hand it is neceBBary, for 
speech of reasonably good quality, to use modu
lating frequencies up to about 3000 or 4000 
cycles. This calls for a channel width of 6 to 8 kc. 

Spurious side bands - Besides the norma.1 
side bands required by · speech frequencies, 
unwanted side bands may be generated by 
the transmitter. These usually lie outside the 
normally-required channel and hence cause 
it to be wider without increasing the useful 
modulation. By increasing the channel width 
these spurious side bands· cause unnecessary 
interference to other transmitters. The quality 
of transmission is also adversely affected when 
spurious side bands are generated. 

The chief causes of spurious side bands are 
harmonic distortion in the audio system, over
modulation, unnecessary frequency modula
tion, and lack of linearity in the modulated 
r.f. system. 

Types of amplitude modulation - The 
most widely used type of amplitude modula,. 
tion system is that in which the modulating 
signal is applied in the plate circuit of a radio
frequency power amplifier (plate modulation). 
In a second type the audio signal is c.pplied to 
a control-grid circuit (grid-bi<U modulation). 
A third system involves variation of both pla.te 
voltage and grid bias and is ca.lied cathode 

modulation. 

•G-a PLATE MO•IJLATION 

Transformer coupling - In Fig. 503 is 
shown the most widely-used system of plate 
modulation. A balanced (push-pull CJ&B&-A, 
01888-AB or 01888-B) modulator is trans
former-coupled to the plate circuit of the 
modulated r.f. amplifier. The audio-frequency 
power generated in the modulator plate circuit 
is combined with the d.c. power in the modu
lated-amplifier plate circuit by transfer through 
the coupling transformer, T. For 100% modu
lation the audio-frequency output of the 
modulator and the turns ratio of the coupling 
transformer must be such that the voltage at 
the plate of the modulated amplifier varies 
between zero and twice the d.c. operating plate 
voltage, thus causing corresponding variations 
in the a.mplitude of the r.f. output. 

Modulator power - The average power 
output of the modulated stage must increase 
50% for 100% modulation (§ 5-2), so that the 
modulator must supply audio power equal to 
50% of the d.c. plate input to the modulated 
r.f. stage. For example, if the d.c. plate power 
input to the r.f. stage is 100 watts, the sine
wave audio power output of the modulator 
must be 50 watts. 

Modulating impedance, linearity - The 
modulating impedance or load resistance pre-
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Jii«. 503 - Plate modulation of a CIUA-C r.I. am• 
plifier. The plate by-pass condenser, C, in the r.f. otage 
should have high reactanoe at audio frequenciee.. A value 
of 0.002 ,ad. or leaa ia uaoallr aatiafactory. 

sented to the modulator by the modulated 
r.f. amplifier, is equal to 

Eb X 1000 
I,. 

where � is the d.c. plate voltage and IP the 
d.c. plate current in milliamperes, both meas
ured without modulation. 

Since the power output of the r.f. amplifier 
must vary as the square of the plate voltage 
(r.f. voltage proportional to applied plate 
voltage) in order for the modulation to be 
linear, the amplifier must operate 01888-C 
(§ 3-4) . The linearity depends upon having 
sufficient grid excitation, proper bias, and 
adjustment of circuit constants to the proper 
values ( § 4-8). 

Power in speech waves - The complex 
waveform of a speech sound translated into 
alternating current does not contain 88 much 
power, on the average, as there is in a pure 
tone or sine wave of the same peak (§ 2-7) 
amplitude. That is, with speech waveforms 
the ratio of peak to average amplitude is 
higher than in the sine wave. For this reason, 
the previous statement that the power output 
of the transmitter increases 50% with 100% 
modulation, while true for tone modulation, is 
not true for speech. On the average, speech 
waveforms will contain only about half as 
much power as a sine wave, both having the 
same peak amplitude. The average power out
put of the transmitter therefore increases only 
about 25% with 100% speech modulation. 
However, the instantaneom power output must 
quadruple on the peak of 100% modulation 



( § 5-2) regardless of the modulating waveform. 
Therefore the peak capacity of tlie transmitter 
must be the same for any type of modulating 
signal. 

Adjustment of pla_te-modulated ampli
.fum, - The general operating conditions for 
Class-C operation have been described ( §  3-4, 
4-8). The grid bias and grid current required 
for plate modulation are usually given in the 
operating data supplied by the tube manu
facturer; in general, the bias should be such 
as to give an operating angle ( § 4-8) of about 
120 degrees at carrier plate voltage, and the 
excitation should be sufficient to maintain the 
plate efficiency c�nstant when the plate volt
age is varied over the range from zero to twice 
the d.c. plate voltage applied to the amplifier. 
For best' linearity, the grid bias should be ob
tained partly from a fixed source of about the 
cut-off value supplemented by grid-leak bias 
to supply the remainder of the required operat
ing bias. 

The maximum permi88ible · d.c. plate power 
input for 100% modulation is twice the sine
wave audio-frequency power output of the 
modulator. This input is obtained by varying 
the loading on the amplifier (keeping its tank 
circuit tuned to resonance) until the product 
of d.c. plate voltage and.plate current is the de
sired power. The modulating impedance under 
these conditions will be the proper value for 
the modulator if the proper output trans-

• former turn ratio (§ 2-9) is used. 
Neutralization, when triodes are used, 

· should be as nearly perfect as possible, since 
regeneration may cause non-linearity. The 
amplifier also should be free from parasitic 
oscillations ( § 4-10). 

Although the effective value (§ 2-7) of power 
input increases with modulation, as described 
above, the average plate faput to a plate
modulated amplifier does not change, since 

· each increase in plate voltage and plate cur-
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Fis. 504 - Plate and screen modulation of a pentode 
C1&88-C r.f. amplifier. Plate and screen by-paoe coo
deneers, C, and C2, should have high reactance at audio 

- frequencies (0.002 ,.fd. or leBB). 

rent is balanced by an equivalent decrease in 
voltage and current. Consequently the d.c. 
plate current to a properly-modulated am
plifier is constant with or without modulation. 

Screen-grid amplifiera - Screen-grid tubes 
of the pentode or beam tetrode type can be 
used as Class-C plate-modulated amplifiers 
provided the modulation is applied to both the 
plate and screen grid. The method of feeding 
the screen grid with the necessary d.c. and 
modulation voltage is shown in Fig. 504. The 
dropping resistor, R, should be of the proper 
value to apply normal d.c. voltage to the screen 
under steady carrier conditions. Its value 
can be calculated by taking the difference be
tween plate and screen voltages and dividing 
it by the rated screen current. 
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Fis. 505 - Choke-coupled plate modulation. 

The modulating impedance is found by di-· 
viding the d.c. plate voltage by the sum of the 
plate and screen currents. The plate voltage 
multiplied by the sum of the two currents is the 
power input figure which is used as the basis 
for determining the audio power re·quired from 
the modulator. 

Choke coupling - In Fig. 505 is shown the 
circuit of the choke-coupled system of plate 
modulation. The plate power for the modulator 
tube and modulated amplifier is furnished from 
a common source through the modulation 
choke, L, which has high impedance for audio 
frequencies. The modulator operates as a power 
amplifier with the plate circuit of the r.f. 
amplifier as its load, the audio output of the 
modulator being superimposed on the d.c. 
power supplied to the amplifier. For 100% 
modulation the audio voltage applied to the 
r.f. amplifier plate circuit across the choke, L, 
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must have a peak value equal to the d.c. volt
age on the modulated amplifier. To obtain this 
without distortion, the r.f. amplifier must be 
operated at a d.c. plate voltage less than the 
modulator plate voltage, the extent of the volt
age difference being determined by the type 
of modulator tube used. The necessary drop in 
voltage is provided by the resistor R1, which 
is by-passed for audio frequencies by the con
denser Ci. 

This type of modulation is seldom used 
except in very low-power portable sets, be
cause. a single-tube Class-A (§ 3-4) modulator 
is required. The output of a Clll.Sll-A modulator 
is very low compared to that obtainable from a 
pair of tubes of the same size operated Class-B, 
hence only a small amount of r.f. power can be 
modulated. 

e $-4 GBJa-81AS MODULATION 
Cifcuit - Fig. 50(1 is the diagram of a typi

cal arrangement for grid-bias modulation. 
In this system the secondary of an audio
frequency output transformer, the primary 
of which is connected in the plate circuit of 
the modulator tube, is connected in series with 
the grid-bias supply for the modulated ampli
fier. The audio voltage thus introduced varies 
the grid bias and thus the power output of 
the r.f. stage, when suitable operating condi
tions are chosen. The r.f. stage is operated as 
a Class-C amplifier, with the d.c. grid bias 
considerably beyond cut-off. 

Operating principle& - In this system the 
plate voltage is constant, and the increase in 
power output with modulation is obtained by 
making the plate current and plate efficiency 
vary with the_ modulating signal. For 100% 

Fii. 506 - Grid-biao modulation of a ClaM-C ampli
fier. The r.f. ,rid by-paN condenser, C, should have 
hip, reactance at audio frequeuciee (0.002 ,.fd. or 1-
in mual -). 
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modulation, both plate current and efficiency 
must, at the peak of the modulation up-swing, 
be twice their carrier values so that the peak 
power will be four times the carrier power. 
Since the peak efficiency in practicable circuits 
is of the order of 70% to 80%, the carrier effi
ciency ordinarily cannot exceed about 35% 
to 40 %. For a given size of r.f. tube the carrier · 
output is-about one-fourth the carrier obtaina
ble from the same tube plate-modulated. The 
grid bias, r.f. excitation, plate loading and 
audio voltage in series with the grid must be 
adjusted to give a linear modulation charac
teristic. 

Modulator power - Since the increase in 
average carrier power with modulation is se
cured by varying the plate cffi_ciency and d.c. 
plate input of the amplifier, the modulator 
need only supply such power losses as may 
be occasioned by connecting it in the grid 
circuit. These are quite small, hence a modu
lator capable of only a few watts output will 
suffice for transmitters of considerable power. 
The load on the modulator varies over the 
audio-frequency cycle 88 the rectified _ grid 
current of the modulated amplifier changes, 
hence the modulator should have good voltage 
regulation ( § 5-6). 

Grid-bias &ource - The change in bias 
voltage with modulation causes the rectified 
grid current of the amplifier also to vary, the 
r.f. excitation being fixed. If the bias source 
has appreciable resistance, the change in 
grid current also will cause a change in bias 
in a direction opposite to that caused by the 
modulation. It is therefore necessary to use a 
grid-bias source having low resistance so that 
these bias variations will be negligible. Battery 
bias is satisfactory. If a rectified a.c. bias sup
ply is used the type having regulated output 
( § 8-9) should be used. Grid-leak biaa for a 
grid-modulated amplifier is unsatisfactory and 
its use should not be attempted. 

Driver regulation - The load on the driving 
stage varies with modulation, and a linear 
modulation characteristic may not be obtained 
if the r.f. voltage from the driver does not stay 
constant with changes in load. Driver regula
tion (ability to maintain constant output volt
age with changes in load) may be" improved 
by using a driving stage having two or three 
times the power output necessary for excitation 
of the amplifier (this is somewhat less than 
the power required for ordinary Class-C opera
tion), and by dissipating the·extra power in a 
constant load such as a resistor. The load 
variations are thereby reduced in proportion 
to the total load. 

Adjiutm.ent of grid-bias m.odulated am
plijier& - This type of amplifier should be 
adjusted with tbe aid of an oscilloscope to 
obtain optimum operating conditions. The 
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oecilloscope should be connected as described 
in § 5-10, the wedge pattern being preferable. 
A tone source for modulating the trans- R 

.. 
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mitter will be convenient. The fixed grid frci't,;
tion 

bias should be two or three times the cut-
off value (§  3-2). The d.c. input to the amplifier, 
assuming 33% carrier efficiency, will be 1½ 
times the plate dissipation rating of the tube or 
tubes used in the modulated stage, and the plate 
currentforthisinput (in milliamperes, 1000P /E, 
where P is the power and E the d.c. plate volt
age) determined. Apply r.f. excitation and. 
without modulation , adjust the plate loading 
(keeping the plate tank circuit tuned to reso
nance) to give the required plate current. 
Next, apply modulation and increase in the 
modulating signal until the modulation char
acteristic shows curvature ( §  5-10). This will 
probably occur well below 100% modulation, 
indicating that the plate efficiency is too high. 
Increase the plate loading and reduce the ex
citation to maintain the same plate current, 
apply modulation and check the characteristic 
again. Continue this process until the charac
teristic is linear from the axis to twice the car
rier amplitude. It is advantageous to use the 
maximum permissible plate voltage on the 
tube, since it is usually easier to obtain a more 
linear characteristic with high plate volta11:e 
and low current (carrier conditions) rath..r 
than with relatively low plate voltage and 
high plate current. 
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Fi&. 507 - Suppree&<>r-grid modulaiion of a peotode 
r.f. amplifier. The ouppre880r r.f, by-pall8 condenser, C, 
should be 0.002 ,Jd. or lell8. 

pentode tube is shown in Fig. 507.-The operat
ing principles are the same as for grid-bias 
modulation. However, the r.f. excitation and 
modulating signals are applied to separate 
grids, which gives the system a simpler operat
ing technique, since best adjustment for proper 
excitation requirements and proper modulating 
circuit requirements are more or less independ
ent. The carrier plate efficiency is approxi
mately the same as for grid-bias modulation, 
and the modula,,tor power requirements are 
similarly small. With tubes having suitable 
suppressor-grid characteristics, linear modula
tion up to practically 100% can be obtained 
with negligible distortion. 

The method of adjustment is essentially the 
same as that described in the preceding para
graph. Apply normal excitation and bias to 
the control grid and, with the-suppressor bias 
at zero or the positive value recommended 
for c.w. telegraph operation with the particular 
tube used, adjust the plate loading to obtain 
twice the carrier plate current (on the basis of 
33% carrier efficiency). Then apply sufficient 
negative bias to the suppressor to bring the 
plate current to the carrier value, leaving the 
loading unchanged. Simultaneously, the an
tenna current also should drop to half its maxi
mum value. The amplifier is then ready for 
modulation. Should the plate current not 
follow the antenna current in the same pro
portion when the suppressor bias is made 
negative, the loading and excitation should be 
readjusted to make them coincide. 

The amplifier can be adjusted without an 
oscilloscope by determining the plate current 
as described above, then setting the bias to the 
cut-off value (or slightly beyond) for the d.c. 
plate voltage used and applying maximum 
excitation. Adjust the plate loading, keeping 
the tank circuit at resonance, until the ampli
fier draws twice the carrier plate current, and 
note the antenna current. Decrease the exci
tation· until the output and plate current, just 
start to drop, then increase the bias, leaving 
the excitation and plate loading unchanged, 
until the pl.te current drops to the proper 
carrier value. The antenna current should 
be just half the previous value; if it is larger, 
try somewhat more loading and less excita
tion; if smaller, less loading and more excita
tion. Repeat until the antenna current drops 
to half its maximum value when the plate 
current is biased down to the carrier value. 
Under these conditions the amplifier should 
modulate properly, provided the plate supply 
has good voltage regulation (§ 8-1) so that the 
plate voltage is practically the same at both • $-6 CATHODE MODULATION 
values of plate current during the initial testing. 

The d.c. plate current should be substan
tially constant with or without modulation 
(§ 5-3). 

Suppreasor modulation -The circuit ar
rangement for suppre880r-grid modulation of a 

Circuit - The fundamental circuit for 
cathode or "center-tap" modulation is shown 
in Fig. 508. This type of modulation is a com
bination of the plate- and grid-bias methods, 
and permits a carrier efficiency midway be
tween the two. The audio power ia introduced 
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Fi,. 508 - Cathode modulation of a Claoo-C r.f. 
amplifier. The grid and plate by-pa88 condenoero, C. 
abould be 0.002 ,.fd. or leos (bigh reacian,:e at audio fre
quencies). 

in the cathode circuit, and both grid bias and 
plate voltage vary during modulation. 

The cathode circuit of the modulated stage 
must be independent of other stages in the 
transmitter ; that is, when filament-type tubes 
are modulated they must be. supplied from a 
separate filament transformer. The filament 
by-pass condensers should not be larger than 

. about 0.002 µfd., to avoid by-passing the audio. 
Operating principles - Because pa.rt of the 

modulation is by the grid-bias method, the 
plate efficiency of the modulated Jl,mplifier 
must vary during modulation. The carrier 
efficiency therefore must be lower than the 
efficiency at the moduiation peak. The re
quired reduction in carrier efficiency depends 
upon the proportion of grid modulation to 
plate modulation; the higher the percentage of 
plate modulation the higher the permissible 
carrier efficiency, and vice versa.. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 

The way in which the various quantities 
vary is illustrated by the curves of Fig. 509. 
In these curves, the performance of the cath
ode-modulated r.f. amplifier is plotted in 
terms of the tube ratings for plate-modulated 
telephony, with the percentage of plate modu
lation as a base. As the percentage of plate 
modulation is decreased, it is assumed that 
the grid-bias modulation is increased to make 
the overall percentage of modulation reach 
100%, The limiting condition, 100% plate 
modulation and no grid-bias modulation, is at 
the right (A); pure grid-bias modulation is rep
resented by the left-hand ordinate (B and C). 
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As an example, assume that 40% plate 
modulation is to be used. Then the modulated 
r.f. amplifier must be adjusted for a carrier 
plate efficiency of 56%, the permissible plate 
input will be 65% of the ratings of the same 
tube with pure plate modulation, the power 
output will be 48% of the rated output of the 
tube with plate modulation, and the audio 
power required from the modulator will be 
20 % of the d.c. input to the modulated ampli
fier. 

Modulating impedance - The modulating 
impedance of a cathode-modulated amplifier 
is approximately equal to 

E• 
m r. 

where m is the percentage of plate modulation 
expressed as a decimal, E• is the plate voltage, 
and / • the plate current of the modulated r.f. 
amplifier. This figure for the modulating im
pedance is used in the same way as the corre
sponding figure for pure plate modulation in 
determining the proper modulator operating 
conditions (§ 5-6). 

Conditions for linearity - R.f. excitation 
requirements for the cathode-modulated am
plifier are midway between those for plate 
modulation and grid-bias modulation. More 
excitation is required as the percentage of 
plate modulation is increased. Grid bias should 
be considerably beyond cut-off ; fixed bias 
from a. supply having good voltage regulation 
( § 8-9) is preferred, especially when the per
centage of plate modulation is small and the 
amplifier is operating more nearly like a grid
bias modulated stage. At the higher percent-

100 A �  � / 

80 
.,,v / 

V V v- ..-., -
60 

"'5 / � -
B _/v � ,/v . 

/ 

./ 
/ � / V 

V / I/ V 

20 
l/ � � V 

,, ,,.......-
l/ V 

0 20 40 60 80 100 

?>r.-PER CENTPlArE MOOVLATION 

Fig. 509 - Cathode modulation performan<:e corveo, 
in terms of peruntage of plate modulation against per 
cent of Cla .. -C telephony tube rating•. 
W i. - D.c. plate input watts in per cent of plate-modu
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ages of plate modulation a combi
nation of fixed and grid-leak bias 
can be used since the variation in 
rectified grid current is smaller. 
The grid-leak should be by-passed 
for audio frequencies. The percent
age of grid modulation may be 
regulated by choice of a suitable 
tap on the modulation trans
former secondary. 

OIIIVER 

Adjwitment of catluxle-mod
uloted amplifwr• - In most re-
spects the adjustment procedure 
is similar to that for grid-bias modulation 
(§ 5-4). The critical adjustments are those of 
antenna loading, grid bias, and excitation. The 
proportion of grid-bias to plate modulation 
will determine the operating conditions. 

Adjustments should be made with the aid of 
an oscilloscope (§ 5-10). With proper antenna 
loading and excitation, the normal wedge
shaped pattern will be obtained at 100% mod
ulation. As in the case of grid-bias modulation 
too-light antenna loading will cause flattening 
of the up-peaks of modulation (downward 
modulation), as will also too-high excitation 
(§ 5-10). The cathode current will be prac
tically constant with or without modulation 
when the proper operating conditions are 
reached ( § 5-3). 

e 5-8 CLASS-a MO.IJJ.ATOBS 
Modulator tubes - In the case of plate 

modulation, the relatively-large audio power 
needed ( § 5-3) practically dictates the use of a 
Class-B (§ 3-4) modulator, since the power 
can be obtained most economically with this 
type of amplifier. A typical circuit is given in 
Fig. 510. A pair of tubes must be chosen which 
is capable of delivering sine-wave audio power 
equal to half the d.c. input to the modulate9 
Class-C amplifier. It is sometimes convenient 
to use tubes which will operate at the same 
plate voltage as that applied to the Class-C 
stage, since one power supply of adequate 
current capacity may then suffice for both 
stages. Available components do not always 
permit this, however, and better overall 
performance and economy may frequently 
result from the use of separate power sup
plies. 

Matching t.o load - In giving Clas&-B 
ratings on power tubes, manufacturers specify 
the plate-to-plate load impedance (§ 3-3) 
into which the tubes must operate to deliver 
the rated audio power output. This load im
pedance seldom is the same as the modulating 
impeda.nce (§ 5-3) of the Class-C r.f. stage, 
so that a match must be brought about· by 
adjusting the turn ratio of the coupling trans
former. The required turn ratio, primary t.o 
aecondary, ia 

I 

+II 

Fig. 510 - Cla .. -B modulator and driver circuit. 

{z; '\Jz.. 
where z. is the Class-C modulating impedance 
and ZP is the plate-to-plate load impedance 
specified for the Class-B tubes. 

Commercial Class-B output transformers 
usually are rated to work between specified 
primary and secondary impedances and are 
designed for specific Class-B tubes. In such a 
case the turn ratio can be found by substitut
ing the given impedances in the formula 
above. Many transformers are provided with 
primary and secondary taps so that various 
turn ratios can be obtained to meet the re
quirements of a large number of tube com
binations. 

Driving power - Class-B amplifiers are 
driven into the grid-current region, so that 
power is consumed in the grid circuit (§ 3-3). 
The preceding stage (driver) must be capable 
of supplying this power at the required peak 
audio-frequency grid-to-grid voltage. Both 
these quantities are given in the manufactur
er's tube ratings. The grids of the Class-B 
tubes represent a variable load resistance over 
the audio-frequency cycle, since the grid cur
rent does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary to have a driving source which h88 
good regulation - that is, which will maintain 
the waveform of the signal without distortion 
even though the load varies. Thie can be 
brought about by using a driver capable of 
delivering two or three times the actual power 
consumed by the Class-B grids, and by using 
an input coupling transformer having a turn 
ratio giving the largest step-down in voltage, 
between the driver plate or plates and Class-B 
grids, that will permit obtaining the specified 
grid-to-grid a.f. voltage. 

Driver coupling - A Class-A or Cl888-AB 
(§ 3-4) driver is used to excite a Class-B 
stage. Tubes for the driver preferably should 
be triodes having low plate resistance, since 
these will have the best regulation. Having 
ohoeen a tube or tubes with ample power out-
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put from tube data sheets, the peak output 
voltage will be, approximately, 

E0 - u ../Pli  

where P is the power output and R the load 
resistance. The input transformer ratio, pri
mary to secondary, will be 

E. 

E, 

wnere E. is as given above and E, is the peak 
grid-to-grid voltage required by the modulator 
tubes. 

Commercial transformers usually are de
signed for specific driver-modulator combina
tions, and usually are adjusted to give as good 
driver regulation as the conditions will permit. 

Grid bias - Modern Class-B audio tubes 
are intended for operation without fixed bias. 
This lessens the variable grid-circuit loading 
effect and eliminates the need for a grid-bias 
supply. 

When a grid-bias supply is required, it must 
have low internal resistance so that the flow 
of grid current with excitation of the Class-B 
tubes does not cause a continual shift in the 
actual grid bias and thus , cause distortion. 
Batteries or a regulated bias supply ( §  8-9) 
should be used. 

Plau supply - The plate supply for a 
Class-B modulator should be sufficienily well 
filtered (§ 8-3) to prevent hum modulation of 
the r.f. stage (§ 5-2). An additional require
ment is that the output condenser of the sup
ply should have low reactance (§ 2-8) at 100 
cycles or less compared to the load into which 
each tube is working, which is ¼ the plate-to
plate load resistance. A 4-iifd. <1utput con
denser with a 1000-volt supply, or a 2-iifd. 
condenser with a 2000-volt supply, usually 
will be satisfactory. With other plate voltages, 
condenser values should be in inverse propor
tion to the plate voltage. 

Overescitation - When a Class-B amplifier 
is overdriven in an attempt to secure more 
than the rated power, distortion in the output 
waveshape increases rapidly. The high-fre
quency harmonics which result from the distor
tion ( § 3-3) modulate the transmitter, produc
ing spurious sidebands (§ 5-2) which readily 
can cause serious interference over a band of 
frequencies several times the channel width 
required for speech. This may happen even 
though the transmitter is not being over
modulated, as in the case where the modulator 
is incapable of delivering the power required 
to modulate the transmitter fully, or when 
the Class-C amplifier is not adjusted to give 
the proper modulating impedance (§ 5-3). 

The tubes used in the Class-B modulator 
should be capable of somewhat more than the 
power output nominally required (50% of the 
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d.c. input to the modulated amplifier) to take 
care of losses in the output transformer. These 
usually run from 10% to 20% of the tube out
put. In addition, the Class-C amplifier should 
be adjusted to give the proper modulating 
impedance and the correct output transformer 
turn ratio should be used. Such high-frequency 
harmonics as may be generated in these cir
cumstances can btl reduced by connecting 
condensers across the primary and secondary 
of the output transformer (about 0.002 µfd. 
in the average case) to form, with the trans
former leakage inductance (§ 2-9.) a low pass 
filter ( § 2-11) which cuts off just above the 
maximum audio frequency required for speech 
transmission (about 4000 cycles). The con
denser voltage ratings should be adequate for 
the peak a.f. voltages appearing across them. 

Operation without load - Excitation 
should never be applied to a Class-B modulator 
until after the Class-C amplifier is turned on 
and is drawing the proper plate current to 
present the rated load to the modulator. With 
no load to absorb the power, the primary im
pedance of the transformer rises to a high 
value and excessive audio voltages are de
veloped across it - frequently high enough 
to break down the transformer insulation. 
If the modulator is to be tested separately 
from the transmitter a load resistance of the 
same value as the modulating impedance, 
and capable of dissipating the full power out
put of the modulator, should be connected 
across the transformer second�ry. 

e :5-7 LOW-LEVEL MODULATORS 

Selection of tubes - Modulators for grid
bias and suppressor modulation usually can 
be small audio power output tubes, since the 
audio power required is quite small. A triode 
11uch as the 2A3 is preferable because of its 
low plate resistance, but pentodes will work 
satisfactorily. 

Matching to load - Since the ordinary 
Class-A receiving power tube will develop 
about 200 to 250 peak volts in its plate circuit, 
which is ample for most low-level modulator 
applications, a 1 :1 coupling transformer is 
generally used. If more voltage is required, 
a step-up ratio must be provided in the trans
former. It is usual practice to load the primary 
of the output coupling transformer with a re
sistance equal to or slightly higher than the 
rated load resistance for the tube in order to 
stabilize the voltage output and thus improve 
the regulation. This ie indicated in Figs. 506 
and 507. 

• 5-a MICBePaoNES 
Sensitivity - The sensitivity of a micro

phone is its electrical output for a given speech 
intensity input. Sensitivity varies greatly with 
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microphones of different basic types, and also 
varies between different models of the same 
type. The output is also greatly dependent on 
the character of the individual voice and the 
distance of the speaker's lips from the micro
phone, decreasing approximately as the square 
of the distance. It also may be affected by 
reverberation in the room. Hence, only ap
proximate values based on averages of "nor
mal" speaking voices can be attempted. The 
values given in the following paragraphs are 
based on close talking; that is, with the micro
phone six inches or le88 from the speaker's lips. 

Fr,,,q,um,r.y re.�pon.,e - The frequencv re
spome of a microphone is its relative ability 
to convert sounds of different frequencies into 
alternating current. With fixed sound inten
sity at the microphone, the electrical output 
may vary considerably as the sound frequency 
is varied. For intelligible speech transmission 
only a limited frequency range is necessary, 
and natural-sounding speech can be obtained 
if the output of the microphone does not vary 
more than a few decibels ( §  3-3) over a range 
of about 100 cycles to 3000 or 4000 cycles. 
When the variation in decibels is email be
tween two frequency limits, the microphone 
is said to be flat between those limits. 

Carbon microphones - Fig. 511  shows con
nections for single- and double-button carbon 
microphones, with a variable potentiometer 
included in each circuit for adjusting the but
ton current to the correct value as specified 
with each microphone. The single-button 
microphone consists of a metal diaphragm 
placed against an insulating cup containing 
loosely-packed carbon granules (microph011e 
button). Current from a battery flows through 
the granules, the diaphragm being one connec
tion and the metal back-plate the other. The 
primary of a transformer is connected in series 
with the battery and microphone. As the dia
phragm vibrates its pressure on the granules 
alternately increases and decreases, causing a 
corresponding incre�se and decrease of current 

flow through the circuit, since the pre88ure 
changes the resistance of the mass of granules. 
The change in current flowing through the 
transformer primary causes an alternating 
voltage, of corresponding frequency and in
tensity, to be set up in the transformer sec
ondary ( §  2-9). The double-button type oper
ates similarly, but with two buttons in push
pull. 

Good quality single-button carbon micro
phones give outputs ranging from 0.1 to 0.3 
volt across 50 to 100 ohms; that is, across the 
primary winding of the microphone trans. 
former. With the step-up of the transformer, a 
peak voltage of between 3 and 10 volts acroSB 
100,000 ohms or so can be assumed available 
at the grid of the first tube. These microphones 
are usually operate_d with a button current of 
50 to 100 ma. 

The sensitivity of good-quality double
button microphones is considerably le88, rang
ing from 0.02 volt to 0.07 volt across 200 ohms. 
With this type microphone and the usual 
push-pull input transformer, a peak voltage 
of 0.4 to 0.5 volt acrose 100,000 ohms or so can 
be assumed available at the first speech ampli
fier grid. The button current with this type 
microphone ranges from 5 to 50 ma. per button. 

Cry&tal microphonu - The input circuit 
for a piezo-eleetric or crystal type microphone 
is showli in Fig, 51 1-E. The element in this 
type consists of a pair of Rochelle salts crystals 
cemented together, with plated electrodes. 
In the more sensitive types the crystal is 
mechanically coupled to a diaphragm. Sound 
waves actuating the diaphragm cause the 
crystal to vibrate mechanically and, by piezo
electric action (§ 2-10), to generate a corre
sponding alternating voltage between the elec
trodes, which are connected to the grid circuit 
of a vacuum tube amplifier as shown. The 
crystal type requires no separate source of 
current or voltage. 

Although the sensitivity of crystal micro
phones varies with different models, an output 
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of 0.01 to 0.03 volt is representative for com
munication types. The sensitivity is affected 
by the length of the cable connecting to the 
first amplifier stage ; the .above figure is for 
lengths of 6 or 7 feet. The frequency charac
teristic is unaffected by the cable but the load 
resistance (amplifier grid resistor) does affect 
it, the lower frequencies being attenuated as 
the shunt resistance becomes less. Grid resistor 
va.lues of 1 megohm a!1d higher should be used, 
5 megohms being a customary figure. 

Condenser microphones - The condenser 
microphone of Fig. 511-C consists of a two
plate capacity with one plate stationary and 
the other, separated from the first by about a 
thousandth of an inch, a thin metal membrane 
serving as a diaphragm. This condenser is con
nected in series with a resistor and d.c. voltage 
source.· When the diaphragm vibrates the 
change in capacity causes a small charging 
current to flow through the circuit. The result
ing audio voltage which appears across the 
resistor is fed to the tube grid through the 
coupling condenser. 

The output of condenser microphones varies 
with different models, the high-quality type 
being about one-hundredth to one-fiftieth as 
sensitive as the double-button carbon mici;p
phone. The first amplifier tube must be built 
into the microphone since the capacity of a 
connecting cable would impair botli output 
and frequency range. 

Velocity and dynam.ic m.icrophones -
In a velocity or ribbon microphone, the ele
ment acted upon by the sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. When made to vibrate 
the ribbon cuts the lines of force between the 
poles in first one direction and then the other, 
thus generating an alternating voltage. 

The sensitivity of the velocity microphone, 
with a suitable coupling transformer, is about 
0.03 to 0.05 volt. 

The dynamic microphone is similar to the 
ribbon type in principle, but the ribbon is re
placed by a coil attached to a diaphragm. The 
coil· provides several turns of wire cutting the 
magnetic field, and thus gives greater sensitiv
ity. A small permanent-magnet loud-speaker 
makes a practical dynamic microphone. 

e G-9 TIU! SPBECB AMPLIJIIEII 
Description -The function of the speech 

amplifier is to build up the weak microphone 
voltage to a va.lue sufficient to excite the modu
lator to the required output. It may have from 
one to severa.l stages. The last stage nearly 
a.lways must deliver a certain amount of audio 
power, especia.lly when it is used to excite a 
Class-B modulator. Speech amplifiers for 
grid-bias modulation usually end in a power 
stage -which a.lso functions as the modulator. 
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The speech amplifier is frequently built as a 
separate unit from the modulator, and in such 
a case may be provided with a step-down 
transformer designed to work into a low im
pedance, such as 200 or 500 ohms (tube-to
line transformer). When this is done, a step-up 
input transformer intended to work between 
the same impedance and the modulator grids 
(line-to-grid transformer) is provided in the 
modulator circuit. The line connecting the two 
transformers may be made any convenient 
length. 

General design considerations - The last 
stage of the speech amplifier must be selected 
on the basis of the power output required 
from it; for instance, the power p.ecessary• to 
drive a Class-B modulator (§  5-6). It may be 
either single-ended or push-pull (§  3-3) the 
latter being generally preferable because of 
higher power output and lower harmonic 
distortion. Push-pull amplifiers may be either 
Class A, Class AB1 or Class ABi ( § 3-4) as the 
power requirements dictate. If a Class A or 
AB1 amplifier is used, the preceding stages 
may a.II be voltage amplifiers, but when a Class
AB2 amplifier is used the stage immediately 
preceding it must be capable of furnishing the 
power consumed by its grids at full output. 
The requirements in this case are much the 
same as those which must be met by a driver 
for a Class--B stage (§  5-6), but the actual 
power needed is considerably smo.ller and 
usually can be supplied by one or two small 
receiving triodes. Any lower-level stages are 
invariably worked as purely voltage ampli
fiers. 

The minimum amplification which must be 
provided ahead of the last stage is equal to 
the peak audio-frequency grid voltage re
quired by the last stage for full output (peak 
grid-to-grid-voltage in the case of a push-pull 
stage) divided by the output voltage of the 
microphone or secondary of the microphone 
transformer if one is used U 5-8). The peak 
a.f. grid voltage required by the output tube 
or tubes is equal to the 'tl.c. grid bias in the 
case of a single-tube Class A amplifier, and 
approximately twice the grid bias for a push
pull Class-A stage. The requisite information 
for Class AB1 and AB2 amplifiers can be ob
tained from the manufacturer's data on the 
type considered. If the gain is not obtainable 
in one stage, several stages must be. used in 
cascade. When the output stage is operated 
Class AB2, due allowance must be made for 
the fact that the next-to-the-last stage must 
deliver power as well as voltage. In such cases 
suitable driver combinations are usually recom
mended by manufacturers of tubes and inter
stage transformers. The coupling transformer 
must be designed especially for the purpose. 

The total gain provided by a multi-atage 
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amplifier i11 equal to the product of the indi
Tidual stage gains. For example, when three 
11tage11 are used, the first having a gain of 100, 
the second 20 and the third 15, the total gain 
i11 100 X 20 X 15, or 30,000. It is good prac
tice to provide two or three times the mini
mum required gain in designing the speech 
amplifier. This will insure having ample gain 
aTailable to cope with varying conditions. 

When the gain must be fairly high, as when 
a crystal microphone- is used, the speech am
plifier frequently has four stages, including 
the power output stage. The first is generally 
a pentode because of the high gain attainable 

• with this type of tut5e. The second and third 
stages are usually triodes, the third frequently 
having two tubes in push-pull when it drives a 
Cl&IIS AB2 output stage. Two pentode stages 
are seldom used consecutively because of the 
difficulty of getting stable operation when the 
gain per stage is high. With carbon micro
phones le88 amplification is needed, hence the 
pentode first stage usually is omitted, one or 
two triode stages being ample to obtain full 
output from the power stage. 

Sto6e 6oin and voltose output - In volt
age amplifiers, the stage gain is the ratio of 
a.c. output voltage to a.c. voltage applied 
to the grid. It will vary with the applied audio 
frequency, but for speech work the variation 
. should be small over the range 1()()-4000 
cycles. Thie condition is easily met in practice. 

The output voltage is the maximum value 
which can be taken from the plate circuit 
without distortion. It is usually expressed in 
terms of the peak value of the a.c. wave (§ 2-7) 
since this value is independent of the wave
form. The peak output voltage usually· is of 
interest only when the stage drives a power 
amplifier, since only in this case is the stage 
called upon to work near its maximum capa
bilities. Low-level stages are very seldom 
worked near full capacity, hence harmonic 
distortion is negligible and the voltage gain 
of the stage is the primary consideration. 

Remtonce coupling - ResistanCI) coupling 
is generally used in voltage amplifier stages. 
It is relatively inexpensive, good frequency 
response can be secured, and there is little 
danger of hum pick-up from stray magnetic 
fields associated with heater wiring. It is the 
only type of coupling suitable for the output 
circuits of pentodes and high-µ triodes, since 
with audio-frequency transformers a suffi
ciently high load impedance ( §  3-3) cannot be 
obtained without considerable frequency dis
tortion. Typical resistance-coupled circuits 
are given in Fig. 512. 

The frequency respon11e of the amplifier will 
be determined by the circuit constants, par
ticularly CaR,, the coupling condenser and 
resistor to the following stage, and C1R1, the 
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J'i«. 512 - Reeiotance-coupled voltage ampli.6er oir
cuita. A, pentode; B, triode. Designations arc as follows: 
C1 - Cathode by-p&88 condenser. 

, C2 - Plate by-pllM condenser. 
C. - Output coupling condenser {blocking condenser). 
C. - Screen by-pue condenser • 
R1 - Cathode resistor. 
R2 - Grid reeiotor. 
Rs - Plate resiotor. 
R, - Next .. tage grid reeuitor. 
R1 - Plate decoupling reeiotor. 
Re- Screen reeiotor. 

Values for commonly-used tubes are given in Table I. 

cathode bias resistor and by-pass condenser. 
For adequate amplification at low frequencies 
the time constant (§ 2-6) of both these CR 
combinations should be large. Depending upon 
the type of tube used in the next stage, R, 
may vary from 50,000 ohms (with powe.r 
tubes such as the 2A3 or 6F6) to 1 megohm; 
it is advantageous to use the highest value 
recommended for the type of tube used since 
this gives greatest low-frequency response 
with a given size of coupling condenser, Ca. 
A capacity of 0.1 µCd. at Ca will provide ample 
coupling at low frequencies with any ordina
rily-used tube, load resistance (Ra) and next
stage grid resistance (R,). 
. The reactance (§ 2-8) of C1 must be email 
compared to the resistance of R1 for good low
frequency response. While with values of R1 

in the vicinity of 10,000 ohms, more or le88, a 
condenser of 1 µCd. will suffice, it is more co·m
mon practice to use 5- or 10-µfd. low-voltage 
electrolytic condensers for the purpose, since 
they are inexpensive and provide ample by
passing. A value of 10 iifd. is usually sufficient 
with values of R1 as low as 500 ohms. 
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For maximum voltage gain the resistance 
at Ra should be as high as possible without 
causing too great a drop in voltage at the plate 
of the tube. Values range from 50,000 ohms 
to 0.5 megohm, the smaller figure being used 
with triodes having comparatively low plate 
resistance. The value of R( depends upon Ra, 
which principally determines the plate cur
rent; in general, the grid bias is somewhat 
smaller than in circuits having low-resistance 
output devices (such as a transformer) be
cause of the lower voltage effective at the plate 
of the tube. This is also true of the screen 
voltage, for similar reasons, and values of the 
screen resistor, R6, may vary from 0.25 to 
2 megohms. A screen by-pass (C4) of 0.1 µ[d. 
will be adequate in all cases. 

Table I shows typical values for some of the 
more popular tube types used in speech ampli
fiers. The stage gain and peak undistorted 
output voltage also are given. Other operating 
condilipna are of course possible. The value 
of the grid resistor, R2, does not affect any 
of these quantities, but should not exceed 
the maximum value recommended by the 

. manufacturer for. the particular type of tube 
used. 

The resistance-capacity filter ( §  2-1 1 )  formed 
by C,R, is called a decoupling circuit. It iso
lates the stage from the power supply so that 
unwanted coupling between this and other 

Input 

+8 

(B) 
F;,. 513 - Trao•former-ooupled amplifier circuita for 

driving a push-pull amplifier. A, reoiotance-tranoformer 
coupling; B, transformer coupling. Designations corre
spond to those of Fig. 512. lo A, valueo can be taken 

from Table I. In 8, tbe catbode reoiotor ia calculated 
Crom the rated plate current aod grid bias •• given for 
the particular type of tube uoed (f 3-6). 
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stages through the output impedance of the 
power supply is eliminated. Such coupling is 
a frequent cause of low-frequency oscillation 
(motorboating) in multi11tage resistance-coupled 
amplifiers. 

Transformer coupling -Transformer cou
pling between stages is ordinarily used only 
when power is to be transferred (in such a case 
resistance coupling is very inefficient) or when 
it is necessary to couple between a .single
ended and a push-pull stage. Triodes having 
an amplification factor of 20 or less are used 
in transformer-coupled voltage amplifiers. 

Representative circuits for single-ended to 
push-pull are shown in Fig. 513. That at A 
uses a combination of resistance and trans
former coup\ing and may be used for exciting 
the grids of a Class-A or AB1 following stage. 
The resistance coupling is used to keep the 
d.c. plate current from flowing through the 
transformer primary and thereby prevent a 
reduction in primary inductance below its no
current value (§ 8-4). Thia improves the low
frequency response. With triodes ordinarily 
used (605, 6J5, etc.) the gain is equal to that 
with resistance coupling (typical values in 
Table I) multiplied by the secondary-to
primary turn ratio of the transformer. This 
ratio is generally 2 : l 

In B the transformer primary is in series 
with the plate of the tube and thus must carry 
the tube plate current. When the following 
amplifier operates without grid current, the 
voltage gain of the stage is practicaliy equal to 

• the µ of the tube multiplied by the transformer 
ratio. This circuit is also suitable for trans
ferring power (within the capabilities of the 
tube) as in the case of a following Class-AB2 
stage used as a driver for a Class-B modulator. 

Gain control - The overall gain of the am
plifier may be changed to suit the output level 
of the microphone, which will vary with voice 
intensity and distance of the speaker from the 
microphone, by varying the proportion of a.c. 
voltage applied to the grid of one of the stages. 
This is done by means of an adjustable voltage 
divider ( § 2-6), commonly called a "poten
tiometer" or "volume control," as shown in 
Fig. 514. The actual voltage applied between 
grid and cathode will be very nearly equal to 
the ratio of the resistance between AB. to the 
total resistance AC, multiplied by the a.c. 
voltage which appears across AC. The gain 
control is usually also the grid resistor for the 
amplifier stage with which it is associated. 

The gain control potentiometer should be 
near the input end of the amplifier so that 
there will be no danger that stages ahead of 
the gain control will overload. With carbon 
microphones the gain control may be placed 
directly across the microphone transformer 
secondary, but with other types the gain con-
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Fig. 514 -Gain control circuit. 

trol usually will affect the frequency response 
of the microphone when connected directly 
across it. The control is therefore usually 
placed in the grid circuit of the second stage. 

Pluue inversion - Push-pull output may 
be secured with resistance coupling by using 
an extra tube as shown in Fig. 515. There 
is a phase shift of 180 degrees through any 
normally-operating resistance-coupled stage 
( §  3-3) and the extra tube is used purely to 
provide this ph&Be shift without additional 
gain. The outputs of the two tubes are then 
added to give push-pull excitation to the next 
amplifier. 

In Fig. 515, V1 is the regular amplifier, con
.nected in normal fashion to the grid of one of 
the push-pull tubes. The next-stage grid re
sistor is tapped so that part of the output 
voltage is fed to the grid of the phase inverter, 
V2• This tube then amplifies the signal and 
applies it in reverse phase to the grid of the 
second pUBb-pull tube. Two similar tubes 
should be used at V1 and V2, with identical 
plate resistors and output coupling condensers .• 
The tap on R4 is adjusted to make V1 and V2 
give equal voltage outputs so that balanced 
excitation is applied to the grids of the follow
ing stage. 

The cathode resistor, Ro, commonly is left 
un-bypassed since this tends to help balance 
the circuit. Double-triode tubes are frequently 
used as ph&Be inverters. 

TABLE I-TYPICAL VOLTAGE AM.PLI• 
FDR DATA 

Peak 

Tube TIIP< Ra, Re, R1, olima Output Voltaqe 
�OA..U -o.lm, VoU, Gain ------------

6C6 0 . 1  - 6000 88 13 

6J5 0.1  - 3000 64 14 

6F5, 6SF5 0.25 - 3000 54 63 
6J7 0.25 1.2 1200 l(),i 140 

6SJ7 0.25 1 .0 900 Sis 167 

0.5 2.0 1300 64 200 

Other values (Fis, 512): C,, 10 ,.(d. (low-voltage electro
lytic); C2, S-,.(d. electrolytic; Ca, C,, 0.1-,Jd. paper; R2, 0.1 
to 1 megohm; R<, 0.5 megohm; R,, 10,000 to 50,000 ohmo. 
Data are baaed on a plate-•uppJy voltage of 800; lower 
valueo will reduce the undiotorted peak output voltage in 
proportion, but will not materially affect the voltage gain. 

Output limiting - It is desirable to modu
late as heavily as possible without overmodu
lating, yet it is difficult to speak into the micro
phone at a constant intensity. To maintain 
reasonably constant output from the modula
tor in spite of variations in speech intensity, 
it is possible to use automatic gain control 
which follows the average (not instantaneous) 
variations in speech amplitude. This is accom
plished by rectifying and filtering ( § 8-2, 8-3) 
some of the audio output and applying the 
rectified and filtered d.c. to a control electrode 
in an early stage in the amplifier. 

A practical circuit for this purpose is shown 
in Fig. 516. The rectifier muat be connected, 
through the transformer, to a tube capable of 

Input R, 

V2 

Fif. SIS -Pbaoc inverter circuit foe reeuitance• 
coupled pwb-pull output. With a double-triode tube 
(6N7) the followin1 valuee are typical: 
R,-0.5 megohm. 
Ju, fu -0.1 megohm. 
R,, Re -0.5 megohm. 
Re - 1500 ohms. 
c,. C, - 0.1 ,.fd. 

14 should be tapped as deecribed in the text. The 
voltage gain with these eon•tanta i,, 22. 

delivering some power output (a small part of 
the output of the power stage may be used) or 
else a separate amplifier for the rectifier cir
cuit alone may have its grid connected in 
parallel with that of the last voltage amplifier. 
Resistor R4 in series with Rs across the plate 
supply provides variable bias on the rectifier 
plates so that the limiting action can be de
layed until a desired microphone input level is 
reached. R2, Ra, C,, Ca, and C4 form the filter, 
(§  2-11) and the output of the rectifier is con
nected to the suppressor grid of the pentode 
first stage of the speech amplifier. 

A step-down transformer giving about 50 
volts when its primary is connected to the out
put circuit should be used. A half-wave recti
fier can be used instead of the full-wave circuit 
shown, although satisfactory filtering is more 
difficult. 

Noise - It is important that the noise level 
in a speech amplifier be low compared to the 
level of the desired signal. Noise in the speech 
amplifier is chiefly hum, which may be the 
result of insufficient power-supply filtering 
or may be introduced into the grid circuit of a 
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Fi,. 516 -Output limiting circuit. 
c,. C2, Ca, C. -0.1.;rd. paper. 
R1, R2, lu - 0.25 megohm. 
R, - 25,000-ohm potentiometer. 
lu - 0.l megohm. 
T - See text. 

tube by magnetic or electrostatic means from 
heater wiring. The plate voltage for the ampli
fier should be free from ripple ( § 8-4), par
ticularly the voltage applied to the low-level 
stages. A two-section condenser-input filter 
(§ 8-5) is usually satisfactory. The decoupling 
circuits mentioned in the preceding para
graphs also are helpful in reducing plate
supply hum. 

Hum from heater wiring may be reduced 

picture of the modulated output of the trans
mitter, and the waveform errors inherent in 
other types of measurements are eliminated. 

Two types of oscilloscope patterns may be 
obtained, known as the "wave envelope " and 
"trapezoid." The former shows the shape of 
the modulation envelope ( § 5-2) directly, while 
the latter in effect plots the modulation char
acteristic ( § 5-2) of the modulo.tad stage on 
the cathode-ray tube screen. To obtain the 
wave-envelope pattern the oscilloscope must 
have a horizontal sweep circuit. The trapezoid 
pattern requires only the oscilloscope, the 
sweep circuit being supplied by the transmitter 
itself. Fig. 517 shows methods of connecting 
the oscilloscope to the transmitter for both 
types of patterns. The oscilloscope connections 
for the wave-envelope pattern, Fig. 517-A, 
are usually simpler than those for the trape
zoidal figure. The vertical deflection plates are 
coupled to the amplifier tank coil or an antenna 
coil by means of a pickup coil of a few turns 
connected to the oscilloscope through a 
twisted-pair line. The position of the pickup 
coil is varied until a carrier pattern, Fig. 
518-B, of suitable height is obtained. The 
sweep voltage should be adjusted to make the 
width ·of the pattern somewhat more than 
half the diameter of the screen. It is frequently 
helpful in eliminating r.f. harmonics from the 
pattern to connect a resonant circuit, tuned 

by keeping the wiring well away from un
grounded components or wiring, particularly in 
the vicinity of the grid of the first tube. Com
plete shielding of tht: microphone jack ie 
advisable, and when tubes with grid caps in
stead of the single-ended types are used the 
caps and the e1tposed wiring to them should • 
be shielded. Heater wiring preferably should 
run in the corners of a metal chassis to reduce 
the magnetic field. A ground should be made 
either on one side of the heater circuit or to 
the center-tap of the heater winding. The 
shells of metal tubes should be grounded; 
glass tubes require separate shields, especially 
when used in low-level stages. Heater connec
tions to the tube sockets should be kept as far 

(A) 

osc 

@ 

�u:v 
Alternative_ 

Input <:,onnectwns as possible from the plate and grid prongs, 
and the beater wiring to the sockets should be 
kept close to the chassis. A connection to a 
good ground (such as a cold water pipe) also 
is advisable. The speech amplifier always 
should be constructed on a metal chassis. 

When the power supply is mounted on the 
same chassis with the speech amplifier, the 
power transformer and filter chokes should be 
well separated from audio transformers in the 
amplifier proper, to reduce magnetic coupling. 

e $-10 CIIECIIUNG 'PHONE TRANS
MITTHB OPIKRATION 

Modulation percentage- The most reliable 
method of determining percentage of modula
tion is by means of the cathode-ray oscillo
scope (§ 3-9). The oscilloscope gives a direct 
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Fis. 517 - Melhoda of connecting an oocill0600pe to 
the modulated amplifier for checking modulation . 
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Fig. 518- Wave-velope and trapezoidal patterns 
under different conditions of modulation. 

to the operating frequency, between the ver
tical deflection plates, using link coupling 
between this circuit and the transmitter tank 
circuit. 

With the application of voice modulation a 
rapidly-changing pattern of varying height 
will be obtained. When the maximum height 
of this pattern is just twice that of the carrier 
alone, the wave is being modulated 100% 
( § 5-2). This is illustrated by Fig. 518-D, where 
the point X represents the sweep line (reference 
line) alone, YZ is the carrier height, and PQ 
is the maximum height of the modulated wave. 
If the height is greater than the distance PQ, 
as illustrated in E, the wave is overmodulated 
in the upward direction. Overmodulation in 
the downward direction is indicated by a gap 
in the pattern at the reference axis, where a 
single bright line appears on the screen. Over
modulation in either direction may take place 
even when the modulation in the other direc
tion is less than 100%. Assuming that the 
modulation is symmetrical, however, any 

modulation percentage can be measured di
rectly from the screen by measuring the maxi
mum height with modulation and the height 
of the carrier alone; calling these two heights 
h1 and h2, respectively, the modulation per
centage is 

ht - h2 X lOO 
h, 

Connections for the trapezoidal pattern 
are shown in Fig. 517-B. The vertical plates 
are similarly coupled to the transmitter tank 
circuit through a pick-up loop; the tuned in
put circuit to the oscilloscope may also be 
used. The horizontal plates are coupled to the 
output of the modulator through a voltage 
divider (§ 2-6) R1R2, the latter resistance 
being variable to permit adjustment of the 
audio voltage to a suitable value to give a 
satisfactory horizontal sweep on the screen. 
R2 may be a 0.25-megohm volume control 
resistor. The value of R1 will depend upon the 
audio output voltage of the modulator. This 
voltage is equal to vPn, where P is the audio 
power output of the modulator and R is the 
modulating impedance of the modulated r.f. 
amplifier. In the case of grid-bias modulation 
with a 1:1 output transformer, it will be satis
factory to assume that the a.c. output voltage 
of the modulator is equal to 0. 7 E for a single 
tube, or 1.4E for a push-pull stage, where E 
is the d.c. plate voltage on the modulator. If 
the transformer ratio is other than 1 :1, the 
voltage so calculated should be multiplied 
by the actual secondary-to-primary turn ratio. 
The total resistance of R1 and R2 in series 
should be 0.25 megohm for every 150 volts of 
modulator output; for example, if the modula
tor output voltage is 600, the total resistance 
should be four (600/150) times 0.25 megohm, 
or 1 megohm. Then with 0.25 megohm at Rs, 
R1 should be 0. 75 megohm. The blocking 
condenser C should be 0.1 pfd or more and 
its voltage rating should be greater than the 
maximum voltage appearing in the circuit. 
With plate modulation, this is twice the d.c. 
voltage applied to the plate of the modulated 
amplifier. 

The trapezoidal patterns are shown in Fig. 
518 at F to J, each alongside the corresponding 
wave-envelope pattern. With no signal, only 
the cathode ray spot appears on the screen. 
When the unmodulated carrier is applied a 
vertical line appears, and its length should be 
adjusted by means of the pickup coil coupling 
to a convenient value, When the carrier is 
modulated the wedge-shaped pattern appears; 
the higher the modulation percentage the wider 
and more pointed the wedge becomes. At 100% 
modulation it just makes a point on the axis 
A at one end and the height PQ at the other 
end is equal to twice the carrier height YZ. 
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Overmodulation in the upward direction is 
indicated by increased height over PQ, and 
in the downward direction by an extension 
along the axis X at the pointed end. The modu
lation percentage may be found by measur
ing the modulated and unmodulated carrier 
heights in the same way as with the wave 
envelope pattern. 

Non-symmetrical waveforms - In voice 
waveforms the average maximum amplitude 
in one direction from the axis is frequently 
greater than in the other direction, although 
the average ,nergy on both sides is the same. 
For this reason the percentage of modulation 
in the up direction frequently differs from that 
in the down direction, and with a given voice 
and microphone this difference in modulation 
percentage is usually always in the same d�ec
tion. Since overmodulation in the downward 
direction causes more out-of-channel interfer
ence than overmodulation upward because 
of the steeper wavefront ( § 6-1), it is advisable 
to "phase" the modulation so that the side 
of the voice waveform having the larger excur
sions causes the instantaneous carrier power to 
increase and the smaller excursions to cause a 
power decrease. This reduces the likelihood 
of overmodulation on the down peak. The 
direction of the larger excursions can readily be 
found by careful observation of the oscillo
scope pattern. The phase can be reversed by 
reversing the connections of one winding of 
any transformer in the speech amplifier or 
modulator. 

Mod1,lation monitoring - While it is de
sirable to modulate as fully as possible, 100% 
modulation should not be exceeded, particu
larly in the downward direction, because har
monic distortion will be introduced and the 
channel width increased (§ 5-2), thus causing 
unnecessary interference to other stations. 
The oscilloscope may be used to provide a 
continuous check on the modulation, but sim
pler indicators may be used for the purpose, 
once calibrated. A convenient indicator, when 
a Class-B modulator ( § 5-6) is used, is the 
plate milliammeter in the Class-B stage, since 
plate current fluctuates with the voice inten
sity. Using the oscilloscope, determine the 
gain-control setting and voice intensity which 
gives 100% modulation on voice peaks, and 
simultaneously observe the maximum Class-B 
plate-milliammeter reading on the peaks. 
When this maximum reading is obtained, it 
will suffice in regular operation to adjust the 
gain so that it is not exceeded. 

A sensitive rectifier-type voltmeter (copper 
oxide type) can also be used for modulating 
monitoring. It should be connected across the 
output circuit of an audio driver stage where 
the power level is a few watts, and similarly 
calibrated against the oscilloscope to determine 
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the reading which represents 100% modnla
tion. 

The plate milliammeter of the modulated 
r.f. stage may also be used as an indicator of 
overmodulation. Since the average plate cur
rent is constant (§ 5-3, 5-4, 5-5) when the 
amplifier is linear, the reading will be the 
same with or without modulation. When 
the amplifier is overmodulated, especially in 
the downward direction, the operation is no· 
longer linear and the average plate current 
will change. A flicker of the pointer may there
fore be taken as an indication of overmodula
tion or non-linearity. However, it is possible 
that the ,average plate current will remain 
constant with considerable overmodulation 
under some operating conditions, so such an 
indicator is not wholly reliable unless it has 
b�en previously checked against an oscillo
scope. 

Linearity - The linearity ( § 5-2) of a modu
lated amplifier may readily be checked with 
the oscilloscope. The trapezoidal pattern is 
more easily interpreted than the wave enve
lope pattern and less auxiliary equipment is re
quired. The connections are the same as for 
measuring modulation percentage (Fig. 517). 
If the amplifier is perfectly linear, the sloping 
sides of the trapezoid will be perfectly straight 
from the point at the axis up to at least 100% 
modulation in the upward direction. Non
linearity will be shown by curvature of the 
sides. Curvature near the point, extending the 
point farther along the axis than would occur 
with straight aides, indicates that the output 
power does not decrease rapidly enough in 
this region; it may also be caused by imperfect 
neutralization (a push-pull amplifier is recom- _ 
mended because better neutralization is possi
ble than with single-ended amplifiers) or r.f. 
leakage from the exciter through the final 
stage. The latter condition can be checked by 
removing the plate voltage from the modulated 
stage, when the carrier should disappear and 
only the beam spot remain on the screen 
(Fig. 518-F). If a small vertical line remains 
the amplifier should be re-neutralized to elimi
nate it; if this does not suffice, r.f. is being 
picked up from lower-power stages either by 
coupling through the final tank circuit or 
through the oscilloscope pickup circuit. 

Inward curvature at the large end of the 
pattern is caused by improper operating con
ditions of the modulated amplifier, usually 
improper bias or insufficient excitation, or 
both, with plate modulation. In grid-bias and 
cathode-modulated systems, the bias, excita
tion and plate loading are not correctly pro
portioned when such curvature occurs, usually 
because the amplifier has been adjusted to 
have too-high carrier efficiency without modu
lation (§ 5-4, 5-5). 
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For the wave-envelope pattern it is neces
sary to have a linear horizontal sweep circuit 
in the oscilloscope and a source of sine-wave 
audio signal (such as an audio oscillator or 
signal generator) which can be synchronized 
with the sweep circuit. The linearity can be 
judged by comparing the wave envelope with a 
true sine wave. Distortion in the audio cir
cuits will affect the pattern in this case (such 

· distortion has no effect on the trapezoidal 
pattern, which shows the modulation charac
teristic of the r.f. amplifier alone), and it is also 
readily possible to misjudge the 'Shape of the 
modulation envelope, so that the wave enve
lope is less useful tban the trapezoid for check
ing linearity of the modulated amplifier. 

Fig. 519 shows typical patterns of both 
types. The cause of the distortion is indicated 
for grid-bias and suppressor modulation. The 
patterns at A ,  although not truly linear, are 
representative of properly-operated grid-bias 
modulation systems. Better linearity can be 
obtained with plate modulation of a Class-C 
amplifier. 

Faulty patterns - The drawings of Figs. 
518 and 519 show what is normally to be ex
pected in the way of pattern shapes when the 
oscilloscope is used to check modulation. If 
the actual patterns differ considerably from 
those shown, it is probable that the pattern 
is faulty rather than the transmitter. It is 
important that only r.f. from the modulated 
stage be coupled to the oscilloscope, -and then 
only to the vertical plates. The effect of stray 
r.f. from other stages in the transmitter has 
been mentioned in the preceding paragraph. 
If r.f. is also present on the horizontal plates, 
the pattern will lean to one side instead of 
being upright. If the oscilloscope cannot be 
moved to a spot where the unwanted pick-up 
disappears, a small by-pass condenser (10 
µµfd.) should be connected across the horizon
tal plates as close to the cathode-ray tube as 
possible. An r.f. choke (2.5 mh. or smaller) 
may also be connected in series with the un
grounded horizontal plate. 

"Folded" trapezoidal patterns occur when 
the audio sweep voltage is taken from some 
point in the audio system other than that 
where the a.f. power is applied to the modu
lated stage, and· are caused by a phase differ
ence between the sweep voltage and the modu
lating voltage. The connections should always 
be as shown in Fig. 517-B. 

Plate-current shift - As mentioned above, 
the d.c. plate current of a modulated amplifier 
will be the same with and without modulation 
so long as the amplifier ·operation is perfectly 
linear and other conditions remain unchanged. 
This also assumes that the modulator is work
ing within its capabilities. Because there is 
usually some curvature of the modulation 
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Fig. 519 - Oscilloscope patterns representing proper 
and improper �rid-bias or cathode modulation. The pat
tern obtained with a correctly · adjusted ampli6er is 
shown at A. The other two· drawinge indicate ooo
liocar modulation. 

characteristic with grid-bias modulation there 
is normally a slight upward change in plate 
current of a stage so modulated, but this occurs 
only at high modulation percentages and is 
barely detectable under the usual conditions 
of voice modulation. 

With plate modulation, a downward shift 
in plate current may indicate one or more 
of t.he following: 

1. Insufficient excitation to the modulated 
r.f. amplifier. 

2. Insufficient grid bias on the modulated 
stage. 

3. Wrong load resistance for Class-C r.f. 
amplifier. 

4. Insufficient output capacity in filter of 
modulated amplifier plate supply. 

5. Heavy overloading of Class7C r.f. ampli-· 
lier tube or tubes. 

Any of the following may cause an upward 
shift in plate current: 

1. Overmodulation (excessive audio power, 
audio gain too great). 

2. Incomplete neutralization of the modu
lated amplifier. 

3. Parasitic oscillation in the modulated 
amplifier. 

When a common plate supply is used for 
both Class-B (or Class AB) modulator and 
modulated r.f. amplifier, the plate current of 
the latter msy " kick" downward because of 
poor power-supply voltage regulation (i 8-1) 
with the varying additional load of the modu
lator on the supply. The same effect may occur 
with high-power transmitters because of poor 
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regulation of the a.c. supply mains, even when 
a separate power supply unit is used for the 
Class-B modulator. Either condition may be 
detected by measuring the plate voltage ap
plied to the modulated stage;  in addition, poor 
line regulation may also be detected by a 
downward shift in filament or line voltage. 

With grid-bias modulation , any of the fol
lowing may be the cause of a plate current 
shift greater than the normal mentioned above: 

Downward kick: Too much r.f. excitation; 
insufficient operating bias; distortion in modu
lator or speech amplifier; too-high resistance in 
bins supply ; insufficient output capacity in 
plate-supply filter to modulated amplifier; am
plifier plate circuit not loaded heavily enough ; 
plate-circuit efficiency too high under carrier 
conditions. 

Upward kick: Overmodulation (excessive 
audio voltage); distortion in audio system; re
generation because of incomplete neutraliza-
tion; operating grid bias too high. 

A downward kick in plate current will ac
company an oscilloscope pattern like that of 
Fig. 519-B; the pattern with an upward kick 
will look like Fig. 5 19-A with the shaded 
portion extending farther to the right and 
above the carrier, for the " wedge "  pattern. 

Noise and hum on carrier - These may be 
detected by listening to the signal on a receiver 
sufficiently removed from· the transmitter to 
avoid overloading. The hum level should be 
low compared to the voice at 100% modula
tion. Hum may come either from the speech 
amplifier and modulator or from the r.f. 
section of the transmitter. Hum from the r.f. 
section can be detected by completely shutting 
off the modulator; if hum remains when this 
is done the power-supply filters for one or more 
of the r.f. stages have insufficient smoothing 
(§ 8-4) . With a hum-free carrier, hum intro
duced by the modulator can be checked by 
turning on the modulator but leaving the 
speech amplifier off; power-supply filtering 
is the likely source of such hum. If carrier 
and modulator are both clean, connect the 
speech amplifier and observe the increase in 
hum level. If the hum disappears with the gain 
control at minimum, the hum is being intro
duced in the stage or stages preceding the gain 
control. The microphone may also pick up 
hum, a condition which can be checked by 
removing the microphone from the circuit 
but leaving the first speech-amplifier grid cir
cuit otherwise unchanged. A good ground on 
the microphone and speech system is usually 
essential to hum-free operation. 

Hum can be checked with the oscilloscope, 
where it appears as modulation on the carrier 
in the same way as the normal modulation. 
Usually the percentage is rather small, but 
if the carrier shows modulation with no speech 
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input hum is the likely caus_ e. The various parts 
of the transmitter may be checked through 
as described above. 

Spurious sidebands - A superheterodyne 
receiver having a crystal filter ( § 7-8, 7-11) 
is needed for checking spurious sidebands 
outside the normal communication channel 
(§ 5-2). The r.f. input to the receiver must 
be kept low enough, by removing the antenna 
or by adequate separation from the transmit
ter, to avoid overloading and consequent spuri
ous receiver responses (§ 7-8). With the crystal 
filter in its sharpest position and the beat oscil
lator turned on, tune through the region out
side the normal channel limits (3 to 4 kc. each 
side of the carrier) while another person talks 
into the microphone. "Spurious sidebands will 
be observed as intermittent beat notes coin
ciding with voice peaks, or in bad cases of 
distortion or overmodulation as "clicks" or 
crackles well away from the carrier frequency. 
Sidebands more than 4 kc . from the carrier 
should be of negligible strength in a properly 
modulated 'phone transmitter. The causes are 
overmodulation or non-linear operation ( § 5-3). 

R.f. in lfpeech amplifier - A small amount 
of r.f. current in the speech amplifier - par
ticularly in the first stage, which is most sus
ceptible to such r.f. pick-up - will cause over
loading and distortion in the low-level stages. 
Frequently also there is a regenerative effect 
which causes an audio-frequency oscillation 
or " howl" to be set up in the audio system. 
In such cases the gain control cannot be ad
vanced very far before the howl builds up, 
even though the amplifier may be perfectly 
stable when the r.f. section of the transmitter 
is not turned on. 

Complete shielding of the microphone, 
microphone cord and speech amplifier are 
necessary to prevent r.f. pick-up, and a ground 
connection separate from that to which the 
transmitter is connected is advisable. Un
symmetrical or capacity coupling to the an
tenna (single-wire feed, feeders tapped on 
final tank circuit, etc.) may be responsible in 
that these systems sometimes cause the trans
mitter chassis to "take an r.f. potentional 
above ground. Inductive coupling to a two
wire transmission line is advi�able. This an
tenna effect can be checked by disconnecting 
the antenna and dissipating the power i!). a 
dummy antenna (§ 4-9) when it usually will 
be found that the r.f. feedback disappears. If 
it does not, the speech amplifier and micro
phone shielding are at fault. 

e G-U FIIEQUENCW M08ULATION 
Principles - In frequency modulation the 

carrier amplitude is constant and the output 
frequency of the transmitter is made to vary 
about the carrier or mean frequency a.t a rate 

I 



corresponding to the audio frequencies of the 
speech currents. The extent to which the fre
quency changes in one direction from the un
modulated or carrier frequency is called the 
frequeM1} deviation. It corresponds to the 
change of carrier amplitude in the amplitude
modulation .system (§ 5-2). Deviation is usu
ally expressed in kilocycles, and is equal to 
the difference between the carrier frequency 
and either the highest or lowest frequency 
reached by the carrier in its excursions with 
modulation. There is no modulation percent
age in the usual sense ; with suitable circuit 
design the deviation . may be made as large 
as desired without encountering any effect 
equivalent to overmodulation in the amplitude 
system. 

Deviation ratio - The ratio of the maxi
mum frequency deviation to the audio fre
quency of the modulation is called the devia
tion ratio. Unless otherwise specified, it is 
taken as the ratio of the maximum frequency 
deviation to the highest audio frequency to be 
transmitted. 

A.doontoge11 of J.rn. - The chief advantage 
of frequency modulation over amplitude mod
ulation is noise reduction at the receiver. All 
electrical noises in the radio spectrum, includ
ing those originating in the receiver, are r.f. 
oscillations which vary in amplitude, this 
variation causing the noise response in ampli
tude-modulation receivers. Tf the receiver 
does not respond to amplitude variations but 
only to frequency changes, noise can affect it 
only by causing a phase shift which appears as 
frequency modulation on the signal. The effect 
of such frequency modulation by the noise 
can be made small by making the frequency 
change (deviation) in the signal large. 

A second advantage is that the power re
quired for modulation is inconsequential, since 
there is no power variation in the modulated 
output. 

Triangular 11pectru,n - The way in which 
noise is reduced by a large deviation ratio is 
illustrated by Fig. 520. In this figure the noise 
is assumed to be evenly distributed over the 
channel used, an assumption which is almost 
always true. It is also assumed that audio 
frequencies above 4000 cycles (4 kc.) are not 
necessary to voice communication, and that the 

. audio system in the receiver has no response 
above this frequency. Then if an amplitude 
modulation receiver is used and its selectivity 
is such that there is no attenuation of side
bands ( § 5-2) below 4000 cycles, the noise 
components of all frequencies within the chan
nel will produce equal response when they 
beat with a carrier centered in the channel. 
This is shown by the line DC. 

In the f.m. receiver the output amplitude is 
proportional to the frequency deviation, and 

KILOCYCLES 

Fi,. 520 -Triangular spectrum of noise response ia 
an f.m. n,ceiver compared with amplitude modulation, 
Deviation ratios of 1 and 5 are shown. 

noise components in the channel can be con
sidered to frequency-modulate the steady 
carrier with a deviation proportional to the 
difference between the actual frequency of the 
component and the frequency of the carrier, 
and also to give an audio-frequency beat of 
the same !requency difference,., This leads to a 
rising response characteristic such as the line 
OC, where the noise amplitude is proportional 
to the audio beat frequency. The average noise 
power output is proportional to the square 
root of the sum of the squares of all the ampli
tude values (§ 2-7), so that the noise power 
with f.m. having a deviation ratio of 1 is only 
½ that with amplitude modulation, or an im
provement of 4. 75 db. 

If the deviation ratio is increased to 5, the 
noise response is represented by the line OF, 
but only frequencies up to 4000 cycles are re
produced in the output so the audible noise 
is confined to the triangle OAB. These relatio.1s 
only hold when the carrier is strong compared 
to the noise. With weak signals the signal-to
noise ratio is better with a deviation ratio of 1.  

Linearity - A transmitter in which fre
quency deviation is directly proportional to 
the amplitude of the modulating signal is said 
to be linear. It is also essential that the carrier 
amplitude remain constant under modulation, 
which in turn requires that the transmitter 
tuned circuits be broad enough to handle with
out discrimination the range of frequencies 
transmitted. This requirement is easily met 
under ordinary conditions. 

Sideband.. - In frequency modulation there 
is a series of sidebands on either side of the 
carrier frequency for each audio-frequency 
component in the modulation. In addition to 
the usual sum and difference frequencies 
(§ 5-2) there are also beats at harmonics of 
the fundamental modulating frequency, even 
though the latter may be a pure tone. This oc
curs because of the necessity for maintaining 
the proper phase relationships between the 
carrier and sidebands to keep the power output 
constant. Hence a frequency-modulated signal 
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inherently occupies a wider channel than an 
amplitude-modulated signal, and because of 
the necessity for conserving space in the usual 
communication spectrum the use of f.m. is 
confined to the ultra-high frequencies. 

The number of sidebands for a single modu
lating frequency increases with the frequency 
deviation. When the deviation ratio is of the 
order of 5 the sidebands beyond the maximum 
frequency deviation are usually negligible, 
so that the channel required is approximately 
twice the frequency deviation. 

• S-12 METHODS OF JlBEQIJENCY 
MOBIJLATION 

Requirements and method& - At present 
there are no fixed standards of frequency devia
tion in amateur work. Since a deviation ratio 
of 5 is considered high enough in any case, the 
maximum deviation necessary is 15 to 20 kc. 
for an upper audio-frequency limit of 3000 or 
4000 cycles (§ 5-2), or a channel width of 30 
to 40 kc. The permissible deviation is deter
mined by the receiver ( § 7-18), since deviation 
beyond the limits of the receiver pass-band 
causes distortion. If the transmitter is designed 
to be linear (§ 5-11) with a deviation of about 
15 kc. it can be used at lower deviation ratio 
simply by reducing the gain in the speech 
amplifier, and thereby made to conform to the 
requirements of the particular receiver in use. 

The several possible methods of frequency 
modulation include mechanical (for instance, 
varying condenser plate spacing in accordance 
with voice vibrations), initial phase modula
tion which is later transformed into frequency 
m ,dulation, and direct frequency modulation 
of an oscillator by electrical means. The latter, 
in the form of the reactanu modulator, is the 
simplest system. 

The reactance modulator - The reactance 
modulator is a vacuum tube amplifier con
nected to the r.f. tank circuit of an oscillator 
in such a way as to act as a variable inductance 
or capacity of a value dependent upon the 
instantaneous a.f. voltage applied to its grid. 
Fig. 521 is a representative circuit. The control 
grid circuit of the 6L7 tube is connected across 
the small capacity C1, which is in series with 
the resistor R1 across the oscillator tank cir
cuit. Any type of oscillator circuit (§ 3-7) may 
be used. R1 is large compared to the reactance 
(§ 2-8) of Ci, so the r.f. current through R1C1 
will be practically in phase (§ 2-7) with the r.f. 
voltage appearing at the terminals of the 
tank circuit. However, the voltage across C1 
will lag the current by 90 degrees (§ 2-8). 
The r.f. current in the plate circuit of the 6L7 
will be in phase with the grid voltage (§ 3- 3) 
anil consequently is 90 degrees behind the cur
rent through Ci, or 90 degrees behind the r.f. 
tank voltage. This lagging current is drawn 
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through tile oscillator tank, giving the same 
effect as though an inductance were connected 
across· the tank (in an inductance the current 
lags the voltage by 90 degrees - § 2- 8). The 
frequency is therefore increased in proportion 
to the lagging plate current of the modulator. 
This in turn is determined by the a.f. voltage 
applied to the No. 3 grid of the 6L7, hence 
the oscillator frequency varies with the audio 
signal. 

Other circuit arrangements to produce the 
same effect can be used. It is convenient to use 
a tube (such as the 6L7) in which the r.f. and 
a.f. voltages can be applied to separate con
trol grids; however, both voltages may be 
applied to the same grid with suitable precau
tions taken to prevent r.f. from flowing in the 
external audio circuit and vice versa ( § 2-13). 

The modulated oscillator is usually operated 
on a relatively low frequency so that a high 
order of carrier stability can be s_ecured. Fre
quency multipliers are used to raise the fre
quency to the final frequency desired. The 

Osc. 
TfVllc. 

+B 
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Fi&. 521 - ReactaDce modulator circuit using a 6L7 
tube. 
C - Oscillator tank capacity, 
C, -3-10 ,.,.Cd. (See te:rt.) 
C, - 250 ,.,.Id. 
Ca - 8-,.ld. electrolytic (a.I. by-paae) in parallel with 

0.01-,.fd. paper (r.f. by-pua). 
C. - 0.01 ,.!d. 
L - Oscillator tank inductaoce. 
R1 - 50,000 ohrm. 
R2 - 0.5 megohm. 
Iµ - 30,000 ohma. 
Rt - 300 ohms. 
14 - 0.5 megohm. 

frequency deviation increases with the number 
of times the initial frequency is multiplied; 
for instance, if the oscillator is operated on 
7 Mc. and the output frequency is to be 112 
Mc., an osciJlator frequency deviation of 1000 
cycles wiJJ be raised to 16,000 cycles at the 
output frequency. 

Design conaiderations - The sensitivity of 
the modulator (frequency change per unit 
change in grid voltage) increases when C1 
is made smaller, for a fixed value of R1, and 
also increases with an increase in L/C ratio 
in the oscillator tank circuit. Since the carrier 
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stability of the oscillator depends on the L/C 
ratio (§ 3-7) it is desirable to use the highest 
tank capacity which will permit the desired 
deviation to be secured while keeping within 
the limits of linear operation. When the circuit 
of Fig. 521 is used in connection with a 7-Mc. 
oscillator, a linear deviation of 2000 cycles 
above and below the carrier frequency can 
be secured when the oscillator tank capacity 
is approximately 200 µµfd. A peak a.f. input 
of two volts is required for full deviation. At 
56 Mc. the maximum deviation would be 
8 X 2000 or 16 kc. 

Since a change in any of the voltages on the 
modulator tube will cause a change in r.f. 
plate current and consequently a frequency 
change, it is advisable to use a regulated plate 
supply ·for both modulator and oscillator. 
At the low voltages used (250 volts), the 
required stabilization can be secured by means 
of gaseous regulator tubes ( § 8-8). 

Speech amplification - The speech ampli
fier preceding the modulator follows ordinary 
design (§ 5-9) except that no power is required 
from it and the a.f. voltage taken by the modu
lator grid is U8ually small - not more than 
10 or 15 volts even with large modulator tubes. 
Because of these modest requirements only a 
few speech-amplifier stages are needed; a two
stage amplifier consisting of a pentode followed 
by a triode, both resistance coupled, will suf
fice for crystal microphones ( § 5-8). 

R.f. amplifier stages - The frequency mul
tiplier and output stages following the modu
lated oscillator may be designed and adjusted 
in accordance with ordinary principles. No 
special excitation requirements are imposed, 
since the amplitude of the output is constant. 
Enough frequency multiplication must be 
used to give the desired maximum deviation 
at the final frequency; this depends upon the 
maximum linear deviation available from the 

. modulator-oscillator. All stages in the trans
mitter should be tuned to resonance, and care
ful neutralization of any straight amplifier 
stages (§ 4-7) is necessary to prevent r.f. 
phase shifts which might cause distortion. 

Checking operation - The two quantities 
to be checked in the f.m. transmitter are linear
ity and frequency deviation. With a modulator 
of the type shown in Fig. 521, both the r.f. 
and a.f. voltages are small enough to make the 
operation Class A (§ 3-4) so that the plate 
current of the modulator is constant so long 
as operation is over the linear portions of the 
No. 1 and No. 3 grid characteristics. Hence 
non-linearity will be indicated by a change in 

plate current as the a.f. modulating voltage 
is increased. The distortion will be within ac
ceptable limits with the tube and constants 
given in Fig. 521 when the plate current does 
not change more than 5 %  with signal. 

Non-linearity is accompanied by a shift in 
the carrier frequency, so it can also be checked 
by means of a selective receiver such as one 
with a crystal filter ( § 7-11). A tone source is 
convenient for the test. Set the receiver for 
high selectivity, switch on the beat oscillator 
and tune to the oscillator carrier frequency. 
(The check does not need to be made at the 
output frequency, and the oscilla!or frequency 
usually is more convenient since it will fall 
within the tuning range of a communications 
receiver. ) Increase the modulating signal until 
a definite shift in carrier frequency is observed; 
this indicates the point at which non-linearity 
starts. The modulating signal should be kept 
below this level for minimum distortion. 

A selective receiver also can be used to check 
frequency deviation, again at the oscillator 
frequency. A source of tone of known fre
quency is required, preferably a continuously 
variable calibrated audio oscillator or signal 
generator. Tune in the carrier as described 
above, using the beat oscillator and high selec
tivity, and adjust the modulating signal to the 
maximum level at which linear operation is 
secured. Starting with the lowest frequency 
available, slowly raise the tone frequency while 
listening closely to the carrier beat note. As the 
tone frequency is raised the beat note will de
crease in intensity, disappear entirely at a defi
nite frequency, then come back and increase 
in intensity as the tone frequency is raised still 
more.' The frequency at which the beat note 
disappears multiplied by 2.4 is the frequency 
deviation at that level of modulating signal; 
for example, if the beat note disappears with 
an 800-cycle tone the deviation is 2.4 X 800, 
or 1920 cycles. The deviation at the output 
frequency is the oscillator deviation multiplied 
by the number of times the frequency is multi
plied; in this example, if the oscillator is on 
7 Mc. and the output on 56 Mc., the final 
deviation is 1920 X 8, or 15.36 kc. 

The output of the transmitter can be 
checked for amplitude modulation by observ
ing the antenna current. It should not change 
from the unmodulated carrier value when the 
transmitter is modulated. If there is no an
tenna ammeter in the transmitter, a flashlight 
lamp and loop can be coupled to the final tank 
coil to serve as a current indicator. The lamp 
brilliance should not change with modulation. 
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e ... &EYING PalNCIPLES AND 
CBARACl'EHISTICS 

Requirementa - The keying of a trans
mitter can be considered satisfactory if the 
method employed reduces the power output 
to zero when the key is open, or "up," and 
permits full power to reach the antenna when 
the key is closed, or " down." Furthermore, it 
should do this without causing keying tran
sients or "clicks," which cause interference 
with other amateur stations and with local 
broadcast reception, and it should not affect 
the frequency of the emitted wave. 

Back-wave·- From various causes some en
ergy may get through to the antenna during 
keying spaces. The effe<lt then is as though the 
dots and dashes were &imply louder portions of 
a continuous carrier; in some cases, in fact, 
the .back-wave, or signal heard during the key
ing spaces, may seem to be almost as loud as 
the keyed signal. Under these conditions the 
keying is hard to read. A pronounced back
wave often results when the amplifier stage 
feeding the antenna is keyed ; it may be present 
because of incomplete neutralization (§ 4-7) 
of the final stage, allowing some energy to get 
to the antenna through the grid-plate capacity 
of the tube, or because of magnetic coupling 
between antenna coupling coils and one of the 
low-power stages. 

A bac.k-wave also may be radiated if the key
ing system does not reduce the input to the 
keyed stage to zero during keying spaces. Thie 
trouble will not occur in keying systems which 
cut off the plate voltage when the key is open, 
but may be present in grid-blocking systems 
(§ 6-3) if the blocking voltage is not great 
enough and, in power supply primary-keyed 
systems (§ 6-3) if only the final stage power 
supply primary is keyed. 

Keying waveform. and sidebands - A c. w. 
signal can be considered equivalent to any 
modulated signal (§ 5-1) except that instead 
of being modulated by sinusoidal waves and 
their harmonics, it is modulated by a rectan
gular wave as in Fig. 601-A . If it were modu
lated by a sinusoidal wave of single frequency, 
as in Fig. 601-B, the only sidebands would be 
those equal to the carrier frequency plus and 
minus the modulation frequency (§ 5-2). 
A keying speed of 50 words per minute, send
ing sinusoidal dote, would give sidebands only 
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20 cycles either side of the carrier. However, 
when harmonics are present in the modulation, 
the sidebands will extend out on both sides of 
the signal as far as the frequency of the highest., 
harmonic. The rectangular wave form con
tains an infinite number of harmonics of the 
keying frequency, so a carrier modulated by 
truly rectangular dots would have sidebands 
covering the entire spectrum. Actually the 
high-order harmonics are eliminated because 
of the selectivity of the tuned circuits (§ 2-10) 
in the transmitter, but there is still enough 
energy in the lower harmonics to extend the 
sidebands considerably. Considered from an
other viewpoint, whenever a pulse of current 
has a steep front (or back) high frequencies 
are certain to be present. If the pulse can be 
slowed down, or caused to · lag, through a 
filter the highest-order harmonics are filtered 
out. 

Key clicks - Because the high-order har
monics exist only when the keying character 
is started or ended (when the amplitude is 
building up or dying down) their effects outside 
the normal com munication channel are ob
served as pulses of very short duration. These 
pulses are called key clich. 

Tests have shown that practically all opera
tors prefer to copy a signal which is "solid" 
on the " make " end of each dot or dash; i.e., 
one that does not build up too slowly, but just 
slowly enough to have a slight click when the 
key is closed. The same tests indicate that the 
most pleasing and least difficult signal to copy, 
particularly at high speeds, is one that has a 
fairly soft " break" characteristic ; i.e., one 
that has practically no click as the key is 
opened. A signal with heavy clicks on both 

Fi&. 6'11 - Extn,mea of poeeihle keyinJ wneabapea. 
A. rectan.,.&ar chancten; B, aine-wave ch..-acten. 
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make and break is difficult to copy at high 
speeds (and also causes considerable inter
ference), but if it is too "soft" the dots and 
dashes will tend to run together. It is relatively 
simple to adjust the keying of a transmitter 
so that for all normal hand speeds (15 to 40 
w.p.m.) the readability will be satisfactory 
while the keying still will not cause interfer
ence to reception of other signals near the 
frequency of the transmitter. 

Break-in keying- Since in code transmis
sion there are definite intervals, between dots 
and dashes and between words, when no power 
is being radiated by the transmitter it is po88i
ble, with suitable keying methods, to allow 
the receiver to operate continuously and thus 
be capable of receiving incoming signals during 
the keying intervals. This ,practice facilitates 
communication because the receiving operator 
can signal the transmitting operator, by hold
ing down the key of his transmitter, whenever 
he has failed to copy part of the message and 
thus obtain a repetition of the missing part 
without loss of time. This i.R called break-in 
operation. 

Frequency stability - Keying should have 
no effect upon the output frequency of a prop
erly designed and adjusted transmitter. How
ever, in many instances keying . will cause a 
"chirp," or small frequency change at the 
instant of closing or opening the key, which 
makes the signal difficult to read. Multi-stage 
transmitters keyed in a stage subsequent to 
the oscillator are usually free from this condi
tion unless the keying causes line-voltage 
changes which in turn affect the frequency of 
the oscillator. When the oscillator is keyed 
for break-in operation special care must be 
taken to insure that the signal does not have 
keying chirps. 

Selecting the stage to key- It is advan
tageous from an operating standpoint to 
design the c.w. transmitter for break-in opera
tion. In ordinary cases this dictates that the 
oscillator be keyed, since a continuously
running oscillator will create interference in the 
receiver and thus prevent break-in operation 
on or near the transmitter frequency. On the 
other hand, it is easier to avoid a chirpy signal 
by keying a buffer or amplifier stage. In either 
case, the tubes following the keyed stage must 
be provided with sufficient fixed bias to limit 
the plate currents to safe values when the key 
is up and they are not being excited (§ 8-9). 
Complete cut-off reduces the possibility of a 
back-wave if a stage other than the oscillator 
is keyed, but the keying waveform is not as well 
preserved and some clicks can be introduced 
even though the keyed stage itself produces 
no clicks. It is a good general rule to bill$ the 
tubes to take a key-up plate current equal to 
about 5% of the normal key-down value. 

Keyed power - The power broken by the 
key is an important consideration, both from 
the standpoint of safety for the operator and 
arcing at the key contacts. Keying the oscilla
tor or a low-power stage is favorable in both 
respects. The use of a keying relay is highly 
recommended when a high-power circuit is 
keyed. 

e .,_2 KEYING CIRCUITS 

Plate-circuit keying - Any stage of the 
transmitter can be keyed by opening and clos
ing the plate power circuit. Two methods are 
shown in Fig. 602. In A the key is in series 
with the negative lead from the pJate power 
supply to the keyed stage. It could also be 
placed in the positive lead, although this is 
to be avoided whenever possible because the 
key is necessarily at the plate voltage above 
ground and there is danger o( shock unless a 
keying relay is used. 

(B) ( .. 
.s.9. pklte 

Fi4. 602 - A, plate keying; B, screen-grid keying, 
Oscillator circuitA are obowo io both caoeo, but the key
ing metbodo alllO can be uoed with ampli6en. 

Fig. 602-B shows the key in the screen
supply lead of an electron-coupled oscillator. 
This can be considered to be a variation of 
plate keying. 

The circuits of Figs. 602-A and B respond 
well to the use of key-click filters, and are 
particularly suitable for use with crystal and 
self-controlled oscillators operating at low 
plate voltage and power input. 

Power-supply keying - A variation of 
plate keying, in which the keying is introduced 
in the power supply itself rather than between 
the power supply and transmitter, is illus
trated by the diagrams in Fig. 603. 

C H A P T E R  S I X 107· 



2.$1< be sufficient to overcome the r.f. grid vol
tage, in the case where the bias is applied 

H.V. ,.,,__ <"-'tt--t-----i.JUUlJJl.r--,----<> • to the control grid, and hence must be con
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(A) 

Kttjl"9 re/411 
J,,,.,, insu1aborf 
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siderably higher than the nominal cut-off 
value for the tube at the operating_ d.c. 
plate voltage. The fundamental circuits are 
shown in Fig. 604. 

2.511. 
••fndin'l u.sttl 
ospnmory 

In both circuits the key is connected in 
series with ll res�tor, R1, which limits 
the current drain on the blocking
bias source when the key is closed. 
RiC1 is a resistance-eapacity filter 
(§ 2-11) for controlling the lag on 

make and break of the key circuit. The lag 
increases e.s the time constant (§ 2-6) of 
this circuit is made larger. Since grid current 
flows through R2 when the key is closed in 
Fig. 604-A, additional operating bias is de

(B) 

veloped, hence somewhat less bias is 

L + needed from the regular bias supply. 
C1'.-o- The operating and blocking biases can 
Y . be obtained from the same supply, if 

Fi8, 603 - Power-<1upply keying. Grid-control recti
fiers are used in A. Tran•forrner T ia a small multiple
llCOOOdary unit of the type used in receiver power sup
plies, and i• used.in conjuuction with the foll-wave recti
fier tube to develop hias voltage for the grids of the high
voltage rectifiers. Rt limits the load on the bias 5upply 
when the keying relay is cloecd; 50,000 ohms is a suitable 
value. Ct may be 0.1 ,.Cd. or larger. L aoJ C constitute 
the •moothing filter for the high-voltage supply in both 
circuil8. B show• primary keying. 

Fig. 603-A shows the use of grid-controlled 
rectifier tubes (§ 3-5) in the power supply. 
Keying is accomplished by applying suitable 
bias to the grids to cut off plate current flow 
when the key is open, and removing the bias 
when the key is closed. Since this circuit is 
used only with high-voltage supplies, a well
insulated keying relay is a necessity. Direct 
keying of the primary of the plate power 
transformer for the keyed stage or stages is 
shown in Fig. 603-B. This and the method at 
B inherently have a keying lag because of the 
time constant (§ 2-6) of the smoothing filter. 
If enough filter is provided to reduce ripple to 
a low percentage ( § 8-4) the lag ( § 6-1) is too 
great to permit crisp keying at speeds above 
about ·25 words per minute, although this 
type of keying is very effective in eliminat
ing key clicks. A single-section filter (§ 8-6) is 
about the most that can be used for a reasona
bly-good keying characteristic. 

Blocked-grid keying - Keying may be ac
complished by applying sufficient  negative 
bias voltage to a control or suppressor grid to 
cut off plate current flow when the key is open, 
and by removing this blocking bias when the 
key is closed. The bloc.king bias voltage must 

desired, by utilizing suitable taps on a 
voltage divider (§ 8-10) or if no fixed bias is 
used R2 can be the regular grid leak ( § 3-6) 
for the stage. 

With block<>d-grid keying a relatively small 
direct current is broken .as compared to other 
systems, th\18 sparking at the key - is reduced. 
The keying characteristic (lag) readily can be 
controlled by choice of values for C1 and Rt. 

+ -

�"'I • 
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Fi8. 604 - Blocked-grid keyin1. Rt, the cummt• 
limiting resi•tor, •hould have I value of about 50,000 
ohms. Ct may have a capacity of 0.1 to l .,rd., depending 
upon the keying characteristics desired. R2 is oimilarly 
variable, values being of the _order of 5000 to 10,000 
ohms in most cases. 

Cathode. keying - Openinic the d.c. circuits 
of both plate and grid simultaneously is called 
cathode keying, or cenler-tap keying with a 
directly-heated filament-type tube, since in 
the latter case the key is placed in the filament
transformer center-tap lead. The circuits a.re 
shown in Fig. 605. 
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Fig. 605 - Center-tap and cathode keying. Con
den8Cr C is an r.(. by-pau condenser having a capacity of 
0.001 to 0.01 ,.!d,_ , �· 

Cathode keying results in less sparking at 
the key contacts, for the same plate power, 
as compared with keying in the plate-supply 
lead. When used with an oscillator it does not 
respond as readily to key-click filtering ( § 6-3) 
as does plate keying, but there is little differ
ence in this respect between the two systems 
when an amplifier is keyed. 

e 8-3 ltE'I' -CLICK DEDUcrlON 

RJ. filter1J - A spark at the key contacts, 
even though minute, will cause a damped 
oscillation to be set up in the keying circuit 
which may modulate the transmitter output 
or may simply be radiated by the wiring to 

Fig. 606 - R.f. filter for elimi
nating effects of sparking at key 
contacts. Values are dil!CllNCd in 
the lest. 

the key. Interference from this source is usu
ally confined to the immediate vicinity of the 
transmitter, and is similar in nature and effects 
to the click which is frequently heard in a 
receiver when an electric light is turned on or 
off. It can be minimized by isolating the key 
from the wiring by means of a low-pass filter 
( §  2-11), which usually consists of an r.f. 
choke in each key lead, placed as close as 
possible to the key, by-passed on the keying
line side by a condenser, as shown in Fig. 
606. Suitable values must be determined by 
experiment. Chokes values may range from 
2.5 to 80 millihenrys, and condenser capacities 
from 0.001 to 0.1 µCd. 

