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Sivee 1926 the Ameriean Radio Relay league has published The
Radio Amateur’s Handbook, primarily as a manual for the tens of thousands of
practitioners of amateur-radio communication all over the world. The Leagueis 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 closed down because of the war, and with the whole nation engaged in
the great struggle, the I{andbook now has a new mission to perform. With many
hundreds of radio training classes in formation in the universities, colleges,
high schools and community eenters of the country, this special revision of the
current edition has been prepared in the belief that it can serve as a more valuable
hut inexpensive text for defense training courses.

Devoted to a fast-moving and progressive science, the /landbook has required
sweeping and virtually continuous modifieation throughout its life. 1ts annual
rewriting is 2 major task in the family life of the headquarters group of the League
at West lartford, where most of the technically-skilled speeialists of the staff
participate in the work under the general technical editorship of George Giram-
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 seemns 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 /{andbook, 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 caleulated to acquaint the student with the appearance 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 HHandbook. And because
many defense courses will also incorporate instruction in the international 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 heen 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
hackground 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 sugareoating, 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 systein: It will be noted that each 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 nummber, the sec-
ond the section number within the chapter. Cross references in the text take 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
as much assistance in the national effort as its predecessors have been to licensed
amateurs.

Kexxern B. WaRrNER
West Hanrrorp, CoNy. Manuging Secretury, A.R.R.L.
February, 1942
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CHAPTER ONE
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IN orpINARY 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-
tals 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-
metie is assumed, but a review of decimals and
the method of extracting square root is in-
cluded for the bencfit of those whose daily
mathematical experience is limited to the very
simple arithmetical operations which most
people find sufficient for non-technical pursuits.

o l-1 DECIMALS
Notation — Our system of writing numbers
is based on multiples of ten, with the position
of the digit indieating the multiple to be used.
Fundamentally we have only the digits i, 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 othier 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 110 divided by 10, or
1100, the third place is 1/100 divided by 10,
or 11000, and so on. By converting fractions
to make their denominators 10 or multiples of
10 we can fit them neatly into the system.

Forming decimals — Fractions can be con-
verted by multiplying both the numerator
and denominator by a number which causes
the resulting denominator to be a multiple of
ten. For example, the fraction 4 can be
converted as follows:

1.5 _5
275710

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 X4~ 100 = 008
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.

Multiplyving 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 X790 =100 = *50

5 100 _ 500
10 7 100 1000

‘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 has 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= j00 = 08

= 0.500

or

CHAPTER ONE 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. 'T'his 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 he-
fore the first digit is filled by a zero.

Mixed numbers, such as 634, can be changed
to decimals either by making an improper

)
. L. . 27
fraction (which in this case would be 4\ and

then dividing as above, or by changing the
fraction alone into a deeimal and simply plac-
ing the integer (an integer is a whole number)
to the left of the decimal point. Thus 33 =0.75;
adding the 6 gives 6.75.

Rules 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

2485
218003
4.6
247453

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:

286.200
— 31028
255172
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 helow 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,

2365

X 4.8

18920
9460

113520

8 CHAPTER ONE

The decimal places in the result are counted
off from the right, ineluding any terminating
zeros that may arise as a result of the multipli-
cation. [t should not be hard to see the reason
for this rule, remembering that the decimal
portions of the numbers are really fractions.
Without deeimals, 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

5262)163.122(3.1
15786
5262
5262
Another example, 22.5 divided by 0.15:

0.15)2250(150
15

s
St T

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

5262)163122
15786

5262

5262

Starting from the decimal point in the divi-
dend, count off to the right the number of
decimal plaees in the divisor, place the deeimal
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
ahove that in the dividend. This form has the
advantage that the division ean bhe continued
conveniently in case the quotient is not “even.”
For example, to divide 23.84 by 13.3:



i 1.792 +
133)238400

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

el-2 POWERS AND ROOTS

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. If 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, whieh 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 superseript to the right of the
number itself; thus 3 raised to the 4th power is
written 3. The number which denotes the
power is called an exponent. The second power
is frequently called the ‘“square,” because if
the number represents the length of a line,
multiplying by itsclf is equivalent to finding
the area of a square having sidex 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 he
the number given. For example, 3 is ealled the
third (or cube) root of 27, hecause 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 sign v is used, with the order or
number of the root (called the index) written
in the opening of the “V.” Tor example, the
4th root of 16 is written

V16

When the second or square root is to be taken,

jormu/ad ancl grapAA

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
deseribed 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:

V528.36'70

Note that a zero has to be added to the decimal
to make two figures in the last group; this
ix 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

1V/5'28.36'70
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
/528 36'70
4
[T2s
Double the root (2) already found and place it
to the left:
2
V/5'28 3670
4
4]128
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:

23
< A/5'2836'70
4
43[128
129

At this point it is necessary to subtract again,
but unfortunately the subtrahend 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

CHAPTER ONE 9
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substitute 2 for 3 and try again, getting a
smaller number which can be subtracted:
2 2
4 5'2836'70
4
42[1238
84
44

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

22 9

25283670
4
421238
84
44974436

4041
395
Continue until all places are filled above the
two-digit groups in the original number:

22.9 8

V5283670
4
42]128
84
4494436
4041
458839570
36704
2866
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 deeimal, then proceeding just as
hefore.

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
V257049
25
10] 70

On covering up the 0 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 eontinued as hefore:

50

V257049
25

100] 7049

lO CHHAPTER ONE

an additional group (49) heing brought down

for the next division.

o 1-3 FORMULAS

Literal notation — The
and electrical circuits are
expressed by formulas in
quantities are denoted by

laws of electricity
most conveniently
which the various
arbitrary symbols,

generally letters of the alphabet. This ix called
literal mnotation, 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 flowing in a circuit is equal to the
impressed electromotive force divided by the
resistance, using consistent units,”” In algebraic
formula this is written

E

R

in which the letter / stands for current, E for
clectromotive force and R for resistance, 19x-
pressing the law in this way has the additional
advantage that anyone familiar with the ele-
mentary processes of algebra can see at a
glance the further relations:

I =

E =RI
E
and R = 7

either of which would have 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
quantitics 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, +,+/ , ete.) are used.
However, division is nearly always indicated
by writing the dividend over the divisor in the
form of a fraction, as —I—jt’ in Ohm’s Law given
above; this means E divided by B. An alterna-
tive method of writing the same thing is £ R,
where the diagonal bar has the same meaning
as the horizontal fraction bar. Multiplication
can be indieated 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 7.”” 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 bhecause neither 3142 nor
31,42 ix 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 K.

In an expression such as 15E the number 15
is called a coeflicient of E. A coeflicient is a
factor, either literal or numerieal, whose value
is fixed. The symbol & is frequently used in
electrical formulas where a eoceflicient, 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 12,
instead of 4 X 3K. The latter or algebraie form
is used only when multiplieation is by a literal
quantity; thus, /7 X 3R would be written 3/12.
It is usual to assemble the literal factors to-
gether and to put the numerical factor first.

Braekets — Bracketed symbols indicate a
group that is to be treated as a unit. Thus if
we write (¢ + b) we mean that the bracketed
quantity must be treated as though it were all
one symbol. This is necessary to distinguish
between expressions of the type ab — ¢ and
a(b — c). The former means ““ Multiply « by b
and then subtract ¢ from the product,” while
the latter means ‘“‘Subtract ¢ from b and then
multiply the difference by «.”’ The two are not
the same thing, as substitution of any numbers
you may choose for a, b and ¢ will readily show.
Similarly, (@ — b)? means “Multiply (¢« — b)
by (2 — b as distinguished from a — b,
whieh means ‘“Multiply b by itself and sub-
tract the produet 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. lor example,
11 4+ 6 4+ 8gives thesame totalas6 4+ 8 + 11
or 8 + 11 4+ 6, ete. The same thing is true
of multiplication; 5§ X3 X2 =2 X 5 X 3 =
3 X 5 X 2, ete. However, in subtraction and
division this is not the ease in ordinary arith-
metic: 12 — 9 is not the same thing ax 9 — 12,
nor is 42 + 7 the same as 7 + 42. By con-
sidering subtraction as algebraie addition of a
negative number this restriction ean 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 4 12, the plus
and minus signs being eonsidered to be prop-
erties of the numbers. A number having no
sign prefixed is always understood to be posi-

1
tive. Similarly, 42 + 7 = 42 X 7 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.

30"”1“ /(l.f (lll(/ ra JAJ
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When algebraic addition and multiplication
are both indicated, as they frequently are in a
single formula, the order of operations is very
important, Thus if we have ab — ¢, in which
a, b, and ¢ have the values 4, 8 and 3, respec-
tively, substitution would give 4 X 8 — 3.
This gives 29 as an answer, whieh is not the
same as if we first subtraeted the 3 from the 8
and then multiplied the difference by 4. The
general rule is that the operations indicated in
an cquation must be performed in sequence
from left to right. [t is important to note that
in a literal expression factors may not he sepa-
rated by addition or subtraction, Thus in the
expression ¢ + be, when numerical values are
substituted the multiplication must be per-
formed first. Using the previous values, a + be
doex not mean 4 + 8 X 3, which is 36, but
4 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 sy mbols.

Powers and roots — In some formulas it is
necessary to raise a series of faetors to a eertain
power or to take a specified root of a group of
factors., If we want to square the expression
abe we have (abc)®. This means that the whole
expression is multiplied by itself; that is,
abc X abe, or, dropping the multiplication
sign, abcabe. Since the order in which the
multiplication is performed does not matter,
this can be rewritten aubbcc. But aa = o,
bb = b? and cc = c?; therefore (abc)? = «®bc%
In other words, the square of a series of factors
is equal to the produet of the squares of each
factor, and similarly for higher powers. Identi-
eal reasoning will show that the same rule ap-
plies for roots: Vabe = va X Vb X /e, or
Vavihve.

In expressions ealling for raising the alge-
braie sum of two or more numbers to a given
power, or for extracting a given root, no such
simple rule applics. For instance, (4 + 3)? is
equal to 7%, which is 49. It is not equal to
4% 4 3%, 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 sumn hefore 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

a(b +% — d) each part (called a term) of the

sum must be multiplied by the faetor. In the
example this gives
alh + - d) = ab + e _ 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 « and b
are positive, sinee their signs are not written),
This is always the case when the multiplier ix
positive. If the multiplier has a negative sign,
as in the expression ¢ — hie + d — ¢), 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 « — be — bd + be.

If the bracketed quantity is to be added to
another quantity, as « + (b — ¢ + ), 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+ec—d

These rules are easily illustrated by means of
numerical examples. [n each case the dis-
tributed form is shown first, followed by the
method of first collecting terms (performing the
additions) inside the brackets.

Multiplieation by a positive number:

AX 8 —44+1 40 — 20 + 5 = 25
X (B) =25

Multiplication by a negative number:

12 -84 —2) =12 — 12 + 6 = 6
12 -32) =12 —6 =26

Addition of a bracketed quantity:

0+ ®+2—-3 =10+4+8+2—3=17
10 +7 =17

Subtraction of a bracketed quantity:

10 —-8+2-3=10-8-2+3=3
10 -7 3

Transposition — In general, a satisfactory
solution of a formula eannot be obtained un-
less the numerical values of all but one of the
literal quantitics are known. Taking Ohm’s
Law again as an example, the relation

o
R

will give the current, /, when known values of
electromotive foree (voltage) and resistance
can be substituted for E and K in the formula,
Using ordinary units, if £ should be 80 volts
and R 40 ohms, the eurrent would be 80 + 10,
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
quantitiecs may be the unknown, regardless
of its position m the equation, and the equa-
tion ean be {ransposed 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. [t is convenient
to arrange an equation in this way before
actually substituting the numerieal values for
the known quantities.

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

S X3 =11+4

and add 6 to each side:

(5X3) +6
15 + 6

The same quantity subtracted from each side
of an equation also leaves hoth remainders
equal; similarly, mualtiplying both sides by
the same number or dividing both sides by the
same number does not echange 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 hoth sides and on the whole of each side.
For example, if we wish to square both sides
of the equation ¢ = b + ¢, the right-hand side
must be considered as a unit so that the result-
ing equation is «* = (b + ¢)%. As we have seen
before, this is not the same thing as b + ¢% or
even b2 + % 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 eur-
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. Sinee 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 hoth sides of the equation by
R, so we have

11 +44+6
21

Ixr="F

R
R X

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



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

1

=R X =
1

In this ease the I's on the right-hand side can-

cel, leaving us

]
E >
><I

E
R i

In more complicated equations it may be
necessary to perform several operations of this
nature in sequence hefore the desired arrange-
nmient of the equation is secured. For example,
the equation for the resonant frequeney of a
tuned cireuit is

f= %
T LL
where f is the frequeney, L is the inductance
and C the capacity in the circuit. (r, the ratio
of the circumferenee 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 not want the result in
fractional form. To do this, multiply both sides
by 2x+/LC. This gives
1

f X 2xVIC = ———— X 22V LC
27V L

or 2xfV/IC =1

The order in which the factors 2, = and f are
written together does not really matter, but
that shown is customary. We next need to get
rid of the radieal, which we ean do by squaring
hoth sides of the equation:

2rfV L) = 12
or 2xf)2 LC =1

since 12 is still 1. The last 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:

@ofrLe 1

(27]',")2 IJ - (27]',")2 IJ
when the (2xf):L’s on the left caneel out,
leaving
_ 1
T (2n): L

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

c

a c

T d

and multiply both sides by ﬂ' we have
ac

30"”1“/(15 ancl gl'(tPAJ

abd bdc

abc  ade

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

c

2= g0r
That is, if both sides of an equation are in-
verted, the resulting expression is an equality.
Any equation ean be considered to bhe in this
form, even though neither side is expressly
fractional, beeause any whole number ean be
considered to be a fraction of the form n/1
(dividing a number by 1 does not ehange its
value). Sueh a number inverted beecoines 1/n.
Inversion ean bhe used to advantage in
transposing a formula such as the following

—— l%
1 L B
et R

which is the rule for finding the net resistance
of resistances connected in parallel. The series

R =

of dots indicates that similar terms (};- where

n
n indicates the last number of a eonsecutive
series) may be added until there is one term
for each resistor in the actual group eonsidered
in the problem. Suppose we have two resistors
in parallel and want to add a third to make the
total resistance, R, have a specificd value. We
need then to transpose the equation to give
R3, the third resistor, in terms of the first
two, Ry and Rs, and the total resistance, K.
By the rule for inversion,

111
TR TRTR

1 1
Subhtracting I + Re from both sides we have
1

remaining
1 i 1 1 1

1 1 _r 1 1

Ry~ R _(IT,+1¢2 R R R
Inverting again,
1
Ry = e
A T T
R R TR
Observe that the whole expression on the right
hand side must be inverted, not simply the
individual fractions.

Hints for solving formulas— In practical
use of formulas the quantity which must be
found may or may not appear alone 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 quan-
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 togcether,
write the multiplication sign between them
when the figures are substituted. Enelose fae-
tors in brackets when their produet is to be
added to or subtracted from a preeeding quan-
tity, and perform the necessary numerieal
operations to reduce bracketed quantities to
a single number first.