This type of filter is required in nearly every 
keying installation, in addition to the lag cir
cuits discussed in the next paragraph. 

Lagcircuiu - A filter used to give a desired 
shape to the keying character to eliminate 
unnecessary sidebands and consequent inter
ference is called a lag circuit. In one form, 

11uitable for the circuits of Figs. 602 and 605, it 
consists of a condenser across the key terminals 
and an inductance in series with one of the 
leads. This is shown in Fig. 607. The optimum 
values of capacity and inductance must be 
found by experiment, but are not especially 
critical. If a high-voltage low-current circuit 
is being keyed, a small condenser and large 
inductance will be necessary, while if a low
voltage high-current circuit is keyed, the ca
pacity required will be high and the inductance 
small. For example, a 300-volt 6-ma. circuit 
will require about 30 henrys and 0.05 µfd., 
while a 300-volt 50-ma. circuit needs about 
1 henry and 0.5 µfd. For any given circuit 

From X� 
and r.lfl'lter 

Fig. 6()7 - Lag cireuit for sbap
ini tbe keyiogcbaracter. Values are 
discuued in tbe test. 

and fixed values of current and voltage, in
creasing the inductance will reduce clicks on 
" make," and increasing the capacity will 
reduce the clicks on " break." 

Blocked-grid keying is adjusted by changing 
the values of resistors and condensers in the 
circuit. In Fig. 604, the click on "make" is 
reduced by increasing the capacity of Ci and 
the click on break is reduced by increasing C1 
and/or R2. The values will ·vary with the 
amount of blocking voltage and the grid 
current. The constant!; given in Fig. 604 will 
serve as a first approximation. 

Tube keying - A tube keyer is a convenient 
adjunct to the transmitter because it allows 
the keying characteristic to be adjusted easily 
without necessitating condenser and induct
ance values which may not be readily availa
ble. It uses the plate resistance of a tube (or 
tubes in parallel) to replace the key in a plate 
or cathode circuit, the keyer tube (or tubes) 
being keyed by the blocked-grid method 
( § 6-2). A typical circuit is shown in Fig. 608. 
Type 45 tubes are suitable because of their 
low plate resistance and consequently small 
voltage drop between plate and cathode. 
When a tube keyer is used to replace the key 
in a plate or cathode circuit the power output 
of the stage will be somewhat reduced because 
of the voltage drop across the keyer tube, 
but this can be compensated for by a slight 
increase in the supply voltage. A tube keyer 
makes the key itseli very safe to handle, 
since the high resistance in series with the key 
and blocking voltage prevents shock. 
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F;,. 608 - Vacuum-tube keyer circuit. The voltage 
drop acroes the tubes will be approximately 90 volts 
with the two type 45 tubee ahown wli_.en the keyed cur
rent is 100 milliampeffl!. More tubes can be connected in 
parallel to reduce the drop. Suggested values are as fol
lows: 
Ct - 2,.fd., 600-volt paper. 
C. - 0.003-,.Cd. mica, 
Ca -0.005-i,fd. mica. 
Ri - 0.25 megohm. 
R2 - 50,000 ohma, 10-watt. 
Ra, R. - 5 megohms. 
R, -0.5 megohm. 
Swt, Sw2 - 3-pooition 1-cin:uit rotary switch. 
Rt - 325 volts each aide c.t., with 5-volt and 2.5-volt 

windings. 
A wider range of lag adjustment may be obtained by 

using, additional reaiaton and eondensen. Suggested 
values of capacity, in addition to the above (C2 and C.), 
are 0.001 and 0.002 ,.Cd. Resiaton in addition to fu 
could he 2, 2, 3 and 5 megohms. 

e ...a CIIECl[ING TBANSMITl'BII 
KEYING 

Click.a - Tran11mittcr keying can be checked 
by li.etening to the signal on a superhetero
dyne receiver. The antenna should be discon
nected so that the receiver does not overload 
and, if necessary, the r.f. gain can be reduced 
as well. Listening with the beat oscillator and 
a.v.c. off, the keying should be adjusted so 
that n slight click is heard as tbe key is closed, 
but practically none is heard as the key is 
released. When the keying constants have 
been adjusted to meet this condition, the 
clicks will be about optimum for all normal 
amateur work. If the clicks are too pronounced, 
they will cause interference with other ama
teurs and possibly to nearby broadcast re
ceivers. 

Chirps - Keying chirps (instability) may 
be checked by tuning in the signal or one of 
its harmonics on the highest frequency range 
of the receiver and listening with the b.f.o. 
on and the a. v.c. off. The gain should be suffi
cient to give moderate signal strength but 
it should be low enough to preclude the possi
bility of overloading. Adjust the tuning to 
give a low-frequency beat note and key the 
transmitter. Any chirp introduced by the 
keying adjustment will be readily apparent. 
By listening to a harmonic, the effect of any 
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instability is magnified by 
the order of the harmonic 
and thus made more per
ceptible. 

Oscillator keying
The keying of an amplifier 
is relatively straightfor
ward and requires no spe
cial considerations other . 
than those mentioned, but 

a few additional precautions are necessary with 
oscillator keying. Any oscillator, either self
excited or crystal, will key well if it will oscillate 
at low plate voltages (of the order of one or two 
volts) and if its change in frequency with plate
voltage changes is negligible. A crystal oscilla
tor will oscillate at low plate voltages if a 
regenerative type of circuit such as the Tritet 
or grid-plate (§ 4-5) is used and if an r.f. 
choke is connected in series with the grid leak 
to reduce loading on the crystal. Crystal oscil
lators of this type are generally free from chirp 
unless there is a relatively large air-gap be
tween the crystal and top plate of the holder, 
as is the case with a variable-frequency 
crystal set at the high-frequency end of its 
range. 

Self-controlled oscillators can be made to 
meet the same requirements by using a high 
C/L ratio in the tank circuit, low plate and 
screen currents, and judicious adjustment of 
the feedback (§ 3-7). A self-controlled oscilla
tor intended to be keyed should be designed 
for good keying rather than maximum out
put. 

Stages following keying - When a keying 
filter is being adjusted, the stages following 
the keyed tube should be made inoperative by 
removing the plate voltage. This facilitates 
monitoring the keying without the introduc
tion of additional effects. The following stages 
should ·then be added one at a time, checking 
the keying after each addition. An increase 
in click intensity (for the same carrier strength) 
indicates that the clicks are being added in 
the stages following the one which is keyed. 
The fixed bias on such stages should be suffi
cient to reduce the idling plate current (no 
excitation) to a low value but not to zero. 
Under these conditions any instability or 
tendency toward parasitic oscillations, either 
of which can adversely affect the keying char
acteristic, usually will evidence itself. It is 
particularly necessary that the transmitter 
be free from parasitic osciHations, since they 
can be the cause of key clicks which do not 
respond to the methods of treatment outlined 
in the preceding section& 



CHAPTER SEVEN 

e 7-1 · ELEMENTS 011 REC;EJVING 
S'l'STEMS 

Basic requirementa - The purpose of a 
radio receiving sys�m is to abstract energy 
from passing radio waves and convert it into 
a form which conveys the intelligence con
tained in the signal. It must also be able to 
select a desired signal and eliminate those not 
wanted. The fundamental processes involved 
are amplification and detection. 

Detection - The high frequencies used for 
radio signalling are well beyond the audio
frequency range (§ 2-7) and therefore cannot be 
used directly to actuate a loudspeaktir. Neither 
can they be used to operate other devices, 
such as relays, by means of which a message 
might be transmitted. The process of convert
ing a modulated radio-frequency wave to a 
usable low frequency, called detection or de
modulation, is essentially that of rectification 
( § 3-1). The modulated carrier ( § 5-1) is there
by converted to a unidirectional current the 
amplitude of which will vary at the same rate 
as the modulation. These low-frequency varia
tions are readily applied to a headset, loud
speaker, or other form of electro-mechanical 
device. 

Code signala - The dots and dashes of code 
(c. w.) transmissions are rectified as described, 
but in themselves can produce no audible tone 
in a headset or loudspeaker because they are of 
constant amplitude. For aural receptiorl it is 
necessary to introduce a second radio fre
quency, differing from the signal frequency by 
a suitable audio frequency, into the detector 
circuit to produce an audible beat (§ 2-13). 
The frequency difference, and hence the beat 
note, is generally of the order of 500 to 1000 
cycles since these tones are within the range 
of optimum response of both the ear and the 
headset. If the source of the second radio 
frequency is a separate oscillator the system 
is known as heterodyne reception ; if the detector 
itself is made to oscillate and produce the 
second frequency, it is known as an autodyne 
detector. 

Amplification - To build up weak signals 
to usable output level, modern receivers em
ploy considerable amplification - often of the 
order of hundreds of thousands of times. 
Amplifiers are used at the frequency of the in
coming signal (r.J. amplifiers), after detection 

(a.J. amplifiers) and, in the superheterodyne 
receiver, at one or more intermediate radio 
frequencies (i./. , amplifiers). The r.f. and i.f. 
amplifiers practically always employ tuned cir
cuits. 

Types of receivera - Receivers may vary 
in complexity from a simple detector with no 
amplification to multi-tube arrangements hav
ine; amplification at several different radio 
frequencies as well as at audio frequency. A 
regenerative detector (§ 7-14) with or without 
audio frequency amplification is known as a 
regenerative receiver; if the detector is preceded 
by one or more tuned radio-frequency am
plifier stages the combination is known . aa a 
t.r.f. (tuned radio frequency) receiver. The 
auperheterodyne receiver (§ 7-8) employs r.f. 
amplification at a fixed intermediate fre
quency as well as at the frequency of the 
signal itself, the latter being converted by 
the heterodyne process to the intermediate 
frequency. 

At ultra-high frequencies the superregenera
tive det.ector (§ 7-4), usually with audio ampli
fication, is used in tb.e superregenerative receiver, 
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providing high amplification of weak signals 
with simple circuit arrangements. 

e 7•2 RECEIVER CBAB&crEBISTICS 

Se=itivity - Sensitivity is defined as the 
strength of the signal (usually expressed in 
microvolts) which must be applied to the input 
terminals of the receiver to produce a specified 
audio-frequency power output at the loud
speaker or headset. It is a measure of the am
plification or gain. 

Si8nal-to-noiae ratio - Every receiver gen
erates some noise of a hiss-like character, and 
signals weaker than the noise cannot be sepa
rated from it no matter how much amplifica
tion is used. This relation between noise and a 
weak signal is expressed by the signal,..to-noise 
ratio. It  can be defined in various ways, one 
simple one being to give it as the ratio of signal 
power output to noise output from the re
ceiver at a specified value of modulated carrier 
voltage applied to the input terminals. 

Since the noise is uniformly distributed over 
the whole spectrum, its effect will depend upon 
the selectivity of the receiver, greater selec
tivity giving smaller noise output and hence a 
higher signal-to-noise ratio. 

Selectivity - Selectivity is the ability of a 
receiver to discriminate against signals of 
frequencies differing from that of the desired 
signal. The overall selectivity will depend upon 
the selectivity of the individual tuned circuits 
and ihe number of such circuits. 

The selectivity of a receiver is shown graph
ically by drawing a curve which gives the ratio 
of signal strength required at various frequen
cies off resonance, to the signal strength at 
resonance, to give constant output. A reao
nanu curve of this type (taken on a typi
cal communications-iype superheterodyne re
ceiver) is shown in Fig. 701. The band-width 
is the width of the resonance curve (in cycles 
or kilocycles) at a specified ratio; in Fig. 701, 
the band-widths are indicated for ratios of 2 
and IO. 

Selectivity for signals within a few kilocycles 
of the desired signal frequency is called adja
cent-channel selectivity, to distinguish it from 
the discrimination against signals considerably 
removed from the desired frequency. 

Stability - Stability of a receiver is its 
ability to give constant output, over a period 
of time, from a signal 'of constant strength 
and frequency. Primarily, it means the ability 
to stay tuned to a given signal, although a 
receiver which at some settings of its controls 
has a tendency to break into oscillation, or 
" howl," is said to be unstable. 

The stability of a receiver is affected prin
cipally by temperature variations, voltage 
changes, and constructional features of a 
mechanical nature. 
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Fidelity - Fidelity is the relative ability of 
the receiver to reproduce in its output the 
modulation (keying, 'phone, etc.) carried by 
the incoming signal. For exact reproduction, 
the band-width must be great enough to ac
commodate the highest modulation frequency, 
and the relative amplitudes of the various 
frequency components within the band mqst 
not be changed. 

e 7-3 DETECl'OBS 
Charactemtica - The important charac

teristics of a detector are its sensitivity, fidelity 
or linearity, resistance, and signal-handling 
capability. 

Detector semitivity is the ratio of audio
frequency output to radio-frequency input. 
Linearity is a measure of the ability of the 
detector to reproduce, as an audio frequency, 
the exact form of the modulation on the in
coming signal. The resistance or impedance of 
the detector is important in circuit design, 
since a relatively low resistance means that 
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F;,,. 702 - Simplified and practical diode detector 
cireuita. A, the elementary half.wave diode detector; 
B, a pt"actical cricuit, with r.£. filtering and audio output 
coupling; C, full-wu·e diode detector, with -output 
coupling indicated. The circuit L.C1 ia tuned to the aig. 
aal lrequeocy; typical valuea for C2 and R1 in A and C 
are 250 ,.,.Cd. and 250,000 ohms • ...,.,pectively; in B. 
C1 and Ca are 100 ,.,Jd. each; R,. 50,000 ohma; and lb. 
250,000 ohma. C. ia 0.1 ,.{d. and Ra, 0.5 to 1 ae,olam in 
all � diagrama. .. 
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power is consumed in the detector .. The aignal
handlin{I capability means the ability of the 
detector to accept signals of a specified ampli
tude without overloading. 

Diode detector, - The simplest detector is 
the diode rectifier. Circuits for both half-wave 
and full-wave (§ 8-3) diodes are given in Fig. 
702. The simplified half-wave circuit at 702-A 
includes the r.f. tuned circuit biC1, with 11 
coupling coil ·L1 from which the r.f. energy is 
fed to LiC1; the diode, D, and the load resist
ance R1 and by-pass condenser C2. The flow of 
rectified r.f. current through R1 causes II d.c. 
voltage to develop across its terminals, and 
this voltage varies with the modulation on 
the signal. The - and + �igns show the po
larity of the voltage. Variation in amplitude 
of the r.f. signal with modulation causes cor
responding variations in the value of the d.c. 
voltage across R1. The load resistor, R1, usu
ally has II rather high value so that a fairly 
large voltage will develop from a small recti
fied-current flow. 

In the circuit at 702-B, R1 and C2 have been 
divided for the purpose of filtering r.f. from the 
output circuit ( § 2-11); any r.f. voltage in the 
output may cause overloading of a succeeding 
amplifier tube. These audio-frequency varia
tions can be transferred to another circuit 
through a coupling condenser, C4 in Fig. 702, 
to a load resistor Ra, which usually is a "po
tentiometer" so that the volume can be ad
justed to a desired level. 

The full-wave diode circuit l!,t 702-C is prac
tically identical in operation to the half-wave 
circuit, except that both halves of the r.f. cycle 
are utilized. The full-wave circuit has the ad
vantage .that very little r.f. voltage appears 
across the load resistor, R1, because the mid
point of bi is at the same potential as the cath
ode or "ground " for r.f. 

The reactance of Ci must be small compared 
to the resistance of R1 _at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to R1 (§ 2-8, 2-13). 
This condition is satisfied by the values shown. 
If the capacity of C2 is too large, the response 
at the higher audio frequencies will be low. 

Compared with other detectors, the sensitiv
ity of the diode is low. Since the diode con
sumes power, the Q of the tuned circuit is re
duced, bringing about a reduction in selectiv
ity (§ 2-10). The linearity is good, however, 
and the signal-handling capability is high. 

Grid-1.eak detector• - The grid-leak de
tector ia a combination diode rectifier and 
audio-frequency amplifier. In the circuit of 
Fig. 703-A, the grid corresponds to the diode 
plate, and the rect.fying action is exactly the 
same. The d.c. voltage from rectified current 
flow through the grid leak, R1 biases the grid 
negatively with respect to cathode, and the 
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Fi&- 703 - Grid-leak detector ci.rcuito. A, triode; B, 
pentode. A tetrode may be uaed in the circuit of B by 
neglecting the ouppreMOC-grid connection. Transformer 
coupling may be oubotituted for resiatance coupling in 
A, or a high-inductance choke may replace the pl,,t<> 
reeiotor in B. L1C1 io a circuit tuned to the oignal fte. 
quency. Tbe grid leak, R1, may be connected directly 
from grid to cathode inotead of acn>ll8 tbe grid condenoer 
ao ahown. The operation with either coooection will be 
the same. Rcpreaentative valuee are: 

c-,,-,.,,, Circuit A 
C. 100 lu 250 ,.,.Id. 
Ca 0.001 to 0.002 ,Jd. 
C. 0.1 ,.fd. 
C. 
R1 
Rt 
Ra 
R, 
T 

L 

1 to 2 mesobme. 
50,000obmL 

lntel"atace audio 
traoalonner. 

Circuit B 
100 to 250 ,.,.fd. 
250 to 500 ,.,.fd. 
0.1 ,Jd. 
0.5 ,Jd. 0< , •• , ... 
I to S megobm1. 

100,000 to 250,000 obmo. 
50,000 ohm1. 
%0,000 olum. 

500-heory choke. 
The pl,,t<> Toltage in A obould be about SO Yolta f.x 

best AeDoitivity. In B the screen voltage ohould be 
about 30 volta, plat<> voltage from 100 to 250. 

t,udio-frequency variations in voltage across 
R1 are amplified through the tube just as in a 
normal a.f. amplifier. In the plate circuit, R2 is 
the plate load resistance (§ 3-3) and Ca a by
pass condenser to eliminate ·r.f. in the output 
circuit. C4 is the output coupling condenser. 
With a triode, the load resistor R2 may be 
replaced by an audio transformer, T, as shown, 
in which case C4 is not used. 

Since audio amplification is added to recti
fication, the grid-leak detector has consider
ably greater sensitivity than the diode. The 
sensitivity can be further increased by using 
a screen-grid tube instead of a triode, as at 
703-B. The operation is equivalent to that 
of the triode circuit. C5, the screen by-p&BS 
condenser, should have low reactance (I 2-8, 
2-13) for both radio &nd audio frequencies. Ra 

and R4 constitute a voltage divider (§ 8-10) 
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from the plate supply to furnish the prqper 
d.c. voltage to the screen. In both circuits, C2 
must have low r.f. reactance and high a.f. 
reactance compared to the resistance of R1; 
the same consideration applies to Cs with 
respect to R2. 

The sensitivity of the grid-leak detector is 
higher than that of any other type. Like the 
diode, it "loads" the tuned circuit and reduces 
its selectivity. The linearity is rather poor, and 
the signal-handling capability is limited. 

Plate detector& - The plate detector is 
arranged so that rectification of the r.f. signal 
takes place in the plate circuit -of a triode, 
tetrode or pentode, as contrasted to the grid 
rectification just described. Sufficient negative 
bias is applied to the grid to bring the plate 

(A) -a +a 

(B) -a +a 

Fig. 704 - Circuits for plate detection. A, triode; B, 
pentode. L1C1 is tuned to the signal frequency. Typical 
values for other consta.nta are: 

Circuit A. 

0.S ,Jd. or larger. 
0.001 to 0.002 µId. 
0.1 ,Jd. 

10,000 to 20,000 
oomL 

50,000 to 100,000 
oomL 

Circuit B 

0.S ,Jd. or lar1er. 
250 to 500 ,.,.{d. 
0.1 ,.rd. 
0.5 µId. or larger. 
10,000 to 20,000 ohm•. 

100,000 to 250,000 obmo 

50,000 ohm,. 
20,000 ohm,. 

Plate voltage& from 100 to 250 volte may be used. 
Screen voltage in B should be about 30 volts. 

current nearly to the cut-off point, so that the 
application of a signal to the grid circuit causes 
an increase in average plate current. The 
average plate current follows the changes in 
signal amplitude in a fashion similar to the 
rectified current in a diode detector. 
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Circuits for triodes and pentodes are given 
in Fig. 704. Ca is the plate by-pass condenser, 
R1 is the cathode resistor which provides the 
operating grid bias (§ 3-6), and C2 is a by-pass, 
for both radio and audio frequencies, across R1 
(§ 2-13). R2 is the plate load resistance ( §  3-3) 
across which a voltage appears as a result of 
the rectifying action described above. c. is the 
output coupling condenser. In the pentode 
circuit at B, Ra and R4 form a voltage divider 
to supply the proper potential (about 30 volts) 
to the screen, and C1 is a by-pass condenser 
between the screen and cathode. C, must have 
low reactance for both radio and audio fre
quencies. 

The plate detector is more sensitive than 
the diode, since there is some amplifying action 
in the tube, but less so than the grid-leak de
tector. It will handle· considerably larger sig
nals than the grid-leak detector, but is not 
quite as tolerant in this respect as the diode. 
Linearity, with the self-biased circuits shown, 
is good. Up to the overload point, the detector 
takes no power from the tuned circuit and 
hence does not affect its Q and selectivity 
(§ 2-10) .

. 

Infinite impedance detector - The circuit 
of Fig. 705 combines the high signal-handling 
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Fig. 70S - The infinite impedance detector. LIC1 is 
tuned to the signal frequency, Typical values for other 
constants are: 

c. - 250 ,.,.Id. 
c. - 0.5 ,.id. 
C. - 0.1 ,.Id. 
111 - 0.15 megohm. 
n. - 25,000 ohms. 
R3 -0.25-megohm volume control. 

A tube having a medium amplification factor (about 
20) should be used. The plau voltage should be 250 
volts. 

capabilities of the diode detector with low · 
distortion (good linearity) and, like the plate 
detector, does not load the tuned circuit to 
which it is connected. The circuit resembles 
that of the plate detector except that the load 
resistance, R1, is connected between cathode 
and ground and is thus com�on to both grid 
and plate circuits, giving negative feedback 
for the audio frequencies. The cathode resistor 
is by-passed for r.r. (C1) but not for audio 
(§ 2-13), while the plate circuit is by-passed 
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Fil,. 706 - Triode and peotode rcgeoeratin detector 
circuits. The circuit L2C1 is tuned to the signal frequency. 
The grid condenser, C2, should have a value of about 
100 ,.,.fd. in all circuits; the grid leak, R1, may range in 
value from 1 to 5 megohm.. The tickler coil, La, will 
ordinarily have from 10% to 25% of the number of 
turns on 12; in C, the cathode tap is about 10% of the 
number of turns on 12 above ground. Regeneration 
control condenser Ca in A should have a maximum 
capacity of 100 µµ{d. or more; by-pass condensers Cs 
in B and C arc likewise I 00 ,.,.fd. C• is ordinarily l ,.Cd. 
or more; R2, 50,000-ohm 1,otcntiometer; Rs, 50,000 to 
100,000 ohms. 1A in B (La in C) is a 500-bcnry induct-

-ance, C, is 0.1 ,.Cd. in both circuits. T, in A is a conven
tional audio transformer for coupling from the plate 
of a tube to a following grid. RFC is 2.5 mh. 

• 
In A, the plate voltage should be of the order of 50 

volts for best sensitivity. The pcotode circuits require 
about 30 volts on the screco; plate voltage may be from 
100 to 250 volts. 

R,c,i11t1r p,incip/.6 anJ ;})tl6UJ1& 
to ground for both audio and radio frequencies. 
R2 with C2 forms an RC filter (§  2-11) to iso
late the plate from the " B "  supply at audio 
frequencies. 

The plate current is very low at no signal, 
increasing with signal as in the case of the 
plate detector. The voltage drop across R1 

similarly increases with signal because of the 
increased plate current. Because of this and 
the fact that the initial drop across R1 is large, 
the grid cannot be driven positive with respect 
to the cathode by the signal, hence no grid 
current can be drawn. 

e 7-t . REG.ENERATIVE BETECl'OBS 

Circuits - By providing controllable r.f. 
feedback or regeneration (§ 3-3) in a triode or 
pentode detector circuit, the incoming signal 
can be amplified many times, thereby greatly 
increasing the sensitivity of the detector. 
Regeneration also increases the effective Q of 
the circuit and hence increases the selectivity 
(§  2-10), by virtue of the fact that the maxi
mum regenerative amplification takes place 
at only the frequency to which the circuit is 
tuned. The grid-leak type of detector is most 
suitable for the purpose. Except for the re
generative connection, the circuit values are 
identical with those previously described for . 
this type of detector, and the same considera
tions apply. 

Fig. 706 shows the circuits of regenerative 
detectors of various types. The circuit of A 
is for a triode tube, with a variable by-pass 
condenser, C3, in the plate circuit to control 
regeneration. When the capacity is small the 
tube does not regenerate, but as it increases 
toward maximum its reactance (§  2-8) becomes 
smaller until a critical value is reached where 
there is sufficient feed-back to cause oscillation. 
If La and La are wound end to end in the same 
direction, the plate connection is to the out
side of the plate or "tickler" coil, La, when the 
grid connection is to the outside of the tuned 
circuit coil, L2. 

The circuit of B is for a screen-grid tube, re
generation being controlled by adjustment of 
the screen-grid voltage. The tickler, La, is in 
the plate circuit. The portion of the control 
resistor between the rotating contact and 
ground is by-passed by a large condenser 
(0.5 1,1fd. or more) to filter out scratching noise 
when the arm is rotated (§  2-11). Tlie feedback 
should be adjusted by varying the number of 
turns on La or the coupling (§  2-11) between 
La and L3 so that the tube just goes into 
oscillation at a screen voltage of approximately 
30 volts. 

Circuit C is identical with B in principle of 
operation, except that the oscillating circuit is 
of the Hartley type (§  3-7). Since the screen 
and plate are in parallel for r.f. in this circuit, 
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only a small amount of "tickler" - that is, 
relatively few turns between cathode tap and 
ground - is required for oscillation. 

Adjuatment for smooth regeneration -
The ideal regeneration control would permit 
the detector to go into and out of oscillation 
smoothly, would have no effect on the fre
quency of oscillation, and would give the same 
value of regeneration regardless of frequency 
and the loading on the circuit. In practice the 
effects of loading, particularly the loading that 
occurs when the detector circuit is coupled to 
an antenna, are difficult to overcome. Like-
wise, the regeneration is affected by the 
frequency to which the grid circuit is tuned. 

In all circuits it is best to wind the tickler at 
the ground or cathode end of the grid coil, and 
to use as few turns on the tickler as will allow 
the detector to oscillate easily over the whole 
tuning range with the proper plate (and 
screen, if a pentode) voltage. Should the tube 
break into oscillation suddenly, making a click, 
as the regeneration control is advanced, the 
operation can frequently be made smooth by 
changing the grid-leak resistance to a higher 
or lower value. The wrong grid leak plus too
high plate and screen voltage are the most 
frequent causes of lack of smoothness in going 
into oscillation. 

Antenna coupling - If the detector is 
coupled to an antenna, slight changes in the 
antenna consJ;ants (as when the wire swings in 
a breeze) affect the frequency of the oscilla
tions generated, and thereby the beat fre
quency when c.w. signals are being received. 
The tighter the antenna coupling is made, the 
greater will be the feedback required or the 
higher will be the voltage necessary to make 
the detector oscillate. The antenna coupling 
should be the maximum that will allow the 
detector to go into oscillation smoothly with 
the correct voltages on the tube. If capacity 
coupling ( § 2-1 1) to the grid end of the coil is 
used, only a very small amount of capacity 
will be needed to couple to the antenna. 
Increasing the capacity increases the cou
pling. 

At frequencies where the antenna system is 
resonant the absorption of energy from the 
oscillating detector circuit will be greater, with 
the consequence that more regeneration is 
needed. In extreme cases it may not be possible 
to make the detector oscillate with normal 
voltages, causing so-called "dead spots" . The 
remedy for this is to loosen the antenna cou
pling to the point which permits normal oscilla
tion and smooth regeneration control. 

Body capacity - A regenerative detector 
occasionally shows a tendency to change fre
quency slightly as the hand is moved near the 
dial. This condition (body capacity) can be 
caused by poor design of the receiver or by 
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the antenna, if the detector is coupled to an 
antenna. If the body capacity is present when 
the antenna is disconnected, it can be elimi
nated by better shJelding, and sometimes by 
r.f. filtering of the 'phone leads. Body ca
pacity present only when the antenna is 
connected is caused by resonance effects in 
the antenna which tend to cause part of a 
standing wave (§ 2-12) of r.f. voltage to 
appear on the ground lead and thus raise the 
whole detector circuit above ground potential. 
A good, short ground connection should be 
made to the receiver and the length of the 
antenna. varied electrically (by adding a. small 
coil or variable condenser in the antenna lead) 
until the effect is minimized. Loosening the 
coupling to the antenna circuit also will help 
reduce body capacity. 

Hum - Power-supply frequency hum may 
be present in a regenerative detector, especially 
when it is used in an oscillating condition for 
c. w. reception, even though the plate supply is 
free from ripple (§ 8-4). It ma,y result from the 
use of a.c. for the tube heater, but effects of 
this type are normally troubleso�e only when 
the circuit of Fig. 706-C is used, and then only 
at 14 Mc. and higher frequencies. Connecting 
one side of the heater supply to ground, or 
grounding the center-tap of the heater trans
former winding, is good practice to reduce 
hum, and the heater wiring should be kept e.s 
far as possible from the r.f. circuits. 

House wiring, if of the "open" type, will 
have a rather extensive electrostatic field 
which may cause hum if the detector tube, 
grid lead, grid condenser and leak are not 
electrostatically shielded. This type of hum 
is easily recognizable because of its rather high 
pitch, a result of harmonics (§ 2-7) in the 
power-supply system. The hum is caused by a 
species of grid modulation (§ 5-4) because the 
field causes a small a.c. Vl)ltage to develop 
across the grid leak. 

Antenna resonance effects frequently _cause 
a hum, of the same nature as that just de-
scribed, which is most intense at the various 
resonance points and hence varies with tuning. 
For this reason it is called tunable hum. It is 
prone to occur with a rectified a.c. plate supply 
(§ 8-1) when a standing wave effect of the 
type described in the preceding paragraph 
occurs, and is associated with the non-linear
ity of the rectifier tube in the plate supply. 
Elimination of antenna resonance effects and 
by-passing the rectifier plates to cathode usu
ally will cure it. 

Tuning - For c.w. reception, the regenera
tion control is advanced until the detector 
breaks into a "hiss," which indicates that the 
detector is oscillating. Further advancing of 
the regeneration control after the detector 
starts,oscillating will result in a slight decrease 
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Fi&. 707 -AA the tunin1 dial of a receiver is turned 
paat a c.w. •ignal, the beat note varica from a high tone 
down t.brough "'zero beat" (no audible frequency rlifTer
ence) and back up to a high tone, as shown at A, B and C. 
The curve ie a graphical representation of Lhe action. 
The beat exists paot 8000 or 10,000 cycles but uoually io 
not beard because of the limitations of the audio •ystcm 
of the receh•er. 

in the strength of the hiss, indicating that the 
sensitivity is decreasing. 

The proper adjustment for the reception of 
c. w. signals is just after the detector has 
started to oscillate, when it will he found that 
c.w. signals can he tuned in and will give a tone · 
with each signal depending on the setting of 
the tuning control. As the receiver is tuned 
through a signal, the tone will first he heard 
as a. very high pitch, go down through "zero 
beat" and then disappear at a high pitch 
on the other side, as shown in Fig. 707. It 
will be found that a low-pitched beat-note 
cannot be obtained with a strong signal be
cause the detector "pulls in" or " blocks," 
but this condition can be corrected by advanc
ing the regeneration control until the beat
note occurs again. If the regenerative detector 
is preceded by an r.f. amplifier stage, the block
ing can be eliminated by reducing the ga.in of 
the r.f. stage. If the detector is coupled to an 
antenna the blocking condition can be elimi
nated by advancing the regeneration control 
or loosening the antenna coupling. 

The point just after the receiver starts oscil
lating is the most sensitive condition for c. w. 
receotion - further advancing of tbe regener
ation control makes the receiver less prone to 
blocking by strong signals but less capable of 
receiving weak signals. 

If the receiver is in the oscillating condition 
and a 'phone signa.l is tuned in, a steady beat
note will result and, while it is possible to 
listen to 'phone if the receiver can be tuned to 
exact zero beat, it is more satisfactory to 
reduce the regeneration to the point just before 
the receiver goes into oscillation. This is thE> 
most sensitive operating point for this type of 
reception, 
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Superrege=rotion - The limit to which 
ordinary regenerative amplification can be 
carried is the point at which oscillations com
mence, since at that point further amplification 
ceases. The auperregemrative detector over
comes this limitation by introducing into the 
detector circuit an alternating voltage of a 
frequency somewhat above the audible range 
(of the order of 20 to 100 kilocycles) in such a. 
way as to vary the detector's operating point 
(§ 3-3). As a consequence of the introduction of 
this quench or interruption frequency the de
tector can oscillate only when the varying 
operating point is in a region suitable for the 
production of oscillations. Because the os
cillations are constantly being interrupted the 
regeneration can be greatly increased and the 
signal will build up to relatively tremendous 
proportions. The superregenerative circuit is 
suitable only for the reception of modulated 
signals, and operates best on ultra-high fre
quencies where it has found considerable appli
cation in simple receivers. 

A typical superregenerative circuit for ultra-

QUENCH 
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Fi&. 708 - Supcrregenerative detector circuit with 
separate quench oocillator. t..C, is tunbd to the oignal 
frequency. Typical nluco for other components arc as 
follows: 
Ct - 100 ,.,.fd. 
Ca - SOQ ,.,.fd. 
C. -0.1 ,.fd. 
Rt - 5 megohms. 
Ro - 50,000 ohm•. 
Ra - 50,000-ohm potentiometer. 
R• - 50,000 ohms. 
Tt -Audio transformer, plate-to-grid type. 
RF"C - Radio-frequency choke, con•tanto depending 

upon frequency of operation. Special low
capacity cbokco arc required for ultra-high 
{rcquencica. 

high frequ.encies is shown in Fig. 708. The 
regenerative detector circuit is an ultraudion 
osc:illator ( § 3-7). The quench frequency, ob
taJOed from the separate quench oscillator, is 

C H � P T E R  S E V E N  117 

',, 

'·,\// 



introduced in the plate circuit. Many other 
circuit arrangements are possible. 

If regeneration in an ordinary regenerative 
circuit is carried sufficiently far, the circuit will 
break into a low-frequency oscillation simul
taneously with that at the operating radio 
frequency. This low-frequency oscillation has 
much the same quenching effect as that from a 
separate oscillator, hence a circuit so operated 
is called a aelf-queMhing superregenerative 
detector. This type of circuit is more successful 
at ultra-high than at ordinary communication 
frequencies. The frequency of the quench 
oscillation depends upon the feedback and 
upon the time constant of the grid leak and 
condenser, the oscillation being a form of 
"blocking" or "squegging" in which the grid 
accumulates a strong negative charge which 
cannot leak off rapidly enough through the grid 
leak to prevent a relatively slow variation of 
the operating point. 

The superregenerative detector has little 
selectivity, but discriminates against noise 
such as that from automobile ignition systems. 
It also has marked automatic volume control 
action, since strong signals are amplified to a 
much smaller extent than weak signals. 

Adj,utment of superregenerative detec
tors - Because of the greater amplification, 
the hiss when the superregenerative detector 
goes into oscillation is much stronger than 
with the ordinary regenerative detectur. The 
most sensitive condition is at the point where 
the hiss first becomes marked. When a signal is 
tuned in the hiss will disappear to a degree 
which depends upon the signal strength. 

Lack of hiss indicates insufficient feedback at 
the signal frequency or inadequate quench 
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voltage. Antenna loading effects will cause 
dead spots similar to those with regenerative 
detectors and these can be overcome by the 
same methods. The sell-quenching detector 
may require critical adjustment of the grid 
leak and grid condenser values for smooth 
operation, since these determine the frequency 
and amplitude of the quench voltage. 

e 7-S AUDIO-FREQUIKNC'I' AMPUFIIKRS 

General - Audio-frequency amplifiers are 
used after the detector to increase the power to 
a level suitable for operating a loud-speaker or, 
in some cases, a headset. There are seldom 
more than two stages of a.f. amplification in a 
receiver, and often only one. 

In all except battery-operated receivers, the 
negative grid bias of audio amplifiers is usually 
secured from the voltage drop in a cathode re
sistor ( § 3-6). The cathode resistor must be by
passed by a condenser having low reactance, at 
the lowest audio frequency to be amplified, 
compared to the resistance of the cathode re
sistor (10% or less) (§ 2-8, 2-13). In battery
operated sets, a separate grid-bias battery 
generally is used. 

Headset and voltage ·. amplifiers - The 
circuits shown in Fig. 709 are typical of those 
used for voltage amplification and for provid
ing sufficient power for operation of head
phones ( § 3-3). Triodes usually are preferred 
to pentodes becau�e they are better suited to 
working into an audio transformer or headset, 
which have impedances of the order of 20,000 
ohms. 

In these circuits, R2 is the cathode bias re
sistor and C1 the cathode by-pass condenser. 
R1, the grid resistor, gives volume control 
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Fi8. 709 - Audio amplifier 
circuits for voltage amplifica
tion and headphone output. 
The tube. are operated as 
ClaS&-A amplifiers (t 3-4) • 
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Fig. 710 - Audio power output amplifier circuits. 
CJ ... A or AB (t 3-4) amplification is used. · 

action (§ 5-9). Its value ordinarily is from 0.25 
to 1 megohm. C2 is the input coupling con
denser, already discussed under detectors; it 
is, in fact, identical to C4 in Figs. 703 and 704 
if the amplifier is coupled to a detector. 

Power amplijier1J - A popular type of 
power amplifier is the single pentode; the 
circuit diagram is given in Fig. 710-A. The 
grid resistor, R1, may he a potentiometer for 
volume control as shown at R1 in Fig. 709. The 
output transformer T should have a turns ratio 
(§ 2-9) suitable for the speaker used; most of 
the small speakers now available are furnished 
complete with output transformer. 
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an effective tone control of this type. The 
maximum effect is secured when R, is entirely 
out of the circuit, leaving C, connected between 
grid and ground. R4 should be large enough 
compared to the reactance of C, ( § 2-8) so 
that when it is all in circuit the effect of C, on 
the frequency response is negligible. 

• 7-e RADIO-FRHQUHNC" AMPLIFIERS 
Circuits - Although there are variations in 

detail, practically all r.f. ampli fiers conform to 
the basic circuit shown in Fig. 711. A screen
grid tube, usually a pentode, is invariably 
used, since a triode will oscillate when its grid 
and plate circuits are tuned to the same 
frequency (§ 3-5). The amplifier operates Class 
A, without grid current (§ 3-4). The tuned grid 
circuit, L1C1, is coupled through L-i to the 
antenna (or, in some cases, to a preceding 
stage). R1 and C2 a.re the cathode bias resistor 
and cathode by-pass condenser, C3 the screen 
by-pass condenser, and R2 the screen dropping 
resistor. La is the primary of the output trans
former (§ 2-11), tightly coupled to L, which, 
with C,, constitutes the tuned circuit feeding 
the detector or a following amplifier tube. 
L1C1 and L4C6 are both tuned to the frequency 
of the incoming signal. 

Shielding - The screen-grid construction 
prevents feedback (§ 3-3) from plate to grid 
inside the tube, but in addition it is necessary 
to prevent transfer of energy from the plate 
circuit to the grid circuit external to the tube. 
This is accomplished by enclosing the coils in 
grounded shielding containers, and by keeping 
the. plate and grid leads well separated. With 
"single-ended " tubes care in laying out the 
wiring to obtain the maximum possible physi
cal separation between plate and grid leads is 
necessary to prevent capacity coupling. 

The shield around a coil will reduce the in
ductance and Q of the coil (§ 2-1 1) to an extent 
which depends upon the shielding material 
and its distance from the coil. Adjustments to 
the inductance therefore must be made with 
the shield in place. 

By-passing - In addition to shielding, good 
by-passing (§ 2-13) is imperative. This is not 
simply a matter of choosing the proper type 

When greater volume is needed a pair of 
pentodes or tetrodes may be connected in 
push-pull (§ 3-3) as shown in Fig. 710-B. 
Transformer coupling to the voltage-amplifier 
stage is the simplest method of obtaining push
pull input for the amplifier grids. The inter
stage transformer, T1, has a center-tapped 
secondary, with a secondary-to-primary turns 
ratio of about 2 to 1. An output transformer, 
T2, with a center-tapped primary must be used. 
No by-pass condenser is needed across the 
cathode resistor, R, since the a.f. current ,---- ----, 

does not flow through the resistor as it 
does in single-tube circuits. 
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Tone control - A tone control is a 
device for changing the frequency re
sponse ( § 3-3) of an audio amplifier; 
usually it is simply a method for re
ducing high-frequency response. This is help
ful in reducing hissing and crackling noises 
without disturbing the intelligibility of the 
signal. R, and C, together in Fig. 709-D form 

Fi&. 711 -The circuit of a tuned radio.frequency 
amplifier. Circuit valueo are discu88ed in the text. 
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and capacity of by-pass condenser. Short 
aeparate leads from Ca and C4 to cathode or 
ground are a prime necessity, since at the 
higher radio frequencies even an inch or two 
of wire will have enough inductance to provide 
feedback coupling, and hence cause oscillation, 
if the wire happens to be common to both the 
plate and grid circuits. 

Gain control - The gain of an r.f. amplifier 
usually is varied by varying the grid bias. This 
method is applicable only to variable-µ type 
tubes (§ 3-5) hence this type usually is found 
in r.f. amplifiers. In Fig. 711, Ra and R4 com
prise the gain-control circuit. Ra is the control 
resistor ( § 3-6) and R4 a dropping resistor of 
such value as to make the voltage across the 
outside terminals of Ra about 50 volts (§ 8-10). 
The gain is maximum with the variable arm 
all the way to the left (grounded) on Ra and 
minimum at the right. Ra could simply be 
placed in series with R1, omitting R4 entirely, 
but the range of control is limited when this 
connection is used. 

In a multi-tube receiver, the gain of several 
stages would be varied simultaneously, a single 
control sufficing for all. In such a case, the 
lower ends of the several cathode resistors 
(R1) would be connected together and to the 
movable contact on Ra. 

Circuit values - The value of the cathode 
resistor, R1, should be calculated for the 
minimum recommended bias for the tube used. 
The capacities of C2, Ca and C4 must be such 
that the reactance is low at radio frequencies; 
this condition is easily met by using 0.01-µfd. 
condensers at communication frequencies, or 
0.001 to 0.002 mica units at ultra-high fre
quencies up to 112 Mc. R2 is found by_ taking 
the difference between the recommended plate 
and screen voltages, then substituting this and 
the rated screen current in Ohm's Law (§ 2-6). 
Ra must be selected on the basis of the number 
of tubes to be controlled; a resistor must be 
chosen which is capable of carrying, at its low
resistance end, the sum of all the tube currents 
plus the bleeder current. A resistor of suitable 
curren�carrying capacity being found, the 
bleeder current necessary to produce a drop 
through it of about 50 volts can be calculated 
by Ohm's Law. The same formula will give 
R4, using the plate voltage less 50 volts for E 
and the bleeder current just found for I. 

The constants of the tuned circuits will de
pend upon the frequency range, or band, being 
covered. A fairly high L/C ratio (§ 2-10) 
should be used on each band; this is limited, 
however, by the irreducible minimum capaci
ties. An allowance of 10 to 20 µµCd. should be 
made for tube and stray capacity, and the 
minimum capacity of the tuning condenser 
also must be added. 

If the input circuit of the amplifier is con-
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nected to an antenna, the coupling coil Lt 
should be adjusted to provide critical coupling 
(§ 2-11) between the antenna and grid circuit. 

. This will give maximum energy transfer. The 
turns ratio Lt! Lt will depend upon the fre
quency, the type of tube used, the Q of the 

· tuned circuit, and the antenna system, and in 
general is best determined experimentally. 
The selectivity will increase as the coupling is 
reduced below this "optimum" value, a con
sideration which it is well to keep in mind if 
selectivity is of more importance than maxi
mum gain. 

The output circuit coupling depends upon 
the plate resistance ( § 3-2) of the tube, the 
input resistance of the succeeding stage, and 
the Q of the tuned circuit L.C,. La is usually 
coupled as closely as posaible to L4 (this avoids 
the necessity for an additional tuning con
denser across La) and the energy transfer is 
about maximum when Lt has ¾ to ½ as many 
turns as L4, with ordinary receiving screen
grid pentodes. 

Tube and circuit noi.ae - ln any conductor 
electrons will be moving in random directions 
simultaneously and, as a result, small irregular 
voltages are developed across the conductor 
terminals. The voltage is larger the greater the 
resistance of the conductor and the higher its 
temperature. This is known as the thermal 

agitation effect, and it produces a hiss-like 
noise voltage distributed uniformly throughout 
the radio-frequency spectrum. The thermal 
agitation noise voltage appearing across the 
termi.nals of a tuned circuit will be the same as 
in a resistor of a value equal to the parallel 
impedance of the tuned circuit (§  2-10) even 
though the actual circuit resistance is low. 
Hence the higher the Q of the circuit the greater 
the thermal agitation noise. 

Another component of hiss noise is devel
oped in the tube, because the rain of electrons· 
on the plate is not entirely uniform. Small ir
regularities caused by gas in the tube also 
contribute to the effect. Tube noise varies 
with the type of tube, and is proportional in a 
general way to the inverse ratio of the mutual 
conductance ( § 3-2), of the tube to the square 
root of the plate current. 

To obtain the best signal-to-noise ratio, the 
signal must be made as large &11 possible at the 
grid of the tube, which means that the antenna 
coupling· must be adjusted to that end, and 
also that the Q of the grid tuned circuit must 
be high. A tube with low inherent noise obvi
ously should be chosen. In an amplifier having · 
good signal-to-noise ratio the thermal agita
tion noise will be greater than the tube noise. 
This can easily be checked by grounding the 
grid through a 0.01-µfd. condenser and observ
ing whether there is a decrease in noise. If 

there is no change, the tube noise ia creatly 
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predominant, indicating a poor signal-to
noise ratio in the stage. The test is valid only 
if there is no regeneration in the amplifier. 
The signal-to-noise ratio will decrease as the 
frequency is raised because it becomes in
creasingly difficult to obtain a tuned circuit of 
high effective Q (§ 7-7). 

The first stage of the receiver is the impor
tant one from the signal-to-noise ratio stand
point. Noise generated in the second and sub
sequent stages, while comparable in magnitude 
to that generated in the first, is masked by the 
amplified noise and signal from the first stage. 
After the second stag1,, further contributions 
by tubes and circuits to the total noise are in
consequential in any normal receiver. 

Tube input resistance - At high frequen
cies the tube may consume power from the 
tuned grid circuit even though the grid is not 
driven positive by the signal. Above 7 Mc. all 
tubes load the tuned circuit to an extent which 
depends upon the type of tube. This effect 
comes about because the time necessary for 
electrons to travel from the cathode to the grid 
becomes comparable to the time of one r.f. 
cycle, and because of a degenerative effect 
(§ 3-3) of the cathode lead inductance. With 
certain tube types the input resistance may 
be as low as ·a few thousand ohms at 28 Mc. 
and as low as a few hundred ohms at ultra
high frequencies. 

This input wading effect is in addition to 
the normal decrease in the Q of the circuit 
alone at the higher frequencies because of in
creased losses in the coil and condenser. Thus 
the selectivity and gain of the circuit are both 
adversely affected. 

Comparison of tubes - At 7 Mc. and lower 
frequencies, the signal-to-noise ratio, gain and 
selectivity of an r.f. amplifier stage are suffi
ciently high with any of the standard receiving 
tubes. At 14 Mc. and higher, however, this is 
no longer true, and the choice of a tube must 
be based on several conflicting considerations. 

Gain is highest with high mutual-conduct
ance pentodes, the ·1851 and 1852 being ex• 
amples of this type. These tubes also develop 
less noise than any of the others. The input
loading effect is greatest with them, however, 
so that sl!lectivity is decreased and the tuned
circuit gain is lowered. 

Pentodes such as the 6K7, 6J7 and corre
sponding types in glass have lesser input
loading effects at high frequencies, moderate 
gain, and relatively-high inherent noise. 

The "acorn " and equivalent miniature 
pentodes are excellent from the input-loading 
standpoint, the gain is about the same as with 
the standard types, and the inherent noise is 
somewhat lower. 

w·here selectivity is paramount, the acorns 
are best, standard pentodes second, and the 
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1851-52 types last. On signal-to-noise ratio 
the 1851-52 tubes are first, acorns second, and 
standard pentodes third. The same order 
holds for overall gain. 

At 56 Mc. the standard types are usable, 
but acorns are capable of better performance 
because of lesser loading. The 954, 956· and 
the corresponding types 9001 and 9003 are 
the only usable types for r.f. amplification at 
112 Mc. and higher. 

• 7•7 TIJNING AND -�GING 
METIIOH 

Band changing - The resonant circuits 
which are tuned to the frequency of the 
incoming signal constitute a special problem 
in the design of amateur receivers since the 
amateur frequency assignments consist of 
groups or bands of frequencies at widely
spaced intervals. The same LC combination 
cannot be used for, say, 14 Mc. to 3.5 Mc., 
because of the impracticable maximum-mini
mum capacity ratio required, and also because 
the tuning would be excessively critical with 
such a large frequency range. It is necessary, 
tnerefore, to provide a means for changing the 
circuit constants for various frequency bands. 
As a matter of convenience, the same tuning 
condenser usually is retained, but new coils 
are inserted in the circuit for each band. 

There are two favorite methods of changing 
inductances; one is to use a switch, having an 
appropriate number of contacts, which con
nects the desired coil and disconnects the 
others. The second is to use coils wound on 
forms with contacts (usually pins) which can 
be inserted in and removed from a socket. 

Band spreading - The tuning range 'of a 
given coil and variable condenser will depend 

Fig. 712 - EMeD• 
tiala of baod-epread ( B) 
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upon the inductance of the coil and the change 
in tuning capacity. For ease of tuning it is de
sirable to adjust the tuning range so that prac
tically the whole dial scale is occupied by the 
band in use. This is called band-spreading. 
Because of the varying widths of the bands, 
special tuning methods must be devised to give 
the correct maximum-minimum capacity ratio 
on each. Several of these are shown in Fig. 712. 

In A, a small band-spread condenser Ci 

(15 to 25 µµCd. maximum capacity) is used in 
parallel with a condenser, C2, which is usually 
large enough (140 to 175 µµfd.) to cover a 2-to-l 
frequency range. The setting of C2 will deter
mine the minimum capacity of the circuit, 
and the maximum capacity for band-spread 
tuning will be the maximum capacity of Ci 

plus the setting of C2. The inductance of the 
coil can be adjusted so that the maximum
minimum ratio will give adequate band
spread. In practicable circuits it is almost 
impossible because of the non-harmonic rela
tion of the various bands to get full band
spread on all bands with the same pair of con
densers, especially when the coils are wound 
to give continuous frequency coverage on C2, 
which is variously called the band-setting or 
main-tuning condenser. C2 must be re-set each 
time the band is changed. 

The method shown at B makes use of con
densers in series. The tuning condenser, Ci, 
may have a maximum capacity of 100 µµfd. or 
more. The minimum capacity is determined 
principally by the setting of C3, which usually 
h.as low capacity, and the maximum capacity 
by the setting of C2, which is of the order of 25 
to 50 µµfd. This method is capable of close ad
justment to practically any desired degree of 
band-spread. C2 and Ca must be adjusted for 
each band or else separate pre-adjusted con
densers must be switched in. 

The circuit at C also gives complete spread 
on each band. C1, the ban d -spread condenser, 
may have any convenient value of capacity; 
50 µµfd. is satisfactory. C2 may be used for con
tinuous frequency coverage ("general cover
age") and as a band-setting condenser. The 
effective maximum-minimum capacity ratio 
depends upon the capacity of C2 and the point 
at which C1 is tapped on the coil. The nearer 
the tap to the bottom of the coil, the greater 
the band-spread, and vice versa. For a given 
coil and tap, the band-spread will be greater 
if C2 is set at larger capacity. C2 may be 
mounted in the plug-in coil form and pre-set, 
if desired. Tliis requires a separate condenser 
for each band, but eliminates the necessity for 
re-setting C2 each time the band is changed. 

Ganged timing - The tuning condensers 
of the several r.f. circuits may be coupled to
gether mechanically and operated by a single 
control. This operating convenience involves 
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more complicated construction, both electri
cally and mechanically. It becomes necessary 
to make the various circuits track - that is, 
tune to the same frequency at each setting of 
the tuning control. 

True tracking can be obtained only when the 
inductance, tuning condensers, circuit mini
mum capacity and maximum capacity are 
identical in all "ganged" stages. A small 
trimmer or padding condenser is connected 
across the coil so that variations in minimum 
capacity can be compensated. The fundamen
tal circuit Cs shown in Fig. 713, where Ci is the 
trimmer and C2 the tuning condenser. The use 
of the trimmer increases the minimum circuit 
capacity, but is a necessity for satisfactory 
tracking. Condensers having maximum ca-

L 
c, 

Fi&. 713- Sbowing the 
Utle of a trimmer condenser 
acro&11 the tuned circuit to 
eel the minimum circuit 
capacity for gauged tun
ing. 

pa.cities of 15 to 30 µµfd. generally are used for 
the purpose. 

The same methods are applied to band
spread circuits which must be tracked. The 
circuits are identical with those of Fig. 712, 
although if both general-coverage and band
spread tuning are to be available, an addi
tional trimmer condenser must be connected 
across the coil in each circuit shown. If only 
amateur-band tuning is desired, however, 
then Ca in Fig. 712-B, and C2 in Fig. 712-C 
serve as trimmers. 

The coil inductance can be adjusted by 
starting with a larger number of turns than 
necessary, then removing a turn or fraction of 
a turn at a time until the circuits track satis
factorily. An alternative method of adjusting 
inductance, providing it is reasonably close to 
the correct value initially, is to make the coil 
so that the last turn is variable with respect to 
the whole coil, or to use a single short-circuited 
turn the position of which can be varied with 
respect to the coil. These methods are shown in 
Fig. 714. 

V.H.F. circuits - Tube intcreleotrode ca
pacities are practically constant, for a given 
tube type regardless of the operating fre
quency, and the same thing is approximately 
true of stray circuit capacities. Hence at 
ultra-high frequencies these capacities become 
an increasingly larger part of the usable tuning 
capacity and reasonably-high L/C ratios 
(§ 2-10) are more difficult to secure as the 
frequency is raised. Because of this irreducible 
minimum capacity, standard types of tubes 
cannot be tuned to frequencies higher than 
about 200 Mc., even when the inductance in 



(A) (B) 
Fifl. 714 - Methods of adjusting inductance for 

ganging. The half tum in A can be moved so that i� 
magnetic 6cld either aido-or oppo,ies the 6eld of the coil. 
The ehorted loop in B is not connected to the coil, but 
operates by induction. It will have no effect on the coil 
inductance when the plane of the loop is parallel to the 
axis of the coil, and will give maximum reduction of the 
coil inductance when perpendicular to the coil axis� 

the circuit is simply that of a straight wire 
between the tube elements. 

Along with these capacity effects the input 
loading (§ 7-6) increases rapidly at ultra-high 
frequencies so that ordinary tuned circuits 
have very low effective Q's when connected to 
the grid circuit of a tube. The effect is still 
further aggravated by the fact that losses in 
the tuned circuit itself are higher, causing a 
still further reduction in Q. For these reasons 
the frequency limit at which an r.f. amplifier 
will give any gain is in the vicinity of 60 Mc., 

,:,;5t � (A) 

(B) 

Short-circw.ted 

Fill, 715 - Circuito of improved Q for ultra-high fre
quencies. A, reducing tube loading by tapping down on 
the ttM>nant circuit: B. use of• concentric-1.ine circuit, 
with the tube similarly tapped down. The line should be 
a quarter-wave long, electrically; because of the addi
tional shunt capacity represented by the tube the 
physical length will be somewhat less than given by the 
formula (l 10-5). ln general, thio reduction in length will 
be greater the higher the grid tap oo the inner conductor. 
One method of coupling to an antenna or preceding 
atage is indicated. The coupling tum should be parallel 
to the axia of the line and insulated from the outer 
conductor. 
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with standard tubes, and at higher trequencies 
there is a loss instead of amplification. The 
condition can be mitigated somewhat by tak
ing steps to improve the effective Q of the 
circuit, either by tapping the grid down on the 
coil as shown in Fig. 715-A or by using a 
lower L/C ratio (§ 2-10). The Q of the tuned 
circuit alone can be greatly improved by using 
a linear circuit ( §  2-12), which when properly 
constructed will give Q's much higher than 
those attainable at lower frequencies with 
conventional coils and condensers. The con
centric type of line, Fig. 715-B, is best both 
from the standpoint of Q and adaptability to 
non-symmetrical circuits such as are used in 
receivers. Since the capacity and resistance 
loading effect of the tube are still present, the 
Q of such a circuit will be destroyed if the grid
cathode circuit of the tube is connected directly 
across it, hence tapping down, as shown, is 
necessary. 

Ultra-high frequency amplifiers should em
ploy tubes of the acorn type which have the 
smallest loading effect as well as low inter
electrode capacities. This is because the 
smaller loading effect means higher input 
resistance and hence, for a given loaded Q of 
the tuned circuit, higher voltage developed 
between grid and cathode. Thus the amplifi
cation of the stage is higher. 

A concentric circuit may be tuned by vary
ing the length of the inner conductor (usually 
by using close-fitting tubes, one sliding inside 
the other) or by connecting an ordinary tuning 
condenser across the line. Tapping the con
denser down as shown in Fig. 715-B gives a 
band-spread effect which is advantageous, 
and in addition helps to keep the Q of the cir
cuit higher than it would be with the con
denser connected directly across the open end 
of the line, since at ultra-high frequencies most 
condensers have losses which cannot be neg
lected. 

U.b.f. oscillators such as those used in the 
superregenerative detector usually will work 
well at frequencies where r.f. amplification is 
impossible with standard tubes (as in the 
1 12-Mc. band) since tube losses are compen
sated for by energy taken from the power 
supply. Ordinary coil and condenser circuits 
are practicable with such tubes and circuits 
at 112 Mc., and although not as good as linear 
circuits are more convenient to construct. 

e 7-8 THE SUPl!IIRETIK.RODYNE 

Principles - In the ituperheterodym, or . 
superhet, receiver the frequency of the incom
ing signal is changed to a new radio frequency, 
the intermediate frequency (i.f.), then ampli
fied, and finally detected. The frequency is 
changed by means of the heterodyne process 
(§ 7-1), the output of an adjustable local oscil,-
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lalor (h.f. oscillator) being combined with the 
incoming signal in a mixer or converur stage 
(Ji.rat detector) to produce a beat frequency 
equal to the i.f. Fig. 716 gives the essentials of 
the superhet in block form. C. w. signals are 
made audible by heterodyning the signal at 
the second detector by an oscillator (the beat 
freqmmy oscillator (b.f.o.) or beat oscillator), 
set to differ from the i.f. by a suitable audio 
frequency. 

As a numerical example, assume that an in-

R F  
AMPLIFIER 

H f  
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I.F 
Al,tPUFIER 
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termedi.ate frequency of 455 kc. is chosen, 
and that the incoming signal is on 7000 kc. 
Then the h.f. oscillator frequency may be set 
to 7455 kc. in order that the beat frequency 
(7455 minus 7000) will be 455 kc. The h.f. os
cillator also could be set to 6545 kc., which will 
give the same frequency difference. To produce 
an audible c.w. signal of say 1000 cycles at the 
second detector, the beat oscillator would be 
set either to 454 kc. or 456 kc. 

Characteriat.iu - The frequency-conver
sion process permits r.f. amplification at a 
relatively-low frequency where high selectivity 
can be obtained, and this selectivity is con
stant regardless of the signal frequency. Higher 
gain is also p<,ssible at the low frequencies used 
for intermediate amplification. The separate 
oscillators can be designed for stability, and 
since the h.f. oscillator is working at a fre
quency considerably removed from the signal 
frequency its stability is practically unaf
fected by the strength of the incoming signal. 

lmasea - Each h.f. oscillator frequency 
will cause i.f. response at two signal frequen
cies, one higher and one lower than the oscil
lator frequency. If the oscillator is set to 7455 
kc. to respond to a 7000-kc. signal, for example, 
it will also respond to a signal on 7910 kc., 
which likewise gives a 455-kc. beat. The un
desired signal of the two is called the image. 
When the r.f. circuit is tuned to the desired 
signal frequency, and desin:d-signal and image 
voltages of equal magnitude are alternately 
applied to the circuit, the ratio o( desired
signal to image i.f. output is called the signal-
t<>-,image ratio, or image ratio. ,.. 

The image ratio depends upon the· selectiv
ity of the r.f. tuned circuits preceding the 
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mixer tube. Also, the higher the intermediate 
frequency the higher the image ratio, since 
raising the i.f. increases the frequency sepa
ration between signal and image and thus 
places the latter farther away from the peak 
of the resonance curve (§ 2-10) of the signal
frequency circuits. 

Other apurioua reaponMUI - In addition 
to image.s, other signals to which the receiver 
is not ostensibly tuned may be heard. Har
monics of the high-frequency oscillator may 

AUDIO 
AMPL1fl£R Fi11. 716 -The basic 1uperbetero

dyne arrangement. 

beat with signals far removed from the desired 
frequency to produce output at the inter
mediate frequency; such spurious responses 
can be reduced by adequate selectivity before 
the mixer stage and good shielding to prevent 
signal pickup by any means other than the 
antenna. When a strong signal is received, the 
harmonics (§ 2-7) generated by rectification 
in the second detector may, by stray coupling, 
be introduced into the r.f. or mixer circuit and 
be converted to the intermediate frequency 
to go through the receiver in the same way as 
an ordinary signal. These "birdies " appear as 
a heterodyne beat on the desired signal and 
are principally bothersome when the incoming 
signal is not very greatly different from the 
intermediate frequency. They can be pre
vented by proper circuit isolation and shield
ing. Harmonics of the beat oscillator also can 
be converted and amplified through the re
ceiver in similar fashion; these responses can 
be.reduced by shielding the beat oscillator and 
operating it at low output level. 

The double auperMt - At high and ultra
high frequencies it is difficult to secure an 
adequate image ratio when the intermediate 
frequency is of the order of 455 kc. To reduce 
image response the signal frequently is first 
converted to a rather high intermediate fre
quency (1500, 5000, or even 10,000 kc.), and 
then - sometimes after further amplification 
- reconve.rted t,o 11. lower i.f. where higher ad
jacent-channel selectivity can be obtained. Such 
a receiver is called a double auperheterodyne. 

e 7-9 l'llE4IIJEN«::Y «::oNVEIITEIIS 

Characteriatics - The first detector or 
mixer resembles an ordinary detector. A cir-
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,cuit tuned to the intermediate frequency is 
placed in the plate circuit of the mixer so that 
th.e highest possible i.f. voltage will be devel
oped. The signal- and oscillator-frequency 
voltages appearing in the plate circuit are by
passed to ground since they are not wanted in 
the output. The i.f. tuned circuit should have 
low impedance for these frequencies, a condi
tion easily met if they do not approach the 
intermediate-frequency. 

The conversion efficiency of the mixer is 
· measured by the ratio of i.f. output voltage 

from the plate circuit to r.f. signal voltage 
applied to the grid. High conversion tifficiency 
is obviously desirable. The mixer tube noise 
also should be low if a good signal-to-noise 
ratio is wanted, particularly if the mixer is the 
first tube in the receiver. 

(A) 

Rn In� 

(B) 

(C) 

Rn In� 

I.F.T. 

ff 

I.Ft[ 

Fi8. 717 - Mixer or converter circuit•. A, grid in
jection with a pentode plate detector; B and C, sepa
rate injection circuits for converter tubea. 
. Circuit valuee are aa followo: 

Ct, C2, C. -0.01--0.1 ,.td. 
C. - appro�. I .,.Jd. 
Rt - 10.000 ohm.. 
R2 - 0.1 mecohm. 
n. - so.ooo ohmo. 

Circuit B 
0.01--0.1 ,.Id. 
50-100 .,.Jd. 
300 ohm.L 
50.000 ohma. 
50,000 ohmo. 

Circuit C 
0.01--0.1 ,.td. 
50-100 .,.Jd. 
500 ohm.. 
15.000ohma. 
so.ooo ohma. 

Plata vol�ge ahould be 250 in all three circuits. If an 
1851 or 1852 ia used in Circuit A. R, ahould .be changed 
toSOOohma. 
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The mixer should not require too much r.f. 
power from the h.f. osrillator, since it may be 
difficult to supply the power and maintain 
good oscillator stability ( § 3-7). Also, the 
conversion efficiency should not depend too 
critically on the oscillator voltage (that is, a 
small change in oscillator output should not 
change the gain appreciably) since it is diffi
cult to maintain constant oscillator output 
over a wide frequency range. 

A change in oscillator frequency caused by 
tuning of the mixer grid circuit is called pu� 
ing. If the mixer and oscillator could be com
pletely isolated, mixer tuning would have no 
effect on the oscillator frequency, but in prac
tice this is a difficult conditio'n to attain. 
Pulling causes oscillator instability and should 
be minimized, because the stability of the 
whole receiver depends critically upon the 
stability of the h.f. oscillator. The pulling 
effect decreases with the separation between 
the signal and h.f. oscillator frequencies, hence 
is less with high intermediate frequencies and 
greater with low i.f.'s. 

Circuits - Typical frequency-convel'llion cir
cuits are given in Fig. 717. The variations 
are chiefly in the way in which the oscillator 
voltage is introduced. In 717-A, the screen
grid pentode functions as a plate detector; the 
oscillator is capacity-coupled to the grid of the 
tube, in parallel with the tuned input circuit. 
Inductive coupling may be used instead. The 
conversion gain and input selectivity are 
generally good so long as the sum of the two 
voltages (signal and oscillator) impressed on 
the mixer grid does not exceed the grid bias. It 
is desirable to make the oscillator voltage as 
high as possible without exceeding this limita
tion. The oscillator voltage required is small 
and the power negligible. 

A pentagrid-converter tube is used in the 
circuit at B. Although intended for combina
tion oscillator-mixer use, this type of tube 
usually will give more satisfactory performance 
when used in conjunction with a separate os
cillator, the output of which is coupled in as 
shown. The circuit gives good conversion 
efficiency, and because of the electron coupling 
gives desirable isolation between the mixer 
and oscillator circuits. A small amount of 
power is required from the oscillator. 

Circuit C is for the 6L7 mixer tube. The 
value of oscillator voltage can vary over a 
considerable range without affecting the con
version gain. There are no critical adjustments 
and the oscillator-mixer isolation is good. The 
oscillator must supply somewhat more power 
than in B. 

A more stable receiver generally results, 
particularly at the higher frequencies, when 
separate tubes are used for the mixer and 
oscillator. The same number of circuit com-
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ponents is required whether or not a combi
nation tube is used, so that there is little 
difference from the cost standpoint. 

Tubes for frequency co,.version - Any 
sharp cut-off pentode may be used in the 
circuit of Fig. 717-A. The 1851 or 1852 give 
very high conversion gain and an excellent 
signal-to-noise ratio - comparable, in fact, to 
the gain and signal-to-noise ratio obtainable 
with r.f. amplifiers, and in these respects far 
superior to any other tubes used as mixers. 
However, this type of tube loads the circuit 
more (§ 7-6) and thus decreases the selectivity. 

The 6K8 is a good tub� for the circuit at 
B ;  its oscillator plate connection may be ig
nored. The gSA7 also is excellent in this cir
cuit, although it has no anode grid (No. 2 grid 
in the diagram). 1n addition to these two 
types, any pentagrid converter tube may be 
used. 

e 7-Ie THE BIGH-FREQIJENC'li 
OS(;ILLATOM 

Design considerations - Stability of the 
receiver (§  7-2) is chiefly dependent upon the 
stability of the h.f. osciUator, and particular 
care should be given this part of the receiver. 
The frequency of oscillation should be insensi
tive to changes in voltage, loading, and me
chanical shock. Thermal effects (slow change 
in frequency because of tube or circuit heating} 
should be minimized. These ends can be at
tained by the use of good insulating materials 
and good-quality circuit components, by suit
able electrical design, and by careful mechani
cal construction. 

In addition, the oscillator must be capable 
of furnishing sufficient r.f. voltage and power to 
the particular mixer circuit chosen, at all fre
quencies within the range of the receiver, and 
its harmonic output should be as low as pos
sible to reduce spurious response (§ 7-8). 

It is desirable to make the L/C ratio in the 
oscillator tuned circuit as low as possible 
(high-C) since this results in increased stability 
(§ 3-7). Particular care should be taken to 
insure that no part of the oscillator circuit will 
vibrate mechanically. This calls for short leads 
and very "solid " mechanical construction . 
The chassis and panel material should be 
heavy and rigid enough so that pressure on the 
tuning dial will not cause torsion and a shift 
in the frequency. Care in mechanical construc
tion is well repaid by increased frequency sta
bility. 

Circuits - Several oscillator circuits are 
shown in Fig. 718. The point st which output 
voltage is taken for the mixer is indicated by 
the "X" or " Y "  in each case. A and B will 
give about the same results, and require only 
one coil. However, in these two circuits the 
cathode is above ground potential for r.f., 
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which often is a cause of hum modulation of 
the oscillator output at 14 Mc. and higher 
frequencies when 6.3-volt heater tubes are 
used. Hum is usually not bothersome with 
2.5-volt tubes, nor, of course, with tubes 
which are heated by direct current. The circuit 
of 718-C overcomes hum with 6.3-volt tubes 
since the cathode is grounded. The two coils 
are advantageous in construction since the 
feedback adjustment (number of turns on L?,) 
is simple mechanically. 

Besides the use of a fairly high C / L ratio in 
the tuned circuit, it is necessary to adjust the 

L {A) 

L (B) 

Cc) 

Fig. 718 - Hi�h-frcquency oeciUator circuih. A, 
&creen-grid grounded-plate oscillator; ll, triode grounded
plate 0&cillator; C, triode, tickler circuit. Coupling to 
mixer may be taken from points X and Y. lo A and B, 
coupling from Y will reduce pulling cfl'ech, but gives 
less voltage than from X; this type of coupling is there
fore best adapted �o. tboee mixer circuiu with small osciJ. 
lator-voltagc requ,remcoh. 

Typical values arc as follows: 
Ciraiit A Circuit B Circuit C 

Ct- JOO l'l'fd. 100 ""Id. 100 l'l'fd. 

C2- 0.1 p(d. 0.1 iJd. 0.1 pfd. 

c.- 0.1 pfd. 

Rt - S0,000 oh.mi. 50,000 ohmo. 50,000obma. 

Ju- 50.000 obmo. 10,000 to 10,000 to 
2S.OOO ohmo. 2S,OOO ohmo. 

The "ll" supply voltage should be 250 volu. In cir0 

cuit8 B and C, R2 is for the purpooe of dropping the 
supply voltage to 100-150 voli..; it may be omitted if 
this volt.age is taken from a voltage divider in the power 
eupply (i 8-10). 

. 
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feedback to obtain optimum results. Too much 
feedback will cause the oscillator to "squeg," 
or operate at several frequencies simultane
ously (§ 7-4); too little feedback will cause the 
output to be low. In the tapped-coil circuits 
(A, B) the feedback is increased by moving the 

Avrvldl li_n_,__,__ ____ n,_,.,_."9;..__,,,_ 

Pa,,,Jkf 
Tr,inm-r...., 
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Fig. 719- Converter circuit tracldng methods. Ap
proximate circuit values for 450- to 465-kc. intermedi
ates with tuning ranges of approximately 2.15-to-l, 
Ct and C2 having a maximum of 14-0 µµ{d. and the total 
minimum capacitance, including Ca or C., being 30 lo 
35 µµ{d. 

Tuning Range L, L2 Ca 

1.7-4 Mc. 50 µh. 40 µh. 0.0013 µ{d. 
3.7-7.5 Mc. 14 µh. 12.2 µh. 0.0022 µ{d. 
7-15 Mc. 3.5 ,.b. 3 ,.b. 0.0045 µ{d. 
14--30 Mc. 0.8 ,.b. 0.78 ,.b. None used 

Approximate values for 450- to 465-kc. i.f. with a 
2.5-to-l tuning range, Ct and C2 being 350-µµ{d. mari
mum, minimum capacitance including C3 and C. being 
4-0 to 50 µµ{d. 

Tuning Range Li La C& 

0.5-1.5 Mc. 240 µh. 130 ,.b. 425 µµ{d. 
1.5-4 Mc. 32 µb. 25 ,.b. 0.00115 µ{d. 
4--10 Mc. 4.5 µb. 4 ,.b. 0.0028 µ{d. 
10-25 Mc. 0.8 ,.b. 0.75 µh. None used 

Receiver p,inci
p

/.:, anJ ;/)e:,i
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tap tows.rd the grid end of the coil; in C, by 
increasing the number of turns on L,. or by 
moving L,. closer to L1. 

The oscillator plate voltage should be as low 
M iR consistent with adequate output. Low 
plate voltage will reduce tube hes.ting a.nd 
thereby reduce frequency drift. The oscillator 
and mixer circuits should be well isolated, 
preferably by shielding, since coupling other 
than by the means intended will often result 
in pulling. 

To avoid changes in plate voltage which 
may cause the oscillator frequency to change, 
it is good practice to regulate the plate supply 
by means of a gaseous voltage regulator tube 
(§ S-8). 

Tracking - For ganged tuning there must 
be a constant difference in frequency between 
the oscillator and mixer circuits. This differ
ence is equal to the intermediate frequency 
(§ 7-8). 

Tracking methods for covering a wide 
frequency range, �uH,able for general-coverage 
receivers, are shown in Fig. 719. The. track
ing capacity C, commonly consists of two 
condensers in parallel, a fixed one of some
what less capacity than the value needed 
and a smaller variable in parallel to allow for 
adjustment to the exact proper value. In prac
tice, the trimmer c. is first set for the high
frequency end of the tuning range and then 
the tracking condenser is set for the low
frequency end. The tracking capacity becomes 
larger as the percentage difference between 
the oscillator and signal frequencies becomes 
smaller (that is, as the signal frequency be
comes higher). Typical circuit values are given 
in the accompanying table. 

In amateur-band receivers tracking is sim
plified by choosing a band-spread circuit which 
gives practically straight-line-frequency tun
ing (equal frequency change for each din! divi
sion) and then adjusting the oscillator and 
mixer tuned circuits so that both cover the 
same wtal number of kilocycles. For example, 
if the i.f. is 455 kc. and the mixer circuit tunes 
from 7000 to 7300 kc. between two given points 
on the dial, then the oscillator must tune from 
7455 to 7755 kc. between the same two dial 
readings. With tho band-spread arrangement 
of Fig. 712-C the tuning will be practically 
straight-line frequency if the capacity actually 
in use at C2 is not too small; the same is true 
of 712-A if C1 is small compared to C2. 

e 7•11 THE ffi"TERMEBIATE l'ftE-
QUENCli AMPLIFIER 

Clwice of frequency - The selection of nn 
intermediate frequency is a compromise be
tween various conflicting factors. The lower 
the i.f. ,  the higher the selectivity and gain, but 
a low i.f. brings the image nearer the desired 
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signal and hence decreases the image ratio 
( § 7-8). A low i.f. slso increases pulling of the 
oscillator frequency (§ 7-9). On the other hand, 
11 high i.f. is beneficial to both image ratio and 
pulling, but the selectivity and gain are low
ered. The difference in gain is least important. 

An i.f. of the order of 455 kc. gives good se
lectivity and is satisfactory from the stand
point of image ratio and oscillator pulling st 
frequencies up to 7 Mc. The image ratio is' 
poor st 14 Mc. when the,_ mixer is connected 
to the antenna, but adequate when there is 
a tuned r.f. amplifier between antenna and 
mixer. At 28 Mc. and the ultra-high frequen
cies the image ratio is very poor unless several 
r.f. stages are used. Above 14 Mc. pulling is 
likely to be bad unless very loose coupling can 
be used between mixer and oscillator. 

With an i.f. of shout 1600 kc., satisfactory 
image ratios can be secured on 14, 28 and 56 
Mc., and pulling can be reduced to negligible 
proportions. However, the i.f. selectivity is 
considerably lower, so that more tuned cir
cuits must be used to increase the selectivity. 
For ultra-high frequencies, including 28 Mc., 
the best solution is to use II double superhet 
(§ 7-8), choosing one i.f. for image reduction 
(5 and 10 Mc. are frequently used) and the 
second for gain and selectivity. 

In choosing an i.f. it is wise to avoid fre
quencies on which there is considerable activ
ity by the various radio services, since such 
signals may be picked up directly on the i.f. 
wiring. The frequencies mentioned are fairly 
free of such interference. 

·. Circuiu - I.f. smpifiers ususlly consist of 
one or two stages. Two stages st 455 kc. will 
give all the gain usable, in view of the mini
mum receiver noise level, snd also give suit
able selectivity for good-quality 'phone re
ception (§ 7-2). 

A typicsl circuit arrangement is shown in · 
Fig. 720. A second stage would simply dupli
cate the circuit of the first. In principle, the 
i.f. amplifier is the same as the tuned r.f. 
amplifier (§ 7-6): However, since II fixed fre
quency is used the primary as well ss the 
secondary of the coupling transformer is tuned, 
giving higher selectivity than is obtainable with 
11 closely-coupled untuned primary. The cath
ode resistor, R1, is connected to II gain control 

+8 ro A.V.C. +8 
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circuit of the type previously described ( §  7-6); 
ususlly both stages, if two are used, are con
trolled by II single variable resistor. The de
coupling resistor, Ra ( §  2-11), helps isolate the 
amplifier and thus prevent stray feedback. 
C2 and R, are part of the automatic volume 
control circuit (§ 7-13); if no 11.v.c. is used the 
lower end of the i.f. transformer secondary is 
simply connected to ground. 

In II two-stage amplifier the screen grids of 
both stages may be fed from a common supply, 
either through a resistor (R2) as shown, the 
screens being connected in parallel, or from 11 
voltage divider ( §  8-10) across the plate sup
ply. Separate screen dropping resistors are 
preferable for preventing undesired coupling 
between stages. 

When two stages are used the high gain will 
tend to cause instability and oscillation, so 
that good shielding, by-passing and careful 
circuit arrangement to prevent stray coupling, 
with exposed r.f. leads well separated, is 
necessary. 
. I.F. tranaformer11 - The tuned circuits of 

i.f. amplifiers are built up as transformer units 
consisting of a shielding container in which the 
coils f\nd tuning condensers are mounted. 
Both air-core and powdered-iron-core uni
versal-wound coils are used, the latter having 
somewhat higher Q's and, hence, greater 
selectivity and gain per unit. 

Variable tuning condensers are of the midget 
type, air-dielectric condensers being preferable 
because their capacity is practically unaffected 
by changes in temperature and humidity. 
Iron-core transformers may be tuned by vary
ing the inductance (permeability tuning) in 
which case stability comparable to that of 
variable sir-condenser tuning can be obtained 
by use of high-stability fixed mica condensers. 
Such stability is of great importance, since a 
circuit whose frequency " drifts" with time 
will eventually be tuned to a different fre
quency than the other circuits and thereby 
reduce the gain and selectivity of the amplifier. 

Besides the type of i.f. transformer shown in 
Fig. 720, special units to give desired selectivity 
characteristics are available. For higher than 
ordinary adjacent channel selectivity (§ 7-2) 
triple-tuned transformers, with a third tuned 
circuit inserted between the input and output 

Fig. 720 - Intermediate-fre
quency amplifier circuit. Typical 
values are 18 follows: 
C, - 0.1 ,.fd. at 455 kc.; 0.01 ,.{d. 

at 1600 kc. and higher. 
c. -0.01 ,.fd. 
Ca, C., Ca - 0.1 ,.{d. at 455 kc.; 

0.01 ,.fd. at 1600 Ire. and 
higher. 

R1 - 300 ohms. 
R2 - 0.1 megohm. 
R1 - 2000 ohm&. 
Ju -0.25 megohm. 

.. 



windinp, are used. The energy la tranaferred 
from the input to the o'utput wiudinp via thia 
wtior11 winding, thua addinc its llelectivity to 
the overall selectivity of the tranaformer. 
V ariabk-ulutillit11 tranaformen abo can be 
obtained, theee usually being provided with a 
third (untuned) winding which can be con
nected to a resistor, thereby loading the tuned 
circuits and decreasing the Q and selectivity 
(I 2:-10) to broaden the llelectivity curve. The 
variation In selectivity ill brought about by 
switching the resistor in and out of the circuit. 
Another method la to vary the coupling be
tween primary and secondary, overcoupling 
being ueed to broaden the llelecllvity curve, 
undercoupling to sharpen it (1 2-11). 

Selecelolty - The overall selectivity of the 
l.f. amplifier will d•pend on the frequency and 
the number of stage.a. The following figures are 
indicative of the band-widths to be expected 
with good-quality tranaformen, with construc
tfo11 in which regeneration ill kept to a mini
mum: 

&M IV�. k 
I� , ,._  10 ,__ ,oo .... 

,,_ .,._ .,._ .,._ 

On .. tqe 466 ko. (alroore) . . .  1.7 17.1 12.1 
One otaae f,66 ko. (Iron oore) . .  ,.a 10.a 111., 
Twootaca •M ko. (iron oore) . .  2.11 a., 10.1 
Twonap UIOO ko. . . . . . . . . . .  11.0 18.1 27.f, 
Two nap aooo Ito. . . . . . . . . . .  26.1 '8.o 100.0 

Tubufor I.F. ompll/wra - Variable-,a pen
todea (§ 3-5) are almoet invariably uaed in i.f. 
amplifier stages, since grid-biu gain control 
( I 7-6) ill practically always applied to the i.f. 
amplifier. Tubes with high plate reelatance will 
have least effect on the selectivity of the ampli
fier, and thoee with high mutual conductance 
will give greatest gain. The choice of i.f. tubes 
will have practically no effect on the eignal-to
noiee ratio, since this will have been deter
mined by the preceding mixer and r.f. amplifier 
(if uaed). 

If single-ended tubes are uaed, care should 
be taken to keep the plate and grid leada. well 
separated. With these tubes it ill advisable to 
mount the acreen by-pue condenaer directly 
on the bottom of the socket croeewiee between 
the plate and grid pins to provide additional 
shielding, making sure that the outside foil of 
the condenser ill connected to ground. 

Sinfle-d1nal eJ/ect - In heterodyne c. w. 
reception with a auperhet receiver the beat 
oeclllator la set to give a suitable audio-fre
quency beat note when the incoming signal i8 
converted to the intermediate frequency. For 
example, the beat oeclllator may be set to 456 
kc. (the i.f. being 455 kc.) to give a 1000-eycle 
beat note. Now if an interfering signal appeare 
at 457 kc., It also will be heterodyned by the 
beat oacillator to produce a 1000-cycle beat. 
Thie a1.Ul�fretJUfflC11 image correeponde to 
the high-frequency lmap1 already diacu.-.d 

I 
�.lwr Prua� .,.J � . 

Cf 7-8) and can be reduced by provjdinc 
enough llelectivity aince the imap lignal ia off 
the peak of the i.f. resonance curve. 

When this ia done, tuning throu,h a pven 
signal will ,how a 1tronc reepo1111e at the de
sired beat tone on one aide of aero beat only, 
in1tead of the two beat notes on either aide of 
aero beat which are characteri.tic of 1- eeleo
tive reception, hence the name "aingle lignal" 
reception. I The neceuary selectivity is difficult to obtain 
with non-repnerative amplifien employlnc · 
ordinary tuned circuits un1- a very low Inter
mediate frequency or a large number of circuit. 
Is ued. In practice It Is 1ecured either by re
generative amplification or by the UN of a 
crystal filter. 

._,.,.....,_. - Regeneration can be Uled 
to give a pronounced eingle-eignal effect, � 
ticularly when the U. ia 455 kc. or lower. The 
resonance curve of an l.f. stage at critical re
generation (juat below the oaclllating point) 
is enremely sharp, a band width of 1 kc. at 10 
times down and 5 kc. at 100 times down � 
readily obtainable In one etage. The audio
frequency image of a given signal can thua be 
reduced by a factor of nearly 100 for a 1000-
cycl• beat note (!map 2000 cyclee from 
resonance). 

Regeneration ill eaeily Introduced In an U. 
ampli6er by providing a small amount of 
capacity coupling between grid and plate 
(brlngin1 a short length of wire, oonnected to 
the .end, into the vicinity of the plate lead, 
•..07' will 1Uftice) and may be controlled by 
the recular cathode-reaiator gain control. When 
the J.f. i8 repneratlve, It la usually preferable 
to o.-.te the tube at reduced pin (high blu) 
and depend upon the repneration to brine the 
1lgnal strength back to normal. Thi.a prevent. 
onrloadlng . on etrong signals and thereby 
increuee the effective selectivity. 

The hl1her selectivity with regeneration re
duces the reeponee to noise generated in the 
earlier atagee of the receiver, juat 118 in the caN 
of high llelectlvity produced by other means. 
and therefore Improves the 1lgnal-to-noiN 
ratio. The disadvantage le that the regener-a-
tive gain nries with the eignal 1trength, belnc 
lees on strong aignala, and the selectivity varies 
accordingly. 

Crya,., JUi.r• - The moet iati.lfaotory 
method of obtaining high selectivity i8 by the 
use of a pieso-electric quart• crystal 118 a llelee
tive lilter In the l.f. amplifier (1 2-10). Com
pared to a 1ood tuned circuit, the Q of 1uch a 
Cf19tal i8 extremely high. The dimenaiom of 
the crystal are made 1uch that It I.a resonant at 
the delired Intermediate frequency, and it I.a 
then uaecl u a selective coupler between l.f. 
,tape. 

Fil- 121 ""' a typical eryataI-llw ,_ 
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Fig. 721 - Graphical representation of singlc-eip,al ielectivity. The shaded area indicatee the nogion in which response 18 obtainable. . 
nance curve. For single-signal reception the 
audio-frequency. image · can be reduced by a 
factor of 1000 or more. Besides practically 
eliiniriating the a.f. image, the high selectivity 
of the crystal ·filter provides great discrimina
tion _against signals. very close· to the deeired 
signal in frequency, and, by reducing the band 
width, reduces the response of the receiver to 
noise both from sources external to the receiver 
a11d in the r.f. stages of the receiver itse-Jf. 
- � Crystal-filter circ .. ita; phaairi6 - Several 
crystal-filter circuits are shown in Fig. 722. 
Those at A and B are practically identical in 
'performance, although differing in details. The 
ct-ystal is connected in a bridge.circuit ( § 2-11} 
with the secondary side .of .Ti, the input trans
former, balanced to grot.in'd either through a 
pair of condensers, C-C, (A) or by a center-tap 
on the secondary, 1,,z· QU. T_he,bridge is com
pleted by the crystal X, 11,iid the pka.Bing con
cknser, <12, which has a inaximurri' capacity 
somewhat higher than the ·capacity of the 
�rystal in �ts holder. When Ci)s set· to balance 
the crystal-bolder capacity the resonance curve 
qf th.e crystal circuit is practically symmetrical ;  
tbe crystal acts_ !'S a series-resonant circuit of 
v.ery ·high Q. arid thus allows signals of the de

sired frequency to. be fed through Ca to LsL4, 
the output trl\llsformer. Without C2 the holder 
capacity (with the crystal acting as a 'dielectric) 
would by-pass signals ·or undesired fr9queiicies 
to the output circuit · · 
. The phasiJig -CQhtrol hiis an··lldditional furic� 

tion besides neuhaiization of the crystal�holdet 
capacity. The holder capacity becomes acpart 
of the crystal 'circuit. and causes it to act a:s a 
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parallel-tune_d resopant circuit at a frequency 
slightly higher than its series-resonant fre
quency. Signals at the parallel-resonant fre-· 
quency are thus prevented from reaching the 
output circuit. The phasing control, by varying 
the effect of the holder capacity, permits shift
ing the parallel-resonant frequency over a con
siderable range, thus providing adjustable 
rejection of interfering signals. The effect of 
rejection is iUustrated in · Fig.' 721, whe�e the 
audio image is reduced far below the value that 
would be expected if the resonance curve were 
symmetrical. 

-- Variable selectivity - In circuits such as A 
and B, Fig. 722, variable selectivity is obtained 
by adjustment of the variable input imped
ance, which is effectively in series with the 
crys� resoqator. This is accomplished by 

r,tS· Sw 
C � ' ' 
C • 

':" ; .. t 

+B 
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Fig. 722 - Crystal 'filter circuits of three typee. All give variable band-width, with C having the greatest range of selectivity. Their operation 18 discussed in the text. Suitable circuit values are as follows: Circuit A, T1, special i.f. input transformer with high-inductance pri• · Diary, Li, doeely coupled to tuned oecoodary, L2; C,, 50-,.,.fd. variable; C, each 100.,.,.fd. fixed (mica); C2, 10- 10 15-,.,Jd. (max.) variable; Ca, so.,.,.fd. trimmer; L3C., i.f. tuned circuit, with L3 tapped to match crystalcircuit imlc"'dance. In Circuit B, T1 is the same a• in Circuit A except that the secondary is center-tapped; C1 is 100-,.,Jd. variable; C1, Ca and C. same as for Circuit A; Lau 18 a transformer with prir0ary, L.,.correopoodin« to tap on L3 in A. In Circuit C, T, is a •Pecial i.f . input "traosfomier with tuned prim'ary and low-impedance 'secondary; C, each 100.,.,.fd. fixed (mica); C., oppoeed-etator pha•ing coodeooer1�P- 8 ,.,.{d. maximum capacity each side; LJCa, hign i.f. tuned circuit; R. 0 to 3000 ohm. (oelecti'fity cootro ). 
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varying C1 (the selectivity ccntrol) which tunes 
the balanced secondary circuit of 7'i. When 
the secondary is tun� to i.f. resonance, the 
parallel impedance of the L,_C1 combination is 
maximum and is purely resistive (§ 2-10). 
Since ti)e secondary circuit is center-tapped, 
approximately one-fourth of this resistive 
impedance is in series with the crystal through 
C3 and £4. This lowers the Q of the crystal 
circuit and mafes its selectivity minimum. At 
the same time, the voltage applied to the 
crystal circuit is maximum. 

When the input circuit is detuned from the, 
crystal resonant � frequency, the resistance 
component of the input impedance decreases, 
and so does the total parallel impedance. Ac
cordingly, the selectivity of the crystal circµ(t 
becomes higher and the applied voltage fa).ls 
off. At first the resistance decreases faster than 
the applied voltage, with the result that at 
first the c. w. output from the filter increases 
as the selectivity_ is increased. The output then 
falls . off gradually as the input circuit is de
tuned farther from resonance and the selectiv-
ity becomes still higher. . 

In the circuits of A and B, Fig. 722, the 
minimum selectivity is still much greater than 
that of a normal two-stage 455-kc. amplifier, 
and it is desirable to provide a wider ·range of 
selectivity, particularly for 'phone reception. 
A circuit which does this is shown at .Fig. 
722-C. The principle of operation is simi\� 
but a much higher value of resistance <;.an.be 
introduced in the crystal circuit to reduce tht 
selectivity. The output tuned circuit . La(!, 
must have high Q. A compensated condenser is 
used at C2 (phasing) to maintain circuit bal
ance, so that the phasing control does not af
fect the resonant frequency . . Tlie'output circuit 
functions as a voltage· divider in such a way 
that the amplitude of the carrier delivered to 
the next grid does not vary appreciably with 
the selectivity setting. The variable resistor, 
R, may consist of a series of separate fixed 
resistors selected by a tap switch. 

e 7•12 TUE SIBCOl'II-. Dln'UTOB AND 
BIRAT OSCILLATOR 

, Det.ector circuits - Th·e second detector of 
a superhet rc:ceiver performs the sane function 
as the detector in the simple rJ!<;eiver, but usu
ally operates at a higher inpuflevel because of 
the relatively_ great r.f. amplification. There
fore the ability .to hang.le lMge signals without 
distortion is preferable to high sensitivity. 
Plate detection is used. tQ some extent, t!ut the 
diode detector is most popular .. It is esp�ci�ll.Y 
adapted to furnishing automatic gain or vol
ume control (§ 7-13), which gives it an addi
tional advantage. The basic circuits are as 
�escribed in § 7-3, although in many cases the 
djode elements are incorporated _ in a Q'.luiti-

"'. 
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purppse tube which also haa-. an amplifier 
section. -� · 

The beat oacillator - Any standard os_cilla..:. 
tor circuit ( §  3-7) may be used ·tor the beat 
oscillator. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning·; these !\re most 
conveniently used with �ircuits such as '.those' 
shown at Fjg. 718-A and -B, with the output 
taken from "Y." A variable condenser of about 
25 µµfd. capacity often is CQnnected betwei:n 
cathode and ground to provide fine adjus"tmeo.t 
of the beat frequency. The beat oscillator usu
ally is coupled to the second detector tuned 
circuit through II fixed condenser of a few 
µµCd. capacity. 

The.beat 95cillator. .should be well shielde!i . .t.o 
prevent coupling .. to any pa:rt of the circuit 
except the second .detector., And to prevent it.l, 
harmonics from getting into the front end of 
the receiver and being amplified like tegular 
signals. To this end, thQ,.pl�t11:,,voltage should 
be as low as is co11siste1Jt with sufficient �udio 
output. If the bei,.t-o�i:illator output is to(! 
low, strong sigo,als �l not give a proportion
ately strong audi9,,respon,se. 

·A. t!lgenerative second.Jietector may b�piie4, 
to give the audio beat note, •. l>ut since . the 
detector must be detuned Jrom th.e .i,.f, . the 
selectivity a�d signal .$,tre�th are �qµced, 
while blocking ( § 7-4) is pr.Q9P!IDC8Ri : be
cl\use of the high signal level �t, the. �nd 
�j,J!ctor. , ,, . 
e7-13 AUTOMATIC VOLUMl

f
'coNTllOL 

Principle& � Automatic regulation of · tb� 
gain .p,f the receiver in inverse proportion to the 
siglll!,1.strength is a great advantage, especial!� 
in 'pqone reception, since it tends to keep the 
output level of the receiver constant regl!ord!-� 
of input signal strength. It..is readily0 ,i+ccom: 
plished in the superheterodyne by usjng t.h� 
average r.ectified d.c. voltage developed by1,}m, 
received signal across a.+:es\S�nce in a detec�r 
circuit (§  7-3) to vary __ ��ll bias. on the r,-/;_, a!IP. 
i.f. amplifier tubes. Si.p.i;e this voltage ts propora 

tiol).al to the average amplitude or the sig]j.al, 
the gain is reduced as the signal strength i• 
great_er. The (lOntro). will be m,ore complete as 
the number of stages to which the a.. v.c._. pi� 
is applied is" greater. Contro� or at,least t�9 
stages is _advisable.,;. . .. . ... 

Circu.its - A typical circw,i�{ a<iiode-tr� 
type tube -.1-�sed as a combined .a.v.c. rec�ifiel\• 
detector and jirst audio amplifiet is show'l,.in 
Fig1. 723,,OWl.J>Ja� of the diode seption of t�,!) 
tube is us� �or. signal detection· a�d tbe oihpr 
�or a.v.c. rc:..q�it.i,qa.tion. The J!,.v.c,.,d,iode .J?l.ate 
1s fed from

i.•\he <,Vl�Qtor diode throll&h t�e 
small . co1,1plmg condenser, Ca. Negative bias 
resulting from the Bow of rectified · carrier 
current is developed across R,, the diod'l 
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n._ 7JJ-s-4...- ...a Inc ..... ..,_, 
widt LT.e., .... no-6Mie.llio4e 111M. 
Bi-us -.-.. 
Ba-50,000 10 %50.ooo ....... 
a.-neooa-.. 
L-J to S _.,..__ a.-t.s 10 1 -,olua. a.. a,. a.-us ...--. 
a,-us-.,i,.. 
811-0.s-...... TOI... -· 

troL 
Ca. C.. Ca - 100 ,.,.U.  
c.-0.1 ,., ... 
C., C., c, -0.01 ,,U. 
C., C.-0.01 10 0.1 ,.Id. 
Cae -s. 10 10-,.td. .........,,. 
Cu -J50 ,.,.u. 

lo.cl remtor. Thia neptive biaa ii applied 
to the grida of the controlled ltage11 through 
the filtering reeiators (f 2-11) R,, 14, Rr 
and R .. 

It doee not matter which of the two diode 
platflll ia selected for audio and which for a.v.c. 
Frequently the two platflll are oonnected to
pther and ti.led III a combined detector-a.T.c. 
rectifier. Thia could be done in Fig. 723. The 
a.v.c. filter and line would connect to the 
junction of Rt and C1, while Ca and R, would 
be omitted from the circuit. 

When 81 ia closed the a. T.c. line ii grounded, 
thereby removing the a. T.c biaa from the 
amplifier 1tagee. 

Delayed •. .,.c. -In Fig. 723 the audio diode 
return ii made directly to the cathode and 
the a.v.c. diode return to ground. Thia places 
negative biaa on the a. v.c. diode equal to the 
d.c. drop through the cathode rfllliator (a volt 
or two) and thus delay, the application of 
a.v.c. voltage to the amplifier gride, 1ince no 
rectification take11 place in the a.v.c. diode cir
cuit until the carrier amplitude ia large enough 
to onrcome the biaa. Without thia delay, the 
a.v.c. would ,tart working even with a very 
amall signal Thia ii undeairable because the 
full amplificatien of the receiver then cannot 
be realised on weak signals. In the audio diode 
circuit thia fixed biaa would cause distortion 
and must be aToided, hence the return ii made 
directly to the cathode. 

Time c,ona,-,.t - The time conatant ( I 2-6) 
of the ffJlliator-eondellllel' combinationa ln the 
a. v.c. circuit ia an important part of the 1ya-
tem. It mu.st be high enough so that the modu
lation on the signal ia completely filtered from 
the d.c. output, leaving only an averace d.c. 
component which follows the relatively slow 
carrier variations with fading; audio-frequency 
Tariation1 in the a.v.c. voltage applied to the 
amplifier grida would reduce the percentage of 
modulation on the incoming signal and in the 
practical cue would cause frequency diator
tion. On the other hand, the time conatant 
lhould not be too creat aince the a.v.c. then 
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would be unable to follow rapid fading. The 
valuea indicated are satisfactory for high
frequency reception. 

Si6nol 1tren6th and tunin6 indicoton -
A useful accessory to the receiver is an indi
cator which will ahow relative aignal atrength. 
Not only is it an aid in giving reports, but it 
also ia helpful in aligning the receiver circuits, 
in eonjunction with a test oecillator or other 
1teady signal. 

Three type11 of indicators are ahown in Fig. 
724. That at A Wle8 an electron-ray tube, sev
eral type11 of which are available. The grid of 
the triode section is usually connected to the 
a.v.c. line. The particular type of tube to use 
will depend upon the voltage available for it.a 
ind; where the a. v .c. voltage ii relatively large, 
a remot&eutoff type tube auch as the 6G5 or 
6N5 should be used in preference to the sharp
cutoff type (6E5). 

In B, a milliammeter iB connected In aeries 
with the d.c. plate lead to one or more r.f. and 
l.f. tubfJII whoee grids are controlled by a.v.c. 
Since the plate current of such tube1 varies 
with the strength of the incoming signal, the 

�meter will indicate relative signal intenaity 
and may be calibrated in "8" points. The 
acale range of the meter should be chosen to 
fit the number of tubes in use; the maximum 
plate current of the average remote-cutoff r.f. 
pentode iB from 7 to 10 milliamperee. The 
,hunt resistor R enable11 aetting the plate cur
rent to the full-scale value (" sero adjust
ment "). With this system the ordinary meter 
reada downwards from full scale with increa&
ing signal atrength, which iB the reverse of 
normal pointer movement (clockwise with 
increaaing reading). Special instrument.a with 
the aero-current poeition of the pointer at the 
right-hand aide of the scale are used in com
mercial receivera. 

The syatem at C use1 a 0-1 milliammeter in 
a bridge circuit arranged so that the meter 
readinc and •lcnal atrength increase together. 
The current throuch the branch containing R1 
lhould be approximately equal to the current 

-· . 
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through that containing R2. In some manufac
tured receivers this is brought about by drain
ing the screen voltage-divider current and the 
current to the screens of three r.f. pentodes (r.f. 

0

/meq. � 

t.�f-:rv l 
' -t-250V. 

(A) 

R.F I .F. 

+8 

R.F.ORI.F 

(C) +8 

Fig. 724 -Tuning indicator or "S" -meter circuits 
for· superhet receivers. A, electron-ray indicator; B, 
plate-current meter for tubes on a.v.c.; C, bridge circuit 
for a.v.c. controlled tube. lo B, resistor R should have a 
maximum resistance several times that of the milli
ammeter. In C, re·presentative values are: R1, 250 
ohms; R2, 350 ohms; Rs, 1000-ohm variable. 

and i.f. stages) through R2, the sum of these 
currents being about equal to the maximum 
plate current of one a.v.c. controlled tube. 
Typical values for this type of circuit are given. 
The sensitivity can be increased by making 
Ri, R2 and Rs larger. The initial setting is made 
with the manual gain control set near maxi
mum, when Ra should be adjusted to make the 

- meter reading zero with no signal. 

• 7•14 PRESELECTION 

Purpose - Preselection is added signal-fre
quency selectivity before the mixer s�ge is 
reached . .  An r.f. amplifier preceding the mixer 

/Receiver p,inc.i
p

/e6 anJ 12:Je:Ji
g

n 

is generally called a preselector, its purpose, in 
part at least, being to discriminate in favor of 
the signal against the image. The preselector 
may consist of one or more r.f. amplifier stages. 
When its tuning is ganged with that of the 
mixer and oscillator, its circuits must track 
with the mixer circuit. 

The circuit is the same as discussed earlier 
(§ 7-6). An external preselector stage may be 
used .with receivers having· inadequate image 
ratios, in which case it is built as a separate 
unit, often with a tuned output circuit which 
gives a further _improvement in selectivity. 
The output circuit usually is link-coupled 

. ( § 2-11) to the receiver. 
Signal/noise ratio - An r.f. amplifier will 

have a better signal-to-noise ratio (§7-2) than a 
mixer because the gain is higher and beca.use 
the mixer electrode arrangement results in 
higher internal tube noise than does the ordi
nary pentode structure. Hence a preselector is 
advantageous in increasing the signal-to-noise 
ratio over that obtainable when the mixer is 
fed directly from the antenna. · 

Image suppression - The image ratios 
( §  7-8) obtainable at frequencies up to and 
including 7 Mc. with a single preselector stage 
are high enough, when the intermediate fre
quency is 455 kc., so that for all practica.l pur
poses there is no appreciable image response. 

· Average image ratios on 14 Mc. and 28 Mc. are 
50-75 and 10-15, respectively. This is the over
all selectivity of the r.f. and mixer tuned· cir
cuits. A second preselector stage, adding one 
more tuned circuit, will increase the ratios .to 
several hundred at 14 Mc. and to.30 or 40 at 
28 Mc. 

On ultra-high frequencies it is impracticable 
to attempt to secure a good image ratio with .a 
455-kc. i.f. Good performance in this respect 
can be secured only by using a high-frequency 
i.f. or by using a double superhet (§ 7-8) with a 
high-frequency first i.f. 

Regeneration - Regeneration may be used 
in a preselector stage to increase both gain and 
selectivity. Since this make€ tuning more 
critical and increases ganging problems, regen
eration is seldom used except at 14 Mc. and 
above where adequate image suppression is 
difficult to obtain with- non-regenerative cir
cuits. The same disadvantages exist as in·the 
case of a regenerative i.f. amplifier ( § 7-11). 
The effect of regeneration is roughly equivalent 
to the addition of another non-regenerative 
preselector stage. . . 

The regeneration may be introduce·d by the 
same method used in regenerative i.f. ampli
fiers (§ 7-11). The manual gain control of the 
stage will serve as a volume control . 

Regeneration does not improve the slgnal
to-noise ratio, since the tube noise is fed back 
to the grid circuit along with the signal to add 
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Fig. 725 - Audio output limiting circuita. 

noise reduction in code 
reception can be accom
plished by amplitude lim
iting arrangements ap
plied to the audio output 
circuit of e. receiver. Such 
limiters also tna.intain the 
signal output nearly con
stant with Ce.ding. Die.
grams of typical output 
limiter circuits are shown 
in Fig. 725. Circuit A em
ploys a triode tube op
erated nt reduced plate 
voltage (approximately 10 

C1 - 0.25 ,.Id. R2 -2000 ohms. 
C2 - 0.01 ,.Id. Ila - 50,000-ohm potentiometer. 
C:o - 5 ,.Id. T - Output transformer. 
R1 - 0.5 me1ohm. Lt -l5-henry choke 

to the thermal agitation noise originally pres
ent. The latter noise also is amplified. 

e 7-13 NOISE REDUCTION 
Types of noise - In addition to tube and 

circuit noise (§ 7-6) much of the noh1e inter
ference experienced in reception of amateur 
signals is caused by domestic electrical equip
ment and automobile ignition systems. The 
interference is of two types in its effects. The 
first is of the "hiss" type consisting of over
lapping pulses, similar in nature to the receiver 
noise. It is la.rgcly reduced by high selectivity 
in the receiver, especia.lly for code reception. 
The second is the "pistol shot" or " ma.chine 
gun " type, consisting of sepa.ra.ted -impulses of 
high amplitude. The "hiss" type of interfer
ence is usually ca.used by commutator sparking 
in d.c. a.nd series a..c. motors, while the "shot" 
type results from separated spark discharges 
(a..c. power leaks, switch a.nd key clicks, igni
tion sparks, and the like). 

Impulse noise - Impulse noise, because of 
the extremely short duration of the pulses as 
comps.red to the time between them, must have 
high pulse amplitude to give much average 
energy. Hence noise of this type strong enough 
to cause much interference generally has an 
instantaneous amplitude much higher tha.n 
tha.t of the signs.I being received. The general 
principle of devices intended to reduce such 
noise is that of allowing the signs.I amplitude 
to pass through the receiver unaffected, but 
making the receiver inoperative for amplitudes 
greater than that of tlyi signs.I. The greater the 
amplitude of the pulse comps.red to its time of 
duration the more successful the noise-reducing 
device, since more of the energy in the pulse 
can be suppressed. 

In passing through selective receiver circuits 
the time duration of the impulses is increased 

·because of the Q or flywheel effect (§ 2-10) of 
the circuits. Hence the greater the selectivity 
ahead of the noise-reducing device the more 
difficult it becomes to secure good noise 
suppression. 

Audio limiting - A considerable degree of 
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volts) so that it saturates at e. low signal 
level. The arrangement of B has better limit
ing characteristics. A pentode audio tube is 
operated at reduced screen voltage (35 volts or 
so) so that the output power remains prac
tically constant over e. grid excitation voltage 
range of more than 100 to 1. These output 
limiter systems are simple and adaptable to 
nearly all receivers. However, they ce.nnot'pre
vent noise peaks from overloading previous 
circuits. 

Second detector circuits - The circuit of 
Fig. 726 " chops" noise peaks at the second 
detector of e. superhet receiver by means of a. 
biased diode which becomes non-conducting 
above a predetermined signal level. The audio 
output of the detector must pass through the 
diode to the grid of the amplifier tube. The 
diode would normally be non-conducting with 
the connections shown were it not for tlie fact 
that it is given positive bias from a 30-volt 
source through the adjustable potentiometer 
Ra .. Resistors R1 and R2 must be fairly large in 
value to prevent loss of audio signal. 

The audio signal from the detector can be 
considered to modulate ( §  5-1) the steady 
diode current, and conduction will take place 
so long as the diode plate is positive with re
spect to the cathode. When the signal is suffi
ciently large to swing the cathode positive with 
respect to the plate, however, conduction 
ceases and that portion of the signal is cut off 
from the audio amplifier. The point at which 
cut-off"occurs can be selected by adjustment of 
Ra. By setting Ra so that the signal just passes 
through the " valve," noise pulses higher in 
amplitude than the signal will be cut off. The 
circuit of Fig. 726-A, using an infinite-imped
ance detector (§ 7-3) gives a positive voltage 
on rectification. When the rectified voltage is 
negative, as from the usual diode detector 
(§ 7-3) a different circuit arrangement, shown 
in Fig. 726-B, is required. 

An audio signal of about ten volts is required 
for good limiting action. When a beat oscillator 
is used for c.w. reception the b.f.o. voltage 
should be sma.11 so that incoming noil!e will not 



have a strong carrier to beat against and pro
duce large audio output. 

A second-detector noise limiting circuit 
which automatically adjusts itseU to the re
ceived carrier level is shown in Fig. 727. The 
diode load circuit ( § 7-3) consists of Rs, R1, Ra 

(shunted by the high-resistance audio volume 
control, R4) and R1 in series. The cathode of 
the 6N7 noise-limiter is tapped on the load 
resistor at a point such that the average recti
fied carrier voltage (negative) at its grid is 
approximately twice the negative voltage at 
the cathode, both measured with reference to 
ground. A filter net._work, R1C1, is inserted in 
the grid circuit so that the audio modulation 
on the carrier does not reach the grid, hence 
the grid potential is. maintained at substan
tially the rectified carrier voltage alone. The 
cathode, however, is free to follow the modula
tion, and when the modulation is 100% the 
peak cathode voltage will just equal the steady 
grid voltage. 

At all modulation percentages below 100% 
the grid is negative with respect to cathode 
and current cannot flow in the 6N7 plate
cathode circuit. A noise pulse exceeding the 
peak voltage which represents 100% modula-

1.F. 

(A) 

2NO DETECTOR 

+ 

JO Y.  

�;, 

.,.. 1J7  
(8) R, U 

r;,.;;;,;, 
R2 Amplif,e,-

R, 
+ 

Fi&. 726 - The eerice-valve noioc-limiter circuit. A, 
with an in6nitc-impcdancc detector; B, with diode 
detector. V aloes arc ae followa: 
Rt - 0.25 megohm. 
R. - 50,000 obma. 
R, -10,000-obm potentiometer. 
R, -20,000 to 50,000 obma. 
C, -250 µ,.Cd. 
Q,, Ca - 0.l ,.Cd. 

Diode cin:uit conatanta in B are conventional. 

A.VC. • I..: .. �---+-wNV.--.-+ 

;.cz 

r 
Fig. 727 - Automatic noioc limiting circuit for super

bet receivere. 
T - I.f. transformer with balanced occondary for 

working into diode rectifier. 
Rt, R2, II, - 1  megohm. 
R, - I-megohm volume control. 
n, -250,000 obma. 
Re, Rs - 100,000 ohms. 
R1 -25,000 ob.ms. 
C, - 0.1-,.Cd. paper. 
C2, C• -0.05-µfd. paper. 
C., C5 ;- 50-,.,.fd. mica. 
Ce - 0.001-µ{d. mica (for r.{. 6ltering, if needed). 
Sw -S.p.s.t. toggle (on-off switch). 

The switch should be mounted close to the circuit ele• 
menta and controlled by an extension shaft if ncccosary. 

tion will, however, make the grid positive 
with respect to cathode and the relatively-low 
plate-cathode resistance of the 6N7 shunts 
the high-resistance audio output circuit, effec
tively short-circuiting it so that there is practi
caJly no response for the duration of the noise 
peak over the 100% modulation limit. 

R1 is used to make the noise-limiting tube 
more sensitive, by applying to the plate an 
audio voltage out of phase with the cathode 
voltage so that at the instant the grid goes 
positive with respect to cathode, the highest 
positive potential also is applied to the plate, 
thus further lowering the effective plate
cathode resistance. 

l.F. noue silencer - In the circuit shown in 
Fig. 728 noise pulses a.re made to decrease the 
gain of an i.f. stage momentarily and thus 
silence the receiver for the duration of the 
pulse. Noise voltage in excess of the desired 
signal's maximum i.f. voltage is taken off at 
the grid of the i.f. amplifier, amplified by the 
noise amplifier stage and rectified by the full
wave diode noise rectifier. The noise circuits 
are tuned to the i.f. The rectified noise voltage 
is applied as a pulse of negative bias to the No. 
3 grid of the 6L7 used as an i.f. amplifier, 
wholly or partially disabling this stage for the 
duration of the individual noise pulse, depend
ing on the amplitude of the noise voltage. The 
noise amplifier-rectifier circuit is biased so that 
rectification will not start until noise voltage 
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exceeds the desired-signal amplitude, by means 
of the "threshold control," R2. For reception 
with automatic volume control, the a.v.c. 
voltage can be applied to the grid of the noise 
amplifier to augment this threshold bias. This 
system of noise silencing gives signal-noise ratio 
improvement of the order of 30 db. (power ratio 
of 1000) with heavy ignition interference, rais
ing the signal-noise ratio from -10 db. without 
the silencer to +20 db. in a typical instance. 

Circuit values are normal for i.f. amplifiers 
( §  7-11) except as indicated. The noise rectifier 
transformer T1 has an untuned secondary 
closely-ooupled to the primary, center-tapped 
for full-wave rectification. The center-tap 
rectifier ( § 8-3) is used to reduce the possibility 
of r.f. feedback into the i.f. amplifier (noise 
silencer) stage. The time constant ( §  2-6) of the 
noise rectifier load circuit, R1C1C2, must be 

small to prevent disabling the noise silencer 
stage for a longer period than the duration of 
the noise pulse. The radio-frequency choke, 
RFC, must be effective at the intermediate 
frequency. 

Adequate shielding and isolation of the noise 
amplifier and rectifier circuits from the noise 
silencer stage must be provided to prevent 
possible self-oscillation and instability. Thill 
circuit is preferably applied to the first i.f . 
stage of the receiver before the high-selectivity 
circuits are reached, and is most effective when 
the signal and noise levels are fairly high (one 
or two r.f. stages before the mixer) since several 
volts must be obtained from the noise rectifier 
for good silencing. 

• 7-1• ePBBATING SIJPEll.RE'I' 
aBCUVEllS 

C.u,. reception - Proper adjustment of the 
beat oscillator is to a frequency slightly differ-
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ent from the intermediate frequency (§ 7-8). 
This adjustment may be made by tuning in a 
moderately-weak steady carrier, with the beat 
oscillator turned off, for maximum signal 
strength as determined by maximum hiss, then 
turning on the beat oscillator and adjusting its 
frequency (leaving the receiver tuning alone) 
to give a suitable beat note. Subsequently the 
beat oscillator need not be touched except for 
occasional checking to make certain the fre
quency has not drifted from the initial setting. 
The b.f.o. may be set on• either the high- or 
low-frequency side of zero beat. 

The use of a.v.c. ( §  7-13) is not generally 
satisfactory in c. w. reception because the 
receiver gain l'ises in the spaces between dots 
and dashes, giving an in�rease in noise in the 
same intervals, and also because the rectified 
beat oscillator voltage in the second detec-

Fi&. 728 -I.I. ooise-6ilencing circuit. 
The "B" oupply obould be 250 volt&. 
C1 - 50-250 ,.,.!d.; use omalleot value 

J>OMihle without r.f. feedback. 
Ca-50 ,.,.fd. 
Cs - 0.1 ,.fd. 
R1 - 0.1 megohm. 
Ra - 5000-obm volume oootrol. 
Rs -20,000 ohmo. 
R,, Ra - 0.1 megohm. 
T1 - Special i.f. transformer for ooioe 

rectifier. 

tor circuit also works the a.v.c. circuit. This 
gives a constant reduction in gain an·d pre
v-ents utilization of the full gain of the receiver. 
Hence the gain is preferably manually ad
justed to give suitable audio-frequency output. 

To avoid overloading in the i.f. circuits it is 
usually best to control the i.f. and r.f. gain and 
keep the audio gain at a fixed value, rather 
than to use the a.f. gain control as a volume 

. control and permit the r.f. gain to stay fixed 
at its highest level. 

Tuning with the cryatal filter - If the re
ceiver is equipped with a crystal filter the 
tuning instructions in the preceding paragraph 
still apply, but more care must be used both in 
initial adjustment of the beat oscillator and in 
tuning. The beat oscillator is set as described 
above, but with the crystal filter in operation 
and adjusted to its sharpest position, if vari
able selectivity is available. This initial adjust
ment should be made with the phasing control 
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( §  7-11) in the intermediate position, and after 
it is completed the beat oscillator should be 
left set and the receiver tuned to the other side 
of zero heat (audio-frequency image) on the 
same carrier to give a beat note of the same 
tone. This beat will be considerably weaker 
than the first, and may be " phased out" al
most completely by careful adjustment of the 
phasing control. This is the adjustment for 
normal operation, and it will be found that one 
side of zero beat has practically disappeared, 
leaving the receiver with maximum response 
on the desired side. 

An interfering signal having a beat note 
differing from that of the a.f. image can simi
larly be phased out, provided its carrier fre
q1rnncy is not too near the desired carrier. 

Depending upon the filter design, maximum 
selectivity may cause the dots and dashes to 
lengthen out so that they seem to "run to
gether." This, plus the fact that the tuning is 
quite critical with extremely high selectivity, 
may make it desirable to use somewhat less 
selectivity in regular operating. However, it 
must be emphasized that to realize the benefits 
of the crystal· filter in reducing interference it 
is necessary to do all tuning with it in the 
circuit. The selectivity is so high that it is 
almost impossible to find the desired station 
quickly should the filter be switched in only 
when interference is present. 

• Phone reception - In reception of 'phone 
signals the normal procedure is to set the r.f. 
and i.f. gain at maximum, ewitch the a.v.c. on, 
and use the audio gain control for setting the 
volume. This insures maximum effectiveness of 
the a.v.c. system in compensating for fading or 
maintaining constant audio output when either 
strong or weak signals are tuned in. On occa
sions a strong signal close to the frequency of a 
weaker desired station may take control of the 
a.v.c., in which case the weaker station will 
practically disappear because of the reduced 
gain. In such a situation better reception may 
result if the a.v.c. is switched off, using the 
manual r.f. gain control to set the gain at a 
point which prevents "blocking" by the 
stronger signal. 

A crystal filter will do much toward reducing 
interference in 'phone bands. Although tho 
high selectivity cuts sidebands and thereby 
reduces the audio output, especially at the 
higher audio frequencies, it is possible to use 
quite high selectivity without destroying in
telligibility even though the "quality" of the 
transmission suffers. As in the case of c. w. re
ception, it is advisable to do all tuning with 
the filter in circuit when interference is likely to 
occur. Variable-selectivity filters permit a 
choice of selectivity which give varying de,rees 
of sideband cutting to suit conditions. 

An undesired carrier close in frequency to a 

desired carrier will heterodyne with it to pro
duce a beat note equal to the frequency dif
ference. Such a heterodyne can be reduced by 
adjustment of the phasing control when the 
crystal filter is used. It cannot be prevented in 
the " straight" superhet having no crystal filter. 

A tone control often will be of help in reduc
ing the effects of high-pitched heterodynes, 
sideband splatter (§ 5-2) and noise, by cutting 
off the higher audio frequencies. This, like side
band cutting with high selectivity, causes some 
reduction in naturalness. 

SpurioU& reaponses - Spurious responses 
can be recognized without a great deal of 
difficulty. It is often possible to identify an 
image by the type of station transmitting, 
knowing the frequency assignments applying 
to the frequency to which the receiver is tuned. 
However, an image also can be recognized by 
its behavior with tuning. If the signal causes a 
heterodyne beat note with the desired signal 
and is actually on the same frequency, the beat 
note will not change as the receiver is tuned 
through the signal, but if the interfering signal 
is an image the beat will vary in pitch as the 
receiver is tuned. The beat oscillator in  the 
receiver must be off for this test: Using a 
crystal filter with the beat oscillator on, the 
image will peak on the opposite side of zero 
beat to that on which the desired signal peaks. 

Harmonic response can be recogni1ed by 
the "tuning rate," or movement of tho tuning 
dial required to give a specified change in beat 
note. Signals getting into the i.f. via high
frequency oscillator harmonics will tune more 
rapidly (less dial movement) through a given 
change in beat note than signals received by 
normal means. 

' Harmonies of the beat oscillator can be rec
ognized by the tuning rate of the beat oscillator 
pitch control. A smaller movement of the con
trol will suffice for a given change in beat note 
than is necessary with legitimate signals. 

e 7•17 SBllVICING SVPl!RIIBT 
Rl!U!IVBRS 

l.f. alignment - A calibrated signal genera
tor or test oscillator is a practical necessity for 
initial alignment of an i.f. amplifier. Some 
means for measuring the output of the receiver 
also is needed. If the receiver has a tuning 
�eter, its indications will serve for this pur
pose. Alternatively, if the signal generator is 
of the modulated type an a.c. output meter 
(high-resistance voltmeter with copper-oxide 
rectifier) can be connected across the primary 
of the output transformer feeding the loud
speaker, or from the plate of the last audio 
amplifier through a 0. 1-µfd. blocking condenser 
(§ 2-13) to the receiver chassis. The inten.eity 
of sound from the loud�peaii:er can a.lao be 
judced by ear (with the modulated test oscilla-
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tor) if no output meter is available, although 
this method is not as accurate as those using 
instruments. 

The procedure is as follows: The test oscil
lator is adjusted to the desired intermediate 
frequency and the " hot" or ungrounded out
put lead is clipped on the grid lead of the last 
i.f. amplifier tube. The grounded lead is con
nected to the receiver chassis. The trimmer 
condensers of the transformer feeding the sec
ond detector are then adjusted for maximum 
signal output. The hot lead from the genera
tor is next clipped on the grid of the next 
to the last i.f. tube and the second from last 
i.f. transformer brought into alignment by 
adjusting its trimmers for maximum output. 
This process is continued, working back from 
the second detector, until all of the i.f. trans
formers have been aligned. It will be necessary 
to reduce the output of the signal generator as 
more of the i.f. amplifier is brought into use 
because the increased gain is likely to cause 
overloading and consequent inaccurate read
ings. It is desirable in all cases to use the mini
mum signal strength which gives useful output 
readings. The i.f. transformer in the plate cir
cuit of the mixer is aligned with the signal
generator lead connected to the mixer grid. 
Since the tuned circuit feeding the mixer grid 
may, because it is tuned to a considerably 
higher frequency, effectively short-circuit the 
signal-generator output, it may be nece88&ry 
to disconnect this circuit. With tubes having 
a top grid connection this can be done by 
removing the grid cap. 

If the tuning indicator is used as an output 
meter the a.v.c. should be switched on; if the 
audio output method is used the a. v.c. should 
be off. The beat oscillator should be off in 
either case. 

If the i.f. amplifier has a crystal filter, the 
filter should first be switched out and the align
ment carried out as above, setting the signal 
generator as closely as po88ible to the fre
quency of the crystal. When completed, the 
crystal should be switched in and the oscillator 
frequency varied back and forth over a small 
range either side of the crystal frequency to 
find the exact frequency, which will be indi
cated by a sharp rise in output. Leaving the 
generator set on the crystal peak, the i.f. 
trimmers may be realigned for maximum out
put. The nece88&ry readjustment should be 
small. The oscillator frequency should be 
checked frequently to make sure it has not 
drifted from the crystal peak. 

A modulated signal is not of much value for 
aligning a crystal-filter i.f. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output of the 
receiver is used as a criterion of alignment. 
Lacking the a. v.c. tuning meter, the trans-
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formers may be aligned by ear, using a weak 
unmodulated signal adjusted to the crystal 
peak. Switch on the beat oscillator, adjust to a 
suitable tone, and align the transformers for 
maximum audio output. 

An amplifier which is only slightly out of 
alignment as a result of normal drift from tem
perature, humidity or aging effects can be re
aligned by using any steady signal, such as a 
local broadcasting signal, in lieu of the test 
oscillator. Allow the receiver to warm up 
thoroughly (an hour or so), tune in the signal 
as usual and "touch up" the i.f. trimmers for 
maximum output. 

RJ. alignment - The object of alignment 
of the r.f. circuits in a gang-tuned receiver is to 
secure adequate tracking over each tuning 
range. The adjustment may be carried out with 
a test oscillator of suitable frequency range or 
even on noise or such signal as may be heard. 
Set the tuning dial at the high-frequency end 
of the range in use and adjust the h.f. oscillator 
trimmer condenser for maximum hiss. Next 
adjust the mixer trimmer condenser for maxi
mum hiss or signal, then the r.f. trimmers. 
Reset the tuning dial to the low-frequency end 
of the range and repeat; if the circuits arc 
properly designed no change in trimmer set
tings should be nece88&ry. Should it be neces
sary to increase thetrimmer capacity in any 
circuit, more inductance is needed;  if less 
capacity resonates the circuit, less inductance 
is required. In the oscillatol\ circuit, the proper 
frequency range may be secured by adjustment 
of the tracking condenser capacity ( §  7-10) 
as well as by inductance adjustment. 

Tracking is seldom perfect throughout a 
tuning range, so that a check of alignment at 
intermediate points in the range may show it 
to be slightly off. Normally the gain variation 
from this cause will be small, however, and it 
will suffice to bring the circuits into line at both 
ends of the range. If most reception is in a 
particular part of the range, such as an amateur 
band, the circuits may be aligned at that fre
quency to insure maximum performance, even 
though the ends of the whole frequency range 
may be slightly out of alignment. 

Oscillation of rJ. or iJ. amplifiers - Os
cillation in high-frequency amplifier and mixer 
circuits is evidenced by squeals or "birdies" 
as the tuning is varied. It can be caused by 
poor connections in the common ground cir
cuits, eapecially to the tuning condenser rotors. 
Inadequate or defective by-pass condensers in 
cathode, plate and screen-grid circuits also 
can cause such oscillation. In some cases it  
may be advisable to provide a shield between 
the stators of pre-r.f. amplifier and first-de
tector ganged tuning condensers, in addition 
to the usual tube and inter-stage shielding. A 
metal tube with an ungrounded shell will cause 



this trouble. Improper screen-grid voltage, 
which might result from a shorted or too-low 
screen-grid series resistor, also could be re
sponsible. 

Oscillation in the i.f. circuits is independent 
of high-frequency tuning and is indicated by a 
continuous squeal which appears when the 
gain is advanced with the c.w. beat oscillator 
on. It can result from similar defects in i.f. 
amplifier circuits. Inadequate cathode resistor 
by-pass capacitanee is a common cause of such 
oscillation. Additional by-pass capacitance, of 
0.1 to 0.25 µfd. usually will remedy it. Similar 
treatment can be applied to screen-grid and 
plate by-passes of i.f. tubes. 

l=tability - " Birdies " or a mushy hiss oc
curring with tuning of the high-frequency 
oscillator may indicate that the oscillator is 
"squegging" or oscillating simultaneously at 
high and low frequencies (§ 7-4). This may be 
caused by a defective tube, too-high oscillator 
plate or screen-grid voltage, excessive feed 
back in the oscillator circuit or too-high grid
leak resistance. 

A varying beat note in c.w. reception indi
cates instability in either the h.f. oscillator or 
beat oscillator, usually the former. The stabil
ity of the beat oscillator can be checked by 
introducing a signal of intermediate frequency 
(from a test oscillator) into the i.f. amplifier; 
if the beat note is unstable, the trouble is in 
the beat oscillator. Poor connections or defec
tive parts are the likely cause. Instability in the 
high-frequency oscillator may be the result of 
poor circuit design (§ 7-10), loose connections, 
defective tubes or circuit components, or poor 
voltage regulation in the oscillator plate and/or 
screen supply circuits. Mixer pulling of the 
oscillator circuit ( § 7-9) also will cause the 
beat-note to chirp on strong c.w. signals be
cause the oscillator load changes slightly under 
these conditions. 

In 'phone reception with a. v.c., a peculiar 
type of instability (" motorboating") may ap
pear if the h.f. osciJlator frequency is sensitive 
to changes in plate voltage. As the a. v.c. 
voltage rises the electrode currents of the con
trolled tubes decrease, decreasing the load on 
the power supply and causing the plate voltage 
on the oscillator to rise. The oscillator fre
quency changes correspondingly, detuniqg the 
circuit and reducing the a.v.c. voltage, thus 
tending to restore the original conditions. The 
process then repeats itself at a rate determined 
by the signal strength and the time constant of 
the power supply circuits. It is more pro
nounced with high selectivity, as when a 
crystal filter is used, and can be cured by de
signing the oscillator circuit to be relatively 
insensitive to plate voltage changes and by 
regulating the voltage applied to the oscillator 
(§ 7-10). 

R•c•iv•r p,incip/e:J anJ ';])e:Ji'ln. 

e 7-18 RBCIKPTION OF FREeUENC�
MODIJLATED SIGNALS 

F.m. receivers - A frequency-modulation 
receiver differs in circuit design from one 
designed for amplitude modulation chiefly in 
the arrangement used for detecting the signal. 
Detectors for amplitude-modulated signals do 
not respond to frequency modulation. It is also 
necessary, for full realization of the noise-re
ducing benefits of the f.m. syst.cm, that the 
signal applied to the detector be completely 
free from amplitude modulation. In practice 
this is attained by preventing the signal from 
rising above a given amplitude by means of a 
limiter (§ 7-15). Since the weakest signal must 
be amplitude-limited, high gain must be pro
vided ahead of the limiter; the superhetcrodyne 
type of circuit is almost invariably used to 
provide the necessary gain. 

The r.f. and i.f. stages in such a superhet are 
identical in circuit with those i.n an a.m. re
ceiver. Since the use of f.m. is confined to the 
ultra-high frequencies (above 28 Mc.) a high 
intermediate frequency is employed, usually 
between 4 and 5 Mc. This not only reduees 
image response but also gives the greater 
band-width necessary to accommodate wide
band f.m. signals. 

Receiver requirements - The primary re
quirements are sufficient r.f. and i.f. gain to 
"saturate" the limiter even with a weak 
signal, Hufficient band-width '{§ 7-2) 1,o ac
commodate the full frequency deviation either 
side of the carrier frequency without undue 
attenuation at the edges of the band, a limiter 
circuit which functions properly on both rapid 
and slow variations in amplitude, and a detec
tor which gives a linear relationship between 
frequency deviation and amplitude output. 
The audio circuits are the same as in other 
receivers (§ 7-5) except that it is desirable to 
cut off the upper audio range by means of a 
low-pass filter (§ 2-11) because the higher
frequency noise components have the greatest 
amplitude in an f.m. receiver. 

The limiter - Limiter circuits arc generally 
of the plate saturation type (§ 7-15) where low 
plate and screen voltage a.re used to limit the 
plate current flow at high signal amplitudes. 
Fig. 729-A is a typical circuit. The tube is self
biased (§ 3-6) by a grid leak, R1, and condenser, 
C1. R2, Ra and R, form a voltage divider 
(§ 8-8) which puts the desired voltages on the 
screen and plate. The lower the voltages the 
lower the signal level at which limiting occurs, 
but the r.f. output voltage of the limiter also 
is lower. C2 and C3 are the plate and screen 
by-pass condensers, of conventional value for 
the intermediate frequency used. The time 
constant ( §  2-6) of R1C1 determines the be

havior of the limiter with respect to rapid and 
slow amplitude variations. For best operation 
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on impulse noise (§ 7-15) the time constant 
should be small, but a small time constant 
limits the range of signal strengths which the 
limiter can handle without departing from the 
constantroutput condition. A larger time con
stant is better in the latter respect but is not 
so effective for rapid variations, hence a com
promise set of constants must be used. 

The cascade limiter, Fig. 729-B, overcomes 
this by making the time constant in the first 
grid circuit suitable for effective operation on 
impulse noise and that in the second grid 
(C,Ra) optimum for a wide range of input 
signal strengths. This results, in addition, in 
more constant output over a very wide range 
of input signal amplitudes because the voltage 
at the grid of the second stage is already par
tially amplitude-limited, thus giving the second 
stage less work to do. Resistance coupling 
(R,C,Re) between stages is used in preference 
to transformer coupling for simplicity and 
to prevent unwanted regeneration, additional 
gain at this point being unnecessary. 

The rectified voltage developed across R1 

in either circuit may be used for a. v.c. (§ 7-13). 
Diticriminator circuits and operation -

The f.m. detector is commonly called a dis
criminator, because of its ability to discriminate 
between frequency deviations above and those 
below the carrier frequency. The circuit gen
erally used is shown in Fig. 730-A. A special 
·i.f. coupling transformer is used between the 
limiter and detector. Its secondary, Li, is 
centertapped and is connected back to the 
plate side of the primary circuit, which is 
otherwise conventional. C, is the tuning con- · 
denser. The load circuits of the two diode recti
fiers (R1C1, R1C1) are connected in series; the 
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lF. Trrms. 
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Fig. 729 -F.m. limiter circuita. A, eingle-tube plate
eaturatioo limiter; B, caecade limiter. Typical valuee 
are •• followe: 

Ci.rcui4 A Circui4 B 
C, - 100 io,.ld. 100 io,.!d. 
Ci, C,- 0.1 ,.Id. 0.1 i,Cd. 
C. - 250 ioio!d. 
R, - 0.1 megohm. 50,000 obme. 
R2 - 2000 ohms. 2000 ohms. 
Ra - 50,000 ohms. 50,000 ohms. 
n. - 0 lo 50,000 ohms. 0 to 50,000 ohms. 
n. - 4000 ohms. 
Ila - 0.2 megohm. 

Plate supply voltage shoo.Id be 250 volte in each 
circuit. 

constants used are of the same order as in 
ordinary diode detector circuits (§ 7-3). The 
audio output is taken from across the two load 
resistances. 

The primary and secondary circuits are both 
adjusted to resonance in the center of the i.f. 
pass-band. The yoltage applied to the rectifiers 
consists of two components, that induced in the 
secondary by the inductive coupling, and that 
fed to the center of the secondary through C2• 
The phase relations between the two are such 
that at resonance the rectified load currents 
are equal in ·amplitude but flow in opposite 
directions through R1 and R2, hence the net 
voltage across the terminals marked "audio 
output" is zero. When the carrier deviates 
from resonance, the induced secondary current 
either lags or leads, depending upon whether 
the deviation is to the high- or low-frequency 
side, and this phase shift causes the induced 
current to combine with that fed through C2 

in such a way that one diode gets more voltage 
than the other when the frequency is below 
resonance, while the second diode gets the 
larger Toltace when the frequency is higher 

---- --



tho reeonance. The ..-oltage appeari)lg aero. 
the output terminala ia the difference between 
the two diode Toltagea, hence a characteristic 
like that of Fig. 731 results, where the net 
reof.ified output Toltage has opposite polarity 
for frequencies on either aide of re110nance, and 
up to a certain point become, greater in ampli
tude as the frequency deTiation ia greater. 
T� straight-line portion of the cu"e ie the 
u.eetul detector characteristic. The separation 
between the peaks which mark the ends of the 
linear portion of the cu"e depends upon the 
Q', . of the primary and secondary circui'8 and 
the.degree of coupling. The separation become. 
greater with low Q'i and close coupling. It ie 
ordinarily set eo that the peaks fall just outaide 
the:limit8 of the paae-band, thus utilising moat 
of the straight portion of the c�e. Since the 
audio output ia proportional to the change in 
d.c. Toltage with deviation, it ia adnntageous 
from this standpoint to hne the peak separa
tion the minimum nece1111ary for a linear charac-
terlatic. 

A second type of diecriminator circuit la 
shown in Fig. 730-B. Two eecondaey circuita 
S1 and S2 are used, one tuned aboTe the center 
frequency of the i.f. paae-band, the other below. 
They are coupled equally to the primary, 
which is tuned to the center frequency. Ae the 
carrier frequency deviates, the Toltagea in
duced in the secondaries will change in ampli
tude, with the larger voltage appearing acroee 
the secondary nearer reeonance with the in
stantaneous frequency. The detection charac
teristic is similar to that of the finrt type of 
discriminator. The peak separation ie deter
mined by the Q'• of the circuits, the coefficient 
of coupling, and the tuning of the two seconda
ries. High Q', and loose coupling are neoeuary 
for cloee peak separation. 

F.m. receioer •U1n-ment - Alignment of 
f.m. receiven up to the limiter ia carried out aa 

�«Mr Pruacy,!a .,u1 � 
,--

deacribed in I 7-17. For output meaaureD1tent, 
a 0-1 milliammeter or o-roo mforoammeter i 
should he connected in aerie. with the llmiter 
grid resistor (R1 in Fig. 721) at the IJ'OUDded 
end; or, if the Yoltace· drop acroaa R1 la Wied 
for a.Y.c. and the recelnr is proYidcd with a 
tuning meter (I 7-13), the tuning meter may be 
u.eed ae an output meter. An aocurately cali
brated signal generator or teat oecillator 18 
deairable, since the i.f. should be aligned to be 
ae aymmetrical aa pc>Nible; that ia, the outpul 
reading should be the same for any two ten 
oecillator aettinp the same number of kilo
cycles aboYe or below reeonance. Ula not necee
aarJ to haYe uniform reaponae oTer the whole 
band to be receiYed, although the output at the 
edgee of the band (limit of deviation ( I 6-11) 
of- the transmitted llignala) should not be too 
low - not lea than 25 % of the Yoltap at 
reeonanoe. In communications work a band
width of 30 kc. or lees (15 kc. or le• deTiation) 
la commonly used. 

Output readinp should be taken with the 
teat oscillator set at lntervai4 of a few kiloeycl• 
either aide of resonance until the band llmita 
are reached, and the i.f. trimmen1 adjusted to 
give as symmetrical a curve as pouible. 

After the i.f. (and front end) are ali1ned the 
limiter operation should be checked. Thia can 
be done by temporarily disconnectin1 C,, if 
the discriminator circuit of Fig. 730-A is ueed, 
disconnecting R1 and C1 from the upper diode'• 
cathode in tlie same diagram, and insertinc the 
milliammeter or microammeter in aeries with 
Rt at the grounded end. Thia conver:ta the 
discriminator to an ordinary diode rectifier. 
Varying_ the signal generator frequency OVf!I' 
the channel, with the discriminator traneformer 
adjusted·to resonance, should 1how no chance 
in output (at the band-widths used for com
munications purpoeee) ae indicated by the 
rectified current read by the meter. At '111a 

11,c 
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The vertical' uis represent• the vo!ta·se developed across 
the loacl''te'sistor as 'the frequency varies from the exact 
reMti:ta.nce frequency ... · • ·  · "' .. , A detector with thte,�9!11"'C,teristic would bandle !,m. 
aipalo up to a hand-w1<lth o1 about 150 kc. over the 
linear .;ortion <>f'the curve. .: --, .. · 

1>oint··va1'1.ous plate· ··a·n·d screen voltages ca� 
be tried cffl ·the ·Ji miter tube or tubes' to deter
mine•the··set of" conditions which gives maxi
mum output with adequate limiting (no change 
hi 'rectified.- current). . .. . . 

When · ttie li'miter has been· checked the 
discriminator cortnection11 can ·be rl!stored� 
leaving the meter connected in series with /H. 
Provision should be made· 'for reversing 'th11 
connections to the meter terminals to take 
care of the 1eversal in polarity of the net r'cc�i· 
fied current. Set the signal generator to the 
center frequency of the oand and adjust tlie 
discriminator transformer trimmer' condensl!i's 
to resonance, which will be indicated by zero 
rectified current. Then set. the test oscillator at 
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the deviation limit (·§ 5-11) on one side of-tlie 
center frequency and note the meter reading. 
·Reverse the· meter- terminals and set the test 
oscillator at the deviation limit on the oth'er 
side. The two tead-irtgs should be the same: If 
they are· not, they can· be made so by ·s. sliglt't 
adjustment -0£ the primary trimmer .. This,W:lll 
necessitate re-c-hecking the resp<>IM!ie Jrt reso
nanM to m·ake sure it is stiU-cero:· - Gen·erally 
spea·king, the secondary "tr-1�trrter will chiefly 
affect the zero-response 'freqfumcy, while· the 
primary trinffuer will bave. m'ost· effect on the 
symmetry of"tbe discriminator:;peaks. A de
teftor curve· having satisfactory linea'l'ity Ciin 
be obtl\in°eitfi� cut-and-try adjustment ()f" both 
trirritners,· : r.- . : c,. :<. r, � ., . � . 
· Tuning;�rid-openition .,...-:./tn f.m; receiver 

gives·greatest,:rioise rechi!!titlh when-the ce.rrfer 
Is tuned exactly t-0 ·tfle . .  c�n'ter of th-e- receiver 
pass-band and to the poilit;of,zero tesponse in 
the discriminator. ·Because of the decreasii- 'til 
noise; this poin·t is. readily recognized. · Aside 
from this no special tuning instructions are 
necessary. · ·The effediveness of the receiver 
wilrdepend almoitt wholly -on h6w accurately 
it is aligned. 
� When an amplitude-modulated signal 'is 

tiihed in; its modulation practically disappears 
at exact resonance, only those non�mmetrica'l 
modulation components -wnich--11111.y lie present 
being detected. If the signal is to one side or 
the other of resonance, however, it will be 
he..rcf and is capable of causing interference to 
sn·f:rn: signal. · 
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C H AP T E R  E I G H T  

• 8-1 POWER SUPPLli 

REQUIREMENTS 

Filament supply - Except for tubes de
signed for battery operation, the_ filaments or 
heaters of vacuum tubes used in both trans
mitters and receivers are universally operated 
on alternating current obtained from the power 
line through a step-down transformer ( § 2-9) 
delivering a secondary voltage equal to the 
rated voltage of the tubes used. · The· trans
former should be designed to carry the current 
ta.ken by the number of tubes· which may be 
connected in parallel (§ 2-6) across it. The 
filament or heater transformer is genera.Uy 
center-tapped to provide a balanced circuit 
for eliminating hum (§ 3-6). 

For medium- and high-power r.f. �tagcs of 
transmitters, 1/,nd for high-power audio stages, 
it is desirable to use a separate filament trans
former for each section of the transmitte.r, 
installing the transformer ·nea.r th!) - tube 
sockets. This avoids the nece;ssity for abnorm
ally large wires to carry the total · filament 

. J :  

Rectified a.c. aupplies-Sjnce· the power 
line· voltage is ordinarily 1 15 or 230 volts, a. 
step-up transformer (§ 2-9) must be used to 
obtain the desired voltage for the plates'of the 
tu� in the equipment. The alternating sec
ondary current is changed to unidirectional c;:ur-· 
rent by means of diode rectifier tubes (§ 3-1), 
then passed through "� i11ductance-_capacity _ 
filter' (§ 2-11) to the load circuit. The load re
sistance in ohms is equal to the d.c, o�tput 
voltage of the power supply divided by the 

· current in· amperes (Ohm's· Law, § 2-6). 
· � · Voltage regulation - Since there is always· 
;som_e re&iatance in power supply circuits,· and 
since the·filter normally depends to a conside.r
able extent upon the energy storage of induc
ta.n�e and capacity (§ 2-3, 2-5) the output 

- vqlta.ge will depend upon the current drain on 
the supply. The change in output voltage with 
change in load current is · called the voltage 
regulation of the supply. Expressed as a per
centage, 

current for all stages without appreciable ·�/ 
filament voltage drop. Maintenance of rated 
filament voltage is highly important, especially 
with thoriated-filament tubes, since under
or over-voltage may reduce filament life-.· · 

ur-; R· · -.,1, t· _ ·100.fE1 - Et) -:1o el'IWa 10n. - , 
E2 .. 

Plate supply - Direct current mus·t be used 

where E1 is the no-load voltage (no current in 
the load circuit) and E2 the full-load voltage 
(rated current in load circuit); 

..., . 

for the plates of tubes, since any variati(!I! _in .. .,, · · 

plate current arising from power supply callSes • 11-2· RECl'IFIEIIS � 
will be super-imposed on the signal being re- Purpose and ratinga - A · rectifier· is a 

·ceived or transmitted, giving an undesirj'ble device which will conduct current in only one 
'type of modulation (§ 5-1) if the variations direction. The diode tube (§ 3-).) i,s used al
.:occur atan audio-frequency (§ 2-7) rate. Un- most exclusively for the purpostl i� �.c. power 
· varying direct current is-commonly called pu.re supplies used with radio equipment: The im
a.c. to distinguish it from current which ma.y porta.n� _characteristics of tubes used as :Rower 
be unidirectional but of pulsatin·g Clraracter. Supp1j' fectifiers a.tc the. voltage drop bebW!l,Cn 
The use of pure direct'current on transmitting -plate and cathode at rated current, 'the·:ma'lii
tubes is required by FCC- regulations on fre- mum permissible inverse peak voltage; and 
quencies below 60 megacycles. the permissible peak plate current

0
· ;  

--, 

Sources of plate power .:...... D.c. plate power Voltage drop - Tube voltage di-op depends 
is usually obtained from rectified and filtered upon the type of tube. In vacuum rectifiers it 
alternating current, ' but in low-power and increases with the current flowing because of 
portable installations ma.y be secured from s»\',.e��bl/,rge �fJ'�t (§ 3zi.), but can b&· mini
batieries. Dry batteri_es may· be used for very · · miMd' by - using very. ·small s�cing between 
low-power portable ·equipment, but in many plate- and cathode as is done)n some rectifiers 
cases a storage battery is used a.s the primary for receiver power supplies. Mercury-vapor 
source of power, in conjunction with an inter- rectifiers (§ 3-5) ha.:ve a constaat drop of a.bout 
rupter to give pulsating d.c. which is applied -· 15 volts regardless of current: T_his is much 
to the primary of a step-up transformer smaller than the voltage drops encountered in 
( § 8-10). vacuum rectifiers. -· 
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In- ,,_Jc _,,.,. - Thia ill the mui
mum voltage developed between plate and 
cathode of the rectifier when the tube ill not 
conductin1; I.e., when the plate ia nesative 
with reepect to the cathode. 

r-1i plat. curNnt -Thia ill the maximum 
ilMloNamoiu current ftowin1 throush the 
rectifier. It can never be smaller than the load 
current in ordinary circuits, and may be several 
Umea hi1her. 

()peNdon of mercury•Npor rwc�ra -
B.cauae of ita constant volta,e drop, the mer
cury vapor rectifier ia more suaeeptible to 
dama,e than the vacuum 'type. With the 
latter, the increase in voltage drop tenda to 
limit current flow on heavy overloada, but the 
mercury-vapor rectifier doee not have thia 
Umitin1 action and the cathode may be dam
a,ed ander similar condltiona. 

In mercury-vapor rectifiers a phenomenon 
known u "aro-back," or breakdown of the 
mercury vapor and conduction in the oppoeite 
direction to normal, occurs at hi&h inverse 
peak voltages, hence such tubea alway, should 
be operated within their invene-peak voltage 
ratinp. Aro-back aleo may occur if the cathode 
temperature ii below normal, therefore the 
h•ter or filament voltage should be checked 
to make eure that the rated volta1e la applied. 
Thia check 1hould be made at the tube aoeket 
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to avoid erron caused by drop in the leads from 
the filament tranaformer to the tube. For the 
nme reuon the cathode 1hould be allowed to 
come up to iii final temperature before plate 
voltage ia applied; the time required for this la 
of the order of 15 to 30 eeconda. When a tube 
ill fint lnatalled or le put into service after a 
Ions period of idleneu, the cathode should be 
heated for a period of 10 minutee or so before 
application of plate voltage. 
• ... lldCl'lft&II t::UICIJl'l'tl 

B-U--- ,wt4Jiers -The simple diode 
rectifier (1 3-1) la called a laalf-v,aw redijur be
cause it can pue only half of each cycle of al
tematin1 current. It ia ehown in Fig. 801-A. 
At the top of the figure ii a repreeentation of 

. the applied a.c. voltage, with positive and 
neptlvealtemation, (1 2-7) marked. When the 
plate ii poeitive with reepect to cathode, plate 
current flow, throush the load u indicated in 
the drawing at the right, but when the plate 
ii nesative with reepect to cathod!! no current 
flowe. Thia ii indicated by the gaps in the out
put drawin1. The output current ie unidirec
tional, but pulsating. 

In thia circuit the inverse peak voltage ia 
equal to the maximum tranaformer volta1e, 
which in the case l)f a eine wave ia 1.,1 timee 
the r.m.s. voltqe (,2-7). 

Full--.,. cenur-eop rwct41ier -Fig. 801-
B shows the "full-wave center-tap" rectifier 
circuit, eo called becauae both halvea of the a.c. 
cycle are rectified and because the tranaformer 
secondary winding muet coDliat of two equal 
part.I with a connection brousht out from the 
oenter. When the upper end of the winding ia 
J)Olitive, current can flow throush rectifier No. 
1 to the load; this current cannot pau through 
rectifier No. 2 becauae iii cathode la poeitive 
with reepect to iii plate. The circuit ill com
pleted throush the tranaformer center-tap. 
When the polarity reveraee, the upper end of 
the windinc ill nesative and no current can 
flow throush rectifier No. 1, but the lower end 
ia J)Olitive and therefore rectifier No. 2 pa8l9I 
current to the load, the return connection again 
bein1 the center-tap. The reeultin1 wave ehape 
ia 1hown at the ri&ht. 

Since the two rectiften are working alter
nately in thia circuit, each half of the tran&
former secondary muet be wound to deliver the 
full load voltage, hence the total voltage acrose 
the traneformer terminale ie twice that required 
with the half-wave rectifier. Aaeumin1 negligi
ble voltase drop in the particular rectifier 
which may be conductin1 at any iru,tant, the 
invene peak voltqe on the other rectifier ia 
equal to the maximum voltage between the 
out.ide terminale of the tranaformer. In the 
oaee of a line wave thia ia 1.,1 timea the total 
--,nciary r.m.a. Toltage (1 2-7). 

j 

.. 
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Because energy is delivered to the load at 
twice the average rate as in the Cll,Se of a half
wave rectifier, each tube carries only half the 
load current. 

The bridfe N1Ctijier - The "bridge ,,. type 
of full-wave rectifier is shown in Fig. 801-C. 
Its operation is &8 follows: When the upper 
end of tho winding is positive, current can flow 
through No. 2 to the load, but not through 
No. 1. On the return circuit, current flows 
through No. 3 by way of the lower end of the 
transformer winding. When the polarity re
verses and the lower end of the winding be
comes positive, curl'ent flows through No. 4 
and the load and through No. 1 by way of the 
upper side of the transformer. The output 
wave shape is shown at the right. 

The inverse peak voltage is equal to the 
maximum transformer voltage, or 1.41 times 
the r.m.s. secondary voltage in the case of a 
sine wave (§ 2-7). Energy is delivered to the 
load at the same average rate as in the case of 
the full-wave center-tap rectifier, so that each 
pair of tubes in series carries half the load 
current. 

e a-c  FILTERS 
Pv.rpoae of filter -As shown in Fig. 801, the 

output of a rectifier is pulsating d.c., which 
would be unsuitable for most vacuum-tube 
applications (§ 8-1): A filur is used to smooth 
out the pulsations so that practically unvary
ing dlrect current fl.owe through the load cir
cuit. The filter utilizes the energy-storage 
properties of inductance and capacity (§ 2-3, 
2-5) by virtue of which energy stored in elec
tromagnetic and electrostatic fields when the 
voltage and current are rising is restored to 
the circuit when the voltage and current fall, 
thus filling in the "gaps" or "valleys " in the 
rectified output. 

Ripp1" volta1e and frequency - The pul
sations in the output of the rectifier can be 
considered to be caused by an alternating 
current superimposed on a steady direct cur
rent (§ 2-13). Viewed from this standpoint, 
the filter may be considered to consist of by
pass condensers which short-circuit the a.c. 
while not interfering with the fl.ow of d.c., and 
cholu, or inductances which permit d.c. to 
fl.ow through them but which have high re
actance for the a.c. (§ 2-13). The alternating 
component is called the rippk. The effective
ness of the filter may be measured by the per
cent rippk, which is the r.m.s. value of the 
a.o. ripple voltage expressed as a percentage 
of the d.c. output voltage. With an effective 
filter the ripple percentage will be low. Five 
percent ripple is considered satisfactory for c. w. 
transmittera, but lower values (of the order 
of 0.25%) are neceBl!ary for hum-free speech 
vammiuion and receiver plate supplies. 

The ripple frequency depends upon the line 
frequency and the type of rectifier. In general, 
it consists of a fundamental plus a series of 
harmonics (§ 2-7), the latter being relatively 
unimportant since the fundamental is hardest 
to smooth out. With a half-wave rectifier the 
fundamental is equal to the line frequency; 
with a full-wave rectifier the fundamental is 
equal to twice the line frequency, or 120 cycles 
in the case of a 60-cycle supply. 

Typtn of flit.era - Inductance-capacity fil
ters are of the low-pass type (§ 2-11), using 
series inductances and shunt capacitances. 
Practical filters are identified as condemer
input and choke-input, depending upon whether 
a capacity or inductance is used as the first 
element in the filter. Resistance-capacity 
filters (§ 2-11) are occasionally used in appli
cations, particularly in receivers and speech 
amplifiers, where the current is very low and 
the voltage drop in the resistor can be toler
ated. 

Bleeder resiatance - Since the condensers 
in a filter will retain their charge for a consid
erable time after power is removed (provided 
the load circ�it is open at the time) it is good 
practice to connect a resistor acrosa the output 
of the filter to discharge the condensers when 
the power supply is not in use. The resistance 
is usually high enough so that only a relatively 
small percentage of the total output current 
is consumed in it during normal operation of 
the supply . . 

Components - Filter condensera are made 
in several different types. Electrolytic con
densers are available for voltages up to about 
800, and combine high capacity with small 
size, since the dielectric is an extremely thin 
film of oxide on aluminum foil. Condensers 
for higher voltages are usually made with a 
dielectric of thin paper impregnated with oil. 
The working voltage rating of a condenser is 
the voltage which it will withstand contin-
uously. · 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre
vent magnetic saturation of the iron at high 
currents. When the iron becomes saturated its 
permeability ( § 2-5) decreases, consequently 
the inductance also decreases. Despite the air
gap, the inductance of a choke usually varies 
to some extent with the direct current fl.owing 
in the winding, hence it is nec888ary to specify 
the inductance at the current which the choke 
is intended to carry. Its inductance with little 
or no direct current flowing in the winding may 
be considerably higher than the load value. 

e 84 CONDENSEII-INPIJT FILTEIIS 
Ripple voltage - The conventional con

denser-input filter is shown in Fig. 802-A. No 
simple formulas · are available· for computin& 
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the ripple voltage, but it will be smaller as both 
capacity and inductance are made larger. Ade
quate smoothing for transmitting purposes can 
be secured by using 4 to 8 µCd. at Ci and C2, and 
20 to 30 henrys at Li with 120-cycle ripple 
(§ 8-4). A higher ratio of inductance to capac
ity may be used at higher load resistances 
(§ 8-1). 

For receivers, an additional choke, L-l, and 
condenser, C3, of the same approximate values, 

+ + 

�
1�l�J 1·� 

SINGLE-SECTION 

TWO-SECTION 

Fi&. 802 - Condenaer-input filters. 

as shown in Fig. 802-B, are used to give addi
tional smoothing. In such supplies the three 
condensers are generally 8 µfd. each, although 
the input condenser, Ci, is sometimes reduced 
to 4 µfd. Inductances of 10 to 20 henrys each 
will give satisfactory filtering with these 
capacity values. 

For ripple frequencies other than 120 cycles, 
the inductance and capacity values should be 
multiplied by the ratio 120/F, where F is the 
actual ripple frequency. 

The bleeder resistance R should be chosen to 
draw 10% or less of the rated output current 
of the supply. Its value is equal to tOOOE/1, 
where E is the output voltage and I the load 
current in milliamperes. 

Rectifier peak current - The ratio of 
rectifier peak current to average load current 
is high with a condenser-input filter. Small 
rectifier tubes designed for low-voltage sup
plies (type 80, etc.) generally carry load-cur
rent ratings based on the use of condenser
input filters. With rectifiers for higher power, 
such as the 866/866A, the load current should 
not exceed about 25% of the rated peak plate 
current of one tube when a full-wave rectifier 
is used, or ¾ the rating with half-wave recti
fication. 

Qutput voltage - The d.c. output voltage 
from a condenser-input supply will, with light 
loads or no load, approach the peak trans
former voltage. This is 1.41 times the r.m.s. 
voltage (§ 2-7) of the transformer secondary 
in the case of Figs. 801-A and C, or 1.41 times 
the voltage from center-tap to one end of the 
secondary in Fig. ·801-B. At heavy loads it 
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may decrease to the average value of secondary 
voltage, or about 90% of the r.m.s. voltage 
or even less. Because of this wide range of 
output voltage with load current the voltage 
regulation ( § 8-1) of the condenser-input filter 
is inherently poor. 

The output voltage obtainable from a given 
supply cannot readily be calculated, since it 
depends critically upon the load current and 
filter constants. Under average conditions it 
will be approximately equal to or somewhat 
less than the r.m.s. voltage between center
tap and one end of the secondary in the full
wave center-tap rectifier circuit ( § 8-3). 

Ratinga of componenu - Because the out
put voltage may rise to the peak transformer 
voltage at light loads, the condensers should 
have a working-voltage rating ( §  8-4) at least 
this high and preferably somewhat higher as a 
safety factor. Thus in the case of a center-tap 
rectifier having a transformer delivering 550 
volts each side of the center-tap, the minimum 
safe condenser voltage rating will be 550 X 
1.41, or 775 volts. An 800-volt or preferably a 
1000-volt condenser should be used. Filter 
chokes should have the inductance specified 
at full-load current, and should have insulation 
between winding and core adequate to with
sta�d the maximum output voltage. 

. ....  CBO&E-INPIJT FILTERS 
Ripple voltage - The circuit of a single

section choke-input filter is shown in Fig. 
803-A. For 120-cycle ripple a close approxima
tion of the ripple to be expected at the output 
of the filter is given by the formula: 

Single 
} 

100 
Section % Ripple = LC Filter 

where L is in henrys and C in µCd. The product 
LC must be equal to or greater than 20 to re
duce the ripple to 5 per cent or less. This figure 
represents, in most cases, the economical limit 
for the single-section filter. Smaller percent
ages of ripple are usually more economically 
obtained with the two-section filter of Fig. 

R 

SINGLE-SECTION 

+ • 

o.c. 
Output 

+ 
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Fi,. 803 - Choke-mput filten. 
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803-B. The ripple percentage (120-cycle ripple) 
with this arrangement is· given by the formula: 

Two 
} 

650 
��n % Ripple = L1£.i (C1 + C2)! . 

For a ripple of 0.25 per cent or less, the de
nominator should be 2600 or greater. 

The formulas can be used for other ripple 
frequencies by multiplying each inductance 
and capacity value in the filter by the ratio 
120/F, where F is the actual ripple frequency. 

The distribution of inductance and capacity 
in the filter will be determined by the value of 
input-choke inductance required (next para
graph), and the permissible a.c. output im
pedance. If the supply is intended for use with 
an audio-frequency amplifier the reactance 
(§ 2-8) of the last filter condenser should be 
small (20% or less) compared to the other a.f. 
resistance or impedance in the circuit, usually 
the tube plate resistance and load resistance 
(§ 3-2, 3-3). On the basis of a lower a.f. limit 
of 100 cycles for speech amplification (§ 5-9), 
this condition is usually satisfied when the 
output capacity (last filter capacity) of the 
filter is 4 to 8 µfd., the higher values being used 
for the lower tube and load resistances. 

The input choke - The rectifier peak cur
rent and the supply voltage regulation de
pend almost entirely upon tho inductance of 
the input choke in relation to the load resist
ance (§ 8-1 ) .  The function of the choke is to 
raise the ratio of average to peak current (by 
its energy storage) and to prevent the d.c. 
output voltage from rising above the average 
value (§  2-7) of the a.c. voltage applied to the 
rectifier. For both purposes its impedance 
(§  2-8) to the .flow of the a.c. component 
( §  8-4) must be high. 

The value of input choke inductance which 
prevents the d.c. output voltage from rising 
above the -average of the rectified a.c. wave is 
called the critical inductance, and for 120-
cycle ripple frequency is given by the approxi
mate formula: 

L Load resistance (ohms) 
.,.;,. -

1000 
For other ripple frequencies, the ·inductance 

·required will be the above value multiplied by 
"the ratio of 120 to the actual ripple frequency. 

With inductance values less than critical 
_the d.c. output voltage will rise because the 
filter tends to act as a condenser-input filter 
(§ 8-5). With critical inductance the peak 
plate current of one tube in a center-tap recti
fier will be approximately 10% higher than the 
d.c. load current taken from the supply. 

An inductance of twice the critical value is 
ealled the optimum value. It gives a further r&
action in the ratio Q{ �ak to av�rage �la� 

current, and represents the point at which 
further 'increase in inductance does not give a 
corresponding return in improved operating 
characteristics. 

Swinging choke11 - The formula for criti
cal inductance indicates that the inductance 
required varies widely with the load resistance. 
In tLe case where there is no load except the 
bleeder ( § 8-4) on the power supply the critical 
inductance required is highest; much lower 
values are satisfactory when the full-load cur
rent is being delivered. Since the inductance of 
a choke tends to rise as the direct current 
flowing through it is decreased (§ 8-4) it is 
possible to effect an economy in materials ·by 
designing the choke to have a "  swinging " char
acteristic such that it has the required critical 
inductance value with the bleeder load only, 
and about the optimum inductance value at 

· full load. Thus in the case where the bleeder 
resistance is 20,000 ohms and the full-load 
resistance (including the bleeder) 2500 ohms, 
a choke which swings from 20 henrys to 5 
henrys over the full output-current range will 
fulfill the requirements. 

Re11onance - Resonance effects in the ser
ies circuit across the output of the rectifier 
formed by the first choke (L1) and first filter 
condenser (C1) must be avoided, since the 
ripple voltage would build up to large values 
(§ 2-10). This is not only the opposite action 
to that for which the filter is intended, but 
also may cause excessive rectifier peak cur
rents and abnormally high inverse-peak volt
ages. For full-wave rectification the ripple fre
quency will be 120 cycles for a 60-cycle supply 
(§ S-4) and resonance will occur when the 
product of choke inductance in henrys times 
condenser capacity in microfarads is equal to 
1. 77. The corresponding figure for 50-cycle 
supply (100-cycle ripple frequency) is 2.53 and 
for 25-cycle supply (SO-cycle ripple frequency) 
13.5. At least twice these products should be 
used to ensure that no resonance effects will 
be present. 

Output voltage - Provided the input
choke inductance is at least the critical value, 
the output voltage may be calculated quite 
closely by the equation: 

E = O gE _ (lb + h) (R1 + R2) _ E 
• 

. 
' 1000 • 

where E. is the output voltage ; E, is the r.m.s. 
voltage applied to the rectifier (r.m.s. voltage 
between center-tap and one end of the second
ary in the case of the center-tap rectifier); 
r. and IL are the bleeder and load currents, 
respectively, in milliamperes ; R1 and R2 are 
the resistances of the first and second filter 
chokes; and E, is · the drop between rectifier 
plate and cathode ( §  8-2). These voltage drops 
jlJ'e ·shown in Fig. 804. 
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Fi&- 804 -Voltage drope in the power eupply circuit. 

At no load IL is zeco, hence the no-load 
voltage may be calculated on the basis of 
bleeder current only. The voltage regulation 
may be determined from the no-load and full
load voltages (§  8-1). 

Ratings of components - Because of bet
ter voltage regulation, filter condensers are 
subjected to smaller variations in d.c. voltage 
than in the condenser-input filter (§ 8-5). How
ever, it is advisable to use condensers rated for 
the peak transformer voltage in case the bleeder 
resistor should burn out when there is no ex
ternal load on the power supply, since in this 
case the voltage will rise to the same maximum 
value as with a .condenser-input filter. 

The input choke may be of the swinging 
type, the required no-load and full-load in
ductance values being calculated as described 
above. The second choke (amoothing choke) 
should have constant inductance with varying 
d.c. load currents. Values of 10 to 20 henrys 
are ordinarily used. Since chokes are usually 
placed in the positive leads, the negative being 
grounded, the windings should be insulated 
from the core to withstand the full d.c. output 
voltage of the supply. 

e 8-7 TIIE PLATE TaANSFORMEll 
Output voltage -The output voltage of 

the plate transformer depends upon the re
quired d.c. load voltage and the type of recti
fier circuit. With condenser-input filters the 
r.m.s. secondary voltage is usually made equal 
to or slightly more than the d.c. output volt
age, allowing for voltage drops in the rectifier 
tubes and filter chokes as well as in the trans
former itself. The full-wave center-tap rectifier 
requires a transformer giving this voltage 
each side of the secondary center-tap ( § 8-3). 

With a choke-input filter the required r.m.s. 
eecondary voltage (each side of center-tap 
for a center-tap rectifier) can be calculated 
by the equation: 

E, _ 1 . 1  [ E. + l(R
:� R2) + E,] 

where E. is the required d.c. output voltage, 
I is the load current (including bleeder current) 
ln milliamperes, R1 and Rs are the resistances 

t48 C H A P T E R  E I G H T  

of the filter chokes, and E, is the voltage drop 
in the rectifier. E, is the full load r.m.1. (1 2-7) 
secondary voltage ; the open-circuit voltage 
usually will be 5% to 10% higher. 

J'olt-ampere roting -The volt-ampere ra
ting (§ 2-8) of the transformer depends upon 
the type of filter (condenser or choke input). 
With a condenser-input filter the heating effect 
in the second .. ry i.e higher because of the high 
ratio of peak to average current, consequently 
the volt-amperes consumed by the transformer 
may be several times the watts delivered to 
the load. With a choke-input filter, provided 
the input choke has at least the critical in
ductance ( § 8-6), the secondary volt-amperes 
can be calculated quite closely by the equation: 

Sec. V.A. - 0.00075 EI 

where E is the total r.m.s. voltage of the sec
ondary (between the outside ends in the case 
of a center-tapped winding) and I is the d.c. 
output current in milliamperes Ooad current 
plus bleeder current). The primary volt
amperes will be 10% to 20% higher because of 
transformer losses. 

e .... VOLTAGE STAJIILIZATleN 
Caaeoua regulator tubes - There is fre

quent need for maintaining the voltage applied 
to a low-voltage, low-eurrent circuit (such as 
the oscillator in a superhet receiver or the fre
quency-controlling oscillator in a transmitter) 
at a practically constant value regardless of 
the voltage regulation of the power supply or 
variations in load current. In such applica
tions gaseous regulator tubes (VR105-30, 
VR150-30, etc.) can be used to good advan
tage. The voltage drop across such tubes is 
constant over a moderately-wide current 
range. The first number in the tube designa
tion indicates the terminal voltage, the second 
the maximum permissible tube current. 

The fundamental circuit for a gaseous regu
lator is shown in Fig. 805-A. The tube is con
nected in series with a limiting. rumor, R1, 
across a source of voltage which muat be 
higher than the &tarting voltage, or voltage 
required for ionization of the gas in the tube. 
The starting voltage is about 30% higher than 
the operating voltage. The load is connected 
in parallel with the tube. For stable operation 
a minimum tube current of 5 to 10 milliam
peres is required. The maximum permissible 
current with most types is 30 milliamperee, 
consequently the load current cannot exceed 
20 to 25 milliampere.e if the voltage is to be 

- stabilized over a range from Nl?O to maximum 
load current. 

The value of the limiting resistor must lie 
between that which just permits minimum 
tube current to flow and that which just pa&lell 
the maximum permissible tube current when 
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there is no load current. The latter value is 
generally used. It is given by the equation 

R • 1000 (E, - E,) 
I 

Where R is the limiting resistance in ohms, 
E, the voltage of the source across which tube 
and resistor are connected, E, is the rated 
voltage drop across the regulator tube, and 
l is the maximum tube current in milliam
peres (usually 30 ma.). 

Fig. 805-B shows how two tubes may be 
used in series to give a higher regulated volt
age than is obtainable with one, and also to 
give two values of regulated voltage. The lim-

A 

Fi,. 805 - Voltage etabiliziog circuita ueiog gueoua 
regulator tubes. 

iting resistor may be calculated as above, using 
the sum of the voltage drops across the two 
tubes £or E,. Since the upper tube must carry 
more current than the lower, the load con
nected to the low-voltage tap must take small 
current. The total current taken by the loads 
on both the high and low taps should not ex
ceed 20 to 25 milliamperes. 

Voltage regulation of the order of 1 % can be 
obtained with tubes of this type. 

Electronic voltage regulation - A voltage 
regulator circuit suitable for higher voltages 
and currents than the gas tubes, and also hav
ing the feature that the output voltage can be 
varied. over a rather wide range, is shown in 
Fig. 806. A high-gain voltage amplifier tube 
(§ 3-3), usually a sharp-cutoff pentode (§ 3-5) 
is connected in such a way that a small change 
in the output voltage of the power supply 
causes a change in grid bias and thereby a cor
responding change in plate current. Its plate 
current flows through a resistor (R,) the vol
tage drop across which is used to bias a second 
tube - the "regulator" tube --'-- whose plate
cathode circuit is connected in series with the 
load circuit. The regulator tube therefore func
tions as an automatically-variable series r&
aiator. Should the output voltage increase 
llightly, the bias on the control tube becomes 
aore positive, causing the plate current of the 
eontrol-tube to increase and the drop across 
R. to increase correspondingly. The bias on 
tile regulator tube therefore becomes more 
...-tive and the effective resistance of the 

tor tube increases, causinc the terminal 

p ow11r s,,,,,,t, 
voltage to drop. A decrease in output voltage 
causes the reverse action. The time lag in the 
action of the system is negligible and with 
proper circuit constants, the output voltage 
can be held within a fraction of a per cent of 
the desired value throughout the useful range 
of load currents and over a wide range of sup
ply voltages. 

An essential in the system is the use of a 
constant-voltage bias source for the control 
tube. The voltage change which appears at the 
grid of the tube is the dijJerenu between a 
fixed negative bias and a positive voltage 
which is taken from the voltage divider across 
the output. To get the most effective control, 
the negative bias must not vary with plate 
current. The most satisfactory type of bias is 
a dry battery of 45 to 90 volts, but a gaseous 
regulator tube (VR75--30) or a neon bulb of the 
type without the resistor in the bas11 may be 
used instead. This is indicated in the diagram. 
If the gas tube or neon bulb is used, a negativ&
resistance type of oscillation (§ 3-7) may take 
place at audio frequencies or above, in which 
case a condenser of 0.l 1-1fd. or more should be 
connected across it. A similar condenser b&
tween the control tube grid and cathode is also 
frequently helpful in this respect. 

The variable resistor R3 is used to adjust the 
bias on the control tube to the proper operat
ing value. It also serves as an output voltage 
control, setting the value of regulated voltage 
within the existing operating limits. 

The maximum output voltage obtainable is 
equal to the power supply voltage minus the 
minimum drop through the regulator tube. 
This drop is of the order of 50 volts with the 

Fi&- 806 - Electronic Toltap re,aL,tor. Tbe reca• 
lator tube ;. ordinaril:r a 2.A3 or a nnm.b« of tlaem in 
parallel, the control tube a 6SJ7 or aimilar type. Tbc, 
filament tranaformer for the replator tube malt he in
oulated for the plate voltage, and cannot oupply curnmt 
to other tnhet when a filament-type resulat« tube ia 
uoed. Typical circuit nluee are u follow,: Rt, 10,000 
ohme; R*, 25,000 ohma; Ra, 10,000-obm poteatmet.c,r; 
L, 5000 ohma; Ra, O.S me,ohm. 
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tubes ordinarily used (power triodes having low 
plate resistance, such as the 2A3). The maxi
mum current is also limited by the regulator 
tube; JOO milliamperes is a· safe value for a 
2A3. Two or more regulator tubes may be 
connected in parallel to increase the •current-
carrying capacity, no other changes in the 
circuit being required. 

e &-9 BIAS SUPPLIES 
Requirement., - A bias supply is not called 

upon to deliver current to a load circuit but 
simply to furnish a fixed grid voltage to set the 
operating point of a tube (§-3-3). However, in 
most applications it is nevertheless true that 
current flows through the bias supply, because 
such supplies are chiefly used in connection 
with power amplifiers of the Class-B and 
Class-C type where grid-current flow is a 
feature of operation ( § 3-4). In circuit design 
a bias supply resembles the rectified a.c. plate 
supply (§ 8-1), having a transformer-rectifier
filter system employing similar circuits. Bias 
supplies may be classified in two types, those 
furnishing only protective bias, intended to pre
vent excessive plate current flow in a power 
tube in case of loss of grid leak bias (§ 3-6) 
from excitation failure, and those which fur
nish the actual operating bias for the tubes. 
In the former type voltage regulation (§ 8-1) 
is relatively unimportant; in the latter it may 
be of considerable importance. 

In general, a bias supply should have well
filtered d.c. output, especially if it furnishes 
the operating bias for the stage, since ripple 
voltage may modulate the signal on the grid 
of the amplifier tube (§  5-1). Condenser-input 
filters are generally used, since the regulation 
of the supply is not a function of the filter. 
The constants discussed in § 8-5 are appli
cable. 

Voltage regulation - A bias supply must 
always have a bleeder resistance (§ 8-4) con
nected across its output terminals to provide 
a d.c. path from grid to cathode of the tube 
being biased. Although the grid circuit takes 
no current from the supply, grid current flows 
through the bleeder resistor and the voltage 
across the resistor therefore varies with grid 
current. This variation in voltage is practically 
independent of the design of the bias supply 
unless special voltage-regulating means are 
used. 

Protective bias - This type of bias supply 
is designed to give an output voltage ,mfficient 
to bias the tube to which it is applied to or 
near the plate-current cut-off point (§ 3-2). A 
typical circuit is given in Fig. 807. The re
sistance R1 is the grid-leak resistor ( § 3-6) for 
the amplifier tube with which the supply is 
used, and the normal operating bias is devel
oped by the flow of grid current through this 
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Fig. 807 - Supply for furnishing protective b;a.o to a 
power amplifier. The transformer T obould fumiob a 
peak voltage at leaot equal to the protective hia, re
quired. Other constant. arc diacu...d in the te:1t. 

resistor. R2 is connected in series with Rt across 
the output of the supply to reduce the voltage 
across R1, when there is no grid-current flow, 
to the cut-off value for the tube being biased. 
R2 is given by the formula 

R - E, - E, X R 2 - �  1 

where E, is the output voltage of the supply 
with R2 and R1 in series as a load, E. is the 
cut-off bias for the tube with which the supply 
is used, and R1 is as described above. 

When such a supply is used with a Class-C 
amplifier, the voltage across R1 from grid
current flow will normally be higher than that 
from the bias supply itself, since the latter is 
adjusted to cut-off while the operating bias 
will be twice cut-off or higher { §  3-4). In some 
cases the grid-leak voltage may even exceed 
the peak output voltage of the transformer 
{1.41 times half the total secondary voltage, in 
the circuit shown). The filter condensers in 
such a bias supply must therefore be rated to 
stand the maximum operating bias voltage on 
the Class-C amplifier, if this voltage exceeds 
the nominal output voltage of the supply. 

Voltage atabiluation - When the bias 
supply furnishes operating rather than simply 
protective bias, the value of bias voltage 
should be as constant as possible even when 
the grid current of the biased tube varies. A 
simple method of improving bias voltage 
regulation is to make the bleeder resistance 
low enough so that the current through it from 
the supply is several times the maximum grid 
current to be expected. By this means the per
centage variation in current is reduced. This 
method, however, requires that a considerable 
amount of power be dissipated in the bleeder, 
which in turn calls for a relatively large power 
transformer and filter choke. 

Bias voltage variation may also be reduced 
by means of a regulator tube, as shown in Fig. 
808. The regulator tube is usually a triode 
having a plate-current rating adequate to carry 
the expected grid current. It is cathode-biased 
(§  3-6) by the resistor Ri, which is of the order 
of several hundred thousand ohms or a few 
megohms so that with no grid current the tube 

I 



is biased practically to cut-off. Because of this 
high resistance, the grid current will flow 
through the plate resistance of the regulator 
tube, which is comparatively low, rather than 
through R1 a.nd R,, hence the voltage from 
the supply a.cross R1 a.nd the cathode-plate 
circuit of the regulator tube in series ca.n be 

I 
From 

Bia.sSllpply 

I I½ 

Fis. 808 - Automatic voltage re1ulator for bias sop
pli .... For best operation the tube wed should be one of 
high mutual conductance (§ 3-2). 

considered constant. The bias voltage is equal 
to the voltage a.cross the tube a.lone. When grid 
current flows the voltage across the tube will 
tend to increase, hence the drop a.cross R1 de
creases, lowering the bias on the regulator 
a.nd reducing its plate resistance. This in turn 
reduces the tube voltage drop, a.nd the bias 
voltage tends to remain constant over a. fairly 
wide range of grid current values. 

At low bias voltages it may be necessary to 
use a. number of tubes in pa.ra.llel to get suffi
cient variation of plate resistance for good 
regulating action. The bias supply must fur
nish the required bias voltage plus the voltage 
required to bias the regulator tube to cut-off, 
considering the output bias voltage as the plate 
voltage applied to the regulator. The current 
ta.ken from the bias supply is negligible. R2 
ma.y be tapped to provide a range of bias volt
ages to meet different tube requirements. 

Multi-stage bias supplies - When several 
power amplifier tubes a.re to be biased from a. 

From 
Bios Supply 

-c -c + 

Fi,. 8()9 - leolating circuit for multiple-etage biu 
-.ply. 

single supply, the va.cious bias circuits must be 
isolated by some means. If the grid currents 
of a.II stages should flow through a. single 
bleeder resistor a. variation in grid current in 
one stage would change the bias on all, a 
condition which would interfere with effective 
adjustment and operation of the transmitter. 

When protective bias is to he furnished 
several stages, the circuit arrangement of Fig. 
809, using rectifier tubes to isolate the individ
ual grid-lea.ks of the various stages, m&y be 
employed. In the diagram two type 80 recti
fiers a.re used to furnish bias to four stages. 
Each pair of resistors (R1R2) constitutes a 
separate bleeder across the bias supply. R1 is 
the grid-leak for the biased stage; R2 is a drop
ping resistor to adjust the voltage across R1 
to the cut-off value (without grid-current 
flow) for the biased tube. The values of R1 and 
R2 may be calculated as described in the pare.
graph on protective bias. In this case the bias 
supply should be designed to have inherently 
good voltage regulation ; i.e., a choke-input 
filter with appropriate filter and bleeder con-

R 
r---NVWVW'll'------,.---0 -C 

R1 
-c 

From Bias V 

Supply V 

V 

+ +C 

Fi&. 810 - Uoc of gaeeou• regulator tube, to stabiliu 
bias voltage. 

stants ( §  8-6) should be used, the bleeder being 
separate from those associated with the rec
tifier tubes. When the voltage across R1R2 
rises because of grid-current flow through R1, 
the load on the supply will vary (hence the 
necessity for good voltage regulation in the 
supply) but there is no interaction of grid cur
rents in the separate bleeders because the 
rectifiers ca.n pass current in only one direction. 

When a single supply is to furnish operating 
bias for several sti.ges, a separate regulator 
tube circuit (Fig. 808) may be used for ea.ch 
one. Individual voltages for the various stages 
may be obtained by appropriate taps on R2. 

Well-regulated bias for several stages may 
be obtained by the use of gaseous regulator 
tubes when the voltage and current ratings of 
the tubes permit their use. This is shown in 
Fig. 810. A single tube or two or more in series 
can be used to give the desired bias voltage 
drop; the bias supply voltage must be high 
enough to provide starting voltage for the 
tubes in series. R1 is the protective resistance 
( § 8-8); its value should be calculated for mini-
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mum stable tube current, The maximum grid 
current that can be handled is 20 to 25 milli
amperes with available regulator tubes. 

e 8-10 MISCBLLAN1181JS PeWEll 
SIJPPL'Y CUlCIJITS 

Yolta1e ditlid4lrs - A  voltage divider is a 
resistance connected across a source of voltage 
and tapped at appropriate points from which 
voltages lower than the terminal voltage may 
be taken (§ 2-6). Since the voltage at any tap 
depends upon the current drawn from the tap, 
the voltage regulation (§ 8-1) of such a divider 
is inherently poor. Hence a voltage divider is 
beet suited to applications where the currents 
drawn are constant, or where separate voltage-
regulating circuits ( § 8-8) are used to compen
sate for voltage variations at the taps. 

A typical voltage divider arrangement is 
shown in Fig. 8ll. The terminal voltage is E, 
and two taps are provided to give lower volt
ages Et and Et at currents 11 and 12 respec
tively. The smaller the resistance between 
taps in proportion to the total resistance, the 
smaller the voltage between the taps. In ad
dition to the load currents Ii and It there 
is also the bleeder current, 1 •. The voltage 
divider may be the bleeder for the power sup
ply. For convenience, the voltage divider in 
the figure is considered to be made up of 
separate resistances, R1, Rt, Ra, between taps. 
R1 carries only the bleeder current,. I •. R2 

carries Ii in addition to I•; Ra carries 12, 11 

+ +£ 

I R3 
+ Ez r,..A,,,,e,- Rz 

t, 

1¥ + E, 

- ' R, 

Fi,. 811 - Typical -,,oltaae-diTider clrcait. 

and 1 •. For the purpose of calculating the 
resistances required, a bleeder current 1. must 
be assumed; generally it is low compared to 
the total load current (10% or so). Then 

R1 • E1 
1. 

Rt . Es - E1 
1. + 11 

E - E2 R, - -----'--
1. + Ii + It 

the currents being expressed in amperes. 
The method may be extended to any de

sired number of taps, each resistance section 
being calculated by Ohm's Law (§ 2-6) using 
the voltage drop acr088 it and the total current 
throuch it. The power dissipated by each sec-
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tion may be calculated by multiplying the 
same quantities together. 

In case it is desired to have the bleeder re
sistance total to a predetermined value, the 
same method of calculation may be followed, 
but different values of bleeder current should 
be tried until the correct result is found. 

Tronsformer�lla plate supplie11 - It is pos
sible to rectify the line voltage directly, with
out using a step-up power transformet, for 
certain applications (such as some types of re
ceivers) where the low voltage so obtained is 
satisfactory. A simple power supply !IYBtem 
of this type, using a half-wave rectifier, is 
shown in Fig. 812. Tubes for this purpose are 
provided with heaters operating at relatively 
high voltages (25, 35, 70, or ll5 volts) which 
can be connected across the line in series with 
other tube filaments and/or a resistor R of 
suitable value to limit the current to the rated 
value for the tube heater. The rectifier is often 

Fi,. 812 - TranaformerleAS plate oupply with half. 
wa'fe rectifier. 

incorporated in the same tube envelope with 
an audio power amplifier tube. 

The half-wave circuit shown has a funda
mental ripple frequency equal to the line fre
quency (§ 8-4) and hence requires more in
ductance and capacity in the filter for a given 
ripple percentage (§ 8-5) than the full-wave 
rectifier. A condenser-input filter is generally 
used, frequently with a second choke and 
third condenser (§ 8-5) to provide the neces
sary smoothing. 

A disadvantage of the transformerless cir
cuit is that no ground connection can be used 
on the power supply unless care is used to in
sure that the grounded side of the power line 
is connected to the grounded side of the supply. 
Receivers using this type of supply are gen
erally grounded through a low capacity (0.05 
,..fd.) condenser to avoid short-circuiting the 
line should the line plug be inserted in the 

. socket the wrong way. The input condenser 
should be at least 16 and preferably 32 µfd. 
to keep the output voltage higlf and to im-
prove voltage regulation. _ 

Jloltoge-doublin1 circuits - The circuit 
arrangement of Fig. 813, frequently used in 
transformerl668 plate supplies, gives full-wave 
rectification combined with doubling of the 
output voltage. This is accomplished by using 
a double-diode rectifier, one section of which 
charges C1 when the line polarity between its 
plate and cathode is positive while the other 

- -i; 0 
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Fi&. 813 - Full-wave voltage-doubling tranaformer-
leaa plate supply circuit. 
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section charges C2 when the line polarity 
reverses. Each condenser is thus charged sepa
rately to the same d.c. voltage, and they dis
charge in series into the load circuit. For ef
fective operation of this circuit the capacities 
of Ct and C2 must be at least 16 i,fd. each and 
preferably higher. 

The ripple frequency with this circuit is 
twice the line frequency, since it is a full-wave 
circuit (§ 8-4). The voltage regulation is in
herently poor and depends critically upon the 
capacjties of C1 and C2, being better as these 
capacities are made larger. A typical supply 
with 16 i,fd. each at C1 and Cs will have an 
output voltage of approximately 300 at light 

to obtain a second voltage corresponding to 
half the total transformer secondary voltage. 
The sum of the currents drawn from the two 
taps should not exceed the d.c. ratings of the 
rectifier tubes and transformer.- Filter values 
for each tap should be computed separately 
( §  8-6). 

Fig. 815 shows how a transformer with 
multiple secondary taps may be used to obtain 
both high and low voltages simultaneously. A 
separate full-wave rectifier is used at each tap. 
The filter chokes &re placed in the common 
negative lead, but separate filter condensers 
are required. The sum of the currents drawn 
from each tap must not exceed the transformer 
rating and the chokes must be rated to carry 
the total load current. Each bleeder resistance 
should have a value in ohms of 1000 times the 
maximum rated inductance in henrys of the
swinging choke, L1, for best regulation (§ 8-6). 

Rectifier11 in parallel ....:... Vacuum-type recti
fiers may be connected in parallel (plate to 
plate and cathode to cathode) for higher cur-

loads, dropping to about 210 volts at T 
the rated current of 75 milliamperes. 

]

' ui.--..&;.... · 
No direct ground can be used on this 

supply or on the equipment with which it 
is used. If an r.f. ground is made through 
e. condenser, the condenser capacity 
should be small (about 0.06 i,fd.) since it 

� 
tNtl.

1 

II, 

is in shunt from plate to cathode of one rec
tifier. A large capacity Qow- reactance) would 
by-pass the rectifier and thereby nullify its 
operation. 

Duple% plate 11upplie11 - In some cases it 
may be advantageous economically to obtain 
two plate supply voltages from a single power 
supply, making one or more of the components 
serve a double purpose. Two circuits of this 
type are shown in Figs. 814 and 815. 

In_ Fig. 814 a bridge reqtifier is used to ob
tain the full transformer voltage, while a con
nection is also brought out from the center tap 

...... , .. 
....,_., 

Fi&. 815 - Power oupply circuit in which a single 
transformer and set of chokeo oerve for two different 
volta1ea.. 

rent carrying capacity. No circuit changes are 
required. 

When mercury vapor rectifiers are connected 
in parallel, slight differences in tube character
istics may make one ionize at a slightly lower 
voltage than the other. Since the ignition volt
age is higher than the operating voltage, this 
means that the first tube to ionize carries the 
whole load, since the voltage drop is then too 
low to ignite the second tube. This condition 
can be prevented by connecting resistors of 
50 to 100 ohms in series with each plate as 
shown in Fig. 816, thereby insuring that a 
high-enough voltage for ignition will always 
be available. • 

+ L.V. 

Fi&. 814 - Combination 
bridge and center-tap NlCti
fier to deliver two output 
volta.,. with 1ood regula
tion.. 
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Fif_ 816 -Operating mercury-vapor rectmen in 
parallel. Reaiston marked R should have values be,. 
tween 50 and 100 obmo. 