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:

(I + 1) (R + Ry)
- 098, — o 1 3 - E
E, 0.9E, 1000

T

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; [, = 25;
Iy = 100; By = 75; Ry = 125; E, = 15. Sub-
stituting, we have:

(25 + 100) (75 + 125)
1000

0.9 X 750) — 15

Collecting terms:
125 X 200

', = 675 15
E, 675 1000

= 675 25 15
E, = 635

When fractions appear in the denominator
of a formula it ix usually best to convert them
to decimals. For example, the formula for three
resistances in parallel previously mentioned:

1

L
Ry Ry R3
is more easily solved by dectmals than by the
method of finding a common multiple for the
fraetions in the denominator and then adding.
Thus. suppose that the values given for ¥y, .
and Ry are 500, 250 and 100, respeectively.
Substisuting gives

R =

1
s 1 < 1
5000 250 7 100

R =

The corresponding decimals are 0,002, 0.004,
and 0.01. Substituting again:

1 1
R = i =
k 0.002 4 0.004 4 0,01 0.016

Performing the division,
R =625
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ol-1 LAWS OF EXPPONENTS

Multiplication and division — As we have
seen (§ 1-21, the power to which a number is
raised is the number of times it is used as a
factor. The number « alone means the first
power of a, or a', but the exponent 1 is seldom
written since a number having no exponent is
always understood to be its first power.,

Now if we multiply @® by «, we really have
aaa, since * = aa. Also if we multiply «® by o*
we have aaaa, or of, Similarly, «® X o® (ordi-
narily written «3¢?) is equal to aaaaa, or ® In
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, aa® = a*;
aba* = a7; b'b = b5, and so on. It is necessary
to remember that a number with no exponent
written always has the exponent 1.

Suppose now we have «® «. This is the same
as saying

aaa

({3

in which one « in the numerator cancels one in
the denominator, leaving «aa, or o> Or,
b3/b% = 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 is the number raised to a power equal
to the exponent of the dividend minus the
exponent of the divisor. Thus, «*/a = o%;
b% b® = b3; b8/b® = bP, ete. This fact opens the
possibility of writing a divisor in a different
way. Thus, «*/a = a® can he written as a
multiplication in which the exponent of the
divisor is negative: «*«! = a3, Addition of
the negative exponent is the same as sub-
traction of a positive exponent. Other examples
are: b2 = b%; «®a~! = a, and so on.

Consequently, a negative exponent indicates
division by the same number with a positive
exponent. In other words, a=* = 1/d%; b5 =
1/b% a~! = 1/4, ete. This form is frequently
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=a' and 1/a =a~', a/a can bhe written
a'a”' =1, or simply aa~! = 1. By the law of
exponents this also can be written aa™' = ",
Similarly, a3a= = % b%~2 = b? ete. Dividing
a number by itself is equivalent to raising the
number to the Oth power; therefore the ex-
ponent 0 means that the number reduces to 1.

Significant figures; order of magnitude
— When numerical valies are very small or
very large it is common practice to make two
factors out of the number, one of whieh is the
“significant’’ part and the other a power of
ten, the “order of magnitude.,” For example,



the number 568,000,000 would be scparated
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 107%;
0.000004 would be factored to 4 and 1/1,000,-
000 (0.000001) and written 4 X 1075 and so
on. The following table shows the powers of
10 commonly used as factors in writing num-
bers in such form:

105 = 1,000,000

10° = 100,000

104 = 10,000

100 = 1,000

102 = 100

107! = 0.1
10-2 = 0.01
1073 = 0.001
104 = 0.0001
1078 = 0.00001
107% = 0.000001

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

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

Powers and roots — To square a number
such as a, we use it twice as a factor, thus:
a®a® = ab. The operation usually would be
indicated by writing it in the form (a®? in-
dicating that the quantity inside the brackets
is to be squared. Similarly, («?)® = a?a®a® =
ab; (b2 = b* b* = b%, and so on. The exponent
in the result is equal to the produet of the ex-
ponents in an expression such as (194 = o,
It follows that in taking a rest of such an ex-

pression as \3/71—9 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; Vv = a¥; Vit = a?; Vb = q;
v/a® = a2, ete. Since division of exponents is
indicated in such eases, 9we can write an ex-

pression like Va® as‘aé, which equals a3;

Vv/a* can be writte:\ a?, equalling a?; vat =
4 —

a' = aq, va® = a =‘a2,

exprlession such as a?

and so on. An

also can be written

(a*)?, since multiplication of the exponents
4

gives a2, and similarly for the other examples.
In other words, a fractional exponent of the

form 1/n means the same thing as v/ .

01-53 LOGARITIINMS

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

jormu/ad anJ g"alaéd

ber, 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
he expressed as exponents of some number
chosen as the base. Such exponents are called
logarithms, 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 101 = 10, the logarithm of 10 is 1;
since 10° = 1000, the logarithm of 1000 is 3,
and so on. Likewise, the logarithm of 1 is 0
(writtenlog1 = 0), since 10° = 1;log0.1 = — 1,
since 10—t = 0.1, ete. 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 1=0
log 0.1 = —1
log 0.0 = -2
log 0.001 = —3
log 0.0001 = —4

The logarithms of all numbers between |
and 10 must have values lying between 0 and
1, since log 1 = 0 and log 10 = 1. They are,
therefore, all proper fractions, and usuallly are

written as decimals. LFor example, 10% (or
its equivalent 10%5) represents /10, the value
of which, to two decimal places, is 3.16, there-
fore log 3.16 = 0.5. Similarly, \3/-10 = 109-333,
the value of the number being 2.15, therefore
log 2.15 = 0.333; V/10% = 10%5%6; the number
is 4.64, therefore log 4.64 = 0.666. The
logarithms of the integers from 1 to 10 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 = 0.8551
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 relations — Remembering
the laws of exponents, and that logarithms are
actually exponents of powers of the base, we

CHAPTER ONE /5



j‘e /Qat[io _/4maleur’5 ﬂanz[éaoé

can express the rules for their use by the equa-
tions:
log (a X b) =loga+logb

log ‘; =loga —logb
i

logar=n Xloga

log a
log am® = ——

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

log (2 X 4) =log2 + 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 3, using the second rule: Sub-
stituting 10 for « 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 « and 3 for n,

log 22 = 3 X log 2
3 X 0.3010
0.9030

Within the limit of aecuracy, 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 « and 2 for n,

log 9
)
= 00512 + 2
014771

This is the logarithm of 3, therefore the square
root of 91is 3.

The characteristic — Since we simply add
the exponents when multiplying two powers
of the same base, it is unnecessary to deterniine
the logarithms of any numbers other than
those between 1 and 10. Every number be-
tween 10 and 100 is 10 times some number
hetween 1 and 10, every number between 100
and 1000 is 102 times some number between 1
and 10, and o on. Similarly, every number
hetween 1 and 0.1 is 1/10 of (or 10-! times)
some number between 1 and 10; every number
between 0.1 and 0.01 is 10-2 times some number
hetween 1 and 10, ete. For example, the
logarithm of 600, which faetors to 6 X 107, 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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1
log 9%

decimal -part of the logarithm is called the
mantisse and the integral part is called the
charactertstic. When the eharaeteristie is nega-
tive it is eustomary to add 10 to it and then
indieate -that 10 is to be subtracted from the

whole logarithm. Thus 2.7782 would be written

8.7782 — 10, 1.7782 would be written 9.7782
— 10, ete. This avoids having a negative
eharacteristic with a positive mantissa. Tt
would be possible, of course, to subtract di-
rectly; thus the algebraic sum of 0.7782 and
— 1is — 0.2218, but this form would be less
useful, beeause a negative exponent indicates
that the same number with a positive exponent
is to be divided into 1. Thus 10-%-221% means
1

10525 T Ta66" 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 characteristie
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 characteristie.

Logarithms are assembled in tables for ready
referenee. Only the mantissas are given; in any
partieular problemn the characteristie 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 he used as a
three-place table by reading the logarithm
opposite the given number. The scale of num-
bers is ealled a logarithmic scale, and is very
frequently used in graphs, as discussed in later
sections.

o 1-6 FUNCTIONS

} ariables — One quantity is said to be a
Junction of another quantity (called the tnde-
pendent vartable) when the value given the
latter determines the value of the former. Thus
the area of a square is a function 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 characteristies is a
function of the applied electomotive force or
vottage. That is, if

E
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Fig. 101 — The right hand

seale gives the logarithms

of the numbers shown on — 0.5
the left hand scale. 3 —
2504
2—-03
E0.2
= 0.1
=0

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

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

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

A = 7t

If = is a constant, the area, A, will be propor-
tional to the square of the radius, r. Speaking

30""1“/&5 ant[ Q)ru,J/u

generally, in a formula of this kind the value of
the function, or dependent variable, is propor-
tional to a power (in the example, the second
power) of the independent variable. Such a
function is called a power function. Direet and
inverse proportions are really special eases of
power functions where the exponents are 1 and
—1, respectively. The charaeteristie 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
7%, 4 will beeome 1 times as great cach time
the radius is doubled.

Exponential and logarithmic functions —
Another type of function is one in which an
inerease in equal-value steps in one variable is
accompanied by equal-ratio steps in the other
variable. This is called an exponential function.
Thus if we have a series of numbers, a, a®, @®,
a®, a®, the exponent inereases by 1 in each step,
but the number itself increases by the factor a
each time. The differenee between this type of
function and the power function can be illus-
trated by the following table:

Dependent Variable

Independent Power Exponential
Variable Function Function
1 1 1
2 4 2
3 9 8
4 16 16
5 25 32
6 36 64
7 49 128
8 64 256
9 81 Hi12
10 100 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
funetion is doubled (powers of 2) for cach
equal-value step in the independent variable.
If we call the independent variable z and the
dependent variable y, the formulas for the two
cases are as follows:

Power funetion: y = 22

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 ean also be written in
logarithmic form:

z=logs y

where the subseript 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 logarithmie function
in radio work is the loudness of signals, To the
car, cqual steps in loudness are caused by
cqual-ratio steps in sound power. A just-
deteetable inerease (or deerease) in loudness is
called a **decibel,” and the relationship be-
tween steps of loudness and power ratios is
given by the formula:

. Py
Decibels = 10 X log —
Py
where Py and Ps are the first and second power
levels, respeetively. The logarithmie base is 10,
whieh is always the case when no other base is
definitely specified.

o I-7 GRAPIIS

Coordinates — A graph is a pictorial means
of expressing the relationship hetween a fune-
tion and independent variable. It shows at a
glance the value of the funetion 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 coirdinate
systems, the most common of which is the
system of rectangular coirdinates, so called
beeause it consists of equally spaced series of
lines at right angles to each other. A graph of
the relationship between E and I in the
formula I = E R, when R is constant, is
shown in Iig. 102, The horizontal lines are
called abscissas and the vertical lines ordinates.
The horizontal base line is ealled the ““ X axis”
and the vertical base line (at the left) is called
the “Y axix.”" These names are used because
it is customary to use the symbol y for the
function and z for the independent variable,
and to plot the values of the funetion 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
cquation for the value of the function for each
value of the independent variable, Each pair of
vilues represents a point on the graph, the
position of the point being determined by the
spot w here the ordinate and abseissa represent-
ing those pmtwulm vilues eross, Thus in Fig,
102 the X axis is marked off in terms of voltage
and the Y axis in current. With 2 constant at
100 ohms, we can make a table of the values of
I as follows, using 10-volt steps for E:

When £ = 0 \(7“5, I = 0 amperes
E =10 I =01 e
=20 - )2 -

FE 30 -
=40 *
E =50 -
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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 0 (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

1. The second point is plotted by locating
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 has
heen plotted, a smooth line is drawn joining all
of them together; this line is called a curre, even
though it may be perfectly straight as in the
illustration,

It can be seen from Fig. 102 that the graph
of I as a function of E 1s a straight line. A
function which is directly proportional to the
independent variable always gives a straight-
line graph on rectangular coordinates.

Scales — Scales of the type shown in VFig,
102, in which equal segments on a given seale
have the same value no matter where they are
taken, are called linear. Thus the length on the
X axis between 0 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
logarithmie scale is better bhecause 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 in the funetion, which makes it difficult
to read the graph aceurately. In general, it is
advisable to ehoose scales so that the plot of
the funetion will be a straight line, or nearly
straight line, making an angle of about 43
degrees with either axis. This gives maximum
readability.

Logarithmic scales for both abscissae and
ordinates will give a straight-line eurve for any
power function, Thus in the formula P = %R,



which gives the relationship hetween power,
current and resistance, I’ is a funetion of /*
when R is constant. Using 10 ohms for R and
selecting values for /, we tabulate as follows:

When /I =1, P =10
I =2 P =40
1 =3P =9
[ =4, P =160
1 =5, P = 250, ete.

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, «ince
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
1 = E/R, when E is held constant and K is
varied. In this case / is a function of 1/R.
Ixponential functions are hest plotted on
semi-logarithmic paper, or paper having one
scale linear and the coirdinate secale logarith-
mic. The graph of such a function will be a
straight line when the exponential variable is
plotted to a linear scale and the linear variable
to a logarithmie scale. When the formula is in
logarithmic form the logs are plotted on the

30"”1“/“5 anz/ Grap/zd

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
funetion, It is seen that the curve is a straight
line.

In plotting graphs it is desirable to mark off
the scales in units whieh will make the whole
graph approximately square, when the “end”
values are seleeted. Thus, suppose we are inter-
ested in [ as a funetion of K, with R constant at
100 ohmg, 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
ench small division represent 1 volt on the X
axis, and each small division represent 0.01
ampere on the ¥ axis. The graph will then be
square, as shown in ig. 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
seales. If we extended the graph of Fig. 102 to
include all values of 7 when E varies from 1 to
1000 volts, it is evident that to maintain the
same acceuracy 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 redueed the
scales to accommodate the 10-times larger
range of values, considerable percentage error
would arise in reading the curve for values

bhelow 100 volts, This diffieulty ean be over-
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come by using logarithmie paper, since with
logarithmic scales the same percentage ac-
ceuracy can be obtained no matter what the
order of magnitude of the quantities. In the
specific problem  considered, we could use
“three eyele” paper (one eyele is the seale from
1 to 10, or 10 to 100, or 100 to 1000, cte.) 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

-l R =100 OHMS |
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Fig. 105

eyeles 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 handieap.

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 neeessary 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 hetween
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-
tenth of a unit when the coordinate lines are
spaced 1z inch or more apart. If they are closer
together it may be possible to estimate ac-
curately only to 14 unit.

Interpolation on logarithmie scales is a little
mare 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 comparison.
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 coordinates — 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 funection
can be plotted on polar codrdinate paper. Fig.
106 shows such a graph. Polar coirdinates con-
sist of a set of radial lines representing units of
angle, and a series of coneentric circles, hoth
coirdinates originating from a common point
(the origin).

The polar coirdinate graph is especially
useful for showing the direetional characteristie
of an antenna system. The plot in Fig. 106 is
the theorctical directional characteristic or
“pattern’ for a straight, horizontal antenna
when its length is econsiderably less than a half
wavelength. If the antenna wire lies in the
direction indicated on the graph, the relative
ficld strength, or relative intensity of radiation,
will vary with the direction with respeet to the
wire as shown, assuming that the field strength
is observed at the same distance in any diree-
tion. Note that the seale in such a case is purely
relative, and the maximum strength, which
oceurs 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:

] ° .
190° 180° 170 160°

34070 20
Fig. 106

at 45 degrees it will be 0.71, or 719, of its value
at right angles to the wire, and so on.

If the field strength is uniform in all direce-
tions with respect to the antenna, the graph of
the function will simply be a circle concentric
with the origin.
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0 2-1 FUNDAMENTALS OF A RADIO
SYSTEM
Tue Basis of radio eommunieation
is the transmission of electromagnetic waves
through spaee. The production of suitable
waves constitutes radio transmission, and their
deteetion, or eonversion at a distant point into
the intelligence put into them at the originat-
ing point, is radio reception. There are several
distinet processes involved in the complete
chain. At the transmitting point, it is necessary
first to generate power in sueh form that when
it is applied to an appropriate radiator, called
the antenna, it will be sent off into space in
electromagnetie waves. The message to be
eonveyed 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 reeeiving 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 electrie current which is then
amplified, or inereased in amplitude, to a
suitable value. Then the modulation is changed
baek into the form it originally had at the trans-
mitter. Thus the message becomes intelligible.
Sinee all these proeesses are performed by
electrical means, a knowledge of the basie
prineiples of electricity is necessary to under-
stand them. These essential prineiples are the
subject of the present ehapter.

®2-2 THE NATURE OF ELECTRICITY

Electrons — All  matter — solids, liquids
and gases — is made up of fundamental units
ealled molecules. The moleeule, the smallest
subdivision of a substanee retaining all its
characteristic properties, is eonstructed of
atoms of the elements comprising the substance.

Atoms in turn are made up of particles, or
charges, of electricity, and atoms differ from
each other ehiefly in the number and arrange-
ment of these charges. The atom has a nu-
eleus containing both positive and negative
charges, with the positive predominating so
that the nature of the nucleus is positive.
The charges in the nucleus are closely bound
together. Exterior to the nucleus are negative
eharges — electrons — some of which are not
8o elosely bound and can be made to leave the
vieinity of the nueleus without too much urg-

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

Inswlators and Conductors — Materials
which will readily give up an eleetron are called
eonductors, while those in which all the elec-
trons are firmly bound in the atom are called
insulators. Most metals are good conductors,
as are also acid or salt solutions. Among the
insulators are sueh substances as wood, hard
rubber, bakelite, quartz, glass, poreelain, tex-
tiles, and many other non-metallic materials.

Resistance — No substance is a perfeet con-
ductor — a “perfect” eonductor would be
one in which an electron eould be detached
from the atom without the expenditure of
energy — and there is also no sueh thing as a
perfect insulator. The measure of the diffieulty
in moving an electron by eleetrical means is
ealled resistance. Good eonduetors have low re-
sistanee, good insulators very high resistance.
Between the two are materials which are
neither good conductors nor good insulators,
but they are nonetheless useful since there is
often need for intermediate values of resistanee
in eleetrieal eireuits.

Circuits — A circuit is simply a eomplete
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 eireuit where the eurrent 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 clectron 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 is closed when no break exists — when
switches are elosed and all connections are
properly made.

@ 2-3 STATIC ELECTRICITY

The electric charge — Many materials that
have a high resistance can be made to aequire
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a charge (surplus or deficieney of eleetrons)
by mechanical means such as friction. The fa-
miliar erackling when a hard-rubber comb s
run through hair on a dry winter day is an
example of an clectrie charge generated by
friction. Objeets can have either a surplus or a
deficieney 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
cach 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
a negative pole, a positive charge being a posi-
tive pole,

Attraction and repulsion — Unlike charges
(one positive, one negative) exert an attraction
on each other. This can be demonstrated by
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Fig. 201 — Attraction and repualsion of charged ob-
jects, as shown by the pith-ball experiment.

giving equal but opposite charges to two very
light objects of insulating material (pith balls
are used in the classical experiment) and sus-
pending them near cach other. They will be
drawn toward eacli other, and if they touch the
charges will neutralize, leaving hoth 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
foree through the space surrounding the
charged objeet, The region in which this foree
is exerted is considered to be pervaded by the
electrostatic field, this concept of a field being
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Fig. 202 — Lines of force from a charged object ex-
tend ontward radially. Although only two dimensions
are shown, the field extends in all directions from the
charge, and the field should he visualized in three di-
mensions.
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adopted to explain the ‘““action at a distance”
of the charge. The field ix assumed to consist
of lines 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 — 1f two objects are
charged differently, a potential difference is
said to exist between then, and this difference
is measured by an electrical unit called the
rolt. The greater the potential difference, the
higher (numerically) the voltage. This poten-
tial difference or voltage exerts an electrical
pressure or force as explained ahove, and for
this reason it is often called electromative force
or, simply, e.m.f. [t is not necessary to have
unlike charges to have a difference of potential;
hoth, 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
clectrons; in other words, its relative polarity
is positive. The greater the potential difference
the more intense is the electrostatie field he-
tween the two charged objects.

Capacity — [f two metal plates are sepa-
rated a short distance by a high-resistance ma-
terial, such as glass, miea, oil or air, it will be
found that the two plates can be given a charge
by connecting them to a souree of potentianl
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 sourece. The quantity of the
charge will depend upon the voltage of the
charging source and the capacity of the con-
denser. The value of eapacity of a condenser
is & 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
dicleetrie constant of air is 1, while for other
insulating materials it is usually higher. Glass,
for instanee, has a dielectrie constant of about
4; this means, simply, that if glass is sub-
stituted for air as the dielectric in an other-
wixe identical condenser, the capacity of the
condenser will be four times as great.

Capacity is measured in farads, a unit much
too large for practical purposes, and in radio
work the terms microfarad (abbreviated pnfd.)
and micro-microfarad (uufd.) are used. The
microfarad is one-millionth of a farad, and the
micro-mierofarad 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 cnergy is stored in a
stretehed spring or rubber band. Whereas the
mechanical energy in the spring can be stored



because of the elasticity of the material, the
clectrical energy in a condenser is stored in
the electrostatic field between the plates.
Condensers — The construction of a con-
denser is determined by the use for which it is
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 dieleetric. In high capacity units
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Fig. 203 — A simplc type of condenser, consisting of
two metal plates with dieleetric material hetween. The
diagrammatic symbols for condensers are shown at the
right. The two at the top indicate condensers of fixed
capacity, the two below, condensers whaose capacity is
variable. The symbols in the left hand column are more
commonly used.

where adjustment is not required, the dielectric
may be thin paper or mica. The choice of a die-
Jectric 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.

e 2-1 THE ELECTRIC CURRENT

Conduction — If a difference of potential
exists across the ends of a conductor (by con-
neeting the conductor — usually a wire — to
a battery or generator or other source of volt-
age) there will be a continuous drift of electrons
from atom to atom, and an electrical current
is said to he 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.
is applied to the electrodes, negative ions are attracted
to the positively charged plate and positive ions to the
negatively charged plate. The battery is indicated by
its customary symbol,
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down the line of the conductor. The current,
or total effect of the electron drift, travels
quite fast, closc 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.

Gaseons conduction (ionization) — All
conduction does not necessarily take place in
solid conductors. If a glass tube is fitted with
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 through the gas if 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
electrons, which acquire considerable velocity
hecause of the electric charge and the fact that
the reduced pressure in the tube (less gas) per-
mits 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 electrons from other
atoms as it goes. The atoms that have had an
electron or two knocked off are no longer true
atoms but fons, and since they have a positive
charge (due to the eleetron 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 (anrode).

Current flow in liquids — A very large
number of chemical compounds have the pe-
culiar chavacteristic tlint 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, hreak 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
disassociation 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 attraet
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
he remedied, and a neutral atom will he 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,

Batteries — All hatteries 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 zine ions (the metal case
of a dry cell is the zinc plate) with a positive
charge going into solution and leaving the
zine plate strongly negative. The electrical
energy is derived from the chemical energy,
and in time the zine will be used up or worn
away. However, in lead storage batteries, 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 correetly only when speak-
ing of more than one cell — a single cell is not
a hattery, but two or more connected together
become a battery.

Current flow in vacuum — 1f 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

Direction "
oﬁ ow [/ ——e Positive
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Hot
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Fig. 205 — Hllustrating conduction by thermionic
emirsion of eleetrons in a vaeuum tube, One battery is
used only to heat the filament to a temperature where
it will emit electrons, The other battery places a positive
potential on the plate, with respect to the filament. and
the electrons 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 eathode.

Direction of current flow — Use was being
made of electricity for a long time before its
electronic nature was understood, and while it
is now elear that current flow is a drift of nega-
tive clectrical charges or electrons toward a
positive potential, in the era preceding the
electron theory it was assumed 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 praetice often causes confusion, but
this distinetion 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
meaniug, but when the direction of current
flow is specified it may be taken, by convention,
as being opposite to the true direction.

®2-3 ELECTROMAGNETISM

The magnetic field — The power that a har
or horseshoe magnet possesses of attracting
small 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 foree
is adopted to explain the magnetic action, The
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 eleetric current, it follows that
the flow of current is accompanied by the crea-
tion of & magnetic ficld.

Conversely, when a conductor is moved
through a magnetic field (or the field is moved
past the conductor) electrons in the conductor
are foreced to move, producing a current. An
eleclric current generales a magnetic field aboul it
and, conversely, an electric current is generated
by a magnetic field moving (or changing) past the
conductor.

When a conductor earrying 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 directions 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 cleetrie motor.
Magnetomotive foree — When the con-
ductor is a wire, the lines of force are in the
form of coneentrie cireles 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

Fig. 206 — Whene
ever current passes
through a wire, a
magnetic field exists
around the wire.
1ts direcetion can be
traced by meansof a
small compass.

is started through the wire, we may visualize
the magnetie field as eoming into being and
sweeping outward from the axis of the wire.
On cessation of current flow, the field collapses
toward the wire and disappears. Thus cnergy is
alternately stored in the field and returned to the
wire. When a conductor is wound into the form
of a coil of many turns, the magnetie field be-
comes stronger because there are more lines of
force. The force is expressed in terms of mag-
neto-motive force (m.m.f.) 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 effeet can be seeured with a
great many turns and a weak current or with
few turns and a strong current. If 10 amperes

s

SYMBOLS

Fig. 207 — When the conducting wire is coiled, the
individual magnetic fields of each turn are in such a
direction as to produce a field similar to that of a bar
magnet. The schematic symbols for inductance are
shown at the right. 'The symbols at the left in the top row
indicates an iron-core inductance; at right, air core.
Variable inductances are shown in the bottom row.

- ——-
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flow in one turn of wire, the magnetizing effeet
is 10 empere-turns. Should one ampere flow in
10 turns of wire, the magnetizing effeet is also
10 ampere-turns.

Inductance — When a source of voltage is
connected aeross a coil, the eurrent does not
immediately reach its final fixed value. The
reason for this is that, as the current starts to
flow through the coil, the magnetie field around
the eoil builds up, and as the field ehanges it
induces a voltage back in the eoil. The eurrent
caused by this induced voltage is always in the
opposite direction to the current originally
passed through the coil. Therefore, beeause of
this property of self-induction, the eoil tends
constantly to oppose any change in the eurrent
flowing through it, and it takes an appreeiable
amount of time for the current to reaeh its
normal value through the eoil. The effect can
be visualized as electrical inertia. After the eur-
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 induetance of a coil is measured in
henrys or, when smaller units are more conven-
ient, the millihenry (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
eross-sectional area of the coil, and the material
in the center of the coil, or core. A core of mag-
netie material will greatly increase the in-
ductanee of a eoil, just as certain dielectries
greatly inerease the eapacity of a condenser
(§ 2-3). Even a straight wire has induetanece,
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 eross-
sectional area, or large surfaee, will have less
inductance than one of small area but having
the same length.

Magnetic circuits and units — Unlike elec-
trostatie lines of force, magnetic lines of force
must always be closed, forming cireles or loops,
so that the eomplete magnetic path of the lines
of force must be considered in computing the
effect of a magnetic core material on the in-
ductance of a coil. The measure of the number
of magnetie lines of foree set up in a closed
magnetie path or circuit through a given mate-
rial for a specified applied m.m.{. 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 eoil with the same applied m.m.f.
with air as the core material, air therefore being
assigned a permeability of unity. If the mag-
netie 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 must be through air) the permeabilities
of both mediums must be taken into account.
Permeability eorresponds to conduetivity in
econduetors, and its reciproeal, reluctance, cor-
responds to resistance. Magnetic flux denstly, or
lines of foree per unit area, is in the magnetic
cireuit equivalent to current in the electrieal
circuit, while the magnetomotive force is
analogous to electromotive force or voltage.

o 2-6 FUNDAMENTAL 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 resistanee 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 hy 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 eireuit resistance
in ohms, the formulas of Ohm'’s Law are:

=% p-nr
7

The resistance of the circuit can therefore be
found by dividing the vollage by the current: the
current can be found by dividing the voltage by
the resistance: the electromotive foree or e.m.f. is
equal to the product of the resistance awd the
currend.

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 ix deliberately
added to a cireuit, as is often done to adjust
voltages or limit current flow, the resistance ix
usually lumped in a single unit and the unit is
called a resistor.

Heating effect and power — When eurrent
passes through a conduetor 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 eonsidered sometimes
as an undesired power loss) can be determined
by substitution in the following equations:

P = El,
or P = ;;R,
p==

or A

P being the power in watts, E the e.m.f. in
volts, and I the current in amperes.

It will be noted that if the current in a
resistor 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 aeross
it, the power dissipated is given by the last
formula.

Likewise, when the power and resistance in a
eircuit are known, the voltage and eurrent
can be caleulated by the following equations
derived from the power formulas given above:

E = /PR

P
1_\/E

Units — Besides the fundamental units —
volt, ampere, watt — fractional and multiple
units frequently are convenient. Thus a mil-
liampere is 11000 ampere and o microampere
is 11,000,000 ampere. M idlivolt and microvolt
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 kilowalt, having equivalent mean-
ings to those above. The watt-hour and kilo-
walt-hour are encrgy 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 produet
of power and time in the units named.

Unless otherwise specified, formulas are al-
wavs given in terms of the fundamental units,
so that fractional or multiple units must first
be converted to the fundamental units before
an equation ean be used.

Resistances in series and parallel — Re-
sistors may be econnected in series, in parallel
or in series-parallel, as shown in Fig. 208,
When two or more resistors are conneeted in
series, the total resistanee of the group is

R, Ry Ry Ry
SERIES  AO—\WAM—AMAA—WWAM—WA—0 B

\JA
3 s s 2
PARALLEL SR, 3R, 3Ry 2R,
o8
oA
4 3 2R,
2R 2R R 3
semies- 5§07 g
PARALLEL W ) : $?
2R, 3Re R¢ Ry
oB

Fig. 208 — Diagrams of series, parallel and series-
parallel resistance connections,



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.
Resistanees in series:

Total resistance = KB, + Re+ R3 + Ry

Resistances in parallel:

Tolal reststance —
1 1 ] 1

Ry R

3

Ry

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

Ril»
Ry + Re

Resistances in series-parallel:
Total resistance

Total reststance =

I

R+ Re R3+R4+l(’5+I(’G+l(’7+1(’8+Rg

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 ean be used.