Vibrator power. supplie1J - For portable 
or mobile work the most common source of 
power for both filaments and plates is the 6-
volt automobile-type storage battery. Fila
ments may be heated directly from the battery, 
while plate power is obtained by passing cur
rent from the battery through the primary of 
a suitable transformer, interrupting it at regu
lar intervals to give the changing magnetic field 
required for inducing a voltage in the second
ary (§ 2-5), and rectifying the secondary out
put. The rectified output is pulsating d.c. which 
may be filtered by ordinary means (§ 8-5). 

Fig. 817 shows two types of circuits used, 
both with vibrating-reed interrupters (vibra
tors). At A is shown the non.-synchrOTWWI type 
of vibrator. When the battery circuit is open 
the reed is midway between the two contacts, 
touching neither. On closing the battery circuit 
the magnet coil pulls the reed into contact 
with the lower point, causing current to flow 
through the lower half of the transformer 
primary winding. Simultaneously the magnet 
coil is short-circuited and the reed swings back, 
and is carried by inertia into contact with the 
upper point, causing current to flow through 

T 

the upper half of the transformer primary . 
The magnet coil is again energized and the 
cycle repeats itself, usually at a rate about 
equivalent to a 60-cycle supply frequency. 

The synchronous circuit of Fig. 817-B is 
provided with an extra pair of contacts which 
rectify the secondary output of the trans
former. thus elilil'inating the need for a sepa-
rate rectifier tube. The secondary center-tap 
furnishes the positive output terminal when 
the relative polarities of primary and second
ary windings are correct. The proper connec
tions may be determined by experiment, re-
versing the secondary connections if the first 
trial is wrong. 

The buffer condenser, C2, across the trans
former secondary is used to absorb surges 
which would occur on breaking the current, 
when the magnetic field collapses practically 
instantaneously and hence causes a very high 
voltage to be induced in the secondary ( §  2-5). 
Its value is usually between 0.005 and 0.03 
µfd. and for 250-300 volt supplies should be 
rated at 1500 to 2000 volts d.e. The proper 
value is rather critical and should be deter
mined experimentally, the optimum value 
being that which results in least battery cur
rent for a given rectified d.c. output from the 
supply. 

Sparking at the vibrator contacts causes r.f. 
interference ("hash") when such a supply is 
used with a receiver. This can be minimized by 
installing hash filters, consisting of RFC1 and 
C1 in the battery circuit, it.nd RFC2 with C3 
in the d.c. output circuit. C1 is usually from 
0.5 to 1 µfd., a 60-volt rating being adequate. 
RFC1 consists of about 50 turns wound to 
about half-inch diameter, No. 12 or No. 14 
wire being required to carry the r.ather heavy 
battery current without undue loss of voltage. 
C3 may be of the order of 0.01 to 0. 1 µfd., 
and RFC2 a 2.5-millihenry choke_ of ordinary 

design. Equally as important as 
the hash filter is thorough shield
ing of the power supply and its 
connecting leads, since even a 
small piece of wire or metal will 
radiate enough hash _to cause in
terference in a sensitive receiver. 

Lifl.'1-voltage adjustment -
In some localities thll line voltage 

may vary considerably from the nomi
nal 1 15 volts as the load on the power 
system changes. Since it is desirable to 
operate tube equipment, particularly 

+ • filaments and heaters, at constant volt-
To age for maximum life; a means of ad-

Smootl,,"n9 h1ter justing the line voltage to the rated 
,o- value is desirable. It can be accom
y plished by the circuit shown in Fig. 818, utiliz

ing a s�ep-down transformer with a tapped 
secondary connected as an auto-transformer 

Fi1. 817 -Vibrator power oapply cireuito. Conataoto 
and operation are diocweed in the text. 

• 
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( § 2-9). The secondary should preferably be 
tapped in steps of two or three volte, and 
should have sufficient total voltage to com-

compwoatioo by means of 
F;,,. 8H- Line-voluge 

u·�II S Load tapped atep-down trana• 
former. 

• 

; 

pensate for the widest variations encountered. 
Depending upon the end of the secondary 
to which the line is connected, the voltage to 
the load can be made either higher or lower 
than the line voltage. A secondary winding 
capable of carrying five amperes or so will be 
adequate for loads up to 500 volt-amperes on 
a 115-volt line . 

. � \ 
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• 
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CHAPTER NINE 

Wave P ropagalion 

e 9-1 aABJO W AVIIS 

Nature of radio u,oves-Radio waves are 
electromagnetic waves, copsisting of traveling 
electrostatic and electromagnetic fields so re
lated to each other that the energy is evenly 
divided between the two, and with the lines of 
force in the two fields at right angles to each 
other in a plane perpendicular to the direction 
of propagation as shown in Fig. 901. Except 
for t.he difference in order of wavelength, they 
have the same nature as light waves, travel 
with the same speed (300,000,000 meters per 
second in space), and, similarly to light, can be 
reflected, refracted and diffracted. 

Polarisation -The polarization of a radio 
wave is taken as the direction of the lines of 
force in the electrostatic field. If the direction 
of the electrostatic component is perpendicular 
to the earth, the wave is said to be vertically 
polarized, while if the electrostatic component 
is parallel to the earth the wave is h&rizontally 
polarized. The electromagnetic component, 
being at right-angles to the electrostatic, there
fore has its lines of force vertical when the 
wave is horizontally polarized, and horizontal 
when the wave is vertically polarized. 

Reflection - Radio waves may be reflected 
from any sharply-defined discontinuity, of 
suitable characteristics and dimensions, in the 
medium in which they are propagated. Any, 
good conductor meets this requirement pro
vided its dimensions are at least comparable 

£/edrostati& lines of Fo,u 

I I l -------
---------

N11pl1t: ___;::;- - - --- - - -
lines of 
Fora �-------L _____ _ 

---F------------
,, ,,,, 

Fi,. 901 - Repreeeotation of electrostatic and elec
tromagnetic lines of force in a radio wave. Arrows indi
cate instantaneous directions of the fields for a wan 
traYelinl out of the page toward the reader. Reversing 
the direction of one set of lines would reverse the direc
tion of travel. 
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with the wavelength. The surfaoo of the earth 
also forms such a discontinuity, and waves are 
readily reflected from the earth. 

Refraction- Refraction of radio waves is 
similar to the refraction of light; that is, the 
wave is bent when moving obliquely into a re
gion having a different refractive index from 
that of the region it leaves. This bending results 
because the velocity of propagation differs in 
the two regions, so that the part of the wave
front which entel"l! first travels faster or slower 
than the part which enters the new region last, 
causing the wavefront to turn. 

Dufroction - When a wave grazes the edge 
of an object in passing it is bent around the 
object. This bending is called diffraction. 

Ground and sky u,oves - Two types of 
waves occur, one traveling along the surface 
of the ground, the other traveling through the 
atmosphere and having no contact with the 
ground along most of its path. The former is 
called the ground wave, the latter the sky wave. 
The ground wave dies out rather rapidly, but 
the sky wave can travel to great distances, 
especially on high frequencies (short wave
lengths). 

Field strength -The intensity of the elec
trostatic field of the wave is called the feld 
strength at the point of measurement. It is 
usually expressed in microvolts per meter, and 
is equivalent to the voltage induced in a wire 
one meter long placed with its axis parallel to 
the direction of polarization. 

e 9-2 THE GaOIJNlt WAVE 

Description - The ground wave is continu
ously in contact with the surface of the earth 
and, in cases where the distance of transmis
sion makes the curvature of the earth impor
tant, is propagated by means of diffraction, 
with refraction in the lower atmosphere also 
having some effect. The ground wave is prac
tically independent of seasonal and day and 
night effects at high frequencies (above 1500 
kc.). 

Polarisation - A ground wave must be 
vertically polarized because the electrostatic 
field of a horizontally-polarized wave would be 
short-circuited by the ground, which acts as a 
conductor at the frequencies for which the 
ground wave is of most interest. 

Ground charact.eriatics and losses - The 



wave induoee a current in the ground in travel
in1 along its surface. If the ground were a per
fect conductor there would be no loss of energy, 
but actual ground has appreciable resistance so 
that the current flow causes some energy dis
sipation. This loss must be supplied by the 
wave, which is correspondingly weakened. 
Hence the transmitting range depends upon the 
ground characteristics. Because sea water is a 
good conductor, the range will be greater over 
the ocean than over land. The loBBCs increase 
with frequency, so that the ground wave is 
rapidly attenuated at high frequencies and 
above about 2 megacycles is of little im
portance except in purely local communi
cation. 

Range of ground u,ave -At frequencies in 
the vicinity of 2 megacycles the ground wave 
range is of the order of 200 miles over average 
land and perhaps two or three times as far over 
sea water, for a medium-power transmitter (500 
watts or so) using a good antenna. At higher 
frequencies the range drops off rapidly, and 
above 4 megacycles the ground wave is useful 
only for work over quite short distances. 

e 9-3 TBB IONOSPBBllll 

Deacription -Since a sky wave leaving the 
transmitting antenna has to travel upward 
with respect to the earth's surface, it would 
simply continue out into space if its path were 
not bent sufficiently to bring it back to the 
earth. The medium which causes such bending 
is the ionoaphere, a region in the upper atmos
phere where free ions and electrons exist in 
sufficient quantity to cause a change in the re
fractive index. Ultraviolet radiation from the 
sun is considered to be responsible for the ioni
zation. The ionosphere is not a single region 
but consists of a series of "layers" which occur 
at different heights, each layer consisting of a 
central region of ionization which tapers off 
in intensity both above and below. 

Refraction, abaorption, reflection -For a 
given intensity of ionization the amount of re
fraction becomes le88 as the frequency of the 
wave becomes higher (shorter wavelength). 
The bending is therefore smaller at high than at 
low frequencies, and if the frequency is raised 
to a high-enough value the bending eventually 
will become too slight to bring the wave back 
to earth, even when it enters the ionosphere at 
a very small angle to the "edge" of the ionized 
zone. At this and higher frequencies long-dis
tance communication becomes impo88ible. 

The greater the fntensity of ionization the 
greater the bendipg on a given frequency. Thus 
an incre1111e in ionization increases the maxi
mum frequency which can be bent sufficiently 
for long-distance communication. The wave 
loeea some energy in the ionosphe�, and this 
ener1Y loaa increases with ionization density 

and the wavelength. Unusually high ionization 
may cause complete absorption of the wave 
energy, especially when the ionization is high 
in the lower regions of the ionosphere and be
low the lowest normally-useful layer. When the 
wave is absorbed in the ionosphere it is no 
more useful for communication than if it had 
passed through without sufficient bending to 
bring it back to earth. 

In addition to refraction, reflection may take 
place at the lower boundary of a layer, if that 
boundary is well-defined; i.e., if there is an 
appreciable change in ionization within a rela
tively short interval of distance. For waves 
approaching the layer at or near the perpendic
ular, the change in ionization must take place 
within a difference in height comparable to the 
wavelength, hence reflection is more apt to 
occur at longer wavelengths (lower frequencies). 

Critical frequency - When the frequency ia 
low enough, a wave sent vertically upward to 
the ionosphere will be bent sufficiently to re
turn to the transmitting point. The highest 
frequency at which this occurs, for a given 
state of the ionosphere, is called the critical 

frequency. It serves as an index for transmis
sion conditions, although it is not the highest 
meful frequency since waves which enter the 
ionosphere at smaller angles than 90 degrees 
(vertical) will be bent suffir.iently to return to 
earth. The maximum usable frequency, for 
waves leaving the earth at very small angles 
to the horizontal, is in the vicinity of three 
times the critical frequency. 

Besides being directly observable, the critical 
frequency is of more practical interest than 
ionization density because it includes the 
effects of absorption as well as refraction. 

Virtual height - Although a layer is a re
gion of considerable depth, it is convenient to 
&88ign to it a definite height, called the virtual 
height. The virtual height is the height from 

;(daal 
Neli¥} 

Fi,. 902 - Bending in the ionoepbere and method of 
determining virtual height. 

which a pure reflection would give the same 
effect as the refraction which actually takes 
place. This is illustrated in Fig. 902. The wave 
traveling upward·is bent back over a path hav
ing.&ppreciable radius of turning, and a meas
urable interval of time is consumed in the turn
ing process. The virtual l!eight is then the 
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height of the triangle formed as shown, having 
equal sides of a total length equivalent to the 
actual time taken for the wave to travel from 
TtoR. 

The E layer - The lowest normally-useful 
layer is called the E layer. Its average height 
(maximum ionization) is about 70 miles. The 
ionization density is greatest around local 
noon, and the layer is only weakly ionized at 
night when the radiation from the sun is not 
present. This is because the air at this height 
is sufficiently dense so that free ions and elec
trons very quickly meet and recombine. 

The F, F, and Ji', layers - The second prin
cipal layer is tho F, which is at a height of about 
175 miles at night. In this region the a.ir is so 
thin that recombination of ions and electrons 
takes place very slowly, since the particles can 
travPl relatively great distances before meeting. 
The ionization decreases after sundown, reach
ing a minimum just before sunrise. In the day
time the F layer splits into two layers, the Fi 
and F2, at average virtue.I heights of about 140 
m.iles for the Fi and around 200 miles for the F2. 
These are most highly ionized at about local. 
noon, and merge again at sunset into the F 
layer. 

mean values, since the ionization also varies 
with the W-year sunspot cycle, being higher 
during times of greatest sunspot activity. Criti
cal frequencies are highest during sunspot 
maxima and lowest during sunspot minima. 
The E critical frequency does not change 
greatly, but the F and F2 critical frequencies 
change in a ratio of about 2 to 1. 

Magnetic st.orms and other disturbances 
- Unusual disturbances in the earth's mag
netic field (magnetic storms) usually are ac
companied by disturbances in the ionosphere, 
when the layers apparently break up and ex
pand. There is usually also an increase in ab
sorption during such a period. Radio transmis
sion is poor and there is a. drop in critical fre
quencies so that lower frequencies must be 
used for communication. A storm may la.st for 
several days. 

Unusually high ionization in the region of 
the atmosphere below the normal ionosphere 
may increase absorption to such an extent that 
sky-wave transmission becomes impossible on 
high frequencies. The length of such a disturb
ance may be several hours, with a gradual fall
ing off of transmission conditions at the begin
ning and an equally gradual building up at the 
end of the period. Fad.eoms, similar to the above 
in effect, are caused by sudden disturbances on 
the sun. They are characterized by very rapid 
ionization, with sky-wave transmission dis
appearing almost instantly, occur only in 
daylight, and do not last as long as the first type 
of absorption. 

Sea3onal e.fJecu - In addition to day and 
night variations, there are also seasonal changes 
in the ionosphere as the quantity of radiation 
received from tho sun changes. Thus the E 
layer has higher critical frequencies in the sum
mer (about 4 Mc., average, in daytime) than 
in the winter, when the critical frequency is 
near 3 Mo. The F layer shows little variation, 
the critical frequency being of the order of 4 to •8-4 THE SKY WAVE 

5 Mc. in the evening. The Fi layer, which has a 
critical frequency in the neighborhood of 5 
Mc. in summer, usually disappears in winter. 
The critical frequencies are highest in the Ft 
layer in winter (11 to 12 Mc.) and lowest in 
summer (around 7 Mc.). The virtual height of 
the Fi layer is also less in winter (around 
185 miles) than in summer (average 250 miles). 

In the spring and fall a transition period 
occurs, and conditions in the ionosphere are 
more variable at these times of the year. 

Sunspot cycles - The critical frequencies 
m_entioned in the preceding paragraph are 

,� ,, 

Wave angle (angle of radiation) -The 
smaller the angle at which the wave leaves 
the earth, the smaller the bending required 
in the ionosphere to bring it back and, in gen
eral, the greater the distance between tho point 
where it leaves the earth a.nd that at which it 
returns (§ 9-3). This is shown in Fig. 903. The 
vertical angle which the wave makes with a 
tangent to the earth is called the wave angle, or 
angle of radiation, the latter term being used 
!Dore in connection with transmitting than 
receiving. 

Skip diatarn!e - Since more bending is re-

¢.-·ti �r :'::,;;:,:::, ,;,,, ·, · ·.·. · .,,, '·,;,:,. 
..J-°"' 
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Fig. 903 - Refraction of aky waves, 
1bowin1 critical wave angle and 1icip •one • 
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quired to return the wave to earth when the 
wave angle is high, it is found that at high fre
quencies the refraction frequently is not great 
enough to give the required bending unless 
the wave angle is smaller than a certain angle 
called the critical angle. This is shown in Fig. 
903, where wave angles A and lower give useful 
signals, but waves sent at higher angles travel · 
through the layer and do not return. The dis
tance between T and R1 is therefore the short
est possible distance over which sky-wave com
munication can be carried on. The area be
tween the end of the useful ground wave and 
the beginning of sky-wave reception is called 
the skip zone. The skip distance depends upon 
the frequency and the state of the ionosphere 
and is greater the higher the transmitting fre
quency and the lower the critical frequency 
(§ 9-3). It also depends upon the height of the 
layer in which the refraction takes place, the 
higher layers giving longer distances for the 
same wave angle. The wave angles at the trans
mitting and receiving points are usually, 
although not necessarily, approximately the 
sam<' for a given wave path. 

It is readily possible for the sky wave to 
pass through the E layer and be refracted back 
to earth from the F, · F1 or F2 layers. This is 
because the critical frequencies are higher 
in the latter layers, so that a signal too high in 
frequency to be returned by the E layer can 
still come back from the Fi, F'2 or F, depending 
upon the time of day and the conditions exist
ing. Depending upon the wave angle and fre
quency, it is also possible to have communica
tions via either the E or F1-F2 layers on the 
same frequency. 

Multi-hop transmission - On returning to 
earth the wave can be reflected (§ 9-1) up
ward and travel again to the ionosphere where 
refraction once more takes place, again with 
bending back to the earth. This process, which 
can be repeated several times, is necessary for 
transmission over great distances because of 
the limited heights of the layers and the curva
ture of the earth, since at the lowest useful 
wave angles (of the order of a few degrees, 
waves at smaller angles generally being ab
sorbed rapidly at high frequencies by being in 
contact with the earth) the maximum one-hop 
distance is about 1250 miles with refraction 

Fi,. 904 - Multi-hop traoomiasion. 

Wav11 Propa'Jalion 

· from the E layer, and around 2500 miles from 
the F2 layer. Ground losses absorb some of the 
energy from the wave on reflection, the amount 
of loss varying with the type of ground and 
being least for reflection from sea water. When 
the distance permits, it is better to have one 
hop rather than several, since the ·multiple re
flections introduce losses which are higher than 
those caused by the ionosphere. 

Multi-hop transmission is shown in Fig. 904, 
two- and three-hop paths being indicated. 

FodinB - Two or more parts of the wave 
may follow slightly different paths in traveling 
to the receiving point, in which case the dif
ference in path lengths will cause a phase 
difference to exist between the wave compo
nents at the receiving antenna. The field 
strength may therefore have aAy value be
tween the numerical sum of the components 
(when they are all in phase) and zero (when 
there are only two components and they are 
exactly out of phase). Since the paths change 
from time to time this causes a variation in 
signal strength called fading. Fading can also 
result from the combination 'of single-hop 
and multi-hop waves, or the combination of a 
ground wave and sky wave. The latter condi
tion gives rise to an area of severe f acting near 
the limiting distance of the ground wave, better 
reception being obtained at both shorter and 
longer distances where one component or 
the other is considerably stronger. Fading may 
be rapid or slow, the former type usually re
sulting from rapidly changing conditions in the 
ionosphere, the latter occurring when trans
mission conditions are relatively stable. 

e 9-15 ULTRA-RIGB-FRl!QUENC'I' 
PROPAGATION 

Direct ray - In the ultra-high frequency 
part of the spectrum (above 30 megacycles) the 
bending of the- waves in the normal ionosphere 
layers is so slight that the sky wave (§ 9-4) does 
not ordinarily play any part in communica
tion. The ground-wave (§ 9-2) range also is ex
tremely limited because of high absorption in 
the ground at these frequencies. Normal u.h.f. 
transmission is by means of a direct ray, or 
wave traveling directly from the transmitter 
to the receiver through the atmosphere. Since 
the energy lost in ground absorption by a wave 
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traveling close to the ground decreases very . 
rapidly with its height in wavelengths above 
ground, an ultra-high-frequency wave can be 
relatively close (in physical height) to the 
ground without suffering the absorption effects 
which would occur at the same physical heights 
on lon,er wavelengths. 

Since the wave travels practically in a 
straight line, the maximum signal strength can 
be obtained only when the.re is an unobstructed 
atmospheric path between the transmitter and 
receinr. This means that the transmitting and 
receiving points should be sufficiently high to 
provide such a path, a!,ld on long paths the 
cu"ature of the earth must be taken into 
account as well as the inwrvening terrain. 

Reflected ray-In addition to the direct ray, 
part of the wave strikes the ground between 
the transmitter and receiver and is reflected 
upward at a slight angle to produce a refl� 
ray component at the receiver. This is shown in 
Fig. 905. The reflected ray is more or le88 out 
of phase with. the direct ray, hence the net 
field strength at the receiving point is less 
than that of the direct ray alone. The cancel
ing effect of the reflected ray depends upon 
the heights of the transmitter and receiver 
above the point of reflection, the ground losees 
when reflection takes place, and the frequency, 

F�. 905 -Direct and reflected wnea in u.h.f. tr&DI• 
miNion. 

decreasing with an increase in any of these 
factors. 

Atmo6pheric refraction - There is nor-. 
mally some change in the refractive index of 
the air with height above ground, its nature 
being such as to cause the waves to bend 
slightly towards the ground. Where curvature 
of the earth must be considered, this has the 
effect of lengthening the distance over which 
it is poseible to transmit a direct ray. It is 
convenient to consider the effect of this " nor
mal " refraction as equivalent to an increase 
in the eanh's radius in determining the tran&
mitting and receiving heights necessary to pro
vide a clear path for the wave. The equivalent 
radius, taking refraction into account, is 4/3 
the actual radius. 

Ran8e m. height -The height required to 
provide a clear path ("line of sight") over level 
ground from an elevated transmitting poin• 
to a receiving point on the surface, not includ
ing the effect of refraction, is 

d2 
h -=  1.51 
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Fi1. 906 -Chart for determinin1 line-ol-eight dio
tance for u.h.f. traaemiaaion. Solid line includN efl'oct of 
refraction, dotted line i1 the optical di.ttance. 

where h is the height in feet and d the dist.nee 
in miles. Conversely, the line of sight dimnce 
in miles for a given height in feet is equal to 
1.23-vli. Taking refraction into account, the 
latter equation becomes l.41,v1i. The graph 
of Fig. 906 gives the answer directly when one 
quantity is known. 

When transmitter and receiver are both ele
vated the maximum direct ray distanoe M> 
ground level as given by the formula.s can be 
determined separately for each. Adding the 
two distances so obtained together will give 
the maximum distance by which they can be 
separated for direct-ray communication. Thia 
is shown in Fig. 907. 

Diffraction - At distances beyond the 
direct-ray path, the wave is diffracted around 
the curvature of the earth. The diffracted 
wave is attenuated very rapidly, so that be
yond the maximum direct-ray distance the 
signal strength decreases considerably fut.er 

Fl1. 907 -Method of determiniar total line-of-eisbt 
distance when both tcanamitter and ..,.,.,;.,er are ele
Yated. Since only earth cu"atun, i1 taken into aceoant 
in Fig. 906, irregularitiea in the pound betwem the 
tranamitting and ..,.,.,;.,in, point& mnat be ,-aidered 
for each actual patJa. 



with distance than it does within the direct
ray pe.th. 

e .... TKOPOSPBEllB RIKFRACTION 

Temperature inveraioru - The refractive 
index of the lower atmosphere depends prin
cipally upon the temperature, moisture con
tent and pressure. Of the three, only tempera
ture differences cause a large enough change 
in refractive index to refract ultra-high fre
quency waves in such a way as to extend the 
distance range beyond the normal direct-ray 
and diffracted-wave ranges discussed in the 
preceding section. This oc11urs when there is a 
"temperature inversion, "  or a layer of warm 
air over cooler air near the ground. Tempera
ture inversions are relatively frequent in the 
summer, and usually occur at heights from a 
few thousand feet to two miles or 80 above the 
ground. 

Lower atmoaphere bending - When there 
is a sufficiently marked temperature inver
sion; i.e., a rapid rise of temperature with 
height, a wave is refracted back to earth in 
much the same way as in the ionosphere, al
though the cause of the change in refractive 
index is different. The amount of bending is 
small compared to the bending in the iono
sphere. Consequently the wave angle (§ 9-4) 
must be quite low (zero or nearly so), but since 
the bending takes place at a low altitude it is 
possible to extend the range of u.h.f. signals 
to several hundred miles when both transmitter 
and receiver are well below the line of sight. 

Fig. 908 illustrates the conditions existing 
when the air is "normal" and when a tempera
ture inv&sion is present. Since the bending 
is relatively small, it is advantageous to have 
as much height as possible at both the receiv
ing and transmitting points, even though these 
heights may be considerably less than those 
necessary for "line of sight " transmission. 

Frequency ejfect8 -The amount of bend
ing is greater at longer wavelengths · (lower 
frequencies) but is not usually observed at fre
quencies much below 28 Mc., partly because it 
is masked by other effects. The upper limit of 
frequency at which useful bending ceases is 
not known, but transmission by this means is 
frequent on 56 and 112 Mc. 

e 9-7 SPORAltlC:-B IONIZATION 

Deacription - Under certain conditions 
small regions or "patches" of unusually dense 
ioniz.ation may appear in the E layer of the 
ionosphere, for reasons not yet clearly under
stood. This is known as sporadic E ionization, 
and the change in refractive index in such a 
patch or cloud is frequently great enough to 
cause waves having frequencies as high as 
60 Mc. to be bent back to earth. The dimen
sions of a sporadic E cloud are relatively small, 

TEMPERATURE INVERSION 

Fi,. 908 - Effect o{ a temperature invenion in ex• 
tending the range o{ u.b.f. siroals. 

hence communication by means of it is re
stricted to transmitting and receiving locali
ties so situated with respect to the cloud and to 
each other that a refracted wave path is 
possible. 

The abnormal ionization usually disappears 
in the course of a few hours. Sporadic E ioniza
tion is more frequent in the summer than win
ter, and may occur at any time of the day or 
night. 

Trarumisaion charocteristics - Sporadic E 
refraction me.y take place at all frequencies 
up.to the region of 60 megacycles. At the pres
ent ti.me there are no known cases of such 
refraction on 112 Mc. When sporadic E ioniza
tion is present, skip distance is greatly reduced 
(when a wavepath via the cloud is possible to 
a given receiving location) on the frequencies 
where transmission is normally by means of the 
F, F1 and F2 layers; that is, from about 3.5 
to 30 megacycles at night. The skip zone me.y 
in fact disappear entirely over most of the 
high-frequency spectrum, since the critical 
frequencies me.y rise to as high aa 12 Mc. for 
sporadic E. 

At ultra-high frequencies the bending is rela
tively small compared to lower frequencies, and 
only wave angles of the order of 5 degrees 
and less are useful in most cases. The trans
mitting and receiving . points thus must be 
sufficiently distant from the cloud to enable 
a wave leaving the transmitter at such angles 
to strike it, and the cloud should be approxi
mately on, and near the center of, the line 
joining the transmitter and receiver. Unless the 
ionization is extremely intense, the minimum 
distance of transmission on 56 Mc. is of the 
order of 800 miles and the maximum distance 
about 1250 miles. 

Multi-hop transmission by means of two 
sporadic E clouds properly situated with re
spect to a transmitter and receiver is possible, 
but rather rare. Distances up to 2500 miles or 
80 have been attained on 56 Mc. by this means. 
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CHAPTER T E N  

et0-1 ANTENNA PROPERTIES 

Wave propagation and antenna design -
For most effective transmission, the propaga
tion characteristics of the frequency under 
consideration must be given' due consideration 
in selecting the type of antenna to use. These 
have been discussed in Chapter 9. On some 
frequencies the angle of radiation and polariza
tion may be of relatively little importance; on 
others. they may be all-important. On a given 
frequency, the type of antenna best suited for 
long-distance transmission may not be as 
good as a different type for shorter-range 
work. 

The important properties of an antenna or 
antenna system are its polarization, angle of 
radiation, impedance, and directivity. 

Polarization - The polarization of a 
straight-wire antenna is its position with re
spect to the earth. That is, a vertical wire 
transmits vertically polarized waves and a 
horizontal ant,enna generates horizontally 
polarized waves (§ 9-1). The wave from an 
antenna in a slanting position contains both 
vertical and horizontal components. 

Angle of radiation - The wave angle 
( § 9-4) at which an antenna radiates best ii! 
determined by its polarization, height above 
ground, and the nature of the ground. Radia
tion is not all at one well-defined angle, but 
rather is dispersed over a more or less large 
angular region, depen1ling upon the type of 
antenna. The angle is measured in a vertical 
plane with respect to a tangent .to the earth 
at the transmitting point. 

Impedance - The impedance ( § 2-8) of the 
antenna at any point is the ratio of voltage to 
current at that point. It is important in con
nection with feeding power to the antenna, 
since it constitutes the load resistance repre
sented by the antenna. At high frequencies 
it consists chiefly of radiation resistance 
(§ 2-12). It is understood to be measured at a 
current loop ( §  2-12) unless otherwise speci
fied. 

Directivity - All antennas radiate more 
power in certain directions than in others. 
This characteristic, called directivity, must be 
considered in three dimensions, since direc
tivity exists in the vertical plane as well as in 
the horuontal plane. Thus the directivity of 
the antenna will affect the wave angle as well 
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as the actual compass directions i n  which 
maximum transmission takes place. 

Current - The field strength produced by 
an antenna is proportional to the current flow
ing in it. Since standing waves are generally 
present on an antenna, the parts of the wire 
carrying the higher current therefore have the 
greatest radiating effect. 

Power gain - The ratio of power required 
to produce a given field strength with a "com
parison" antenna., to the power required to 
produce the same field strength with a specified 
type of antenna. is called the power gain of the 
latter antenna. It is used in connection with 
antennas intentionally designed to have direc
tivity, and is measured in the optimum direc
tion of the antenna under test. The comparison 
antenna is almost always a half-wave antenna 
having the same polarization as the antenna 
under consideration. Power gain is usually 
expressed in decibels ( § 3-3). 

et0-2 RALF-WAVE ANTENNA 

Physical and electrical length - The fun
damental form of antenna. is a single wire 
whose length is approximately equal to half 
the transmitting wave-length. It is the unit 
from which many more complex forms of an
tennas are constructed. It is sometimes known 
as a Hertz or doublet antenna. 

The length of a half wave in space is 

492 
length (feet) = F (M ) 

(1) 
req. c. 

The actual length of a half-wave antenna 
will not be exactly equal to the half wave
length in space but is usually about 5% less, 
because of capacitance at the ends of the wire 
(end effect). The reduction factor increases 
slightly as the frequency is increased. Under 
average conditions, the following formula will 
give the length of a. half-wave antenna to suffi
cient accuracy, for frequencies up to 30 Mc. 

Length of half-wave antenna (/eel) 
492 X 0.95 488 

Freq. (Mc.) Freq. (Mc.) 
(2) 

At 56 Mc. and higher frequencies the some
what larger end effects cause a. slightly greater 
reduction in length, so that for these frequen
cies, 



Length of half-wave antenna (feet) 
492 X 0.94· 462 

Freq. (Mc.) Freq. (Mc.) 
. 5540 or length (inches) = 

F (M ) req. c. 

(3) 

(4) 

Current and voltage distribution - When 
power is fed to such an antenna the current an,d 
voltage vary along its length (§  2-12). The 
distribution, which is practically a sine curve, 
is shown in Fig. 1001. The current is maximum 
at the center and nearly zero at the ends, 
while the opposite is true of the r.f. voltage. ' 

Fis. 1001 -Current aod voltage distribution on a 
haJf .. �·ave antenna. 

The current does not actually reach zero at the 
current nodes, (§ 2-12) because of the end 
effect; similarly, the voltage is not zero at its 
node because of the resistance of the antenna, 
which consists of both the r.f. resistance of the 
wire (ohmic resistance) and the radiation re
sistance (§ 2-12). URually the ohmic resistance 
of a half-wave antenna is small enough, in 
comparison with the radiation resistance, to 
be neglected for all practical purposes. 

Impedance - The radiation resistance of a 
half-wave antenna in free space - that is, 
sufficiently removed from surrounding objects 
so that they do not affect the antenna's charac
teristics - is 73 ohms, approximately. The 
value under practical conditions will vary with 
the height of the antenna, but is commonly 
taken to be in the neighborhood of 70 ohms. It 
is pure resistance, and is measured at the center 
of the antenna. The impedance is minimum at 
the center, where it is equal to the radiation 
resistance, and increases toward the ends 
(§ 10-1). The end value will depend on a num
ber of factors such as the height, physical con
struction, and the position with respect to 
ground. 

Conductor size - The impedance of the 
antenna also depends upon the diameter of the 
conductor in relation to its length. The figures 
above are for wires of practicable sizes. If the 
diameter of the conductor is made large, of the 
order of 1 % or more of the length, the imped
ance at the center will be raised · and the im
pedance at the ends decreased. This increase in 
center impedance (of the order of 50% for a 
diameter/length ratio of 0.025) is accompanied 
by a decrease in the Q ( §  2-10, 2-12) of the 
antenna, so that the resonance curve is less 
aharp. Hence the antenna is capable of working 

over a wider frequency range. The effect . is 
greater as the diameter/length ratio is in
creased, and is a property of some importance 
at ultra-high frequencies where the wavelength 
is small. 

Radiation characteristic& - The radia
tion from a half-wave antenna is not uniform 
in all directions but varies with the angle 
with respect to the axis of the wire. It is most 
intense in directions at right-angles to the wire, 
and zero along the direction of the wire it
self, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 1002, 
which represents the radiation pattern in free 
space. The relative intensity of radiation is pro
portional to the length of a line drawn from the 
center of the figure to the perimeter. If the an
tenna is vertical, as shown in the figure, then 
the field strength (§ 9-1) will be uniform in all 
horizontal directions; if the antenna is hori
zontal, the relative field strength will depend 
upon the direction of the receiving point with 
respect to the direction of the antenna wire. 

elo-3 GROUND EFFECl'S 
'Reflection - When the antenna is near the 

ground the free-space pattern of Fig. 1002 
is modified by reflection of radiated waves 
from the ground, so that the actual pattern is 
the resultant of the free-space pattern and 
ground reflections. This resultant is dependent 
upon the height of the antenna,-its position or 
orientation with respect to the surface of the 
ground, and the electrical characteristics of the 
ground. The reflected waves may be in such 
phase relationship to the directly-radiated 

Fig. 1002 - Free-opace radiation pattern of hall• 
wave antenna. The antenna is shown in the vertical 
J)06ition. This is a cross-aection of the solid pattern de
scribed by the figure when rotated on its axis (the an
tenna). The "doughnut" form of the solid pattern can 
easily be visualil:ed by imagining the drawing glued to 
cardboard, with a short length of wire fastened on to 
represent the antenna. Then twirling the wire will give a 
visual representation of the solid pattern. 

waves that the two completely reinforce each 
other, or the phase relationship may be such 
that complete cancellation takes place. All 
intermediate values also are possible. Thus the 
effect of a perfectly-reflecting ground is such 
that the original free-space field strength may 
be multiplied by a factor which has a maximum 
value of 2, for complete reinforcement, and 
having all intermediate values to zero, for 
complete cancellation. Since waves are always 
reflected upward from the ground (assuming 
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that the surface is fairly level) these reflections_ 
only affect the radiation pattern in the vertical 
plane - that is, in directions upward from the 
earth's surface - and not in the horizontal 
plane, or the usual geographical directions. 

Fig. 1003 shows how the multiplying factor 
varies with the vertical angle for several 
representative heights for horizontal antennas. 
As the height is increased the angle at which 

, complete reinforcement takes place is lowered 
w;itil it occurs at a vertical angle of 15 degrees 
for a height equal to one wavelength. At still 
greater heights not shown on the chart the 
first maximum will_ occur at �till smaller angles. 
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Yi,. 1003- Effeet of ground on radiation at vertical 
anglee for four antenna beigbu. Thia chart applies ool1 
to boruootal antennas, and ia baaed on perfectly con• 
ducting ground. 

When the half-wave antenna is vertical the 
maximum and minimum points in the curves 
of Fig. 1003 exchange positions, so that the 
nulls become maxima, and vice versa.." In this 
case, the height is taken as the distance from 
ground to the center of the antenna. 

Radiation angle - The vertical angle, or 
angle of radiation, is of primary importance, 
especially at the higher frequencies ( § 9-4, 9-5). 
It is therefore advantageous to erect the an
tenna at a height which will take advantage of 
ground .reflection in such a way as to reinforce 
the space radiation at the most desirable angle. 
Since low radiation angles usually are desirable, 
this generally means that the antenna should 
be high; at least ½ wavelength at 14 Mc. and 
preferably ¾ or 1 wavelength; at least 1 wave
length and preferably higher at 28 Mc. and the 
ultra-high frequencies. The physical height de
creases as the frequency is increased so that 
good heights are not impracticable; a half 
wavelength at 14 Mc. is only 35 feet, approxi
mately, and the same height represents a full 
wavelength at 28 Mc. At 7 Mc. and lower, 
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the higher radiation angles are effective so 
that again a reasonable antenna height is 
not difficult of attainment. Heights between 
35 and 70 feet are suitable for all bands, the 
higher figures generally being preferable if 
circumstances perm.it their use. 

Imperfect ground - Fig. 1003 is based on 
a ground having perfect conductivity, which is 
not met with in practice. The principal effect of 
actual ground is to make the curves inaccurate 
at the lowest angles; appreciable high-frequency 
radiation at angles smaller than a few degrees 
is practically impossible to obtain at heights of 
less than several wavelengths. Above 15 de
grees, however, the curves are accurate enough 
for all practical purposes, and may be taken as 
indicative of the sort of result to be expected 
at angles between 5 and 15 degrees. 

The effective ground plane - that is, the 
plane from which ground reflections can be 
considered to take place - seldom is the actual 
surface of the ground but is a few feet below it, 
depending upon the character of the soil. 

Impedance- Waves which are reflected 
directly upward from the ground induce a 
current in the antenna in passing and, depend
ing on the antenna height, the phase relation
ship of this induced current to the original 
current may be such as either to increase or 
decrease the total current.in the antenna. For 
the same power input to the antenna, an in
crease in current is equivalent to a decrease in 
impedance, and vice versa. Hence the im
pedance of the antenna varies with height. 
The theoretical curve of variation of radiation 
resistance for an antenna above perfectly
reflecting ground is shown in Fig. 1004. The 
impedance approaches the free-space value as 
the height becomes large, but at low heights 
may differ considerably from it. 

Choice of polarisation - Polarization of 
the transmitting antenna is generally unimpor
tant on frequencies between 3.5 and 30 Mc. 
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However, the question of whether the antenna 
should be installed in a horizontal or vertical 
position deserves consideration on other 
counts. A vertical half-wave antenna will radi
ate equally well in all horizontal directions, so 
.that it is substantially non-directional in the 
usual sense of the word. If installed horizon
tally, however, the antenna will tend to show 
directional effects, and will radiate best in the 
direction at right-angles, or broadside, to the 
wire. The radiation in such a case will be least 
in the direction toward which the wire points. 
This can be seen readily by imagining that Fig. 
1002 is lying on the ground and that the pat
tern is looked at from above. 

The vertical angle of radiation also will be 
affected by the position of the antenna. If it 
were not for ground losses at high frequenoies, 
the verticnl half-wave antenna would be pre
ferred because it would concentrate the radia
tion horizontally. Practically, this theoretical 
advantage over the horizontal antenna is of 
little or no consequence. 

At 1. 75 Mc. vertical polarization will give 
more low-angle radiation, and hence is better 
for long-distance transmission; at this fre
quency the ground wave also is useful and must 
be vertically polarized. On ultra-high frequen
cies, direct-ray and lower troposphere trans
mission require the same type of polarization 
at both receiver and transmitter,· since the 
waves suffer no appreciable change in polariza
tion in transmission ( § 0-5, 0-6). Either vertical 
or horizontal polarization may be used, the 
latter being slightly better for longer distances. 

Effective radia tion patte rn& - In deter- · 
mining the radiation pattern it is necessary to 
consider radiation in both the horizontal and 

Fig. 1005 - Illu&trating the 

() 
importance of vertical angle of 

• 

c 
radiation in determining antenna 
directional effeeta. Groood re-
8eetioo is neglected in two 
drawing. 

vertical planes. When the half-wave antenna is 
vertical, the vertical angle of radiation chosen 
does not affect the shape of the horizontal pat
tern, but only its relative amplitude. When the 
antenna is horizontal, however, both the shape 
and amplitude are dependent upon the angle of 
radiation chosen. 

Fig. 1005 illustrates this point. The "free
epace " pattern of the horizontal antenna 
ehown is a section cut vertically through the 
eolid pattern. In the direction OA, horizontally 
a.long the wire axis, the radiation is zero. At 
eome vertical angle represented by the line 
OB, however, the radiation is appreciable, 

despite the fact that this line runs in the aa?M 
geographical direction as OA. At some higher 
angle OC the radiation, still in the same geo
graphical direction, is still more intense. The 
effective radiation pattern therefore depends 

Fig. 1006 - Honwntal pattern of a honwntal half. 
wave antenna at three vertical radiation angles. Solid 
line is relative radiation al 15 degreeo. Dotted lineo show 
deviation from the 15-<legree pattern, for angles .of 9 
and 30 derrees. The patterns arc useful for obapc: only, 
since the amplitude will d,peod upon the hc;gbt of the 
antenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the tame scale, but this doe& not mean that the maxi
mum amplitudes nece88arily are the same. The arrow 
indicates the direction of the antenna wire. 

upon the angle of radiation most useful and 
for long-distance transmission is dependent 
upon the conditions existing in the ionosphere. 
These conditions may vary not only from day 
to day and hour to hour, but even from minute 
to minute. Obviously, then, the effective direc
tivity of the antenna will change along with 
transmission conditions. 

At ultra-high frequencies, where only ex
tremely low angles are useful for any but 
sporadic-E tran8mission ( § 0-7) the effective 
radiation pattern of the antenna approaches 
the free-space pattern. A horizontal antenna 
therefore shows more marked directive effects 
than it does at lower frequencies, on which high 
radiation angles are effective. 

Theoretical horizontal-directivity patterns 
for half-wave horizontal antennas at vertical 
angles of 9, 15, and 30 degrees (representing 
average useful angles at 28, 14 and 7 Mc. 
respectively) are given in Fig. 1006. At inter
mediate angles the values in the affected re
gions also will be intermediate. Relative field 
strengths are plotted on a decibel scale ( § 3-3) 
so that they represent as nearly as possible the 
actual aural effect at the receiving station. 
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e 19-4 APPi. 'l'ING POWER TO TIIE 

ANTENNA 

Direct excitation - When power is trans
ferred directly from the source to the radiating 
antenna, the antenna is said to be directly 
excited. While most of the coupling methods 
(§ 2-11) may be used, the more common ones 
are shown in Fig. 1007. Power is usually fed 
to the antenna at either a current or voltage 
loop (§  10-2). If at a current loop, the coupling 
is called current feed; if at a voltage loop, it is 
called voltage feed. 

Current feed - This is shown in Fig. 
1007-A. The antenna is cut at the center and a 
small coil coupled to the output tank circuit 
of the transmitter, with adjustable coupling 
so that the transmitter loading can be con
trolled. Since the addition of the coil " loads" 
the antenna, or increases its effective length 
because of the additional inductance, the series 
condensers C1 and C2 arc used to provide 
electrical means for reducing the length to its 
original unloaded value; in other words, to 
cancel the effect of the inductive rcactancc 
( § 2-10). 

Voltage feed - In Fig. 1007 at B and C 
the power is introduced into the antenna at a 
point of high voltage. In B the end of the an
tenna is coupled to the output tank circuit 
through a small condenser; in C a separate 
tank, connected directly to the antenna, is 
used. This tank is tuned to the transmitter 
frequency and should be grounded at one end 
or at the center of the coil, as shown. 

Adi=tment of coupling - Methods of 
tuning and adjustment correspond to those 
used with transmission.lines and are discussed 
in § 10-6. 
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Fig. 1007 - Methods of direct feed to the half-wan 
antenna. A, current feed, 11eriee tuning; B, voltage feed, 
capacity coupling; C. voltage feed with inductively 
coupled antenna tank. In A, the coupling apparatus is 
nnt included in the antenna length. 
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Di.8advantages of direct excitation - Di
rect excitation is seldom used except on the 
lowest amateur frequencies because it involves 
bringing the antenna proper into the operating 
room and hence into close relationship with 
the house and electric wiring. This usually 
means that some of the power is wasted in 
boating poor conductors in the field of the an
tenna.. Also, it usually means that the shape of 
the antenna must be distorted so that the ex
pected directional effects are not realized, and 
likewise means that the height is limited. For 
these reasons, in high-frequency work prac
tically all amateurs use transmission lines or 
feeder systems which permit putting the an
tenna in a desirable location. 

e 10-:i TRANSMISSION L11'"E.S 

Requirements - A transmission line is used 
to transfer power, with a minimum of loss, 
from its source to the device in which the power 
is to ho usefully expended. At radio frequen
cies, where overy wire carrying r.f. current 
tends to radiate energy in the form of olectro
magnetic waves, special design is necessary to. 
minimize radiation and thus cause as much as 
possible of the power to be delivered to the 
receiving end of the line. 

Radiation can be minimized by using a line 
in which the current is low, and by using two 
conductors carrying currents of equal magni
tudes but opposite phase so that the fields 
about the conductors cancel each other. For 
good cancellation of radiation the two conduc
tors should be parallel and quite close to each 
other. 

Types - The most common form of trans
mis3ion line consists of two parallel wires, 
maintained at a fixed spacing of two to six 
inches by insulating spacers or spreaders at 
suitable intervals (open-wire line). A second 
type consists of rubber-insulated wires twisted 
together to form a flexible line without spacers 
(twisted-pair line). A third uses a wire inside 
and coaxial with a tubing outer conductor, 
separated from the outer conductor by insu
lating spacers or " beads" at regular intervals 
(coaxial or concentric line). A variation of this 
type uses solid rubber insulation between the 
inner and outer conductors, the' latter usually 
being made of metal braid rather than solid 
tubing so that the line will be flexible. Still 
another type of line uses a single wire alone, 
without a second conductor (ringle-wire feeder) ; 
in this case radiation is minimized by keeping 
the line current low. 

Spacing of two-wire lines - The spacing 
between wires of an open-wire line should be 
small in comparison to the operating wave
length to prevent appreciable radiation. At 
the same time it is impracticable to make 
the spacing too small because when the wires 



swing with respect to each other in a wind the 
line constants ( § 2-12) will vary and thus 
cause a variation in tuning or loading on the 
transmitter. It. is also desirable to use as few 
insulating spacers as possible to keep the 
weight of the line to a minimum. In practice 
a spacing of about six inches is used for 14 Mc. 
and lower frequencies, with four and two inch 
spacing being common on the ultra-high fre
quencies. 

Balance to ground - For maximum can
cellation of the fields about the two wires it 
is necessary that the currents be equal in 
amplitude and opposite in phase. Should the 
capacity or inductance-per unit length in one 
wire differ from that in the other this condition 
cannot be fulfilled. Insofar as the line itself is 
concerned, the two wires will have identical 
characteristics only when the two have exactly 
the same physical relationships to ground and 
to other objects in the vicinity. Thus the line 
should be symmetrically constructed and the 
two wires should be at the same height. Line 
unbalance can be minimized by keeping the 
line as far above ground and as far from other 
objects as possible. 

To overcome unbalance the line is sometimes 
transposed, which means that the positions of 
the wires are interchanged at regular intervals 
(Fig. 1008). This is more helpful on long than 

_ __,X,____--JX ___ _ 
Fig. 1008 - Method of transJ)08ing a two-wire open 

transmission l.ioe to preserve balance to ground and 
aearby objocts. 

on short lines, and usually need not be re
sorted to for lines less than a wavelength or 
two long. 

Characteristic impedance - The square 
root of the ratio of inductance to capacity 
per unit length of the line is called the char� 
to-istic or aurge impedance. It is the impedance 
which a long line would present to an electrical 
impulse induced in the line, and is important 
ill determining the operation of the line in 
amjunction with the apparatus to which it is 
•nnected. 

The characteristic impedance of air-insu
lated transmission lines may be calculated from 
Ille following formulas : 

ollel-conductor line 

Z = 276 log £  
a (5) 

e Z is the surge impedance, b the spacing, 
ter to center, and a the radius of the con

r. The quantities b and a must be meas
in the same units (inches, etc.). Surge 

oe as a function of spacing for lines 

using conductors of different size is plotted in 
chart form in Fig. 1009. 
Coaxial or concentric line 

b 
Z = 138 lcg 

a 
(6) 

where Z again is the surge impedance. In this 
case b is the inside diameter (not radius) of 
the outer conductor and a is the outside diam
eter of the inner conductor. The formula is true 
for air dielectric, and approximately so for a 
line having ceramic insulators so spaced that 
the major proportion of the in5ulation i5 air. 

When a solid insulating material is used be
tween the conductors the impedance decreases, 
because of the increase in line capacity, by the 
factor 1 /v'k, where k is the dielectric constant 
of the insulating material. 

The impedance of a single-wire transmission 
line varies with the size of the conductor, its 
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Fig. 1009 - Characteristic impedances of typical 
spaced-conductor trausaussiou Hues. Uae outBide 
diameter of tubiug. 

height above ground, and orientation with 
respect to ground. An average figure is about 
500 ohms. 

Electrical length - The electrical length 
of a line is not exactly the same as its physical 
length for reasons corresponding to the end 
effects in antennas. ( §  10-2). Spacers used to 
separate the conductors have dielectric con
stants larger than that of air, so that the waves 
do not travel quite as fs.st along a line as they 
would in air. The lengths of electrical quarter 
waves of various types of lines can be cal.cu
lated from the formula 
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Length (Jut) = 146 X V 
. (7) 

Freq. (Mc.) 
where V depends upon the ty� of line. For 
lines of ordinary construction, V is as follows: 
Parallel wire line V - 0. 975 
Parallel tubing line V = 0.95 
Concentric line (air-insulated) V = 0.85 
Concentric line (rubber-insu-

} lated) V - 0.56--0.65 
Twisted pair 

Input and output enda - The input end 
of a line is that connected to the source of 
power; the output end is that connected to the 
power-absorbing device. When a line connects 
a transmitter to an antenna, the input end is 
at the transmitter and the output end at tho 
antenna; with the same line and antenna con
nected to a receiver, however, the energy flows 
from the antenna to the receiver, hence the 
input end of the line is at the antenna and the 
output end at the receiver. 

Standing-wave ratio - The lengths of 
transmission lines used at radio frequencies 
are of the same order as the operating wave 
lengths and therefore standing waves of cur
rent and voltage may appear on the line 
(§ 2-12). The ratio of current (or voltage) at 
a loop to the value at a node (standing-wave 
ratio) depends upon the ratio of the resistance 
of the load connected to the output end of the 
line, or termination, to the characteristic im
pedance of the line itself. That is, 

z. z, 
. Standing-wave ratio .., - or - (8) 

z, z. 

where z. is the characteristic;: impedance of the 
line and z, is the terminating resistance, z, is 
generally ca11ed an impedance, . .  although it 
must be non-reactive and therefore corre
spond to a pure resistance for the line to oper
ate as described. This means that the load or 
termination, when an antenna, must be reso
nant at the operating·frequency. 

The formula is given in two ways because it 
is customary to put the larger n.umber in the 
numerator so that the ratio will not be frac
tional. As an example, a 600-ohm line termi
nated in a resistance of 70 ohms will have a 
standing wave ratio of 600/70, or 8.57. The 
ratio on a 70-ohm line terminated in a resist
ance of 600 ohms would be the same. This 
means that if the current as measured at a 
node is 0.1 amp., the current at a loop will be 
0.857 amp. 

A line terminated in a resistance equal to its 
characteristic impedance is equivalent to an 
infinitely long line, consequently there is 
no reflection ·and no standing waves appear. 
The standing . wave ratio therefore is 1. The 
input end of such a line appears as a pure re-

168 C H A P T E R  T E N  

sistance of a value equal to the characteristic 
impedance of the line. 

Reactonce, reaiatonce, impedance - The 
input end of a line may show reactance as well 
as resistance, and the values of these quantities 
will depend upon the nature of the load at the 
output end, the electrical length of the line, 
and the line characteristic impedance. The 
reactance and resistance are important in 
determining the method of coupling to the 
source of power. Assuming that the load at the 
output end of the line is purely resistive, which 
is- essentially the case since the load circuit is 
usually tuned to resonance, a line less than a 
quarter wavelength long electrically will show 
inductive reactance at its input terminals when 
the output termination is lest than the charac
teristic impedance, and capacitive reactance 
when the termination is higher than the 
characteristic impedance. If the line is more 
than a quarter wave but less than a halfwave 
long the reverse conditions exist. With still 
longer lengths the reactance characteristics 
reverse in each succeeding quarter wavelength. 
The input impedance is purely resistive if the 
line is an exact multiple of a quarter wave in 
length. The reactance at intermediate lengths 
is higher the greater the standing wave ratio, 
being zero for a ratio of 1. 

Impedance transformation - Regardless 
of the standing-wave ratio, the input imped
ance of a line a half-wave long electrically will 
be equal to the impedance connected at its 
output end. Such a line (the same thing is 
true of a line any integral multiple of a half
wave in length) can be considered to be a one
to-one transformer. However, if the line is a 
quarter-wave (or an odd multiple of a quarter 
wave) long the input impedance will be equal to 

z., 

Z; = -
Z, 

where z. is the characteristic impedance of the 
line.and z, the impedance connected to the out
put end. A quarter-wave line therefore can be 
used as an impedance transformer, and by 
suitable selection of constants a wide range 
of input impedance values can be obtained. 
Furthermore, the impedance measured be
tween the two conductors anywhere along the 
line will vary between the two end values, so 
that any intermediate impedance value can 
be selected. This is a particularly useful prop
erty since a quarter-wave line may be short
circuited at one end (§ 2-12) and used as a 
linear transformer with adjustable impedance 
ratio. 

Losaes - Air-insulated lines operate at 
quite high efficiency. Parallel-conductor lines 
average 0.12 to 0.15 db. (§ 3-3) loss per wave
length of line. These figures hold only if the 



standing wave ratio is 1. The losses increase 
with the standing-wave r\'tio, rather slowly up 
to a ratio of 15 to 1, but rapidly thereafter. For 
standing-wave ratios of 10 or 15 to I the in
crease is inconsequential provided the line is 
well balanced. 

Concentric lines with air insulation are 
excellent when dry, but losses increase if there 
is moisture in the line. Provision therefore 
should be made for making such lines air
tight, and they should be thoroughly dry when 
assembled. This type of line has the least 
radiation loss. The small lines (¾-inch outer 
conductor) should not be used at high volt
ages, hence it is desirable to keep the standing
wave ratio down. 

Good quality rubber insulated lines, both 
twisted pair and coaxial, average about I db. 
loss per wavelength of line. At the higher 
frequencies, therefore, such lines should be 
used only in short lengths if losses are impor
tant. These lines have the advantages of com
pactness, ease of installation, and flexibility. 
Ordinary lampcord has a loss of approximately 
1.4 db. per wavelength, when dry, but its 
losses become excessive when wet. The parallel 
moulded-rubber type is best from the stand
point of withstanding wet weather. The char
acteristic impedance of lampcord is between 
120 and 140 ohms. 

The loss in db. is directly proportional to the 
length of the line. Thus a line which has a loss 
of 1 db. per wavelength will have an actual loss 
of 3 db. if the line is three wavelengths long. In 
the case of line losses, the length is not ex
pressed in terms of electrical length but in 
physical length; that is, a wavelength of line, 
in feet, is equal to 984/Freq. (Mc.) for com
puting loss. This permits a direct comparison 
of lines having the same physical length. The 
electrical lengths, of course, may differ 
considerably. 

Re8onant and non-re8onant lines - Lines 
are classified as resonant or non-resonant de
pending upon the standing-wave ratio. If the 
ratio is near I, the line is said to be non
resonant. Reactive effects will be small and 
consequently no special tuning provisions need 
be made for cancelling them (i 2-10) even 
when the line length is not an exact multiple 
of ,a quarter wavelength. If the standing-wave 
ratio is fairly large, the input reactance must 
be cancelled or " tuned out" unless the line is 
a multiple of a quarter wavelength, and the 
line is said to be resonant. 

• I._. COUPLING TO TRANSMISSION 
UNES 

Requirernenu - The coupling system be
t.ween a transmitter and the input end of a 
transmission line must provide means for 
adjusting the load on the transmitter to the 

proper value (impedance matching) and for 
tuning out any reactive component that may 
be present (2-9, 2-10, 2-11). The resistance and 
reactance considered are those present at the 
input end of the line, and hence have nothing 
to do with the antenna itself except insofar as 
the antenna load may affect the operation of 
the line (§ 10-5). 

Untuned coil - A simple system, shown 
in Fig. 1010-A, uses a coil of a few turns tightly 
coupled to the plate tank coil. Since no provi
sion is made for tuning, this system is suitable 
only for non-resonant lines which show prao
tically no reactance at the input end. Loading 
on the transmitter may be varied by varying 
the coupling between the tank inductance and 
pickup coil, as it is frequently called, or by 
changing the number of turns on the pickup 
coil. A slight amount of reactance is coupled 
into the tank circuit by the pickup coil, since 
the flux leakage (§ 2-1 1) is high, so that slight 
retuning of the plate tank condenser may be 
necessary when the load is connected. 

Taps on tank circuit - A method suitable 
for use with open-wire lines is shown in Fig. 
1010-B, where the line is tapped on a balanced 
tank circuit with taps equidistant from the 
center or ground point. This symmetry is 
necessary to maintain line balance to ground 
(§ 10-5). Loading is increased by moving the 
taps outward from the center. Any rea.ctance 
present may be tuned out by readjustment of 
the plate tank condenser, but this method is 
not suitable for large values of reactance and 
therefore direct tapping is best confined to use 
with non-resonant lines. 

Adj,u,trnent of untuned 8ystema - Ad
justment of either of the above systems is quite 
simple. Starting with loose coupling, apply 
power to the transmitter, and adjust the 
plate tank condenser to minimum plate cur
rent. If the current is less than the desired load 
value, increase the coupling and again resonate 
the plate condenser. Continue until the desired 
plate current is obtained, always keeping the 
plate tank condenser at the setting which gives 
minimum current. 

Pi-11ection coupling - A coupling system 
which is electrically equivalent to tapping on 
the tsmk circuit, but using a capacity voltage 
divider in the plate tank circuit for the pur
pose, is shown in Fig. 1010-C. Since one side 
of the oondenser across which the line is con
nected is grounded, some unbalance will be 
introduced into the transmission line. The 
method is used chiefly with low-power portable 
sets because it is readily adjustable to meet a 
fairly wide range of impedance values. A 
single-ended amplifier, either screen-grid or a 
grid-neutralized triode ( § 4-7) is required, 
since the plate tank circuit is not balanced. 

.Coupling is adjusted by varying C1, re-resonat-
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ing the circuit each time by means of C2, until 
the desired amplifier plate current is obtained. 
In general, the coupling will increase as C1 is 
made smaller with respect to C2. Relatively 
large-capacity condensers are required to give 
a suitable impedance-mat,ching range while 
maintaining resonance. 

Pi-section filter - The coupling circuit 
shown in Fig. HHO-D is a low-pass filter capa
ble of coupling between a fairly wide range of 
impedances. The method of adjustment is as 
follows: First, with the filter disconnected from 
the transmitter tank, tune the transmitter tank 
to resonance, as evidenced by mjnimum plate 
current. Then, with trial settings of the clips 

F-o 
Tr#nS 
line 

� 

Trans 
Line 

Trans 
c, Cz 

line 

ctt, (D) + RFC C Lz 

+ 

on L1 and L; (few turns for high frequencies, 
more for lower),tap the input clips on the fintil 
tank coil at points equidistant from the center 
so that about half the coil is included between 
them. A balanced tank circuit must be used. 
Set C2 at about half scale, apply power, and 
rapidly rotate C1 until the plate current drops 
to minimum. If this minimum is not the de
sired full-load plate current, try a new setting 
of C2 and repeat. If, for all settings of C2, the 
plate current is too high or too low, try new 
settings of the taps on L1 and L,, and also on 
the transmitter tank. Do not touch the tank 
condenser during these adjustments. When, 
finally, the desired plate current is obtained, 

s;;-;;inr,:;, 
� �  

� �$ 
� �e 

� �- �  
�u__:: 

Fig 1010 - Methods of oouplini; the transmitter to the transmission line. Circuit values and adjustment an, dis, 
cussed in the text. Condensers marked "C" are fixed blockin1 condensers to isolate the transmitter plate voltage from 
the antenna; their capacity is not critical, 500 �,Jd. to 0.002 ,Jd. being satisfactory values. Voltage rating should at 

· least equul the plate voltage on the final stage. 
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set C1 carefully to the exact minimum plate
current point. This adjustment is important in 
minimizing harmonic output. 

With some lengths of resonant lines, particu
larly those not exact multiples of a quarter 
wavelength, it may be difficult to get proper 
loading with the pi-section coupler. Usually, 
these lengths also will be difficult to feed with 
other systems of coupling. In such cases, the 
proper loading often can be obtained by vary
ing the L/C ratio of the filter over a consider
ably wider range than is used for normal loads. 

Seri£s tu.ni.ng - When the input impedance 
of the line is low, the coupling method shown 
in Fig. 1010-E me.y be used. This system, 
known ns s�s tuning, places the coupling 
coil, tuning condensers, and load all in series, 
and is particularly suitable for use with reso
nant lines when a current loop appears at the 
input end. Two tuning condensers, as shown, 
mmally arc used to keep the line balanced to 
ground, but one will suffice, the other end of the 
line being connected directly to the end of L1. 

The tuning procedw·e with series tuning is as 
follows: With C1 and C2 at minimum capacity, 
couple the antenna coil L1 loosely to the trans
mitter output tank coil and observe the plate 

· current. Then increase C1 and ·c2 simultane
ously, until a setting is reached which gives 
maximum plate current, indicating that the 
antenna system is in resonance with the trans
mitting frequency. Readjust the plate tank 
condenser to minimum plate current. This is 
necessary because tuning the antenna circuit 
will have some effect on the tuning of the plate 
tank. The new minimum plate current will be 
higher than with the ante1rna system detuned, 
but should still be well below the rated value 
for the tube or tubes. Increase the coupling be
tween L1 and � by a small amount, readjust 
C1 and C2 for maximum plate current, and 
again set the plate tank condenser to mini
mum. Continue this process until the mini
mum plate current is equal to the rated plate 
current for the amplifier. Always use the de
gree of coupling between L1 and � which will 
just bring the amplifier plate current to rated 
valuo when C1 and C2 pass through resonance. 

. Tho r.f. ammeters should indicate maximum 
feeder current at the resonance setting; these 
meters are not strictly necessary, but are useful 
in indicating the relative power output from 
the transmitter. 

Parallel tuning - When the line has high 
input impedance, parallel tuning, as shown in 
Fig. 1010-F, is required. Here the coupling 
coil, tuning condenser and line are all in paral-

· lel, the load represen�d by the line being di
rectly across the tuned coupling circuit. If the 
line is. non-reactive, the c'oupling circuit will 
be tuned independently to the transmitter 
frequency; line reactancc can be compensated 

Antenna S'J,,tilm,, 

for by tuning of C1 and adjustment, if neces
sary, of L1 by means of taps. Parallel tuning 
is suited to resonant lines when a voltage loop 
appears at the input end. 

The tuning procedure is quite similar to 
that with series tuning. Find the value of 
coupling between L1 and L-i which will bring 
the plate current to the desired value as C1 is 
tuned through resonance. Again a slight read
justment of the amplifier tank condenser may 
be necessary to compensate for the effect of 
coupled reactance. 

Link coupling - Where tuning of the cir
cuit connected to the line is necessary or 
desirable, it is possible to separate physically 
the line-tuning apparatus and the plate tank 
circuit by means of link coupling (§ 2-11). 
This is often convenient from a constructional 
standpoint, and has the advantage that with 
proper construction there will be somewhat 
less harmonic transfer to the antenna since 
stray capacity coupling is lessened with the 
smaller link coils. 

Figs. 1010-G and H show a method which 
can be considered to be a variation of Fig. 
1010-B. The first (G) is suitable for use with a 
single-ended plate tank, the second (H) for a 
balanced tank. The auxiliary tank on which 
the transmission line is tapped may have ad
justable inductance as well as capacity to pro
vide a wide range of rcactance variation for · 
compensating for line reactance. The center of 
the auxiliary tank inductance may be grounded 
if desired. The link windings should be placed 
at the grounded parts of the coils to reduce 
capacity coupling and consequent harmonic 
transfer. With this inductively-coupled system 
the loading on the auxiliary tank circuit in
creases as the taps-are moved outward from the 
center, but since this decreases the Q of the 
circuit the coupling to the plate tank simul
taneously decreases (§ 2- 11),  hence a compro
mise adjustment giving proper loading inust 
be found in practice. Loading also may be 
varied by changing the coupling between one 
link winding and its associatM tank coil; 
either tank may be used for this purpose. When 
the auxiliary tank is properly tuned to com· 
pensate for line reaetance the plate tank tuning 
will be practically the same as with no load on 
the circuit, hence the plate tank condenser 
need only be readjusted slightly to compensate 
for the small reat!tanC'e introduced by the link. 

Link coupling also may be usei:I with series 
and parallel tuning, as shown in Figs. 1010-1 
and J. The coupling between one link and its 
associated coil may be made variable to give 
the same effect as changing the coupling be
tween the plate tank and antenna coils in the 
ordinary system. The tuning procedure is the 
same as descrioed above f-<ir series and parallel 
tuning. In the case of single-ended tank cir-
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cuite, the input link would be coupled to the 
grounded end of the tank coil, similarly to 
the method in Fig. 1010-G. 

Circuit valiU?s - The values of inductance 
and capacity to use in the antenna coupling 
system will depend upon the transmitting fre
quency, but are not particularly critical. With 
seriP.s tuning (Fig. 1010-E, I) the coil may 
consist of a few turns of the same construction 
as is used in the final tank; average values will 
run from one or two turns at ultra-high frequen
cies to perhaps 10 or 12 at 1 . 75 Mc. The number 
of turns preferably should be adjustable so that 
the inductance can be changed should it not 
be possible to reach resonance with the con
densers used. The series condensers should 
have a maximum capacity of 250 or 350 µµCd. 
at the lower frequencies; the same values will 
serve even at 28 Mc., although 100 µµCd. will 
be ample for this and the 14-Mc. band. Still 
smaller condensers can be used at ultra-high 
frequencies. Since series tuning is used at alow
voltage point in the feeder system, the plate 
spacing of the condensers does not have to be 
large. Ordinary receiving-type condensers are 
large enough for plate voltages up to 1000, 
and the smaller transmitting condensers have 
high-enough voltage ratings for higher-power 
applications. With high-power 'phone it may 
be necessary to use condensers having a plate 
spacing of approximately 0.15 to 0.2 inch. 

In parallel-tuned circuits (F, G, H, J) the 
antenna coil and condenser should be approxi
mately the same as those used in the final tank 

Fif. 1011 - Half-wave antennas fed from reoonant 
li11.eoi. A. and B, end feed with quarter- and half-wave 
line,,; ·c and D, center feed. The current 'diatribution ie 
abowii for all four ca-. Arrowa indicate inetantaneou1 
dinictioo of current Oow. 
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circuit. The antenna tank circuit must be capa
ble of being tuned independently to the trans-
mitting frequency, and if possible provision . 
should be made for tapping the coil so that the 
L/C ratio can be varied to the optimum value 
(§ 2-11) as determined experimentally. 

In Fig. 1010-D, C1 and C2 may be 100 to 250 
µµ{d. each, the higher-capacity values being 
used for lower-frequency operation (3.5 and 
1. 75 Mc.). Plate spacing should in general be 
at least half that of the final amplifier tank 
condenser. For operation from 1 .  75 to 14 Mc., 
L1 and k each should be 15 turns 2½ inche11 
in diameter, spaced to occupy 3 inches length, 
and tapped every three turns. Approximate 
settings are 15 turns for 1. 75 Mc., 9 turns 
for 3.5 Mc., 6 turns for 7 Mc., and 3 turns for 
14 Mc. The coils may be wound with No. 14 
or No. 12 wire. This method of coupling is very 
seldom used at ultra-high frequencies. 

· Harmonic reduction - Ii is important to 
prevent, insofar as possible, harmonics in the 
output of the transmitter from being trans
ferred to the antenna system. Untuned (Fig. 
1010-A) and directly-coupled (Figs. 1010-B) 
systems do not discriminate against harmonics, 
and hence are more likely to cause harmonic 
radiation than the inductively-coupled tuned 
systems. Low-pass filter arrangements such as 
those at C and D, Fig. 1010, do discriminate 
against harmonics, but the direct coupling 
frequently is a source of trouble in this respect. 

In inductively-coupled systems, care must 
be taken to prevent·capacity coupling between 
coils. Link coils should always be coupled at a 
point of ground potential (§ 2-13) on the plate 
tank coil, and so should series and parallel
tuned coils (E an(,! F) when possible. Capacity 
coupling can be practically eliminated by the 
use of a Faraday shield (§ 4-9) between the 
two coils. 

e l  .. 7 RESONANT LINES 

Two-wire lines - Because of its simplicity 
of adjustment and flexibility with respect to 
the frequency range over which an antenna 
system will operate, the resonant line is widely 
used with simple antenna systems. Construc
tionally, the spaced or "open" two-wire line is 
best suited to resonant operation; rubber-insu
lated lines such as twisted pair will- have exces
sive losses when operated with standing waves. 

Connection to antenna - A resonant line 
is usually - in fact, practically always - con
nected to the antenna at either a current or 
voltage loop. This is advantageous, especially 
when the antenna is to be operated at har
monic frequencies, since it simplifies the prob
lem of determining the couplihg system to be 
used at the input end of the transmission line. 

Half-wave antenn:a wiili resonant ·une -
It is often helpful to look upon the resonant 



line simply as an antenna folded back on its.elf. 
Such a line may be any whole-number mul
tiple of a quarter:wiwe in length; in other 
words any total wire length which will ac
commodate a whole number of standing waves. 
(The "length," however, of a two-wire line is 
always taken as the length o_f one of the wires.) 
· · Quarter- and ·half-'j\'ave resonant lines feed
ing half-wave antennas are shown in Fig. lOll. 

The current distribution on both antenna and 
line is indicated. It will be noted that the 
quarter-wave line has maximum current at one 
end and minimum current at the other, de
terminP.d by the point of ,;;onnection tp the 
antenna. The half-wave line, however, has the 
same ·current (and voltage) values at both 
ends. 

If a quarter-wave line is connected to the end 
of an antenna as shown in Fig. 101 1-A, then at 
the transmitter end of the line the current is 
high and the _voltage low (low impedance) 
so that series tuning ( § 10-6) can be used. 
Should the line be a half-wave long, as ·at 
101 1-B, current will be minimum and voltage 
maximum (high impedance) at the transmitter 
end of the- line, just as it is at the end of the 
antenna. Parallel tuning therefore is required 
(§  10-6). The line could be coupled to a bal
anced final tank through small condensers, 

----- x----
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XNTR �4 
TANK ..-, 

-·-
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as in 'Fig. 1010-B, but the inductively-coupled 
circuit is preferable. An end-fed antenna with 
resonant feeders, as in 1011-A and B, is known 
as the " Zeppelin," or " Zepp," antenna. 

The line also may be inserted at the center 
.of the antenna at the maximum-current point. 
Quarter- and half-wave lines used in this way 
are shown at Fig. 1011-C and D. In C, the an
tenna end of the line is at a high-current, low
voltage point (§ 10-2), hence at the transmitter 
end the current is low and the voltage high. 
Parallel tuning therefore is used. The half
wave line at D has high current and low volt
age at both ends, so tha_t series tuning is used 
at the transmitter end. 

The four arrangements shown in Fig. 1011 
are thoroughly useful antenna systems, and are 
shown in more practical form in Fig. 1012. In 
each · case the antenna is a half wavelength 
long, the exact length being calculated from 
Equations 2, 3 or 4 (§ 10-2) or taken from the 
charts of Fig. 1015. The line length should be 
an integral multiple of a quarter wavelength, 
and may be calculated from Equation 5 ( § 10-5) 
the result being multiplied by any whole num
ber which gives a total length convenient for 
reaching from the antenna to the transmitter. 
If there is an odd number of quarter waves on 
the line in the case of the end-fed antenna, 
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Fis. 1012 - Practical half-wave antenna systems using resonant-line feed. In the center-feed 1yatema, the antenna 
length ffX" does not include the length o{ the insulator at the center. Line length is measured from the antenna to the 
toning appal'lus; leads in the latter should be short enough to be neglected. The two meters shown are helpful for 
balancing {ceder currents; however, one is sufficient for tuning for maximum output,.and may be transferred {rom 
one feeder to the other, if desired. The systems at (A) and (C) are for feeders an odd number of quarter-waves in 
length; (B) and (D) foe feeden a multiple of a baJ! wavelength. The drawin gs correapond electrically to thoee of 
Fig. 1011. . ··· · · 
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series tuning will be used at the transmitter 
end; if an even number of quarter waves, then 
parallel tuning is used. With the center-fed 
antenna the reverse is true. 

Practical line lengths - In general, it ·is 
best to use line lengths that are integral mul
tiples of a quarter wavelength. Intermediate 
lengths will give intermediate impedance 
values and will show reactance as well ( § 10-5). 
The tuning apparatus is capable of compensat
ing for reactance but it may be difficult to get 
suitable transmitter loading because simple 
series and parallel tuning arc suitable for only 
low and high impedances, respectively, and 
neither will perform well witn impedances of 
the order of a few hundred ohms. Such values 
of impedance may reduce the Q of the coupling 
circuit to such a point that adequate coupling 
cannot be obtained (§ 2-11). However, some 
departure from the ideal length is possible -
even as much as 25% of a quarter wave in 
many cases - without undue difficulty in 
tuning and coupling. In such cases the type of 
tuning to use, series or parallel, will depend on 
whether the feeder length is nearer an odd 
number of quarter waves or nearer an even 
number, as well as on the point at which the 
feeder is connected to the antenna. 

Line c,urent - The feeder current as read 
by the r.f. ammeters is useful for tuning pur
poses only; the absolute value is of little im
portance. When series tuning is used the cur
rent will be high, but very little current will be 
indicated in a parallel-tuned system. This is 
because of the current distribution on the 
feeders as shown by Fig. 1011. With a given 
antenna and tuning system, of course, the 
greatest power will be delivered to the an
tenna when the readings arc highest. However, 
should the feeder length be changed no useful 
conclusions can be drawn from comparison 
between the new and old readings. For this 

(A) 
IIIGMT 

(B) 
LONG 

reason any indicator which registers the rela
tive intensity of r.f. current can be used for 
tuning purposes. Many amateurs, in fact, use 
flashlight or dial lamps for this purpose instead 
of meters. They are inexpensive, and when 
shunted by short lengths of wire so that con
siderable current can be passed without burn
out will serve very well even with high-power 
transmitters. 

Antenna length and line operation -
Insofar as the operation of the antenna itself 
is concerned, departures of a few per cent from 
the exact length for resonance are of negligible 
consequence. Such inaccuracies may_ influence 
the behavior of the feeder system, however, 
and as a result may have an adverse effect on 
the operation of the system as a whole. This 
is true of the end-fed antennas such as arc 
shown in Fig. 1012-A and -B. 

For example, Fig. 1013-A shows the current 
distribution on the half-wave antenna and 
quarter-wave feeder when the antenna length 
is correct. At the junction of the "live" feeder 
and the antenna the current is minimum so 
that the currents in the two feeder wires are 
equal at all corresponding points along their 
length. When the antenna is too long, as in B, 
the current minimum occurs at a point on the 
antenna proper, so that at the top of the live 
feeder there is already appreciable current 
flowing, whereas . at the top of the "dead" 
feeder the current must be zero. As a result, the 
feeder currents arc not balanced and some 
power will be radiated from the line. In C 
the antenna is too short, liringing the current 
minimum to a point on the live feeder, so that 
again the currents are v.nbalanced. The more 
serious the unbalance the greater the radiation 
from the line. 

Strictly speaking, a line having an unbal
anced connection such as the one-way termi
nation at the end of an antenna cannot be truly 

Fi1. 1013 -Effect on feeder balance of incorrect anteuna leugth. With center feed, incorrect antenna length does 
not unbalance the tranamiMion line, aa it does with end feed. 
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balanced even though the antenna length is 
correct. This is because of the difference in 
loading on the two sides. The effect is fairly 
small, however, when the currents are bal-
anced. 

If the antenna is fed at the center the un
desirable effects of incorrect antenna length 
balance out so that the line operates properly 
under all conditions. This is shown in Fig. 
1013 at D, E and F. So long as the two halves 
of the antenna are of equal length, the dis
tribution of current on the feeders will be 
symmetrical so that no unbalance exists, even 
for antenna lengths considerablY removed 
from the correct value. 

e lo-& NON•RESONAI\-Y Lffi'ES 

Requirements - The advantages of non
resonant transmission lines - minimum losses, 
and elimination of the necessity for tuning -
make this type of operation attractive. The 
chief disadvantage of the non-resonant line, 
aside from the necessity for more care in initial 
adjustment, is that when " matched" to the 
ordinary antenna it is matched only for one 
frequency, or at most for a small band of 
frequencies on either side of the frequency for 
which the matching is done. Except for a.few 
special systems, this means that the antenna is 
unsuitable for work on more than one amateur 
band. 

Adjustment of a non-resonant line is simply 
that of adjusting the terminating resistance to 
match the characteristic impedance of the line. 
To accomplish this, the antenna itself must be 
resonant at the selected frequency, and the line 
must then be connected to it in such a way that 
the antenna impedance as looked at by the line 
is the right value. The matching may be done 
by connecting the line at the proper spot along 
the antenna, by inserting an impedance 
transforming device between the antenna and 
line, or by using a line having an impedance 
equal to the center impedance of the antenna. 

In the following discussion of ways in which 
different types of lines may be matched to the 
antenna, a half-wave antenna is used as an ex
ample. Other types of antennas may be 
treated by the same methods, making due 
allowance for the order of impedance that ap
pears at the end of the line with more elaborate 
systems. 

Single-wire feed - In the single-wire-feed 
system the return circuit is through the 
ground. There will be no standing waves on 
the feeder when its characteristic impedance 
is matched by the impedance of the antenna 
at the connection point. The principal dimen

. sions are the length of the antenna L, Fig. 
1014, and the distance D from the exact center 
of the antenna to the point at which the 
feeder is attached. Approximate dimensions 

...Antenna SIJ6l•m6 
------- L ______ .,. 
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Fig. 1014 - Single-wire-feed oystem. The length L 
(one-half wavelength) and D are determined from the 
chart, Fig. 1015. 

can be obtained from Fig. 1015 for an antenna 
system having a fundamental frequency in the 
most used amateur bands. 

In constructing an antenna system of this 
type the feeder must run straight away from 
the antenna (at a right angle) for a distance of 
at · least one-third the length of the antenna. 
Otherwise the field of the antenna will affect 
the feeder and cause faulty operation. There 
should be no sharp bends in the feeder wire 
at any point. 

With the coupling system shown in Fig.' 
1016-A, adjustment is as follows: Starting at 
the ground end of the tank coil, the tap is . 
moved towards the plate end until the am
plifier draws the rated amount of plate current. 
The plate tank condenser should be readj u�t.eii 
each time the tap is changed, to bring the 
plate current to minimum. The amplifier is 
loaded properly when this "minimum" is 
the rated current. The condenser in the feeder 
is for the purpose of insulating the antenna 
system from the high-voltage plate supply 
when series plat() feed is used. It should have a 
voltage rating somewhat above that of the 
plate supply. Almost any capacity greater 
than 500 µµfd. will be satisfactory. The con
denser is unnecessary, of course, if parallel 
plate feed is used. 

Inductive coupling to the output circuit is 
shown in Fig. 1016-B . The antenna tank circuit 
should tune to resonance at the operating fre
quency and the loading is adjusted by varying 
the coupling between the two tanks, both be
ing kept tuned to resonance. 

Regardless of the type of coupling, a good 
ground connection is essential with this system. 
Single-wire feed works best over moist ground, 
and poorly over rock and sand. 

Twisted-pair feed - A two-wire line com-
' posed of twisted rubber-covered wire can 

be constructed to have an impedance approx
imately equal to that at the center of the 
antenna itself, thus permitting the method of 
connecting the line to the antenna. shown in 
Fig. 1017. Any discrepancy which may exist 
between line and antenna impedance can be 
compensated for by a slight fanning of the line 
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where it connects to the two halves of the 
antenna, as shown at B in Fig. 1017. 

The twisted line is a convenient type to use, 
since it is easy to install and the r.f. voltage 
on it is low because of the low impedance. This 
makes insulation an easy matter. Special 
twisted line for transmitting purposes, having 
lower losses than ordinary rubber-covered 
wire, is available. 

The antenna should be one-hall. wavelength 
long for the frequency of operation, as deter
mined by charts of Fig. 1015 or the formulas 
(§ 10-2). The amount of "fanning" (dimension 
B) will depend upon the kind of cable used; the 
right value usually will be found between 6 
and 18 inches. It may be checked by inserting 
ammeters in each antenna leg at the junction 
of the feeder and antenna.; the value of B 
which gives the largest current is correct. 
Alternatively, the system may be operated 
continuously for a time with fairly high r.f. 
power input, after which the feeder may be 
inspected · (by touch) for hot spots. These 
indicate the presence of standing waves, and 
the fanning should be adjusted until they 
are eliminated or minimized. Each leg of the 
feeder forming the triangle at the antenna 
sho.uld be equal in length to dimension B. 

Coupling between transmitter and irans
mission line is ordinarily by the untuned coil 
method shown in Fig. 1010-A (§ 10-6). 

Concentric-linefeed - A concentric trans
mission line readily can be constructed to have 
a surge impedance equal to the 70-ohm im
pedance at the center of a half-wave antenna. 
Such a line, therefore, can be connected 
directly to the center of the antenna, forming 
the system shown in Fig. 1018. 

Solving Equation (6) (§ 10-5) for an air
insulated concentric line shows that, for 70-
ohm surge impedance, the inside diameter 
of the outer conductor should be approximately 
3.2 times the outside diameter of the inner 
conductor. This condition can be fulfilled by 
using standard ¾-inch (outside-diameter) 
copper tubing for the outer conductor and 
No. 14 wire for the inner. Ceramic insulating 
spacers are available commercially for this 
combination. Rubber-insulated concentric line 
having the requisite impedance for connection 
to the center of the antenna also is available. 

The operation of such an antenna system is 
similar to that of the twisted-pair system just 
described, and the same transmitter-coupling 
arrangements may be used (§ 10-6). 

The outer conductor of the line may be 
&rounded if desired. The feeder system is 

F-,. 1015 - Charu for determinioc the leogth of 
ball.wave &otennaa for use OD various lllll&teur band& • 
�id lio

_
ea indicate ao�enna length {lower tcale); dotted 

lioee pomt of connection for oin1te:wire feeder (upper 
tcale) measured from center of aoteaoa, 



Fig. 1016- Method, of 
couplin1 the single-wire feeder 
to the tran&rbitter. Circuit& 
are shown for both single
ended and b@lanced tank 
circuits. 

slightly unbalanced because the inner and 
outer conductors do not have the same c"apac
ity to ground. There should be no radiation, 
however, from a line having a correct surge 
impedance. 

,Qelta- ,notching traru/ormer - Because of 
the extremely close spacing required, it is 
impracticable to construct an open-wire 
transmission line which will have a surge 
impedance low enough to work directly into .. 
the center of a half-wave antenna. Such wire 
lines usually have impedances between 400 
and 700 ohms, 600 ohms being a widely-used 

B 

Fig. 1017 - Half-wave antenna center-fed by a 
twisted pair line. 

value. It is therefore necessary to use other 
means for matching the line to the antenna. 

One method of matching is illustrated by the 
antenna system of Fig 1019. The section E is 
"fanned" to have a gradually increasing im
pedance so that its impedance at the antenna 
end will be equal to the impedance of the an
tenna section C, while the impedance at the 
lower end matches that of a practicable trans
mission line. 

The antenna length L, the feeder clearance 
E, the spacing between centers of the feeder 
wires D, and the coupling length C are the im-
portant dimensions of this system. The system 

B 

must be designed for exact impedance values 
as well as frequency values and the dimensions 
are therefore fairly critical. 

The length of the antenna is figured from 
the formula (§ 10-2) or taken from Fig. 1015. 

The length of section C is computed by the 
formula: 

C (feet) =-
1£S 

Freq. (Mc.) 

The feeder clearance E is found from the 
equation : 

E (feet) 
= 148 

Freq. (Mc.) 

The above equations arc for feeders having a 
characteristic impedance of 600 ohms and will 
not apply to feeders of any other impedance. 
The proper feeder spacing for a 600-ohm trans
mission line is computed to a sufficiently close 
approximation by the following formula: 

D = 75 X d 

where D is the distance between the centers of 
the feeder wires and d is the diameter of the 
wire. If the wire diameter is in inches the spac
ing will be in inches and il the wire diameter is 
in millimeters the spacing will be in milli
meters. 

_______ L ______ .,. 
-c-

F;.,. 1019 - Delta-matched antenna 1y1tem, The 
. dimension• C, D, and E are given in the text. It ;. im

portant that the matching ecctioo, E, come 1trai1ht 
away from the antenna without any bends. 

CMGentric line 
(Ant/ un,IA) 

r..;,-,,,a,,, 
F�. 1018 - Half-wave antenna with concentric 

lnlWDieeion liae. 

Methods of coupling to the transmitter are 
discussed in § 10-6, Figs. 1010-C, D, G and H 
being suitable. 

"Q" -aection traneformer - The imped
ance of a two-wire line of ordinary construction 
(tOO to 600 ohms) can be matched to the im
pedance of the center of a half-wave antenna 
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by utilizing the impedance-transforming prop
erties of a quarter-waveline (§ 10-5). The 
matching section must have low surge im
pedance and therefore is commonly con
structed of large-diameter conductors such as 
aluminum or copper tubing, with fairly close 
spacing. This system is known as the "Q" 
antenna. It  is shown in  Fig. 1020. The impor
tant dimensions are the length of the antenna, 
the length of the matching section, B, the 
spacing between the two conductors of the 
matching section, C, and the impedance of the 
untuned transmission line connected to the 
lower end of the matching section. 

The required surge impedance for the match
ing section i� 

(9) 
where Z1 is the input impedance and Z2 the 
output impedance. A quarter-wave section 
matching a 600-ohm line to the center of a 
half-wave antenna (72 ohms) should have a 
surge impedance of 208 ohms. The spacings 

Fi«. 1020 -The "Q" antenna with qu.arter-wne 
matching section using spaced tubing. 

between conductors of various sizes of tubing 
and wire for different surge impedances are 
given in graphical form in Fig. 1009. With 
half-inch tubing, for example, the spacing 
should be 1.5 inches for an impedance of 208 
ohms. 

The length, B, of the matching section 
should be equal to a quarter wavelength, and 
is given by 

Length of ¾ 

wave line (feet) Freq. (Mc.) 
The length of the antenna can be calculated 
from the formula (§ 10-2) or taken from the 
charts of Fig. 1015. 

This system has the advantage of the sim
plicity of adjustment of the twisted pair feeder 
system and at the same time the superior in
sulation of an open-wire system. Figs. 1010-B, 
D, G (§ 10-6) and H represent suitable meth
ods of coupling to the transmitter. 

Linear tronsfonner11 - Fig. 1021 shows 
two methods of coupling a non-resonant line 
to a half-wave antenna through a quarter-
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Fi,. 1021 - Half-wave antenna systems with quarter
wave open wire matching transformers. 

wave linear transformer (§ 10-5) or matching 
section. In the case of the center-fed antenna 
the free end of the matching section, B, is 
open (high impedance) since the other end is 
connected to a low-impedance point on the 
antenna. With the end-fed antenna the free end 
of the matching section is closed through a 
shorting bar or link; this end has low imped
ance since the other end is connected to a 
high-impedance point on the antenna (§ 10-7). 

In the center-fed system, the antenna and 
matching section should be cut to lengths 
found from the equations in § 10-2 and § 10-5. 
Any necessary on-the-ground adjustment can 
be made by adding to or clipping off the open 
ends of the matching section. The matching 
section in the end-fed system can be adjusted 
by making the line a little longer than neces
sary and adjusting the system to resonance 
by moving the shorting link up and down. 
Resonance can be obtained by exciting the 
antenna at the proper frequency from a 
temporary antenna nearby and measuring 
the current in the shorting bar by a Low-range 
r.f. ammeter or galvanometer. The position 
of the bar should be adjusted for maximum 
current reading. This should be done before 
the transmission Line is attached to the match
ing section. 

The position of the line taps must be deter
mined experimentally, since it will depend 
upon the impedance of the line as well as the 
antenna impedance at the point of connection. 
The procedure is to take a trial point, apply 
power to the transmitter, and check the 
transmission line for · standing waves. This 
can be done by measuring the current in the 
wires, using a device of the type pictured in 



Fig. 1022. The hooks (which should be sharp 
enough to cut through insulation, if any, of the 
wires) are placed on one of the wires, the spac
ing between them being adjusted to give a 
suitable reading on the metc.r. At any one posi
tion along the line the currents in the two 
wires should be identical. Readings taken at 
intervals of a quarter wav�length will indicate 
whether or not standing waves are present. 

It will not usually be possible to obtain 
complete elimination of standing waves when 
the matching stub is exactly resonant. The 
line taps should be adjusted for the smallest 
obtainaulc :;tanding-wave rat.io. Then a further 
" touching up" of the matching stub tuning 

. will eliminate the remaining standing wave, 
provided the adjustments are made carefully. 
The stub must be readjusted because when 
resonant it exhibits some rcactancc as well as 
resistance at all points except at the ends, and 
the slight lengthening or shortening of the 
stub is necessary to tune out this reactance. 
The required readj ustment is quite small, 
however. 

When the connection between matching 
section and antenna is unbalanced, as in the 
end-fed system, it is important that the 
antenna be the right length for the operating 
frequency if a good match is to be obtained 
( § 10-7). The balanced center-fed system is less 
critical in this respect. The shorting-bar 
method of tuning the center-fed system to 
resonance may be used if the matching section 
is extended to a half wavelength, bringing a 
current loop at the free end. 

An impedance mismatch of several per cent 
is of little consequence so far as power trans
fer to the antenna is concerned. It is relatively 
easy to get the standing wave ratio down to 
2 or 3 to l, a perfectly satisfactory condition in 
practice. Of considerably greater importance 
is the necessity for getting the currents in the 
two wires balanced both as- to amplitude and 
phase. If the currents arc not the same at 
corresponding points on adjacent wires, and 
the loops and nodes do not also occur at cor
responding points, there will be considerable 
radiation loss. This balance can only be 
brought about by perfect symmetry in the 
line, particularly with respect to ground. This 
symmetry should extend to the coupling ap
par�tus at the transmitter. An electros�atic 
shield· between the line and the transmitter 
coupling coils often will be of value in pre
venting -capacity unbalance, and at the same 
time will reduce harmonic radiation. 

el._8 LONG-WlaE ANTENNAS 
Definition - An antenna will be resonant 

if an integral number of -standing waves of 
eurrent and voltage can exist along its length; 
in other words, so long as its length is s6me 

l".s'j;o':�" 
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Fig. 1022 - Linc-current measuring device for ad. · 
justmcnt of untuncd tran•missioo lines. 

integral multiple of. a half-wavelength. Whe_n 
the antenna is more than a half-wave long, 1t 
is usually called a long-wire antenna, or a 
harmonic antenna. 

Current and voltage di3tribution - Fig. 
1023 shows the current and voltage distribu
tion along a wire operating at its fundamental 
frequency (where its length is equal to a half 
wavelength) and at its second, third and 
fourth harmonics. For example, if the funda
mental frequency of the antenna is 7 Mc., 
the current and voltage distribution will be 
&S shown at A. The same antenna excited at 
14 Mc. would have current and voltage dis
tribution as shown at B. At 21 Mc., the third 
harmonic of 7 Mc., the current and voltage 
distribution would be as in C; and at 28 Mc., 
the fourth harmonic, as in D. The number of 
the harmonic is the number of half-waves con
tained in the antenna at the particular operat-
ing frequency. . The polarity of current or voltage m each 
standing wave is opposite to that in the ad
jacent s�nding waves. This is shown in the 
figure by drawing the current and voltage 
curves successively above and below the an
tenna (taken as a zero reference line) to indi
cate that the polarity reverses when the 
current or voltage goes through zero. Currents 
flowing in the same direction are in pka.se; 
in opposite directions, out of phase. 

It is evident that one antenna may be used 
for harmonically related frequenc1es, such as 
the various amateur bands. The long-wire or 
harmonic anteuua is thti ba11iM of multi-band 
operation with one antenna. 