Voltage dividers and potentiometers —
Since the same current flows through resistors
connected in reries, it follows from Ohm’s
Law that the voltage (termed voltage drop)
across each resistor of a series-conneeted group
is proportional to its resistance. Thus in I'ig.
209-A the voltage E; across Ry is equal to the
applied voltage E multiplied by the ratio of
R1 to the total resistance, or

R’
PRt ke "
Similarly, the voltage K2 is equal to

Ry + k2 ;
Ry + Ry + Ry

Such an arrangement is called a vollage divider.
When current is drawn from the divider at the

: ,
t Wi ) ®
; ?
3 RZEE T | I
. I

Fig. 209 — 'The voltage divider or potentiometer.
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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 I is equipped
with a sliding tap for fine adjustment. Such a
resistor is frequently called a potentiometer, al-
though the word is not used in its original
sense.

Inductances in series and parallel — The
formulas for the total induetance of a group of
separate inductances conneeted 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 eapacity of a group of condensers con-
nected in series, parallel or series parallel can
he 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 eapacity = ("1 + 2 4 C3 4 Oy, ete.

IFor condensers in series,

1
Total c: ity = - B —
otal capacity 1 N 1 . 7 . :
C1 Ce Cs Cq4
or for two condensers in series
Total capacity = EQ_
C1+ C2

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

Time 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 than would he the case without the
resistor. Likewise, when the condenser is dis-
charged through a resistance, a measurable
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
( in microfarads and R in megohms, this prod-
uct gives the time in seconds required for the
voltage across a diseharging condenser to drop
to 1/¢ or approximately 37¢7 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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/ TIME —=>
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Fig. 210 — Showing how the current in a circuit com-
bining resistance with inductance or capacity takes a
finite period of time to reach its steady-state 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/e or approx-
imately 639 of its final steady value when a
constant voltage is applied to the circuit.

Measuring instruments — Instruments for
measuring d.c. current and voltage make use
of the foree 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
shunted (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
galvanometer; one calibrated in milliamperes is
called a milliammeter; one calibrated in am-
peres is an ammeter. A voltmeter 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 source; it is calibrated in terms of
the voltage which must appear aecross the
terminals to eause a given value of current to
flow. The series resistance is called a multi-
plier. A wattmeter is a combination voltmeter
and ammeter in which the pointer deflection
is proportional to the power in the circuit.

28 CHAPTER TWO

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.

¢ 2-7 ALTERNATING CURRENT

Deseription — 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 prineiple 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 deseribed
mathematically as a sine curve; its wavelike
nature causes it to be known as a sine wave.

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 second
for power line alternating currents to many

/ Feak value
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millions per second in radio circuits. For con-
venience, two other units, the kilocycle (1000
cycles) and the megacycle (1,000,000 cycles)
also are used. The abbreviations for these are
ke. and Mec., respectively.

Electrical degrees— 1f we take a fixed point
on the periphery of a revolving wheel, we find
that at the end of each revolution, or cycle, the
point has come back to its original starting
place. Its position at any instant can he 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 half cycle to
« radians. The expression 2« f, for which the
symbol w is often used, simply means electrical
degrees per cycle times frequency, and is
called the angular velocity. 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 are
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 maximuin values,
and it might be wondered how one can speak
of so many amperes of alternating current
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when the value is changing continuously. The
problem is simplified in practical work by
considering that an allernating current has an
effective value of one ampere when il produces
heat at the same average rale as one ampere of
conlinuous direct current flowing through a given
resistor. This effective value is the square root
of the mean of all the instantaneous current
values squared. I'or the sine-wave form,

Eet = v/ 1alit

For this reason, the effective value of an alter-
nating current, or voltage, is also known as the
rool-mean-square or r.m.s. value. Hence, the
effective value is the square root of 15 or 0.707
of the maximum value — practically consid-
ered 709, of the maximum value.

Another important value, involved where
alternating current is rectified to direct current,
is the average. 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), cffective
(or r.m.s.) and average are encountered fre-
quently in radio work. For the sine form they
are related to each other as follows:

Emnx = Eeﬁ' X 1414 = Eave X 1.57
Ees = Enax X 0.707 = Eue X 1.11
Eavc = Emnx X 0.636 = Eeﬂ 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

£
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Fig. 212 — Phase relationships between voltage and
current in resistive and reactive circuits. 'The symbol at
the left represcnts a gencrator,
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delayed. 1t is also true that a current must
flow into a eondenser before its elements can
be charged and so provide a voltage difference
between its terminals, Because of these faets,
we say 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 capacity predomi-
nates. Iig. 212 shows three possible conditions
in an alternating current cireuit. In the first,
when the load is a pure resistance, both volt-
age and current rise to the maximum values
simultaneously. In this case the voltage and
current are said to be in phase. In the second
instance, the existence of inductance in the
circuit has enused the current to lag behind the
voltage. In the dingram, the current is lagging
one quarter eyele behind the voltage. The cur-
rent is therefore said to be 90 degrees out of
phase with the voltage. In the third example,
with a eapacitive load, the voltage is lagging
one quarter cyele behind the ecurrent. The
phase difference is again 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 induetance, eapacity and resist-
ance in the circuit.

The phase relationships between two cur-
rents (or two voltages) of the same frequency
are defined in the same way. When two such
currents are combined the resultant is a single
current of the same frequency, but having an
instantaneous amplitude equal to the algebraic
sum of the amplitudes of the two eomponents
at the same instant. The amplitude of the re-
sultant current hence is determined by the
phase relationship between the two currents
hefore 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 eurrents
of different frequencies have different proper-
ties and are useful in many varicties of ways.
IFor the transmission of power to light lamps,
run motors, and perform familiar evervday
tasks by electrical means, low frequencies are
most suitable. Irequencies of 25, 50 and 60
eveles are in common use, the latter being
most widespread. The range of frequencies be-
tween about 30 and 15,000 cveles is known as
the audio-frequency range, hecause when fre-
quencies of this order are eouverted 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. Frequeneies between 15,000
cycles (15 kilocyeles) and about 1,000,000,000
cycles (1000 megaeyeles) are used for radio
eommunication, because with frequencies of
this order it is possible to convert electrical
energy into radio waves. The latter frequeney
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 eonvenience
in reference:

15-15,000 cycles

15-100 kiloeveles
100-1500 kiloeyeles

Audio frequencies

Low radio frequencies

Medium radio frequencies

1.5-6 megacycles Medium high frequencies
6-30 megacycles High frequencies

Above 30 megacveles Ultra-high frequencies

‘S LAW FOR ALTERNATING
"IRIRENTS

Resistance — Since current and voltage are
always in phase through a resistance, the in-
stantaneous relations are equivalent to those in
direct-current circuits, and sinee 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. eireuits containing resistance only, or
for purely resistive parts of complex a.c. eir-
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 direvtly. The current
is not limited by resistance, as in d.c. circuits,
but by a quantity ealled reactance, whieh ex-
presses the opposing effeet 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, sinee
the energy put into an induectanee or capaeity
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 praetice there is always some re-
sistance in the wire of an inductance, or heat-
ing of the dielectrie of a condenser, so that some
energy may be lost, but it is usually negligible
in well-designed components,

Reactance is expressed in ohms, the same
unit as for resistance, since with a given re-
actance at a given frequency the current that




will flow is proportional to the applied voltage.
Henee,

for a purely reactive circuit. X is the symbol
for reaetanee.

In eireuits eontaining both resistanee and
reactanee the values of eaeh eannot be added
direetly heeause of the different phase relations.

Inductive reactance — The greater the in-
duetanee of a eoil, the greater is the effect of
self-induction (§ 2-3), or the opposition to a
change in the value of current, hence the higher
the reactance. Also, the higher the frequeney
the greater the reactanee, since the greater the
rate of change of eurrent the more opposition
the eoil offers to the change. Ience, inductive
reaetanee is proportional to inductance and
frequeney, or

Xy = 2xfL

1t will be reecognized here that angular velocity,
2nf(§ 2-7), expresses the rapidity with whieh
the eurrent changes.

The fundamental units (ohms, ecycles,
henrys) must be used in the above equation,
or appropriate factors inserted in case other
units are emploved. If inductance is in milli-
henrys, frequency should be in kilocyeles; if
induetance is in microhenrys, frequency should
be in megacyeles, to bring the answer in ohms.

Capacitive reactance — When a condenser
is used in an a.c. ¢ircuit it is rapidly eharged
and diseharged as the a.e. voltage rizes and
falls and reverses in polarity. Thix repetition
of eharge 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 eharged only
a few times. Hence the current flow will be
proportional to the frequency and to the ca-
pacity of the eondenser, or conversely the
reactance will he inversely proportional to the
frequency and the capacity. Therefore
_ 1

2fC
where 2xzf again is the angular velocity or the
rapidity with whieh the eurrent changes.
When f is in cyeles per seeond and (' in farads,
Xc will be in ohms, If C ix in mierofarads, f
must be expressed in megacycles to bring the
resistance in ohms.

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

Xe
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capacitive reactance are opposite in sense, or,
as it is commonly expressed, inductive and
capacitive reactances caneel each other. In
series circuits having both inductive and ea-
puacitive reactance the net reactance is the dif-
ference between the two, and the current will
cither lead or lag depending upon which is
larger, capacitive or inductive reactance. In-
ductive reactance is eonsidered posttive and
eapacitive reaetance negative, so that

X =X — Xc
The combined effect of resistanee and re-
actance ix termed impedance. The symbol for
impedance is Z and, for a series circuit, it is
computed from the formula:

Z=+vVR+X?
where [? ix the resistance and X is the react-
ance. The terms Z, It and X are all expressed

in ohms. Ohm’s Law for alternating eurrent
circuits then hecomes

E E
==, Z=~, E=1Z
7’ 1’

The phase angle depends upon the relative
amounts of resistance and reactance, hecoming
more nearly zero (current and voltage in phase)
when reactanee ix small compared to resistance,
and more nearly 90 degrees when resistance is
=mall compared to reactance.

Power factor — The power dissipated in
an a.c. cireuit containing both resistance and
reactance is consumed entirely in the resist-
ance, henee is equal to /°R. However, the
reactance ix also effective in determining the
current or voltage in the circuit, even though
it eonsumes no energy. lence the product of
volts times amperes (which gives the power
consumed in d.e. cireuits) for the whole cireuit
may be several times the actual power used up.
The ratio of power dissipated (watts) to the
polt-ampere product is called the power factor
of the cireuit, or :
Walts

Power factor = .~
Volt-aumperes

Distributed capacity and inductance —
It should not be thought that the reactance
of coils becomes infinitely bhigh as the fre-
queney ix increased to a high value and, like-
wise, that the reactance of condensers hecomes
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 reactance 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.

Units and instrurments — 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. cireuits
(§ 2-6). Because the rapidly reversing current
is accompanied by similar reversals in magnetic
field, instruments used for measurement of
d.e. (§ 2-6) will not operate on a.c. At low fre-
quencies suitable instruments ean 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.e. voltage 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.

o2-% THE TRANSFORMER

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 across the terminals of the other coil
of wire, and an alternating current will flow
through a conductor connecting the two ter-
minals. The alternating current in the first
coil, or primary, causes a changing magnetic
ficld in the iron core, and this changing mag-
netic field induces an alternating current in
the second coil, or secondary. This is simply an
application of the principle of induction (§ 2-5)
with the induced voltage heing caused by a
varving magnetic field set up by a current

lron Core
Primary e ég Secondary
SYMBOLS

Fig. 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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flowing 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 are in the same field, it fol-
lows that the induced -voltages will be pro-
portional to the number of turns on each 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-
ber of turns on the primary.

Voltage and current relations — A trans-
former cannot deliver more power to its
secondary load than it takes from the primary
source of power, since to do so would be to
violate the prineiple of conservation of energy.
Hence we find that 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 sccondary-to-
primary voltage ratio of 5 will have a current
ratio of 3¢, 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 taken
by the primary which is not available for the
secondary load. The efliciency, or ratio of
power delivered to the load to power taken
from the line, of small transformers may vary
between 60% and 909,, depending upon the
design.

Impedance ratio — In a properly designed
iron-core transformer practically all the mag-
netic lines of force cut hoth 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-
ance is small, a transformer having a resistive
load on its secondary will also “look like” a
practically resistive load to the power line
which supplies its primary. The impedance is
equal to E/1 (§2-8) and, neglecting losses, if
n is the secondary-to-primary turn ratio, then
Eu
ry E, n? E, _E,

LT, T

nl,
That is, the impedance ([,/1,) presented by



the primary to the line (called the reflected im-
pedance or reflected load) is equal to the sce-
ondary load impedance (£, {,) 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 circuits.

Impedance matching — 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 dexired
value. This is called impecdance matching. From
the preceding paragraph,

N, _ [z
N, NZ,

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

—y/ron Core

Fig. 214 - The auto-
transformer. Line and load

Y

line currents in the common
T winding (A) flow in oppo-
A site directions so that the
resultant current is the dif-
ference between them.
Load

The autotransformer — The transformer
principle can be utilized with only one winding
instead of two, as shown in I'ig. 214; the princi-
ples just discussed apply equally well. The
autotransformer has the advantage that the
line and load eurrents 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 ecireuits. For
these reasons its application is usually limited
to boosting or reducing the line voltage for
voltage correction or similar purposes.

0 2-10 RESONANT CIRCUITS

Principle of resonance — 1t has been shown
(§ 2-8) that the inductive reactance of a coil
and the capacitive reactance of a condenser
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

éz’clrica/antl //eatlio junclamenla/d

are equal and, since these two reactances cancel
cach other, the net reactance becomes zero,
leaving only the resistance of the eircuit to
impede the flow of current. The frequency at
which this oceurs is known as the resonant
Srequeney of the cireuit and the cireuit is said to
be in resonance at that frequency or tuned to
that frequency.

B - PARALLEL RESONANCE
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INCREASING FREQUENCY ——

Fig. 215 — Charaeteristics of series-resonant and
parallel-resonant circuits,

Series circuits — The resonant frequency
of a simple eircuit containing induetance and
capacity in series is given by

1
= —0 X 108
2a/LC
where

f is the frequency in kilocycles per second

27 is 6.28

L is the inductance in microhenrys (zh.)

C is the capacitance in micro-microfarads

(upfd.)

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 IYig. 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 Fig.
215 illustrate this, curve a being for low re-
sistance and curves b and ¢ being for greater
resistances.

Parallel cirenits — 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 illustrated 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 resistance
is made sinaller.
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In the case of parallel cireuits, resonance
may be defined in three ways: the condition
which gives maximum impedanee, that which
gives maximum power factor, or (as in series
circuits) when the inductive and capacitive
reactances are equal. Ii the resistance is low,
the resonant frequencies obtained on the three
bases are practically identical. Thix condition
usually is sutisfied in radio work, so that the
resonant frequency of a parallel cireuit is gen-
erally computed by the series-resonance for-
mula given above.