Phy11ical lensthll - The length of a long
wire antenna is not an exact multiple of that of 
a half-wave antenna because the end effects 
( §  10-2) operate only on the end sections of 
the antenna; ·in other parts of the wire these 
effects are absent and the wire length is ap
proximately that of an equivalent portion of 
the wave in space. The formula for the length 
of a long-wire antenna therefore is: 

Le11{/th (feet) = 4!JI (N-0.0S) (10) 
Fret/_. (Mc.) 
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Vlllta9e (E) 

_,�� 
A 

FUNOAMf.NfAl (HAl.f·WAVE) 

B 

2ND HARMONIC (fllU·WAVE) 

• 3RD HARMONIC. (3/z·WAVE) 

D 

4TH HARMONIC( 2·WAVE) 

·Fif. 1023 - Current and -.oltage diAtri.bution along 
an antenna operated at -.arioW! harmonica of ita funda
mental reeooant frequency. 

where N is the number of half-waves on the 
antenna. From this it is apparent that an 
antenna cut as a half-wave for a given fre
quency will be slightly off resonance at exactly 
twice that frequency (on the second harmonic) 
because of the different behavior of end effects 
when there is more than one standing wave on 
the antenna. For instance, if the antenna is 
cut to exact fundamental resonance on the 
second harmonic (full wave) it should be 
2.6% longer, and on the fourth harmonic 
(two-wave), 4% longer. The effect is not very 
important except for a possible unbalance in 
the feeder system (§ 10-7) which may result 
in  some radiation from the feeder in  end-fed 
systems. 

Impedance and power gain - The radia
tion resistance as measured at a current loop 
becomes larger as the antenna length is in
creased. Also, a long-wire antenna radiates 
more power in its most favorable direction 
than does a half-wave antenna in it8 most 
favorable direction. This power gain is secured 
at the expense of radiation in  other directions. 
Fig. 1024 shows how the radiation resistance 
and power in the lobe of maximum radiation 
vary with the antenna length. 

C>ireetional characteriatica - As the wire 
is made longer, in terms of the number of half 
wavelengths, the directional· effects change. 
Instead of the "doughnut" pattern of the 
hall-wave ante{ll\a, the directional character
istic splits up into "lobes" which make vari-
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- ous angle11 with the wire. In general, as the 
length of the wire is increased the direction of 
maximum radiation tends to approach the 
line of the antonna itself. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 1025, 1026 
and 1027, for three ".ertical angles of radiation. 
Note that as the wire length increases the 
radiation along the line of the antenna becomes 
more pronounced. Still longer antennas can 
be considered to be practically "end-on" 
radiators, even at the lower radiation angles. 

Methods of feeding - In a long-wire an
tenna the currents in adjacent half-wave sec
tions must be out of phase, as shown in Fig. 
1028 and Fig. 1023. The feeder system must 
not upset this phase relationship. This .re
quirement is met by feeding the antenna at 
either end or at any current loop. A two-wire 
feeder cannot be inserted at a current node, 
however, because this invariably brings the 
currents in two adjacent half-wave sections in 
phase; if the phase in one section could be re
versed then the currents in the feeders would 
be in phase and the feeder radiation would not 
be cancelled out. 

Either resonant or non-resonant feeders may 
be used. With the latter, the systems employ
ing a ·matching section (§ 10-8) are best. The 
non-resonant line may be tapped on the 
matching section as in Fig. 1021 or a "Q" 
type section, Fig. 1020, may be  employed. 

,eo 

"° 

129 

IOO 

eo ' I 
60 

"° 

20 

0 

-
� ..... 

.,,,.. j 
A .J'.,, ,/ 

7 

V / 
/ J • 

I/ V 
I I/ 5 

I / 
B.,. 

/ 
/ 

/ 
/ 2 

_,/ 
/ I 

1 2 J 4 6 6 7 8 . IO ll l2 13 14 
AKTENMA UNGrH-.t 

Fig. 1024 - Cune A, -.ariatioo lo radiation ..,.;.tan.,., 
with antenna length. Cone B. power in the lobea of 
maximum radiation for loog•wire antennae •• a ratio to 
the mm.mum of a hall-wave antenna. 



Fis. 1025 - Horizontal pattern• of radiation from a 
full-wave antenna. Solid line, vertical angle 15 degree,,; 
dotted linee, deviation from 15-degree pattern at 9 and 
30 degrees. 

All three pattern• are drawn to the ume relative ocale; 
actual amplitudee will depend upon the height of the 
antenna. 

In such case, Fig. 1029 gives the required surge 
impedance for the matching section. It can 
also be calculated from Equation 9 (§ 10-8) 
and the radiation resistance data in Fig. 1024. 

Methods of coupling the line to the trans
mitter are the se.me as described in § 10-6 for 
the particular type of line used. 

Fill- 1026 - Horisontal patterns of radiation .from an 
a three half-wavelengths long. Solid lh,e, Tertical 

15 degrees: dotted lines, deviation from 15-degree 
at 9 and 30 degrees. The minor lobea coincide 

all lluee angles. 

•19-le MIJLTI-BAN• ANTENNAS 
Principles - AB suggested in the precedin& 

section, the same antenna may be used for 
several bands by operating it on harmonics. 
When this is done, it is necessary to use reso
nant feeders, since the impedance matching for 
non-resonant feeder operation can be accom
plished only at one frequency unless means are 
provided for changing the length of a matching 
section and shifting the point at which the 
feeder is attached to it. A matching section 
which is a quarter-wavelength long on one 
frequency will be a half-wavelength long on 
twice that frequency, and so on, and changing 

Fifl. 1021 - Horisontal patterns of radiation from 
an antenna two wavelengths loog. Solid line, Tertical 
angle 15 degrees; dotted lines, deviation from 15-degree 
pattern at 9 and 30 dear,,ea. The minor lobee coincide 
for all three angles. 

the length of the wireB, even by switching, is 
inconvenient. 

Also, the current loops shift to a new posi
tion on the antenna when it is operated on 
harmonics, further complicating the feed situa
tion. It is for thiR reason that half-wave an
tennas center-fed by rubber-insulated lines are 
practically UBeless for harmonic operation; on 
all even harmonics there is a voltage maximum 
at the feed point and the impedance mismatch 
is so bad that there is a large standing-wave 
ratio and consequentl_v high losses in the 
rubber dielectric. 

When the same antenna is used for work in 
several bands, it mUBt be realized that the 
directional characteristic will depend on the 
band in use. 

Simple 11y11tems - Any of the antenna 
anangements shown i n § 10-7 may be used for 
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Fig. 1028 - Current distribution and feed points for 
long-wire antennas. A 3/2-wave antenna is used as an 
illustcation. With two-wire feed, the line may be con
ncct.cd at the end of the anteona or at any current loop 
(not at a current node). 

multi-band operation by making the antenna a 
hall wave long at the lowest frequency to be 
used. The feeders should be a. quarter wave, or 
some multiple of a. quarter wave, long at the 
same frequency. Typical examples, with the 
type of tuning to be used, a.re given in Table 
r. The figures given represent a compromise to 
give satisfactory operation on all the bands 
considered, taking into account the change 
in required length as the order of the harmonic 
goes up. 

A center-fed half-wave antenna will not 
operate as a long wire on harmonics because of 
the phase reversal at the feeders previously 
mentioned (§ 10-9). On the second harmonic, 
the two antenna sections are each a half wave 
long, and since the current.'> arc in phase the 
directional characteristic is different from that 
of a full-wave antenna even though the overall 
length is the same. On the fourth harmonic, 
each section is a full wave long and again be
cause of the direction of current flow the system 
will not operate as a two-wave antenna. It 
should not be assumed that these systems are 
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not effc�tive radiators - i t  is simply that the 
directional characteristic will not be that of a 
long-wire having the same overall length. 
Rather it will resemble the characteristic of 
one side of the antenna, although this is not 
exact. 

Antennas with a few other types of feed sys
tems may be operated on harmonics for the 
higher-frequency bands, although their per
formance is somewhat impaired. The single-

>MTRD 

Ft>r ope,r,.t,on 
on , 1.smc 

Fig. 1030 - A simple antenna •ystem for live ama
teur bands. The antenna is voltage fed on 3.5, 7, 14 and 
28 Mc .• work inc on the fundamental. second, fourth and 
eighth harmonics, respectively. }'or 1.75 Mc. the system 
is a quarter-wave grounded antenna, in which case 
series tuning must be used. The antenna wire ehould be 
kept well ia the dear and should be ns high as poesihle. 

IC thr, length of the ,mtenna is approximately 260 
feet, voltage feed can be used ou all live bands. 

c..-

wire fed antenna (§ 10-8) may be used in 
this way; the feeder and antenna will not be 
matched exactly on harmonics with the result 
that standing waves will appear on the feeder, 
but the system as a whole will radiate. The 

• 

Fis. 1029 - Required surge impedance or 
quarter.wave matchUlg BCCtions (or n1.diaton 
of various lcnrths. Curve A is for a transmis
•ion line impellance of 44-0 ohms, Curve B for 
470 ohms, Cut'Ve C for 580 ohms and Curve 
D for 600 ohms. 



Fig. 1031 - Current diatrihution on 
antennas too sbort for tbe fundamental 
frequency. Tboac systems may be used 
when apace for a full ball-wave antenna 
i8 not available. Tbc CWT'Cllt distribution 
on tbc aecond harmonic also is shown to 
the right of each figure. In A and C, the 
total length around the system is a half. 
wavelength at the fundamental fre
quency. Arrows show instantaneous 
direction of current flow. 

TABLE I 
MULTI-BAND RESONAJ{T-LtNE FED ANTENNAS· 

Antenna 
Feeder Type of Length Band 

Length Ut.) u,.> Tuning 

Witb end feed: 
243 120 1.75-Mc. 'pbonc series 

4-Mc. 'phone parallel 
14 Mc. parallel 
28 Mc. parallel 

136 67 3.5-Mc. c.w. aeries 
7 Mc. parallel 

14 Mc. parallel 
28 Mc. parallel . 

134 67 3.5-Mc. c.w. series 
7 Mc. parallel 

67 33 7 Mc. aeries 
14 Mc. parollel 
28 Mc. Pfrallel 

Witb center feed: 
272 135 1.75 Mc. parallel 

3.5 Mc. parallel 
7 Mc. porallel 

14 Mc. parallel 
28 Mc. parallel 

137 67 3.5 Mc. parallel 
7 Mc. P!!rallel 

14 Mc. parallel 
28 Mc. parallel 

67.5 34 7 Mc. parallel 
14 Mc. parallel 
28 Mc. parallel 

The antenna leogtbe given represent compromises 
for harmonic operation because of different end 
effects on different bands. The 136-foot end-fed 
antenna is slightly 1001 for 3.5 Mc., but will work 
well in tbe region (3500-3600 kc.) which quadruples 
into tbe 14-Mc. band. Bands not shown are not 
recommended for tbc particular antenna. The ceo-
tcr-fcd systems arc leas critical aa to length; tbe 
272-foot anteona,may, for instance, be used for both 
c.w. and 'phone on either 1.75 or 4 Mc. witbout loss 
of efficiency. 

On harmonics, the cod-fed and center-fed anten-
nae will not have the same directional characteris-
tics, as explained in the text. 

same is true of the delta-matched antenna. 
The "Q" antenna ( § 10-8) also can be oper
ated on harmonics, but the line cannot operate 
non-resonant except at the fundamental fre
quency of the antenna. For harmonic operation 
the line must be tuned and, therefore, the 
feeder length is important. The tuning system 
will depend upon the number of quarter waves 
on the line, including the " Q "  bars. The 
concentric-line fed antenna (§ 10-8) may be 
used on harmonics if the concentric line is 
air-insulated. Its operation on harmonics is 
similar to that of the "Q." This antenna is not 
recommended for multi-band operation with a 
rubber-insulated line, however. 

A simple antenna system, without feeders, 
for operation in five bands is shown in Fig . 
1030. On all bands from 3.5 Mc. upward it 
operates as an end-fed antenna - half-wave 
on 3.5 Mc., long wire on the other bands. On 
1. 75 Mc. it is only a quarter�wa ve in length and 
must be worked against ground, which in effect 
replaces the missing half of the antenna. Since 
on this band it is fed at a high-current point, 
series tuning ( § 10-6) must be used. 

Antennas for restricted space - If the 
space available for the antenna is not large 
enough to accommodate the length neces
sary for a half-wave at the lowest frequency to 
be used, quite satisfactory operation can be 
secured by using a shorter antenna and making 
up the missing length in the feeder system. 
The antenna' itself may be as short as a quar
ter wavelength and still radiate fairly well, 
although of course it will not be as effective 
as one a half-wave long. Nevertheless such a 
system is useful where operation on the de
sired band otherwise would be impossible. 

Resonant feeders are a practical necessity 
with such an antenna system, and a center-fed 
antenna will give best all-around performance. · 
With end feed the feeder currents become 
badly unbalanced and, since lengths midway 
between those requiring series or parallel 
tuning ordinarily must be used to bring the 
entire system to resonance, coupling to the 
transmitter often becomes difficult. 
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With center feed, practically any con
venient length of antenna can be used if 

---- A ---- ---- A----

the feeder length ie adjusted to accommodate at 
least one ha.If-wave around the whole system. 
Typical cases a.re shown in Fig. 1031, one for 
an antenna having a length of one-quarter 
wave (A) and the other for an antenna some
what longer (C) but still not a half-wave long. 
Current distribution is shown for both funda
mental and second harmonic. From the points 
marked X resonant feeders any convenient 
number of quarter waves in length may be 
extended to the operating room. The sum of 
the distances · on ea.ch wire from X to the an
tenna .end must equal a ball-wave. It is suffi
ciently accurate to use Equation 2 (§ 10-2) 
in calculating this length. Note that X-X is a 
high-current point on these shortened anten
nas, corresponding to the center of a half-wave 
antenna.. It is also apparent that the antenna 
at A is a half-wave antenna on the next higher
frequency band (B). 

The practical antenna. can be made as in 
Fig. 1032. Table °II gives a few recommended 
lengths. Remembering the preceding discus
sion, however, the antenna can be ma.de any 
convenient length provided the feeder is con
sidered to "begin" at X-X, and the line length 
adjusted accordingly. 

TABLE II 
Arrrsruu AND FEBDBR LENcme roR SHORT 

MuLn-B.uro ANTENN.+.S, CENTER-FED 

Ant<!nna Feedu 
Type of Lenl!,lh Band 

Len&rh C/1.) (ft.) 
Tuning 

137 68 1.75 Mc. series 
3.5 Mc. parallel 

7 Mc. parallel 
14 Mc. parallel 
28 Mc. parallel 

100 38 3.5 Mc. parallel 
7 Mc. eeriee 

14 Mc. serieR 
28 Mc. &erie8 or 

parallel 

67.S 34 3.5 Mc. series 
7 Mc. parallel 

14 Mc. parallel 
28 Mc. parallel 

so 43 7 Mc. parallel 
14 Mc. parallel 
28 Mc. parallel -

33 51 7 Mc. parallel 
14 Mc. parallel 
28 Mc. parallel 

33 31 7 Mc. par-allel 
14 Mc. eerie& 
28 Mc. parallel 
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l;;;/::St.us 
Fig. 1032 - Practical arrangement of a shortened 

antenna. The total length A + B + B + A. should be 
a half-wavelength for the lowest-frequency band, usually 
3.5 Mc. See Table II for lengths and tuning data. 

·Bent antennas - Since the field strength at 
a distance is proportional to the current in the 
antenna, the high-current part of a half-wave 
antenna. (the center quarter-wave, approxi
mately) does most of the radiating (§ 10-1). 
Advantage can be taken of this fact when the 
space available does not permit erecting an 
antenna a half-wave long. To accomplish it, 
the ends may be bent, either horizontally or 
vertically, so that the total length equals a 
half wave, · even though the straightaway 
horizontal length may be as short as a quarter 
wave. The operation is illustrated in Fig. 1033. 
Such an antenna will be a somewhat better 
radiator than the arrangement of Fig. 1031-A 
on the lowest frequency, but is not as desirable 
for multi-band operation because the ends play 
ail increasingly important part as the fre
quency is raised. The . .  performance of the 
system in such a case is difficult to predict, 
especially if the ends are vertical (the most 
convenient arrangement) because of the com
bination of horizontal and vertical polarization 
as well as dissimilar directional characteristics. 

e 10-U LONG-WIRE DIRECTIVE 
, ARBA'l'S 

TM "V" antenna - It has been empha
sized that as the antenna length is increased 
the Jobe of maximum radiation makes a more 
acute angle with the wire (§ 10-9) . Two such 

Fig. 1033 - Folded arrangement for shortened an
tennas. Tbe total length is a half-wave, not including 
the feeders. The horizontal part is made as long as 
convenient and the ends dropped down to make up the 
required length. The ends may be bent back on them
scl-.ea in feeder fashion to cancel radiation partially. 
The borizootal section ahould be at least a quarter-wave 
loug. 
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wires may be combined in the form of a 
horizontal "V" so that the main lobes 
from each wire will reinforce along a line 
bisecting the angle between the wires. 
This increases both gain and directivity, 
since the lobes in directions other than 
along the bisecto� cancel to a greater or i lesser extent. The horizontal "V" an- :;:i tenna therefore transmits best in either ';I 
direction (is bi-directional) along the line ? bisecting the " V" made by the two wires. ::;, 
The power gain depends upon the length 

� of the wires. Provided the necessary space " 
is available, the "V" is a simple antenna � 
to build and operate, and can be used 

I readily on harmonics so that it is suitable .., 
for multi-band work. The "V" antenna 

ts 

. 

" 
so 
.. 

is shown in Fig. 1034. 
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DESIGN CHART 
roR ttORIZONTAL ·v. -

(for INvtimum output) -
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----Fig. 1035 shows the dimensions that 
should be followed for an optimum design 
to obtain maxi mum power gain for differ
ent-sized "V" antennas. The longer sys

1 ( ... ) 2(,,') ){zr) 4( ... ) 5�J 6(,..1 l(•I'? e(M"J 

----_./;t�;..:=��(K)-'-'-"--.,d 

tems give good performance in multi-band op
eration. Angle ,. is approximately equal to twice 
the angle of maximum radiation for a single 
wire equal in length to one side of the "V." 

The wave angle referred to in Fig. 1035 is the 
vertical angle of maximum radiation (§ 10-1). 
Tilting the whole horizontal plane of the "V" 
will tend to increase the low-angle radiation 
off the low end and decrease it off the high end. 

The gain increases with the length of the 
wires, but is not exactly twice the gaio for a 
single long wire as given in Fig. 1024. In the 
longer lengths, the gain will be somewhat 
increased because of mutual coupling between 
the wires. A "V" eight wavelengths on a leg, 
for instance, will have a gain of about 12 
db. over a half-wave antenna, whereas twice 

·-the gain of a single 8-wavelength wire would 
be approximately 9 db. 

The two wires of the "V" must be fed out of 
phase for correct operation. A resonant line 
may simply be attached to the ends as shown 
in Fig. 1034 .. Alternatively, a quarter-wave 
matching section may he employed and the 
antenna fed through a non-resonant line 
( § 10-8). If the antenna wires are made multi
ples of a half-wave in length (use Equation 
10, § 10-9, for computing the length) the 

I 

Fig. 1034 -The "V" antenna, made by combining 
two long wireo in 1ucb a way that each reinforces the 
other'• radiation. The important quantities are the 
length of each leg and the angle between lep. 

Fis. 1035 - Design chart for horizontal "V" antennae. 
Encl<>t1ed angle between wireo verouo length of oidee. 

matching section will be closed at the free end. 
The rhombic antenna - The horizontal 

rhombic or "diamond" antenna is shown in 
Fig. 1036. Like th� "V," it requires a good deal 
of space for erection, but it is capable of giving 
excellent gain and directivity. It can also be 
used for multi-band operation. In the ter
minateq form shown in Fig. 1036 it operates, 
like a non-resonant transmission line, without 
standing waves, and is uni-directional. It may 
also be used without the terminating resistor, 
in which case there are standing waves on the 
wires and the antenna is bi-directional. 

The important quantities influencing the 
design of the rhombic antenna are shown in 
Fig. 1036. While several design methods may 
be used, the one most applicable to the condi
tions existing in amateur work is the so-called 
"compromise" method. The chart of Fig. 
1037 gives design information based on a 
given length and wave angle to determine the 
remaining optimum dimensions for best opera
tion. Curves for values of length of 2, 3 and 4 
wavelengths are shown, and intermediate 
values may be interpolated. 

With all other dimensions correct, an increase 
in length causes an increase in power gain and 
a slight reduction in wave· angle. An increase 
in height also causes a reduction in wave angle 
and an increase in power gain but not to the 
same extent as a proportionate increase in 
length. 

For multi-band work, it is satisfactory to 
design the rhombic antenna on the basis of 
14--Mc. operation, which will permit work on 
the 7- and 28-Mc. bands as well. 

A value of 800 ohms is correct for the te�mi
nating resistor for any properly constructed 
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pedance will be matchea by an 800-
ohm line, which may be constructed 
from No. 16 wire spaced 20 inches 
or from No. 18 wire spaced 16 inches. 
The 800-ohm line is somewhat un
gainly to install, however, and may 
be replaced by an ordinary 600-ohm 
line with only a ne11;lil(ible mismatch. 

Alternatively, a matching section 
may be installed between the antenna 
terminals and a low-impedance line. 
However, when such an arrangement 
is used it will be necessary to change 
the matching section constants for 
each different band of operation. 

9•4NIN£OFT1LT(DB,RE� L• UN6THOFONESIDE{-�) 
.d• ..... VE....-£ (066IUESJ H• HEltiHT (WAVEUNGTNS) 

The same design details apply to 
the unterminated rhombic as to the 

Fi«. 1036 - The hori&<>otal rhombic or diamond an• 
tenna, terminated. 

rhombic, and the system behaves as a pure re
sistive load under this condition. This termi
nating resistor must be capable of safely 
dissipating one-half the power output (to 
eliminate the rear pattern) and should be 
non-inductive. Such a resistor may be made up 
from a carbon or graphite rod or from a long 
800-ohm transmission line using resistance 
wire. If the carbon rod or a similar form of 
lumped resistance is used the device should be 
suitably protected from weather effects, i.e., 
covered with good asphaltic compound and 
sealed in a small light-weight box or fibre 
tube. Suitable resistors are available commer
cially. 

For feeding the antenna, the antenna im-

1.5 � 

� \. 
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.. . '- "to find otllerdn!ntions) / 

terminated type. Resonant feeders 
are preferable for the unterminated rhombic. 
A non-resonant line may be used by incorpo
rating a matching section at the antenna, but 
is not readily adaptable to multi-band work. 

Rhombic antennas will give a power gain of 
10 db. or more when constructed according to 
the charts given. In general, the larger the 
antenna the greater the power gain. 

• I0-12 DIRECTIVE ARRAYS WITH 
DRIVEN ELEMENTS 

Principl.es - By combining individual half
wave antennas into an array with suitable 
spacing between antennas (called ekments) 
and feeding power to them simultaneously, it 
is possible to make the radiated fields from the 
individual elements add in a favored direction, 
thus increasing the field strength in that 
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Deeired wave angle 
(d) • 20°. 

To Find: ll, 4>. 
Method: 

I.I I'... / / 
6 

I -· 

Draw vertical line through 
point "a" (L = 2 wave
lenstha) and point "b" 
on absci11&& (d = 20°.) 
Read an�cohilt (<11) for 
point "a" and height (H) 
lrom intersection of line 
ab at point "c" on curve 

.. ,H ... v / 
� V"" / V ., 

i.-- ...........__ � V .. _ Lj�W4MI! 'f"?tl>S _,,.,.. ...---.......:e._ .7 
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Fig. 1037 -Compromise method design chart for 
various les lensthe and wave anglea. The following ex
amplea illuatrate the l18e of the Chart: 
(1) Given: Lenith (L) = 2 wave-lengtha. 
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Result: 
.i, = 60.s•. 
H = 0.73 wavelensth . (2) Given: ........-", ,. 

r.---- z 
Length (L) = 3 wave

lengths. 
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Angle of tilt (<11) = 78°. 
To Find: H, 11.. 
Method: 

Draw vertical line from 
poiot "d"' 

on cu£ve L = 3 
wavelengths at <II = 78°. 
Head intersection of this 
line on curve H (point 
"e"' and intersection at 

point "C" on the abscissa for d. 
Result: 

H = 0.56 wavdengt.h. 
d = 26.6°. 



direction as compared to that produced by 
one antenna element alone. In other direc
tions the fields will more or less oppose each 
other, giving a reduction in field strength. 
Thus the power gain in the desired direction 
is secured at the expense of a power reduction 
in other directions. 

Besides spacing between elements, the· in
stantaneous direction of current flow (phase) 
in individual elements determines the directiv
ity and power gain: There are several methods 
of arranging the elements. If they are strung 
end to end so that all lie on the same straight 
line, the elements are said to be 'collinear. If 
they are parallel and all lying in the same 
plane, the elements are said to be broadside 
when the phase of the current is the same 
in all, and end-fire when the currents arc not 
in phase. Elements which receive power from 
the transmitter through the transmission line 
are called driven elements. 

The power gain of a directive system in
creases with the number of elements. The 
proportionality between gain and number of 
elements is not simple, however, but depends 
upon the effect of the spacing and phasing 
upon the radiation resistance of the elements, 
as well as upon their number. 

Collinear arrays - Simple forms of col
linear arrays, with the current distribution, 
are shown in Fig. 1038. The two-element array 
at A is popularly known as "two half-waves 
in phase." It will be recognized as simply a 
center-fed antenna operated at its second 
harmonic. The way in which the number of 
elements may be extended for increased direc
tivity and gain is shown in Fig. 1038-B. Note 
that quarter-wave transmission lines arc used 
between each element; these give the reversal 
in phase necessary to make the currents in 
individual antenna elements all flow in the 
same direction at the same instant. Another 
way of looking at it is to consider that the 
whole system is a long wire with alternate 
half-wave sections folded so that they do not 
radiate. Any phase-reversing section may ·be 
used as a quarter-wave matching section for 
attaching a non-resonant feeder ( § 10-8), or a 
resonant transmission line may be substituted 
for any of the quarter-wave sections. Also, the 
antenna may be end-fed by any of the systems 
previously described (§ 10-7, 10-8) or any 

Fig. 1038 - Collinear half-wave antennas in 
phase. The oystem al A is generally known as 
"two-balf-wavco in phase." B is an extenoion of 
the system; in theory it may be carried on in
definitely, but practical considerations usually 
limit the number of elements to four. 

l 
¾ t 

Fig. 1039 - The broadside array using half-wave 
elcmentA. Arrows indicate direction of current Bow. The 
transl)Ollition in feedei-5 is necessary to bring the an
tenna curreQls in phase. Any reasonable number of 
clements may be used. The array is bi-directional per
pendicular to the plane of the antenna; i.e., perpendicu
larly through this page. 

element may be center-fed. It is best to feed at 
the center of the array so that the energy will 
be distributed as uniformly as possible among 
the elements. 

The gain and directivity depend upon the 
number of elements and their spacing, center
to-center. This is shown by Table III. Al
though ¾-wave spacing gives greater gain, 
it is difficult to construct a suitable phase
reversing system when the ends of the antenna 
elements aro widely separated. For this reason 
the half-wave spacing is generally used. 

TABLE III 
1'BEOR£T1CAL GAIN OF CoLUl<EAR BALJJ-WAVB 

ANTENNAS 

Number of Haif Wat-es 
Spacing Between in Array v,. Gain in db. 

Centers of Adjacent 
Half Waves 

2 3 3 5 6 ------ --
½ Wave 1 . 8  3 . 3  4.5 5.3 6.2 
¾ Wave 3.2  4.8 6.0 7.0 7.8 

Collinear arrays may be mounted either 
horizontally or vertically. Horizontal mount
ing gives horizontal directivity, with vertical 
directivity the same as for a single clement at 
the same height. Vertical mounting gives the 
same horizontal pattern as a single element, 
but concentrates the radiation at low angles. It 
is seldom possible to use more than two ele
ments vertically at frequencies below 14 Mc. 
because of the height required. 
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Broadside arrays - Parallel antenna ele
ments with currents in phase may be com
bined as shown in Fig. 1039 to form a broadside 
array, so named because the direction of 
maximum radiation is broadside to the plane 
containing -the antennas. 'Again the gain and 
directivity depend upon the number of 
elements and the spacing, the gain for different 
spacings being shown in Fig. 1040. Half-wave 
spacing is generally used, since it simplifies 
feeding when the array has more than two 
elements. Table IV gives theoretical gain as a 
function of the number of elements. 
·. Broadside arrays may be su�pended either 
with the elements all vertical or with them 
horizontal and one above the other (stacked). 
In the former case the horizontal pattern is 
quite sharp while the vertical pattern is that 
of one element alone. If the array is suspended 
horizontally the horizontal pattern is that of 
one element while the vertical pattern- is 
sharp, giving low-angle radiation. 

Broadside arrays may be fed either by reso
nant transmission lines ( §  10-7) or through 
quarter-wave matching sections and non
resonant lines (§ 10-8). In Fig. 1039, note the 
"crossing over" of the feeder, necessary to 
b_i:_U_!g the elements in proper phase relationship. 

Combined broadside and collinear arrays 
- Broadside and collinear arrays may be 
combined to give both horizontal and vertical 
directivity, iu, well iu, additional gain. The 
general plan of constructing such antennas is 
shown in Fig. 1041. The lower angle of radia
tion resulting from stacking elements in the 
vertical plane is desirable at the higher fre
quencies. In general, doubling the number of 
elements in an array by stacking will raise the 
gain 2 to 4 db., depending upon whether ver
tical or horizontal elements are used -that 
is, whether the stacked elements are broadside 
or collinear. 

The arrays in Fig. 1041 are shown fed from 
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Fis, 104() - Gain n. apacing !or two parallel half. 
wave elemeota. 
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Fis. 1041 - Combination broadside and collinear 

arrays. A, with vertical elements; B, w}tb, horizontal 
elements. Both array11 give low-angle radiation. Two or 
more sections may be used. 

The gain in db. will be equal, approximakly, to the 
sum of the gain for one set of broad01de elements (Table 
IV) plus the gain of one set of collinear elements (Table 
III). For example, in A each broadside set bas four, ele
ments (gain 7 db.) and each collinear set two elements 
(gain 1.8 db.) giving a total gain o� 8.8 db. In B each 
broadside set baa two elements (ga,n 4 db.) and each 
collinear set three elements (gain 3.3 db.) making the 
total gain 7.3 db. The result is not strictly accucak be
cause of mutual coupling between elements, but is good 
enough for practical purposes. 

one end, but this is not especially desirable in 
the case of large arrays. Better distrib'ution of 
energy between elements, and hence better 
all-around performance, will result when the 
feeders are attached as nearly as possible to the 
center of the array. Thus in the 8-element array 
at A the feeders could be introduced at the 
middle of the transmission line · between the 
second and third set of elements, in which case 
the connecting line would not be transposed. 
Or the antenna could be constructed with the 
transpositions as shown and the feeder con
nected between the adjacent ends of either the 
second or third pair of collinear elements. 

A four-element array of the general type 
shown at B is frequently used. It is shown, 
with the feed point- indicated, in Fig. 1042. 

End-fire arrays - Fig. 1043 shows a pair 
of parallel half-wave elements with currents 
out of phase. This is known as an end-fire array 

TABLE IV 
THEORETICAL G.uN vs. NmoER or Bao,lOsmE 

ELEMENTS (H,u.:r-W.lvE Sr.lCING) 

No. of ElffllfftU Gain 

2 4 db. 
3 5.5 db. 
4 7 db. 
5 8 db. 
6 9 db. 

j 



because it radiates best along the line of the 
antennas, as shown. 

The end-fire array may be used vertically or 
horil!ontally (elements at the same height) and 
is well adapted to amateur work because it 
gives maximum gain with relatively close 
element spacing. Fig. 1040 shows how the gain 
varies with spacing. End-fire elements may be 
combined with additional collinear and broad
side elements further to increase the gain and 
directivity. 

Either resonant or non-resonant lines may be 
used with this type of array, the latter being 

½ 

FitJ. 1042 - A four-element combination broad•ide
collinear popularly known as the "lazy H" antenna. A 
cloeed quarter-wave •tub may be used at the feed point to 
match into a 600-0hm line, or resooant feeden, may be 
attached at the point •hown. The gain over a half-wave 
antenna is 5 to 6 db. 

preferably matched tu U,e antenna through a 
quarter-wave matching section (§ 10-8). 

Checking phasing - Figs. 1041 and 1043 
illustrate a point in connection with feeding 
a phased antenna system which sometimes is 
confusing. In Fig. 1043 when the transmissiQn 
line is connected as at A there is no cross
over in the line connecting the two antennas, 
but when the transmission line is connected to 
the center of the connecting line the cross
over becomes necessary (B). This is because 
in B the two halves of the connecting line are 
simply branches of the same line. In other 
words, even though the connecting line in B 
is a half-wave in length, it is not actually a 
half-wave line but two quarter-wave lines in 
parallel. The same thing is true ·of the un
transposed line of Fig. 1041. Note that under 
these conditions the antenna elements are in 
phase when the line is not transposed, and 
out of phase when the transposition is made. 
The opposite is the case when the half-wave 
line simply joins two antenna elements and 
does not have the feed line connected to its 
center, as in Fig. 1039. 

Adjiutrnent of arrays - With arrays of 
the types just described, using half-wave 
spacing between elements, it will usually 
suffice to make the length of each element 
that given by the equation for a half-wave 
antenna in § 10-2, while the half-wave phasing 

--

(A) 
FitJ. 1043 - End-fire arrays. They are shown with 

half.wave •pacing to illustrate feeder connectioru,. In 
practice. cl08er 11pacings are desirable, as shown by 
Fig. 1()40. Direction of maximum radiation i• shown by 
the large arrows. 

lines between parallel elements can be calcu
lated from the formula 

Length of half- 4.92 X 0.975 480 
wave line (feet) = Freq. (Mc.) - Freq. (Mc.) 
The spacing between elements can be made 
equal to the length of the phasing line. No 
special adjustments are needed provided the 
formulas are followed carefully. 

With collinear arrays of the type shown in 
Fig. 1038-B the same formula may be used 
for the element length, while the quarter-wave 
phasing section can be calculated from Equa
tion 7 ( § 10-5 ). If the array is fed at its center 
it will not be necessary to make any particular 
adjustments, although if desired the whole 
system may be resonated by connecting an 
r.f. ammeter in the shorting link on each phas
ing section and moving the link back and forth 
to find the maximum current position. This 
refinement is hardly necessary in practice so 
long as all elements are the same length and 
the system is symmetrical. 

Simple arrays - Several simple directive 
antenna systems using driven elements are in 
rather wide use among amateurs. They are 
shown in Fig. !044. Tuned feeders are assumed 
in all cases; however, a matching ·section 
(§ 10-8) readily can be substituted if a non
resonant transmission line is preferred. Dimen
sions given are in terms of wavelength ; act1J.al 
lengths readily can be calculated from the 
equations in § 10-2 for the antenna and Equa
tion 7 (§ 10-5) for the resonant transmission 
line or matching section. In cases where the 
transmission line proper connects to the mid
point of a phasing line, only half the length of 
the latter is added to the line to find the 
quarter-wave point. 

At A and B are two-element end-fire arrange
ments using close spacing. They are electrically 
equivalent ; the only difference is in the method 
of connecting the feeders. B may' also be used 
as a four-element array on the second har
monic, although the spacing is not quite opti
mum (Fig. 1040) in that case. A close-spaced 
four-element array is shown at C. It will give 
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about 2 db. more gain than the two-element 
· array. The antenna at D is designed to take 
advantage of the greater gain possible with 
collinear antennas having greater than half
wave center-to-center spacing, but without 
introducing feed coll}plications. The elements 
are made longer than a half wave to bring this 
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Fig. 1044 - Simple directive systems. A, two-element 

end-6re array; B, same .,..;th center feed, which permita 
use of the array on the second harmonic, where it be
comes a four�lemeot array with quarter-1'·ave spacing 
C, four-element end-6re array with ¾-wave spacing. 
D, extended in-phase antennas ("extended double
Zepp"). The gain of A and B is slightly over 4 db. On 
tbe second harmonic, B will give about 5 db. gain. With 
C, the gain is approximately 6 db., and with D, approxi
matdy 3 db. 

In the lint three, the phasing line contributes about 
1/16tb wavelength to the transmi•sion line; when B i• 
used on the second harmonic thi& contribution i• ¼ 
wavelength. Alternatively, the antenna ends may be 
bent to meet the transmission line, in which case each 
feeder is •imply connected to one antenna. In D, pointa 
Y-Y indicate a quarter-wave point (high current) and 
X-X a half-wave point (high voltage). The line may be 
extended in multiples of quarter-waves, if resonant 
feeders are to be used. 

A, U, and C may be suspended on wooden spreaden. 
The plane containing the wires sbonld be parallel to the 
ground. 

about. The gain is 3 db. over a single half-wave 
antenna, and the broadside directivity is quite 
sharp. 

The antennas of A and B may be mounted 
either horizontally or vertically; horizontal 
suspension (with the two elements in a. plane 
parallel to the ground) is recommended, since 
this tends to give low-angle radiation without 
an unduly sharp horizontal pattern. Thus these 
systems are useful for coverage over a wide 
horizontal angle. The system at C, when 
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mounted horizontally, wilJ have a sharper 
horizontal pattern than the two-element 
arrays. 

e 10-13 DIRECTIVE ABBA 'I'S WITH 
PARASITIC l!LEMENTS 

Parasitic excitation - The antenna. arrays 
described in § 10-12 are bi-directional; that is, 
they will radiate both to the "front" and the 
"back" of the antenna system. If radiation is 
wanted in only one direction (for instance, 
north only, instead of north-south) it is neces
sary to use different element arrangements. 
In most of these the additional elements receive 
power by induction or radiation from the 
driven element, generally called the " antenna," 
and reradiate it in the proper phase relation
ship to achieve the desired effect. They are 
called parasitic elements, as contrasted to 
driven elements which receive power directly 
from the transmitter through the transmission 
line. 

'),'he parasitic element is called a director 
when it reinforces radiation on a 
line pointing to it from the an
tenna, and is called a reflector when 

the reverse is the case. Whether the parasitic 
element is a director or reflector depends upon 
the parasitic element tuning (which usually is 
adjusted by changing its length) and, partic
ularly when the element is self-resonant, upon 
the spacing between it and the antenna. 

Gain vs. spacing - The gain of an antenna-
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Fig. 1045 - Gain vs. element spacing for an antenna 
and one paruitic elemenL Zero db. is the field atrength 
from a half-wave antenna alone. Greatest gain is in the 
direction A at spacings less than 0.14 wavelength; in 
direction B at greater spacinp. Front-to-back ratio is 
the difference in db. between curves A and B. Variation 
in radiation resistance of the driven element also is 
shown. These curves are for self.resonant parasitic elc. 
ment. At most spacings the gain as a reflector can be in. 
creased by slight lengtbeninK of the parasitic element; aa 
a director, by shortening. Thi& likewise improves the 
front-to-back ratio. 



reflector or antenna-director combination 
varies chiefly with the spacing between ele
ments. The way in which gain varies with 
spacing is shown in Fig. 1045, for the special 
case of self-resonant parasitic elements. This 
chart also shows how the attenuation to the 
" rear" varies with spacing. The same spacing 
does not necessarily give both maximum for
ward gain and maximum backward attenua
tion. Backward attenuation is desirable when 
the antenna is used for receiving, since it 
greatly reduces. interference coming from the 
opposite direction to the desired signal. 

Element length3 - The anteilila length is 
given by the formulas in § 10•2. The director 
and reflector lengths must be determined ex
perimentally for maximum performance. The 
preferable method is to aim the antenna at a 
receiver a mile or more distant and have an 
observer check the signal strength (on the 
" S "  meter) while the reflector or director is 
adjusted a few inches at a time, until the length 
which gives maximum signal is found. The 
attenuation may be similarly checked, the 
length being adjusted for minimum signal. In 
general, the length of a director will be about 
4% less than that of the antenna, for best 
front-to-back ratio. The reflector will be about 
5% longer than the antenna. 

Simple system., - tlw rotary beam -
Practical combinations of antenna, reflector 
and director are shown in Fig. 1046. Spacings 
for maximum gain or maximum front-to-back 
ratio (ratio of power radiated in the desired 
direction to power radiated in the opposite 
direction) may be taken from Fig. 1045. In the 
chart, the front-to-back ratio in db. will be the 
sum of gain and attenuation a.t the same 
spacing. 

Systems of this type are popular for rotary 
beam antennas, where the whole antenna 
is rotated to permit its gain and directivity to 
be utilized for any compass direction. They 
may be mounted either horizontally (plane 
containing the clements parallel to the earth) 
or vertically. 

Arrays using more than one parasitic ele
ment, such as those shown at C and D in Fig. 
1046, will give more gain and directivity than 
is indicated for the single reflector and director 
by the curves of Fig. 1045. The gain with a 
properly adjusted three-element array (an
tenna, director and reflector) will be 5 to 7 
db. over a half-wave antenna, while somewhat 
higher gain still can be secured by adding a 
aecond director to make a four-element array. 
The front-to-back ratio is correspondingly 
Improved as the number of elements is in
creased. 

The elements in close-spaced (less than one
quarter wavelength element spacing) arrays 
pe!era.bly should be made of tubing of half-
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Fig. 1046 - Half-wave antennas with parasitic ele
ments. A, with reflector; B, with director; C, with both 
director and reflector; D, two directors and one reflector. 
Gain is approximately as shown by Fig. 1045 in the first 
two cases and depends upon the spacing and length of 
the parasitic element. lo the three- and four-element 
arrays a reHeetor spacing of 0.15 wavelength will give 
oligbtly more gain than 0.1-waveleni;th spacing. Arrows 
show direction of maximum radiation. The array should 
be mounted horizontally (these are top views). 

to one-inch diameter both to reduce the ohmic 
resistance ( § 10-2) and to secure mechanical 
rigidity. If the elements are free to move with 
respect to ea.ch other the array will show de
tuning effects in a wind. 

Feeding close-spaced arrays - While any 
of the usual methods of feed may be applied 
to the driven element of a parasitic array, the 
fa.ct that with close spacing the radiation re
sistance as measured at the center of the driven 
element drops to a very low value makes some 
systems more desirable than others. The pre
ferred methods are shown in Fig. 1047. Reso
nant feeders are not recommended for lengths 
greater than a half wavelength. 

The quarter- or half-wave matching stubs 
shown at A and B in Fig. 1047 preferably 
should be constructed of tubing with rather 
close spacing, in the manner of the " Q " sec
tion. This lowers the impedance of the match
ing section and makes the position of the 
line taps somewhat less difficult to determine 
accurately. This line adjustment should be 
made only with the parasitic elements in 
place, a.�d after the correct element lengths 
have been determined should be checked to 
compensate for changes likely to occur because 
of element tuning. The procedure is the same 
as that described in § 10-8. 
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The concentric-line matching section at C 
will work with fair accuracy into a close-spaced 
parasitic array of 2, 3 or 4 elements without 
necessity for adjustment. The line is used as 
an impedance inverting transformer, and if its 
characteristic impedance is 70 ohms will give 
an exact match to a 600-ohm line when the 
resistance at the termination is about 8.5 ohms. 
Over a range of 5 to 15 ohms the mismatch, 
and therefore the standing-wave ratio, will be 
less than 2 to 1. The length of the quarter
wave section should be calculated from Equa
tion 7 ( § 10-5). 

The delta matching transformer shown at D 
is an excellent arrangement for- parasitic ar
rays, and probably is easier to install, mechan
ically, than any of the others. The positions of 
the taps (dimension a) must be determined 
experimentally, along with the length b, by 
checking the standing-wave ratio on the line 
as adjustments are made. Dimension·b should 
be about 15 % longer than a. 

60o-ohm 
line 

A 

6 

600-ohm 
/in� 

C 

D 

l,()0-ohm 
line 

, ,..._SIHll"'lrodsfor 
---....: stvb odjustment 

' 
I 
I � : . 
11  

"'P-ohm 
ltnt: 

Fi&- 1047 - Recommended method• of feeding the 
driven antenna element in cloee-spaced parasitic arrays. 
The paruitic elements are not obown. A, quarter-wave 
open •tub; B, ball-wave closed stub; C, concentric-line 
quarter-wave matdnn1 oectioo; D, delta matdnn1 
tramformer. 
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Sharpness of resonance - Peak perform
ance of a multi-element directive array depends 
upon proper phasing or tuning of the elements, 
which in all but the simplest systems can be 
exact for one frequency only. However, there is 
some latitude, and most arrays will work well 
over a relatively narrow band such as 14 Mc. 
If frequencies in all parts of the band are to be 
used, the antenna system should be designed 
for the mid-frequency; on the other hand, if 
only one frequency in  the band will be used the 
greater portion of the time the antenna might 
be designed for that frequency and some degree 
of misadjustment tolerated on the occasionally
used 11pare frequenciee. 

When reflectors or directors are used the tol
erance is usually less than in the case of driven 
elements, partly because the parasitic-element 
lengths are fixed and the operation may change 
appreciably as the frequency passes from one 
side of resonance to the other, and partly be
cause the close spacing ordinarily used results 
in a sharp-tuning system. With parasitic ele
ments operation should be confined to a small 
region about the frequency for which the 
antenna is adjusted, if peak performance is to 
be secured. _ 

Combination array• - It is possible to 
combine parasitic elements with driven ele
ments to form arrays composed of collinear 
driven and parasitic elements and combination 
broadside-collinear-parasitic elements. Thus 
two or more collinear elements might be pro
vided with a collinear reflector or director set, 
one parasitic element to each driven element. 
Or both directors and reflectors might be used. 
A broadside-collinear array could be treated 
in the same fashion. 

When combination arrays are built up, a 
rough approximation of the gain to be ex
pected may be obtained by adding the gains 
for each type of combination. Thus the gain of 
two broadside sets of four collinear arrays with 
a set of reflectors, one behind each element, at 
quarter-wave spacing for the parasitic ele
ments, would be estimated as follows: From 
Table III, the gain of four collinear elements is 
4.5 db. with half-wave spacing; from Fig. 1040 
or Table JV, the gain of two broadside elements 
at half-wave spacing is 4.0 db.; from Fig. 1045 
the gain of a parasitic reflector at quarter-wave 
spacing is 4.5 db.; the total gain is then the 
sum, or 13 db. for the sixteen elements. Note 
that using two sets of elements in bro&dside is 
equivalent to using two elements, so far as 
gain is concerned, similarly with ..sets of re
flectors as against one antenna and one re
flector. The actual gain of the combination 
array will depend, in practice, upon the way 
in which the power is distributed between the 
various elements, and upon the effect of 
mutual coupling between elements upon the 



radiation resistance of the array, and may be 
somewhat higher or lower than the estimate. 

A great many directive antenna combina
tions can be worked out by combining ele
ments according to these principles. 

• te-14 MISCELI.ANEOUS ANTENNA 
SYSTEMS 

Grounded antenna -The grounded an
tenna is used almost exclusively for 1. 75-Mc. 
work, where the length required for a half
wave antenna would be excessive for most lo
cations. An antenna worked "against ground" 
need be only a quarter-wave long, approxi
mately, because the earth acts as an electrical 
" mirror " which supplies the missing quarter 
wave. The current at the ground connection 
with a quarter-wave antenna is maximum, just 
as it is at the center of a half-wave antenna. 

On 1. 75 Mc. the most useful radiation is 
from the vertical part of the antenna, since 
vertically-polarized waves are characteristic of 
ground-wave transmission. It is therefore de
sirable to make the down-lead as nearly verti
cal as possible, and also as high as possible. 
This gives low-angle sky-wave transmission 
which is most useful for long-distance work at 
night, in addition to a good ground wave for 
local work. The horizontal portion contributes 
to high-angle sky-wave transmission, which is 
useful for covering short distances on this band 
at night. 

Fig. 1048 shows a grounded antenna with 
the top folded to make the length equal to a 
quarter wave. The antenna coupling apparatus 
consists of the coil L, tuned by the series con
denser C, with L inductively coupled to the 
transmitter tank circuit (§ 10-4, 10-6). 

For computation purposes, the overall length 
of a grounded system is given by 

BS6 L (feet)_ = 
f (Mc.) 

This is the total length from the far end of the 
antenna to the ground connection. The length 
is not critical, since departures of the order of 
10% to 20% can be compensated by the tuning 
apparatus. 

The ground should preferably be one with 
conductors buried deep enough to reach nat
ural moisture. In urban locations, good grounds 
can be made to water mains where they enter 
the house; the pipe should be scraped clean 
and a low-resistance connection made with a 
tightly-fastened ground clamp. If no water-

, pipes are available several pipes, six to eight 
feet long, may be driven into the ground at 
intervals of six or eight feet, all being con
nected together. The transmitter should be 
located so as to make the ground lead as' short 
as possible. 

Ia locations where it is impossible to secure a 

good ground connection because of sandy soil 
or other considerations, it is preferable to use 
a counterpoise or capacity ground instead of 
an actual ground connection. The counterpoise 
consists of a system of wires insulated from 
ground running horizontally above the earth 
beneath the antenna. The counterpoise should 
have a sufficient number of wires of sufficient 
length to cover well the area immediately un
der the antenna. The wires may be formed into 
any convenient shape, i.e., they may be spread 

Fi&.1048-Typical grounded 
antenna for 1. 75 Mc., conaiat
ing of a vertical aeetion and 
horisontal eection having a 
total length (including the 
ground lead if the latter � 
more than a few feet long) of 
one.quarter wavelength. Coil 
L ahould have about 20 tuma 
of No. 12 on a three-inch di
ameter form, tapped every 
two or three turoa for adjuat
ment. C ia 250 to 500 ,.,.Jd. 
variable. The inductive cou
pling between L and the final 
tank coil ahould be variable. 

out fan-shape, in a radial pattern, or three or 
more parallel wires separated a few feet run
ning beneath the antenna may be used. The 
counterpoise should be elevated six or seven 
feet above the ground so it will not interfere 
with persons walking under it. Connection is 

. made between the usual ground terminal of 
the transmitter and each of the wires in the 
counterpoise. 

"J" antenna - This antenna, frequently 
used on ultra-high frequencies when vertical 
polarization is desired, is

. 
simply a half-wave 

radiator fed through a quarter-wave matching 
section, (§ 10-8), the whole being mounted 
vertically as shown in Fig. 1049. Adjustment 
and tuning are as described in § 10-8. The 
bottom of the matching section, being practi
cally at zero r.f. potential, can be grounded 
through a metallic conductor for lightning 
protection. 

Com:ial antenna - With the "J" antenna 
there is likely to be some radiation from the 
matching section and transmission line which 
tends to combine with the radiation from the 
antenna in such a way as to raise the angle of 
radiation. As this is undesirable on ultra-high 
frequencies where the lowest possible radiation 
angle is essential, the coaxial antenna shown 
in Fig. 1050 was developed to eliminate feeder 
radiation. The center conductor of a 70-ohm 
concentric transmission line is extended one 
quarter wave beyond the end of the line to act 
as the upper half of a half-wave antenna,' the 
lower half being supplied by the quarter
wave sleeve, the upper end of which is con
nected to the outer conductor of the concen-
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tric line. The sleeve acts as a shield about the 
transmission line and very little current is 
induced on the outside of the line by the an
tenna field. The line is non-resonant, since its 
characteristic impedance is the same as the 
center impedance of the half-wave antenna 

Fis. 1049- The "JM an
teima. It i1 uanaUy COD• 

atructed of. metal tubins; 
frequeutly with the ¾-wan 
vertical aeetion 1hown an 
exten1ion of a grounded 

, metal ma1t. The stub may 
be adju1ted by a 1lidin1 
ahortin1 bar. 

(f 10-2). The sleeve may be made of copper or 
brass tubing of suitable diameter to clear the 
transmission line. The coaxial antenna is some
what difficult to construct, but is superior to 
simpler systems at low radiation angles. 

Folded dipole - An arrangement which 
combines the radiation characteristics of a 
half-wave antenna with the impedance-trans
forming properties of a quarter-wave line 

Hetal 
Rod 

Insulator 

� to outer 
eonductor 

or concentric 
line 

7D-ohm 
a,na,,trk. 

line 

Fis. 1050 - Coaxial an. 
tenna. The inner conductor 
of the 70-ohm line ia con• 
nected to the quarter-wa•e 
metal rod which fonm the 
upper half of the antenna. 
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( f  10-5) ill ehown in Fig. 1051. Eesentially, it 
consists of a center-fed half-wave antenna with 
another half-wave element connected directly 
between its ends. The spacing between the 
two sections should be quite close - not more 
than a few per cent of the wavelength. As 
used at ultra-high frequencies, the spacing is 
of the order of an inch or two with elements 
constructed of metal tubing. 

The impedance at the terminals of the an
tenna is four times that of a half-wave antenna, 
or nearly 300 ohms, when the antenna con
ductors are all the same die.meter. A 300-ohm 
line will therefore be non-resonant when the 
antenna is connected to its output end (§ 10-5), 
while the standing-wave ratio with a 600-ohm 
line will be only 2 to 1. 

The total length around the loop formed by 
the antenna may be calculated by Equation 
10 ( § 10-9) for a total length of one wavelength. 

Corner rejkctor antenna -A type of an
tenna system particularly well-suited to the 
u.h.f. ranges above 56 Mc., is the "corner" 
reflector shown in Fig. 1052. It consists of 
two plane surfaces set at an angle of 90°, with 
the antenna set on a line bisecting this angle. 

----- 'A/2 -----� 

1 l 
Transmission 

line 
Fifj. 1051 - Folded dipole for increuin1 the nine of 

impedance at the feed point. 

The distance of the antenna from the vertex 
should be 0.5 wavelength, but some com
promise designs can be built with closer spac
ings (see Table V). The plane surfaces do 
not need to be solid, and can most easily be 
made of spines spaced a.bout 0.1 wavelength 

. ape.rt. The spines do not have to be connected 
together electrically. 

The resistance of the antenna is raised when 
a corner reflector is used. The transmission 
line should be run out at the rear of the reflec
tor to keep the system as symmetrical as 
possible and thus avoid any unbalance. Two 
simple antennas which can be used with the 
corner reflector are shown in Fig. 1053. 

The corner reflector can be used with the 
antenna either horizontal or vertical, and the 
plane of polarization will be the plane of the 
antenna. The relative positions of the an
tenna and reflector must remain the same, 
however, which means that a support for both 
horizontal and vertical polarization would 
require a means for rote.ting the reflector 
about its horizontal axis. 

Receit>in1 antennaa - Because of the high 
11en&tivity of modern receivers a large antenna 



is not necessary for picking up signals at 
good strength. Often it will be found that an 
indoor wire only 15 or 20 feet long will give 
quite good results, although a longer wire out
doors is better. 

The use of a tuned antenna greatly improves 
the operation of the receiver because the signal 

d¾:�''If::,� 
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2·-z�, 

A&rell«lor 
-td.t 

�rt«x 

,. ..... � 
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Fi,. 1052 - A comer reflector antenna 1y1tem with 
grid-type reflector. Tbe reflector elemenll are atilf wire 

or tubing. Tbe dimentiona are for 224 Mc., and 1bould 
be doubled for 112 Mc. (See Table V.) The gain of the 
1y1tem ia clooe to 10 db. 

strength is greater in proportion to the stray 
noises picked up by the antenna than is the 
case with the antenna of random length. 
Since the transmitting antenna is usually 
given the best location, it can be used to great 
advantage for receiving, especially when a 
directive antenna is used. A change-over 
switch or relay connected in the antenna leads 
can be used to transfer the connection from· 

TABLE V 

� of Number Sif!t:11&0! Spacing 
Frequency Length tor ol tor lo! Drinn 

Band o!Side Elementa Relleeior Etementa D�e 
Elemente to eriex 

= = = I= 224-230 Mc. ., 2" ., 7'' 20 5" 2' 2" (I¼ meter) 
= ---= � = 

112-110 Mc. 8' 4" 5' 2" 20 10" 4' 4" (2� meter) 

112-110 Mc.• &' 8" 5'2" 10 10" 3' O" (2� meter) = I= = 
� Mc. te'i" 10' 4" 20 I' 8" 8' 8" (5 meter) 

55-eO Mc.• 13' .,, 10' .,, 10 I' 8" 8' 11" (5 meter) 

Table V. - Dimen1ion1 of 1quare-corner reflector for 
the 224-, 112-, and 56-Mc. bands. Alternative deoisns 
are li1ted for the 112- and 56-Mc. bands. These deoigns, 
marked (•), ba-.e fewer reflector elemenll and aborter 
1ide1, but the effecti-.eneu ia only 11ightly reduced. 
There i, no reflector element at the -.ertex in any of tbe 
dcoigne. 

the receiver to the transmitter while the trans
mitter is on the air. The directive effects and 
power gain of directive transmitting antennas 
are the same for receiving as for transmitting, 
and should be utilized for best reception. 

_Jl I 
L 

450 to soo 

tuned at ohm line 

r� ��T tronsmitt�r {No. 12 wire, 
Jp,ued 2·1 l 

s..i I-
A B 

Fi,. 1053 - Dipole, 1uitable for uoe with the corner 
reflector antenna 171tem. The length L it 25 inche1 for 
224 Mc., , - 1 inch for the oame band. 
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C H A P T E R  ELEVEN 

e A ONE-TIJBE REGENERATIVE 

RECEIVER 

THE SIMPLEST receiver capable of 
giving at all satisfactory results in everyday 
operation is one consisting of a. regenerative 
detector followed ·by an audio amplifier. This 
type of receiver is sufficient for headphone re
ception, and is quite easy to build and adjust. 
A dual tube may be used for both stages, . 
thereby reducing cost. 

Figs. 1101 to 1105 show such a receiver, 
using a 608G twin-triode tube, one triode 
section being the regenerative detector and 
the other the audio amplifier. The circuit dia
gram is given in Fig. 1103. The grid coil, Li, 
is tuned to the frequency of the incoming 
signal by means of condensers C1 and Ca, C1 
being the bandsetting or general coverage 
condenser and Cs the ba.ndspread condenser. 
Regeneration is supplied by means of the 
tickler coil Li.; the variable plate by-pass con
denser, C2, is the regeneration control. The 
receiver is coupled to the antenna through 
C5, a low-capacity trimmer condenser. R1 and 
C, are the grid leak an.cl grid condenser. 

The audio amplifier section of the tube is 
coupled to the detector by the audio trans
former T1. Bias for the audio stage is supplied 
by a midget flashlight cell, this type of bias 
being quite convenient as well as cheaper than 
other methods. The choke, RFC, is necessary 

Fig. 1102 - A rear view of the one-tube receiver. The 
grid condenser and grid leak are supported by their wire 
leads between the stator plates of the tuning conde08Cr 
and tbe grid cap on the tube. 

to prevent r.f. current from flowing in the 
primary winding of the audio transformer ; 
without the choke the regeneration control 
condenser C2 may be ineffective. A switch, 
S1, is provided for turning off the " B "  supply 
when transmitting. 

The construction of the re
ceiver is shown in the photo
graphs. The chassis measures 
5½ by 9½ by 1½ inches. The 
three variable condensers are 
mounted on the panel three 
inches from the bottom edge, 
with Ca in the center, C1 at the 
right and C2 at the left. All 
ground connections may be 
ma.de directly to the chassis, 
making sure that the paint is 
scraped away and that good con
tact is secured. 

Fig. 1101 -.i\ one-tube regenerative receiver, using a double triode as a 
regenerative detector and audio amplifier. Plug-in coils for different fre
quency ranges are shown in front of tb_e receiver. 

The headphone connections 
a.re ma.de by means of tip jacks 
mounted on the rear edge of 
the chassis. Filament and plate 
power are brought in through a 
four-wire cable which enters the 
chassis through the rear edge. 
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Fig. 1103 - Bottom of chum view of the 
one.tube regenerative receiYer. The con�truc. 
tioo and wiring are extremely •imple. The 
power 8Upply cable and the headphone tip 
jaclcs are brought out at the rear of the cba•
oia, and the antenna and ground terminals 
are mount..d on one aide. 

The coils are made as shown in Fig. 1105 
and the coil table. Both windings should be in 
the same direction. Li for the B, C and D coils 
should have its turns evenly spaced to occupy 
the specified length; the wire may be held in 
place when the coil is finished by running some 
Duco cement along the ridges of the coil forms. 

The heater supply fo.r the receiver may be 
either a 6.3-volt filament transformer (the 
I-ampere size will be ample) or a 6-volt bat
tery. A 45-volt " B "  battery should be used for 
the plate supply. The "B" current drain is 
only a few milliamperes, and a medium- or 
small-aize " B "  battery will give excellent 
service. 

After the wiring has been checked, the 
heater and plate supplies, headphones and an
tenna and ground can be connected to the re
ceiver, and the C coil plugged in. Turn the re
generation condenser, Cs, starting from mini
mum capacity (plates all out) until the set 
goes into oscillation. This phenomenon is 
easily recognizable by a distinct click, thud or 
hissing sound. The point where oscillation just 
begins is the most sensitive opera.ting point at 
that particular dial setting. 

The tuning dial may now be slowly turned, 
the regeneration control knob being varied 
simultaneously (if necessary) to keep the set 
just oscillating. A number of stations will prob
ably be heard. A little practice will make tun
ing easy. 

If the set refuses to oscillate, the sensitivity 
will be poor and no code signals will be heard on 
the frequencies at which such signals should be 
expected. It should oscillate easily, however, 
if the coils are made exactly as shown. It some
times happens that the antenna takes so much 
energy from the set that it cannot oscillate, 
this usually resulting in "holes" in the range 
where no signals can be picked up (and where 
the hissing sound cannot be obtained). This 
can be cured by reducing the capacity of C5 
(unscrewing the adjusting screw) until the de
tector again oscillates. If it still refuses to oscil-

late, the coil L2 must be moved nearer to L1 
or, in extreme cases, a turn or two must be 
added to L,. This is best done by rewinding with 
more turns rather than by trying to add a turn 
or two to the already-wound coil. For any 
given band of frequencies, adjust C, so that the 
detector oscillates over the whole range, using 
as much capacity at C, as is possible. This will 
give the best compromise between dearl spots 
and signal strength. It will be found that less 
advancing of the regeneration control, Ci, is 
required at the high-frequency end of a coil 
range (C1 at or near minimum capacity) than 
at the low-frequency end. The best adjust
ment of the antenna condenser, C,, and the 
feedback coil, L,, is that which requires almost 
a maximum setting of the regeneration control 
at the low-frequency end (maximum capacity 
of Ci) of any coil range. 

GNO. ANT. 

l 6C8G PIIONES 

Fig. 1104 - Circuit dia gram of the one-tube regenera
tive receiver. 
C, �100.,.,.fd. band-l!Ct variable. 
C2 - 100.,.,.fd. regeneration control variable. 
Ca - 15-,.,.fd. band-•pread variable. 
C. - 100.,.,.fd. mica grid coudenoer. 
Ca -3-30-p,.fd. adjunahle mica antenna coupling. 
R1 - I -megohm, ½-watt grid leak. 
L1, Lo - Grid coil and tickler coil. See coil table for 

dimensions. 
T, - lotentage audio traMformer, 3:1 ratio. 
S1 - S.p.8.t. B+ toggle •witch. 
RFC - 2.5-mh; detector plate r.f. choke. 
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ONF.-TIJIII! REGENERATIVE RECEIVER con DATA 

C./1 

A 
8 
C 
D 

Gri,1 Windin6 (Lt) Tlc/dor(Lt) 

Si ....... N.. zz --"... 
I 

I� ..... N.. Z4 --11 ... 
32 u u u u 3 u u u u 
)8 U U U U 5 U II U U 

11 " " " u 5 u u u  u 

All...t,......i-, t½-inchamotwi.r-(lbmmar ..... SWF-4} 
Cr� windini• ., ceil• 8, C and D ,.., ... •• _,a lenrth el I½ 
in<hoo; viol windins ., ceil A c1-.-....i. T"ocklor ceil, all •'
WNN, ,..,..i ¼ inch 1r- 1oet1- el p;d winula. S.. F"•· ues. 

F,_,.J ranJe Coil: A - 1708 to 3ZOO kc. 
B - 3MOto S7N kc. 
C - S4eo to 11,NO kc. 
D - tSN to 11,NI kc. 

Coil A misses the high-frequency end of the 
broadcast band, but it is possible to hear 
police stations and other services. The band is 
most easily located by listening at night (when 
there is the most activity), setting C3 at maxi
mum and slowly tuning with Ci until some of 
the police stations are heard. These' stations 
operate on 1712 kc., so that once found they 
become " markers " for the low-frequency end 
of the band. Further tuning then should he 
done with the main tuning dial. 

Locating the other ranges is done in exactly 
the same manner, by searching carefully with 
C1 and looking for marker stations of known 
frequencies. Activity will he greater above 12 
Mc. during the day and below that frequency 
at night. 

A suitable antenna for the receiver would be 
50 to 75 feet long, and as high and clear of sur
rounding objects as possible. The ground lead 
should preferably be short ; a ground to a 

BOTTOM OF SOCKET 
OR <;OIL FORM 

Fi&. 1105 - Method of winding coil• for tbe one-tube 
regenerative receiver. Pin 1 connects to 1round, pin 2 to 
the plate of the detector, pin 3 to RFC and the stator 
plates of C2, and pin 4 to.the stator plates of C, and Cs. 

heating radiator or water piping is usually 
good. 

e A REGENEIIATIVE SINGl.&-SIGNAL 
RECEIVER 

An inexpensive amateur-band receiver using 
i.f. regeneration for single-signal reception, is 
shown in Fig. 1106. Fig. 1 108 gives the circuit 
diagram. Regeneration also is used in the mixer 
circuit to improve the signal-to-image ratio 
and to give added gain. This receiver is de
signed to give the maximum of performance, 
in the hands of a capable operator, at minimum 
cost. Selectivity, stability and sensitivity ·are 
primary considerations. 

The mixer, a 6SA7, is coupled to the 
antenna and is separately excited by 
a 6J5 oscillator. There is a single 460-
kc. i .f. stage, using a 6SK7 and per
meability-tuned transformers. The 
second detector and first audio ampli
fier is a 6SQ7 and the audio output 
tube for loud-speaker operation is a 
6F6. The separate beat oscillator cir
cuit uses a 6C5. A VR-105 voltage reg
ulator tube is used to stabilize the 
plate voltage on the oscillators and 
the screen voltage on the mixer and 
i.f. tubes. 

Fig. 1106 - A  7-tuhe superhet using regeneration to give &ingle• 
&ignal reception and an improved image ratio. The dial ia of a type 
that can he directly calibrated for each amateur band. Two plug-in 
coils are used for each range. The chassia ia 11 by 7 by 2 incbea and 
the panel 7 by 12 inches. 

To make construction easy and to 
avoid the necessity for additional 
trimmer condensers on each coil, the 
mixer and high-frequency oscill.e.tor 
circuits are separately tuned. Main 
tuning is by the oscillator band
spread condenser, C3, which is op
erated by the calibrated dial. Cs is 
the oscillator hand-setting condenser. 
The mixer circuit is tuned by Ct, 
and regeneration in this circuit is 
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Fig. 1107 - Top view 0£ the 7-tube auper
het without coils in place. The band-&pread 
tuning condenser, Ca, ia at the front center; 
at the left is the mixer tuning condenser and 
at the right the oscillator band-set condenser. 
The 06cillator tube is in the center, with the 
mixer tube to the left on the other aide of a 
baffle shield. This sbidd, measuring 4 ¼ by 
4½ inches, is used to prevent coupling be
tween O!ICillator and mixer. The mixer coil 
socket is at the left edge of the eba88is, and 
the oscillator coil socket is next to Ca. 

The i.f. and audio sections are along the 
· rear edge of the chassis. The transformer in 

the rear left corner is T1 ; n�t to it is the i.f. 
tube, then T2. ext in line 18 the 6SQ7, fol. 
lowed by the 6C5 beat oscillator, the b.o. 
transformer, Ta, and finally the 6F6. The 
VR-105 is just in £root of Ta. 

i 

11//Ntrs. 

� 
�ll/. 

R .. 
\IR·IOS 

· r * l 
-250 + 

Fig. 1108 - Circuit diasram of the regenerative superhet. 
C, - 5().,.,.fd. mixer tuning. 
Ca- 5().,.,.fd. O!ICillator band-t1et. 
Ca - 35-,.,.fd. oecillator band-

•pread. 
C. -so.,.,.fd. mica oecillator cou-

pling. 
C:., Ca- 0.1-,.fd. cathode by-pa88. 
C. -0.1.,.f,I. mix�r ACreen by.paoo. 
� - 0.1-,.Cd. mixer plate hy-pa88. 

- 0.01-,.fd. b.f.o. plate hy-pa88. 
Cu - 0.01-,.fd. audio coupling. 

-0.01.,.fd. i.f. amplifier grid 
by-pa88. 

-0.005-,.Cd. 06Cillator plate 
by-pa88. 

-0.005-i,fd. mixer grid by. 
paoo. 

-3-30-i,,.fd. adjuatable i.f. feed-
back. 

-%50-µi,fd. diode by-pass. 
- 100-,.,.fd. r.f. filter. 

100-,.,.Cd. O!ICillator grid. 
C. -25-,.!d. electrolytic cath

ode by-pass. 

C21 - 25-i,,.fd. b.f.o. tuning. 
C22 - 100.,.,.fd. mica diode block

ing. 
R, -200-obm, ½-watt cathode 

bias. 
R2 - 20,000-ohm, ½-watt injec

tion grid leak. 
Ro - 50,000-obm, ½-watt oocil

lator grid leak. 
R. - 50,000-ohm, ½-watt b.f.o. 

plate dropping. 
R, -50,000-ohm, ½-watt · diode 

r.f. filter. 
Ro - 300-ohm, ½-watt cathode 

bias. 
R1 - 0.2-megobm, ½-watt diode 

load. 
Ra - 2000-ohm, ½-watt cathode 

bias. 
Rv - LO-megohm, ½-watt a.v.c. 

filter. 
Rio - 0.1-megohm, ½-watt plate 

load. 

Ru - 0.5-megobm, ½-watt grid. 
R12_- 450-obm, 1-watt cathode 

· bias. 
R,. - 75,000-ohm, 1-wa tt bleeder. 
R14 - 5000-obm, 10-watt voltage 

dropping. 
R,o - 10,000-ohm mixer recenera• 

tion control. 
R,a - 25,000-ohm i.f. gain control. 
n,1 - 2:mecohm audio volume 

control. 
R1s - 2-megohm, ½-watt a. v .c. 

load. 
T1, T2 - 465-kc. i,f. tran•fonner, 

permeability tuned. 
T, - 465-kc. b.f.o. unit. 
RFC - 2.5-mh. r.f. choke. 
J - Closed-circuit jack. 
S1 - S.p.s.t. B+ toggle switch. 
L,.L.,, inc. - See coil table. 
X indicates jumper inside VR-105 

base. 
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controlled by R1s, connected across the mixer 
tickler coil, La. 

R1s is the i.f. amplifier gain control, which 
also serves as an i.f. regeneration control when 
this stage is made regenerative. C1s is the re
generation condenser ; it is adjusted to feed 
back a small amount of i.f. energy from the 
plate to the grid of the 6SK7 and thus produce 
regeneration. If the high selectivity afforded by 
i.f. regeneration is not wanted, C15 may be 
omitted. 

Diode rectification is used in th� second de
tector circuit. One of the two diode plates in 
the 6SQ7 is used for developing a.v.c. voltage, 
being coupled through C22 to the detector di
ode. The detector load resistor consists of Rs 

and R1 in series, the tap being used for r.f. 
filtering of the audio output to the triode sec
tion of the tube. R1s is the a.v.c. load resistor; 
R9, C1, and C12 constitute the a. v.c. filter cir
cuit. 82 cuts the a. v.c. out of circuit by ground
ing the rectifier output. The headphones con
nect in the plate circuit of the triode section of 
the 6SQ7. R11 is -the audio volume control. 

The tube heaters are all in parallel, one side 
of each being grounded right at the tube socket. 
Only one filament wire need be run from tube 
to tube. 

In wiring the i.f. amplifier, keep the grid and 
plate leads from the i.f. transformers fairly 
close to the chassis and well separated. With
out C15, the i.f. stage should be perfectly_ 
stable and should show no tendency to oscil-
late at full gain. 

The method of winding the coils is shown in 
Fig. 1110 and complete specifications are given 
in the coil table. 

The i.f: amplifier can be aligned most con
veniently with the aid of a modulated test oscil
lator. First alignment should be made with C15 
disconnected so that the performance of the 
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Fig. 1109- The below..:hll88is 
wiring ia shown in tbia view of the 
7-tube superbet. The controls along 
the bottom edge of the panel are, 
from left to right, the mixer regenera
tion control, R 11, the i.f. gain COD• 
trol, R1e. the audio volume control, 
R11, and the beat--06Cillator tuning 
condenecr, C21. The latter bas one 
comer of one rotary plate bent over 
so that when the condenser plates 
arc fully meshed the condenser ill 
sbort..:in:uitcd, thus stopping 08· 
cillation. 

• 

amplifier _ non-regenerative can be checked. 
A headset or loud speaker can be used as an 
output indicator. The mixer and oscillator 
coils should be out of their sockets, and R15 

should be set at zero resistance. 
After the i.f. amplifier is aligned, plug in a 

set of coils for some range in which there is 
likely to be a good deal of activity. Set the 
oscillator padding condenser, C2, at almost 
maximum capacity and the mixer regeneration 
control, R1s, for minimum regeneration - no 
resistance in circuit. Connect an antenna. 
Switch on the beat oscillator by turning C21 
out of the maximum position, and adjust the 
screw on Ta until the characteristic hiss is 
heard. 

As C1 is tuned over its range, there should be 
two points where there will be a definite in
crease in noise and in the strength of any signals 
which may be heard. The peak on the low
capauity side corresponds to the image fre
quency, and the mixer condenser should always 
be tuned to the peak which occurs at the higher 
capacity setting. 

After the signal peak on C1 has been identi
fied, tune Ca over its whole range, following 
with Ci 'to keep the mixer circuit in tune, to 
see how the band fits the dial. With C2 prop
erly set, the band edges should fall the same 
number oi main dial divisions from O and 100; 
if the- band runs off the low-frequency edge, 
less capacity is needed at C2, while the con
verse is true if the band runs off the high edge. 
Once the band is properly centered on the dial, 
the panel may be marked at the appropriate 
point so that C2 may be reset readily when 
changing bands. 

To check the operation of the mixer regener
ation, tune in a signal on Ca, adjust C1 for 
maximum volume, and slowly advance the 
regeneration control, R1,. As the resistance 
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Fig. 1110 -Coil and llOCket connections for the 
7-tube superbet. The small coil inside the mixer coil 
must be oriented properly for regeneration to take place. 

increases retune C1 to maximum, since the re
generation control will have some effect on the 
mixer tuning. As regeneration is increased, 
signals and noise will both become louder and 
C1 will tune more sharply. Finally the mixer 
circuit will break into oscillation when, with C1 

right at resonance, a loud carrier will be heard 
since the oscillations generated will go through 
the receiver in exactly the same way as an 
incoming signal. As stated before, oscillation 
should occur with Ru set at half to three
quarters full scale. In practice, always work 
with the mixer somewhat below the critical 
regeneration point and never permit it actually 
to oscillate. On the lower frequencies, where 
images are less serious, the tuning is less critical 
if the mixer is non-regenerative. In this case, 
always set R1i at zero since there will be a 
range on the resistor where, without definite 
regeneration, the signal strength will be less 
than it is with zero resistance. 

After the preceding adjustments have been 
completed the i.f. regeneration may be added. 
Install Cu, taking out the adjusting ·screw and 
bending the movable plate to make an angle 
of about 45 degrees with the fixed plate. Re
align the i.f. As the circuits are tuned to reso
nance the amplifier will oscillate, and each 
time this happens the gain control, R1&, should 
be backed off until oscillations cease. Adjust 
the trimmers to give maximum output with the 
lowest setting of R1&- At peak regeneration the 
signal strength should be about the same, de-

l<aJio G
'l

uipnmal 

COIL DATA FOR 7•TIJBE SlTP.EllBEr 

Wire 
Band Coil Siu Tumt L,;,,gtA Tap 

l.75 Mc. L1 24 70 Cloee-wound 
L, 24 15 
Lo 22 15 
r.. 22 42 Cloee-wound Top 
L, 24 15 

3.5 Mc. L1 22 35 

.t.. 22 9 
Lo 22 12 
r.. 22 25 1 inch 18 
L, 22 10 Cloee-wound 

7 Mc. Lt 18 20 I inch 
L, 22 5 Cl°""-wound 
Li 22 9 
r.. 18 14 I inch 6 
4 22 6 CI08e-wound 

14 Mc. Lt 18 10 1 inch 
L, 22 5 Cloee-wound 
Li 22 7 
r.. 18 7 1 inch 2.4 
4 22 4 Clooe-wound 

28Mo. Lt 18 4 1 inch 
L, 22 4 Cloee-wound 
L, 22 1.5 
r.. 18 3.6 I inch 1.4 
4 22 2.4 Cloee-wound 

All coils except Li are l½ inchee in diameter, wound 
with enamelled wire on Hammarlund SWF Forms. Spacing 
between Lt &nd L,, &nd between L. and 4, approximately 
½ inch. Band-spread tape are measured from bottom 
(ground) end of r... 

L, for 28 Mc. ia interwound with Lt at the bottom end. 
Li for all other coils ia eelf-support.ing, ecramble-wound to a 
diameter of ¾ inch. mounted inaide the ooil form near the 
bottom of Lt. 

spite reduced gain in the amplifier, as without 
regeneration at full gain. Too much gain with 
regeneration will have an adverse effect on 
selectivity. 

For single-signal c.w. reception, set the beat 
oscillator so that when R1s is adVl!.nced to make 
the i.f. just go into oscillation the resulting tone 
is the desired beat-note frequency. Then back 
off on R1& to obtain the desired degree of 
selectivity. Maximum selectivity will be se
cured with the i.f. just below the oscillating 
point. The "other side of zero beat" will be 
very much weaker than the desired side. 

Power supply requirements for the receiver 
are 2.2 amp. at 6.3 volts for the heaters and 
80 ma. at 250 volts for the plates. Without the 
pentode output stage a supply giving 6.3 volts 
at 1.5 amp. and 250 volts at 40 ma. will be 
sufficient. 

e COMMERCIAL SUPERBETEIIODYNB 

BECEIVBRS 

Although some very advanced types of 
superheterodyne receivers have been built at 
home, most of the superheterodynes used by 
amateurs are of the manufactured type. They 
range from simple, inexpensive ones with a 
minimum of tubes to large receivers with many 
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features. Two of the latter type are shown in 
Figs. 1 1 1 1-1 1 16. 

The National HRO, shown in Fig. 1 1 1 1, 
1 1 12 and 1 1 13, is a high-gain superheterodyne 
using plug-in coil gangs for the various fre
quency ranges. Coils are available for bands of 
frequencies between 50 kc. and 30 Mc., a range 
made possible only by the use of plug-in coil 
gangs. Standard equipment is four sets of coils 
for 1.7 to 30 Mc. Provision is made on the coil 
gangs in the high-frequency range for either 
general coverage or amateur bandspread, de
pending upon the coil connections used. Two 
stages of r.f. amplification are used 
ahead of the mixer, and a separate 
high-frequency oscillator is used for 
greater stability than is possible with 
some of the combination converter 
types of tubes. The mixer is followed 
by a crystal filter and two stages of i.f. 
amplification. The crystal filter is re
sponsible for a high order of selectiv
ity and is used for "single signal " 
reception of c.w. signals. A double 
diode, hi-µ pentode is used for the 
second detector and first audio stage, 
and is followed by a pentode audio 
output tube. A beat-frequency oscil
lator is loosely coupled to the diode 
second detector. 

is set to the end of the scale. A tuning meter 
mounted on the panel can be switched in 
during 'phone reception for comparative meas
urements of carrier strength. The main tuning 
dial is an ingenious device which must make 10 
complete revolutions for 180-degree rotation of 
the tuning condenser gang. The numbers, 
visible through small windows on the dial, 
change every revolution to give consecutive 
numbering by tens from O to 500. 

A high order of frequency and alignment 
stability is obtained by the use of air-dielectric 
trimmer and padder condensers. 

The coil gang plugs in at the 
lower center of the panel, as can 
be seen in Fig. 1 111. The controls 

Fi8. llll - The National HRO 9-tube superheterodyne. The 
gang o( four coils is plugged in under_ the tuning dial. 

on the panel, aside from the main tuning 
dial, are audio and r.f. gain, beat-frequency
oscillator frequency control, and selectivity 
and phasing controls for the crystal filter. An 
"on-off" switch is included for turning off the 
receiver during transmission periods, and an
other switch turns on the a.v.c. when radio
phone signals are being received. A third 
switch, mounted on the b.f.o. control, turns off 
the b.f.o. for 'phone reception when the control 
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The Hammerlund "Super Pro," shown in 
Figs. 1 1 14, 1 1 15 and 1 1 16, is a 16-tube super
heterodyne using coil-switching for band 
changing. Severa.I models a.re available - the 
two common ones cover a range of 0.54 to 20 
Mc. and 1.25 to 40 Mc. There are two stages of 
r.f. amplification ahead of the mixer, and a 
separate high-frequency oscillator is used. The 
mixer output feeds into a wide-range crystal 
filter followed by three stages of i.f. amplifica-

• 

Fi8. 1112 - A lop view of the 
BRO receiver. The ganged tuning 
condensers can be seen either side of 
the dial mechanism • 

• 



tion. The crystal filter is 
adjustable in steps from a 
selectivity wide enough to 
admit 'phone signals to 
sharp enough for single
signal c.w. reception. To 
increase further the selec
tivity range of the i.f. am
plifier, the i.f. transformers 
are given a variable-selec
tivity characteristic by 
making the coupling be
tween coils adjustable 
from the panel. Thus, -by 
turning the i.f. selectivity 
knob on the panel, the i.f. 
characteristic can be made 
broad enough for high
fidelity 'phone reception 
or sharp enough for some-

thing approaching single-signal 
formance. 

The i.f. amplifier is followed by a 
diode second detector, an audio noise 
limiter (useful for removing interfer
ence of the type caused by automobile 
ignition and similar sources), and 
two stages of audio amplification 
which drive a push-pull pentode out
put stage. The a. v.c. voltage is ob
tained from a separate diode rectifier 
which is driven by an a.v.c. amplifier 
tapped into the output of the i.f. am
plifier. This use of " amplified" a.v.c. 
results in a wide range of control. A 
b.f.o. is coupled into the plate circuit 
of the last i.f. amplifier stage. 

The power supply of the Super Pro 
is a separate unit connected to the re
ceiver through a flexible cable. It is a 
heavy duty affair with a separate rec
tifier for the C-bias supply. This 
rectifier obtains its voltage from a tap 
on the power transformer. The field 

Fig. 1113 - This under-eha86is view 
of the HRO shows the coil compartment 
and the wiring of the receiver. 

� Fig. 1114 - The Hammarlund Super 
Pro 16-tuhc oupcrhetcrodynr. The band
change switch is located between the two 
dial windows, just below the S meter. 

· r- Fig. 1115 - A top view of the Super 
+ Pro, showing the shielding of tbe coils 

and tuning condensers (center). 
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para.tive carrier strengths, and the 
sensitivity of the metering system 
can be adjusted by a control a.t 
the rear of the chassis so that the 
meter will indicate S9 on any sig
nal from 10 to 10,000 microvolts, 
depending upon the requirements 
of the operator. 

e AN IJLTRA-BJGB• 
FBEQIJENCV SUPER• 
Bl!GENEaATIVE BECEIVEII 

Fig. 1116 - The tuning unit of the Super Pro with the •hield cover 
removed. Each coil io mounted on an lsolaotite buc along with ii. 8880· 
ciated trimmer condenaer. 

The superregenerative receiver 
shown in Figs. 1 1 17, 1 1 18 and 
1 1 19 has excellent sensitivity in 
both the ll2- and 224-Mc. ama
teur bands, but it is not entirely 
free from radiation a.s would be a. 
similar receiver with a.n r.f. ampli
fier between the antenna and the 
detector. However, such a receiv
er will permit good reception in 

of the loud speaker serves a.s one of the two fil
ter chokes in the plate supply filter system. 

Two separate gangs of tuning condensers a.re 
used for tuning the Super Pro. A "band set" 
gang is used to set the receiver in the portion of 
the spectrum one wishes to operate in, and the 
" band spread" gang is then used to tune 
slowly over this range. When the band spread 
dial, which is directly calibrated in frequency, 
is set to the high-frequency end of an amateur 
band, the band spread dial will read frequen
cies in that band. The manufacturer's tolerance 
for such calibration is less than 0.5 % of the 
highest frequency in ea.ch range. 

An "s" meter is included for reading com-

the u.h.f. range with a. minimum 
of expense, and the radiation is not great 
enough to bother receivers more than a half 
mile or so away. 

A 9002 u.h.f. triode is used in the detector 
circuit, followed by two stages of audio amplifi
cation. Only one stage of audio is used for head
phone reception, and a jack is provided for 
plugging in the 'phones. The detector circuit is 
a form of the ultraudion circuit often used for 
u.h.f. detectors - the grid leak is returned to 
the positive plate supply rather than to the 
cathode, which results in slightly smoother 
superregeneration. The tuning condenser, C1, 
is shunted by a mica. trimmer, C2, which is used 
a.s a band-set condenser and which allows 

Fig. 1117 -Left -The pantl of the two-band superregenerative receiver mea•ureo 7 inch.,. square. The knob in 
the upper right-band control adjust• the antenna coupling and the knob below the tuning dial controls the regen
eration. fligbt - A view of the back of the two-hand ouperregenerative receiver •hows the variable antenna coupling 
and the placement of parta. ote the 224-Mc. coil in the foregrow,d - the 112-Mc. coil ia in the coil eocl<et. 
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greater bandspread to be obtained wi'th a 
reasonable value for C1. Variable antenna 
coupling is used to aid in matching to different 
antennas and to make the use of plug-in 'coils 
easier. Regeneration can be increased by ad-

The polystyrene tube socket for the 9002 is 
mounted on a metal bracket which is placed 
close enough to the tuning condenser to allow 
a very short lead from the tuning condenser to 
the plate connection and just enough room be-

T 

Heaters 

1 � I
s 

!,.JV - 160V.+ 

Fig. 1118- Wiring diagram of the two-band superregenerative u.b.f. receinr. 
Ct - Two-plate band-&prcad tuning. R, -2500-ohm, ½-watt cathode biao. 
C2 - 3-30-,.,Jd. adjustable mica band-seL R6 -0.1-megobm, ½-watt fringe-howl sup-
Ca - 50-,.,Jd. grid condenser. pressor. 
c. - 0.003-,Jd. interruption-frequency R6 -0.l-megobm, ½-watt plate load. 

by-pass. R1 - 0.1-megobm, ½-watt grid. · 
w, C1 - 10-,.fd. electrolytic cathode by- Rs - 500-obm, I-watt cathode bias. 

pass. · J - Closed-,,ircuit 'phone jack. 
C,; - 0.0l-µfd. audio coupling. S -S.p.8.L B+ toggle owitch. 
Rt - 10-megobm, ½-watt grid leak. T1 - Interstage audio transformer, 3:1 ratio. 
R2 - 50,000-ohm regeneration control. RFC, - U.h.f. r.f. chole. -

Ra - 0.1-megohm, 1-watt voltage drop- RFC2 -8-mh. interruption frequency r.f. 
ping. choke. 

L1 -Antenna coil - I tum No. 14 enam. wire, ¾-inch in•ide diam. 
L2 - Detector coil - 112 Mc.: 3 turns No. 18 enam., ½-inch 'diam_, spaced to ¼-inch 

winding length. Tap l¼ turns from plate end. 
224 Mc.: 2 turns No. 18 enam., ¼-inch diam., •paced to ½-inch winding length. 

Tapped al center. 

vancing the regeneration control, R2, · or by 
loosening the coupling between Li and �-

The receiver is built on a 7- by 7- by 2-inch 
chassis. The dial is mounted in the center of the 
panel and is connected to the tuning condenser 
by a bakelite flexible coupling. The condenser 
is mounted on a metal bracket cut out in the 
shape of a " U "  to clear the stator connections 
of the condenser. 

The socket for the plug-in coils is made from 
the contacts taken from a miniature tube 
socket. They are obtained by squeezing the 
socket in a vise until the bakelite cracks, after 
which they can be easily removed. One of these 
contacts is soldered to each of the tuning con
denser connections and a third is soldered to a 
lug supported by one of the extra holes of the 
Isolantite base of the tuning condenser. The 

. only care necessary in mounting the contacts is 
to see that they are all the same height, so that 
the plug-in coil will seat well on them. The 
band-set condenser is mounted by soldering 
short strips of wire to the ends and then solder
ing these wire:5 to the tuning condenl;ler 
terminals. 

tween the rotor of the condenser and the grid 
connection of the tube for the grid condenser to 
fit. The heater and cathode leads are brought 
down to the underside of the chassis through a 
rubber grommet. 

The variable antenna coupling coil is 
mounted on a polystyrene rod supported by a 
shaft bearing. The rod is prevented from mov
ing axially in the bearing by cementing a fiber 
washer to the shaft and tightening the knob on 
the other side so that the shaft does not move 
too freely. The antenna coupling loop should 
be. adjusted so that it will just clear the' coils 
when they are plugged in the socket. 

The coils are mounted on small strips of ¼
inch polystyrene which have three small holes 
drilled in them corresponding exactly to the 
tops of the coil sockets. The coil is cemented 
to the strip with Duco cement at the points 
where the wire passes through the strip. The 
No. 18 wire used for the coils will fit snugly in 
the sockets if the sockets are pinched slightly. 
A coil socket of this type allows very short 
leads to be used. The coils are trimmed to the 
bands by sprea.ding the turns slightly. The 
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band-set condenser gives some further range of 
adjustment and, in the receiver as described, 
it is screwed down fairly tightly for the 112-Mc. 
band and loosened about four revolutions for 
224 Mc. 

Two things will be found to influence the 
sensitivity of the receiver, the value of c. and 
the degree of antenna coupling. It is recom
mended that values of c. from 0.001 to 0.005 
µfd. be tried. The antenna coupling will, of 
course, vary greatly with the setting of the coil 
and with the type of antenna that is used, and 
it is well worth while to tune the antenna cir
cuit and then vary the coupling �th the panel 
control. Tight coupling will usually give better 
results than loose coupling, and th·e coupling 
can be increased almost up to the point where 
it is impossible to make the detector oscillate 
with no ill effects except increased radiation 
and QRM for other receivers in the vicinity. 

No audio volume control was included in this 
receiver been.use the parts were held down to a. 
minimum, but one could easily bll- added. In 
this receiver, the value of R7 was adjusted 
until normal loud-speaker output WM ob
tained, and it can be varied to meet anyone's 
particular requirements. 

• A. OtMMEKCIAL v.e.F. llfiCEJVEK 

The Hallicra.fter S-27 u.h.f. receiver shown 
in Figs. 1120, 11 21 and 1122 affords continuous 
coverage of 27 to 145 Mc. in three ranges of 
27-46, 45-84 and 81-145 Mc. It is a 14-tube 

receiver of the superheterodyne type, with 
provision for the reception of either amplitude
or frequency-modulated signals. 

Since ordinary receiving tubes are of little 
value above 60 Mc., special u.h.f. tubes of the 
"acorn" type are used for r.f. amplifier, mixer 
and high-frequency oscillator. A front-<>f
pa.nel antenna. trimmer control allows the 
input circuit to be matched closely to the 
antenna in use, for maximum gain. The mixer 
is followed by a two-stage 5.25-Mc. i.f. ampli
fier which has two degrees of selectivity. A 
switch on the panel allows the selectivity of 
the i.f. amplifier to be set at "sharp" for a..m. 
or narrow-band f.m. reception, or to "broad" 
for wide-band f.m. reception. Depending upon 
whether a.m. or f.m. reception is required, 
the o.utput of the i.f amplifier is fed into a. 
diode second detector or a limiter and dis
criminator (the latter for f.m. rectification). 
A b.f.o. is included for c.w. reception, and an 
audio noise limiter can be switched in for 
quieter reception of a..m. signals. The two 
detection methods a.re followed by audio 
amplifier stages ending in a. push-pull output 
stage. 

A dual-purpose "S"  meter serves M a. 
carrier-level meter for a..m. signals and as a. 
tuning meter for f.m. signals. More so than in 
any other type of receiver, accurate tuning is 
a. requisite of distortionless f.m. reception. 

Several degrees of response can be obtained 
from the audio amplifier through the incor-

Fi8. 1119 - Left - A  cl<>11e-up view of the tuning aesembly shows bow the leads from tuning condenser to tube 
l!Oeket have been kept short and bow the coil socket is mounted on the tunin� condenser. Hidden by the grid con• 
denser (the 50.,.,.{d. condenser so prominent in the picture), the plate terminal of the tube socket goes to a lug that 
bu been added to the stator of the tuning condenser. Right - The arrangement of parts under the chassis can be 
eeeo in tbia photograph. The 6J5 socket is on the left and the 6}'6 socket is on the right, near the speaker terminals. 
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Fi&. 1120 -The Hallicrafter S-27 u.h.f. 
receiver can be used for either a.m. or f.m. 
reception. The scale at the left indicates the 
lrequency - the center scale is a vernier 
reading for accurate logging of signals . 

• 

poration of audio filters in the receiv
er. Setting the tone-control switch at 
"low" attenuates the higher audio 
frequencies in the manner of the or
dinary tone control. In the "normal" 
setting, a response similar to the or
dinary broadcast receiver is obtained, 
while in the " high fidelity" position 
the high-frequency range is extended 
to include the higher frequencies 
transmitted by f.m. broadcast sta
tions. A fourth "bass boost " posi
tion brings up the lower frequencies 
below 100 cycles slightly more than 
they would normally be, to compen
sate for loud speaker and other 
acoustical shortcomings. 

Only one tuning control is used, 
in conjunction with two dials. One 
dial indicates the frequency in mega
cycles and rotates about 340 degrees 
for 180-degree rotation of the tun
ing condenser. The other dial . is 

geared much higher and serves as 
a vernier indicator of the main 
dial setting. 