Resistance at  high  frequencies — At
radio frequencies the resistance of a conductor
may be considerably higher than its resistance
to direct current or low-frequencey a.c. This
is because the magnetic field set uh inside the
wire tends to foree the current to flow in the
outer part of the wire, an effeet which in-
creases with frequency. At high radio frequen-
eies this shkin effect is so pronounced that
practically all the current flows very near the
surfaee of the conductor, thereby in effeet
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 earry
current, thin tubing will serve just as well as
solid wire of the same diameter.

A similar effeet takes place in coils for radio
frequencies, where the magnetie fields eause a
concentration of current in certain parts of
the conductors, again causing an effective
decrease in the conduetor size and raising the
resistance. These effects; plus the effects of
stray currents eaused 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
resonanee frequeney, as shown in Fig, 215,
as the internal series resistance is increased,
but are of the same =hape for all resistaneces
at frequencies farther removed from resonance
frequency. The relative sharpness of the reso-
nance curve near resonance frequency is a
measure of the sharpness of tuning or selec-
tivity (ability to diseriminate between voltages
of different frequencies) in such cireuits, This
is an important consideration in tuned cireuits
used for radio work.

Fivwcheel effect: (— 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 sharpness
of resonanee, which is directly related to the
flvwheel effect, ix determined by the ratio of
cnergy stored to energy dissipated, henee is
proportional to the reactance in the cireuit
and inversely proportional to the resistance.
This ratio of stored energy to dissipated energy
is ealled the @ of the circuit.

In resonant ecircuits at frequencies bhelow
about 28 Me. the resistance is practically
wholly in the coil; condenser resistance may
be negleeted. Consequently the Q of the cireuit
as a whole i determined by the Q of the coil,
or its ratio of reaetanee to resistance. Coils
for frequeneies below the ultra-high frequency
region may have @'s ranging from 100 to
several hundred, depending upon their size and
construction.

Dainping. deeremnent — I'he rate at which
current dies down in amplitude in a resonant
circuit after the source of power has been re-
moved is culled the decrement or damping of
the circuit. A c¢ircuit with high decrement
(low Q) is said to be highly damped; one with
low decrement (high ) is lightly damped.

Voltage rise — When a voltage of the reso-
nant frequency is inserted in series in a reso-
nant eireuit, the voltage which appears aeross
cither the coil or condenser is considerably
higher than the applied voltage. This ix be-
cause the eurrent in the eircuit is limited only
by the resistance and henee may have a rela-
tively high value; however, the same current
flows through the high reactances of the coil
and condenser and consequently eauses large
voltage drops (¥ 2-8). As explained above, the
reactances, and henee the voltages, are oppo-
site in phase so that the net voltage around the
cireuit 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 @ of the circuit. Hence the
voltage across either the coil or condenser is
equal to @ times the voltage inserted in series
with the cireuit.

Parallel-resonant  circuit  impedance —
The parallel-resonant eireuit offers pure re-
sistance (its resonant tmpedance) between its
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Fig. 216 — The impedance of a parallel-resonant
circuit separated into its reactance and resistance
components, The parallel resistance is equal to the
parallel impedance at resonance.
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terminals at resonance frequeney, and becomes
reactive for frequencies higher and lower.
The manner in which this reactance varies
with frequeney is shown by the eurve in Fig.
216. This figure also shows the parallel resist-
ance component whieh combines with the
reactance to make up the impedance.

The value of parallel impedance at reso-
nanee is proportional to the reactance of either
the eoil or eondenser and inversely propor-
tional to the series resistance. (This resistance
should not be confused with the resistance
component of parallel impedance which has
just been mentioned.) Assuming that all the
resistance is in the coil, then

y o 2mf,L)?
Z ="
. 2nf, L
Since R = Q,

Zy = (2nf1)Q
In other words, the resonant impedance is
equal to the induetive reactance of the coil (at
resonant frequency) times the Q of the cireuit.
Since at resonance the coil and condenser re-
actances are numerically equal, Z, also equals
the circuit @ times the eondenser reactance, or
Z, = XQ
Q of loaded cireuits— In many applica-
tions, partieularly in receiving, the only re-

iy
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Fig. 217 — The equivalent eircuit of a resonant cir.
cuit delivering power to a load. T'he resistor R represents
the load resistance. At B the load is shown tapped across
part of 1., which by transformer action is equivalent to
using a higher value of load resistance across the whole
circuit,

®

sistance present in the resonant cireuit is that
of the eircuit itself. Hence the coil is designed
to have as high @ 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 inductanee for the frequency
under consideration.

When the eircuit delivers energv to a load,
as in the ease of resonant circuits used in
transmitters, the energy consumed in the eir-
cuit itself is usually negligible compared with
that consumed by the load. The equivalent of
such a eireuit can be represented as shown in
IYig. 217-A where the parallel resistor repre-
sents the load to which power is delivered.
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Sinee Z = XQ, the Q of a cireuit loaded with a
resistive impedance Z is (neglecting internal
resistanee)

Henee for a given parallel impedance, the
effective @ of the circuit including the load is
proportional to 1/X, or inversely proportional
to the reactance of either the eoil or the con-
denser. A circuit loaded with a relatively low
resistanee (a few thousand ohms) must there-
fore have a large eapacity 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 aeeomplishing
this is by tapping the load across part of the
coil, as shown in Fig, 217-B. The smaller the
portion of the eovil across which the load is
tapped the less the loading on the circuit; in
other words, tapping the load “down” is
equivalent to eonnecting a higher value of load
resistance across the whole circuit. This is
similar in prineciple 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
magnetie flux lines do not eut every turn of
the coil. A desired reflected impedance usually
must be obtained by experimental adjustment.

L/C ratio— I'or a given frequency the
produect of L and C must always be the same,
but it is evident that L can be large and C
small, L small and € large, ete. The relation
between the two for a fixed frequeney is called
the L/C ratio. A high-C circuit is one whieh
has more capaeity than “normal”’ for the fre-
queney; a low-C circuit one whieh 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.

Pieso-electrieity — Properly-ground  erys-
tals of quartz and some other materials show a
mechanical strain when subjected to an elee-
trie 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 piezo-cleciric effect. A properly-
ground quartz crystal is a mechanieal vibrator
electrically equivalent to a series-resonant
circuit of very high @, and can be used for
many of the purposes for whieh ordinary reso-
nant circuits are used,

e 2-11 COUPLED CIRCUITS

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

are brought closer to each other with their axes
coineciding.

Link coupling — A variation of inductive
coupling called link coupling is shown in Fig.
219. This gives the effect of inductive coupling
hetween two coils which may be so separated
that they have no mutual inductance; the link

may be considered simply as

e 1 L= 5 1L L = 1 L a means of providing the
E E E T T = -, T mutual inductance. Because
= ty = ==Cm = 3Ru mutual induetance between
- < = & 3 coil and link is involved at

A~ /nductive B~ Capacitive C - Resistive each end of the link, the total
DIRECT COUPLING METHODS coupling between two link-

n o coupled circuits cannot be made as great

- it as when normal induetive coupling is

= J_ 1 _|_ _l_ used, but in practice this is usually not

= ‘l‘ T ‘l‘ T disadvantageous. Link coupling is fre-

- M quently convenient in the design of equip-

it
O - Indirect Capacitive

Fig. 218 — Basic types of cireuit coupling.

may aet as a radio-frequeney  impedance
matching deviee (§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 elemoent —
The three variations of this type of coupling
(often ealled direet coupling) are shown at
A, B and C of Iig. 218, utilizing common in-
ductance, capacity, and resistance, respee-
tively. Current circulating in one LC branch
flows through the common element (4L, €,
or I?,) 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 cireuit at 1 shows eleetrostatic coupling
between two resonant cirenits, The coupling
increases as the capacity of € is made greater
(reactance of (', is decreased).

Inductive coupling — Fig. 21815 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 eoil the simple relationships between
turn ratio, voltage ratio, and impedance ratio
in the iron-core transformer do not hold, The
interlinking of the lines of force emanating
from one coil with the turns of the other is
measured by the mutual inductance hetween
the two coils, Its value is determined by the
self-inductance of ecach of the two coils and
their position with respect to cach other. The
mutual inductance increases as the two coils
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ment where inductive coupling would be
impracticable hecause of constructional
considerations.

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

Cocfficient of coupling — The degree of
coupling between two coils is a function of
their mutual inductanee and self-inductances:

M
T N Tl

where & is called the coeflicient of coupling. 1t is
often expressed as a pereentage. The coceflicient

Fig. 219 Link coupling. Mutual inductance at
bath ends of the link is equivalent to mutual inductance
hetween the two tuned circuits,

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
samne frequency (loose coupling) each behaves
much as though the other were not present.
As the coupling is incereased, each eireuit loads
the other because of the energy transfer, an
effeet which is equivalent to increasing the
scries resistance in each circuit (or reducing its
parallel impedanee). Ience the sharpness of
resonance, or seleetivity, is deereased. At
critical coupling, maximum energy is trans-
ferred from one eirenit to the other, and the
overall resonanee 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 ’s are low; if the
(’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 @ to reach such low
values that critical coupling cannot be ob-
tained even with the highest practicable co-
efficient of coupling (coils as physieally 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 509, or
60%, and the net coeflicient is approximately
equal to the products of the coefficients at cach
end of the link. If the load resistance is known
heforehand, 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 @'s can be deter-
mined by experiment.

Coupled resistance and react-
ance — 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 apparcnt increase in the
series resistance of the primary ecir-
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 oceurs frequently in trans-
mitters, where with certain types of

L
Input Output
C C C

L- Section

é%clrica/a:u[ /eaz[io junz[amenla/g

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

Shielding — It is frequently necessary to
prevenl 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 shicld because the lines of
foree are short-circuited (§ 2-3). [n many cases
a metallic plate, called a bafle shield, inscrted
between two components may suffice to pre-
vent electrostatic coupling between them,
since very little of the field tends to bend
around such a shicld if it ix large enough to
make the compounents 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 condue-
tivity of the shicld, hence the shielding cffect
increases with frequency and the conductivity
and thickness of the shielding material. A
closed shield is required for good magnetie
shielding; in some cases separate shiclds, one
about each coil, may be required. The baflle

L
Input Output

7 - Section
LOW PASS

c I C
Input L Output Input L L Output

L-Section

- Section
HIGH PASS

R
Input I Output Input I Jutput
— T

R 1
——
E CT
1 0
RESISTANCE — CAPACITY

Fig. 220 — Simple filter circuits.
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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
cach other.

Cancellation of part of the field of the coil
reduces its induetance, and since some energy
is dissipated in the shield, the effective resist-
ance of the coil is raised as well, hence the coil
2 ix reduced. The effect of shielding on coil @
and inductance becones less as the distance
bhetween the coil and shield is increased. The
lossex 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 (§ 2-3) 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 xuitable choice of ecircuit ele-
ments, a coupling system may be designed to
paxs without undue attenuation all frequen-
cies below and reject all frequencies above a
certain value called the cut-off frequency. Such
a coupling system ix called a filter, and in the
above caxe ix 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 cireuits of both
types are shown in Fig. 220, The fundamental
circuit from which more complex filters are
construeted is the L-section. Fig. 220 also
shows m-section filters, constructed from the
baxie L-section and frequently encountered in
both low-frequeney 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 (" smaller as the load resistance is
increased.

A band-pass filter is one designed to pass
without attenuation all frequencies between
two =clected 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 eritieal coupling
represent a common form of band-pass filter.

The resistance-capacity filter shown in Fig.
220 is used where both d.c. and a.c. are flowing
through the cireuit and it ix desired to provide
greater attenuation for the alternating current
than the direet current. It ix usually employed
where the direet current has a low value so
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Fig. 221 — Bridge circuits utilizing resistance, 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, reactance 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. [t consists of four re-
sistances (called arms) connected in series-
parallel to a source of voltage K, with a senxi-
tive galvanometer M connected between the
junetions of the series-connected pairs. When
the equation

is satisfied no current flows through M because
no potential difference exists between points
4 and B since the drop across Re equals that
across 4, and the drop across R; equals that
across 3. Under these conditions the bridge is
=aid to be balanced. If Ry is an unknown re-
sistance and Ry is a variable known resistance,
Ry can be found from the following equation,
after Iy has been adjusted to balance the
bridge (null indication on AM):



Ry

I’ Ry

R

Iy and Rs are known as the ratio arms of the
bridge; the ratio of their resistances is usually
adjustable (frequently in steps of 1, 10, 100,
ete.) so that a single variable resistor 2y cun
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, henee similar impedances
should be used in each branch, as shown in
Fig. 221, and the @'s of the coils and con-
Jdensers should be the same. When bridges are
used at audio frequencies a telephone headset
is & good null indicator, The bridges at IX and
F are commonly-used r.f. neutralizing eircuits
(§ 4-7); the voltage from the source K. is
balanced out at X,

@ 2-12 LINEAR CIRCUITS

Standing waves — 1f an electrical impulse
s started along 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 low 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
hetween. 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.

Frequeney and Wavelength — 1t is possible
to deseribe 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 straight-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

g/erh'ira/(uu/ /earll'o junalamenl‘a[é

300,000

.fkc-

where X is the wavelength in meters and fi. 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 current and
voltage distribution) as half-wave, quarter-wave,
etc., for a certain frequeney (“half-wave
7000-ke. antenna,”” for instance).

Wavelength is also used interchangeably
with frequency in deseribing not only antennas
but also for tuned circuits, complete trans-
mitters, receivers, ete. 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 having lumped con-
stants (capacitance 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-
ies (§ 2-7). In radio practice the fundamental
itself is called the first harmonic, the frequency

2nd Harmonic

Fundomental or 15¢
Harmonic

d €
* AN

N

a- Current Maxima (anti-nodes)
bedef — Current Nodes

Fig. 222 — Standing-wave current distribution on a
wire operating as an oscillatory circnit at its funda-
mental, second harmonic and third harmonic frequen-
cies,

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

Iig. 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 threc 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 resistance — Since a line circuit
has distributed induetance and capacity, cur-
rent flow eauses storage of energy in mag-
netic and electrostatic fields (§ 2-3, 2-5). At
low frequenciex practically all the energy so
stored is returned to the wire during another
part of the cyele (§2-8) but above 15,000
cyeles or so (radio frequency) sone eseapes —
i radiated — in the form of electromagnetie
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 resistance.

Resonant line circuits — The effective re-
stance of a resonant straight wire such as an
antenna is considerable, because of the power
radiated. The resonance curve of such a
straight-line cireuit 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 ean-
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.