Panel controls, other than the 
tuning, are band switch, a.f. gain, 
a.m.-f.m.switch, b.f.o. pitch control, 
tone selector switch, a.v.c. switch, 
noise limiter on-off switch, b.f.o. 
switch, send-receive switch and 
antenna trimmer control. 
e K "'.C:EIVER POWER 

St,. 'PI.IM 
Power supp1ies of most manufac

tured radio recdvers are built into 
+-

Fig. 1122 - A cloee-up view of the coil 
and condenser assembly of the S-27 with 
the shield oover removed. The acorn tube 
oscillator can be seen clearly - the mixer 
and r.f. stage acorn tubes are mounted on 
the interstage shields. 

Fig. II2I - A  top view of the S-27, showing the shield covering 
the coil and oondeoser a88embly and the gears of the dial mechanism, 
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Fi&. 1123 - This small receiver power supply will 
deliver 300 volts at 130 ma. with a choke-input filter and 
about 450 volts with a condenser-input filter. The chas
eis meaoure• 7 by 9 by 2 inches. The circuit diagram io 
shown in Fig. 1124. 

the receiver cabinet, thus making the receiver 
and power supply a single unit. On the other 
hand, it is often more convenient for the ama
teur who builds his receivers to make the power 
supply a separate unit so that it may be used 
with <  1fferent receivers that may be built from 
time to time. In either case, the power supply re
quirements are substantially the same: correct 
voltage (within 10% or so), an adequate power 
capability, low hum and noise level and good 
regulation. The first two requirements are ful
filled by proper selection of the power trans
former and current ratings of the filter chokes, 
the third depends upon the use of sufficient 
filter and, in some cases, avoiding the use of 
mercury-vapor rectifiers, and the fourth can 

. be satisfied by using low-resistance filter 
chokes and, where necessary, voltage regula
tor tubes. It is not necessary, however, to use 
regulator tubes except where the voltage 
must be held quite close, as in the case of 
critical biases and the plate voltage of high
frequency and beat-frequency oscillators. For 
this reason, the regulator tubes are usually 
used to control only these voltages. 
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A typical heavy-duty amateur power supply 
is shown in Figs. 1123 and 1 124. It is built 
upon a small metal chassis, with all of the 
wiring under the chassis. Heater and high
voltage connections are brought ·to a four
prong socket, so that the power cable from the 
receiver can be plugged in, and the connection 
to the 110-volt line is made through a male 
plug mounted on the side of the chassis. A 
switch mounted on one side of the chassis turns 
on the 1 10-volt supply to the primary of the 
transformer. As shown in the wiring diagram, 
the output voltage will run about 450, too 
high for most receiver use, but by removing 
the input condenser, Ci, the output voltage 
will drop to about 300, correct for most re
ceiver work. Further reduction of voltage can 
of course be obtained by the use of a dropping 
resistor (but with an adverse effect on the 
regulation) or by the use of a lower-voltage 
transformer. 

e A SllUPLIH TETRODIH OSCILLATOR 
TBANSMITTIHR 

. The unit shown in the photograph of Fig. 
1125 represents one of the simplest types of 
amateur transmitters. The various components 
are assembled on a plain wooden baseboard. 

A simple tetrode crystal-oscillator circuit 
(§ 4-4) is used and is shown in Fig. 1 126. 
Parallel feed ( § 3-7) is used in both plate and 
grid circuits so that the only exposed high
voltage points are the plate-eireuit r.f. choke 
and the high-voltage power terminal. Parallel 
plate feed also permits mounting the plate tank 
condenser, C1, directly on the basebol\l'd with
out insulation. Voltage for the screen is re
duced to proper value by means of the dropping 
resistor, R2. Bias is obtained entirely from the 
voltage drop across the cathode resistance, R1 
(§ 3-6). The r.f. chokes are placed so as to be 
out of the direct field of the plate tank coil . 
By-pass condensers (§ 2-13) are located close 
to the points to be b y -passed. A common 
grounding point (§ 2-13) is provided by a wire 
running the length of the baseboard to which 
all ground connections shown in the circuit 
diagram are made. 

Since this circuit is not designed for fre
quency doubling, a separate crystal is re-

Fig. 1124 - Circuit diagram of· a 
typical receiver Power supply. 
Ct - 4-,.fd. electrolytic input. 
C - 8- or 16-,.fd. electrolytic out

put. 
L - 10-hy., 150-ma. low-rui&tance 

filter choke. 
B - 15,000-ohm, 25-watt bleeder. 
T -Type 80 rectifier. 
Tr - Power transformer: 400 volt& 

each side of center lap at 140 
ma., 6.3 volt, al 6 ampere, 
ud 5 volt& at 3 ampett9. 



quired for each frequency at which it is de
sired to operate. 

Simple direct coupling to the antenna 
( § 10-4) is shown in the diagram. Coupling is 
adjusted by moving the tap up or down on the 
plate tank coil. As indicated by the dotted 

Fig. 1125 - A simple bread.board oscillator trans
mitter. Tbe crystal is plugged in tbe tube &Ocl.et to tbe 
left, while the 80Cket to the right holds the plate lank 
coil, L,. The 6L6 oecillator tube is near the center. The 
grid r.f. choke is between the crystal and 6L6, while the 
plate r.f. choke is to the right of the 6L6. The cathode 
and l!Crttn ,.,,.ist<>B are to the rear of the 6L6. The 
blocking condenser, C2, is between the tu.be and the 
tank condenser, C,, to the left of L,. 

lines, link coupling to a conventional antenna 
tuner ( §  10-6) may be used, if preferred, by 
adding a suitable link winding i<t the bottom 
of the plate tank-coil form. 

Connections to a power unit, such as the one 
shown in Fig. 1 123, may be made by a plug and 
cable connected to the terminal strip at the 
rear of the baseboard. Plate voltages up to 450 
may be employed when using the type 6L6, 
while the same arrangement, without change, 
may be used with the type 6V6 at lower plate 
voltages. 

A meter with a scale of 100 or 200 ma. may 
be connected in series with the key for cheek
ing, for tuning purposes, combined plate and 
screen currents which flo.w through the cathode 
circuit. 

With a 6L6 tube and a plate supply deliver
ing 400 volts, the screen voltage will run about 
250. The tube will draw about 75 ma. non
oscillating, dipping to about 50 ma. at 
resonance (§ 4-4) with the antenna discon
nected. It should be possible to load up the 
circuit until the tube draws about 80 ma. at 
resonance. Under these conditions, the power 
output on each band should be 15 to 20 
watts. 

e A TWe-TIJaE PLIJG-IN COO. 
EXCITEll 
In the two-tube exciter or low-power trans

mitter shown in the photographs of Figs. 1 127 
and 1 128, a 6L6 oscillator is used to drive an 

807 as an .amplifier-doubler. The circuit dia
gram is shown in Fig. 1 129. 

The Tri-tet oscillator circuit ( § 4-5) is 
chosen because of its ability to supply output 
at harmonic frequencies of the crystal, as well 
as at the fundamental. Sufficient output may 
be obtained at both the second and· fourth 
harmonics (§  2-7) to drive the 807 amplifier. 
The amplifier stage is capacitively coupled 
( §  4-6) to the oscillator through the coupling 
condenser, C,. The 807 is a screened tube, 
therefore no neutralizing circuit is required 
( § 4-7). A link, L,, is provided at the output 
for coupling to the grid tank circuit of a 
following amplifier or an antenna tuner 
( § 4-7; § 10-6). 

Series plate feed ( § 3-7) is used in both 
stages, while parallel grid feed is used in the 
amplifier. The resistances R,, R5, Rs and R9 
form a voltage divider (§ 2-6) to provide 
suitable voltages for the oscillator screen and 
plate. Two separate resistors, Rs and Rv are 
used instead of a single resistor in this case 
because their physical sizes permit suitable 
space inside the small chassis to be found. A 
second voltage divider for the amplifier screen 
is composed of the resistances Rg and R1. 

Safety bias for the oscillator tube, in case 
the oscillator circuit ceases to function, is pro
vided by the cathode resistance ( §  3-6), Ra. 

Fig. 1126 - Circuit diagram of the aimple tetrode 
oecillator transmitter. 
C1 - 250·1<1<fd. plate tank condenser. 
C2 - 0.001-l'fd. mica plate blocking condenser. 
Ca, C., Co - 0.01-l'fd. paper cathode, screen and plate 

by-pus condensera. 
R, -200-ohm, 2-watt cathode biasing =iator. 
lu - 15,000-ohm, 2-wall ocreeo voltage-<lroppin1 n,. 

sistor. 
RFC -2.5-m.h. r.f. chokee. 
L, - Plate-tank inductance, 38 "'11 ., 12 "'11., and 5 

"'11., r""pectively, for 1.75, 3.5 and 7 Mc. 
Power connections are made through· t.he plug and 

wile iwliuted. 
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Fi&. 1127 - A two-tube plug-in c"oil exciter, built to con&erve space in a relay rack. The cry1tal socket to the 
left io oubmounted in tbe panel. Tbe d.ialo control tbe plate tank condensers, C, and C2. Tbe knob to the right io 
for tbe meter 1witcb, Sw2, while tbe toggle ,witch, Sw,, io to tbe left. 

Additional operating bias (§ 4-8) is obtained 
from the grid-leak resistance (§ 3-6), R1. In 
the amplifier circuit, protective bias is fur
nished from an external 45--volt supply, such as 
a " B "  battery. Additional bias is obtained 
from the grid ·1eak, R2, when the circuit is in 
operation. 

A switch is provided so that the milliamme
ter may be shifted to read either oscillator 
plate current or amplifier plate current for 
tuning purposes. With the keying system 
shown, both stages are keyed simultaneously 
in the common cathode lead ( § 6-2) . 

The unit is designed to operate from a single 
high-voltage power supply delivering 750 
volts at 250 ma. 

Although the output stage may be operated 
as a frequency doubler (§  4-1; § 4-11) when 
it is necessary to obtain output at the eighth 
harmonic of the crystal frequency, greater 
power output may be obtained, without ex
ceeding the dissipation rating of the tube, 
if it is operated as a straight amplifier. 

The unit is constructed in a manner to con
serve panel space in a relay rack. The crystal 
socket is mounted on the panel so that crystals 

. 
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may be conveniently changed. The cathode 
tank coil, the oscillator tube and the oscillator 
plate tank coil are grouped closely to permit 
short connecting wires. L1 and � are placed 
so that their axes are at right angles to reduce 
inductive coupling between the two ( § 2-11 ). 
C1 is mounted inside the chassis so that short 
leads may be passed through clearance holes 
in the chassis between its terminals and those 
of l,.i. The 807 tube is mounted horizontally 
from a small metal panel which, together with 
the cylindrical can, provides a measure of 
shielding against external stray capacitive 
coupling between the amplifier input and out
put circuits which, if allowed to exist, might 
cause self oscillation in the amplifier ( § 7-6) . 
The horizontal mounting also permits a short 
plate lead to the output tank circuit. The 
output tank coil is placed at the extreme end 
of the chassis to reduce inductive coupling be
tween the two tank circuits. 

In preparing to place the unit in operation, a 
crystal must be chosen whose fundamental 
frequency or whose second-, fourth- or eighth
harmonic frequency falls at the output fre
quency desired. For output at the fundamental 

Fig. 1128- Underneath view 
of the two-tube plug-in coil ex
citer. The components mounted 
along the rear edge or the chassis 
from lert to right are: Tbe output 
tank coil, 14, the 807 amplifier 
tube, the oecillator pla le tank 
coil, la, the 6L6G oscillator wbe 
and the cathode coil, L,. Inside 
tbe cbaMio are tbe two tank coo
deosen, Ct and C2, which must 
be in1ula1ed from tb e cbassi•, and 
the va.rioua resistors. Insulating 
couplings arc used between the 
tank-condenser ahafts and the 
two dials . 



frequency or the second- or fourth-harmonic 
frequencies of the crystal, coils must be se
lected for L,. and La which will resonate at the 
desired output frequency. If the output fre
quency desired is the eighth-harmonic fre
quency of the crystal, C1-L2 should tune to the 
fourth harmonic, while the C2-L3 circuit should 
be tuned to the desired output frequency. The 
coil used for L1 should always correspond to 
the frequency of the crystal in use. When 
C1-� is tuned to the fundamental frequency 
of the crystal, Sw1 should be closed. The cir
cuit is then that of a simple tetrode crystal 
oscillator ( § 4-4). The purpolll'\ of this is to 
prevent excessive crystal r.f. currents which 
may damage the crystal when the oscillator 
tube is operated at high-power input at the 
crystal fundamental frequency (§ 4-3). 

When the unit is operated at 750 volts, the 
power output obtainable should run between 
40 and 55 watts, depending upon the output 
frequency, if the output stage is operated as a 
straight amplifier. When the output stage is 
used as a frequency doubler, the input must be 
reduced to prevent excessive plate dissipation 

..___.,: l 
K +C -•sv. H +H.1/, 

-H.V. 
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and, therefore, the power output obtainable in 
practice will be reduced to between 18 and 25 
watts: 

e A 450-W ATI' PIJSB-PULL 
AMPLIFIER 

Figs. 1130 and 1131 show two view's· of a 
push-pull r.f. amplifier designed for a pair of 
tubes of the 1500-volt, 150-ma. class, such as 
the types T40, T55, 812, 8005, RK51, HFlOO, 
etc. A similar arrangement, with a plate tank 
condenser of less plate spacing ( § 4-8), is also 
suitable for tubes of the 1000-volt, 100-ma.. 
class. 

The circuit, which is conventional, is shown 
in the diagram of Fig. 1132. A tuned tsnk cir
cuit is provided for the p;rid circuit, as well as 
the plate circuit, to permit link coupling to an 
exciter. A system of plug-in coils is used to 
shift operating frequency from band to band. 
To provide sufficient tank-circuit capacity 
( § 4-8) "w;thout the use of variable condensers 
of excessively-large physical dimensions, pro
vision has been made for plugging in a fixed 
air padding condenser in para.lie! with ea.ch of 

Fig, 1129 - Circuit diagram of the two-tube cxciter. 
Ct - 140.,.,.fd. oscillator plate tank conden.,.r. 
Ct -150 .. µ1,1fd. amplifier plate tank coodcn6cr. 
Ca - 100.,.,.fd. mica cathode unk condenser. 
C. -20.,.,.f,I. mica coupling condenser. 
Ci, Ct - 0.01 .,.fd., 600-volt, paper cathode bJ·-paso 

condensers. 
C.. C,o -0.01-,.fd., 600-volt, paper screen by-pass 

oomien!lrrs. 
Ci -0.01-,.fd .• 600-volt, paper 06Cillator plate by-puss 

condenser. 
C. - 0.01.,.fd., 600-volt, paper grid..:ircuit, by-pass 

con,1.-mwr. 
Cu -0.QJ.,.fd., 1000-volt, paper amplifier plate by-

pass condenser. 
- 20,000-ohm, I -wall oscillator grid leak. 
- 25,000-obm, 2-wall amplifier grid leak. 
-200-obm, 2-wall oscillator cathode biasing re• 

eistance. 

R, - 10,000 ohms, 25-wall (see text). 
R• -3500 ohm•, 25-wall (see text). 
Ro, R1 - 15,000 ohms, 25-watt (see text). 
Ro, Ro - 1250 ohms, 50-wall (II.Ce text). 
ll 10, Hu - 10-ohm, I-wall meter-!lbuntiog reeistancca. 
JI FC -2.5-mh. r.f. choke. 
Sw1 - S.p.e.t. toggle switch (see text). 
Sw2 - D.p.d.t. rotary meter switch. 
Lt -Oscillator r.athode inductance - 35 ,.by., 3.2 ,.by., 

and 1.75 ,.by., respectively, for 1.75-, 3.5- and 
7-Mc. cry•tal•. 

L2 - Oscillator plate tank inductance - 54 pby., 15 
,.by ., 4.2 µby., 1.25 µby. and 0.5' ,.by., respec
tively, for 1.75, 3.5, 7, 14 and 28 Mc. 

J,1 - Amplifier plate tank inducunce -52 µhy ., 16 
µby., 5.7 µby., 1.5 ,.hy. and 0.7 ,.by .• respec
tively, fM 1.75, 3.5, 7, 14 and 28 Mc. 
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the tank condensers for 1. 75-Mc. operation. 
The rotor of the split-stator plate tank con

denser, Ct, is insulated from ground for d.c., 
while C10 provides a ground path for r.f. 
currents. This permits a high d.c.-voltage con
nection to be made to the rotor of C2, thereby 
removing the difference of d.c. potential be
tween rotor and stator plates of the tank 
condenser. This connection permits the use of 
a tank condenser with less plate spacing, since 
the peak r.f. voltage is the maximum to appear 
between the condenser plates (§ 4-4). 

The tuned circuits LrCe and L4-C5 are trap 
circuits tuned to trap out ultru.-high-frequency 
parasitic oscillations which are usually en
countered in an amplifier of this type (§ 4-10). 

The 100-ma. meter may be switched to read 
either d.c. grid current or total cathode cur
rent. When switched to read cathode current, 
the meter is shunted by a low resistance, Rt, 
which is of the correct value to give a meter-

• 
Fig. 1130 - A 450-watt 

push-pull amplifier. The grid 
tank inductance., Lt, is to the 
left and the plate tank in. 
ductance, L2, to the right. 
The two neutraliung COD• 

densen1 are staggered be
tween the two tubes on the 
cba88i&. The plate tank con
denser, C2, i8 mounted on the 
right-hand partition. The 
parasitic trap tank circuits, 
La-CS and I,4-C6, are in the 
plate leads to the tubes . 

• 
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scale multiplication of'five (see Chapter 12). 
The shunting resistance, R1, is of sufficiently 
high value to have no practical effect upon the 
reading of the meter when it is switched to 
read grid current. 

The purpose of the disposition of components 
shown in the photographs is to arrive at an 
arrangement which will permit both short r.f. 
connecting leads and good isolation between 
grid and plate circuits. The plate tank con
denser and coil are placed on either side of a 
vertical partition with clearance holes for the 
coflnecting leads. The tubes are placed on the 
chassis with their plates close to the etator 

· terminals of the plate tank condenser and 
their sockets submounted so that their grid 
terminals are close to the stator terminals of 
the grid tank condenser underneath the chassis. 
The grid tank coil is mounted on the vertical 
partition to the left with its axis at right 
angles to that of the plate tank coil. The chassis 

• 
Fi,. 1131 - Bottom 

Yiew oC tbe 450•wau 
·push-pull amplifier, show
ing the J)08i lion of the 
grid tank oondeuser be
tween the two sub. 
mounted tube sockets 
and the two air padding 
oondensen in place for 
1.75-Mc, operation . 

• 



No grid leak ie shown in the diagram, since 
it is assumed that biasing voltage will be 
obtained from one of the simple uniis con-

taining the required grid
leak resistance discussed in 

G 
the chapter on power sup-

.=.--P"MJWJ.-c< Output ply (§ 8-9). 
For maximum plate effi

ciency with plate modula-

8 

-BIAS 

,--------� �v-

j :� j  
C.T. ,1 -11.V. +H.ll 
7.SV. +BIAS 

Fia. J 132 - Circuit di�gram ofthe 450-wall push-pull 
amplifier. 
C, - 100-,.,.fd. per�tion grid tank condenser, 0.03-

incb epacin«. 
Cs - 100.,.,.fd. per-section plate tan.k condenser, 0.07-

inch spacing. 
Ca, C. - A-ficromete.r:-type neutraliaing condensers. 
C., C. - 30.,.,.fJ. mica-trimmer parasitic-trap con

densers. 
C1 -0.01.,.fd., 600-volt, paper grid-circuit by-pH• 

condenser. 
C., Co - 0.01-,.fd., 600-volt, paper filament by-pa .. 

condensers. 
C10 -0.001-,.fd., 7500-volt, mica plate-circuit by-pasa 

condenser. 
Cu -50.,.,.fd., air grid-tan.k paddin« condeneer for 

I. 75 Mc., 0.05-inch spacinl!. 
C12 - 50-,.,.fd. air plate-tank padding conden•er for 

. l.75 Mc., 0.125-incb epacio«. 
Rt - 25�hm, I-watt meter�huntinit resistance. 
R2 - Meter-multiplier reeistaoce for 5-times multi-

plication. 
RFC - 1-mb. r.f. choke. 
MA - D.c. milliammeter, 100-ma. scale. 
L, - Grid tan.k inductance - 70 ,.by., 38 ,.by., 13 ,.by., 

4.5 ,.by. and 0.8 ,.by., reepectively, for l.75, 
3.5, 7, 14 and 28 Mc., 3-tum link•. 

La - Plate tMuk inductance - 70 ,.by., 35 ,.by., 14 
,.by., 3 ,.by. and I ,.by., respectively, for l.75, 
3.5, 7, 14 and 28 Mc., 2-turn links. 

La, L. - Paraeitic trap coils - 4 turns o. 12 wire, 

½-inch diameter, ¾-inch long. 

and double vertical partitions provide shield
ing against undesirable couplings ( §  7-6) be
tween input and output circuits, which might 
otherwise be sufficient to make complete neu
tralization ( § 4-7) impossible. The neutralizing 
condensers a.re placed in a position where short, 
direct connecting leads a.re possible. The para
sitic-trap components are soldered directly in 
the leads from the tube plate caps to the stators 
of C,. 

For operation at maximum input, a plate
voltage supply delivering 1500 volts at 300 
ma. is required. Filament supply, depending 
upon the tubes selected, will also be required. 

tion, an exciter having an output rating 
of not less than 25 watts is required. The 
exciter unit described in the previous sec-

tion should be suitable. 

e A GRJD-!i,'TAB(LIZED. 815 ll2•MC. 

TBANSMITl.'EB 

The transmitter shown in Figs. 1133 and 
1134 uses an 815 double beam tube in a grid
stabilized oscillator circuit and will run at 
an input of 60 watts with good efficiency. The 

Fig. 1133 - The grid ... tabilized 112-Mc. transmitter 
is mounted on a 3- by 4- by 5-incb metal box, an.d the 
box houses the filament transformer and the various 
fixed condensers, resietors and the r.f. choke. The fre
quency is ·changed by adjueting the length o! the 1rid 
lines by •liding the inner tubes in and out. The power 
supply cable plu11 on the plug mou.nted on the eide of 
the box. Wireti foe feedback control run from the plate 
cape o! the 815 cloee to the grid linee. 
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circuit is similar to the tuned-grid tuned-plate 
except that it uses a linear circuit instead of a 
coil and condenser in the grid circuit. By 
tapping the grids down on the line the line is 
loaded lightly and consequently retains its 
high Q. The 815 does not have a high-enough 
grid-plate capacity to give all of the necessary 
feedback, and some additional capacity must 
be added from plate to grid of both sections 
of the tube. This is easily done by two short 

615 �-----------:r----, 
I 
I 
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L c�l_ 

li= 

f:1 400V. 
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Fig. 1134 - Wiring diagram of the grid-stabilized 
2½-meter oeeillator. 
C, - 15.,.,.fd. P<>r section dual plate tuning. 
C2 -0.002-µ{d. mica screen by.pa,-. 
C,. - Feedback condenser. See text and Fig. 1133. 
Rt - 15,000-obm, 1 -watt grid leak. 
R2 - 25,000-ohm, 10-watt screen dropping. 
L, - Grid lines: ½-inch diam. copper tubing 23 inches 

long; Spaced 1 inch on centers; grids tapped 2¾ 
inches from shorted end. 

L2 - Plate inductance: 2 turns No. 12 enam., 1-inch 
diam., turns spaced ¾ inch. 

La - Antenna coupling coil: 2 turns No. 12 enam., 
¾-inch diam., turns spaced ¾ inch. 

HFC - U.h.{. r.f. plate choke. 
T, - 6.3-volt filament transformer. 

lengths of wire running from the plate termi
nals to points near the grid lines. 

The grid line is made of half-inch copper 
tubing and is supported a half inch from the 
box by· three feed-through insulators which 
also serve as convenient connectors to the grids 
and to the grid leak. The open ends of the 
parallel tubings take 3-inch lengths of ¾-inch 
diameter tubing which can be moved in and 
out to adjust the frequency of the oscillator. 
They are held securely in place by set screws 
through the half-inch tubing. 

The plate condenser is supported by a 3-inch 
steatite pillar which also acts as a guide for 
the sliding variable antenna coupling. Two 
large 866-type plate caps ·are slid over the 
pillar and the antenna binding-post a,ssembly is 
fastened to them by short lengths of No. 12 
wire. By sliding this assembly up .and down the 
antenna coupling can be set to any value de
sired. 

There is nothing unusual about the tuning 
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of the transmitter outside of the adjustment of 
the feedback condensers. This can best be done 
with a dummy load such as a 25-watt electric 
la.mp connected to the antenna terminals. The 
lead from the grid leak, R1, to ground should 
be opened and a 0-10 millammeter connected 
in the circuit. Plate voltage can be applied and 
the plate tuning condenser rotated for maxi
mum output as indicated by the brilliancy of 
the lamp. The grid current should be between 
3.5 and 5 ma. at this point - if it is higher 
there is too much feedback and the feedback 
capacity should be reduced by trimming off a 

short length of the wire or by moving 
it a.way from the grid lines. It is not 
too critical a setting but it should be 
done before the transmitter is put on 
the air. After the proper feedback ad
justment is found, the antenna. can 

be coupled to the transmitter and modulation 
applied. The frequency can be checked by 
means of Lecher wires or a wave-meter. The 
antenna coupling is tightened until the plate 

·current is 150 ma. and the grid current should 
be between 3.5 and 5 ma. under these condi
tions. 

The power supply is required to deliver 
slightly over 165 ma. at 400 volts, and the 
modulator must give at least 30 watts to modu
late fully the oscillator. 

e A TRANSMITl'ER FOR 224 MC. 

As one operates on frequencies higher than 
116 Mc. he finds considerable difficulty in get
ting good performance with tubes other than 

Fig. 1135 - A 224-Mc. transmitter using the HY75. 
A rectangular hole in the top of the Presdwood chaw 
allows the tuning condenser to be placed for shortest 
leads. The tuning condenser ia adjtl8ted by an insulated 
screwdriver. 



uv. Filo�nt 
Tronsformer 
Center tap 
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Vig. 1136 - Wiring diag,am of the 224-Mc. oecillato,. 
c, - 100-p,..fd. midget variable tuning. 
Rt - 5000-ohm, 10-watt wirewound g,id leak. 
L1 - Series-tuned tank circuit: ¼-inch copper tubing 

3½ inches long, spaced .½ inch on centen!. 
Lo - Antenna coupling loop: 2-incb loop No. 16 bare 

wire. 
RFC, - U.h.f. r.f. plate choke. 
RJ.'C2, Rl-'Ca - Filament chokes: 10 turns No. 18 

enam. closewouod on ½-inch diam., self-
supporting. 

those designed expressly for u.h.f. operation. 
However, there a.re severe.I inexpensive tubes 
a.va.ila.ble to amateurs that will perform well on 
224 Mc., and the transmitter shown in Figs. 
1135 and 1136 shows how the HY75 can be 
used. 

The transmitter is built on a 3½- by 6½
inch strip of ¼-inch Presdwood supported by 
two strips of 1- by 2-inch wood. A rectangular 
hole is cut in the center of the Presdwood to 
accommodate the tuning condenser which is 
supported by two metal pillars at one end. The 
tuned circuit consists of two pieces of ¼-inch 
copper tubing supported at one end by two 
feed-through insulators. The screws 
of the feed-through insulators are 
sweated into the ends of the tubing, 
and the tuning ·condenser connects to 
two lugs right at this point. Connec
tion from the tubing to the grid and 
plate leads of the tube is made through 
½ inch of flexible braid. Filament 
chokes, the plate r.f. choke and the 
grid leak are mounted under the 
chassis. 

The antenna coupling consists of a. 
loop of wire para.lie) to the copper 
tubing a.nd terminating in the antenna. 
binding posts. The coupling is varied 
by moving the loop nearer to or far
ther a.way from the copper tubing. 

the tightness of coupling and the setting of C,. 
It will be found that the output is a. little better 
towards the maximum-capacity end of the 
range of C,. The frequency coverage of the 
transmitter should now be checked, by Lecher 
wires or a wavemeter, to make sure that it 
will cover the range. The coverage can be a.d
j usted slightly by changing the separation of 
the copper tubes, but if this is not enough the 
tubes will have to be made shorter or longer; 

The transmitter requires a power supply 
ca.pa.hie of furnishing 60 ma.. a.t 400 volts, a.nd 
the module.tor should be capable of delivering 
12 watts of audio. 

Because of its small size, a transmitter of 
this type can be built right into a. rotatable a.n� 
tenna. for the 224-Mc. band if desired. It is de
sirable not to run a feed line for any great dis
tance a.t this frequency because of the chances 
for loss in the line. 

e A 112-MC. "WAl,IU&-TALIUE" 
TRANSMITTHB-RECEIVBll 
Many battery-operated lightweight 1 12-Mc. 

stations are of the " transceiver" variety, 
which usually consists of two tubes, one serving 
a.s the transmitter oscillator or receiver de
tector a.nd the other as module.tor or audio 
amplifier, depending upon the position of the 
" send-receive " switch. A transceiver of this 
type has the disadvantage that too many com
promises must be made - in the "receive" 
position the radiation is almost as great as in 
the " send" position, and the transmitted and 
received signals must be of the same frequency 
because only one tuned circuit is used. Further, 
it is practice.Uy impossible to obtain good trans-

The transmitter should first be 
tested with a. dummy load, and a 10-
wa.tt electric la.mp is excellent for the 
purpose. The load is connected to the 
antenna posts and the power supply 
is then turned on. If everything is 
connected properly the lamp will 
light, its brilliancy depending upon 

Fig. 1137 - A 112-Mc. pack set ready to go. The station is built 
into a knapsack which contains two complete sete of batteries. 
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mitt.er stability and receiver sensitivity at the 
same time in such an arrangement. 

The transmitter-receiver shown in Figs. 
1 1 37, 1138 and 1 139 is a big improvement 
over a transceiver in that it uses only two 
tubes but has separate tuned circuits for re
ceiving and transmitting, thereby reducing 
considerably the compromi�� in performance. 
In the " receive" position a low-C tank circuit 
is switched in. This has been adjusted for 
best Rensitivity. In the "send " position a 

. 
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Fi&. I 138- Wiring diagram of the 112-Mc. pack set. 
C1 - JO.,.µfd. midget receiver tuning. 
Cs - 35-,.µfd. midget transmitter tuning. 
C. - 3-30-,.,.fd. adjustable mica receiver antenna 

coupling. 
C. - 3-30-,.µfd. adjustable mica transmitter antenna 

coupling. 
C. - 100-,.,.fd. receiver grid. 
C. - 100-,.,.fd. transmitter grid. 
C7 - 0.004-,.fd. interruption-frequency by-p&88. 
C. -0.01-µfd. audio coupling. 
R, - 0.5-megobm, ½-watt receiver grid leak. 
Rs - 15,000-obm, ½-watt transmitter grid leak. 
Ra - 0.25-megobm, ½-watt audio grid. 
R. -50,000-ohm regeneration control. 
RFC, - U.h.f. receiver plate choke. 
RFC2 -U.h.f. transmitter plate choke. 
RFC1 -80-mb. interruption frequency filter choke. 
] -Open-circuit microphone jack:. 
S1 - 3-cireuit 2-poeition Ieolantite r.f. switch. 
S1 - 4-circuit 2-Po8ition bakdite d.c. and audio switch. 

S1 and S. are ganged. 
Sa. -D.p.a.t. 00--00' toggle. 
S. -D.p.d.t. power aupply &election toggle. 
T - S.h. microphone-to-grid tranaformer. 
L - IS-henry, 40-ma. modulation choke. 
L1 - Receiver inductance: 3 turns No. 14 enam., ¾· 

inch inoide diam., 7 /16-incb long. 
Lo -Tranomitter inductance: 1 tum No. 12 enam., 

½-inch diam. 
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high-C tank circuit which gives a fair order of 
frequency stability is used. The circuits can be 
tuned to any desired frequency in the band, 
and thus no operating limitations are imposed. 
Optimum antenna coupling to each circuit is 
assured by individual transmitter and receiv
er antenna-coupling condensers. The carrying 
case is large enough to hold two complete sets 
of batteries; a switch cuts in a new set in the 
event that batteries begin to fail during opera
tion in the field. However, the batteries are 
not expensive, and more than 50 hours of 
operation · can be expected from a single 
set. 

A 1Q5GT, with plate and screen grid con
nected together to give a triode characteristic, 
is used for the r.f. tube., A two-section two
position rotary switch is used for changing 
from "send" to "receive" and back again. One 
section of the switch (S1) has Isolantite insula
tion and is used to switch the r.f. circuits: the 
grid and plate of the 1Q5GT and the antenna. 
The other section of the switch (S2) is bakelite
insulated and controls the d.c. and audio 
circuits. In the " receive" position, S2 con
nects in the interruption-frequency feedback 
condenser, C7 (removed during transmission 
because it by-passes too much of the audio 
from the microphone transformer), opens the 
microphone circuit to reduce battery drain, 
closes the receiver regeneration-control supply 
circuit and switches the output of the audio 
tube (also a 1Q5GT) from the modulation 
choke, L, to the headphones . 

In the " receive" position, the superre
generative detector is impedance-coupled to 
the audio amplifier tube by the secondary of 
the microphone transformer, T (acting as a 
coupling impedance), coupling condenser Cs 

and grid resistor Ra. Regeneration is controlled 
by the setting of R,. Bias for the audio tube is 
obtained from a small 4.5-volt battery. When 
transmitting, the plate circuit of the audio 
tube is coupled to the oscillator across L. 

A toggle switch, S3, turns on the station, and 
another toggle switch, S,, is used to switch to 
the spare supply of batteries. 

The station is built on a plywood panel 
which is fastened to a plywood box fitted 
snugly in the knapsack. The box extends 2 
inches above the panel, thus protecting the 
controls from accidental movement. The 
dimensions of the box will, of course, be de
termined by the size of the knapsack. The box 
does not extenrl to the bottom of the knapsack. 
Corner posts, of ½-inch square wood, are pro
vided for fastening the panel in place. Glue 
and brads are used to hold the box and corner 
posts together. The box is prevented from 
slipping into the knapsack by tacking strips 
of ¼-inch quarter-round trim around the top 
edges of the box. 



Fi&. 1139 - A Tiew of 
the back of tbe 112-Mc. 
pack-set panel. Tbe re
ceiver tuning condenser 
can be seen to the left of 
the "send.receive"' switch. 
The two tubes are 
mounted OD bracket8 OD 
the awitcb. Tbc micro
phone trane.fonner, m.icro• 
phone jack, headphone tip 
jacks and regeneration 
control can he seen at the 
left-hand edge. The mod
ulation transformer, L, is 
directly behind the two 
tube&. 

The arrangement of the parts in the r.f. 
portion of the station is c1,ntered around the 
"send-receive " switch because of the necessity 
for short r.f. leads. The two tube sockets are 
supported by meta.I brackets mounted on the 
switch, thus placing the r.f. tube socket di
rectly over the Isolantite switch section and 
the audio tube over the ba.kelite switch section. 
The brackets can be made of ½-inch strips of 
,{6-inch thick aluminum or copper. The ply
wood panel is backed up by a 3½- by 5-inch 
plate of aluminum to reduce hand-ca.pa.city 
effects. The tuning ·condensers, C1. and C,, 
a.re mounted on 1-inch pillars as close to the 
Isola.ntite switch as possible. 

Considerable ca.re must be exercised in 
wiring the r.f. portions of the station because 
additional inductance in the leads will pre
vent the obtaining of proper L-C ratios in the 
tank circuits. Short leads of No. 12 or 14 wire 
should be used. The d.c. wiring is relatively un
important and can be run wherever conven
ient. The lead from RFCa to the audio trans
former had best be shielded to prevent r.f. 
pickup a.long its length. 

The antenna is a 3S-inch length of automo
bile antenna.. It is supported by a porcelain feed
through insulator. The antenna. is tapped to 
take a 6-32 screw, and a long 6-32 screw is 
passed through the insulator. The antenna. can 
be unscrewed from the assembly when not in 
use. 

To test the station, connect the batteries, 
antenna., headphones and microphone and 
throw S1-S2 to the " receive" position. Set 
the antenna condensers, Ca and C4, to the 
minimum-capacity position. When S3 is 
closed and the tubes heat up (which takes only 
an instant), the usual superregenera.tive hiss 
should be heard as R, is advanced. If no hiss is 
heard, it may be necessary to try different 
values of C1 or R1, providing, of course, that 
the wiring has been thoroughly checked and 

found to be correct. The receiver inductance, 
Li, can now be adjusted by squeezing the turns 
together or pulling them a.pa.rt until the tuning 
range covered by C1 includes the 112-Mc. 
amateur band. Then close Ca until it is neces
sary to advance R, well towards the end of 
its range to obtain regeneration. 

Upon switching to "send," the inductance 
Li should be trimmed until the· transmitter 
tunes to 112 Mc. with C2 almost completely 
meshed. This will give the best stability ob
tainable with this rig. It is probable that C, 
can be closed up to very near full capacity 
without any tendency for the transmitter to 
go out of oscillation. If full capacity does pre
vent oscillation, C4 can be opened a bit. 

Since the range of the "walkie-talkie" de
pends to a great extent upon the location of 
the station, it is highly desirable to operate the 
unit from as high a point as possible. A change 
in height of only a few feet may increase the 
signal strength enough to make communica
tion possible where it would not be sufficient 
from a lower position. In a crowded city, the 
range may be only a few blocks, but in ·open 
terrain and between elevated points, the range 
will run up to one-ha.If mile or more. 

• A 40-W ATI' SPEE(;B AMPLIPIER 
OR MODULATOR 

Fig. 1 140 is the photograph of high-gain 
audio amplifier which may be used to plate 
modulate a low-power final amplifier or to 
drive a high-power Class-B modulator. The 
circuit diagram of this unit will be found in 
Fig. 1141. 

The microphone output is fed to the grid 
circuit of a high-gain voltage-amplifier stage 
using a 6J7 pent.ode. Resistance coupling 
(§ 5-9) is used between the output of this 
stage and the input of a second stage with a 
6J5 triode. The 6J5 is transformer coupled to 
the input of a push-pull amplifier which fur-

C H A P T E R  E L E V E N  217 



nishes sufficient power to drive a pair of 6L6s 
operating as Class AB2 power amplifiers. Gain 
is controlled by the potentiometer, R6, which 
adjusts the signal voltage delivered to the grid 
of the 6J5. Operating bias is obtained from the 
voltage drop across cathode resistors ( § 3-6) in 
all stages except the output stage. Bias for 
this stage must be obtained from a steady
voltage, low-resistance source, such as a bat
tery, to prevent instantaneous changes in 
biasing voltage when the grids are driven 
positive and grid current flows (§ 5-6). 

No by-pass condenser is required across the 
cathode resistor of the push-pull stage, Rs, be
cause, with a circuit of this type, the sum of 
the instantaneous cathode currents of both 

l 

All lltr.s 

• 

Fig. 114() - A  4-0-watt •peed, amplifier 
or modulator of inexpen•ive construction. 
The 617 and fil'8t 6J5 are at the front, near 
the microphone connector and VOiume COO• 

trol, reepcctively. T1 i9 just behind them, and 
the push-pull 615• are at the rear of the 
chassis behind Tt, T2, the 6L6s, and Ta fol
low in order to the right . 

• 

tubes does not change and, therefore, degen
eration cannot take place. 

T1 ill of the type commonly known as an 
interstage audio transformer with a turns ratio 
which proyides a step up of signal voltage 
from the plate of the single 6.15 to the grids 
of the push-pull stage. T2 is a step-down trans
former designed especially to provide the re
quired driving voltage for the 6L6s with good 
regulation over the excitation cycle (§ 5-6) . 
The output transformer, Ts, is chosen with a 
turns ratio to provide the correct operating 
Juu.d resilstance for the 6L6s, depending upon 
the value of the load connected across the 
secondary of the transformer. 

Rio and Ru comprise a voltage divider 

�� rri 
•. JV -8 •c -us ...... 

Fig. 1141 - Circuit diagram of the 40-watt 1peech amplifier modulator. 
Ct -0.1-,.fd. screen by-p•ss condcn,er. 
C2 - 0.01-,.(d. coupling cc,ndeo..,r. 
Ca - 20.,.rd.,• 50-volt ·electrolytic cathode by-paee con

denser. 
C., Cs. Ce - 8-,.fd., 450-volt electrolytic audio-filter 

condensers. 
Rt - 5-megobm, ½-watt grid reaistance. 
R2 - 1300-obm, ½-watt cathode bia•ing resietance. 
Ra - 1.5-megobm, ½-watt ocreen voltage-dropping 

reAistance. 
R, -0.25-megobm, ½-watt plate load reaistaoce. 
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� - 50,000-ohm, ½-watt plate decoupling reAistance. 
Re - 1-muohm volume control. 
111 - 1500-ohm, 1-watt cathode biasing re•ietance. 
Rs - 750-ohm, 1-watt cathode biasin, reoistance. 
Ro - 12,000-ohm, 1-watt decoupling reoiotance. 
R,o -20,000 ohms, 25-watt (see text}. 
Ru - 1500 ohmA, 10-watt (see text}. 
T, -Interstage audio transformer, single plate to p.p. 

grids, 3: 1 ratio. 
T2 - Driver tran•former, p.p. 6J5e to 6L6e, Claf!I! AB2. 
Ta - Output tramformer, multi-tap. 



flSl( -H.V. 

IIS V. -tt.V. 

MOD fNY. 
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Fig. 1142 - Class-B modulator circuit diagrams. 
The circuit for triodes is shown at A. the circuit for 

tetrodes at B. 

(§ 2-6) for obtaining lower plate voltage for the 
tubes of the first three stages. Ri and R9 and 
c., Ci and Ce form a filtering system for pre
vention of coupling between stages via  power 
circuits ( § 5-9). 

The transformers and tubes are arranged on 
the chassis so as to permit reasonably short 
connecting leads. The input circuit of the 6J7 
is shielded as completely as possible to 
prevent the picking up of hum ( § 5-9). 
The transformers are arranged with 
their cores at right angles to reduce 
the possibility of feed-back coupling. 
Resistors and condensers are mount
ed underneath the chassis. 

The voltage gain provided by the 
unit is sufficient to operate the output 
stage at a rated power output of 40 
watts from the input signal from a 
crystal microphone. 

Besides heater voltage for the six 
tubes, the power unit supplying this 
amplifier should deliver 360 volts with 
good regulation over the current range 
of approximately 140 ma. to 265 ma. 

RaJio G
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eCLA�B MOUIJLATOBS 
Class-B modulator circuits are practically 

identical, no matter what the power output of 
the modulator. The diagrams of Fig. 1 142, 
therefore, will serve for almost any modulator 
of this type. The circuit for triodes is shown at 
A, while that for tetrodes is shown at B. When 
small tubes with indirectly-heated cathodes 
are used, the cathodes should be connected to 
ground. 

An output transformer should be chosen 
which will permit matching ( § 5-3) the rated 
modulator load impedance to the modulating 
impedance of the r.f. amplifier and, similarly, 
a driver transformer selected which will couple 
the driver stage properly to the Class-B 
grids. 

The input transformer, 7'1, may couple 
directly between the driver tube and the modu
lator grids or may be designed to work from a 
low-impedance (200- or 500-ohm) line. In the 
latter case, a tube-to-line output transformer 
must be used at the driver stage. This type of 
coupling is recommended only when the driver 
must be at a considerable distance from the 
modulator, because the second transformer 
not only introduces additional losses but also 
further impairs the voltage regulation. 

Condenser C1 in these diagrams will give a 
"tone-control" ( § 7-5) effect and filter off high-
frequency side-bands (splatter) caused by 
distortion in the modul,i.tor or preceding 
speech-amplifier stages. Values in the neigh
borhood of 0.002 to 0.005 µId. are suitable. The 
voltage rating should be adequate for the peak 
voltage across the transformer secondary. The 
plate by-pass condenser in the modulated 
amplifier will serve the same purpose. 

The plate power supply for the modulator 
should have good voltage regulation and 

The power output obtainable is 
sufficient to plate modulate an input 
of 80 watts to a Class-C r.f. am
plifier. It may also be used to drive 
a high-power Class-B modulator. 

Fig. 1143 - A conventional chassis arrangement !or low and 
medium power Claaa-8 modulators. The layout follows the circuit 
diagram. 
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should be wGIJ filtered. It is particularly im
portant, in the case of a tetrode Class-B stage, 
that the screen supply have excellent regula
tion to prevent distortion. The screen voltage 
should be set as exactly as possible to the 
recommended value. 

When "C" bias is required for the· modu
lator, the bias source must have very low re
sistance. Batteries are the most suitable source 
of bias. In cases where the voltage values are 
right, regulator tubes such as the VR-75, VR-
105, etc., may be connected"across a tap on an 
a.c. bias supply (§ 8-9) and will hold. the bias 

11$Y.,A. C.. 

Fifi. 1144 - Circuit diagram of the combination 1000• 
and 400-volt power supply. 

C,, C2 - 2 ,.(d., 1000-volt. 
C, -4 ,.fd. electrolytic, 600-volt working. 
C. -8 ,.fd. electrolytic, 600-volt working. 
L,, La - 5/20 hy. swinging choke, 150-ma. 
Lo, L. - 12 hy. smoothing choke, 150-ma. 
R, - 20,000 ohms, 75-watt. 
R2 - 20,000 ohms, 25-watt. 
T1 - High-voltage transformer, 1075 and 500 volte 

r.m.s. each side of center, 125- and 150-ma. 
simultaneous current rating. 

T2 - Filament transformer, 2.5 volts, 5-amp. 
Ts - Filament transformer, 5 volts, 4-amp. 
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voltage steady under grid-current conditions. 
Generally, however, zero-bias modulator tubes 
are preferable not only because no bias supply 
is required but also because the loading on the 
driver stage is less variable and drivllr dis
tortion is consequently reduced. 

An example of modulator construction is 
shown in Fig. 1143. 

e POWER SUPPLY UNITS 

An example of medium-power plate-supply 
(see § 8-1 to 8-7) construction is shown in 
Fig. 1145. The unit pictured varies slightly' 

from the types most frequently en
countered in that it is a duplex sup
ply from which two independent volt
ages may be obtained. Either section, 
however, by itself is typical of the 
form in use in the great majority of 
installations. 

The circuit diagram is shown in Fig. 
1 144. Operating from the low-voltage taps of 
the secondary of the high-voltage transformer, 
Ti, is a type-83 full-wave rectifier, the output of 
w�h is fed into the double-section, choke
input smoothing filter, consisting of L-s-Ca and 
L,-C,. The filament voltage for the rectifier 
tube is supplied by the filament transformer, 
Ta. A pair of type-866 jr. half-wave rectifiers, 
whose filaments are supplied from T2, operates 
from the high-voltage taps of Ti and the out
put is fed through a second similar filter system 
consisting of L1-C1 and �C2. The resistances 
R1 and R2 are the bleeder resistances designed 
to assist in voltage regulation of the output 
and to discharge the filter condensers when 
the power supply is turned off. 

• 

Fig. 1145 - Thie power 
eupply makes uee of a com
bination transformer and dual 
filter syetem delivering 1000 
volts at 125 ma. and � volts 
at 150 ma. simultaneously. 
The circuit diagram is shown 
in Fig. 1144. The 1000-volt 
bleeder resistance is mounted 
on the rear edge of the chaosio 
with a protective guard made 
of &ereeoing to provide venti. 
lation. Safety terminals are 
ueed for the two high-voltage 
terminals. Ceramic sockets 
ehould be ueed for the 866 jl"ll. 

• 



The arrangement of power-supply com
ponents is seldom critical. The important 
points of construction in the unit shown are 
the use of ceramic sockets for the high-voltage 
rectifiers (where the insulation of bakelite or 
fibre sockets would be insufficient to insure 
against voltage break-down to the chassis), 
the placing of the high-voltage bleeder resist
ance, R1, where it may be adequately ven
tilated and the use of specially-insulated posi-

Fi&- 1146 - Tbe Mallory VP-552 vibrator supply 
operates from a 6-volt d.c. AOurce and delivers 300 volts 
at 100 ma. maximum. Lower valuea of voltage and cur
reut can be obtained by proper setting of the •witch on 
the side of the cba .. is. Tim particular unit includes no 
output filter but does contain ·an of tbe neceMary bash 
lilten. 

tive high-voltage terminals and a protective 
ecreen around R1 to· reduce the chances of ac
cidental contact by the operator. 

The plugs showing in the rear edge of the 
ehassis are for the 115-volt power connections 
for the plate transformer and the two rectifier 
llamen t transformers which are mounted under
aeatb the chassis. 

e DIE&GENCY POWER SUPPLIES 

For emergency and field operation, gasoline
apn4Hlriven generators are almost univer
ally used when the power demand is above 
aD watts. However, for low-powered operation 

ve 5 watts (dry batteries are generally 
when, the power demand is less than 5 

Fi&. 1141 - Wiring diagram of the VP-552 vibrator 
supply. 

C, -0.5-,.fd., 50-volt vibrator ha•h •oppression. 
C2 - 0.007-,.Id., 1600-volt buffer. 
Ca - 0.02-,.fd., 1000-volt r.f. filter. 
R, - 5,000-obm, 1-watt buffer. 
RFC, - Low-resi.nance ff A ff ha•h filter. 
RFC2 - ffRff ha•h lilt.er choke. 
S1 -Two-pole 4-pooition voltage selector. 
T - Tranoformer. 
V - Vibrator. 

watts) the most universally acceptable self
contained power source is the storage battery. 
It bas high initial capacity and can be re
charged, so that its effective life is practically 
infinite. It can be used to provide filament or 
heater power directly, and plate power through 
associated devices such as vibrator-trans
formers, dynamotors and genemotors, and a.c. 
converters. For emergency work, a storage 
battery is a particularly successful power 
source, since practically no matter what the 
circumstances, such batteries are available. In 
a seriou8',emergency it would be possible to 
obtain 6-volt storage h�tteries as long as 
there we.re automobiles to borrow them from. 
For this reason, the 6-volt storage battery 
makes anrexcellent unit around which to de
sign the low-powered portable or emergency 
station. 

For maximum efficiency and usefulness, the 
power drain on the storage battery should be 
limited to 15 or 20 amperes from the ordinary 
100- or 120-ampere-hour, 6-volt battery. This 
should provide a carrier power when transmit
ting of 20 to 30 watts, which is usually ade
quate. In connecting the battery, heavy leads 
of the automotive-cable type should be used 
to minimize the voltage drop; ordinary· car
receiver leads are definitely not satisfactory. 
Similarly, heavy-duty low-resistance switches 
are required. 

Yibrator Power Supplies - The vibrator 
power supply consists of a specially-designed · 
transformer combined with a vibrating inter
rupter. When the unit is connected to a storage 
batte-y, the circuit is made and reversed-rap-
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idly by the vibrator contacts and the square
wave d.c. which flows in the primary of the 
transformer causes an · alternating voltage to 
be developed in the secondary. This high
voltage a.c. is in turn rectified, either by a 
vacuum-tube rectifier or by an additional 
synchronized pair of vibrator contacts, and 
filtered, providing outputs as high as 400 volts 
at 200 ma. Tube rectifiers are ordinarily used 
only when the negative side of the circuit can
not be grounded, a requirement with the self
rectifying type. The high-voltage filter circuit 
is usually identical with that of an equivalent 
power source operating from the a.c. line. 
Noise-suppression equipment,� serving to 
minimize r.f. disturbances, is incorporated in 
the manufactured units. 

Some of the commercial units include a hum 
filter and some do not, but the design of this 
filter is, for the most part, conventional. A 
typical commercial unit of the self-rectifying 
type is shown in Figs. 1146 and 1147. The 
vibrator supplies used with automobile re
ceivers are satisfactory for receiver application 
but usually are not desirable for use with a 
transmitter except where the power require
ments are slight. The efficiency of vibrator 
packs runs from 60% to 75%. Vibrator sup
plies are not intended to withstand much over
loading, but fusing of the battery cable will 

Fig. 1148 - A  complete 150-watt rack transmitter 
for 'phone and c.w. 
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Fig. 1149 - Rear view of the 150-watt transmitter. 
Immediately below the anterma-tuner unit at the lop 
is a unit containing a single.tube final amplifier, which i8 
driven by the multi-tube all-band exciter unit below. 
The speech-ampli6er and modulator units may be seen 
below the exciter, with one of the power-supply unit& 
showing at the lower edge o( the photograph. 

eliminate any danger of failure through over
loading. 

Dynarnotors and Genernotors -A dyna
motor is a double-armature high-voltage genera
tor, the additional winding operating as a driving 
motor. It is usually operated from a 6-, 12- or 
32-volt battery, and may deliver voltages from 
300 to 1000 or more. Dyna.motors have been 
widely used in military work and many of 
those in amateur use derive from such ori
gins. 

The genemotor is a refinement of the dyna
mo Lor <lesig11c<l especially fur automobile re
_ceiver, sound truck and similar applications. It 
has found wide acceptance among amateurs as 
a source of transmitting power, having good 
regulation and efficiency combined with econ
omy of operation. It is also used in connection 
with portable receiver installations, although a 
rather high inherent noise level limits this ap
. plication in sensitive amateur high-frequency 
receivers. 

Genemotors are made to fill almost every 
need. Their cost, at amateur net prices, runs 
from about eight to twenty-four dollars. Stand-



ard models range from 135 volts at 30 ma. to 
300 volts at 200 ma: or 500 volts at 200 ma. 
Parallel and series operation f.)f identical units 
to provide higher capacity is entirely practical. 
The normal efficiency averages around 50%, 
increasing to better than 60% in the higher
power units; The regulation is comparable to 

Fig. 1150 - The Hallicrafter HT6 transmitter. 

well-designed a.c. supplies; it is largely de
pendent upon external IR drops. 

Successful operation of dynamotors and 
genemotors implies heavy, direct leads, me
chanical isolation to reduce vibration, and 
thorough r.f. and ripple filtra
tion (the purchase of manu
factured filter units is recom
mended). The shafts and 
bearings should be thoroughly 
"run in " before regular oper
ation is attempted, and the 
tension of the bearings should 
be checked occasionally. 

e COMPLETE TRANSMIT• 

TERS 

watts to the output amplifier is the maximum 
allowed amateur stations by law. The output 
of the transmitter may be keyed for telegraphic 
communication or modulated, by one of several 
different systems, for voice or, in the case of 
broadcasting stations, for voice and musical 
transmissions. 

One of the simplest forms of transmit
ter for covering more than very short 
distances is the simple oscillator trans
mitter' shown in Fig. 1125. Since the 
operation of crystals ground to fre
quencies lower than 10 Mc. is more re
liable than that of higher-frequency 
crystals, it is common practice to use 
the lower-frequency crystals in conjunc
tion with frequency-multiplying stages 
in the transmitter when output at the 
higher frequencies is desired. This prac
tice is also often followed in a trans
mitter employing a variable-frequency 
self-excited oscillator, because better 
frequency stability may be obtained 
with the oscillator operating at a lower 
frequency, and in amateur transmitters, 
which operate in harmonically-rel.ated 
bands, to obtain output in any one of 
several bands from a single crystal. 
Such frequency multiplication is often 
done at low-power levels with a series 
of relatively-small tubes in a unit com-
monly referred to as 3n exciter. An ex
ample of such an exciter is shown in 

Fig. 1127. .....:-

When greater output than that obtainable 
from the output stage of the exciter is desired, 
an amplifier, such as the one shown in Fig. 
1 130, operating at the output frequency of the 

A complete radio transmit
ter may range in size and power 
from a simple receiving-tube 
oscillator of almost pocket size 
coupled directly to the antenna 
and operating from low-voltage 
battery supply to large multi
stage installations feeding elab
orate antenna systems and 
operating with a power in)Jut 
of several hundred kilowatts, 
although an input of 1000 Fig. 1151 - Wiring underneath the HT6. 
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exciter may be added to step up the power de
livered to the antenna. 

When· modulation of the output wave is 
desired, audio-frequency units, such as those 
shown in Figs. 1140 and 1 143, are &<lde!l, 
which, together with the power-supply units, 
complete the transmitter. 

Transmitters may be found built in many 
different forms, depending upon the service 
for which they are designed, but all types will 
be found to follow the same general plan here 
outlined. One commonly-used arrangement is 
the rack-and-panel system pictured in the 
photographs of Figs. 1148 and 1 149. In tbis 
system, the transmitter is made up of several 
units of standard dimensions which fit into 
a pre-drilled frame or rack also of standard 
dimensions. The arrangement permits the 
removal or change of certain units without 
disturbing other units of the transmitter. 

A commercially-built transmitter, of which 
a wide variety is normally available for vari
ous services is shown in the photographs of 
Figs. 1150 and 11-51. It is completely self-con
tained with modulator and power supply and 
has an output rating of 25 watts. Provision is 
made for obtaining output in any amateur 
band from 1.75 Mc. to 56 Mc. with suitable 
crystals and coils. 

The r.f. · circuit employed in this unit is 
somewhat similar to that of Fig. 1129. A type 
6L6 tube is used in the oscillator to drive an 
807 output amplifier. Grid and cathode con-

. nections are brought out from the oscillator 
to allow a variety of circuits. On the four lower 
amateur-frequency bands, the 6L6 is operated 
as a simple crystal oscillator with output at 
the crystal frequency. If desired, the crystal 
may be replaced by a special plug-in unit 
which converts the circuit to that of an elec-
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tron-coupled, variable-frequency oscillator. 
For 28-Mc. output, the oscillator circuit is 

converted to the Tri-tet type by means of a 
special plug-in unit, so that oscillator output at 
the second harmonic of a 14-Mc. crystal may 
be obtained. 

For 56-Mc. output, the 616 is used as a 
frequency doubler, while a special unit con
sisting of a separate crystal oscillator is 
plugged in. 

At all frequencies the 807 is operated as a 
straight amplifier. 

No tuning controls appear on the front 
panel. The various plug-in tank circuits are 
broadly tuned to permit satisfactory output 
to be obtained at any frequency wit.bin the 
specified band without the necessity for ac
curate tuning for that frequency. Provision is 
made so that pre-tuned units for any three 
bands may be plugged in simultaneously and 
output in any one of these bands may be se
lected by a switch on the front panel. 

The audio section consists of a two-stage 
triode speech amplifier, with sufficient gain 
for a crystal microphone, and a modulator 
using a pair of 6L6s as Class AB power amptj
fiers. The plate and screen of the 807 are mods 

ulated simultaneously. 
The cabinet contains two power units, one 

supplying the r.f. section, while the other sup
plies the audio section. A milliammeter is pro
vided which may be switched'to read the plate 
current of the oscillator, r.f. amplifier or 
modulator, or grid current of the r.f. amplifier . 

The output-coupling system is suitable for 
use with resonant antenna systems or systems 
employing "flat" transmission lines. Appara
tus must be supplied externally when the unit 
is to be used with antenna systems requiring 
tuning. 



C:BAPTEB TWELVE 

meaJuremenf,s and meaJuring 

Gtjuipmenf 

e U-1 MEASUREMENT �BNIQIJB 

THE NATURE of radio and electronic 
equipment is such that visual inspection is of 
little value in determining satisfactory per
formance. A wide variety of test and measuring 
apparatus, based on the same principles as are 
used in the equipment itself, has been devised 
to enable accurate evaluation of the perform
ance of experimental equipment as well as to 
facilitate production testing and adjustment 
and, ultimately, efficient maintenance in the 
field. 

I 

Because of the variety of such measuring and 
test equipment and its widespread application 
in all branches of the art, it is essential for the 
radio technician to be familiar with its princi
ples and use. 

Fundamentally, the process of measurement 
is that of comparing a quantity with a reference 
standard. Measuring equipment divides into 
two types : (1) fixed standards giving a reference 
point of known accuracy, with associated 
equipment for making comparisons, and (2) 
direct-reading instruments or meters calibrated 
in terms of the quantity being measured. 

The basic quantities to be measured are: (1) 
frequency; (2) the primary electrical quanti
ties: current, voltage and power ; (3) circuit 
constants : resistance, impedance, capacity, in
ductance and Q; and (4) waveform. This chap
ter will describe commonly-used methods of 
measuring these quantities, and the application 
of these methods to the testing of specific types 
of equipment: receivers, transmitters, anten
nas, tubes. 

e 12-2 FREQUENCY MEASUREMENT 

Frequency (§ 2-7) · is measured by counting 
the number of cycles or oscillations per second. 
Since this cannot be done directly, except at 
very low frequencies, in practice the measure
ment is made (a) by noting the response of a 
selective resonant device, such as a tuned cir
cuit (absorption frequency meter, Wien bridge, 
etc.) or mechanical resonator (tuning fork, 
vibrating reed, etc.) previously calibrated in 
terms of frequency, or (b) comparing the un
known with a known frequency from a separate 

source, either matching it directly by varying 
a calibrated source (heterodyne frequency 
meter), or measuring the difference between it 
and a fixed source (frequency standard), the 
frequency of which is known with high pre
cision, by interpolation. 

Calibrated Receiver·- In the absence of 
more elaborate frequency-measuring equip
ment, a calibrated receiver may be used to indi
cate the approximate frequency of an oscillator. 
If the receiver is well-made and has good in
herent stability, a band-spread dial calibration 
can be relied on to within perhaps 0.2 per cent. 
Some manufactured models having factory 
calibration may be used to even closer limits. 
For most accurate measurement the oscillator 
should be unmodulated and maximum response 
in the receiver indicated by a carrier-operated 
tuning indicator (§ 7-13), the receiver beat
oscillator being turned off. 

In checking transmitting frequency the re
ceiving antenna should be disconnected. If the 
signal is too strong and blocks the receiver, the 
transmitter frequency may be checked by 
listening to the oscillator, with power amplifier 
turned off. 

Absorption frequency meters - The sim
plest type of frequency meter consists of a coil 
and condenser, tunable over the frequency 

·range desired. A frequency meter of this type, 
when tuned to the frequency of the transmitter 
and loosely coupled to the tank coil, will extract 
a small amount of energy from the tank. The 
energy thus extracted can be used to light a 
small flashlight lamp. Maximum current will 
flow in the lamp when the frequency meter is 
tuned exactly to the transmitter frequency, 
hence the brightness of the lamp indicates 
resonance. A more accurate indication may be 
obtained by substitution of a ther mo-galva
nometer or vacuum-tube volt-meter as the 
indicator. A crystal detector can also be used. 

Although this type of frequency meter is not 
well adapted to precise measurement of fre
quency, it is useful for checking (1) the funda
mental frequency of an oscillating circuit, (2) 
presence and order of amplitude of harmonics, 
(3) frequency of parasitic oscillations, (4) neu-
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LINE 

Fig. 1201 - A  oimple absorption frequency meter 
circuit is shown at left. It is used in transmitter checking 
with link line coupling to the circuit being checked.
Circuit at right has bulb indicator loosely coupled to 
tuned circuit, giving a sharper resonance point. 
B - 1.4-volt 50-ma. dial light'. 
C - 150-,.,.(d. variable, 
L - Coils covering high-frequency spectrum with over
lapping ranges, wound on l½-inch dia. forms. 

Wire No. of LenJl,th of 
Freq. Range Size Turns Winding Link 1 
1.1-3.5 Mc. No. 28 e. 81¾ l½" 17 t. 
2.5--8.0 Mc. No. 24 t. 37¾ 1%" 11 t. 
4.5-14 Mc. No. 20 t. 17¾ l½" 6 t. 
7.5-25 Mc. No. 16 t. 8¾ l¼" 4 t. 
22-70 Mc. No. 16 t. 2¾ l" 2 t. 
4-0--120 Mc. No. 16 t. ¾ ¾ t. 

1 Cloeewound, No. 30 d.o.c .. ¼-inch from bottom end of 
prim&ry winding. 

tralization of an am.plifier, (5) field strength on 
a qualitative basis, (6) presence of r.f. in un<¾e
sired places such as power wiring, or any other 
application where detection of a small amount 
of r.f. and measurement of its frequency pro
vides useful information. 

Calibration of the absorption frequency 
meter is most easily accomplished with a re
ceiver of the regenerative type to which the 
coil in the meter can be coupled. With the de
tector oscillating weakly, the frequency meter 
should be brought neltr the detector coil and 
tuned over its range until a setting is found 
which causes the detector to stop oscillating. 
The coupling between meter and receiver 
should then be loosened until the stoppage of 
oscillations occurs at only one spot on the 
meter tuning dial. The meter is then tuned to 
the frequency at which the receiver is set. If 
the receiver is set on several stations of known 
frequency, a number of points for a calibration 
, curve can be obtained for each coil. 
· The same .method may be used with a super
h.eterodyne receiver, but it is necessary to re
member that the oscillator frequency differs 
from the signal frequency by the intermediate 

. frequency._ For instance, if the receiver dial 
reads 6500 kc. and the receiver i.f. is 456,' the 
oscillator frequency will be 6956 kc., which is 
the frequency to be marked on the meter cali
bration scale. It is necessary to know if the 

· oscillator is on the high or low side of the in
. coming signal ; in most receivers the high si�e is 
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Fig. 1202 - A sensitive absorption frequency meter 
with a crystal detector-rectifier and d.c. milliammetcr 
indicating circuit. Individual calibration charts mounted 
on each coil form make the meter direct-reading. A 
toggle switch connects a 10-ma. shunt across the 0-1 ma. 
meter; the 10-ma. range is used for preliminary readings, 
to avoid burning out meter or crystal. The meter gives 
indications several feet from a low-power oscillator. 

used throughout, but some receivers shift to the 
low side on the high-frequency ranges. 

If the oscillator coils in the receiver are not 
accessible, the frequency meter may be ca
pacity coupled through a few turns of insulated 
wire wrapped around the frequency-meter coil 
with one end of the wire placed near the stator 
plates of the oscillator condenser. 

For transmitter frequency checking, a flash
light lamp or other indicator is not entirely 
necessary, since resonance will be indicated by 
a change in the plate current of the stage being 
checked as the meter is tuned through reso
nance. However, for locating parasitic oscilla
tions, determining the relative amplitude of 
harmonics, checking neutralization; locating 

Fig. 1203 - Absorption frequency meter with cry•tal
detector indicator. 
C, - 140-µ,.fd. variable. 
C2 - 0.001-,.(d. mica. 
D - Fixe,I cryotal detector (Philmore). 
L1, Ia - Same as in J<'ig. 1201. • 
M - 0--1 ma. d.c. milliammetcr. 
n, -3-<>hm ohunt; see general data on meter shunts, 
S - S.p.s.t. toggle owitch. 

Crystal polarity must be determined by ex�riment; 
if meter reads backwards, reverse crystal connections. 

• Experiment with number of turns on L2 for maximum 
current indication is necessary to compemsate for variations 
io impedance of individual crystal detectors. 



stray r.f. fields, etc., a sensitive indicator is 
indispensable. 

The inherent errors in the absorption-type 
frequency meter ordinarily limit its useful ac
curacy to about 1 %. 

Lecher wires - At ultrahigh frequencies it 
is possible to determine frequency by actually 
measuring the length of the waves generated. 
The measurement is made by observing stand
ing waves on a two-wire transmission line or 
Lecher-wire system. Such a line shows pro
nounced resonance effects, and it is possible to 
determine quite accurately the current loops 
(points of maximum current) as sh<>wn in Fig. 
1204. The distance between two consecutive 

lamp shows a sharp loss in brightness. This 
point should be marked and the shorting bar 
moved out until a second dip is obtained. The 
distance between the two points will be equal 
to half the wavelength. If the measurement is 
made in inches, the frequency will be 

5906 
FMc, = -------

• length (inches) 
If the length is measured in meters 

FMc· -
150 

length (meters) 
In checking a superregenemtive receiver, the 

Lecher wires may be similarly coupled to the 

Fig. 1204 - Lecher wire system for measuring 
wavelenl!'lb al u.b.(. Typical standing-wave dis
tribution lA shown, with positions of the shorting 
bar al current loop• indicated. Tbe distance 
"X" equalt one-half wavelength. 

� 
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current loops is equal to one-half wavelength. 
Thus the wavelength can be read off directly in 
meters (inches x 39.37 if a yardstick is used) or 
centimeters for the very short wavelengths. 

The line should be at least a wavelength long 
at the lowest frequency to be measured and 
entirely air-insulated except where it is sup
ported at the ends. The wires may be stretched 
tightly between any two convenient supports, 
using a spacing of 1 to 1 ½ inches. The posi
tions of the current loops are found by means 
of a "shorting bar" which is slid along the line 
to vary its effective length (Fig. 1205). 

Resonance indications may be obtained in 
several ways. A convenient and fairly sensitive 
indicator can be made by soldering the ends of 
a one-turn loop of wire to a flashlight bulb, then 
coupling the loop to the tank coil until the bulb 
glows moderately brightly. A similar coupling 
loop should be connected to the ends of the 
Lecher wires and brought near the tank coil. 
Then the shorting bar should be slid along the 
wires outward from the transmitter until the 

Fig. 1205 - One end of a typical 
Leeber wire syetem, showing turn
buckles for maiuta.i.niog tension. 
Wires are No. 16 bare copper. Tbe 
shorting bar is of brass witb a sharp 
edge for better contact and precise 
indication; the glider and 8ide•guicles 
keep the bar at right un�les lo the 
wire. A horizontal etrip of bakclite at 
the back keeps the wire• right against 
the bar. A tran•parent celluloid centi
meter rule is cemented to tbe front of 
the slider. The beam is marked off in 
decimeter (10 cm.) uniu. The sum of 
the reading of the •lider and the low
est adjacent numeral on tbe beam 
p.-ea the wavelength. 

- I � < � 
.,,,,J' , ... , __ 
receiver coil. As the bar is slid along the wires 
a spot will be found where the receiver goes out 
of oscillation. The distance between two such 
spots is equal to a half wavelength. 

Lecher wire measurements may easily be 
made to an accuracy of I% or better. If suffi
cient care is used, measurements accurate to 
0.1 % at 112 Mc. are possible, representing a 
linear distance of about 1 millimeter. This is 
accomplished by loosening the coupling for the 
final adjustment until indications are just dis
cernible. It is helpful to use a highly sensitive 
indicator. The crystal-detector absorption fre
quency meter previously described will enable 
closer measurements when used as a resonance 
indicator than will the flashlight bulb indicator, 
for example. 

Heterodyne frequency meters -For more 
accurate measurement of transmitter fre
quency, a heterodyne frequency meter should 
be used. This is a small oscillator with a precise 
frequency calibration covering the lowest fre
que�ey band used, completely shielded. It 
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Fi1. 1206 - Electron· 
coupled heterodyne fre· 
quency meter circuit 
dia«ram. 
C, -350-i,,.{d. zero temp. 
C2 -40-i,,.{d. negative temp. 
Ca - 100-i,,.{d. midget. 
C, - 50-i,,.fd. trimmer. 

• Ca - 100-i,,.{d. silver-mica. 
Ce, Ca -0.005-,.{d. mica. 

Rs Cr, C., C,o - 0.002-,.fd. mica. 
Cn - 25-,.ld., 25-volt electrolytic. 
C12 - 0.01-i-fd., 400.,.oft paper. 
C1a - 0.5.,.{d., 400-volt paper. 
C1< - Dual 8-,.{d., 450-volt electro

lytic. 
R1. ll2 - 1  me,ohm. ½-watt. 

Ra - 20,000 ohms, ½-watL 
R. - 150 ohms, ½-watt. 
R• - 5000 ohms, 1-watL 
Re - 50,000 ohms, 2-watt. 
Rr - 3500-ohm, 10-watt wire-wound. 
Ro - 2500.,ohm, 5-watt wire-wound. 

L, - 60 tum• No. 24 d.c.c., cl08C-wouod on l¼-in. dia. form tapped at 12 tome. 
Ls - 10-heory 40-ma. filter choke. 
RFC - 65 turns No. 28 c. cl08C·WOUod, 9ie-in. dia. 
T -300-volt 50-ma. power traoslormer. 

mUBt be so designed and constructed that it 
can be accurately calibrated and will retain its 
calibration over Jong periods of time. 

The signal from this oscillator (or a har
monic thereof) is fed into a receiver or simple 
detector together with the signal to be meas
ured, and the two frequencies are heterodyned. 
When the frequency meter oscillator is tuned 
to zero beat with the signal, its frequency or 
the harmonic multiple is the same as the 
unknown. 

The oscillator used in the frequency meter 
must oo very stable. Mechanical considerations 
are most important in its construction. No 
matter how good the instrument may be elec
trically, its accuracy cannot be depended upon 
if it is flimsily built. Inherent frequency stabil
ity can be improved by avoiding the use of 
phenolic compo1JJ1ds and plastics (bakelite, 
polystyrene, etc.) in the oscillator circuit, em
ploying only high-grade ceramics for insula
tion. Plug-in coils or switches are not ordinarily 
UBed ; instead, a solidly-built and firmly
mounted tuned circuit is permanently installed 
and the oscillator panel and chassis reinforced 
for rigidity. 

To obtain high accuracy the frequency meter 
must have a dial that can be read precisely to 
at least one part in 500; ordinary dials like 
those UBed on transmitters and inexpensive re
ceivers are not capable of such precision with
out the addition of vernier scales. The dial 
should have fine lines for division marks, and 
an indicator set close to the dial scale so that 
the readings will not appear different because 
of parallax when the dial is viewed from 
different angles. 

A stable oscillator suitable for UBe in the 
frequency meter is one u.sing the electron-
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coupled circuit (§ 4-2). The oscillation fre
quency is practically independent or moderate 
variations in supply voltages, provided the 
plate and screen voltages are properly propor
tioned. It is possible to take output from the 
plate with but negligible effect on the frequency 
of the oscillator. A third feature is that strong 
harmonics are generated in the plate circuit 
so that the meter is useful over a number of 
frequency bands. A typical electron-coupled 
frequency meter circuit is shown in Fig. 1206. 

When the frequency meter is first turned on 
some little time is required for the tube to reach 
its final operating temperature ; during this 
period the frequency of oscillation will drift 
slightly. It is desirable, therefore, to allow the 
meter to " warm up" for about a. ha.If hour 
before calibrating, or before making measure
ments in which the utmost accuracy is desired. 
Better still, the frequency meter ean be left 
on permanently. The power consumption is 
negligible, and the long-time stability will be 
vastly improved. 

Although some frequency drift is unavoid
able, it can be minimized by the use of voltage 
regulator tubes in the power supply and low
drift silvered-mica or zero temperature-coeffi
cient fixed condensers in the tuned circuit. A 
small negative temperature-coefficient capacity 
can be included to compensate for residual drift. 

Calibration of the frequency meter is readily 
accomplished if a low-frequency standard (dis
cussed later in this chapter) is available, the 
required calibration points be.ing supplied by 
harmonics from the standard. The frequency 
meter is tuned to zero-beat (§ 7-4) with these 
harmonics, using either a built-in detector or 
the station receiver to combine the two signals 
to provide an audible beat. When a sufficient 



number of points have been established, they 
may be marked on graph paper and a calibra
tion curve drawn. For maximum convenience, 
a direct-reading dial scale can be constructed. 

Ir no frequency standard is available, cali
bration points may be obtained from other. 
sources of known frequency, such as the trans
mitter crystal oscillator, harmonics of local 
broadcasting stations, or even checks by other 
amateurs on the air. As many such points as 
possible should be secured, so that inaccuracies 
will average out. 

In use, the signal from the ·frequency meter 
can be fed into the receiver by connecting a 
wire from the plate of the osctllator through a 
very small capacity to the input of the re
ceiver. The signal to be measured is then tuned 
in in the usual way and the frequency meter 
adjusted to zero-beat. 

For convenience in checking the frequency 
of the transmitter or other local oscillators 
which generate sufficiently strong signals, it is 
desirable to incorporate a detector in the fre
quency meter which will comhine the signals 
and deliver the audio beat-note output to 
headphones or a visual zero-beat indicator. A 
frequency converter tube such as the 6L7 or 
6SA7 is especially suited for this purpose. 

R,3 J:C12 R,z 

j� 
e:=_ •. ,v. All lltr.s. 

R,4 

With a stable oscillator, a precision dial and 
frequent and careful calibration, an overall ac
curacy of 0.05 to 0.1 % may be expected of the 
heterodyne frequency meter. The principal 
limiting factors are the precision with which 
the calibrated dial can be read and the "re
set" stability of the tuned circuit. 

Frequency standards - To make more 
precise frequency measurements, particularly 
of amateur-band limits, a secondary frequency 
standard is required. This is a highly stable 
low-frequency oscillator, usually operated at 
50 or 100 kc., the harmonics of which provide 
reference points every 50 or 100 kc. throughout 
the spectrum. A 1000-kc. frequency is often 
added to facilitate preliminary identification 
of frequency ranges, especially on u.h.f. 

An electron-coupled oscillator built accord
ing to the principles previously outlined for 
frequency meters, equipped with a tuned cir
cuit for 50 or 100 kc., will serve as a simple and 
inexpensive standard. A standard of this type 
is inherently more accurate than a heterodyne 
frequency meter because (a) the low-frequency 
oscillator has better inherent stability and (b) 
the frequency setting once made is not there
after changed, eliminating the re-set and 
calibration errors. 

Fig. 1207 - Circuit diagram of a precision crystal-controlled 100-kc. frequency standard. 
C1 - Dual 365-i,,Jd. variable, com- Ca - 140-µ,Jd. variable. R,o - 0.1 megohm, ½-watt. 

pact broadcast type. C,s, C,. -8-i,fd., 450-volt elec. Ru - 800 ohms, ½-watt. 
C2, Cs -0.01-i,fd., 400-volt paper. C11 -3-30-i,,Jd. trimmer. R12 - 25,000 ohms, 1-watt. 
C., Cs - 0.001-,Jd. midget mica. R, -1 megohm, ½-watt. Ris - 50,000 ohms, 1-watt. 
C., C1 - 10-,.,.fd. midget mica. R2, Ra -0.5 megohm, 1-watt. R,. - 1500 ohm., 10-watt. 
Cs - 50-,.,.fd. midget mica. R., Rs -50,000 ohms. 1-watt. RFC - 2.5 mh. r.f. choke. 
Co, C,o, Cu, C12 - 0.1-iofd. 400-volt Ro, R1 - 20,000 ohms, ½-watt, S1, S,, Sa - S.p.e.t. toggle. 

paper. � Rs - 15,000-ohm potentiometer. T, - Power trao.Cormer, 250 v., 40 
C,a - 0.002-iofd. midget mica. Ro - 0.3 megohm, ½-wall, ma. · 

L1 - 7-henry, 40-ma. filter choke. same mounting). For checking 1000-kc. pointo, a 150 
L2 - Plug-in coil tuned to frequency in use. Output microheory coil (No. 30 d.c.c. on l½-inch form) may 

link is adjusted to give de.ired sigoal streo1th be substituted for the cryetal unit, connected between 
in receiver. poiote X-X in the diagram, With C1 near maximum, 

Tbe crystal is a Bliley SOC-100 (oscillator coil in circuit will tune to 1000 kc. 
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(1) 

(2) 

(3) 

{4) 

HETEROOYNE 
FREQUENCY 

METER 

RECEIVER 

HETERODYNE 
FREQUENCY 

METER 

100 KC. 
STANOAAO 

SIGNAL 

100 KC. 
STANDARD 

HETERODYNE 
FREOUENCV 

METER 

,._,._ 
INTERPOI.ATION 

OSCILLATOR 

Fig. 1208 - Frequeocy measurement methoda. 
A Crequeocy meter {with built-in detector} uoed alooe 

ia the oimplest arrangemeot for checking the frequency 
of local oocillaton (I). With a receiver (2) incomins re
ceived oi,nalo can be measured u well. A heterodyne 
frequency meter can al.�o be used as• linur interpolation 
oecillator in coojunction with a 100-kc. otaodanl (3), 
with or without a 10-kc. multivihrator. The etandanl 
provides accurate check points on the frequency meter 
ecale. Alternatively, a receiver (if adequately calibrated) 
may be substituted for the frequency meter. For greatest 
precision, method (4) is med with an interpolation audio 
oecillator having a linear scale. 

With careful desig-o and construction, high precision 
can be attained with methods (3) and (4). Using (3), the 
accuracy can be 0.01% (100 parts in a million). Method 
(4) i1 accurate to 10 parto in a million with onlinary 
equipment; precision laboratory apparatus io reliable 
to better �an 1 part in a million. 
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For highest accuracy, the most suitable i11-
strument is a crystal-controlled standard, 
provided with a 10-kc. multivibrator (§  3-7) 
for frequency division. Such a standard will 
mark 10-kc. intervals throughout the com
munications spectrum. The frequency of a 
signal can then be checked by noting its loca
tion with respect to two adjacent 10-kc. points 
on the dial of a calibrated receiver or hetero
dyne frequency meter and estimating the exact 
frequency by interpolation. 

In the adjustment of the frequency standard 
at least a IS-minute warm-up period should be 
allowed. For initial adjustment, its output 
may be coupled into a receiver operating on the 
broadcast band and the oscillator tuned to 
zero beat with a broadcasting station on a 
frequency that is a multiple of 100 kc. (800 
kc., 900 kc., 1000 kc., etc.) If the oscillator is 
self-excited, a second station 100 kc. away 
should be checked, to make certain that the 
oscillator is working on 50 oi- 100 kc. rather 
than another frequency which gives an odd 
harmonic. Since broadcasting stations are re
quired to stay within 20 cycles of assigned 
frequency, the maximum error of such a 
source will be less than 30 parts in one 
million. 

For highest precision, the standard may be 
calibrated on the National Bureau of Stand
ards WWV standard frequency transmissions, 
which are accurate to better than 1 part in 10 
million. These transmissions may be tuned in 
on a receiver operating on 5 Mc. (receiver beat 
oscillator off) and the standard adjusted until 
its harmonic is exactly at zero-beat with WWV. 
The calibration should be rechecked whenever 
precise measurements are to be· made. 

In adjusting the multivibrator, two adjacent 
100-kc. points are first noted on the dial of a 
calibrated receiver. The multivibrator is then 
turned on, and its frequency control (Rs in 
Fig. 1207) set at half scale. The number of 
separate audio beats between the two marked 
100-kc. points is then counted. If it is a number 
other than nine (indicating 10-kc. intervals), 
readjust Rs until nine beats are observed. 
Mark this point. Note also the points on the Rs 

scale where 8 and 10 bee.ts occur, indicating 
approximately 11- and 9-kc. separation. The 
odd frequencies are occasionally useful in 
checking frequencies very close to the 10-kc. 
harmonics where the low beat-frequency 
makes it difficult to secure zero-beat, particu
larly when an interpolation oscillator is used. 
Mathematical calculation is required to de

termine the exact frequency. 
In practice the 100-kc. points can usually be 

identified as being louder than the 10-kc. 
multivibrator harmonics. This identification 
process can be facilitated by applying audio 
modulation to the 100-kc. signal only, causing 



the modulated points to stand out because of 
the distinctive tone. 

Interpolation - When measuring exact fre
quencies with the aid of o. frequency standard 
and multivibrator providing equi-spaced har
monic points, it is necessary to determine the 
exact location of the unknown frequency by 
interpolation between adjacent standard har
monics. This ca.n be done (a.) by use of a cali
brated receiver or heterodyne frequency meter 
with a sea.le that is linear with frequency, or 
(b) by comparison of the audio beat frequency 
with a. calibrated audio oscillator. 

In method (a), the points a.t which the un
known frequency a.nd the nearest lower and 
higher harmonics a.ppea.r on the dial of the re
ceiver or frequency meter a.re noted, as shown 
in Fig. 1209. Knowing the exact frequencies 
of the harmonic points Ji a.nd '2, the unknown 
frequency, /., can be determined as follows 

f. = Ii + SS. -
S
S1 (/2 - /i) 

2 - 1 

where S1 is the dial setting for /1, S2 for ft and 
S. for /.. 

Method (b) consists of beating the standard 
and unknpwn frequencies in a detector and 
measuring the resulting audio frequency by 
zero-beating with a calibrated audio oscillator 
having a linear frequency range covering half 
the difference between adjacent harmonics 
(0-5000 cycles with a 10-kc. multivibrator), as 
shown in Fig. 1209. The measured frequency 
is then equal to the reading of the audio oscil
lator added to or subtracted from the nearest 

standard harmonic, as the case may be. To 
determine whether to add or subtract this 
audio difference it is necessary that the fre
quency be known to better than 5 kc. from 
the receiver (or auxiliary heterodyne frequency 
meter) calibration. 

In addition to the beat note resulting from 
the nearest adjacent harmonic, /1, there will 
also be another higher beat from /2. However, 
by tuning the receiver midway between Ji and 
/., its adjacent-channel selectivity will dis
criminate _ against [2 and reduce the higher beat 
note to a negligible level. 

The interpolation audio oscillator should 
have a scale that reads linearly with frequency 
(as opposed to tbe logarithmic scale commonly 
found in laboratory oscillators). A beat-fre
quency oscillator (Fig. 1228) with a straight
line capacity tuning condenser in series with 
the correct value of fixed capacity will have a 
nearly linear scale. Some forms of resistance
capacity oscillators can also be made to have 
such a scale. 

A suitable detector is a pentagrid converter 
(§ 7-9) with some form of zero-beat indicator in 
the plate circuit. The interpolation audio os
cillator is connected to the oscillator grid, the 
audio beat note from the receiver being air 
plied to the signal grid. 

Zero-Beat Indicators - Use of the hetero
dyne method of frequency comparison requires 
a means for determining when the known and 
unknown frequencies are synchronized ; i.e., 
when they are at zero beat. The point at which 
zero-beat occurs can be determined approxi-

l_ �I � 
r. 

I -� 
I 
I 

11 12 
fs fh 10 + 10 +20 

= 100 Kc. = 1000 Kc. 

0 
RECEIVER OR 

FREQUENCY METER 
SCALE 

+30 +-40 +SO 

MULTIVIBRATOR 

+60 +10 +&o +90 fhn 
HARMONICS 

ZERO BEAr 

INTERPOLATION 
OSCILLATOR 

SCALE 

Fig. 1209- Use of interpolation methods in measuring frequencies between standard harmonica. At top ia shown 
the relative location of the frequency-standard fundamental and harmonica in the spectrum, together with the 
multi vibrator harmonica, as related to the unknown frequency under mea•urement (/,). At the left is •hown a small 
eepent of this spectrum as it appears on the dial of a calibrated receiver or heterodyne !requency meter, and at 
ritt,t the appearance of the audio 01eillatoc dial when wing t.be comparieon audio beat-note met�od. · 
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Fis, 1210 -Wien bridge for audio frequency wea•
urements. 
R1 - 2000 ohms, ½-watt. 
R2 - 1000 ohme, ½-watt. 
Ra, R. -l0,000-0hm wire-wound variable. 
Ra - 25-0hm potentiometer. 
C,, C2 - 0.01-,.fd. for 2,000-20,000 cyc)ee 

O.l-µfd. for 200-2,000 cycle• 
1.0-,.fd. for 20-200 cycles 

The input transformer should be of the balanced-to• 
ground type with an electroetatic shield between pri- -
mary and eecondary. 

mately by listening to the output of the re
ceiver or detector with headphones or loud 
speaker. For greatest accuracy some form of 
auxiliary visuat zero-beat indicator is desirable, 
however. This may be a rectifier-type a.f. 
voltmeter with copper-oxide or diode rectifier 
( § 2-3), a neon tube " flasher "  or an electron
ray tube (§ 7-13) with its triode grid connected 
to the receiver output. The headphones will 
still be required for preliminary adjustments 
since the visual indicator usually responds 
only to frequencies under about 25 cycles. 

Audio-Frequency-Measttrement - The 
measurement of unknown audio frequencies 
can also be accomplished by either direct or 
comparison methods. Direct measurements 
are best made with an a.c. bridge (§ 2-11). The 
most suitable form if the Wien bridge as shown 
in Fig. 1210. The a.c. voltage to be measured is 
applied across the input te: ·minals and the 
variable resistors Ra and R4 varied simulta
neously until balance is obtained as shown by 
zero response in the indicator. Then 

I �  ----=----
2-.- R C  

where R is the resistance effectively in the cir
cuit at R3 and C is equal to the value of Ci. R1 

and R2 may be ganged on one shaf� and pro
vided with a scale calibrated in terms of fre
quency for each value of C (the ranges being 
selected by a 2-gang switch). RB is a small 
balancing potentiometer used to compensate 
for minor variations in the two arms. The 
indicator may be a pair of headphones as 
i;howu, although a 8tm1:1itive visual indicator 
will give greater range and higher accuracy. 

Where a calibrated audio oscillator is avail
able, measurements may be made by compari
son as previously described in this chapter. 
If no electrical frequency standard is available, 
the audio frequency can be converted into 
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sound through · a power amplifier and loud
speaker and measured by aural comparison 
with a properly-tuned piano, remembering 
that middle C is 256 cycles and each octave 
above or below doubles or halves the frequency. 
Intermediate points can be obtained by multi
plying each successive half-note above C in 
any octave by 1.05946 (e.g., if C is 1, CII equals 
1.05946, D equals 1.1225, etc.). 

The cathode-ray oscilloscope ( § 3-9) is ex
tremely useful in measuring frequencies by the 
comparison method when a reliable standard 

A 8 C O E 

/ 0 0 \J\ 
135· 
OR 

225• 

90° 

OR 

270° 

45• 
OR 

315• 
} PHASt 

(Y' RELATIOKS 
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C g  8 - � )  
HORIZONTAL TIMING AXIS -

VERTIC.AL TIMING AXIS
! 

9:2 4½: 1  

�= 
16 :3  51'3; I 

Fi,s. 1211 - Lissajou's figuree as used in meaeuring 
audio frequencies by comparison with a known source 
on a cathode-ray oecilloecope. Figures A through E illus
trate the pattern produced by different phase relation• 
shipe when the two voltagee have a 1:1 frequency ratio. 
Figures F through J show the same phase relationships 
with a 2:1 frequency ratio, the higher frequency being 
applied to the vertical platee. The next figure shows a 
ratio of 6:1, determined by counting the peaks of 
tbe waves in the horizont&I plane (in this case the 
higher frequency is applied to the horizontal plates). 
Complex ratios are identified by one or more croS8· 
o'\·en, as indicated by the arrows opposhe the 9:2 and 
16:3 figures. In principle, frequency ratios arc deter, 
mined by counting both horizontal and vertical peaks 
(number of cr.-.,-overs plus 1). Care must be taken not 

·to confuse the back lines (return trace shown by light 
line in 6:1 figure) in counting cross-0vers. This can he 
done by counting only tbe peaks travelling in the same 
direction acro88 the screen when the frequency i.15 ad. 
justed so that the pattern rotates slowly. 



source is available. Applying voltages from 
the unknown and the standard to the opposite 
pairs of cathode-ray tube deftecting plates 
results in patterns of varying form termed 
Lissajou's figures. By proper interpretation 
of these figures, as shown in Fig. 121 1 ,  fre
quency ratios up to 10 to 1 cau be obtained 
conveniently. Thus with a 1000-cycle oscillator 
calibration points between 100 and 10,000 
cycles are possible. The 60-cycle a.c. supply 
can be used as a calibration source up to 600 
cycles or so. 

Frequency Monitoring- Contrasted with 
the problem of frequency measurement as a 
single operation is that of cont1nuously moni
toring the frequency of an oscillator, particu
larly in broadcasting and other single-frequency 
transmitters. This requires an automatic device 
continuously reading frequency deviation. 
Common practice is to provide a highly-stable 
temperature-controlled standard having a 
frequency slightly different (usually 1 kc.) 
from the assigned carrier frequency. Both 
carrier and standard frequencies are fed into 
a detector and the resulting beat measured on 
a direct-indicating audio-frequency meter. 
Variations in the audio beat then show devia
tions of the carrier frequency in either direc
tion. Alternatively, selective circuits and 
vacuum-tube relays controlling panel lamps 
may be used instead of the meter, the lamps 
flashing to indicate deviations beyond pre-set 
upper and lower limits. 

e 12-3 MEASUREMENT OF CURaENT. 
VOLTAGE AND POWER 

D.c. instrumenu - Instruments for meas
uring direct current (§  2-6) are based on the 
d' Arson val moving-coil principle, comprising 
an indicating pointer moving across a calibra
ted scale, actuated by the flow of current 
through a coil located in a constant magnetic 
field. 

Ammeters and voltmeters are basically 
identical instruments, the difference being in 
the method of connection. An ammeter is con
nected in series with the circuit and measures 
the current flow. A voltmeter is a milliammeter 
(ammeter reading one-thousandth of an am
pere) which measures the current through a 
high resistance connected across the source to 
be measured; its calibration is in terms of 
voltage drop in the resistance, or multiplier. 

The ranges of both voltmeters and ammeters 
can be extended by the use of external resistors, 
connected in series with the instrument in the 
case of a voltmeter or in shunt in the case of an 
ammeter. Fig. 1212 shows at (A) the manner 
in which a shunt is connected to extend the 
range of an ammeter and at (B) the connection 
of a voltmeter multiplier. 

To calculate the value of a shunt or multi-

plier, it is necessary to know the resistance of 
the meter. If it is desired to extend the range of 
a voltmeter, the value of resistance which must 
be added in series is given by the formula: 

R = R .. (n - 1) 

where R_ is the multiplier resistance, R .. the 
resistance of the voltmeter, and n the scale 

+ 

Fig. 1212 - How voltmeter multiplieni and milliam
. meter shunts are connected. 

multiplication factor. For example, if the range 
of a 10-volt meter is to be extended to 1000 
volts, n is equal to 1000/10 or 100. 

If a milliammeter is to be used as a volt
meter, the value of series resistance . can be 
found by Ohm's law (§ 2-6) 

R = 1000 E 
I 

where E is the desired full-scale voltage and / 
the full-scale current reading of the instrument 
in milliamperes. 