Standing wave
—~———f of Current

~

\\\\
~
— e
Low A (U High
/mpedance{ Va ™[ Impedance
- 4
P
//
”’/
Fig. 223 Standing wave and instantancous eurrent

(arrow =) conditions of a folded rexonant-line ciecait,

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
ficlds about the two wires oppose each other.
Furthermore, the impedance aeross the open
ends of the line will be very high, thousands of
ohmz, 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
concentrie conductors, as shown in Fig, 224,
The concentric line has even lower radiation
resistance than the folded wire line, since the
outer conduector 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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Conductors \
Short-circuited’

Fig. 224 — A concentrice line resonant circuit,

the low radiation resistance and relatively
large conducting 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.

o 2-13 ¢« ‘UITS WITH SUPERIM
CURRENTS

Combined a.c. and d.c. — There are many
practical instances of simultaneous flow of
alternating and direct current in a circuit.
When this occeurs there is a pulsating 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.e. 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 =il + 1ot

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

Beats — If two or more alternating cur-
rents of different frequencies are present in a
normal circuit, they have no particular effect
upon one another and, for this reason, can be
separated again at any time by the proper
seleetive circuits. However, if two (or more)
alternating 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 currents having frequencies equal
to the sum, and difference, of the original fre-

ISED

W
\‘3_
S| oo
3| .8
I e 4
S
3
)
gl <
s
34
o

TIME i

Fig. 225 — Pulsating current composed of alternating
current superimposed on direct current,



quencies. These sum and difference frequencies
are called the beaf frequencies. For example, if
frequencies of 2000 and 3000 ke. are present in
a normal circuit, only those two frequencies
exist, but if they are passed through a uni-
lateral-clement (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 kec. but also currents of 1000
(3000 — 2000) and 5000 (3000 + 2000) ke.
Suitable circuits can seleet the desired heat
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 1/10th 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 ean be pre-
vented from flowing through a direct-current
circuit to which it may be connected by in-
serting an inductance of high reactance (ealled

é%?clrica/anJ /e(w/io juna/amenla&

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.

Grounds — The term ““ground” is fre-
quently met in discussions of circuits, and
normally means the voltage reference point in
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 at ground
polential could be connected to earth without
disturhing the operation of the circuit in any
way. In direct-current circuits the negative
side is generally grounded. The ground symbol
in eircuit diagrams is used for convenience in
indicating common connections between vari-
ous parts of the circuit, and with respect to
actual ground usually has the meaning indi-
cated above.

CHAPTER TWO 4/
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® 3-1 DIODES

Reetification — Pracetically all of the vac-
uum tubes used in radio work depend upon
thermionic conduction (§2-1) for their opera-
tion. The simplest type of vacuum tube is that
shown in Fig. 301, 1t has two elements, cath-
ode and plate, and ix called a diode. The
cathode ix heated by the “A” battery and
enits eleetrons which flow to the plate when
the plate is at a po itive potential with respect
to the cathode. Because of the nature of
thermionie 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-cyeles 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 ean be anything from
thetO-eycle kind tothe highest radiofrequencies.

Characteristic eurves — The performance
of the tube can be reduced to easily-understood
term= by making use of ftube characteristic
curves. A typical characteristic curve for a
diode is shown at the right in Iig. 301, It
shows the current flowing between plate and
cathode with different d.e. voltages applied
between the elements. The curve of Fig. 301
shows that, with fixed cathode temperature,
the plate current inereases 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, just as in any d.e. cirenit. In a
vacuum tube this power is dissipated in heat
developed in the plate and radiated to the bulb.
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Space charge — With the cathode tem-
perature fixed, the total number of electrons
emitted is always the same regardless of 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 clectrons 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 clectrons emitted by the
cathode are attracted to the plate, and =
further inerease in plate voltage can cause no
increase in plate current. This ix called the
saturation point,

® 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-clement
tube) and ix useful for more things than
rectification. T'he grid is usually in the form
of an open spiral or mesh of fine wire. With
the grid connected externally to the eathode
and with a steady voltage from a d.c. supply
applied between the cathode and plate (the
positive of 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, mueh as in
the diode. But if a source of variable voltage
is conneeted between the grid and eathode
there will be a variation in 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-
erease in plate current.

Amplification — 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
amplified in the plate cireuit.

So long as the grid has a negative potential
with respect to the cathode, electrons emitted
by the cathode are rcpelled (§2-3) with the
result that no current flows to the grid. Hence
under these conditions the grid eonsumes 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 flows 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 p
(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 resistance,
designated r,. 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-
duetance 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 voltage
with grid voltages ranging from a value suffi-
eiently 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)
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Fig. 302 — Operating characteristics of a vacuum-
tube amplifier. Class-A amplifier operation is depicted.

over the middle section and that it bends
towards the bottom (near cul-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 bhe-
tween the two bends=. With a fixed grid voltage
(bias) of proper value the plate current can bhe
set at any desired value.

Tube characteristics of the type shown in
Fig. 302 may be of cither the static or dynamic
type. Static characteristics show the plate cur-
rent that will low 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.

Interelectrode capacities — 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 are 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 voltages and currents are called
tube ratings. Ratings include proper values for
filament or heater voltage and current, plate
voltage and current, and similar operating

CHAPTER THREE 43



342 /Qaz/io ./4mafeur3 ﬂanﬂ[éoolz

specifications for other elements. An important
rating in power tubes is the maximum safe
plate dissipation, which is the maximum power
which ean he dissipated continuously in heat
on the plate (§ 3-1).

0 3-8 AMPLIFICATION

Circnits — Besides  the vacuum tube, a
complete amplifier includes a means for intro-
ducing the signal or exciling vollage into the
grid circuit, a means (the load) for taking
power or amplified 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 introdueed into the grid
circuit in series with the hias voltage by means
of transformer 7'y, and T serves as a means for
transferring the amplified signal from the
plate circuit to the load. Battery supplies are
indicated for simplicity.

T
5 PateorAnode
Input Grid T2
Py % Filament,
o = Gr/b’B;(ias Output
o

-
“B”Battery (plate)

Fig, 303
a triode tube.

A typical audio-frequeney amplifier using

A single amplifier such as is shown in Fig.
303 is called an amplifier stage, and several
such stages may he used in cascade, 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 eircuit of the tube is called
the load impedance or load resistance, and
designated R, 1t 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.e. 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
hax the advantage that there is no drop in
d.c. plate voltage across the lead 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
impedanee, the tube and output device ean be
coupled through a transformer having a turns
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 he
determined by the grid bias (§ 3-2), which sets
the operating point un the characteristic curve.
The 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-hend regions of the curve. If this occurs
the output waves will he 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 original 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 harmonies.

Another type of distortion, known as fre-
quency distortion, 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-
sponse curve, or graph in which the relative
amplification is plotted against frequency over
the frequency range of interest.



Voltage 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 roltage amplifica-
tron of the amplifier. A wvoltage amplifier is
one in which this ratio is the primary con-
sideration, rather than the power which may
be taken from the output cireuit. 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 (driving power) is called the power
amplification of the amplifier. A power amplifier
is one designed to deliver power to a load
circuit, the voltage amplification bheing 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 eonnection with amplifiers
operating in sueh a way that no power is
eonsumed 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 meaning as power amplification ratio,
defined above.

Phase relations in plate and grid cirenits
— When the exciting voltage on the grid has
its maximum positive instantancous value
the plate current also is maximum (§ 3-2) so
that the voltage drop across the impedance
conneeted in the plate circuit likewise has
its greatest value. The actual instantaneous
voltage between plate and eathode 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 phasc reversal
through an amplifier tube.

Input capacity — When an alternating volt-
age is applied between grid and eathode of the
amplifier tube an alternating current flows in
the small eondenser formed by these elements
(§ 3-2), just as it would in any other condenser
(§ 2-8). Similarly, an alternating current also
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flows in the condenser formed by the grid and
plate, but since the instantancous voltage be-
tween these two elements is considerably larger
than the signal voltage when the tube ix am-
plifving, the enrrent in the grid-plate capacity
ix likewise larger than it would be were no am-
plification taking place. Looked at from the grid
circuit, the inerensed current is equivalent to an
increase in input eapacity 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 eapacity 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 eoupled back into the
grid circuit to be re-amplified, this process
being ealled feedback. 1f the voltage induced
in the grid cireuit is in phase with the grid
signal voltage, the feedback is called positive,
and the resultant voltage is larger and hence
the amplifieation 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 ncgative and, since the
resultant grid voltage is smaller, the amplifiea-
tion is decreased. Negative feedback is some-
times called degeneration.

Positive feedback is accompanied by a
tendeney to give maximum amplification at
only one frequency, even though the input and
output cireuits may not otherwise be resonant.
1t therefore increases the seleetivity of the
amplifier and hence is used chicfly where high
gain and sharpness of resonance are both
wanted.

: e

PARALLEL

PUSH-PULL
Fig. 304 — Parallel and push-pull amplifier connec-

tions,
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Negative feedback has the opposite char-
acteristics. 1t 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 Iig. 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 push-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,
T, 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,
ete.) 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,.

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

db. = 10 log 2
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The decibel is a particularly useful unit be-
cause it is logarithmie, and thus corresponds
to the response of the human ear to sounds of
varyving 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 regardless 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.

Applications 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 ecircuits which
offer a uniform load over the desired range.
The radio-frequency amplifier, on the other
hand, is generally 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
dexired 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 swing) required for the grid of
such a tube voltage amplifiers are used, em-
ploying tubes of high g 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 are used in
r.f. stages of transmitters.

® 3-1 CLASSES OF AMPLIFIERS

Reason  for classification — It is conven-
ient to divide amplifiers into groups according
to the work they are intended to perform, as
related to the operating conditions necessary
to accomplish the purpose. This makes identi-



fication easy and obviates the necessity for
giving a detailed description of the operation
when specific operating data are not required.

Class 1 — 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 ix reached. The plate current is con-
stant both with and without grid excitation.
The chicef characteristics of the (lass-A am-
plifier are low distortion, low power output for
a given size of tube, and a high power-amplifi-
cation ratio. The plate efliciency (§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.

Class B— The Class-13 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-cyele 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-B3  amplifiers are characterized by
medium power output, mediumn plate effi-
ciency (509 to 609 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.

Uacuum 3“405

PLATE CURRENT, [p

Fig. 305 — Operation of the Class-B amplifier.

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 eycle 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 T},
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 7T with a similarly-
divided primary is connected to the plates of
the tubes. When the signal swing in the upper
half of T is positive, Tube No. 1 draws plate
current while Tube No. 2 is idle; when the
lower half of Ty 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 amplifier.

Class AB — The similarity between Iig. 306
and the ordinary push-pull amplifier circuit
(§ 3-3) will he 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 current
the amplifier will operate Class A at low signal
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 efliciency 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-A By amplifier draws
no grid current and thus consumes no power
from the driving source; the Class-A3; am-
plifier draws grid current at higher signal
levels and power must therefore be supplied
to its grid circuit.

Class € — The Class-C' amplifier is one op-
erated so that the alternating component of
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Fig. 306 — The Class-I3 audio amplifier, showing how
the outputs of the two tubes are combined to give dise
tortionless amplification.

the plate eurrent ix direetly proportional to the
plate voltage. The output power is therefore
proportional to the square of the plate voltage.
Other characteristies inherent to Class-C oper-
ation are high plate cfficiency, 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 eut-off without grid
exeitation. As a result, plate current flows dur-
ing only a fraction of the positive excitation
eycle. The exciting signal should bhe of suffi-
cient amplitude to drive the plate current to
the saturation point, as shown in Fig. 307.
Sinee the grid must be driven far into the posi-
tive region to cause saturation, considerable
numbers of eleetrons are attracted to the grid
at the peak of the cyele, robbing the plate of
some that it would normally attract. This
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 hadly dis-
torted, at radio frequencies the distortion is

Plate
Current
Swing

- o]

PLATE CURRENT, Iy

]
ASignal
t
|
'

Fig. 307

Class-Camplilier operation.
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largely eliminated by the flywheel effect of the
tuned output eircuit.

Although requiring considerable driving
power hecause of the relatively large grid
swing and grid-current flow, the high plate
efticiency (ordinarily 70-759) of the Class-C
amplifier makes it an cffective generator of
radio-frequeney power.

©3-3 MULTIELEMENT AND SPECIAL-
PURPOSE TUBES

Radio-frequency amplification — In a ra-
dio-frequency amplifier the input (grid) and
output (plate) eircuits must be tuned to the
same frequency for maximum amplification and
seleetivity. If a triode tube is used in sueh an
arrangement the feedbaek through the grid-
plate eapacity will sustain oseillation at radio
frequeneies (§ 3-7) so that the eireuit becomes
an oseillator rather than an amplifier. Although
special eireuits can be used to overcome oseilla-
tion, it is preferable to use a tube in which
such feedback is negligible. Sueh a tube can

,be made by inserting a seeond grid to act as

an cleetrostatie shield between the control
grid and plate and thus reduce the grid-plate
capacity to a negligible value. The addition of
the extra grid, called the screen grid or sereen,
makes the tube a tetrode, or four-clement tube.

The tetrode — The screen grid inereases
the amplifieation factor and plate resistance
of the tube to values much higher than are at-
tainable in triodes of practicable construetion,
although the mutual conductance is about
the same as that of an equivalent triode. The
sereen grid is ordinarily operated at u lower
positive potential than the plate, and is hy-
passed baek to the ecathode so that it has
essentially the same a.c. potential as the eath-
ode.

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

Secondary emission — When an eleetron
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 called
secondary emission. In the triode, ordinarily
operated with the grid negative with respect
to cathode, these secondary electrons are re-
pelled baek into the plate and cause no dis-
turbance. In the sereen-grid tube, however,
the positively charged sereen grid attracts the
secondary electrons, causing a reverse current
to flow between sercen and plate. The effect is
particularly marked when the plate and sereen
potentials are nearly equal, whieh may be the



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

The pentode — 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 clectrons back
to the plate without obstrueting to any
appreciable extent the regular plate-current

flow. Larger undistorted outputs therefore
P P
Sup:
N ()
e clnw
PENTODE TETRODE

Fig. 308 — Symbols for pentode and tetrode tubes.
H, heater; C, cathode; G, control grid; I, plate; S, screen
grid; Sup., suppressor grid.

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

Pentode-type sereen-grid tubes are used as
radio-frequency voltage amplifiers, and in ad-
dition ean be used as audio-frequency voltage
amplifiers to give high voltage gain per stage.
Pentode tubes also are suitable asx audio-
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 heam principle
are used in reccivers as both r.f. and audio
amplifiers, and are built in larger sizes for
transnitting circuits,

Variable-mu and sharp cut-off tubes —
Receiving screen-grid tetrodes and pentodes
for radio-frequency voltage amplification are
made in two types, known as sharp cut-off
and rariable-p or “super-control” types. In
the sharp cut-off type the amplification factor
is practically constant regardless of grid bias,
while in the variable-up type the amplification
factor decrcases 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 circuits in which grid-bias
control is used to vary the amplification.

Multipurpose types — A number of com-
bination types of tubes have been construeted
to perform multiple functions, particularly in
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receiver circuits. Among the simplest are full-
wave reetifiers, combining two diodes in one
envelope, and twin triodes, consisting of two
triodes in one bulb for Class-B audio amplifica-
tion. More complex types include duplex-dicde
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 asx the simpler element
combinations already described.

Mereury-rvapor reetifiers — 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
mereury 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
thix drop ix much smaller than can be attained
with purely thermionic conduetion, there is
less power loss in the reetifier. The constant
voltage drop alxo is an advantage. Mercury-
vapor tubes are widely used in power rectifiers,

Crid-control reetifiers — If a grid is in-
serted in a mercury-vapor rectifier it is found
that 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 only
after the plate voltage is disconnected. The
same phenomenon also oceurs in triodes filled
with other gases which ionize at low pressure.
Grid-control rectifiers find considerable ap-
plication in many circuits where ‘“electronie
switching’” is desirable.

@ -6 COMMON E
TURBE

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 eyclic variation of
current causes eleetrostatic and magnetice ef-
fects which vary the plate current of the tube
at supply-frequeney rate and thus produce

{MENTS IN VACUUM-
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hum in the output. Hum from this souree is
climinated by the indirectlv-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 clectron emission.
This type of cathode 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 tvpe of d.e. power supply.
This is indieated in IFig. 309-A. A second
method is shown at 13, utilizing a cathode
resistor; plate current flowing through the
resistor causes a voltage drop whieh, with the
connections shown, has the right polarity to
bias the grid negatively with respeet 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, ax found
from the tube characteristie curves: with the
voltage and current known, the resistance ean
be determined by Ohm’s Law (§ 2-6):

_E X 1000
I
where It = cathode bias resistor in ohms
K desired bias voltage
1. total d.c. cathode current in milli-
amperes.

R,

A S/qna/

B signal

C Signal

- B +

Fig. 309 — Methads of abtaining grid bias. A, fixed
hias: B, cathode bias; €, grid-leak bias,
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Screen- and suppressor-grid currents should be
included with the plate current in multi-
clement 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 eathode resistor will cause a volt-
age drop whieh gives negative feedback into
the grid circuit (§ 3-3) so to prevent this the
resistor usually is by-passzed (§ 2-13), C. being
the cathode by-pass condenser.

A third method is by use of a grid leak, I
in Fig. 309-C. This requires that the exciting
voltage be positive with respeet to the eathode
during part of the cyvele so that grid current
will flow. The flow of grid current through
the grid leak eauses 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 cvele 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,

_ kX 1000

R,
a ["
where R, = grid-leak resistance in ohms
E = desired biax voltage
I, = d.c. grid current in nilliamperes.

When two tubes are operated in push-pull
or parallel and use & common cathode- or 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 ean be minimized by
making the two ends of the filament have equal
and opposite potentials with respeet to a
center point, usually grounded (§2-13), to
whieh the grid and plate return eircuits are
conneeted. The filament transformer winding
is frequently center-tapped for this purpose, as
shown in Iig. 310-A. The saine 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, Cp and
Cz, are used in radio-frequency cireuits to
avoid having the r.f. current flow through the
transformer or resistor, either of which may
have considerable reactance at radio frequen-
cies,

The filament supply for tubes with in-
directly-heated eathodes sometimes is center-
tapped for the same purpose; although fre-
quently one side of the filament supply, and
hence one terminal of the tube heater, is simply
grounded.

® 3-7 OSCILLATORS

Self-oscillation — If in an amplifier with
positive feedback the feedback or regeneration
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Fig. 310 — Filament ceuter-tap connections.

(§ 3-3) is increased to a eritical 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 cireuit 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 eause oscillation. The frequency of oscilla-
tion will be that at which losses are least which,

R.F.Choke

Fig. 311 — Oscillator circuits with magnetic feed-
back. A, tickler circuit; B, Hartley circuit,
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in the case of the resonant circuits usually
associated with oscillators, is very nearly the
resonant frequency of the cireuit.

Magnetic feedback — One form of feedback
is by electromagnetic conpling between plate
(output) and grid (input) cireuits. Two repre-
sentative cireuits of this type are shown in
Fig. 311. That at A is called the fickler cireuit.

The amplified eurrent flowing in the ‘‘tickler,”

L, induces a voltage in [ 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 /., and Lo.

The Hariley eircuit, B, is similar in prineiple.
There is only one coil, but it is divided so that
part of it is in the plate cireuit and part in the
grid circuit., The magnetic coupling between
the two sections of the coil provides the feed-
back, which ean be adjusted by moving the
tap on the coil.

Ch R.F.Choke
il 000000 +8

Fig. 312 — Oscillator circuits with capacity feedback.
A, Colpitts circuit; B, tuncd-plate tuned-grid circuit; C,
ultraudion circuit.

Capacity feedback — The feedback ean also
be obtained through eapacity coupling, as
shown in Ifig. 312, At A, the Colpilts circuit,
the voltage across the resonant circuit is
divided, by means of the scries eondensers,
into two parts. The instantaneous voltages at
the ends of the cireuit are opposite in polarity
with respect to the cathode, hence in the right
phase to sustain oscillation,

CHAPTER THREE 5/



j‘e /Qaa[io _/4maleur’5 ﬂanc/éooé

The tuned-grid tuned-plate circuit at 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
varyving the tuning of either the grid or plate
cireuit, ‘The circuit with the higher @ (§ 2-10)
determines the frequeney of oscillation, al-
though the two circuits must be tuned ap-
proximately to the same frequeney for
oscillations to oceur.

The ultraudion eireuit at C is equivalent to
the Colpitts, with the voltage division for
oseillation brought about through the grid-
to-filament and plate-to-filament ecapacities
of the tube. In this and in the Colpitts circuit
the feedback can he controlled by varving the
ratio of the two capacities. In the ultraudion
eircuit this can he done by connecting a
small variable condenser between grid and
eathode.

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 eircuit in an oscillator to control
the frequency of oscillation. A simple erystal
oscillator cireuit is shown in Fig. 313. It will be

0

i
A

Fig. 313 — Simple crystal oscillator circuit.

recognized as the tuned-plate-tuned-grid eir-
cuit with the crystal substituted for the res-
onant eireuit in the grid. Many variations
of this fundamental cireuit are used in prae-
tice.

Series and parallel feed — A circuit such as
the tickler circuit of Fig. 311-A is said to be
series fed because thesouree of plate voltage and
the r.f. plate circuit (the tickler eoil) are con-
nected in series, hence the d.c. plate current
flows through the eoil to the plate. A by-pass
(§ 2-13) condenser, Cp, must be connected
across the plate supply to shunt the radio-
frequency current around the souree of power.
Other examples of series plate feed are shown
in Figs. 312-13 and 313.

In some eases the source of plate power must
be connected in parallel with the tuned cireuit
in order to provide a path 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 CHHAPTER TIIREE

tween the coil and cathode. Hence the voltage
is applied to the plate through a radio-fre-
queney choke which prevents the r.f. current
from flowing to the plate supply and thus
short-cireuiting the oseillator. The bloeking
condenser € provides a low-impedanee path
for radio-frequeney current flow but is an open
cireuit, for direet current (§ 2-13). Other ex-
amples of parallel feed are shown in Figs.
312-A and 312-C.

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

Excitation and bias — The excitation volt-
age required depends upon the eharaeteristies of
the tube and the losses in the eireuit, including
the power consumed in the load. In practically
all oscillators the grid is driven positive during
part of the evele, so that power is consumed in
the grid cireuit (§ 3-2). This power must be
supplied by the plate circuit. With insuffieient
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
hiased (§ 3-6), which not only takes advan-
tage of the grid-eurrent flow but also gives
better operation since the bias adjusts itself to
the excitation voltage available.

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

Power output — The power outpul 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 deseribed
in § 2-11.

Plate  efficiency — The plate  efficiency
(§ 3-3) of an oscillator depends upon the load
resistance, excitation, and other operating
conditions, and usually is in the vicinity of
50%. 1t is not as high as in the case of an
amplifier, since the oscillator must supply its
own grid losses, which are usually 109 to 209,
of the output power.

Frequency stability — The frequeney sta-
bility of an oscillator is its ability to maintain
constant frequency in the presence of variable
operating eonditions. The more important
factors which may cause a change in fre-
quency are (1) plate voltage, (2) temperature,
(3) loading, (4) meehanical variations of
circuit elements. Plate-voltage variations will
cause a corresponding instantancous shift in
frequency; this type of frequency shift is called
dynamic instability. Temperature changes will
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cause tube elements to expand or contract
slightly, thus eausing variations in the inter-
electrode capacities (§ 3-2), and sinee 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 load, when drift also may bhe
present. Meehanical variations, usually caused
by vibration, cause changes in induetanec and
or capacity which in turn eause the frequency
to ““wobble” in step with the vibration.

Dynamic instability ean be reduced by using
a tuned cireuit of high effective @ 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. Dynamie 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.e. 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 interclectrode ecapacity 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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Fig. 314 — Negative-resistance oscillator, This circuit,
known as the “transitron,” requires that the sereen be
operated at a higher d.c. potential than the plate of the
tube.
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Fig. 315 — The multivibrator circuit, or relaxation
oscillator,

a current once started would continue indefi-
nitely; that is, sustained oscillations would
occur. This condition can he simulated in prac-
tice by cancelling the actual resistance in the
circuit by inserting an equal or greater amount
of megative 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
clectrode 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 Me. or so.

The multivibrator — The type of oscillator
circuit shown in Fig. 315 is known as the
multivibrator, or relazation oscillator. Two
tubes are used with resistance coupling, the
output of one tube heing 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 (§ 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 output wave-
shape is highly distorted, hence has high har-
monic content (§ 2-7). A useful feature is that
the multivibrator will lock with a frequency
corresponding to one of its higher harmonics
(the tenth harmonic is frequently used) and it
can therefore be used as a frequency divider,
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@ 3-8 CATHHODE-RAY TURBES

Principles — T'he  cathode-ray  tube is a
vacuum tube in which the electrons emitted
from a hot eathode are aceelerated to give them
considerable veloeity, formed into o beam, and
allowed to strike a special translueent sereen
which fluoresces, or gives off light at the point
where the beam strikes. A narrow beam of mov-
ing clectrons is similar to a wire carrying cur-
rent (§ 2-1) and is accompanied by electrostatic
and electromagnetic fields. Hence it can be de-
flected (have its direction changed) by applica-
tion of external electrostatie or magnetic fields
which exert a force on the beam in the same
way as similar fields do on charged bodies or on
wires carrving 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 eusily 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.

Electron 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 cathode, 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 eontrol grid and anode No.
1 to provide additional accelleration 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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Fig. 316 — Arrangement of elements in the cathode-ray

tube with electrostatic beam deflection.
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retentivity of vision makes the path of the mov-
ing spot (trace) appear to be a continuous line,

Kleetrostatic deflection, generally used in
the =maller tubes, ix produced by deflection
plates, Two sets of plates are placed at right
angles to each other, ax indicated in Fig. 316.
The fields are ereated by applying suitable volt-
ages hetween 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 respeet to the heam 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 glasxs 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-
Nection sensitivity. With electrostatic-deflection
tubes it ix usually expressed in millimeters per
volt, which gives the linear movement of the
spot on the screen as a funetion 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 inerease in anode No. 2 voltage.

Fluoreseent sereens—The fluorescent screen
materials used have varyving characteristics ac-
cording to the type of work for which the tube
is intended. The spot color is usually green,
white, vellow or blue, depending upon the
screen material. The persistence 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
oscilloscope 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
deflection plates will he at ground poten-
tial. This places the cathode and other ele-
ments at high potentials above ground,
hence thesc 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. R3 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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Fig. 317 — Cathoderay tube circait. Ty pical values
for a three-inch (screen-diameter) tube such as the type
906:

Ri, Rz — 1 to 10 megohma,

Ra — 20,000-0hm potentiometer.
R4 — 0.2-megohm potentiometer.
Rs — 0.5 megohm.

The high-voltage supply should furnish about 1300
vohts d.e.

rent; it is called the intensity or brightuess
control. The focus, or sharpness of the luminous
spot formed on the sereen by the beam, ix con-
trolled by R4, which changes the ratio of anode
No. 2 to anode No. 1 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,” Ry
and Rg 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
simply is set to neutralize such fields.

The tube is mounted so that one set of plates
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, respeetively, the ‘“‘hori-
zontal” and ‘“vertical” plates, but which set
of actual plates produces which line is sim-
ply a matter of how the tube ix 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
sereen) to several thousand for the larger tubes.
The current, however, is very small, so that
the power required is likewise small. Because
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of the small current requirciments a reetified
a.c. supply with half-wave rectification (§ 8-3)
and a single 0.5 to 2-ufd. condenser as a filter
(§ 8-5) is satisfactory.

0 3- THE OSCILLOSCOPFE

Description — An oscilloscope is essentially
a cathode-ray tube in the basie cireuit of Fig.
317, but with provision for supplying a suitable
deflection voltage on one set of plates, ordi-
narily those giving horizontal deflection. The
defleetion voltage is ealled the sweep. Oseillo-
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
fluoreseent spot forms a pattern which is sta-
tionary so long ax 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 sereen 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 =imilarly trace a line
along the axis Y-Y’ in the absence of any de-
flecting voltage on the horizontal plates. How-
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Fig. 318 — Showing the formation of the pattern from
the horizontal and vertical sweep 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 ecasily 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 ealled 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 flv-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 All, 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 oceupy the sume time, and the spot moves
faster horizontally in the center of the pattern

C
Syrc 3
Vol‘/tage "_g

Rsg ;tél Ry
[e]
-B +B

56 CHAPTER THREE

'C_,Outpuf ¢
2

than it does at the ends. If two sinusoidal volt-
ages of the same frequeney are applied to both
sets of plates, the resulting pattern may be u
struight line, an ellipse or a cirele, depending
upon the amplitude and phase relationships,
If the frequencies are harmonically related
(§ 2-7) a stationary pattern will result, but
if one frequeney is not an exact harmonic of
the other the pattern 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 eusi-
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 ean 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 triode 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 ncross (') rises, as it acquires a charge
through Ry, 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 C;
once more charges through Ry If Ry is large
enough, the voltage across Cp rises lincarly
with time up to the breakdown point. This
voltage is used for the sweep, being coupled to
the eathode-ray tube or to an amplifier through
Ca. The fly-back ix 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
Cy and Ry, 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 & multiple of the sweep frequency,

Fig. 319 — A linear sweep-oscillator eircuit.
0.001 10 0,25 ufd.
G2 — 0.5 ufd. Cz — 0.1 ufd.
Cy — 25 ufd., 25.volt electrolviic,
Ry 0.3 1o 1.5 megohms.
Rz — 2000 ohms. Ry — 25,000 ohms.
3 — 0.25 megohm. Rs — 0.1 megohm.
"B supply should deliver 300 volts, ¢ and R, are
proportioned to give suitable sweep frequency: the
higher the time constant (3 2-6) the lower the frequency.
R4 i= a protective resistor to limit grid-current flow dur.
ing the deionizing period, when positive jons are at-
tracted to the negative grid.