To increase the current range of a millii<m
meter, the resistance of the shunt can be found 
from the formula : 

n· = � 
n - 1 

where R,. is the meter resistance as before. 
A portable combination milliammeter-volt

meter having several ranges is extremely useful 
for experimental purposes and for trouble
shooting in receivers and transmitteFS. As a 
voltmeter such an instrument should have high 
resistance so that very little current will be 
drawn in making voltage measurements. A 
low-resistance voltmeter will give inaccurate 
readings when connected across a high-re
sistance circuit. A resistance of 1000 ohms per 
volt is ssti8factory for most uses ; a 0-1 mil
liammeter or 0-500 microammeter (0-0.5 ma.) 
is the basis of most multi-range meters of this 
type. Microammeters having a sensitivity of 
0-50 µa. ,  giving a voltmeter resistance of 
20,000 ohms per volt, are found in units avail
able at reasonable cost. Multipliers for the 
various ranges are selected by switches. 

The various current ranges on a multi-range 
instrument are also obtained by using a num
ber of shunts individually switched in parallel 
with the meter. Particular ca.re must be ta.ken 
to minimize contact resistance. 

When d.c. voltage and current are accurately 
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Fig. 1213 - A  typical inexpensive. multi-range com
bination volt-ohm-milliammeter, showing meter with 
1-ma. basic range and knobs for range owitch and zero 
re-Oetting reoiotor. Flexible test leado with insulated
handle test probe• are used to make connection to the 
circuit under test. 

rectifier, which converts a low-resistance 0-1 
d.c. milliammeter into a high-resistance 0-0.909 
a.c. milliarnmeter, making possible the con
struction of a.c. voltmeters having a sensitivity 
of 1000 ohms per volt and an accuracy of 
about 5 %- The design of multipliers for such a 
voltmeter must allow for the fact that the rec
tifier resistance varies with current. Two scales 
are · usually provided, one for use above 50 
volts and one below. The frequency error is ap
proximately 0.5% per 1000 cycles. 

A.c. power measurements are more complex 
than for d.c., the simple multiplication of cur
rent and voltage being in error unless the load 
is purely resistive. If the current and a.c. im
pedance are known, the power is /2Z. For or
dinary amateur power calculations, such as the 
input to a power transformer, the product of 
a.c. voltage and current can be considered 
sufficiently accurate. Commercial power meas
urements are made on a wattmeter, which is a 

·complex instrument relating average current 
a.nd voltage in terms of a. single reading. 

R.j. instr,unents - The measurement of 
very high-frequency a.c. or r.f. quantities 
involves special problems. Practical instru-

r-------"T"---YIMN.,._ ________ ---0 ��::.r· 
Rs 

Fig. 1214 - Circuit of the low-coot 
V.0-M. 

�-----01- sooov. R; -2000-ohm wire-wound variable. 
fu - 3000 ohmo, ½-watt. 

.------...... -----0+ fu - 10-ma. ohunt, 3.6 ohmo, 
R• - 100-ma. shunt, 0.33 ohms. 
R6 -40,000 ohms, ½-watt. 

=- 8 
+ • 

• •  

known, the power can be stated by simple ap
plication of Ohm's law: P = EI (§ 2-6). 

A.c. in:struments - D.c. meters will not 
respond on alternating current,· a.nd it is there
fore necessary either to rectify the a.c. and 
measure the resulting d.c. or to use special in
struments that will indicate on a.c. (§ 2-8). 

A.c. ammeters and voltmeters utilize the 
moving iron-vane principle. Since the maxi
mum sensitivity is 15 to 25 ma., making the 
ohms-per-volt 40 to 67, iron-vane voltmeters 
consume substantial power. They a.re suitable 
for measuring filament a.nd line voltages, but 
cannot be used in circuits which a.re unable to 
sustain a measuring load. Iron-vane meters 
are not accurate above a. few hundred cycles. 
. For measurements where iron-vane meters 
are not suitable, special devices enabling the 
use of d.c. movements are employed. The most 
common of these for the power and audio fre
quency .range is the full-wave copper-oxide 
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V·O•M 

Ro - 4megobms,4-watt (four 1-meg.,' 
}.watt resistors in series) . 

R1 - 0.75 megohm, ·I-watt (0.5 
megohm and 0.25 megohm, 
½-watt in series). 

Rs - 0.2 megohm, ½-watt • 
Ro - 40,000 ohmo, ½-watt. 
Rio - 10,000 ohms, ½-watt. 
SW -9-point 2-pole switch {Mal

. lory-Y axley 3109). 
B -4.5 volts (Burgess 53j)O}. 

Fig. 1215 - Seale of the typical multi-purpose met�. 
It is read in accordance with the range in use. Tn this 
meter the ranges are "high" (0-250,000) and "low" 
(0-500) ohms, 100, 10 and 1 ma., and 10, 50, 250, 1000 
and 5000 volta. 



ments read in terms of d.c. from a conversion 
device. 

R.f. current is usually measured by means of 
a thermoammeter. This is a sensitive d.c. 
microammeter connected to a thermocouple 
associated with a heater made of a short piece 
of resistance wire. Thermoammeters have been 
made with a sensitivity of 1 ma., but the ranges 
used by amateurs for measuring antenna cur
rent, etc., are from 0-0.5 amperes up. 

The most suitable r.f. voltmeter is a peak
reading vacuum-tube· voltmeter (Fig. 1216). 
When properly designed, its accuracy is limited 
at r.f. only by the vari1'_tion of the input re
sistllnce with frequency. The peak diode volt
meter has little error even at 60 Mc. The same 
is true of the self-biased and slide-back types if 
tubes having low input capacity are used. The 
oscilloscope can also be used as an r.f. voltmeter 
for potentials of several volts or more. 

R.f. power measurements can be made by 
measuring the current through a resistor .or 
reactance of known value ( § 4-9). Approxi
mate power measurements may be made by 
using ordinary 115-volt light bulbs as a substi
tution or "dummy" load, connected either 
singly or in series-parallel to provide the re
quired resistance and power rating. The ap
proximate resistance of the bulb can be com
puted from its wattage rating at 60 cycles. 
Special non-inductive resistance units, en
closed in vacuum bulbs mounted on standard 
tube bases, with resistances of 73 and 600 
ohms at power ratings up to 100 watts, are 
available for this purpose. For higher power 
the units may be connected in series-parallel. 

Where the substitution load method is im
practical, r.f. power can be measured by multi
plying the current through a thermoammeter 
in the circuit by the r.f. voltage across the cir
cuit as indicated by an r.m.s. meter (or 70.7% 
of the reading on a peak voltmeter). 

Another method of measuring r.f. power is 
the photometric method. A calibrated light
sensitive cell (a photographer's exposure meter 
is suitable) is used to measure the relative 
brilliance of an electric light bulb as a substitu
tion load and its normal brilliance on 1 15-volt 
60-cycle supply. 

Vacuum-tube voltmeters - The most use
ful instrument for the measurement of both 
d.c. and a.c. voltages is the vacuum-tube volt
meter. Its chief advantages are (a) negligible 
power taken from the circuit under measure
ment and (b) accuracy over a wide frequency 
range including r.f. 

The v.t.v.m. operates by virtue of the 
change in plate current caused by a change in 
grid voltage ( §  3-2). In the measurement of a 
d.c. voltage, the voltage -termed the "signal" 
- represents simply a change in grid bias. In 
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Fi&. 1216 - Vacuum-tube voltmeter cireuilA. 

the case of a.c., the tube act6 as a rectifier 
and the measurement is in terms of rectified 
d.c. 

Representative vacuum-tube voltmeter cir
cuits are shown in Fig. 1216. The simple diode 
rectifier (A) can be almost any vacuum tube; 
in a triode or multi-grid type, all electrodes 
except the control grid are connected to cath
ode (or negative filament). A Type 30 or 1G4G 
tube with a flashlight cell for filament supply 
makes a convenient portable unit. A tube with 
low input capacity (1 N5G, 6T7G, 954) should 
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be used for high frequencies. The frequency 
range is limited by the tube input capacity 
shunting the load resistance. Calibration is 
linear above 2 or 3 volts provided the load 
resistance exceeds 0.1 megohm. The meter M 
should be a sensitive microammeter (0-100 or 
200 µa.) ;  a 0-1 ma. meter can be used with 
reduced sensitivity. 

The peak diode voltmeter at (B), shunt
connected to eliminate the need for a d.c. re
turn in the measured circuit, reads peak a.c. 
voltage. The input resistance is comparable to 
that of the simple diode for equivalent sensitiv
ity, but the high-frP.q11P.My error is le.ss. The 
time constant of the RC circuit should be at 
least 100 for the lowest frequency to be meas
ured (RCF>J00). Typical values are 0.5 
megohm and 0.5 µfd. for audio, and 0.1 meg
ohm and 0.05 µfd. (mica) for r.f. and i.f. 

The grid rectification circuit shown at (C) 
can be considered equivalent to the diode 
rectifier of (B) followed by a zero-bias triode 
amplifier. The sensitivity is greatly increased 
over the ordinary diode. The input resistance 
is low with small inputs (0.1 to 1.0 megohm) 
because of grid current. The plate current is at 
maximum when idling and decreases with 
signal. This circuit is useful chiefly because it 
can be used with inexpensive meters. The i.n
strument can be calibrated ,from a known 
60-cycle source; the scale is square-law for 
small signals, becoming linear with increasing 
input. The value of R is non-critical. C should 
have a reactance small compared with R at the 
operating frequency, i.e., 0.01 µfd. mica from 1 
kc. up, 0.1 µfd. paper for low a.f. For d.c. C is, 
of course, omitted. A high-µ tube is preferable, 
to reduce the idling or no-signal plate current. 

The self-biased plate-rectification or reflex 
voltmeter at (D) has a very high input re
sistance and fair sensitivity. It is normally 
connected directly across the circuit to be 
measured ; if this does not provide a d.c. return 
a coupling circuit must be added as shown by 
dotted lines (C - 0.01 µfd., R - 10 megohms 
or more). A low-µ tube ·is preferable, to min
imize contact potential and grid current. The 
cathode resistance R. controls sensitivity; the 
higher it is the more nearly linear 'and stable 
will be the calibration. A range switch can be 
provided, connecting in various values of 
cathode resistance from 2000 ohms to 0.5 
megohm to give full-scale ranges from about 
2.5 to 250 volts. The plate and cathode by
passes may be 0.001-µfd. mica condensers, the 
cathode being shunted by a 10-µfd. electrolytic 
for 60-cycle calibration and low a.f. measure-
ments. 

The no-signal plate current present in the 
circuits of (C) and (D) can be balanced out by 
·bridge or bucking circuits, typical forms of 
which are shown at (E). An auxiliary battery 
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(or section of the voltage divider, in an a.c. 
power supply) is connected back to the meter 
through a variable resistor, providing a con
trollable opposite current flow which can be 
made to equal exactly the residual plate cur- ' 
rent of the tube. When . used with (C), this 
balance circuit allows the meter terminals to 
be reversed, thereby making it read forward 
instead of backward with signal. The resistor 
R should be not less than ten times the internal 
resistance of the meter. 

At the right in (E) an automatic. balancing 
circuit is shown wherein a duplicate triode 
(usually the second section of a twin triode) 
takes the place of the adjustable resistor R. 
Current flow through R1 and R2 being equal 
and opposite with no .�ignal, there is no poten
tial across the meter and consequently no cur
rent flow. When a voltage is placed on the grid 
of the voltmeter triode this balance is dis
turbed, however, and the meter registers cur
rent flow. A small zero-setting resistor, Ra, is 
provided to correct for any discrepancies in 
tubes or resistors. The values of R1 and R2 will 
depend on the plate supply voltage available; 
the higher they are, the better the sensitivity . 
and stability. The minimum value is several 
times the meter resistance. 

The "slide-back " voltmeter at (F) is a com
parison instrument in which the peak value oi 
an a.c. or r.f. voltage is read in terms of � d.c. 
substitution voltage; the voltmeter tube and 
milliammeter, M, merely indicate when the 
two are equal. With the input terminals 
shorted and R1 set so that V reads zero, the 
tube is biased nearly to cut-off by adjustment 
of R2. The residual plate current is the refer
ence current (I ,.1.) or "false zero." If an a.c. 
voltage, E, is now applied across the input 
terminals, plate rectification of the positive 
peaks will cause the plate current to rise. By 
adjusting R1, additional bias voltage may he 
introduced to balance out the a.c. voltage. The 
additional bias required te bring the plate 
current back to the reference value (1,.1.) is 
equal to the peak value of the signal being 
measured. In operation R1 should be set (after 
setting /,.1.) so that all of E1 is in the circuit, 
to avoid burning out the milliammeter when 
the signal is applie(j. After the unknown volt
age has been connected the bias is reduced by 
R1 until the reference current is reached. The 
slide-back voltmeter is capable of high accu
racy and has the advantage of requiring no 
a.c. ca.libration. 

Oscilloscopes - Perhap_s the most useful of 
all measuri_ng devices is the cathode-ray oscil
loscope. (§  3-9) Although relatively expensive, 
its applications are so numerous that it can 
replace a number of other less satisfactorv 
types of measuring equipment. It can be used 
on d.c., a.c. and r.f., and is particularly suited 
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Fig. 1218 - A representative oscilloocol>" of the type 
widely used in amateur, service and commercial appli
cations, using a 906 3-in. cathode-ray tube. The circuit 
is shown in Fig. 1217. All necessar)' controls are located 
on the front panel,. including intensity, focus, timing 
circuit synchronization, frequency and rang� and 
centering, gain and input selection controls· for both 
vertical and horizontal axes. (Courtesy R.C.A.) 

to a.f. and r.f. measurements because of the 
high input resistance and small frequency error. 

The oscilloscope is in effect a complex volt
meter capable of measuring any two voltages 
simultaneously by the deflection of a weight
less electron-beam pointer. Moreover, because 
this pointer projects its indication on a reten
tive luminous screen, the measurements in
clude the additional factor of time. It is possi
ble therefore to see the actual form of one or 
more repetitive cycles of an a.c. voltage by 
means of the oscilloscope, and to measure 
thereby not only its amplitude but also its fre
quency and waveform. 

When used as a simple voltmeter the signal 
is applied to the vertical plates and its ampli
tude measured in terms of the height of the 
resulting trace. Approximate measurements 
can be made by calibrating the sensitivity of 
the cathode-ray in volts per inch. This varies 
with the anode voltage and type of tube; typi
cal figures for small tubes arc 25 to 75 volts 
per inch, peak-to-peak. The initial calibration 
can be made with a variable d.c. voltage and 
comparison voltmeter. 

e 12-4 B. Z. (;,. L AND IQ MEASIJBDIENTS 

It is frequently necessary to measure the 
components used in the construction of a.ma-
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teur equipment - resistors, condensers, coils, 
etc. - both as a means of identification and in 
checking accuracy. The advanced amateur will 
also be interested in measuring impedances and 
the characteristics of devices of his own con
struction or under other than rated conditions. 

Resistance - The volt-ammeter, ohmi:peter 
and Wheatstone bridge methods are com
monly used in me.asuring resistance. In the 
volt-ammeter method, the resistance is deter
mined from Ohm's Law by measuring the cur
rent through the resistor when a known d.c. 
voltage is applied. The resistance can be deter
mined with a voltmeter alone if its internal 
resistance is known 

R - eR,. - R. 
E 

where R is the resistance under measurement, 
E is the voltage read on the meter, 
e is the series voltage applied, and 
R,. is the internal resistance of the meter 

(full-scale reading in volts x ohms-per
volt). 

The ohmmeter is a practical application of 
this method, with a low-eurrent d.c. voltrr. 3ter 
and a source of voltage (usually dry cells), con
nected in series with the unknown resistance. 
If the meter reads full-scale with the connect
ing leads shorted, insertion of the resistance 
under measurement will cause the reading to 
decrease in proportion to the amount of re
sistance inserted. The scale can therefore be 
calibrated in ohms. 

In Fig. 1219-A, the series resistance is ad
justed until the milliammeter reads full-scale 
when the test leads are shorted. When the 
meter reading changes as the battery ages, this 
resistance is reduced, compensating for the 
change. In (B) the series resistance is kept cone 
stl}nt but the sensitivity of the meter is varied 
to compensate for the changing voltage. The 
circuit of ( C) is useful for measuring resistances 
below a few hundred ohms. The unknown re
sistance is connected as a shunt across the 
meter, reducing the current reading. Values of 
a fraction of an ohm can be read in this way. 

R 

(A) (B) (c) 
Fig. 1219 - Ohmmeter circuits. (A) Series ohmmeter 

with series COmJ>"nSation. (B) Series ohmmeter with 
ebunt COmJ>"nsation. (C) Shunt ohmmeter for mea•uring 
low resistances. 



The ratio of resistances which can be meas
ured on a single ohmmete,- range averages 
about 100 to 1, or from one-�nth to ten times 
the center-scale value. 

Only approximate measurements can be 
made with an ohmmeter. For greater accuracy 
the unknown resistor may be compared with a 
standard resistance of known accuracy by 
means of a Wheatstone bridge (§ 2-11). If 
resistance measurements only are to be made, 
the bridge may be powered by a battery and a 
milliammeter used for the balance indicator. If 
reactanccs are also to be measured, an a.c. 
source is required (Fig. 12211. 

Capacity and inductance - The capacity 
of condensers and the inductance of coils can 
be measured (a) in terms of their reactances, 
(b) by comparison with a &tandard, ai.d (c) by 
substitution methods. 

The reactance method is simplest but least 
accurate. The method is similar to the d.c. 
ohmmeter, except that impedance is measured 
instead of resistance. In Fig. 1220, at (A) the 
unknown reactance is placed in se.ries with an 
a.c. rectifier-type voltmeter across the 1 15-volt 
a.c. line. With a lOOO--Ohms-per-volt meter, 
capacities can be identified from approximately 
0.001-µfd. to 0. 1-µfd. At (B) the reactance is 
connected in series with a 1000-ohm resistance· 
the proportionate voltage drop across thi� 
resistance indicates the reactance of con
densers from 0.1 µfd. to JO µfd. and induct
ances from 0.5 henry to 50 henries, when Q is 
greater than 10. Because the lower end of the 
scale of a rectifier-type meter is somewhat 
crowded, a better reading can be had by using 
the connection at (C) for large reactances. Ap
proximate calibrations for each connection 
may be made by checking typical condensers 
and coils of known values and drawing calibra
tion curves for the voltmeter in use. 

The reactance method at best gives only 
approximate indications of inductance and 
capacity. For accurate measurements, an a.c. 
bridge must be used. 

A simple bridge for the mea�urement of R, 
C and L is shown in Fig. 1221. Its accuracy 
will depend on the precision of the standards, 
the sensitivity of the detector or balance in
dicator, the voltage and frequency of the a.c. 
source, and the ratio of the unknown value to 
the standard. The signal source can be a 1000-
cycle audio oscillator with low harmonic con
tent and the detector a pair of headphones 
or an electron-ray tube. 

For maximum accuracy the ratio of the un
known to the standard should be kept small, so 
that R is read near the center of its scale. The 
ratio can be as high as 10 to 1 in either direc
tion with good accuracy, and an indication can 
be had even at 100 to 1. Additional standards 
can be included for other ranges if -desired. 

�' �. Il· " 
_r- _r- r_;: 

(A) (B) (C) 

Fis. 1220 - Reactance-mcasurcment circuits for 
checking capacity and inductance values. 

The potentiometer R must be calibrated as 
accurately as possible in terms of the ratio of 
resistance on either side of its mid-point, which 
may be arbitrarily marked 10. If the potenti
ometer is next set at 500 ohms the ratio of 
resistances is 1 to 10 and the �cale may be 
marked 1. The corresponding point on the 
other end of the scale is marked 100. Inter
mediate points arc similarly marked according 
to the resistance ratios. These ratios will then 
correspond with the ratio of the unknown re
sistance, inductance or capacity to the stand
ard in use, when the bridge has been balanced 
for a null indication on the detector. 

Since direct current Bowing through a ·coil 
changes its inductance, allowance must be 
made for this in measuring choke coils and 
transformers carrying d.c. 

Condensers should be checked for leakage 88 
well as capacity. This check must be made 
with tho rated d.c. voltage applied, a microam
meter being connected in series with the high 
voltage source. The resistance of good paper 
condensers should be above 50 megohms per 
microfarad, that of mica above 100. 

The condition of electrolytic condensers can 
be checked roughly with an ohmmeter. With 
the positive terminal of the condenser con
nected to the positive of the ohmmeter bat-

To A.C.S<JJJrce 

X 

Fig. 1221 - Simple a.c. bridge £or measuring re
mtance, inductance and capacity. 
C, - O.ol-,.fd. mica. 
C2 - l .0-µfd. paper. 
R - 10,000-ohm linear wire-wound potentiometer. 
R1 - JOO ohms, wire-wound (1% accuracy}. 
R2 - 10,000 ohms, wire-wound (1%). 
L1 - 125-millibenry iron-<X>re r.f. choke. 
L, - 12-henry iron-oore choke (Thordanon T-49C91}. 
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F;,. 1222 - Subetitution-type capacity bridge. 
C, - 1000-,.,.fd. straight-line-capacity condenser (may 

be two-gang 50().,.,.fd. with sections in parallel). 
C2 - 90().,.,.fd. silver mica. 
C, - 100.,.,.fd. variable trimmer. 
Rt, Rs - 5000-obm wire-wound (1 % ). 
Ra - J000-0bm wire-wound potentiometer. 

tery, high-voltage electrolytics should show a 
resistance of 0.5-megohm or so;  low-voltage 
cathode by-pass condensers should be over 0.1 
megohm. Electrolytics can also be checked by 
measuring the leakage current when the rated 
d.c. polarizing voltage is applied. It should 
read about 0.1 ma. per µfd. The maximum for 
a useful unit is about 0.5 ma. per µfd. Low 
leakage current also indicates a faulty unit. 
Electrolytic condensers which have lain idle 
on the shelf will show leakage currents as high 
as 2 ma. per µfd. per 100 volts. After "aging" 
for a few minutes at rated d.c. voltage they 
should return to normal, however. 

The measurement of small capacities under 
0.001 µfd. is not possible with a bridge of the 
type previously described because stray re
actances cause errors. A more accurate bridge 
for measurement of small capacities is shown 
in Fig. 1222. It is of the substitution type 
with a calibrated air condenser, C1, for the 
variable arm . C2 is a fixed reference capacity. 
C3 is used to balance out stray capacity in
cluding that of the leads to C •. The bridge is 
first balanced by adjusting Ca, with C1 at maxi
mum capacity and the leads to C. in place. 
C. is then connected and the bridge again 
balanced by adjusting C1. The difference in 
capacity (.o.C) of C1 between its new setting 
and its maximum capacity represents the ca
pacity of c •. 

It is impossible to get a zero null indication 
from the detector unless the resistances as well 
as the capacities of the two condensers being 
compared are equal. Ra is therefore included to 
aid in achieving a resistive balance. Generally 
speaking, Ra will be in the C2 leg when measur
ing a mica condenser and in  the C1 leg for 
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an air condenser. The bridge is brought into 
balance by alternately varying the standard 
capacity C1 and equalizing the power factors 
by Ra until zero indication is obtained. 

The bridge can be made direct-reading in 
µµfd. by using a dial with 1()() divisions and a 
10-division vernier installed so that 0 on the 
dial corresponds to maximum capacity on C1. 
Then as the capacity of C1 is decreased to com
pensate for the addition of c., .o.C is numeri
cally equal to the dial reading times 10. The 
true capacity of C1 will depart from linearity 
with the dial setting as it nears zero, but the 
percentage error remains small up to at least 
90 on the dial (C. < 900 µµfd). The overall 
accuracy can be made better than 1 %-

L, C and Q measurements at r.J. - The 
low-freqvency a.c. bridge method of measur
ing inductance is of value only with high
inductance coils for use at power and audio 
frequencies. I.f. and r.f. coils must be measured 
at frequencies corresponding to those at which 
they are used. 

The method commonly employed is to de
termine the frequency at which the coil reso
nates when connected across a capacity of 
known value. This may be done (a) by con
necting the coil-condenser combination in a 
negative-resistance oscillator (§ 3-7) and ob
serving the resulting oscillation frequency on a 
calibrated receiver, or (b) by connecting the 
coil to a calibrated condenser, supplying the 
circuit with r.f. power from a suitable oscilla
tor, and tuning the condenser until resonance 
is indicated by maximum indication on a 
vacuum-tube voltmeter (Fig. 1223). With the 
capacity known in µµCd. and the resonant fre
quency in kc., the apparent inductance of the 
coil in microhenries can be computed 

L = (159, 160)� 
'2 C 

The apparent inductance thus computed is 
in error, however, in that it also includes the 
distributed capacity of the coil. Thie will be 
discovered if a similar measurement is made at 
another frequency (for example, the harmonic 
of Ji), for it will be found that a different value 
of inductance results. However, by combining 
the two measurements the true inductance can 
be found 

L = -1- X  __ l_ 
8422/2 C1 - Cs 

when '2 is the second harmonic of /i, C1 is the 
capacity required to tune to Ii and Cs to /2. 

A convenient source of r.f. power for the two
frequency method of inductance measurement 
is the transmitter exciter unit, provided it has 
good second harmonic output. The oscillator 
output and link circuit (shown inside dashed 
lines in Fig. 1223) should either be shielded or 



sufficiently remote from the measuring circuit 
so that the vacuum-tube voltmeter shows no 
indication when there is no coil in the circuit. 
The calibrated condenser must, of course, have 
sufficient capacity to tune over a 2-to-1 fre
quency range. It can be calibrated by a bridge 
such as the substitution-type capacity bridge 
of Fig. 1222. 

The resonance method can also be used for 
accurate measurement of capacity. A standard 
coil of suitable inductance must be provided; 
the exact value is not important. The standard 
condenser C1 is first tuned to resonance with 
the oscillator frequency. The �nknown capac
ity, C., is then added in parallel and the 
capacity of C1 reduced until the circuit again 
resonates at the oscillator frequency. The 
difference between the two settings (t,.C) 
represents the capacity of C •. 

The artangement of Fig. 1223 is additionally 
useful in that it can be used as a Q meter, 
measuring r.f. resistance and impedance 
( § 2-10). 

As is shown by Fig. 1224, resistance in a 
tuned circuit broadens the resonance curve. 
By measuring the frequency difference between 
the two points at which the output voltage 
equals 70. 7 % of the peak voltage ( where the 
resistance in the circuit equals its reactance), 
the Q of coils and condensers can be computed. 

There are two methods of determining these 
points. One involves the use of a calibrated 
variable frequency oscillator to determine the 
bandwidth in terms of frequency change and 
the other a calibrated variable condenser to 
measure the capacity change. 

When the calibrated variable oscillator and 
v.t. v.m. are used, the frequency and r.f. voltage 
at resonance are first noted. The oscillator 
frequency is then varied on either side of 
resonance until the v.t.v.m. reads 70.7% of its 
initial value. Then Q is equal to the frequency 
divided by the bandwidth, or 

Q - J, 
t,.f 

where t,.f is the difference between the fre
quencies /1 and /2. 

II 

DDJ 
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A 

A 

A. C S,,uru 

B 
Fi1. 1223 - (A) Circuit uoed in mea•uring induc

tance, capacity and Q at r.f. The calibrated variable
frequeucy 0&cillator should have a tu.oing range ia exce88 
of 2-to-l. (B) Circuit for calibrating the v.t.v.m. for Q 
me&tlurement• from 60-cycle a.c. Rae is 70.7% of R.,c. 
With the switch in poeition A, Ra is adjusted to give a 
voltmeter deflection· near the upper part of iu scale; 
thie is the peak-<lellection reference point. The ewitch is 
then turned to position B, and the new reading noted. 
By making a number of meaeuremenu with different 
initial input levels, a graph can be plotted showing peak 
and 70.7% readinge for a wide range of input&. 

When the frequency of the oscillator is fixed 
and a calibrated variable condenser is used, the 
capacity at resonance (C,) is noted, as well as 
that on either side at which the voltmeter reads 
70.7% of maximum. 
Then 

Q - �  
Cs - C1 

The foregoing applies when measuring the Q 
of coils. Actually, the figure of Q thus de.rived is 
not that for the coil alone but for the tuned 
circuit as a whole, including the condenser. 
The Q of the standard condenser must therefore 
be kept high. An efficient air condenser with 
steatite or mycalyx insulation is required; it 
should be operated near maximum capacity. 
Short, heavy leads must be used and the stray 
capacities kept as low as possible. 

The Q of other air condensers and of mica 
condensers can be determined by first measur
ing the Q of the circuit with a standard coil in 
place, then connecting C. in parallel with C and 

Fis. 1224 -Reeonant curvee of (A) a bigb.Q 
tuned circuit and (B) a low.Q circuit. Q i5 deter• 
mined directly from the ratio of the frequency at 
which reeponoe ie maximum to that at which it is 70% 
of maximum, 

B 
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again measuring the Q. The Q of the unknown 
condenser is 

Q. = (C1 - C2) Q1 Q2 
C1 (Q1 - Q2) 

Low-Q mica and paper condensers (Q < 
1000) can be measured by inserting the un
known in series with L and C. Q1 is measured 
with a shorting bar across the unknown; the 
bar is then removed and Q2 determined. Then 

Q, = (C2 - C1) Q1 Q2 
C1 Q1 - C2 Q2 

If C2 is larger than C1, the rea_ctance is in
ductive rather than capacitive ; i.e., the "con
denser" is actually an inductance at the meas
urement frequency. 

The r.f. resistance, reactance and impedance 
of other components can be measured by the 
same methods. If an external r.f. impedance 
(such as an antenna or transmission line or an 
r.f. choke) is inserted in a coil-condenser cir
cuit, it wiJI both detune the circuit and broaden 
its resonance curve. By f>bserving the capacity 
required to bring the circuit back to resonance 
and measuring the additional resistance intro
duced by re-measuring its Q, the reactive and 
resistive components of the external impedance 
can be computed. 

Fig. 1225 - W avefol'llll! as viewed on the cathode-ray 
bocilloeco�, ohowinc the diatinguishing characteristics 
of variou1 types of harmonic distortion. The wave shape 
is symmetrical with odd-harmonic diatortion, asym
metrical with even. 
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Using a standard coil and condenser suitable 
for the operating frequency, connect the un
known quantity across Ci (for high resistances) 
or in series with L and C (for low resistances), 
and proceed as previously outlined. If C1 must 
be increased to restore resonance, the reactance 
of the unknown is inductive; if it must be 
decreased, the reactance is capacitive. 

el2-3 WAVEFORM 

Wave Analyzers - In working with alter
nating currents it is often necessary to know 
not only the peak or average values of voltage 
and current, but also something of the wave
form (§ 2-7). By the use of a wave analyzer it is 
possible to measure the amplitude and fre
quency of the fundamental and each of the 
important harmonic components of a complex 
electrical waveform. 

The most widely-used instrument for wave
form analysis is the cathode-ray oscilloscope 
equipped with a linear sweep circuit. As shown 
in § 3-9, the pattern traced on the screen repre
sents the actual electrical shape of the wave 
under study. By study of this shape the charac
ter of the wave can be determined. Fig. 1225 
shows typical patterns shapes resulting from 
different kinds of harmonic content. 

The oscilloscope does not readily enable 
analysis of separate small harmonic com
ponents and in laboratory work special wave 
analyzers are used for this purpose. In the 
heterodyne type of wave analyzer the voltage 
under measurement is heterodyned with the 
signal from a calibratP-d variable oscillator and 
the resultant applied to a square-Jaw detector 
or balanced modulator which delivers its out
put to a highly-selective amplifier using piezo
electric crystal filters or sharply-tuned circuits. 
The frequency of the component under meas
urement is indicated by the variable oscillator 
setting, while the amplitude is read on a 
vacuum-tube voltmeter. Since it first magnifies 
the relative separation between the harmonic 
components by heterodyning, and then uses a 
highly-selective amplifier with a pass-band of 
but a few cycles, the individual components of 
a complex voltage can be measured even when 
the fundamental lies in the lowest audio range. 

Simpler wave analyzers of the resonant type 
are satisfactory on higher frequencies. R.f. har
monics may be measured qualitatively with an 
ordinary tuned circuit equipped with a sensitive 
resonance indicator. An absorption frequency 
meter or field-int�nsity meter may be used for 
the purpose (§ 12-2, § 12-8). By tuning the 
instrument to the fundamental and each har
monic in turn, keeping the pick-up constant, a 
useful indication of relative amplitudes can be 
obtained. 

Modulation Percentage - Determination 
of the percentage of modulation in a modulated 



wave ( § 5-2) requires analysis of the wave 
envelope. Use of the oscilloscope for this pur
pose is described in § 5-10. Another form of 
modulation percentage indicator is shown in 
�,ig. 1230-B. Essentially, it constitutes a peak 
diode voltmeter which reads the r.f. carrier 
steady-state level when the plug is in the left
hand jack, while in the right-hand position the 
meter reads the average rectified component of 
the audio modulation. The relative amplitudes 
of the reading indicate the modulation per
centage. 

• U-. RECIKIVER (:BARACTERl�TICS 
Measurements in connection with receiving 

equipment come under two heads: (1) overall 
performance, and (2) servicing and alignment. 

Perfonnance Measurement - Laboratory 
measurements of overall ·performance require 
(1) a standard-signal generator, which is a test 
oscillator covering the frequency range in use, 
capable of being modulated 30% at 400 cycles 
and equipped with an output attenuator ac
curately calibrated in microvolts; (2) a stand
ard dummy antenna approximating an ordi
nary receiving antenna, consisting of a 20 µh. 
inductance, shunted by 400 µµCd. and 400 
ohms, in series with a 200 µµCd. condenser, used 
to couple the signal generator to the receiver 
antenna input; (3) an output-power measuring 
device consisting of an a.f. voltmeter connected 
11cross ,. resist11m:t: representing the output load 
of the receiver; and (4) a beat-frequency audio 
oscillator continuously variable from 30 to 
15,000 cycles. A wave analyzer is also desirable 
for measuring audio distortion. 

With this equipment the receiver character
istics listed in § 7-2 can be measured and 
charted. Sensitivity is stated in terms of the 
input in microvolts of a 30%-modulated signal 
required to give an audio output of 0.5 watt 
(0.05 watt for battery receivers, etc.) at various 
frequencies throughout the range. Selectivity 
curves (Fig. 701) are taken by varying the 
signal-generator frequency either side of 
resonance in increments of 1 to 10 kc., increas
ing the signal input each time to keep the out
put constant. Fidelity curves are made by 
modulating the signal generator at 30% with a 
continuously-variable beat-frequency oscilla
tor and recording the audio output of the 
receiver relative to the normal response at 400 
cycles. The signal-to-noise ratio is determined 
by measuring the noise output at maximum 
gain with no signal, and then applying a signal 
sufficient to double the output. Frequency 
stability is measured by methods described in 
§ 12-2, zero-beating the receiver oscillator 
against a stable standard and observing the 
drift (a) during the warm-up period of the 
receiver, (b) with variation in power supply 
voltage, and (c) with various input signal levels. 

Testing and Alignment - The measure
ment of receiver performance requires precision 
laboratory equipment beyond the scope of the 
average amateur. Sufficient apparatus for 
servicing receivers should be available in every 
amateur station, however. This may be as little 
as a multi-range volt-ohm-milliammeter, a test
signal source of some description, and a few 
spare tubes. 

For the alignment of tuned circuits a simple 
test oscillator is required, preferably one that 
can be modulated by a 400-cycle audio oscilla
tor. A rectifier-type voltmeter can be used for 
the output meter. 

250V. + 

Fii. 1226 - I.{. tat signal generator circuit. 
C, -100.,.,.ftl. vuriable with 200.,.,.fd. fixed in parallel. 
Co - 100-,.,.fd. midget mka. 
Ce, C. -250.,.,.fd. midget mica. 
Ce - 0.005-,.fd. mica. 
Ce- 0.1-,.fd., 400-volt paper. 
C1 - 50().,.,.fd. midfet mica. 
R1 - 50,000 ohms, ½-watt. 
Ro -2000 ohms, ½-watt. 
Ra - 20,000 ohms, I-watt. 
R• -20,000 ohms, 2-watt. 
R, - 500-ohm carbon potentiometer. 
L - 440--510 kc.: 140 turns No. 30 enamel clOM!-wound 

on 1½-inch plug-in form. Cathode tap 35 turns 
from ground end. 

1400-1550 kc.: 42 t. No. 20 d.s.c., tap at 10 t. 
4500--5500 kc.: 11 t. No. 18 spaced, tap at 3 t. 

RFC1 - 2.5-mh. r.f. choke. 
RFCa -25-mh. r.f. choke. 

The frequency meter is a suitable signal 
source for r.f. alignment provided the harmonic 
amplitude on the higher-frequency bands is 
great enough. A harmonic amplifier and output 
attenuator are useful in this application. 

The i.f. test oscillator circuit shown in Fig. 
1226 consists of a simple e:c.o. with plug-in 
coils. The output level is controlled by a po
tentiometer so connected as to prP-�ent a con
stant input resistance to the receiver. The 
oscillator should be shielded so that direct 
pick-up is minimized. It is helpful to make all 
ground returns to a heavy copper strap which 
is connected to the cabinet at only one point - -
the output ground terminal. The plug-in-coil 
should be separately shielded. 
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The test oscillator may be suppressor-grid 
mo<Julated by applying approximately 10 volts 
of audio (for 50% modulation), as shown in 
the diagram. The suppressor-grid is biased 
10-volts negative for modulatetl use; if an 
unmodulated signal is desired, the upper 
terminal can be grounded as indicated. This 
will increase the output from the oscillator. 
Conversely, if the output potentiometer does 
not attenuate the signal sufficiently, additional 
d.c. negative bias can be applied between the 
modulation terminals. 

Ordinarily there is no requirement for precise 
calibration of the test oscillator. In i.f. align
ment most communications receivers are 
equipped with a crystal filter and the oscillator 
frequency is set to correspond with the crystal 
response. If the receiver contains no crystal 
filter, the oscillator should be set at the design 
i.f. as closely as its calibration will permit. 

With an unmodulated test signal the out
put indicator can be the " S "-meter in the 
receiver, a microammeter in the detector or 
a.v.c. circuit, or a vacuum-tube voltmeter. It 

�. 

L, 

Li 

Rt, R4, Ro - 50,000 ohms, ½-watL 
R2, Ra - 20,000 ohms, 1-watt. 
R, -2000 ohms, ½-watt. 
Re, R1, Rs - 40,000 ohms, ½-watt. 
Rio, Ru - 0.1 mecobm, ½-watt. 
R12, Ria -25,000-obm potentiometer. 
Ra - 500 ohms, ½-watt. 
RFC - 125-mh. iron-<lOC'e r.f. choke. 

R, 
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Fig. 1227 - Negative-n:sistance audio-frequency 
�llator. 
C1 -0.15-µfd., 400-volt paper. 
C2, Cs - 0.1-,.fd., 400-volt paper. 
Cs - 0.25-i.fd., 200-volt paper. 
Ri, R2 -50,000 ohms, 1-watL 
fu - 50,000-ohm volume control. 
Lt - l.2-benry choke (Tbordareon T-14C61 with iron 

core removed). , 
([' -Output tranafonner (intentace auclio, 1:3 ratio). 

is not advisable to use the receiver beat oscilla
tor to generate an audible note for output 
indications. When a modulated test signal is 
used, the output indicator can be a copper
oxide rectifier-type voltmeter which reads the 
a.f. voltage across the rated output load 
resistance. Power output can be computed as 
previously described. 

The a.f. modulating source for the test oscil
lator can be any audio oscillator capable of 
delivering 10 to 20 volts at the standard re
ceiver checking frequency of 400 cycles. 

Audio Oscillators - A simple oscillator of 
the negative-resistance or two-terminal variety 
using a pentagrid tube is shown in Fig. 1227. 
A frequency of approximately 400 cycles is 
generated with the tuned circuit shown. 

Fig. 1228 shows a beat-frequency type of 
audio oscillator with a continuously-variable 
range from O to 15,000 cycles, of the kind used 
in making fidelity measurements and for other 
purposes requiring a wide-range variable a.f. 
source. The electron-coupled oscillators are 
initially tuned to an identical frequency in the 

RFC: &JS 

'" Cd T 
R,o 

[ 
R11 

RFC c,. �s 

HSO 

Fig. 1228 - Beat-frequency auclio oecillatoc. 
C, - 50().,.,.fd. variable. 
C2, C1 - 100.,.,.fd, variable trimmer. 
Ca. Cs -0.002-,.,.fd. mica padding oondeoBer. 
C., C. - 50().,.,.fd. mica. 
C., C,o - O.l-µfd., 600-volt paper. 
Ce, Cu - 0.01-µfd., 600-volt paper. 
C12 - 50-,.fd. SO-volt electrolytic. 
C,a, c .. , C1a, C,e - 250.,.,.fd. mica. 
C11, C,s - l.0-i.fd., 600-volt paper. 

T -High-fidelity push-pull interstage Ol' tube-to-line 
transformer, according to application. 

L,-14 - 1-mh. shielded coil with cathode tap (may be 
456-kc. receiver beat-Meillator coil, with self
contained trimmer used as C2). 

L, - 100 turns No. 32 wire close-wound over Li. 
L. -20 turna wound over La {Beparau,d by eleclrolltatic 

shield). 
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Fig. 1229 - C.w. and 'phone monitor. r- - -------- - - - - - --- -- -- - - - - -- - -- , 

IG4G, IH4G,30,etG. 1 C1 - 50.,.,.fd." midget variable. 
C2 - 0.002-,.fd. midget mica. 
Ca - 100.,.,.fd. midget mica. 
R1 - l megohm, ½-watt. 
S1-S. -2-section 4-ll06ition rotary band switch. 
Sa - S.p.d.t. low-capacity &witch. 
s. - Toggle switch. 
Band L 
1750 
3500 
7000 

14000 

90 t. No. 30 e. 
50 t. No. 30 d.c.c. 
30 t. No. 22 d.c.c. 
10 t. No. 22 d.c.c. 

L' 

24 t. 

16 t. 
10 t. 
6 t. ,· 

I 
I 

L' I 

I 

All coils close wound on 1-incb diameter forms, 
grouped around S1-S2 with adjacent coils at right 
angle&. L and L' approximately ¼-io. apart. 

�-- - - -- - - - - - -- - - -- - - - - -

vicinity of 100 kc., the variable tuning con
denser C1 being set at zero. The oscillator out
puts are coupled to the balanced modulator 
which passes the beat frequency a.long to the 
push-pull audio amplifier. In construction the 
two oscillator circuits should be ma.de as nearly 
identical as possible, so that any tendency 
toward drift will be equal in both. The tuned 
circuits should be isolated from tube heat and 
ma.de mechanically stable. An electrostatic 
shield ( § 4-9) on the fixed-oscillator output aids 
in reducing pulling at very low frequencies. 
A voltage-regulated power supply is desirable. 

e 12-7 TRANSMl'ITER 
CBARAcrERISTICS 

The transmitter characteristics requtrmg 
measurement are carrier frequency, d.c., a.c. 
and r.f. voltage, current and power, keying 
and modulation quality, modulation percent
age distortion, carrier noise and spurious radia
tions. Instruments for the measurement of 
most of these quantities have been discussed 
under the appropriate headings. 

Keying and modulation checks may be 
ma.de by several methods; the two commonly 
used by amateurs are aural checks with moni
tors, and visual checks with the oscilloscope. 
For data on the use of the oscilloscope in check
ing modulation using " wave envelope" and 
"trapezoid" methods, see § 5-10. 

Monitors - A monitor is a miniature re
ceiver, ·usually having only a single tube, en
closed with its batteries in some sort of metal 
box which serves as a shield. The requirements 
for a satisfactory monitor for checking c.w. 
signals are not wfficult to satisfy. It should 
oscillate steadily over the bands on which 
the station is to be active; the tuning should 
not be excessively critical, although the degree 
of band-spread ordinarily considered desirable 
for receivers is not essential; the shielding 
should be complete enough to permit the 
monitor to be placed near the transmitter and 
still give a good beat note when tuned to the 
fundamental frequency of the transmitter 
(this is often impossible with the receiver 
because the pick-up is too great) ;  and it should 

be constructed solidly so that it can be moved 
around the station without necessity for re
tuning when listening to a signal. 

The circuit of a simple monitor with band
switching covering four amateur bands is 
shown in Fig. 1229. Any 1.5- or 2-volt filament 
triode can be used, as well as any batteries of 
a size that will fit into the container selected. 
A plate-tickler switch (Sa) is provided to make 
the monitor non-oscillating when checking 
'phone signals. If desired, a regeneration con-
trol could be incorporated (§  7-4). 

Any type of simple detector with a means 
for picking up a small amount of r.f. from the 
transmitter can be used as a 'phone monitor. 
A satisfactory monitor can be constructed 
using a diode rectifier and untuned pick- u p  
coil, as shown in Fig. 1230-A. Headphones are 
used for listening checks. The monitor can 
also be employed e.s an over-modulation indi
cator by use of the 0-1 milliammeter. The 
pick-up coil is loosely coupled to the tank Clir
cuit of the final r.f. amplifier until the milliain
meter reads approximately 0.9 ma. The speech 
amplifier is supplied with a 400-cycle sine-wave 
tone from an audio.. oscillator such as that 
shown in Fig. 1227, and the gain control turned . 
up until the monitor meter starts to rise, indi
cating overmodulation. 

The circuit at 1230-B indicates the percent
age of modulation directly. The a..c. milliam
meter is first plugged into the left-band jack 
and the pick-up coupling adjusted to give 
a full-scale meter reading on the unmodulated 
carrier. Then the meter is plugged into the 
right-hand jack and the transmitter modulated 
by a tone or speech signal. The modulation per
centage will be 140 times the reading of the 
meter; e.�. , for 100% modulation the meter 
will read approximately 0. 7 ma. In measuring 
the percentage of modulation with speech the 
inertia of meter will cause it to undershoot 
on peaks; the maximum swing should there
fore be limited to something Jess than 0.7 ma. 

Power - The power input to a radio trans
mitter is rated as the total d.c. plate input 
(E x I) to the final stage. The power output i8 
rated as the actual a.c. power measured at the 
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C, 

(A) 

output terminals of the transmitter unit proper 
when connected to its normal load circuit or 
equivalent. A c.w. transmitter is rated in terms 
of its power capability under keying conditions, 
defined as intermittent operation with the key 
down 50% of the time. An amplitude-modu
lated transmitter is rated in terms of the aver
age power under modulation when being 
modulated to its specified capability (the 
modulation capability and distortion at the 
test frequency being stated). 

Instruments and methods of measuring both 
d.c. and r.f. power have been described in 
§ 12-3. Additional methods used to measure 
transmitter power are the calorimeter and 
anode-dissipation methods. In the calorimeter 
method a non-inductive resistor carrying the 
r.f. power is cooled by water or other liquid 
surrounding it. The power dissipated is then 
calculated from the temperature rise of the 
water. The anode-dissipation method is used 
in connection with large water-cooled tubes. 
The total power delivered to the filament grid 
and plate circuits is first measured. The power 
dissipated in the cooling fluid is then measured 
in terms of its temperature rise and the differ
ence between the total input power and that 
dissipated in the water is considered to be the 
useful power output delivered to the load. 

e 12-8 Al'TENNA MEASUREMENTS 

Antenna measurements are made for the 
purposes (a) of securing maximum transfer of 
power to the antenna from the transmitter, 
and (b) of adjusting directional antennas to 
conform with design conditions. Measurements 
are therefore made of the current (power) in 
the antenna, voltage and current relationships, 
resistance, and radiated field intensity. Re
lated to measurement of the antenna proper is 
the measurement of transmission line charac-
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Fi[l. 1230 - (A) Simple diode 'pbone monitor 
and overmodulatioo indicator. 
C1 - 0.005-,.{d. midget mica. 
C2 -0.01-,.Id. paper. 
R1 - 0.15 megohm. ½-watt. 
L, - Pick-up coil (enough turn• of book-up wire to 

give 1-ma. deflection on meter when loooely 
coupled to final tank, connected to unit 
through twioted-pair line). 

M -0-1 ma. d.c. milliammeter. 
(B) Modulation percentage indicatoc. 

C1, R1 and L, oame as above. 
• C. -0.005-,.Id. midget mica. 

C. - 1.0-,.Id. paper. 
R2 - 0.25 megohm, ½-watt. (Should equal R, plus 

impedance of L2 at modulation test fre. 
quency.) 

L2 - 30-50 henry iron-core choke. 
M - 0-1 ma. a.c. milliammeter (d.c. meter with 

copper-oxide rectifier). 

teristics, chiefly involving impedance and 
resistance. 

Elaborate field-strength measuring sets 
calibrated in microvolts-per-meter or similar 

units have been devised for use in commercial 
work, incorporating standard-signal generators 
and standard-gain amplifiers for measuring 
field intensity -by the comparison method. 
Ordinary antenna checks and adjustments 
can be made by a simple field-intensity meter, 
however. 

The instruments described for r.f. measure
ment (thermocouple ammeter, vacuum-tube 
voltmeter, L, C and Q meter) are all applicable 
to antenna measurement. 

· · 
Antenna resistance ( §  10-1) can be deter

mined by inserting a non-inductive resistor of 
known value and a thermoammeter in series 
in the antenna, preferably at a current loop. 
Then the antenna resistance in ohms is 

Ro = � R, 
I - I. 

where /1 = antenna current with the resist
ance R. in the circuit and / .. the current 
with the resistance shorkircuited. 

With the resistance and current known, the 
antenna power can be calculated: 

Po - 12R. 
The effective antenna reactance (as well as 

the resistance) can be measured by the substi: 
tution method outlined under § 12-4. The 
measurement must be made at the operating 
frequency or band of frequencies. 

Antenna impedance can also be measured by 
feeding power to the antenna from a source of 
known impedance through a uniform low-loss 
quarter-wave line (§ 10-5). The current or 
voltage is measured at both ends, whereupon 

z = Z, I, = Z, E. 
I. E, 

where the subscripts i and o indicate the input 
(oscillator) and output (antenna) ends of the 
line. 



Field-intensity meters - In adjusting an
tenna systems for maximum radiation and in 
exploring radiation patterns use is made of a 
field intensity meter. Basically a field-intensity 
meter is a vacuum-tube voltmeter provided 
with a tuned input circuit. It is used to indicate 
the relative intensity of the radiation field 
under actual radiating r.nnditinnR. It. iR par
ticularly useful on the ultra-high frequencies 
and in adjusting directional antennas. Checks 
with a field-intensity meter should be made at 
points not less than several wavelengths dis
tant from the antenna and at heights corre
sponding with the desireg angle of radiation. 
Standard comparative tests are made at a 
distance of one mile with one watt input to the 
antenna. 

The absorption frequency meter shown in 
Figs. 1202-03 may be used as field strength 
meter if it is provided with a pick-up antenna. 
This can be a short length of brass rod or an 
automotive-type antenna mounted on a stand
off insulator and connected to the stator of the 
tuning condenser through a small trimmer. 
The crystal detector is not linear, so that a 
given increase in current does not indicate a 
directly proportional increase in field strength. 

A more sensitive field-intensity meter of use 
in examining the field-strength patterns of 
lower-frequency antenna systems is shown in 
Fig. 1231. It consists of a diode rectifier and 
d.c. amplifier in the same envelope. The initial 
plate current reading is in the neighborhood 
of 1.4 ma.; with signal input, the current dips 
downward. The scale reading is linear with 
signal voltage, a characteristic that is advan
tageous in making comparative measure
ments. Radiated power variations will be as 
the square of the field-voltage indication. 

Power gain in antenna systems is usually ex
pressed in terms of decibels. A field intensity 
meter that reads directly in db. is shown in 
Fig. 1232. It consists of a self-biased linear 
triode voltmeter followed by a variable-µ d.c. 

- 22.SV.+ 
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Fig. 1231 - Sensitive field-intensity meter. 
C, - 50.,.,.fd. midget variable. 
C2 - 250.,.,.fd. midget mica. 
C3 - 0.002.,.fd. midget mica. 
R1 - l megohm, ½-watt. 
L - CoiJ to tune to frequency in use in conjunction 

with C,. Diode tap in center of coil. 
M - 0-l.5 milliamperes. 

amplifier tube. Because of the logarithmic 
grid voltage-plate current characteristic of 
this tube, a 0.1 ma. meter in its plate circuit 
can be calibrated arbitrarily with an approxi
mate linear db. scale as shown. 

The scale covers approximately 25 db. and is 
linear over a range of about 20 db. At very 
small signals it departs from linearity, and 0 
db. is therefore placed at 90 % of the scale. A 
variable meter shunt compensates for varia
tions in tubes and battery voltages. In use 
this resistor is initially adjust-ed to give a full
scale reading of 1 ma. The signal pick-up is 
then made such as to cause the meter to indi
cate 0 db. Alternatively, the initial reading 
can be set arbitrarily at 10 db.; adjustments 
will then be indicated as losses or gains in re
lation to that figure. 

e 12•8 TUBE CHARACl'ERISTICS 

Accurate measurement of the operating 
characteristics of vacuum tubes ( § 3-2) under 
dynamic conditions requires the use of a 
vacuum-tube bridge, in which the tube co
efficients constitute the " unknown "  arm. 
Such a bridge is a complex and costly affair. 

lil1l 1l1 
- 45V. + 

Fi«. 1232 - Logarithmic fie]d.inten•ity meter with db. calibration using miniature dry-eell type tube.. 
C, - 3-30.,.,.fd. mica trimmer. Ra - 1000-obm wire-wound vari- S1, Sa - Toggle switches or d.p.s.t. 
Co - 50-,.,.fd. midget variable. able. awiteb. 
Cs, C. - 500.,.,.fd. midaet mica. L - Coil to tune to frequency in M - 0-1 ma. d.c. mUliammeter. 
Rt - 10 megohma, _½.watt. uee. 
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Fortunately, however, the need for measuring 
. vacuum-tube characteristics as such is rarely 
encountered in ordinary radio work, since 
complete data concerning standard types is 
published by the manufacturers. 

The principal need for checking a tube lies 
in determining when, through aging or other 
defect, it departs from the original character
istics. The best method of checking a receiving 
or transmitting tube is by direct comparison in 
its own socket with a new tube of known qual
ity under actual operating conditions. Any 
other test falls short of an actual performance 
test. 

A number of commercial tube checkers of 
the type used by servicemen are on the market. 
In purchasing one the following qualifications 
should be sought: (1) complete facilities for 
checking shorts between any pair of electrodes ; 
(2) a transconductance rather than an "emis
sion" test (the emission of a tube may vary 
widely with no effect on its performance, while 
genuinely faulty tubes may show rated emis
sion); (3) provision for checking plate and 
screen· currents under typical conditions (at 
rated voltages) ;  (4) gas and noise tests. 

Commercial tube-checkers are elaborate 
assemblies bearing all standard socket types 
and switching arrangements to supply correct 
element potentials for all types of tubes. In 
the absence of such a unit, for an occasional 
need the amateur can assemble a circuit using 
an existing power source in accordance with 
Fig. 1233 to make a reasonably accurate 
standard transconductance test. A pentode 
tube is shown; for other types omit or add 
electrode connections as required. The voltages 
applied should correspond with those listed 
in the published tube tables within 5% (ex
pecially grid voltage, plate voltage for triodes 
and screen voltage for pentodes). With the 
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Fi«. 1233 - Circuit for mcaouring vacuum-tube 
transconductance. 

grid switch in No. 2 position, the plate and 
screen currents should read near the rated 
values; wide variations from normal indicate 
a defective tube. 

To make the transconductance test, note the 
plate current with the grid switch alternately 
on positions 3 and 1, changing the bias from 
exactly 0.5 volt less than rated bias to exactly 
0.5 volt more. The resulting plate current 
change multiplied by 1000 equals the trans
conductance in micromhos. This value can be · 
checked ago.inst the tables. Tubes will usually 
operate satisfactorily until the transconduc
tance falls to 70 % of the rated value. 

Pentagrid and heptode frequency converters 
may be checked by this method if the rated 
d.c. electrode voltages are applied. The oscilla
tor section can be checked separately by noting 
the oscillator-anode current change. 

Diodes can be checked by applying 50 volts 
of 60-cycle a.c. between plate and cathode, in 
series with a 0.25-megohm load shunted by a 
2-µfd. condenser, and reading the rectified 
current on a 0-1 ma. d.c. meter. A reading 
of 0.2 and 0.25 ma. indicates a satisfactory 
tube. 

-.. 
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U/or£Jhop Practice 

e TOOIS 

WHILE TH.E GREATER the variety of 
tools available, the easier and, perhaps, the 
better the job may be dQne, with a little 
thought and care it is possible to turn out a 
fine piece of equipment with comparatively 
few common hand tools. A list of tools which 
will be found indispensable in the construction 
of equipment will be found on this page. With 
these tools it should be possible to perform any 
of the required operations in preparing panels 
and metal chassis for assembly and wiring. A 
few additional tools will make certain opera
tions easier. 

The following list will be found helpful in 
making a selection :  

Bench vise, 4-in. jaws 
Tin shears,_ 10-in., for cutting thin sheet 

metal 
Taper reamer, ½-in., for enlarging small 

holes 
Taper reamer, 1-in., for enlarging holes 
Countersink for brace 
Carpenter's plane, S- to 12-in., for wood-

working 
Carpenter's saw, cross-cut 
Motor-driven emery wheel for grinding 
Long-shank screwdriver with screw-holding 

clip for tight places 
Set of socket wrenches for hex nuts 
Wood chisel, Yrin. 
Cold chisel, ½-in. 
Wing dividers, S-in. for scribing circles 
Set machine-screw taps and dies 
Folding rule, 6-ft. 
Dusting brush 

Several of the pieces of light woodworking 
machinery, often sold in hardware stores and 
mail-order retail stores, are ideal for amateur 
radio work, especially the drill press, grinding 
head, band and circular saws and joiner. 

e CABE OF TOOIS 

A few minutes with the oil stone or emery 
wheel now and then will maintain the 'fine 
cutting edges of knives, drills, chisels, etc. 

Drills should be sharpened at frequent inter
vals so that grinding is kept at a minimum each 
time. This makes it easier to maintain the 
rather critical surface angles for best cutting 
with least wear. 

INDISPENSABLE TtHtlS 

Long-noee pliers, 6-in. 
Diagonal cutting pliere, 6-in. 
Screwdriver, 6- to 7-in., ¼-in. blade 
Screwdriver, ¼- to 5-in., �-in. blade 
Scratch awl or ice pick for marking linee 
Combination square, 12-in. for laying out work 
Hand drill, ¼·in. chuck or larger, 2-speed type 

preferable 
Electric soldering iron, 100 watts 
Hacksaw, 12-in. blades 
Center punch for marking hole centers 
Hammer, ball peen, I-lb. head 
Heavy knife 
Yardstick or other straight edge 
Carpenter's brace with adjustable hole cutter or 

socket-bole punchee (see text) 
Pair small "C" clamps for holding work 
Large coarse flat file 
Large round or rat-tail file, ½-in. diameter 
Three or four small and medium files, flat, round, 

half-round, triangular 
Drills, particularly ¼-in., and Nos. 18, 28, 33, 42 

and 50 
Combination oil stone for sharpening tools , 
Solder and soldering PMte (non-corroding) 
Medium-weight machine oil 

Th,e soldering iron may be kept in good con
dition by keeping the tip well tinned with 
solder and not allowing it to run at full voltage 
for long periods when it is not being used. After 
each period of use, the tip should be removed 
and cleaned of any scale, which may have ac
cumulated. An oxidized tip may be cleaned by 
dipping in sal ammoniac while hot and wiping 
clean with a rag. Should the tip become pitted, 
it should be filed until smooth and then tinned 
by dipping it in solder. 

All tools should be wiped occasionally with 

an oily cloth to prevent rust. 

• IJSEl"VL MATERIAJ.S 

Small stocks of various miscellaneous ma
terials will be required from time to time. Most 
of them may be purchased from hardware . 
or radio-supply stores. A representative list 
follows: 

½-in. by 1/16-in. brass strip for brackets, 
etc. (half-hard for bending) 

¼-in. square brass rod or ½-in. by ½-in. 
by 1/16-in. angle brass for corner joints 

¼-in.-diam. round brass rod for shaft ex
tensions 
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Machine screws: Round-head, flat-head with 
nuts to fit. Most useful sizes, 4-36, 6-32, 
and 8-32 in lengths from ¼-in. to 1½-in. 
(Nickeled iron will be found satisfactory 
except in strong r.f. fields where brass 
should be used.) 

for leads under i.f. transformers, etc., as well 
as holes for wiring leads. 

By means of the square, lines indicating ac
curately the centers of shafts should be ex
tended to the front of the chassis and marked 
on the panel at the chassis line by fastening the 
panel temporarily. The ho_le c�nters may now 
be punched in the chassis with t_he cent?r· 
punch. After drilling, the parts which reqlllre 
mounting underneath may be located and t_he 
mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 
o{ the chassis should be transferred to the 
plinel by once again fastening the panel to 
the chassis and marking from the rear. 

Plain washers and lock washers for screws 
Bakelite and hard rubber scraps 
Soldering lugs, panel beari�gs, rubh�r 

grommets, lug terminal strips, cambric 
tubing 

Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantities of a gross. 

• CHASSIS CONSTRUCTION 

With a few essential tools and proper pro
cedure, it will be found that building radio 
gear on a metal chassis is no more of ,a ?bore 
than building with wood and a more satisfac
tory job results. 

Much trouble and energy can be saved by 
spending plenty of time on the planning end 

- of the job. When all details have been worked 
out, the actual construction will be greatly 
simplified. 

Cover the top of the chassis with a piece of 
wrapping paper, or preferably cross-sec!ion 
paper, folding the edges down over the sides 

of the chassis and fastening with adhesive tape. 
Next, assemble parts to be mounted ?n top _of 
the chassis and move them about until a sat1S
factory arrangement has been found, keeping 
in mind any parts which are to be mounted 
underneath so that interferences in mountings 
will be avoided. Place condensers and other 
parts with shafts extending to the panel first 
and arrange so that the controls will form the 
desired pattern on the panel. Be sure to line 
up the shafts square with the chassis front. 
Locate any partition shields and panel brack
ets next and then sockets with their shields, 
if used, and other parts, marking accurately 
the mounting-hole centers of each on the paper. 
Watch out for condensers whose shafts do not 
line up with the mounting holes. Do not forget 
to mark the centers of socket holes and holes 

Clr.zssis 

Fi11. 1301 - Method of mea•urin1 height• of ebafte. 
II the M1uare io adjustable, the end of the ocale should 
be set ftu•h "�lb the face of the bead. 
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Next mount on the chassis the condensers 
and any other parts with shafts extending to 
the panel and measure accurately the height 
of the cen

1

ter of each shaft above the chassis as 
illustrated in Fig. 1301 . The horizontal dis
placement of shafts having already been 
marked on the chassis line on the panel, the 
vertical displacement may now be measured 
from this line and the shaft centers marked on 
the back of the panel and the holes drilled. 
Holes for any other panel equipment coming 
above the chassis line may now be marked and 
drilled and the remainder of the apparatus 
mounted. 

e DRILLING �'D C:IJTTING ROLES 

In drilling holes in metal with the hand drill, 
it is important that the centers be well located 
with the center punch so that the drill point 
will not "walk" away from the center when 
starting the hole. The drill should be held at 
right angles to the surface being drilled. Care 
should be used to prevent too much pressure 
with small drills which bend or break easily. 
When the drill starts to break through, special 
care should be used and it is often an advantage 
to shift a two-speed drill to low gear at this 
point. Holes near ¼-in. in diameter may be 
started with a smaller drill and reamed out 
with a larger drill. 

The chuck of the usual type of hand drill is 
limited to ¼-in. drills. Although it is rather 
tedious, the ¼-in. hole may be filed out to 
larger diameters with round files: Another pos
sible method with limited tools is to drill a 
series of small holes with the hand drill along 

· the inside of the diameter of the large hole, 
placing the holes as close together as possi9le. 
The center may then be knocked out with a 
cold chisel and the edges smoothed up with a 
file. Taper reamers which fit in the carpenter's 
brace make the job much easier. A large rat
tail file may be clamped in the brace. This 
makes a very good reamer for holes up to the 
diameter of the file if the file is revolved coun
ter-clockwise. 



NIJMBERED DRILL SIZES 
I>riihd/or 

Diaml!ler !Vil/Clear Tapping Iron, 

Number (mil,) &riw Steel or Brau• 

I 228.0 
2 221 .0  12-24 
3 213.0 1(-24 
4 209.0 12-20 
5 205.0 
6 204.0 
7 201 .0  
8 199.0 
9 196.0 

JO 193.5 10-32 
I I  191.0 10-24 
12 189.0 
13 185.0 -:: 
14 182.0 
15 180.0 
16 177.0 12- 24 
17 173.0 
18 lQ.i 8-11 
19 166.0  12-20 
20 161.0 
21 159.0 10-:!2 
22 157.0  
23 154.0 
24 152.0 
25 149 .5 10-24 
26 147.0 
27 144.0 
18 "'·' t-11 ,. 111., 8-11 
30 128.6 
31 120.0 
32 116.0 
II 111., 4 - H  4-41 
34 111 .0 
H 11, .• t-11 
36 106.5 
37 104.0 
38 101.5 
39 099.5 348 
40 098.0 
41 096.0 
u ffl.i -· ·-41 
43 089.0 2-56 
44 086.0 
46 082.0 348 
46 081.0 
47 078.5 � 
48 076.0 
49 073.0 2-56 
H t7'.t 
51 067.0 
52 063.5 
53 059.5 
54 055.0 

• Use one size larger drill !or tapping bakelit.e and hard 
rubber. 

For socket holes and other large round holes, 
an adjustable cutter designed for the purpose 
may be used in the brace. When the cutter is 
well sharpened, it makes the job easy. Occa-
sione.l application of machine oil in the cutting 
groove usually helps. The cutter should first be 
tried out on a block of wood to make sure that 
it is set for the correct diameter. The best de-
vice of all for cutting socket holes is the socket-
hole punch. The preferred type works by pres-
sure applied by turning a screw with a wrench. 

Square or rectangular holes may be cut out 
by using the series of small holes previously 

described, but more easily by drilling a ½-in. 
hole inside ea.ch corner, as illustrated in Fig. 
1302, and using these holes for starting and 
turning the hacksaw. The socket-hole punches 
may also be of considerable assistance in cut
ting out large rectangular openings. 

The burrs or rough edges, which usually 
remain after drilling or cutting holes, may be 
removed with a file, or sometimes more con
veniently with a sharp knife or chisel. It is a 
good idea to keep an old wood chisel sharpened 
up for this purpose. 

e CtJ'ITING THllEADS 

Brass rod may be threaded or the damaged 
threads of a screw repaired by the use of dies. 

Holes of suitable size (see drill chart) may be 
threaded for screws by means of taps. Either 
are obtainable in any standard machine-screw 

�/ 

: Ji  ./.r 
\�' 

A B 

Fig. 1302 - Cutting rectangular holes in a chaesis. 
If the comer holes are filed out as shown in the shaded 
portion of B, it will be possible to start the hacksaw 
blade along the cutting line. A shows a single-ended 
handle for a hacksaw blade. 

size. A set usually consists of taps and dies for 
4--36, 6-32, 8-32, 10-32 and 14-20 sizes with a 
suitable holder. The die may be started easily 
by filing a taper or bevel on the end of the rod. 
In tapping a hole, extreme care should be used 
to prevent breaking the tap. The tap should 
be kept at right angles to the surface of the ma
terial and rotation should be reversed a revo
lution or two whenever the tap starts to turn 
hard. With care, holes may be tapped rapidly 
by clamping the tap in the chuck of the hand 
drill and using slow speed. Machine oil ap
plied to the tap usually makes cutting easier 
and sticking less troublesome. 

e CIJ'ITING. AND BENDING SHEET 
ME'.l'AL 

If a sheet of metal is too large to be con
veniently cut with a hacksaw, it may be 
marked with scratches as deep as possible 
along the line of the cut on both sides of the 
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sheet and then clamped in a vise and worked 
back and forth until the sheet breaks at the 
line. Do not carry the bending too far until the 
break begins to weaken, otherwise, the edge of 
the sheet may become bent. A pair of iron bars 
or pieces of heavy angle stock, as long or longer 
than the width of the sheet, used in the vise 
will make the job easier. "C" clamps may be 
used to keep the bars from spreading at the 
ends. The rough edges may be smoothed up 
with a file or by placing a large piece of emery 
cloth or sandpaper on a flat surface and run
ning the edge of the metal back and forth over 
the sheet. • 

Bends are made similarly. The sheet should 
be scratched on both sides, but not too 
deeply. 

e_CLEANING AND FINISHING METAL 
Parts made of aluminum may be cleaned up 

and given a satin finish, after all holes have 
been drilled, by placing them in a solution of 
lye for half to three-quarters of an hour. Three 
or four tablespoonfuls of lye should be used to 
each gallon of water. If more than one piece is 
treated in the same bath, each piece should be 
separated from the others so as to expose all 
surfaces to the solution. Overlapping of pieces 
may result in spots or stains. 

e c:RACIU.E FINISH 
Wood or metal varL� may be given a crackle 

finish by applying one coat of clear Duco or 
Tri-Seal and allowing it to dry over night. A 
coat of Kem Art Metal Finish is then sprayed 
or put on thickly with a brush, taking care 
that the brush marks do not show. This should 

. be allowed to dry for two or three hours and 
the part should then be baked in a household 
oven.at 225 degrees for one and one-half hours. 
This will produce a regular commercial job. 
This finish comes in several different colors 
and should be obtainable through any dealers 
handling Sherwin-Williams paint products. 

e ROOK-UP WIRE 

A popular type of wire for receivers and 
low-power transmitters is that known as 
"push-back" wire which comes in sizes of 
No. 18 or 20 which is sufficiently large for all 
power circuits except filament. The insulating 
covering, which is sufficient for circuits where 
voltages do not exceed 300 or 400, may be 
pushed back a few inches at the end making 
cutting of the insulation unnecessary when 
making a connection. Filament wires should be 
of sufficiently large conductor to carry the 
current without appreciable voltage drop. 
Rubber-covered house-wire, sizes No. 14 to No. 
10, is suitable for heavy-current transmitting 
tubes, while No. 18 to No. 14 flexible wire is 
satisfactory for receivers and low-drain trans-

:}52 C H A P T E R  T H I R T E E N  

mitting tubes where the total length of wire 
is not excessive. 

Stiff bare wire, sometimes called bus-wire, is 
most favored for the high r.f.-potential wiring 
of transmitters and, where practicable, in 
receivers. It comes in sizes No. 14 and No. 12 
and is usually tin-dipped. Soft-drawn antenna 
wire may also be used. Kinks or bends may be 
removed by stretching 10 or 15 feet of the wire 
and then cutting into small usable lengths. 

The insulation covering power wiring which 
will carry high transmitter voltages should be 
appropriate for the voltage .involved. Wire 
with rubber and varnished cambric covering, 
similar to ignition cable, is usually available at 
radio dealers. Smaller sizes have sufficient in
sulation to be safe at 1000 to 1500 volts, while 
the more heavily insulated types should be 
used for voltages above 1500. 

• WIRING TBANSMITl'EBS AND 
RECEIVERS 
It is usually advisable to do the power-sup

ply wiring first. The leads should be bunched 
together in cable form as much as possible and 
kept down close to the surface of the chassis. 
Chassis holes for wires should be lined with 
rubber grommets to fit the hole to prevent chaf
ing of the insulation. In cases where power
supply leads have several branches, it is often 
convenient to use fibre terminal strips as an
chorages. These �triv� !ll�u form ha.udy mount
ings for wire-terminal resistors, etc. When 
any particular unit is provided with a nut or 
thumb-screw terminal, solder-lug wire ter
minals to fit are useful. 

High-potential r.f. wiring should be well 
spaced from the chassis or other grounded 
metal surfaces and should run as directly as 
possible between the points to be connected 
without fancy bends. Whon wiring balanced or 
push-pull circuits, care should be taken to 
make the r.f. wiring on ea.ch side of the circuit 
as symmetrical as possible. When it is neces
sary to pass r.f. wiring through the chassis, a 
feed-through insulator of low-loss material 
should be used, or the hole in the chassis should 
be of sufficient size to provide plenty of air 
space around the wire. Large-diameter rubber 
grommets may be used to prevent accidental 
short-circuit to the chassis. 

By-pass condensers should be connected 
directly to the point to be by-passed and 
grounded immediately at the nearest available 
mounting screw, making certain that the 
screw makes good electrical contact with the 
chassis. In using tubular paper by-pass con
densers, care should be taken to connect the 
side marked "ground" or "outside foil" to 
ground. 

Blocking and coupling condensers should be 
mounted well spaced from the chassis. 



High-voltage wiring should be done in such 
a manner that exposed points are kept at a 
minimum and so that those which cannot be 
avoided are rendered as inaccessible as possible. 
to accidental contact. 

e SOI.DIKBING 
The secret of good soldering lS m making 

certain that all members of the joint and the 
tip of the iron are clean and in allowing time 
for the j<lint, as well as the solder, to attain 
sufficient temperature. Sufficient heat should 
be applied so that the solder will melt when it 
comes in contact with the wire forming the 
joint without the necessity for touching the 
solder to the iron. Soldering paste, if the non
corroding type, is extremely useful when used 
correctly. In general, it should not be used for 
radio work except when it is necessary to make 
the soldered joint with one hand. In this case, 
the joint should first be warmed slightly and 
the soldering paste applied with a piece of 
wire. Only the soldering paste which melts 
from the warmth of the joint should be used. If 
the soldering iron is clean, it will be possible to 
pick up a drop of solder on the tip of the iron 
which can be applied to the joint with one 
hand, while the other is used to hold the con
necting wires together. The use of excessive 
soldering paste causes the paste to spread over 
the surface of adjacent insulation causing 
leakage or breakdown of the insulation. Except 
where absolutely necessary, solder should 
never be depended upon for the mechanical 
strength of the joint; the wire should be 
wrapped around the terminals or clamped with 
soldering terminals. 

e CONSTKlJt,TION NOTES 
Lockwashers should be used under nuts to 

prevent loosening with use, particularly when 
mounting tube sockets or plug-in coil recep
tacles subject to frequent strain. 

If & control shaft must be extended or in
sulated, a flexible shaft coupling with adequate 
insulation must be used. Satisfactory support 
for the shaft extension may be provided by 

_means of a metal panel bearing made for the 

Wo,.J,,lop P raclict1 

purpose. Never use panel bearings of the non
metal type unless the condenser shaft is 
grounded. The metal bearing should be con
nected to the chassis with a wire or grounding 
,trip. This prevents any possible dangez. 

e COIL WINDING 
Dimensions for coils for various inductances 

or frequencies may be determined from the 
data given in Chapters Four and Fifteen. 

The number of turns specified should be 
spaced out to fill the specified length on the 
form. The length specified should be marked on 
the form and holes drilled opposite the pine11 
to which the ends of the winding are to con
nect. Scrape one end of the wire and pass it 
through the lower hole in the form to the pin 
to which the bottom end of the winding is to 
connect and solder this end fast. Unroll an 
amount of wire approximately sufficient fu 
make the winding and clamp the spool in a 
vise so it will not turn. The wire should be 
pulled out straight and the winding started 
by turning the form in the hands and walking 
up toward the vise. A fair tension should be 
kept on the wire at all times. The spacing can 
be judged by eye. If, as the winding progresses, 
it becomes evident that the spacing is going to 
be incorrect to fill the required length, the 
winding may be started over again with a 
different spacing. If the spacing is only slightly 
off, the winding may be finished, the top end 
fastened and the spacing corrected by pushing 
each turn. When complete, the turns should be 
fastened permanently in place with· coil ce
ment. After a little practice, the job of deter
mining the correct spacing will not be difficult. 

Sometimes it becomes necessary to adjust 
the number of turns on a coil experimentally 
to fit a particular job. The easiest way to do 
this is to bring a wire out from one of the pins, 
extending through the hole in the form for a 
half-inch or so. The end of the winding may 
then be soldered to this extension, rather than 
to the pin itself, and the nuisance of repeatedly 
fishing the wire through to the pin avoided 
until the correct size of the winding has been 
determined. 
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ofearning . the CoJe 

You are about to learn a new lan
guage - the language of code. In learning you 
should consider it a language of sound only, 
for the sole form in which it is written is its 
English equivalent. 

" 

By far the best way to learn this new lan
guage is to secure the help of a competent 
operator skilled in code. If that is possible, you 
should never have to look at an alphabetic 
table of code equivalents ; you should be 
taught by sound. Since everyone cannot get 
tutoring, however, it is necessary for us to 
teach this sound language as best we can by 
means of the printed page. 

The Continental (International Morse) code 
is the type used in all radio work. It consists of 
various combinations of two different-length 
sounds properly interspersed with spaces, form
ing letters of the alphabet, numbers, etc. In 
nearly all radio work, this sound takes the 
form of a high-pitched audio beat or oscillation, 
usually ranging from 300 to 1200 cycles, de
pending upon the receiving operator's individ
ual preference. Lacking an audio oscillator 
itself, the best way to simulate the high-pitched 
sound of code in headphones is to whistle. Since 
a whistle cannot be very well shown in print, 
terms have been coined which closely duplicate 
the actual letter-sounds in code. We speak of 
the short sound as "dit," of the longer one 
(three times as long, actually) as "dab." 

For purposes of explanation to you and to 
whomever might assist you, let us say that the 
sound " dit" is pronounced as "it" with a 
" d "  before it. The sound "dah" is pronounced 
with "ah" as in "father." The sound "dah" is 
always stressed or accented - not in a differ
ent tone of voice, but slightly drawn out and 
the least bit louder. The sound "dit" is pro
nounced as rapidly and sharply as possible ; for 
purposes of easy combination, as a prefix, it is 
often shortened to "di." When combinations 
of the sounds appear as one Jetter say them 
smoothly but rapidly, remembering to make 
the sound "di" staccato, and allowing equal 
stress to fall on every dab. There should never 
be a space or hesitation between dits and dabs 
of the same letter. 

These are simply convenient vo.cal terms to 
use in duplicating the sound of code. You 
should never think of a Jetter as being com
posed of sounds, but rather as a sound itself. 
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You don't think of the spoken letter "u," for 
example, as being composed of two separate 
and distinct sounds - yet actually it is made 
up of the pure sounds "ee" and "oo," spoken 
in rapid succession. You learned the spoken 
letter "u"  as a sound unit itself. Similarly, you 
should learn code letters as sounds themselves, 
and not as combinations of other sounds. A 
skilled operator does not think of dits and dabs 
when copying, but actually hears the head
phones speak words to him. He has mastered 
this new language. The sound "dah didididit 
dit" is just as familiar to him as the sound of 
the spoken word "the," for which it stands. 

e Ll!ARN BY SOUND 

Do not use the "didah" tables below for 
memorization, for if you do you will have a 
visual concept of code, instead of a sound con
cept; when you hear a sound you will have to 
convert it first into " didah " language, and 
then into letters. If you learn the sounds 
directly with their letters, however, without 
using visual reference, you will eliminate this 
extra step while learning. 

So, while we must print a table of code equiv
alents, memorize them in sound. If possible, 
get someone who knows the code to start you 
off. A member of your family or a friend (pref
erably not one wishing to learn code) will 
suffice if he will study these paragraphs and 
practice the voice exercises a short time. Then 
ask him to pronounce the sounds to you, iden
tifying them with the letters for which they 
stand. Take a few letters at a time, such as in 
the groups suggested below. As your "instruc
tor" sings out the sounds to you, you should be 
able to call out the letters, or vice versa. This is 
excellent practice. It will come.harder at first, 
possibly, than other ways, but you are set for a 
successful code career if you learn by sound. In 
other words, after you read this chapter do not 
go back and memorize the code tables. Don't 
even take another look. Get someone to call 
out the sounds to you, either by " didah" lan
guage or whistling, and preferably a combina
tion of both. 

Before taking up letter-sounds, let us ob
serve some of the element sounds. Practice say
ing to yourself the sound "dididididi . . .  " 
(dits in rapid succession). It should sound like 
a blast from a machine-gun : staccato, evenly-



spaced, precise. To make certain you get cor
rect timing, start tapping the top of a table 
continuously in smooth, even sequence, like 
clockwork ; if a metronome is available, it will 
serve admirably. The tapping {or metronome 
ticks) should be at a.bout 100 per minute, or a. 
bit less than two per second. Synchronize your 
tonguing of dits at four per metronome beat. 
Be careful not to say " didididi . . . "didididi 
. . .  ," thereby leaving a space after every 
fourth dit ; they shou"ld be as even and regular 
as the metronome beat, but four times as fast. 
If it will help, slightly accent the dit which 
coincides with the metronome beat. When you 
can do this easily, begin 'repeating " dahdah
dahda.hdah . . .  " so that the beginning of 
ea.ch second dab synchronizes with a metro
nome tick (or table rap). Let the dahs run 
smoothly and make them of equal length. Do 
not let them become choppy ; your voice should 
be almost continuous, broken only for that 
short instant your tongue cuts off the tone to 
make the "d" sound. 

Now alternate, repeating dits for a moment 
and then switching to dabs, without stopping 
to take a breath. This will show you the proper 
proportion of dits to dabs at this speed, or any 
speed to which the metronome is set; that is, 
four dits or two dabs per metronome tick. You 
should now practice alternating this voice 
simulation with whistling. Again, make your 
whistled dits very short and ataccato, your 
whistled da.hs smooth and full. 

Another excellent practice exercise is the 
alternating of single dits and dabs. Practice 
repeating {and then whistling) " dida.hdidah-
dida.hdida.h . . .  ," and then "dahdida.hdidah-
dida.hdi . . . .  " Here again the tone should be 
almost continuous, the dit as short as possible. 
An hour, in several shorter periods, is not too 
much time for these exercises. If you can mas
ter them, you will have no difficulty in forming 
the various letter and number sounds. 

• LEITER SOUNDS 

When you have mastered the timing and 
rhythm exercises explained above, you can be
gin to combine these groups and form letter 
sounds. In doing so remember that this is a 
new type of spoken language you a.re learning, 
not a collection of short and long code symbols 
taken from a printed page. In fact, it might 
be better to forget that you are learning 
"code" and think of it instead as the " didah" 
language. 

Let us take a few letters and numbers to 
start with, as shown in the following table. 
Remember that you should look at this table 
only briefly while reading this text; when you 
come to study, have someone hold this book 
and coach you in memorizing the code-sound 
of ea.ch letter. 

ef:earning l�e CoJe 

5 dididididit 

0 dahda.hda.hdahda.h -----
e dit 

t da.h 

a. dida.h 

r dida.hdit 

The "5" should merely be five staccato dits 
in the same sequence and speed you practiced 
above ; the zero should similarly be five da.hs. 
"A" is our first character using both sounds. 
Make that di very short, the da.h the usual 
length, properly stressed; it should have the 
same metric swing as does the word " t o -day," 
rapidly spoken and strongly accenting "day." 
Similarly, the "didahdit " of "r" should have 
the same metric swing as " repeated," the 
second syllable strongly stressed, the final 
one not accented and as short as you can make 
it. 

Spend at lea.st a. half-hour on this group; and 
preferably more, though your practice should 
then be split up into shorter periods. Take 
your time and learn the sounds of these letters 
thoroughly. Repeat them in " didah" lan
guage, and then whistle the characters. 

You should immediately begin practicing 
copying down the characters your " instructor" 
calls out to you in sound. Copy them simul
taneously speaking the letter, if you like. For 
the first copying practice it is well to print ; in 
the transmission of 11on-English text, which 
you often will be getting for letter-practice, 
longhand letters a.re sometimes confused with 
each other. For example, " l"  is mistaken for 
"e," an uncrossed "t" for "!," etc. The U. S. 
Signal Corps requires printing ability by its 
field operators, since much of the text handled 
is in code groups and errors would cause much 
difficulty in reading the actual message. Print 
until you are able to receive about ten words 
per minute, above which speed you will want 
to resort to longhand to keep up with the text. 

Learn to print the characters rapidly and 
without conscious effort; your mental effort 
must be on reading the code sounds and not 
on your finger movements. Never look back 
over your copy when receiving, nor try to 
guess what word is coming; copy what is sent. 
If you do not immediately recognize a. charac
ter, skip it and devote your full attention to 
the next one; if you try to remember it, you 
doubtless will miss several letters in a row. 
By checking your written copy with the trans
mitted text, you can determine what letters 
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are giving you trouble and give special atten
. tion to them. 

Here is another group of characters. Before 
beginning their study, have your "instructor" 
review you on the first group. Intersperse 
learned sounds with new ones when studying 
this next group: 

8 

u 

q 

dididit 

didahdidit 

dididah 

dahdahdidah 

didahdahdah 

The first letter obviously is simply three 
staccato dits. "L" is more difficult; its metric 
swing is like that of " fraternity " ;  again, make 
dits rapidly, particularlythe final ones, and 
stress the dah. " U "  is similar to "s" with the 
final dit changed to a dab; practice the two 
letters interchangeably to get the rhythm. 
"Q" and "j"  should be smooth; stress each 
dab equally, make the dit short. 
' Study these in the same manner as the pre

vious group. You have nearly twice as many 
letters to remember now, so your progress 
will be a bit slower. Don't rush; learn each 
sound thoroughly before · proceeding to the 
next. Speed will come late.r, and it will come 
rapidly if you learn by sound. There are quite 
a number of words which can be made from 
the letters so far studied, and examples are 
given for each successive lesson on a later page. 
Practice saying the s1Unds to yourself, particu·· 
larly between study sessions. Occasionally 
you should have an operator who knows code 
check you on your progress. 

Here is a third group, to be taken up only 
after you have learned the previous eleven 
characters well: 

h didididit 

0 dahdahdah 
---

D dahdit 

e dahdidahdit 
- -

V didididah 

The first two letters should give no trouble. 
Be careful not to have a space in the sound for 
" n  " ;  nor to make the dit anything but short. 
"C" can best be simulated by remembering 
our earlier exercise of alternating single dits 
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and dabs; practice that again momentarily, 
and you should have no trouble . 

When learning the sound of "v," practice 
"h"  and then make the final dit a dab; prac
tice the J,wo letters intermittently as you did 
" u "  and "s," repeating in your mind what 
letter is concerned with each sound. 

Here is a fourth group: 

b 

y 

p 

didit 

dahdididit 

dahdidahdah 

didahdahdit 

By now you should have developed sufficient 
timing sense and code consciousness that you 
can pronounce new sounds without difficulty. 
Simply remember to keep characters smooth, 
without spaces. 

In between practice periods, when conven
ient, notice street signs and posters containing 
these letters ; when you see one you know, call 
out its code-sound. Keep tbis practice prin
ciple always in mind and use it a great deal; 
you will find a goodly amount of idle time you 
can put to good use - riding back and forth 
to work, or walking to the corner drugstore. 
Or even if you are not in the vicinity of signs, 
there are a number of short words you can 
practice saying to yourself in sound language. 
Make your character formation snappy, 
leave a recognizable space between letters, 
plenty of space between words. Use both 
whistle and voice technique. We want to get 
you thinking subconsciously of code whenever 
you see letters and words. 

Now, another group: 

w 

k 

z 

m 

didahdah 

dahdidah 

dahdahdidit 

dalu.lah 

When these have been thoroughly learned, 
you may proceed to the final group: 

d 

X 

g 

dahdidit 

dahdididah 

dididahdit 

dahdahdit 



You already have learned the two simplest 
numerals: five and zero. The others are: 

didahdahdahdah 

2 dididahdahdah ---
3 didididahdah 

4 dididididah 

6 dahdidididit 

7 dahdahdididit. 

8 dahdahdahdidit 
---

9 Jahdahdahdahdit 
----

From here, your progress will be principally 
a matter of practice. Listen in on the short
wave bands for commercial automatic-tape 
stations sending slowly. While the schedule 
varies, you will usually find suitable stations 
in the daytime between 7,000 and 20,000 · 
kilocycles, and at night between . 4,000 and 
10,000 kilocycles. Do not be surprised if you 
seem to copy "solid" but your text does not 
make sense; much commercial transmission 
is in coded groups or foreign language. Tape 
sending is precision itself; tho more you listen 
the more will become fixed in your mind the 
sound of code perfectly sent and the more 
easily will you be able to simulate it. 

e LEARNING TO SEND 

It is important that you should learn the 
correct sound of code letters thoroughly before 
ever touching a telegraph key. If you do not 
know how a code letter should sound, no 
amount of playing with a key will teach you. 
When you are at the point where you can 
unhesitatingly call out each letter as your 
"instructor" pronounces or whistles the 
sound, you are ready to learn how to handle 
a key. First, however, you need some device to 
produce a tone. A buzzer set will serve the 
purpose, but a much better tone source is the 
vacuum-tube oscillator since it duplicates the 
audio beat note a radio operator copies. Con
struction data on both types are given near 
the end of this chapter. 

A telegraph key is simply an on-off switch 
in convenient form for rapid manipulation. 
Pressing the key knob closes the electrical 
contact and produces the "mark" or sound; 
releasing it allows the contact to break, pro
ducing the· space or no-signal period. Correct 
key adjustment is that adjustment which 
fits your particular touch, and it is important 
that you arrive at the correct adjustment be-

fore attempting to use the key. A reli&ble rule 
is that there should be a vertical movement of 
about one-sixteenth inch at the key knob. 
This is measured from the top surface of the 
knob. It is set by the rear screw adjustment. 
When the knob's top surface goes down about 
one-sixteenth inch upon pressing the key, you 
have the approximate " average" spacing 
between the key contacts. In making any key 
adjustment, be sure to loosen the lock nuts 
first, so that you do not strip the threads. 
Tighten all lock nuts when you complete the 
adjustment. The contact points should be per
fectly aligned by means of the side screws. 
There should be a very slight degree of side 
play, between the two side · screws. These 
screws should be tightened, then loosened just 
a bit so that the key moves freely and does not 
bind. Recheck the contacts after this adjust
ment to be sure they are true, making any 
slight readjustment necessary. 

Although the "one-sixteenth inch" rule is 
a good one to follow for first adjustment, the 
amount of vertical movement can later be 
changed to suit your particular fist. The spring _ 
tension, likewise, must be set for the individual 
operator. Some prefer a heavier spring than 
others. The primary consideration is to send 
good oode; how you have your key adjusted to 
do this depends on what you find best for you. 
However, it should be remembered that too 
heavy a spring tends to make your sending 
"choppy," causing you to "clip" your dabs 

_ and dits as well as being tiring for long periods 
of sending. Similarly, too light a spring tends 

' t.o cause you t.o run characters together, there 
being insufficient control of the key. Remem
ber, y11u are making the characters, the key 
isn't! Generally speaking, a somewhat heavy 
spring allows better control, particularly of 
dots. With a spring of "feather-weight" · 
tension, the dits are likely to run away from 
you and you will find yourself slurring them. 
No treatise on key adjustment ever can solve 
the individual's problems in this line. Only by 
personal use can you find the correct adjust
ment for yourself. 

There is a definite sending posture which 
should be observed. Sit upright in your chair, 
square with the operating table, with your arm 
on a line with the key. The key knob should be 
about eighteen inches from the front edge of 
the operating table, allowing room for the 
elbow to rest on the table. The muscle of the 
forearm should support the weight, and the 
wrist should be off the table. A table about 
thirty inches in height is best. The key may be 
fastened by means of wood screws directly to 
the table if one is available for permanent use. 
Otherwise, it may be fastened to a rectangular 
piece of thin board S)!Ch as three-ply veneer, 
about six inches wide and two feet Jong. 

C H A P T E R  F O U R T E E N  257 



The manner of grasping a key knob is also 
the choice of the individual operator. When 
learning, place the thumb against the left edge 
of the key knob; the first finger on top of the 
knob at the rear and lapping over the rear 
edge just a bit; and the second finger against 
the right edge of the knob, about in the center 
or slightly to the rear of center. In no event 
should the grip be tense. The first and second 

Fig. 1401 - Illustrating the correct p08itioo of the 
band and 6ngeni in using a telegraph key. 

fingers should be slightly arched, not held out 
straight. The third and fourth fingers should be 
permitted to curl naturally toward the palm 
of the hand, but they should not be tightly 

· clenched. Keep the fingers, hand and wrist 
relaxed at all times. 

Now that you arc all set, you can begin 
sending practice. Before taking up letter
sounds, it is best to achieve smoothness and 
facility with element sounds, as we did in 
learning by voice. Begin by mo.king o. series of 
dits - ten or more in o. row. Make them 
evenly spaced, precise, a bit slower than the 
speed at which you learned the voice-sounds. 
Work on both dits and dabs, and then alter
nate, just as you did in voice work. Here again 
a metronome, or a substitute such as someone 
rapping on the table for you, will be o. valuable 
timing guide. Remember to synchronize your 
sending at four dits, or two dabs, per beat. 
Make the beats about 60 per minute - one per 
second - as compared to the 100 in receiving 
practice. Synchronize your sending with the 
spoken sounds, if you wish. Keep your wrist 
flexible; allow it to hob up and down with your 
sending. If you find that your fingers or whole 
arm are doing the work, stop, and start over 
again: Be particularly careful to make dahs 
smooth and full; the tone should be almost 
continuous, broken only for that tiny instant 
the key contacts open. 

When you have achieved smoothness in 
these exercises, begin on letter-sounds in the 
same sequence as you learned the voice, start
ing out with the five and the zero. Aim at per
fect rhythm in duplicating just what you have 
learned by voice. In particular, he careful not 
to leave spaces between elements of letters. 
Practice sending material from a book, and 
also non-English text such as the cipher groups 
printed in this chapter. Keep your speed at the 
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level at which you make o. minimum of errors. 
Accuracy and perfection come first - speed 
will come with practice. Here again, it is well to 
have someone skilled in code check your prog-
ress occasionally. 

e ADVANCED PRACTICE 
To become expert in transmitting good code, 

after you have thoroughly learned each letter 
and numeral and can both send and copy let
ters without hesitation, your best practice is to 
listen to commercial automatic tape stations. 
Perfectly-sent code can be accomplished only 
by a mo.chine, and you want to get fixed in your 
mind, indelibly, the correct formation of each 
and every code character and in particular th6 
associated spaces. Notice the formation of each 
letter, the spaces left between letters and 
words, and the proportion in length of dits to 
dabs. 

One of the best methods for deriving this 
association is to find a commercial or other 
tape station sending at about your maximum 
receiving speed. Listen to the transmissions as 
you would at a musical concert, concentrating 
on assimilating every detail. 

The spaces between words may seem exag
gerated, simply because you have probably 
been running yours together. A score of other 
details where the automatic transmission is dif
erent than yours will very likely show up in the 
same text. From all this you will learn where 
your own faults lie and be able to correct them. 

If you can locate o. tape station sending 
double (repeating each word) you can get 
excellent rhythm practice. Set up an audio 
oscillator alongside your short-wave receiver 
so you can hear both simultaneously. As each 
word comes through the receiver fix it in your 
mind; then, as the tape repeats it, send the 
so.me word on your oscillator simultaneously 
with the tape, as closely to perfect synchronism 

· as possible. Perhaps you will find yourself 
leaving too much or too little space between 
characters, or making certain dabs too long -
tliesc are the most common errors. Remember 
that o.11 inaccuracies are yours, and profit ac
cordingly. By such constant practice you will 
learn the proper rhythm and precision of 
perfect code. It's bound to work itself, sub
consciously, into your sending. 

Probably the most important single factor 
in sending ability is this sense of proper spac
ing. While it can be much more easily obtained 
by listening to tape tho.n by visual study, the 
student should understand the mechanical 
relation of the vo.rious,marks and spaces, as 
shown in the accompanying chart. ' /  

In transmitting text there of course i� a need 
for code symbols for punctuation mar_)a., a� 
some special procedure signals to flll:s.iHtate 
rapid tranamission. The important ones--are : 



period 

comma 

question mark 

double dash 

end of message 

end of work 

wait . 
invitation 

to transmit 

didahdidahdidah - - -
dahdahdididahdah 

dididahdahdidit 

dahdidididah 

didahdidahdit - -

didididahdidah - ---
didahdididit 

dahdidah 

Others which you might encounter in future 
code work, and which you therefore should 
learn after you become reasonably proficient 
with the previous characters, are: 

hyphen 

parentheses 

colon 

semicolon 

quotes 

error 

apostrophe 

fraction bar 

dahdididididah 

dahdidahdahdidah 

dahdahdahdididit 

dahdidahdidahdit 

didahdididahdit 

didididididididit 

didahdahdahdahdit 

dahdididahdit 

e mGB-SPEED OPERATION 

Perfect copy at high speeds should be the 
eYentual objective of every operator. Ability to 
read rapid code "in your head" means little; 

dit 

dah 
element space 

cluu-acter space 
word space 

--

1 , I , 
-

I I 

• 

-

D 

c::=i . 

-

I I 

what counts is what you can transcribe to 
paper correctly. Since the limit of writing 
ability is about 30 words per minute, one must 
resort to a typewriter for copy at higher speeds. 
The first essential is touch-typing ability; no 
"two-fingered''. typist ever became a really 
good operator. If you have not been schooled in 
touch typing, therefore, try to find some class 
giving the necessary instruction; often you can 
find an evening public high school offering such 
courses. Remember there should be a margin of 
about twenty words per minute between your 
straight typing speed and the code speed which 
you can expect to obtain on the " mill." 

Assuming you have touch typing ability, 
then, you simply substitute the typewriter for 
your pencil. Use standard letter-size paper, and 
write double-space. Do not try to capitalize 
any letters at first; all lower case type will 
suffice until you become proficient. Using some 
source of copy at about your normal receiving 
speed, such as a code machine or a commercial 
short-wave station if you' can locate one, 
practice copying smoothly and evenly, prefer
ably a letter or two behind the transmitted 
text. Do not listen and then type ferociously 
for a second . . . and listen . . . and type 
hurriedly again. Your typing must be dissoci
ated, consciously, from your code reception. 
After you are able to handle this first speed, 
pick stations sending a bit faster (or step up 
the code machine), so that you get about 90 
per cent of the text; when you copy solid, again 
step up the speed. 

But all the ability is not in typing; you must 
be able to read the code as well. In high-speed 
copying a new principle is involved. It is one 
you will reach automatically if you progress 
sufficiently far in your practice, but it is worth 
explanation here. 

When one first learns the code by sound, he 
learns letters first. (In some cases, students 
studying visually learn part8 of letters first, 
but we have tried to obviate that error by 
teaching code sounds in letter-units.) With a 

-

I I 

3 

3 

7 

lime duration 
ratio, relative 
to "dit ''. as 1 

--

1 , I , 
-

I I 
-··,-1 
I I Iii 
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good deal of practice, one may slowly increase 
his speed of copying until .he reaches a certain 
point - differing with various individuals -
which is the maximum speed at which he can 
copy individual letters without having them 
seem to run together or blur in his mental 
thought. The average is around 28 words per 
minute. 

Progress beyond that point must be on a 
new principle of copying, then. It is simply the 
process of copying by word-sounds instead of 
letter-sounds. An operator capable of receiving, 
say, 25 words per minute, can listen to 35 or 40 
w.p.m. text and easily piclc out ,the shorter, 
more common words such as " the," "and," 
"but," and so on. He can do so only because 
he is copying word-sounds and not letter
sounds. A skilled operator does not hear letters, 
but actual syllables and words. The code sound 
"didit dahdit dahdahdit " (the familiar suffix 
"ing "), for example, is mentally heard by the 
skilled operator as a complete sound and not 
as three different letters; again, it is as if some
one had pronounced the syllable to him. 

There is no secret to the attainment of this 
ability, except continued practice. You can 
help yourself, though, by having someone send 
to you rapidly (about 10 w.p.m. above your 
normal receiving speed) the common words 
and syllables such as and, of, the, to, a, in, is, 
it, for, ing, ion, of, on, end, that, and so on. 
Nothing can equal the practice obtainable by 
copying commercial tape transmissions, how
ever. 

It should be pointed out that one important 
prereq11isite to high-speed copying. is ability t.o 
spell. Since you do not hear letters, but entire 
word-sounds, spelling of a . word on the type
writer is up to you. True, it was sent only one 
way, but since you did not hear. individual let
ters you do not know exactly which were sent ; 
you know only what the word sounded like to 
you. You must know the spelling of words be
fore you can recognize them from their code 
sounds and be able to transcribe them cor
rectly to the typewritten page. 

The complement of high-speed receiving is 
of course high-speed sending. You should never 
let your sending speed outstrip your receiving 
speed, however; if that doC8 happen, it �imply 
means that your conception of the code is 
mechanical rather than in terms of sound. A 
semi-automatic key, or "bug," can be used for 
speeds higher than obtainable on a "straight " 
key, but in no event should a student attempt 
to handle a "bug" until he has mastered the 
regular key. '.fhe semi-automatic key is a 
mechanical device which produces a series of 
dits (when the proper lever is tripped) by 
means of a vibrating contact. Dabs are made 
in the usual manner, although the operating 
knobs work in a horizontal instead of a vertical 
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motion. Relieved of the fatigue of tense mo
tions involved in making rapid dits, the fingers 
are able to tap out code of much higher 
speed. 

The position of the "bug " should be similar 
to that of the straight key. The arm again 
should be relaxed, and the right side of the 
hand should rest on the table immediately in 
front of the key. To the left of the control 
paddle is the thumb, which when moved to the 
right trips the dit vibrator; to the right of the 
paddle are the index and second fingers (some 
operators prefer to use only one), which when 
moved to the left operate the dab contact, 
similar to a straight key set on edge. 

Operating motions consist of an easy roll of 
the wrist and hand from left to right, and re
turn. With the key connected to a tone source, 
practice sending a series of dits, then of dabs, 
then of alternating single sounds - just as we 
did in learning voice sounds. Take letter
sounds in that sequence, . as well. Before at
tempting to use a "bug " in actual operating, 
you should have become proficient with it 
through practice with an audio oscillator and 
headphones. 

e TONE SGIJBCES l'OR PRACTICB 

A buzzer set, connected as shown in the dia
gram of Figure 1402, will serve the purpose of 
a signal source to be keyed for code practice. 

Fit,. 1402 - Cin:uil of a buuer code practice oet. The 
budpbone8 are connected acroM the coilo of the buszer 
with a condeneer in eerie8. The oize of tbi.e coodeneer 
determinee the strength of the signal in the 'pbooe&. 1£ 
the value •hown give• an exce88ivelr loud eignal, it may 
be reduced to 500 µµ(d. or even 250 i,,Jd. 

A much better tone, however, since it is identi
cal to the audio beat not,e a radio operator 
reads, is that produced by a vacuum-tube 
audio oscillator. Beside a pair of headphones 
and key, the parts required are an old audio 
transformer, grid resistor and condenser, tube 
and socket. For battery operation, the tube 
may be any 1 ½- or 2-volt filament type, such 
as a 1G4G, 1LE3, '30, etc., power being sup-



F".,_ 1403 - Wiring diagram of a oimple audio oecil
lalior f« ...., u a oode practice oet. 

plied by a No. 6 dry cell and·a 22½-volt B 
bat&ery. The parts may be mounted on a base
board. as shown in the layout drawing; or they 
may be enclosed in a portable carrying-case in 
•hidi event flashlight cells and ten or more 
TI>Ha of B battery will suffice for power. If 

aothing is he:u-d in the 'phones when the key 
is dep.awsod, reverse the leads going to either 
u-amformer winding; reversing both sets of 
leads will have no effect. If desired, an oscilla
._ poW'el'ed from the 1 10-volt line may be 
-t; die hookup of a simple one is shown in 
risure 1405. 

e A «--INSTlllJCTION TABLE 

� preceding material has been written 
,..iaarily for the individual who must learn his 
Nllit .-i:&h little or no outside help. If a number 
4 ..-,as wish to learn the code as a group, or 
• ..,.p speed after learning, and if some 

.,.,_, instructor can be located, the best 
ol instruction ii by means of a code 

ulile. 
clay �  table should be so wired as to per

- die imtructor to send to the whole class, 
..,. a little special wiring many other things 

..-,le. In the one shown here, for in
i-. arh nudent can practice sending, in-
f a f Uy and to himself; yet the instructor, 

- al the selector switch, can listen in 
... .a.dent in turn, can break in on him 

-* his errors. Moreover, simply by 

f'iiiil. J4N - t.,,-t of the 
5 Z code pnctiee  

..._ _a -- ,_ l,e kftWed 
_ _  ._.,_ � •P· 
a - \r S s 7 _.__ 

_ throwing a few switches, facing pairs of stu
dents may join in two-way conversations, and 
each such pair may be monitored in turn by 

Fi-8. 1405 - Wiring diagram of the a.c. o'"'illator. 
C, -250-�,Jd. mica. 
C2 - 25-,Jd. electrolytic, 25 voll.8. 
J,, J2 - Small clooed-drcuit jacks. 
R1 - 0.15 megohms, ½-watt. 
T, -6.3-volt. I-ampere transformer (Thonlarson 

T-19F80). 
T2 -Small audio transformer (Thordarson T-13A34). 

Fis. 1406 - The a.c. 06Cillator·may he built on a 
home-made chassis, of which this is a bottom view, con
sisting of l x 2 white pine supporting strips and a hue
board of ¼-io� plywood. The 6F8G is the only com
ponent mounted oo top the cha88is. 
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Example practice word8, paragraphed in groupo 
correoponding to the eequence of letters learned: 

ate rat tear 50 era rate art 05 tare 

eel) request jar lure rw,e stare •uet oqueal Jet queer 
slate jute quart 1.-r quell jw,t tesla sales 

coverlet alone cancel vocal hover the collect never 
that 111hon" lath� sheet these conque.t there neutnJ 
severe tenet runner encloee reluctant jocular k,Te 
helen lunar conclave recluse quiver 

bottle corncob yesteryear honey this poppy jitters 
honey battery bay oissy reconciliate council bony 
phone join supper pave ship pay capon nylon coin 
pyrites copy boil pebble cavity vicious isotope 

work buner zero alow hArk warmer kind jerk su
zanne hump quirk make wink simmer map skim 
milk tomorrow wholesome jam qualms lowly 
wharves pompom war mark womani.tsh causeway 
know eraah mink waltz 

dock kind finger doloreo dexterous kidder fixtures 
goodly golf jigger foggy jinx stuffing dog ftight 
draught fling fox faddist god gull aw dagger mexican 
doddering textile exchange paradox xylograph 

the instructor - all on the one table and from 
the common oscillator. Bigger " nets " can be 
switched at will, while other students· at the 
same table continue practice either singly or in 
pairs, all under control and supervision. 

The instructor should sit at one end of the 
table, facing down its length, the students ar
ranged along each side. A center partition and 
cross-partitions make a sort of "private office" 
of eaoh operating position, each with its 
'phones, key and switch. The oscillator is at, or 
handy to, the instructor's end of the table, his 
controls on a low panel in front of him, running 
across the table. • 

At each student's position, a key and head
set in series are bridged across the line carrying 
the continuously-running audio tone. The 

10 

s 

headsets (and keys) may be paralleled by 
closing the inter-connecting switches, each 
switch being associated with the position of the 
same number. A tap from each position is 
taken off to the multi-point switch (S) at the 
instructor's position so that the latter can also 
place his headset and key in parallel with those 
at any of the ten positions. 

When the imstructor sends to the entire clas:s 
all the small switches are closed, connecting all 
positions in parallel. With all switches open 
each student can practice sending by himseli, 
and the instructor can listen to any student by 
setting the selector switch S to the appropriate 
position. This also puts the instructor in 
parallel with the student at that position so 
that the instructor can " work " the student. 

Suppose now that students are to practice 
together in groups of two. Closing Sw2 con
nects Positions 1 and 2 ;  closing Sw4 connects 3 
and 4; Sws connects 5 and 6, and so on. The 
odd-numbered switches would be open in this 
case. The instructor can listen in on any group 
by setting the selector switch to either position 
in the group, and again can break in on the 
work. Larger groups can easily be formed; for 
instance, closing switches Nos. 2, 3 and 4 will 
connect positions 1, 2, 3 and 4 together; closing 
Swe and Sw1 will connect positions 5, 6 and 7 
together, and so on. 

The number of positions can be extended 
indefinitely by following the same wiring sys
tem. Separate tables, grouping perhaps ten 
men to a table, can be used if the room is too 
small to accommodate a single table for a large 
class. In such a case the instructor could have 
a central position with a separate selector 
switch for each table. 

The code-practice oscillator described earlier 
in this chapter is suitable only for two or three 
sets of 'phones; it is, therefore, necessary to 

4 5 6 i 8 10 

ST U D E N TS '  POS I T I O N S. 

Fi&- 14()1- Wiring diagram o{ the code-itutruction table. 
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PRACTICE C I PHER GROUPS 
Cipher groups make better practice ma-

terial than plain English because you can't 
foresee the next letter. The groups below, 
taken from the operator's manual of the 
Signal Corps, are representative both of the 
practice material used in service schools 
and of ciphered messages actually used in 
the services. Their breakdown into 5-letter 
units makes it easy ,for you to determine 
your approximate speed, figured on the 
basis of 5 characters to a word. 

With someone to send to'you, this material 

OKICQ 
2 4 6 8 0 
CKTOG 
AXBTR 

0 3 7 5 9  
CWXCK 
DKAKX 
WQYFZ 

OMIWG 
HSPCQ 
XGLDT 
8 0 7 0 1  

RKMOZ 
EKJCD 
DJHNG 
HAHGJ 

LDOSJ 
1 2 3 1 0 
BAYQT 
QNBAV 

2 5 8 9 4  

JXHGQ 
9 8 0 1 5  

MBUDF 

AEIOU 
1 3 5 7 9  

CJRNO 
YOUMK 

CEMID 
JXEFY 
EFMEY 
4 ,9 2 8 5 

JNABD 
JBCYD 
PGZUN 
CTILL 

THQVI 
HMOUS 
TVCPT 
CPTKO 

2 0 1 8 4 

VNFBH 
DIEUY 
JCUWH 

8 3 7 4 6  
LKDOP 
WEQFQ 
1 7 8 6 3 

MVHVD 
APLKM 
NDHBH 
JTIOE 

MNLFG 
YOUMK 
VOIUM 
1 2 7 0 9 

9 7 2 0 1  
EFXNK 
LCKQH 
OCYAA 

ZLJBI 
8 4 7 0 7  
KDKNG 
FHFUX 

NTVMG 
WOHZR 
IPAZQ 
FNZQJ 

PGMAE 
1 0 2 7  3 
DXNZE 
9 8 2 3 4  

JEHDY 
MCNCB 
PAOKU 
MDHNH 

UEYTA 
QYEUR 
QWZXN 
MNOPA 

KQZAX 
LARDO 
MQECV 
BEXZB 

. 

of course provides the best possible copying 
practice. Check back for your errors, con-
centrate on the letters that are proving 
difficult for you. If you find yourself mem-
orizing some of the combinations or their 
order, use each group backwards or start 
from the bottom of the page. There are 
plenty of practice possibilities in the follow-
ing list, even for the experienced operator 
who is seeking higher speed on the type-
writer. 

ALCRJ MAIDP JRNOL 
DLZIK 7 6 3 2 1 EWSKM 
PHVTX 7 0 3 6 5 HZGNA 
HIMAD OHWIM SFlVICG 

CPNZI VTNEE FM�MI 
JBOAH HELKF ZDLYS 
GYEVZ 4 7 3 8 2  KTLES 
ARJZU MRFXE WBPCM 

DXAQN 4 0 3 6 7 SPEJN 
1 1  9 0 2 OBRDK VIODO 
0 6 1 4 3  PVF�Q CUBEZ 
CPTKO RBEFP AXTRX 

!RAGO KDIEY KCNYQ 
PZOKA MDIDH EIURY 
OQUIW 0 9 1 6 5  MCNBS 
MCNUY QZASU IHDJI 

BCNBX- CVFZA SCQZW 
ZAOIZ ZLKAM ZJHFG 
3 0 2 1 0 JDMNF DKUER 
TQRYW EIOUW MXNBG 

ZMNZB ZXVGX OIEUQ 
NDBGY UYRHI LKCCN 
KDIOE DYAFH LPWCA 
CVQAR 1 2 7 5 4  OEVAN 

NASTF PONDL FAWZX 
CFGIL NPQRT QWERT 
CADXA SNKAD CUTYR 
TTLOR KOBDZ RGLBH 
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build a special type of oscillator for use with 
the code table. A circuit diagram suitable for 
handling up to thirty or forty headsets is · 
shown in the diagram herewith. Operating di
rectly from the 115-volt line, it consists of a 
12SJ7 oscillator followed by a. 70L7GT power 
amplifier and rectifier. The pitch of the tone is 
determined by the constants of the tuned cir
cuit L1C1. The inductance should be of the 
order of 1 or 2 henrys for use with readily-

IISY. 

Fi&, 1406 - Circuit of code-pnc:tic:e 
oecillator euitable foe large groupe. 
Ct - 0.05-,.fd. paper (for tone of ap

. proximately 650 cycle& -with L, -
1 henry); subetitute lower circuit 
for variabl� tone. 

C, - 25-,.Cd. electrolytic, 25-volt. 
Cs, C. - 0.01-,.Cd. paper. 
C., C. - 30-,.Cd. electrolytic, 150-volt. 
Rt - 2000 ohms, 1-watt. 
R2 -0.25 megohm, ½-watt. 
Rs - 0.25-megobm volume oontrol. 
R< - 150 ohms, 1-watt. 
Rs - 3000 ohms, 1-watt. 
Rg, R1 - 10,000 ohms, 1-watt. 
L1 - l henry, approx. (see text). 
Lt - 8-benry 55-ma. filter choke. 
T,- Unive...,.Loutput transformer, tube 

to voice coil (set for matchin c 8-
ohm v.c. to 2000-ohm plate load). 

S1, 52 - S.p.s.t. toggle. 
Sa - 2-pole 6-pooition wafer switch. 
Une Cord - 220-obm. 

available paper condensers. In the uni\ shown 
in the photographs this inductance is an ordi
nary small filter choke (Thordarson T-14C61) 
with the straight section of the core removed 
and a piece of wood of the same size and shape 
substituted so that the mounting clamp can 
be replaced. This gives a choke of approxi
mately 1 henry inductance. 

A choice of tones should be available to 
avoid monotony. Variable tone is secured by 

...... ---------17"(>"'-------------t 

ti I I I I 1 1 1  {� 
f--"J6"--t-36"--+-"J6·-+- 36

° -+-36"-+-..-4---f 

Fi,. 1409 - A sugge&ted form of oonstruction for the code-instruction table. Dimensions may be varied to suit 
individual needs. Lego may be made of 4 hr 4 stock; top and side rail, of 1-incb boards. Appropriate bracin1 ebould 
be proTided underneath. A coat or two of tbellac after th� table ia fini.abed will prevent tbrinka,e. 
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means of the switching arrange
ment shown below the main 
wiring diagram. With three 
condensers of the values indi
cated, an assortment of six tones 
ranging from about 600 to 
1600 cycles can be obtained, 
If only one tone is needed, 
however, simply use the con
stants shown in the main di&
gram. 

The output switch S2 en
ables the instructor to cut off 
the tone from the entire class, 
and thus serves as o. simple 
means of attracting attention 
when group work or individual 
sending practice is being car
ried on. 

No specific construction is 
indicated for the table, since 
bracing and other details will 
depend upon the size, and the 
builder's preferences. The im
portant thing is to be sure 
each position provides enough 
room for the student to work 
comfortably. In particular there 
should be sufficient depth so 
that the key can be placed the 
proper distance - about 18 
inches - from the edge of the 
table. 

The interconnecting switches, 
Sw1, Sw,, etc., can be ten-eent 
store s.p.s.t. knife switches and 

Fi/!. 1410 - The code-practice oecillator circuit of Fig. 1408 built wto a 
3 by 4 by S box. All wiring is iuoulated from the caoe. 

the instructor's selector switch a wafer-type 
unit. The latter can be obtained in the single
pole type with as many as 23 contacts. Since 
no special precautions need be. taken with 
respect to insulation or voltage drop, probably 

the most economical wiring job can be done 
by using ordinary bell wire. In cases where the 
students bring their own headsets it would be 
advisable to mount a tip-jack assembly at elMlh 
position· to facilitate connection. 
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Scales Used in Expressing Signal Strength and Readability 

(Bee QRK and QSA in the Q Code) 

Slr•nqlh R•adabilit11 

QSAI . . . . . . . . . . . . . . . . .  . 
QSA2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Weak. 

. . . . . .  Barely perceptible. QRKI . . .  ; . . . . . . . . .  Unread•ble. 
QRK2. . . . . . . . .  . . . . . . . . . . Readable now and then. 

QSAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fairly 1ood. QRK3 . . . . . . . . . . . . . . . . . . . . . . . Readable with difficulty. 
QRK4 . . . . . . . . .  : . . . . . . . . . . . . .  Readable. QSA4 . . . . . . . . . . . . . . . . . . . . . . . . . . Good. 

QSAS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Very 1ood. QRKS . . . . . . . . . . . . . . . . . . . . . . .  Perfeotly readable. 

• "ta" CODE 
international radio communication. This code 
follows. The abbreviations themselves have the 
meanings shown in the "answer" column. 
When an abbreviation is followed by an inter
rogation mark (?) it assumes the meaning 
shown in the "question " column. 

IN THE REGULATIONS accompanying 
the existing International Radiotelegraph Con
vention there is a very useful internationally
agreed code designed to meet major needs in 

Abbr,
nation 

QRA 
QRB 

QRC 

(.!RD 
QRG 

QRH 
QRI 
QRJ 
QRK 
QRL 

QRM 
QRN 
QRO 
QRP 
QRQ 
QRS 
QRT 
QRU 
QRV 
QRW 

QRX 

QRY 

QRZ 
QSA 
QSB 
QSD 
QSG 

QSJ 

QSK 

QSL 
QSM 
QSO 

QSP 
QSR 

QSU 

Q9V 

266 

What io the name of your station? 
How far approximately are you from my station 1 

What company (or Government Administration) 
i,ettlea the account.a for your at.at.ion? 

Where are you bound and where are you from? 
Will you tell me my exact frequency (wav&-length) 

in kc/1 (or m)T 
Dcee my frequency (wave-length) vary! 
Ia my note good 7 
Do you receive me badly! Are my aignala weak! 
What ia the legibility of my aignala ( I to 5)? 
Are you busy! 

Are you being interfered with! 
Are you troubled by atmoepherica! 
Shall I increase power! 
Shall I decrease power! 
Shall I aend faster! 
Shall I send more slowly! 
Shall I atop aendina:! 
Have you anythina: for me! 
Are you ready! 
Shall I tell . . . . . . . . that you are calling him on 

. . . . . . . . kc/a (or . . . . . . . .  m)! 
Shall I wait! When will you call me again! 

What ia my turn! 

Who ia calling me! 
What ia the atrena:th of my aignala (1 to 5) ! 
Dcee the 1tren11th of my oia:nala vary! 
Io my keying correct; are my oignala distinct! 
Shall I aend . . . . . . . .  telea:rama (or one telegram) 

at a time! 
What ia the charge per word for . . . . . . . .  including 

your internal telegraph charge! 
Shall I continue with the tranamieeion of all my 

traffic, I can hear you through my licnala! 
Can you give me acknowledgment of receipt! 
Shall ·I repeat the lut tel"IJ"am I aent you! 
Can you communicate with . . . . . . . . direct (or 

through the medium of . . . . . . . .  )f 
Will you retransmit to . • . • . . . .  free of charce? 
Hu tho cliatre. call received from . • . . . . . . been 

cleared! 
Shall I aend (or reply) on . . . . . . . .  ko/a (or m) and/ 

or on wav• of Type Al, A2, A3, or B! 
Shall I aend a aeri• of VVV . . . . . . . .  ? 

C H A P T E R  F O U R T E E N . 

Tbe name of my station ia . . . . • . . .  
Tbe approximate distance between our atationa · 

is . . . . . . . .  nautical milee (or . • . . . . . .  kilometen). 
The accounts for my station are eettled by the 

. . . . . . . . . .  company (or by the Government Ad-
ministration of . . . . . . . .  ) . 

· 

I am bound for . . . . . . . .  from . . . . . . .  . 
Your exacUrequency (wav&-length) ia . . . . . . . .  kc/1 

(or . . . . . . . .  m). 
Your frequency (wave-length) varies. 
Your note variea. 
I cannot receive you. Your air;nala are too weak. · 
The legibility of your aicnala ia . . . •  (I to 6). 
I am busy (or I am busy with . . . . . . . .  ). Please do 

not interfere. 
I am being interfered with. 
I am troubled by atm01pheri01. 
Incree.ee power. 
Decreue power. 
Send fut.er ( . . . . . . . .  word• per minute). 
Send more alowly ( . . . . . . . .  worda per minute). 
Stop sending. 
I have notbinc for you. 
I am ready. 
Pleue tell . . . . .  , . .  that I am calling him on 

kc/1 (or . . . . . .  :. m) • 
Wait (or wait until I have finiohed communicating 

with . . . . . . . .  ) I will call you at . . . . . . . .  o'clock 
(or immediately). 

Your tum ia No. . . . • . . . . ( or accordinc to any other 
method of arranging it). 

You are being called by . . . . . . .  . 
The otrength of your oignala ia . • . . . . • .  (1 to 5). 
The etrength of your oia:nala varieo. 
Your keying ia incorreot; your signals are bad. 
Send . . . . . . . . telegrams (or one telegram) at 'a 

time. 
The charge per word for . . . • . . . .  ia . . . . . . . . franco, 

including my internal telegraph charge. 
Continue with the tranamiaaion of all your traffic, I 

will interrupt you if nec-ary. 
I give you acknowledgment of receipt. 
Repeat the lut telegram you have oent me. 
I can communicate with . . . . . . . .  direct (or tbrouai:h 

the medium of . • . . . . . .  ) . 
I will retranamit to . . . . . . . .  free of charce. 
The diatreoe call received from . . . . . . . . bu been 

cleared by • . • . . . . .  
Send (or reply) on • . . . . . . .  kc/e (or • . • . . . . .  m) 

and/or on waveo of Type Al, A2, A3, or B. 
Send a aerieo of VVV . • . . . . . .  



QSW 

QSX 

QSY 

QSZ 
QTA 

QTB 

QTC 
QTE 

QTF 

QTG 

QTH 

QTJ 
QTJ 

QTM 

QTO 
QTP 
QTQ 

QTR 
QTU 

QUA 

QUB 

QUC 

QUD 

QUF 

QUG 
QUO 

QUJ 

QUll 

QUL 

QUM 

Will you eend on . . . . . . . . ko/1 (or . . . . . . . . m) 
and/or on wavee of Type Al, A2, A3, or BT 

Will you liaten for . . . . . . . . ( call eicn) or . . . . . . .  . 
kc/1 (or . .  , . . . . .  m)T 

BbalJ I chance to tranamiaeion on . . . . . . . . kc/a (or 
. . . . . . m) without chancing the type of wavcT or 

Shall 1 change to tranamiaeion on another waveT 
Shall I aend caoh word or group twice? 
Shall I cancel telecnm No. . . . . . . . . u if it bad 

not been eentf 
Do you acree with my number of wordaT 

How many telegrame have you to eendT 
What ii my true bearing in relation to you? or 
What ia my true bearing in relation . . . • . . . .  (call 

Aign)f • 
What u, the true bearing of . . . . . . . . (call 1ign) in 

relation to . . . . . . . . ( call ai&nlf 

Will you cive me the poeition of my etation accord· 
ing to the bearinp taken by the �tion-6nding 
etatione which you controlf 

Will you eend your call aign for fifty aeconda fol-
lowed by a duh of ten eeoonda on . . . . . . . . ko/e 
(or . . . . . • • •  m) in order that I may take your 
be:.ringT 

What ia your poeition in latitude and loncitude (or 
by any other way of ahowina it)f 

What u, your true couraeT 
What u, your a peed T 

Send radioelectric eignala and aubmarine aound •iii· 
n.ala to enable me to b: rny bearina and my die
tance. 

Han you left dock (or port)f 
Are you aoina to enter dock (or port)f 
Can you communicate with my 1tation by meane 

of the International Code of SignalaT 
What ia the eract timeT 
What are the houro durina which your atation ia 

openT 
Have you neWI of • • • • • • . • (call 1ip of the mobile 

1tation)f 
Can you give me in thia order, information concern• 

ina: 'nlibility, height of clouda, ground wind for 
. . . . . . . .  (place of oboervation) T 

What ia the laet m- reoeived by you from 
. . . . . . . . (callaign of the mobileatation)T 

Have you received the urgency signal sent by 
. . . . . . . • (call aign of the mobile atation)T 

Have you received the diatr- signal sent by 
. . . . . . . . (call ai&n of the mobile atation)f 

:Are you being forced to alight in the aea (or to land)T 
Will you indicate the preeent barometric pr-ure 

at eea levelf 
Will you indicate the true courae for me to follow, 

with no wind, to make for your 

Can you tell me the condition of tho - oheerved 
at . . . . . . . . (place or c<>Ordinateo)T 

Can you tell mo tho ,well oheerved at 
(place or c<>Ordinateo)T 

Io the diatreoa traffic ended? 

A,,_ 

I am coins to eend (or I will aend) on . . . • . . . . kc/a 
(or . . • . . . . .  m) and/or on wav• of Type Al, A2, 
A3, or B. 

I am lu,tenina for • • • • • • . . (call aian) on . . . . . . .  . 
kc/a (or . . . . . . . . m) . 

Change to tranamiaoion on . . . . . . . . kc/• (or . . . . . .  . 
m) without chancina the type of wave or 

Chance to tranamiasion on another wave. 
Send each word or group twice. 
Cancel telecram No. . . . . . . . . u if it had not been 

sent. . .,, 
[ do not agree with your number of worda; I will re

peat the 6nt letter of each word and the finst figure 
of each number. 

I have . . . . . . . . telegrama for you (orfor • . . • . . . .  ). 
Your true bearina in relation to me ia • • • •  degree,, or 
Your true bearina in relation to . . . . . • . .  (call sign) 

ia . • . • . . . .  d- at . . . . . . . .  (time) or 
The true bearing of . . . . . . . . ( call aign) in relation 

to . . . . . .  (call sign) ia . . . . . . . . degreee at • • • • . . .  
(time). 

The poeitioo of your etatioo according to the bearinp 
taken by the direction-6ndina atatione which I con· 
trol ia . . . . . . . .  latitude . • . . . . . . loncitude. 

I will send my call eign for fifty aeconda followed by a 
dash of ten seconda on . . . . . . . .  kc/• (or . . . . . . .  . 
m) iD order that you may take my bearina. 

My position u, . . . . . . . . latitude . . . . . . . .  longitude 
(or by any other way of ehowina it) . 

My true courae u, . . . . . . . . d-. 
My ,peed ia . • . . . . . • knota (or . . . . . . • .  kilometeR) 

per hour. 
[ will aend radioelectrio signal, and subm&Tine sound 

aignalt to enable you to fix your bearina: and your 
diatance. 

I have iuat left dock (or port). 
I am going to enter dock (or port). 
I am going to communicate with your atatioc by 

mean, of the International Code of Sicnalo. 
The eraot time ia . . . . . . . . 
My 1tation ia open from . . . • . . . . to . . . . . . . . 

Here ia news of . . . . . . • •  (oall 1i&n of tho mobile sta
tion). 

Here ia the information requeoted . . . • • • • •  

The laet m-• received by me from • • • • • • • •  (call 
sign of the mobile station) ia • • . . • • • •  

I have received the urgency signal oent by • • . . . . . . 
(call sign of the mobile station) at . . . . . .  (time) . 

I have received the diatreaa signal eent by . • . . . . . .  
(call sign of the mobile station) at . . . . . . . . (time). 

I am forced to alight (or lan1) at . . . . . . . . (place). 
The preeent barometric• pr-ure at 1ea level ia 

. . . • . • • •  (unite). 
The true courae for you to follow, with no wind, to 

make for me ia • • . . . • • . deer- at . . . . . . . . 
(time). 

The sea at .• �- . . . .  (place or c<>Ordinat•) ia . • • • • • •  

The awell at . . .  , . . . .  (place or c<>Ordinateo) ia . • • • • •  

The diatreaa traffic ia ended. 

Spedal abbreviatloae adopted by the American Radio Relay Le.ape. 

QST General call preceding a m-e addr .. ed to all amateuro and ARRL MembeR. Thia ia in effect "CQ ARRL." 

ORR Official ARRL "land SOS." A diotr- call for use by 1tationo in emer1:ency 100• only. ' 
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C:BAPTER FIFTEEN 

Tms CHAPTER represents a compila
tion of miscellaneous data and reference in
formation intended to illustrate and supple
ment the basic material throughout the re
mainder of this Handbook. 

Inductance (L) 

The formula for computing the inductance 
of.air-core radio coils is : 

L = 0.2 A2N2 
3A + 98 + lOC 

where: L is the inductance in microhenrys 
A is the mean diameter of the coil in 

inches 
B is the length of winding in inches 
C is the radial depth of winding in 

inches 
N is the number of turns. 

The quantity C may be neglected if the coil 
is a single-layer solenoid, as is nearly always 
the case with coils for high frequencies. 

For example, assume a coil having 35 turns 
of No. 30 d .s.c. wire on a receiving coil form 
having a diameter of 1.5 inches. Consulting 
the wire table, we find that 35 turns of No. 30 
d.s.c. will occupy a length of one-half inch. 
Therefore, 

and 

· A = 1.5 
B = .5 
N = 35 

L = 0.2 X (1.5)2 X (35)2 

(3 X 1.5) + (9 X .5) 

or 61.25 microbentys . 
To calculate the number of turns of a single

layer coil for a required value of inductance: 

N = /3A + 98 X L. '\J 0.2A2 

More rapid and convenient calculations in 
designing cQils can be made with the ARRL 
Lightning Radio Calculator (Type A). 

Condenser Copacity (C) 
The formula· for the capacitance · of a con-. 

denser is: . 
kA 

C = 0.0088 d (n - 1) µµfd. 
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2)afa 

where: A = area of one side of plate (sq. cm . . 
n = total number of plates 
d = separation of plates (cm.) 
k = dielectric constant of dielectric. 

When A is the area of one side of one plate 
in square inches and d is the separation of the 
pl�te .in inches, 

kA 
C = 0.02235 - (n - 1) µµfd. 

d 

The dielectric constant determines the quan
tity of charge which a given separation and 
area of plates will accumulate for a given ap
plied voltage. "k" is the ratio of the capaci
tance of a condenser with a given dielectric 
to its capacitance with air dielectric. 

Tabui of Dieuictric Conatanu 

Pow,r Puncture 

Duuctric .. ,. .. Fador 1 VoUao• • 

Air (normal preooure) . . . 1 .0 19.8-22.8 
Amber . . . . . . . . . . . . . . . . 2.0 0.2-0.5 
Asphalt.e . . . . . . . . . . . . . .  2.7-3.1 2.3 3 25-30 
Bakelite -See Phenol 
Beeswax . . . . . . . . . . . . . . 2.9-3.2 
Caaein plaatico • . . . . . . . .  6. 1-6.4 5.2-6 165 
Caater oil . . . . . . . . . . . . . 4 .3-4.7 7 380 
Celluloid . . . . . . . . . . . . . .  4-16 5-10 
Celluloee Acetate . . . . . . . 6-8 3-6 600 
Celluloee Nitrate . . . . . . .  4-7 2.8-5 300 
Ceresn wax . : . . . . . . . . . 2.5-2.6 0. 12-0.21 
Enamel (wire) . . . . . . . . . ..,___ 500-750 
Fibre . . . . . . . . . . . . . . .  ; . 6-7.5 4.5-5 150--180 
Gi""8: 

Cobalt . '  . .  " . . . . " "  7.3 0.7 
Common window . . . . .  7 .6-8 1 .4 200-250 
Crown . . . . . . . . . . . . . .  6.2-7 1 •  500 
Electrical. . . . . . . . . . . 4-5 0.5 2000 
Flint . . . . . . . . . . . . . . . 7-10 0.4 
Nonex . . . . . . . . . . . . . .  4 .2 0.25 
Photographic . . . . . . . .  'l'.5 0.8-1 
Plate . . . . . . . . . . . . . . .  6.8-7 .6 0.6--0.8 
Pyrex . . . . . . . . . . . . . . 4.5 0.7 335 

Gutta Percha . . . . . . . . . . 2.6-4 .9 200-500 
Lucite . . . . . . . . . . . . . . . . 2.5-3 
Mica . . . . . . . . . . . . . . . . .  2.5-8 0.0HJ.06 

Mica (clear India), . . . . .  6:4-7 .3 0.01--0.02 600-1500 
Mycalex . . . . . . . . . . . . . .  6 - 8  0.2--0.3 250 
Paper . . . . . . . . . . . . . . . .  2.0-2.6 
Paraffin wax (solid) . . . . .  J.9-2.6 0. J--0 .3 300 
Phenol: • I 

Pure . : . . . . . . . . . . . . . 5 1 
Aabeet.oe base. . . . . . . . 7 .6 16 90-150 
Black molded . . . . . . . .  5-6.6 3.6 400-500 
Fabric baae . . . . . . . . • 5-6.5 3.5-10 150-500 
llfica-filled . . . . . . . . . .  .HI 0.8-1 475-600 
Paper baae . . . . . . . . . . 3.8-5.5 2.5-4 650-750 
Yellow, . ,  . . . . . . . . . . 5.3-6 .4 0.36--0. 7 500 

Polystyrene O • • • • • • • • • • 2 .4-2 .9 0.02 500 
Porcelain (dry proce88), . 6.2-7 .6 0.7-15 40-100 



Porcelain (wet prooeeo) .. 6.5--7 0.6 lllO 
Pr..board (untreated) . .  2.9-4.5 125--300 
PreMboard (oiled) . . . . . .  5 7ll0 
Quart.a (fueed) . . . . . . . . .  4.2-5 . 1  0.03 200 
Rubber (hard) 1 • . . • . • • •  2-8.5 0.5--1 450 
Shellac . . . . . . . . . . . . . . .  2. 5--4 0.09 900 
Stat.ite 1 . . . . . . . . . . . . .  6.1 0.06--0.2 150-315 
Titan.ium Dioxide • . . . . .  9(>-170 0.1 
Urea Formaldehyde ...,._ 

• IO lD.8 • • • • • • • • • • • • • . • 5-7 2.4 300-400 
Vamiohed cloth (black) . 2 2 550 

Varniohod cloth (ye!-
low) 11 . . . . . . . . . . . . . . 2.6 3 '"° 

Vinyl rellina . . . . . . . . . . . • 1 .4-1 .  7 400-500 
Vitrolex . . . . . . . . . . . . . . 6.4 0.3 
Wood (dry oak) . . . . . . .  2.5�.8 3.85 
Wood (paraffined maple) 4 . 1  115 

1 At I Mc. < 
• In kilovolto per inch. Moot data applieo to relati'Vely thin 

oectiona and cannot be multiplied directly to give breakdown 
for thicker oect.iona without added safety factor. 

'At 1 kc. 
4 Includ ... such prorlucto as Aladdirute, Galalith, Erinoid, 

Lactoid, etc. 
• Phcnolaldebyde producte include Acrolite, Bakelite, 

Celeron, Dieleeto, Dures, Durite, Formica, Micarta, 
Syn thane, Textolite, etc. Yellow bakelite io eo-called "low
loeo " bakelite. 

• Includes Amphenol 912A, QuartaQ, Styron, Trolitul, 
Victron, etc. 

7 AlftO known aa Ebonite. 
s Soapotone - Alberene, Aloimag, Ieolantite, Lava, etc. 
• Rutile. Uoed in low-temperat-uro-ooefficient fixed con

denaera. 
10 Includee Aldur, Beetle, Plaakon, Pollopu, Pryatal, etc. 
11 Includee Empire cloth. 

BMA RABIO OOLOR CODM 

Standard color codeo have been adopted by tho Radio 
Manufacturers Aaaociation for the identification of the 
values and connootiona of standard com-ponenta. 

Re11utor11 and Condensers: 

For identification of reeiotanoe and capacitanoe values of 
small carbon-type reeiaton and midget mica condenaen, 
numben arc repreoented by the following colon: 

O - Black 5 - Green 
1 -Brown 6- Blue 
2 -Red 7 - Violet 
3 - Orange 8 - Gray 
4 - Yellow 9- White 

Three colon, are ueed on eacb reoiator to identify ito value. 
TI>e body color repreoento the fimt figure of the reeiotanoo 
..tue; one end or tip i• colored to repreeent the oecond figure; 
& colored band or dot near the center of the reoiator gives the 
number of seroo following the fimt two ligureo. A 26,000-obm 
reoiator, for example, would be marked as follows: body, rod 
(2); tip, green (5); band, orange (3 seroo). 

Sm&ll mica condensers wmally are marked with three 
colored dots, with an arrow or other symbol indicating the 
..,quenoe o(colon. Rendino are in micromicrofarad,i <,.,Jd.), 
with the color code aa above. For example, a 0.00025-,Jd. 
(250-l'l'fd.) condenser would be marked aa follows: red (2), 
r;reen (6). brown (I 1ero). 

An auxiliary color code baa been eotabliahed oovering the 
tokroncc, or reeiston and conden&era and the •oUa,ge rating, 
of condensers. Toleranceo are indicated by the following 
colon. which app,,ar as a fourth dot or band: 

Brown. . . . . . . . . . . . .  1% Violet . . . . . . . . . . . 
Red . . . . . . . . . . . . . . .  2% Gray . . . . . . . . . . .  . 

��:: : : : : : : : : : :  :� �:i��: : : : : : : : : "::· ·  
Green . . . . . . . . . . . . .  5% Silver . . . . . . . . . . .  . 
Blue . . . . . . . . . . . . . .  6% None . . . . . . . . . . . . 

• Commonly ueed on reoilitora. 

7% 
8% 

,9% 
5%• 

JO%• 
20%• 

Condenaer -.oltage ratinp are indicated by & supplemen
tary dot or band u followa: 

Brown . . . . . . . . 100 volts 
Red. . . . . .  . . . .  200 volte 
Orange . . . . . . . 300 volte 
Yellow. . . . . . . 400 vol to 
Green. . . . . . . . 500 volte 
Blue. . . . . . . . . 600 volto 

Violet . . . . . . .  . 
Orey . . . . . . . .  . 
White . . . . . .  . .  
Gold . . . . . . . .  . 
Silver . . . . . . .  . .  
None . . . . . . . .  . 

700 volts 
800 volts 
900 volto 

1000 volto 
2000 volts 
500 volto 

In eoine instanoee condenaers are identified by a second 
(lower) row of three dote or a aeries of three narrow color 
band,i to the right of the wide capacitance bands. In tbeee 
caaee the first oolor of the aecond row or i,e:riee indicates t.he 
number of cipben following the capacitance digite, the 
oecond color indicateo tolerance and the third voltage rating. 

I.F. Transformers: 

Bl"' - plate le&d. 
&d-B + lead. 
Grun -grid (or diode) lead. 
Blad - grid (or diode) return. 

Nor&: If the oecondary of the i.f.t. ia oenter-t&pped, the 
oecond diode plate lead io gn,en-and-black striped, and black 
ia uoed for the center-tap lead. 

A..l'. Transformers: 

Bl,u - plate (liniob) lead of primary. 
&d - B + lead (thia applies whether the primary ia plain 

or center-tapped). 
Brown - plate (start) lead on center-tapped primaries. 

(Blue may be uoed for tbio lead if Polarity ia not impar
tant.) 

Grun - grid (finiab) lead to eecondary. 
Black -grid return (thia appli .. whether the oecondary u, 

plain or center-tapped). 
Ydl0111 -grid (start) lead on center-tapped oecondariea. 

(Groen may be uoed for thia lead if Polarity ia not im
part.ant.) 
Nora: Theoe markinp apply alftO to line-to-grid, and tube

to-line tr&naformen. 

Loudspeaker Voice Coils: 

Gr0ffl -6nioh. 
Black -etart. 

Field Coils: 

Black and Red -•tart. 
Y dlow and Red -6niah. 
Slau and Red - tap (if any). 

Power Transformers: 

I. Primary Leado . • . . . . . . . . . . . • . • . • • • • • . • • . • • • . .  Blad 
If tapped: 

Common . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Block 
Tap . . . . . . . . . . . . . . . . . . . .  Block and YeU010 Strip,d 
Finish . . . . . . . . . . . . . . . . . . . .  Black and Red Strip,d 

2. High-Voltage Plate Winding . . . . . . . . . . . . . . . . . . . . . Rtd 
Center-Tap . . . . . . . . . . . . . . .  R,d and Yellow Strip,d 

3. Rectifier Fil. Windins . . . . . . . . . . . . . . . . . . . . . . . . Y t:llo,o 
Cente�Tap . . . . . . . . . . . . . . Ydl= and Bl"' Stripod 

,. Fil. Winding No. I .  . . . . . . . . . . . . . . . . . . . . . . . . . .  Grun 
Center-Tap . . . . . . . .  , . . . .  Green and Yellow Strip,d 

6. Fil. Windin1 No. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Brov,n 
Center-Tap . . . . . . . . . . . .  Broum al\(I Ydlo,o Strip,d • 

6. Jru. Winding No. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Slau 
Center-Tap . . . . . . . . . . . . . .  Slate and Y,lZ- Stripod 

LC Con11tant11 

The product of the inductance and capac
ity required to resonate at a given frequency 
is known as the LC constant. If any valu� 
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of inductance {or capacity) is divided into 
that constant the guotient is the capacit.y 
;(or 'iDdudtance) ll'eguii:ed Ior :resonance at that 
d'reguency. 'The following tab1e gi<ves LC oon
stant.6 for amatem Mid intermediate fre
quencies in lter.ID6 ,of mier.ohe!lries and micro
mior-0farads: 

,,,_Cl/ LC Con,lont F,_ LC Con,tont 
Kc. ph. X �,,Jd. Mc. uA. X pp./d. 
JOO 2,633,030. 7.0 516.944 
455 122,355. 7.3 475.399 

JOO() 25,330.3 14.0 129.236 
1600 9,894.64 14.4 122. 185 
1750 8,271.12 28.0 32.3090 
1900 7,016.68 30.0 28.1448 
2000 6,332.57 56.0' 
3500 2,067.78 60.0 
4000 1,583.14 112.0 
5000 1,013.21 116.0 

For other frequencies: 

LC = 
25330.3 

{Freq.M,.>2 

8. 07726 
7.03620 
2.01931 
I .88246 

(Tll•o/xrledotoortcontributedl>I! Hen'll R. lluu, WZBRY.) 

Symbols for Electrical Quantit.ies 

Admittance Y, y 
Angufar velocity (2,.-f) "' 
Capacitance C 
Conductance G, g 
Conductivity " 
Current I, i 
Difference of potential E, e , 
Dielectric constant K or e 
Energy W 
Frequency / 
Impedance Z, z 
Inductance L 
Magnetic intensity . H 
Magnetic flux <I> 
Magnetic flux density R 
Magnetomotive force F 
Mutual inductance M 
Number of conductors or turns N 
Permeability µ 
Phase displacement . 9 or � 
Power P, p 
Quantity of electricity Q, q 
Reactance X, :z: 
Rea.eta.nee, Capacitive X. 
Reactance, Inductive X L 

Resistance R, r 
Resistivity P 
Susceptance b 
Speed of rotation n 
��� � e  
Work W 

Letter Symbol& for Vacuum Tube Notation 

Grid ·potential E,, e, 
Grid current I., i, 
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Grid conduc'tan� g, 
Grid resistance r, 
Grjd bias voltage E. 
Plate potential E,., e,, 
Plate current I•, I,., i,, 
Plate conductance g,, 

Plate resistance r,. 

Plate supply voltage E. 
Emission current /. 
Mutual conductance g� 
Amplification factor µ 
Filament terminal voltage E1 

Filament current 11 

Grid-plate capacity C,,, 
Grid-cathode capacity c.., 
Plate-cathode capacity C-,,,, 

Grid capacity (input) C, 
Plate capacity (output) C,, 

NOTE - Small letters refor to instantane
ous values. 

Uniu of Lensth 

Bnoli,h M<tric 
mil - 0.001 inch 1 millimeter - 39.37 mil8 . 

- 0.0254 millimeter 
1 inch - 2.54 centime� 1 centimeter = 0.3937 inch 

- 0.0328 foot 
1 foot - 30.48 centime� I meter - 3.28 feet 
1 yard - 0.9144 meter - 1.094 yards 
I mile - 1.6093 kilometers I kilometer - 0.6214 mile 

1 micron - Jo-<' meter 
• 0.(X)()l centimeter 
- 10,000 Anptrom unita (Ao) 

1 Angatrom - 10-10 meter 
- I0-1 centimeter 
- 0.0001 micron 

Relative Electrical Conductivity of Metals 
at Ordinary Temperatures 

(Baaed on Copper ao I 00) 

Aluminum (28; pure) 
Aluminum (alloys): 

Soft-annealed • . . . . 
Heat--1.reat.ed • . . . .  

Bnu,o . . . . . . . . . . . . .  . 
Cadmium • • • • . . . . . . 
Chromium • • . . . . . . .  
Climax . . . . . . . . . . .  . 
Cobalt . .  , . . . . . . . . .  . 
Conatantin . . . . . . . .  . 
Copper (bard drawn). 
Copper (annealed) . .  
Everdur . . • . . . . . . . . 
German Silver (18%) 
Gold . . . . . . . . . . . . .  . 
Iron (pure) . . . . . . . .  . 

Appro:nmate relat.ion9: 

59 Iron (•Mt) . . . . . . . . 
Iron (wrought) . . . . . 

41>-50 Lead . . . . . . . . 
30-!6 Mancanin . . . . . . . . . 
28 Mercury . . . . . . . . .  . 
19 Molybdenum . . . . . . 
65 Monel. . . . . . . . . . . . 
I .  83 Nichrome . . . . . . . .  . 

16.3 Nickel. . , . . . . . . . . . 
3. 24 Phoopbor Bron&e . .  . 

89.5 Platinum . . . . . . . .  . 
100 Silver .. . . . . . . . . . . . 

6 te<il. . . . . . . . . . . .  . 
6.3 ·n . .  , • . . . . • . . . . .  

65 npton . . . . . . . .  . 
17.7 ,inc . . . . . . . . . . . . .  . 

2-12 
11 .4 
7 
3.7 
1 .66 

33.2 
4 
1 .45 

12-16 
36 
15 

100 
3-15 

13 
28.9 
28.2 

An incrcaoe of 1 in A.W.G. or D, & 8. wire si•e increaoee 
resistance 25%. 

An incre88e of 2 incre....,. rCl!istance 60%. 
Ao incre88e of 3 incre8.1181 resistance 100%. 
Ao incre88e of 10 increUM reeiatanee 10 times. 



Current Capacity of Power Wirin8 

The National Board of Fire Underwriters 
has established the following as maximum cur
rent densities for commonly-used sizes of cop
per wire in electrical power circuits: 

A mperes 

Gauge No. Circular 
B. &: S. Mil Area Rubber Other 

Insulation Insulation 

1 83690 100 150 
2 66370 � 90 125 
4 41740 70 90 

6 26250 50 70 
8 16510 35 50 

10 10380 25 30 
12 6530 20 25 
14 4107 15 20 
16 2583 6 10 
18 1624 3 6 

Greek Alphabet 

Since Greek letters Brc use<l to stand for 
many electrical an<l radio quantities, the 
uames and symbols of the Greek alphabet with 
the equivalent English characters are given. 

Greek LeUer Greek Name 
Enulish 

Equivalent 

A 11 Alpha a 
B /1 Beta b 
r -r Gamma g 
,H · Delta d 

· E • Epsilon e 
z r  Zeta z 
H 77  Eta � 
8 8  Theta th 
I ' Iota i 
K �  Kappa k 

A >.  Lambda 1 
M µ  Mu m 
N v  Nu n 
:: �  Xi X 

O o  Omicron IS 
I1 ,.. Pi p 
P p  Rho r 
2: O' Sigma s 
T .,.  Tau t 
T u  Upsilon u 
,t <I> Phi ph 
X x  Chi ch 
+ ,t,  Psi ps 
O w  Omega 0 . 

Multiple11 and Sub-Multiples 

Ampere 
Ampere 
Cycle 
Cycle 
Farad 

= 1,000,000 microamperes 
= 1,000 milliamperes 
= 0.000,001 megacycle 
= 0.001 kilocycle 

l,000,000,000,000 micro-
microfarads 

Farad 1,000,000 microfarads 
Farad 1,000 millifarads 
Henry 1,000,000 microhenrys 
Henry 1,000 millihenrys 
Kilocycle 1,000 cycles 
Kilovolt 1,000 volts 
Kilowatt I ,000 watts 
Megacycle 1,000,000 cycles 
Megohm 1,000,000 ohms 
Mho 1,000,000 micromhos 
Mho 1,000 millimhos 
Microampere = 0.000,001 ampere 

· Microfarad = 0.000,001 farad 
Microhenry = 0.000,001 henry 
Micromho = 0.000,001 mho 
Micro-ohm = 0.000,001 ohm 
Microvolt = 0.000,001 volt 
Microwatt = 0.000,001 watt 
Micromicrofarad = 0.000,000,000,001 farad 
Micromicro-ohm = 0.000,000,000,00I ohm 
Milliampere = 0.001 ampere 
Millihenry = 0.001 henry 
Millimho = 0.001 mho 
Milliohm = 0.001 ohm 
Millivolt = 0.001 volt 
Milliwatt = 0.001 watt 
Volt 1,000,000 microvolts 
Volt = 1,000 millivolts 
Watt = 1,000,000 microwatts 
Watt = 1,000 milliwatts 
Watt = 0.001 kilowatt 

Metric Prefixe11 

1 
One-millionth µ 1,000,000 

m 
1,000 

One-thousandth 

1 
One-hundredth C 100 

d 
10 

One-tenth 

One 

dk 10 Ten 

h 100 One hundred 

k 1,000 One thousand 
10,000 Ten thousand 

M .. 1,Q00,000 One million 
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micro-

milli-

centi-

deci-

uni-

- - deka-

. hekto-

kilo-

myria-
.mep-
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DECIBELS ( D B )  

- - - - POWER ____ VOLTAGE m CURRENT 

The chart above is direct-reading in terms of decibels for all power, voltage or current ratios. The top scale goes 
from Oto 100 db. and ia useful for very large ratios; the lower acale permits closer reading between O and 20 db., or one 
cycle of the extended acale. Solid lines abow voltage or current ratios; dotted lines, power ratios. To find db. gain, . 
divide output power by corr.,.ponding input power and read db. value for this ratio, uaing the appropriate curve (i.e., 
" X l" for ratios from l to 10, " X 10" for ratios from 10 to 100, " X 100" for ratios from 100 to 1000, and so 
on). To find db. 1088, •• where output is leoa than input. divide input value by output value. Current and voltage 
ratios in db. can be found similarly, provided the input and output impedances arc the same. Power, voltage and 
current values must be in the same units (watts, millivolts, microampcres, etc.). 

ABBREVIATIONS FOR ELECTRICAL AND RADIO TERMS 

Alternating current 
Ampere (amperes) 
Antenna 
Audio frequency 
Centimeter 
Continuous waves 
Cycles per second 
Decibel 
Direct current 
Eleetromotive force 
Frequency 
Ground 
Henry 
High frequency 
Intermediate frequency 
Interrupted continuous waves 

· Kilocycles (per second) 
Kilowatt 
Megacycle (per second) 

a,c. 
a. 
ant. 
a.f. 
cm. 
c.w. 
c.p.s. 
db. 
d.c. 
e.m.f. 
f. 
gnd. 
h. 
h.f. 
i.f. 
1.c.w. 
kc. 
kw. 
Mc. 
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Megohm 
Meter 
Microfarad 
Microhenry 
Micromicrof&rad 
Microvolt 
Microvolt per meter 
Microwatt 
Milliampere 
Millivolt 
Milliwatt 
Modulated continuous waves 
Ohm 
Power 
Power factor 
Radio frequency 
Ultra-high frequency 
Volt (volts) 
Watt (watts) 

MO 
m. 
.ufd. 
,uh. 
.u.ufd. 

µV. 
.uv/m. 

µW. 
ma. 
mv. 
mw. 
m.c.w. 
fl 
P. 
p.f. 
r.f. 
u.h.f. 
v. 
w. 
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FREQUENCY 

REACT ANCE CHART 

By 11ae of thiB chart, the approsimate reactance of any capacity from 1.0 ,.,.Cd. to 10 ,.Cd. at any frequmciy from 
100 cyclet1 to 100 megacycl.., can be read directly. The reactance of inductaneet1 from 0.1 microbenry to 10 benrieo 
can alao be read. Intermediate valueo can be eotimated by interpolation. In making interpolation• remember that 
the rate of change between lineo iB logarithm.ic. Use the frequency or reactance ecaleo ae a ruide in eotimating inter
mediate valuet1 on the capacity or inductance ecales. 

Thi& chart can abo be used to find the approximate reeooance frequencieo of LC combinations or the frequency to 
which a given coil and condenser will tune. Finl locate the reopocti•e ala.nting lineo for the capacity and inductance. 
The point where they intenect, i.e., where the reaetanoeo are equal, ia the reoonant frequency (projected downward 
and read on the frequency ocale). 

• Numerical Valu-

,r = 3.1416 
1/,r = 0.3183 ,..: = 9.8696 

11...: = 0.1013 
,.l = 31.0063 

1/-r' = 0.0323 
v'; = 1.7725 

1 /  v'; = 0.5642 
y,r/2 = 1.2533 

2r = 6.2832 

(2,r )2 = 39.4 784 
log10 ,r = 0.4971 

log10 (,r/2) = 0.1961 
log10 ,..2 = 0.9943 

log1ov'; = 0.2486 
e = 2.7183 

1/e = 0.3679 
•2 = 7.3890 

v'; = 1.6487 
log10 • = 0.4343 

1 
logio • 

= 2.3026 

1/2,r = 0.1592 
(1/2 ... )2 = 0.0253 

v12 = 1.4142 
v3 = 1.7321 

1/v'2 = 0.7071 
1/ v'3 = 0.5773 

Area of Circle = (,r/4) X D2 = 0.7854 D 2 

Volume of Sphere = (,r/6) X D' = 0.5236 D' 
1 Radian = 57° 17' 44" .8 

= 57° 17' .7468 
= 57° .29578 

1° = 0.01745 Radian 
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:}l,, Radio Amaleur i. J./.anJlool 

Standard Metal Gouges 

Oa"'1• American u. s. Birminohom 
No. � B. ct S.1 Standard 2 or Stuln 3 

1 .2893 .28125 .300 
2 .2576 .265625 .284 
3 .2294 .25 .259 
4 .2043 .234375 .238 
5 .1819 .21875 .220 
6 . 1020 .203125 .203 
7 . 1443 .1875 .180 
8 . 1285 . 171875 .165 
9 .1144 . 15625 .148 

10 . 1019 . 140625 .134 
I I  .09074 . 125 .120 
12 .08081 . lOl/375 .109 
13 .07196 .09375 .095 
14 .06408 .078125 .083 
15 .05707 .0703125 .072 
10 .05082 .0625 .065 
17 .04520 ;05625 .058 
18 .04030 .05 .049 
19 .03589 .04375 .042 
20 .03106 .0375 .035 
21 .02846 .034375 .032 
22 .02535 .03125 .028 
23 .02257 .028125 .025 
24 .02010 .<J?...5 .022 
25 .01790 .021875 .020 
26 .01504 .01875 .018 
27 .01420 .0171875 .016 
28 .01264 .015625 .014 
29 .01126 .0140625 .013 
30 .01003 .0125 .012 
31 .008928 .0109375 .010 
32 .007950 .01015625 .009 
33 .007080 .009375 .008 
34 .006350 .00859375 .007 
35 .005615 .0078125 .005 
36 .005000 .00703125 .004 
37 .004453 . 006640025 
38 .003065 .00625 
39 .003531 
40 .003145 

1 Ueed for aluminum, copper, br...., and non-ferrous' alloy 
aheete, wire and rode. · · 

1 Ueed for iroo, steel, niokcl and lerroua alloy sheets, 
wire and rods. 

3 Ueed for oeamless tubee; also by some manufacturers for 
oopper and b,....,_ 

Decimol Equivalenu of Fractions 

1/32. . . . . . . .  . . .  .03125 17/32 . .  . .  . .  . .  . .  . .  .53125 
1/16. . . . . . . .  .0625 9/16 . . . .  . .  . .  . .  .5625 

3/32 . . . . . . . .  , . .  .09375 19/32 . . . .  . .  . . .  . . . .50375 
1/8. . . . . . . . .  . 125 5/8 . . . . . . . . . . .  .625 

5/32 . . . . . . . . . . .  . 15625 21/32. . . . . . . . . . . . .65625 
3/16. . . . . . . .  . 1875 11/16 . . . .  . .  . .  . .6875 

7 /32. . . . . . . .  .. . .21875 23/32 . .  . .  . .  . .  . .  . .  . 71875 
1/4 . . . . . . . . . . 25 3/4 . . . . . . . . . . . . 75 

9/32 . . . . . . . . . . . . 28125 25/32 . . . . . . . . . . . . . 78125 
5/16. . . . . . . .  .3125 13/16 . .  . .  . .  . .  . .8125 

11/32 . . . . . . . . . . . 34375 27/32 : . . . . . . . . . . . . 84375 
3/8. . . . . . . . .  .375 7/8 . . . . . . . . . . .  .875 

13/32. . . . . . . . . .  .40625 29/32 . .  . .  . .  . .  . .  . .  . 90625 
7/16 . . . . . . . . . .a75 15/16 . . . . . .  . . .  .9375 . 

15/32. . . . . . . . . . .46875 31/32.. . . . . . . . . .  .96875 
112 . . . . . . . . . . 5 1 .  . . . . . . . . . . . . . . . r.o 
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Effect of Coil Shields on Inductance 

It is well known that enclosing a coil in a 
shield decreases the inductance of the coil. An 
easily-applied graphical method of determining 
the extent of the decrease has been worked out 
by the Radiotron Division of RCA Manufac
turing Company and published as a tube ap
plication note.1 

Considering the shield as a single turn.having 
low resistance compared to its reactanee, the 
following formula for inductance of the coil 
within the shield can be worked out: 

. L =: L.(l-K2) . -
where L is the desired inductance, L_. is· the 
inductance of the coil outside the shield, and 
K2 is a factor depending upon the geometric 
dimensions of the coil and shield. Values of K2 

have been plotted as a family of curves in the 
chart reproduced on the opposite page. The 
notations are as follows: 

b - length of winding of coil 
a - radius of coil 

A - radius of shield 
The curves are sufficiently accurate for all 
practical purposes throughout the range shown 
when the length of the ahield is greater than that of 
the coil by at least the radius of the coil. If the 
shield can is square instead of circular, A may 
be taken as 0.6 times the width of one side. 
The reduction factor, K2, is plotted against 
b/2a (ratio of length to diameter of coil), for a 
series of values of a/ A ,  the ratio of coil radius 
to shield radius (or coil diameter to shield 
diameter) 
. The following example will illustrate the use 

· · of the chart. Assume an r.f. coil 1 ½ inches long 
and ¾ inch in diameter to be used in a shield 
1 ¾ inches in diameter. The inductance-reduc
ing effect of the shield is to be calculated. The 
values are: 

b - 1.5 
a =  0.375 
A = 0.625 

b/2a = 1.5/0.75 = 2 
a/ A = 0.375/0.625 = 0.6 

From the curves, K2 is 0.28 ; the inductance of 
the coil is therefore reduced 28% by the shield, 
or conversely, the inductance of the shield coil 
is 72% of its unshielded value. 

The reduction in inductance does not be
come serious with coils of b/2a ratios of 2 or 
less, until the shield diameter becomes less than 
twice the coil diameter. With an a/ A ratio of 
0.5, the reduction in inductance will be of the 
order of 15 %, 

1 Applicatfon Note No. 48, Copyright, 1936, RCA Manu
lacturiDa Co., Iuc. 



CURVES F"OR DETERMINATION OF DECREASE IN INDUCTANCE 
PRODUCED BY A COIL SHI ELD 

� � 
• R<:.l wr,. Co. 
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COPPER WIRE TABLE 

T..,.,., per Lin,o, I ncA 1 TurM ,,.,. Square JncA 1 F,u ,,.,. Lb. Cvnml 

oi.,,.. 
Com,inq 

Go..,,. Diam. Circular Capocil� 
N,ort1I 

No, in Mil 
,,.,. ol 

Diam. BrituA 

B. ct 8. Alilt 1 Area 
D.S.C. Bnamd 1000 /1. 

1600 C.M. 
iJ1 mm. s.w.a. 

Bnom•l s.c.c. o, D.C.C. s.c.c. D.C.C. Bar, D.C.C. 16" c. No, 

s.c.c. 
s.c.c. 

Amp.1 

------ ------

1 289.3 83690 - - - - - - - a . 947 - .1264 56. 7 7 .348 1 

2 257.6 66370 - - - - - - - 4 . U77 - , 1693 44.1  6. 644 8 

3 229.4 52640 - - - - - - - 6.276 - .2009 36.0 6.827 " 
" 204.3 417-60 - - - - - .- - 7 .914 - .2633 27.7 6 .189 6 

6 181.9 33100 - - - - - - - 9.9SO - .3195 22,0 ,6,621 7 

6 162.0 26260 - - - - - - - 12.58 - ."°28 17.6 4.115 -8 

7 " 144.3 20820 - - - - - - - 15.87 - .6080 13.8 3 .665 9 

8 1:18.6 16610 7 .6  - 7 .4  7.  I - - - 20.01 19.6 • .6406 11.0 3.264 10 

9 11".4 13090 8.6 - 8.2  7.8 - - - 26.23 2t.6 .8017 8,7 2.006 11 

10 101.9 10380 9 .6  - 9.8 8.9 87 .h  84.8 80.0 31.82 30.9 1.018 6.9 2.688 12 

11 90.74 8234 10.7 - 10.3 9.8 110 105 97 .5 -60.12 38.8 1.284 6.6 2.306 13 

12 80.81 6630 12.0 - 11.6 10.9 136 131 121 60.59 48.9 1 .619 4,4 2.063 14 

13 71.96 5178 13.5 - 12.8 12.0 170 162 160 63.80 61.5 2.042 3.6 1.828 16 

14 64.08 4107 15.0 - 14.2 13.8 211 198 183 80.44 77 .3 2.676 2.7 1 .628 16 

16 57.07 3257 16.8 - 16.8 14.7 262 260 223 101.4 97.3 3.247 2.2 1 .460 17 

16 60.82 2h83 18.9 18.9 17 , 9  16.4 321 306 271 127.9 119 4.094 I. 7 1.291 18 

17 45.26 2048 21.2 21.2 19.9 18.1 397 372 329 161.3 160 6. 163 1.3 I. 160 18 

18 "°· 30 1624 23.6 23.6 22.0 19.8 493 464 399 203.4 188 6.510 I . I  1 .024 19 

19 35.80 1288 26.4 26.4 24.4 21.8 592 ' 553 479 256.5 237 8.210 .86 .9116 20 

20 31.96 1022 29.4 29.4 27.0 23.8 776 726 626 323.4 298 10.35 .68 .8118 21 

21 28.46 810. I 33.1 32.7 29.8 26.0 940 895 764 -607. 8 370 13.05 .64 .7230 22 

22 26.36 642.4  37.0 36.6 34.1 30.0 1160 1070 910 514.2 461 16.46 .43 .M38 23 

23 22.67 609.5 o41.3 -60.6 37 .6 31.6 1400 1300 1080 648.4 584 20.76 .34 .5733 24 

2, 20.10 404.0 46.3 35.3 41.5 35.6 1700 1570 1260 817. 7 745 26.17 .27 .5106 26 

26 17.90 320.4 51.7 60.4 46.6 38.6 2000 1910 1510 1031 903 33.00 .21 . 4547 26 

26 15.94 254. I 58.0 56 .6 50.2 o41.8 2500 2300 1750 1300 1118 41 .62 . 17 . 4049 27 

27 14.20 201 .5 64.9 61 .6  56.0 ,45.0 3030 2780 2020 1639 1422 52.48 . 13 .3606 29 

28 12.64 169.8 72.7 68.6 60.2 48.5 3670 3350 2310 2067 1759 66. 17 . II  .3211 30 

29 11 .26 126 . 7 81.6 74.8 65.4 61.8 4300 3900 2700 2607 2207 83.44 .084 .2859 31 

30 10.03 100.5 90.6 83.3  71.5 56.5 6040 4660 3020 3287 2534 105.2 .067 .2546 33 

31 8.928 79.70 101 92.0 77.6 59.2 5920 5280 - 4145 2768 132. 7 .063 .2268 34 

32 7.950 63.21 113 101 83.6 62.6 7060 
M:: 

- 5227 3137 167.3 .042 ,2019 36 

33 7.080 60.13 127 110 90.3 66.3 8120 - 6591 4697 211.0 .033 . 1798 37 

34 6.305 39.75 143 120 97.0 70.0 9600 8310 - 8310 6168 266.0 .026 . 1601 38 

35 5.615 31.52 158 132 104 73.5 10900 8700 - 10480 6737 335.0 .021 . 1426 38-.'19 

36 5.000 26.00 175 143 lit  77.0 12200 10700 - 13210 7877 423.0 .017 . 1270 39-40 

37 4.453 19.83 198 154 118 80.3 -
- - 16660 9309 .'l!J.3 . 4 .013 . 1131 41 

38 3 .065 16. 72 224 166 126 83.6 - - - 21010 10666 672.6 .010 . 1007 42 

39 3 .631 12.47 248 181 133 86.6 - - - 26500 11907 848 . 1  .008 .0897 43 

40 3. 145 9.88 282 194 140 89.7 - - - 33410 14222 1069 .006 .0799 " 

t A mil ia 1/1000 (one thouaandth) of an inch. 
• The fi&ureo given are approximate only, aince tho thickn- of tho in.aulation varleo with different manufacture .... 

I Tho 0urrent-carryin11 capacity at 1000 C.M. per ampere ia equal to the circulu-mil are• (Column 3) divided by 1000. 
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With this chart and a straight-edge any of the above quantities can be determined if the other two are known. 
For example, if a condenser has a minimum capacity of 15 µµfd. and a maximum capacity of 50 µµ{d., and it is 
to be used with a 'coil of 10 µh. inductance, what frequency range will be covered? The straight-edge is connected 
between 10 on the left-band scale and 15 on the right. giving 13 me. � the high-frequency Ii.mil. Keeping the 
straight-edge at 10 on the left-band scale, the uLLcc euJ ia swung to SO on the ri1ht-band ecale, gi-.iog • low-fre
quency limit of 7.1 me. The tuning range would, therefore, be from 7.1 me. to 13 me., or 7100 kc. to 13,000 kc. 
The center scale also serves to convert frequency to wavelength.· 

The range of the chart can be extended by multiplying each of the scale• by 0.1 or 10. In the esample above, if 
the capacities are 150 and 500 ..,.fd. and the inductance JOO 14h., the range becomes approximately 231 to 422 meteni 
or 0.7 to 1.3 Mc. Alternatively, 1.5 to 5 µ,.Id:and 1 µh. will give 71 to 130 Mc. 
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e USE 011 LOG TABLl!S 

The accompanying four-place table will give reaulte 
which are accurate to three aignificant figures without in• 
terpolation and to four figures with inte.rJ)Olation. The use 
of log tablee bu been diacuesed in § HI. Only the mantissas 
are given in the tabl..,, the decimal point (omitted in the 
tableo for convenience) ohould be placed to the left of the 
mantiesu in every case. The charact.e.riat.ic of any log can 
be found readily if the number is factored by a power of 

ten (t 1-6) wlUJ the significant factor uoigned a value be
tween 1 and 10. For example: 

256,000,000 - 2.56 X 10_
1 101 - 8,4082 

0.000000266 - 2.56 X 1()'1 log - 7.W82 
If the number haa only two digite it will be found in the 

"N" column and the corresponding logarithm will be beside 
it in the .. 0 '' column. For example, the mantl88& of any num
ber having only two significant figureo, such aa 5400, ia 
0.7324; in thia example the characteristic ia 3 oo the com-

0 

It 0000 0043 0086 0128 0170 
II 0414 0453 0492 0531 0669 
12, 0792- 0828 0864 0809 0934 
13 1139 1173 1206 12.19 1271 
14 1461 1492 1523 1553 1584 

15 
16 
17 
18 
19 

,. 
21 
22 
23 
24 

25 
26 
27 
28 
29 

.. 
31 
32 
33 
34 

35 
36 
37 
38 
39 

1761 1790 1818 1847 1875 
2041 2068 2095 2122 2148 
2304 2330 2355 2380 2405 
2553 2577 2601 2625 2648 
2788 2810 2833 2856 2878 

3010 3032 3064 307 5 3096 
3222 3243 3263 3284 3304 
3424 3444 3464 3483 3502 
3617 3636 3655 3674 3692 
3802 3820 3838 3856 387 4 

3979 3997 4014 4031 4048 
4150 4166 4183 4200 4216 
43 I 4 4330 4346 4362 4378 
4472 4487 4.502 4518 4533 
4624 4639 4654 4669 4683 

4771 4786 4800 4814 4829 
4914 4928 4.942 4955 4969 
5051 5065 5079 5092 5105 
5185 5198 5211 5224 5237 
5315 5328 5340 5353 5366 

5441 5453 6465 5478 5490 
5563 667 5 5587 5599 5611 
5682

° 
5694 5705 5717 5729 

5798 5809 5821 5832 5843 
5911 5922 5933 5944 5955 

ct 6021 6031 6042 6053 6064 
41 612g 6138 6149 6160 6170 
42 6232 6243 6253 6263 6274 
43 6335 6345 6366 6365 037 5 
44 6435 6444 6454 6464 6474 

45 M32 6542 5661 6561 6571 
46 6628 6637 6646 6656 6665 
47 6721 6730 6739 6740 6758 
48 6812 6821 6830 6839 6848 
49 0002 6911 6920 6928 61137 

M 6900 6998 7007 7016 7024 
51 7076 7084 7093 7101 7110 
52 7160 7168 7177 7185 7193 
53 7243 7251 7259 7267 7275 
54 7324 7332 7:WO 7348 7356 

5 6 7 8 9 

0212 0253 0294 0334 0374 
0607 0645 0682 0719 0755 
0969 1004 1038 1072 1106 
1303 1335 1367 1399 1430 
1614 1644 1673 1703 1732 

1903 193l 1959 1987 2014 
2175 2201 2227 2253 2279 
2430 2455 2480 2504 2,529 
2672 2695 2718 2742 2765 
2900 . 2923 2945 2967 2989 

3118 3139 3160 3181 3201 
3324 3345 3365 3385 3404 
3522 354 I 3560 35 79 3598 
3711 3729 3747 3766 3784 
3892 3909 3927 3945 3962 

4065 4082 4099 4.116 4133 
4232 4249 4265 4281 4298 
4393 4409 4425 4440 4456 
454� 4564 4579 4594 4609 
4698 4713 4728 4742 4757 

4843 4857 4871 4886 4900 
4983 4997 50 II  5024 5038 
5119 5132 5145 5159 5172 
5250 5263 5276 5289 5302 
5378 5391 5403 5416 5428 

_ 5502 5514 6627 5539 5551 
5623 5635 5647 5658 5670 
5740 5752 5763 5775 5786 
5855 5866 5877 5888 5899 
5966 5977 6988 5999 6010 

6075 6085 6096 6107 6117 
6180 6191 6201 6212 6222 
6284 6294 6304 6314 6325 
6385 6395 6405 6415 6425 
6484 6493 6503 6513 6522 

6580 6590 M99 Cl609 6618 
6675, 6684 6093 6702 6712 
6767 6776 6785 6794 6803 
685 7 68116 687 5 6884 6893 
6946 6955 6964 6972 6981 

7033 7042 7050 7059 7067 
7118 7126 7135 7143 7152 
7202 7210 7218 7226 7235 
7284 7292 7300 7308 7316 
7364 7372 7380 7388 7396 

FOUR-PLACE 

Proportional Parts 

l 2 3 f 6 6 7 8 9 

*4 8 12 17 21 25 29 33 37 
4 8 11 15 19 23 26 30 34 
3 7 10 14 17 21 24 28 31 
3 6 10 13 16 19 23 26 29 
3 6 9 12 15 18 21 24 27 

*3 6 8 1 1  14 17 20 22 25 
3 5 8 11  13 16 18 21 24 
2 5 7 10 12 15 17 20 22 
2 5 7 9 12 14 Ill 19 21 
2 4 7 9 11 13 16 18 20 

2 4. 6 8 11  13 15 17 19 
2 4 6 8 10 12 14 16 18 
2 4 6 8 10 12 14 15 17 
2 4 6 7 9 11  13 15 17 
2 4 6 7 9 II 12 14 16 

2 a s 1 o 10 12 14 15 
2 3 6 7 8 10 11 13 15 
2 3 6 6 8 9 11 13 14 
2 3 5 6 8 9 11 12 14 
I 3 4 6 7 9 10 12 13 

I 3 4 6 7 9 10 11  13 
I 3 4 6 7 8 10 11 12 
I 3 4 5 7 8 9 11 12 
I 3 4 5 6 8 9 10 12 
1 3 4 5 6 8 9 10 11 

1 2 4 5 6 7 9 10 1 1  
I 2 4 5 6 7 8 10 II 
1 2 3 5 6 7 8 9 10 
I 2 3 5 6 7 8 9 10 
1 2 3 4 5 7 8 9 10 

I 2 3 4 5 6 8 9 JO 
1 2 3 4 5 6 7 8 9  
1 2 3 4 5 6 7 8 9  
I 2 3 4 5 6 7 8 _,9 
I 2 3 4 5 6 7 8 9 

1 2 3 4 5 6 7 8 9  
I 2 3 4 5 6 7 7 8 
I 2 3 4 5 5 6 7 8 
I 2 3 4 4 5 6 7 8 
1 2 3 4 4 5 6 7 8 

1 2 3 3 4 5 6 7 8  
1 2 3 3 4 5 6 7 8  
1 2 2 3 4 5 6 7 7  
1 2 2 3 4 5 6 6 7  
1 2 2 3 4 5 6 6 7  

- -----------1--------------i----------
N 0 2 3 5 6 7 8 9 1 2 3 4 5 6 7 8 9  

• Interpolation in thia aection of the table is inaccurate. 
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plete log ia 3. 7324. For numbers having three significant 
figureo, locate the lint two in the " N" column and move to 
the right, reading tho mantiM& under the appropriate digit; 
e.g., log M30 - 3. 7348, the characteriatio being found .,. 
before. For number• having lour aigni6cant figmeo, proceed 
as before and add to lhe mantisaa the figure gi\•en on the 
same line in the ·• Proportional Part.8 " column under the 
appropriate digit. For example, log Ma4 - 3.7351 . 

table eho- U..t the llUUltioea 0.0304 corn,oponda to the 
number 852; the characteristic is 1 oo there are two integral 
placeo, hence the number is 85.2. II the given log had been 
1.9306, there is no exactly cor,...,ponding mantissa in the 
table. but the next lower one ia 0.9304. The difference ia 2 
(0.000'l, actually), and on referring to the columns of 
proportional parta on the same line it is found that a differ
ence of two may indirate either 3 or 4 as tJie fourth digit in 
the antilogarithm. Hence the Mtilogarithm of 1.9306 ia 
either 85.23 or 85.21. This is the mu.ximum unoerblint.y 
which will be encountered ,.;th lour-place tahleo; in m08t 
case11 the fourth figure will have no uncertainty. 

In determining numben, whoee logarithms are given (surh 
numbere ar� caUed antWJ(/OrUh,M and a.re l't'ritten 101C1) the 
procedure given above ia reversed. For example, given 1.93(.M 
aa the logarithm of a number to be found, inspootion of the 

N 0 1 2, 3 { 5 6 7 8 9 

--
55 7404 7412 7419 7427 7435 7«3 7451 7459 7466 7474 
56 7482 7{00 7407 7505 7513 7520 7528 7536 7543 7551 
67 7559 7566 7574 7582 7589 7597 7004 7612 7619 7627 
58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701 
59 7700 7716 7723 7731 7738 7745 7752 7760 7707 7774 .. 7782 7789 7796 7803 7810 7818 7825 7832 7839 7840 
61 7853 7860 7868 7875 7882 7889 78116 7003 7910 7917 
62 7924 7931 7938 79{5 7952 7959 7966 7973 7980 7987 
63 7993 8000 8007 8014 8021 8028 8035 8041 80{8 8055 
64 8062 8069 8076 8082 8089 8096 8102 8109 8116 8122 

65 8129 8136 8142 8H9 8156 8162 8169 8176 8182 8189 
66 8195 8202 8209 8215 8222 8228 8235 8241 8248 8254 
67 8201 8267 8274 8280 8287 8203 8209 8306 8312 8319 
68 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382 
69 8388 8395 8401 8407 8414 8{20 8426 8432 8439 8445 

71 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506 
71 8513 8519 8525 8531 8537 8543 8/149 8555 8561 8567 
72 8573 8579 8585 8591 8597 8603 8609 8615 8621 8627 
73 863a 8639 8645 8651 8657 8663 8669 8675 8681 8686 
74 8692 8698 8704 8710 8716 8722 8727 8733 IJ'i39 8745 

75 8751 8756 8762 8768 87H 8779 8785 8791 8797 8802 
76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859 
77 8865 8871 8870 8882 8887 8893 8899 8904 8910 8915 
78 8921 8927 8932 8938 8943 8049 8954 8960 8965 8971 
79 8976 8982 8987 8993 8998 0004 9009 0015 9020 9025 

8t 0031 0036 0042 9047 -0053 9058 9063 9069 0074 9079 
81 9085 9090 9096 9101 9106 9112 9117 9122 0128 9133 
82 9138 9143 91{0 9154 9159 9165 9170 9175 9180 9186 
83 9191 9196 0201 9206 9212 9217 9222 9227 9232 9238 
84 9243 92{8 9263 9268 0263 9269 9274 9279 9284 9289 

85 9294 9209 {'.._ 9309 9315 9320 9325 9330 9335 9340 
86 9345 9360 9865 9360 0365 9370 9375 0380 9385 9300 
87 9395 9{00 9{05 94 t 0 9415 9420 9425 9430 9436 9440 
88 94-45 9450 9455 9460 9465 9{69 9<'74 9<'79 9484 9<'89 
89 949{ 9{90 9Ml4 9509 9513 9518 9523 9528 9533 9538 .. 9M2 9M7 9552 9557 9562 9566 9571 9576 9581 9586 
91 9590 9505 9600 9605 9609 9614 9619 9624 9628 98-�3 
92 9638 0643 9647 9652 9657 9661 9666 9671 9675 9680 
93 9685 9689 0604 9699 9703 9708 9713 9717 9722 9727 
1M 9731 9736 97 41 9U5 97 50 9754 9759 9763 9768 9;73 

95 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818 
96 9823 9827 9832 9836 9841 98(5 9850 9854 9859 9863 
97 9868 9872 9877 9881 9886 9890 0894 9899 9003 9908 
98 9912 9917 9921 9926 9930 9934 9939 11943 99'8 9052 
90 9956 9961 9965 9069 9074 9978 9983 9087 9091 9096 -
N 0 l 2 a 4 6 6 7 8 9 

1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
l 

l 
I 

1 
I 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 

Proportional Parts 
. 

2 3 4 6 6 7 8 

2 2 3 4 5 5 6 
2 2 3 4 5 5 6 
2 2 3 4 5 5 6 
1 2 · 3 4 4 5 6 
I 2 3 4 4 5 6 

1 2 3 4 4 5 6 
1 2 3 { 4 5 6 
1 2 3 3 4 5 6 
1 2 3 3 4 5 6 
1 2 3 3 4 5 5 

1 � 3 3 { 5 6 
1 2 3 3 4 5 5 
l 2 3 3 { 5 5 
1 2 3 3 { { 6 
I 2 2 3 4 4 6 

1 2 2 3 4 4 -t; 
1 2 2 3 4 4 5 
1 2 - 2 3 4 4 6 
l 2 2 3 { 4 6 
1 2 2 3 { 4 5 

1 2 2 3 3 4 6 
1 2 2 3 3 4 5 
I 2 2 3 3 4 4 
I 2 2 3 3 { 4 
1 2 2 3 3 4 4 

1 2 2 3 3 .. 4 
1 2 2 3 3 4 4 
1 2 2 3 3 4 4 
1 2 2 3 3 4 4 
l 2 2 3 3 4 4 

l 2 2 3 3 4 4 
1 2 2 3 3 • 4 
l l 2 2 3 3 4 
1 l 2 2 3 3 4 
l 1 2 2 3 3 4 

1 l 2 2 3 3 4 
l l 2 2 3 3 4 
l 1 2 2 3 3 4 
l l 2 2 3 3 4 
1 l 2 2 3 3 4 

1 l 2 2 3 3 4 
1 l 2 2 3 3 4 
1 1 2 2 3 3 4 
l l 2 2 3 3 4 
l l 2 2 3 a 3 

2 3 4 6 6 7 8 
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7 
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6 
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6 
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6 
6 
6 
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6 
6 
5 
6 
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4 
4 
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4 
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4 
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GOOD BOOKS 

Every amateur should maintain a carefully 
selected bookshelf; a few good books, con
sistently read and consulted, will add im
measurably to the interest and knowledge of 
the owner. We suggest a selection among the 
following works, all of which have been care
fully chosen and are recommended in their 
various fields. 

Fundamentals: 
Audtl'• Now Radioman', Guide, by E. P. Anderson. For 

one wbo wanto to get a working knowledge of radio. Not 
an engineering text.. but filled with lll!Cful information for 
the practicing radioman. 765 pagee, 519 illuotrat.iona. 1940. 
Audel, 14.00. 

Fundameruall of Radio, by F. E. Terman. An elementary 
version or the author's " Radio Engineering" with simpli
fied t.reat.ment intended for readers of limited mathematical 
ability. i58 pagee, 278 illw,trat.ions. 1938. McGraw-Hill, 
53.75. 

G.aing Acquainted Witll Radio, by Alfred Morgan. Gi,•ee 
the neophyte in radio the basic principles of tbe l!Cience in 
popular language. 285 pages, 130 illustrationo. 1940. Century, 
12.50. 

Principlu of Radio, by Keith Henney. This popular book 
covers the range from the fundamentals of electricity to 
modern concept& of modulation and detection. 495 pages, 
311 illustrations. 3rd edit.ion, 1938. McGraw-Hill, $3.50. 

Theory and Engineering: 
Ekarical Communication, by Arthur L. Albert. General 

treatment of tbe whole field of electrical communications, 
both wire (telegraphy and telephony) and wireleea (radio). 
534 pag..,, 397 illustrations. 2nd edition, 1940. Wiley, S5.00. 

EkctricGl Bngimer, Handbook: Communication and El,c
troniu, by Pender and McDwain. Enaineerins reference 
book covering all phaaee of communication and electrcmica. 
1022 pages, 981 illustrations. 1936. Wiley, '5.00. 

Radio Bnqineerino, by F. E. Terman. A compn,hen.ive 
t.reat.ment covering all phaaea of radio. The recognised 
authority in ito field. 813 pages, 475 illuatrationa. 2nd edi
tion, 1937. McGraw-Hill, '5.50. 

Radio Engiro«rinq Handbook, Keith Henney, Editor. An 
authoritative handbook for radio engineers, with technical 
dal.a on all a.spools of radio. 9411 pag..,, 837 illustrations. 
1941. McGraw-Hill, '5.00. 

Print:iplu of Elutron Tubu, by H. J. Reich. The theoi-y, 
characteristic.. and applicatiollll of electron tubes and their 
circuit&. lnclud.., data not el.aewhere available. a97 pages, 
illuatrated. UM 1. McGraw-Hill, $3.60. 

&periments and Meaaurementa: 
M.,.,,,,..-. in Radio Enoi11«ri1111, by F. E. Terman. A 

comprehensive discussion of mea,mrement problems en
countered in engineerins practioe, with emphasis on haaic 
principles. WO pag..,, 2()8 illuatl"ation& 193'.5. McGraw-Hill, 
$i.OO. 
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Radio Frtquencu Eledrical M ..,...,.tfflffltl, by H. A. 
Brown. A laboratory course in r.f. meaaurement.e for com
munications at.udente. ContaiN1 practical information on 
methods. 384 pages, 177 illw,tralions. Z..d edition, 1938. 
McGraw-Hill. $4.00. 

T� Cathode-Rau Tube at War.I;, by John F. Rider. Cathod
ray tube theory, sweep circuit&, &.c. wave patterns and 
oscilloacopeo, including actual photographs of ecreen pat,. 
terna. 322 pagOll, 444 illuatrations. 19311. Rider, $2.60. 

Commercial Operating and Equipment: 
Radio �aling Quuiio,.. and Amwer,, by Niloon and 

llornuu,c. Giv.., answers to queation• in the FCC atudy 
guide co,fering all six element.a or the commercial examina· 
I.ions. 415 pages, 87 illustratioru,. 7th edition, UH0. McGraw
H ill, S2.50. 

TM Radio Manual, by G. E. Sterling. A practical hand
book, especially valuable to the commercial and broadcast 
operator. covering principles, methods and apparatwi. Illus
trated. 1120 pages, 1938. D. Van No_etrand, '6.00. 

Booka [lealing with Specialized Radio 
Topics: 

Aeronauli,; Radio, by Myron F. F..ddy. Suppli,. the infor
mation needed by students. piloto, mechanics, operators 
and exeeutivea. Prepares !or aviation radio licen.i,e exams. 
502 pages, 198 illustratione. 1939. Ronald, '4.50. 

FrtqUeney Mo,lulation, by John F. Rider. Practie&l e.x
pogition of the subject from the �n·iceman 's standpoint, 
but including worthwhile theoretical background. 136 
pages, illustrated. 1940. Rider, $1.00. 

MatMmatiu for Electridam and Radu,,Mn, by Nelson 111. 
Cooke. Furnu,hes the student with a aound mathematical 
foundation and shows how to apply this knowledge to 
practical problems. 604 pages, illustrated. 19i2. McGraw
Hill, 14.00. 

Prindplu of Telmnon Enqineerinq, by D. G. Fink. 
Covers the tclevuiion system from the camera t.o the view
ing screen in t.he receiver, with descriptions of modern 
equipment. Ml pag..,, 313 illuatratiollll. 1940. McGraw
Hill, '5.00. 

Radio ao a Carur, by J. L. Hornung. A reali8tic d.iacus
sion of the opportunitiea to be found in the varioua radio 
fields and the relatioll8bip of the radio amateur to these 
fields. 212 pagea. 1940. Funk & Wagnalls, Sl.60. 

Strncing Superheurod111t,., by John F. Rider. Theory and 
pract.ioe of auperbeterodyn .. , with adjw,tment and troublo
abootinc data. 278 pag ... Rider, S 1.00. 

Publishers addresses: 
D. Applet.on-Century Co., 35 w .. t 32nd St., New York. 
D. Van Nostrand Co.., 2ro Fourth Ave., New York. 
�'unk & Wagnalls Co., 3114 Fourth Ave., New York. 
John F. Rider, 404 Fourth Ave., New York. 
McGraw-Hill Book Co., 330 West 42nd St .. New York. 
Ronald Preas, 15 East 26th St., New York. 
Theo. F. Audel & Co., i9 West 23rd St., New York. 
Johll F. Wiley & Bona, ffO Fourth Ave., New York. 
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