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

The voltage output of the type of circuit
shown in IMig. 319 is limited because the charg-
ing rate of the condenser is linear only on that
portion of the logarithmie eharging curve
(§ 2-6) which is practically a straight line. A
linear eharging rate over a longer period of
time ean be secured by substituting a current-
limiting device, such as a properly-adjusted
vaeuum tube, for R

Amplifiers — The uscfulness of the oscil-
loscope is enhanced by providing amplifiers for
both the horizontal and vertical sweep volt-
ages, thercby insuring that sufficient voltage
will be available at the deflection plates to give
a pattern of suitable size. With small oseillo-
scope tubes (3-inch and smaller sereens) 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 ecapable of an undistorted peak output

Uacuum 3“48.4

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 beeause of the high stage
gain obtainable, and the amplifier should be
designed to have good frequeney 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 considerations — An os-
cilloseope should be housed in a metal cabinet,
both to shield the tube from stray electromag-
netic and electrostatic fields which might de-
fleet the beam, and also to protect the operator
from the high voltages associated with the
tube. It is good praetice to provide an inter-
lock switeh which automatically disconneets
the high-voltage supply when the cabinet is
opened for servicing or other reasons.
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® 1=l TRANSMITTER REQUIREMENTS

General Requirements — The power out-
put of a transmitter must be as stable iu fre-
queney 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 (§8-1) 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 Me. or 50) a simple erystal
oscillator eircuit 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 cle-
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 Me. it is necessary to increase the os-
cillator frequency by multiplication (harmounie
generation § 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 eir-
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 ealled a
buffer amplifier. A complete transmitter there-
fore may consist of an 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 ealled the final
amplifier, and the stages up to the last com-
prise the exciter. Transmitters are usually de-
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signed to work in a number of frequency bands,
so that means for changing the frequeney of
resonatt circuits in harmonie steps usually is
provided, generally by means of plug-in in-
ductances.

The general method of designing a transmit-
ter is to deecide upon the power output and the
highest output frequeney required, and also
the number of bands in which the transmitter
is to operate. The latter usually will determine
the oscillator frequeney, since it is general
practice to set the osecillator on the lowest fre-
quency band to be used. The oscillator fre-
quency is seldom higher than 7 Me. 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.
"T'hix sets the power required from the preced-
ing stage. From this point the sanie process is
followed bhaeck to the oscillator, including fre-
queney ultiplieation  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
seetions,

At 112 Me. and above the ordinary methods
of transmitter design become rather eumber-
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
cireuit design. Tubes of high power sensitivity
(§ 3-3) such as pentodes and heam 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
considerably less expensive for the same power
output rating. Consequently it is usually more



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 ix 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,

0 4-2 SELF-CONTROLLED
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 Mec.

Oscillator circuits — The inherent stability
of all of the oscillator circuits described in
§ 3-7 is about the same, since stability ix 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 considerations (whether
the tuning condenser rotor plates can bhe
grounded or not, ete.), 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 screem is operated
at ground r. f. potential (§2-13) to act as a shield
between the actual plate and the cathode and
eontrol grid; the latter two clements must
therefore be above ground potential. T'he out-
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
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Fig. 401 — FElectron-coupled oscillator circuit. For
maximum stability the grid leak, Ry, should be 100,000
ohms or more. The grid condenser should be of the order
of 100 pufd., other fixed condensers from 0.002 ufd. to
0.1 ufd. Proper values for Rz and Rz may be determined
from § 8-10. For maximum isolation between oscillator
and output circuits, the tube should 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 oscillator. This is shown in
Fig. 401, where L;C, is the oscillator tank cir-
cuit. The screeiz is grounded for r.f. through a
by-pass condenser (§ 2-13) but has the usual
d.c. potentinl. The cathode connection is made
to a tap on the tank coil to provide feedback.
In the plate eircuit a resonant cirveuit, L,Cy,
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 13; 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 frequency-determining 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 changes in supply
voltage; the optimum ratio is 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
capacitance 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 Mec. and 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-

1 5 _L

C -

Fil.

Fig. 402 — Mcthod of operating the heater at cathode

r.f. potential in an electron-coupled oseillator. Lz should

have the same number of turns as the part of Ly between

ground and the cathode tap, and should be elosely

coupled to Li (preferably interwound). By-pass eon-
denser C should be 0.01 to 0.1 ufd.

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

Tank circuit ( — The most important
single factor in determining frequency stabil-
ity is the @ of the oscillator tank ecircuit. The
effective Q must be as high as possible for best
stability. Since oscillation is accompanied by
grid-current. flow, the grid-cathode cireuit
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 @ 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 gufd. at
a frequency of 3.5 Me.

The effective circuit @ can be raised by in-
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creasing the resistance of the grid ecircuit 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 ) 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 recciving type may be
used. The power input is ordinarily not more
than a watt or two, subsequent buffer ampli-
fiers being used to increase the power to the
desired level. The use of receiving tubes is
advantageous mechanically, since the small
elements are less susceptible to vibration and
are usually securely braced to the envelope.

Oscillator adjustment — 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 u 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
s0 that an audio-frequency beat (§ 2-13) can
be obtained. If 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 prinecipal factors affecting
dynamic stability will be the tank circuit
L/C ratio, the grid-leak resistance, and the
amount of feedback. [n the electron-coupled
circuit the latter may be adjusted by changing
the position of the ecathode tap on the tank
coil; this adjustment 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 heat-
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 plite
tank condenser is varied. This dip should be
rather marked at the fundamental, but will be
less so on harmonic frequencies.

013 PIEZO-ELECTRIC CRYSTALS

Characteristies — Piczo-electric  erystals
(§ 2-10) are universally used for controlling
the frequency of transmitting oscillators be-
cause the extremely high @ of the erystal and
the necessarily loose eoupling between it and
the oscillator tube make the frequency stabil-
ity of a cerystal-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
coeflicient, power-handling capabilities, etc.
The commonly used cuts are designated as
N, 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.

Frequeney-thickness 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,

pk
4

where F is the frequency in megacyeles and ¢
is the thickness of the crystal in thousandths
of an inch. For the N-cut, & = 112.6; for the
Y-cut, & = 77.0; for the AT-cut, & = 66.2.

At frequencies above the 7-Me. 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 Me. ix se-
cured by use of ‘“harmonic” crystals, which
are ground to be active oscillators when ex-
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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 coeflicient is usually expressed in cycles
frequency change per megacycle, per degree
Centigrade temperature change, and may be
cither positive (increasing frequency with in-
creasing temperature) or negative (decreasing
frequency with increasing temperature). X-cut
crystals have a negative coeflicient of 15 to 25
cycles, megacyele ‘degree C. The coeflicient of
Y-cut crystals may vary from — 20 cycles/
megacycle/degree C. to 4+ 100 cycles/mega-
cycle ‘degree C. The AT, V and I.D cuts have
very low coeflicients. 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-
linble 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 frequency
drift (§ 3-7) the power used in the erystal must
be kept to a minimum.

Power limitations — 1f the erystal is made
to oscillate too strongly, as when it is used in
an oscillator cireuit with high plate voltage
and excessive feedback, the amplitude of the
mechanieal vibration will become great enough
to erack 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. ervstal currents range from 50 to 200 mil-
liamperes, depending upon the type of cut. A
flashlight bulb or dial light of equivalent cur-
rent rating makes a good current indicator. By
choosing a bulb of lower rating than the cur-
rent specified by the manufacturer as 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
(G0-ma. and 100-ma. bulbs are frequently used
for this purpose. High crystal current is ac-
companied by inereased power dissipation and
heating, so that the frequency change also is
greatest when the erystal is overloaded.

Crystal mountings — To make use of the
crystal, it must be mounted between two metal
clectrodes. There are two types of mountings,
one having a small air-gap between the top
plate and the erystal 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 erystal 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 ean be used to
advantage with most low-drift erystals so that
by using a holder having a top plate with
closely adjustable spacing a controllable fre-
quency variation can be obtained. A 3.5-Me.
crystal will oscillate without very great vari-
ation in power output over a range of about 5
ke, X- and Y-cut ervstals are not gencrally
suitable for this type of operation because they
have a tendeney 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-
crated in the crystal and thereby reducing
temperature effeets.  Different  plate  sizes,
pressures, ete., 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.

0 f-1 CRYSTAL OSCILLATORS

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

Tetrode and peniode oscillators — Sinee
the power output of a erystal oseillator is lim-
ited by the permissible r.f. crystal current
(§ 4-3), it is advantageous to use an oscillator

-L-_g"czi

+B

Fig. 403 — Triode crystal osecillator. The tank con-
denser () may be a 100-uufd. variable, with Li propor-
tioned so that the tank will tune to the cry stal frequeney .
Ca should be 0,001 ufd, or larger. The grid leak, 18y,
will vary with the ty pe of tabe: high-p types take fower
values, 2500 to 10,000 ohms, while medium and low -
1y pes tahe values of 10,000 to 25,000 ohms, Flashlight
bulb or r.f. miliammeter (§ 1-3) may be inscerted 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 erystal
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 capuacity (§ 3-3).

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

o[

Cz
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Fig. 404 —l'etrode or pentode erystal oscillator.
Ty pical values: Ci, 100 gpfd, with [. wound to suit fre-
quency; Ce, Ca, (L001 gfdd. or larger; Cy, 0.01 pfd.; Ry,
10,000 to 50,000 ohms, best value being determined by
trial for the plate voltage and operating conditions
chosens Rz, 250 to 100 ohms, Rz and Cs may be omitted,
connecting cathode directly to ground, if plate voltage is
limited to 250 volts. Cs (if needed) may be formed by
two metal plates about ¥4 inch square spaced about 14
inch. If the tube has a suppressor grid, it shoald be
grounded. X indicates point where flashlight bulb may
be inserted (§ 4-3).

operated with 300 volts on the plate and
100--125 on the screen as erystal oscillators.
The sereen is at ground potential for r.f. and
has no part in the operation of the circuit
other than to set the operating charaeteristies
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.

Pentoele oscillators operating at 250 to 300
volts will give 4 or 5 watts output under nor-
mal conditions. The beam types 616 and 807
will give 15 watts or more at maximum plate
voltage.

The grid-plate capacity may be too low to
give suflicient feedback, particularly at the
lower frequencies, in which case a feedback
condenser, (5, may be required. Its capacity
should be the lowest value which will give
stable oscillation.

Cirenit  constants — Tvpical  values  for
grid-leak resistance and  by-pass  condenser
values are given in Figs. 403 and 404, Since the



Fig. 405 — D.c. plate
current vs, plate tuning
capacity with the triode,
tetrode or pentode erystal
oscillator,
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crystal is the frequency-determining element,
the Q of the plate tank circuit has a relatively
minor effect on the oscillator frequency. A @
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 erystal oscillators — The
tuning characteristies and procedure to be fol-
lowed in tuning are essentially the =ame for
triode, tetrode or pentode crystal oxcillators.
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 crvstal frequency.
I'ig. 405 is typieal of the behavior of plate eur-
rent as the tank condenser capacity ix varied.
An r.f. indicator, such as a small neonbulb
touched to the plate end of the tank coil, will
show maximum at point A. However, when the
oscillator is delivering power to a load it i best
to operate in the region B-C, sinee the oscillator
will be more stable and there ix 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 taken from the oscillator, the
dip in plate current is less pronounced, as in-
dicated by the dotted eurve. The greater the
power output the smaller the dip in plate cur-
rent. If the load is made too great, oscillations
will not start. Loading is adjusted by varyving
the coupling to the load circuit (§ 2-11).

The greater the loading, the smaller the volt-
age fed back to the grid eircuit for excitation
purposes. This means that the r.f, voltage
across the crystal alxo will be reduced, hence
there is less crystal heating when the oscillator
is delivering power than when operating un-
loaded.

Failure of a crystal circuit to oscillate may
be caused by any of the following:

1. Dirty, chipped or fractured crystal

2. Imperfect or unelean holder surfaces

3. Too tight coupling to load

4. Plate tank circuit not tuning correctly

5. Insufficient fecdback 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
tuncd circuit. The output of the Pierce oseil-
lator ix relatively small, although it has the ad-
vantage that no tuning controls are required.
The circuit requires capacitive coupling to a
following stage. The amount of feedback is de-
termined by the condenser Ca To sustain
oscillation the net reactance (§2-8) of the
plate-cathode circuit must he capacitive; this
condition is met so long as the inductance of
the r.f. ehoke, together with the inductanee
of any coils associated with the input circuit

200 —~ 300
vOoLTS

Fig. 406 — Pierce oscillator circuit. Tubes such as the
6C5 and 6F6 are suitable, operating at plate voltages
not exceeding 300 to prevent erystal fracture. When a
triode is used, Rz and Cs are omitted. Ry should he
25,000 to 50,000 ohms. 1000 ohms is recommended for
Rz2. Rs is the sereen voltage dropping resistance (75,000
ohms for the 6F6). C1 may have any value between
0.001 and 0.01 ufd. C3 and C4 should be 0.01 ufd. Cz,
the regencration capacity, must be determined by ex-
periment; usual values are between 30 and 150 pufd.
The eapacity of Cp, usually 100 uufd., should be ad-
justed so that the oscillator is 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.

0 1=-3 NARMONIC-GENERATING
CRYSTAL OSCILLATORS

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

Besides harmonic output, the T'ri-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 loading or tuning and
hence improves the stability.,

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

The cathode tank circuit, L€y, is not tuned
to the frequency of the crystal, but to a con-
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Fig. 407 — T'ri-tet oscillator circuit, using pentodes
(A) or beam tetrodes (B). Ci and Cz, 200-pufd. vari-
able; Cs, Ca, Us, Ceg, 0.001 to 0.01 ufd., not critical;
Ri, 20,000 to 100,000 ohms: Rz, 400 ohms for 400- or
500-volt operation,

Following specifications for cathode coils, la, are
based on a eoil diameter of 1 Y5 inches and length 1inch;
turns should be spaced evenly to fill the required length.
For 1.75-Me. erystal, 32 turns; 3.5 Me., 10 turns, 7
Me., 6 turns. The screen should be operated at 250 volts
or less. Audio beam tetrodes such as the 61.6 and 6166
should be used only for second-harmonic output. Flash.
light bulb may be inserted at X (§ 1-3).

The L-C ratio in the plate tank, 122, should be
adjusted so that the capaeity in use is 75 to 100 ppfd.
for fundamental output and about 25 uufd. for second
harmonie output.

siderably higher frequency. Recommended
values for L, are given under the diagram. C,
should be set as near minimum capacity as is
consistent with good output. Thix reduces the
erystal voltage.

With pentode-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 erystal is connected be-
tween grid and ground and the cathode tuned
cireuit (9REC is tuned to a lower frequency
than that of the erystal. This eircuit gives high
output on the fundamental erystal frequency
with low erystal current. The output on even
harmonies (2nd, 4th, etel) is not as great as
that obtainable with the Tri-tet, but the out-

©V60, 6L6,6L66
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Fig. 408 — Grid-plate crystal oseillator circuit. In
the cathode circuit, RFC is 5-mh. r.f. chohe. Other
constants are the same as in Fig, 500, \ indicates point
where  erystal-current  indicator may be inserted

(§:4-3).

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

If harmonic output is not needed, C2 may be
a fixed capacity of 100 pufd. 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 erystal fundamental with a tube
such as the 616G at plate and screen voltages
of 400 and 230, respectively.

Tuning and adjustment — The tuning pro-
cedure for the Tri-tet oscillator is as follows:
With the cathode tank condenser at about
threc-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 sheuld 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-
havior of plate current with plate-condenser
tuning.

After the plate circuit is adjusted and the
oscillator is delivering 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



Fig. 409 — D.c. plate
current vs. plate tuning
capacity with the Tri-tct
oscillator,

PLATE CURRENT

TUNING CAPACITY

fact, be desirable to saerifiee a little output if
s0 doing reduces the current through the erys-
tal and thus reduces heating.

For harmonic output the plate tank circuit
is tuned to the harmonie instead of the funda-
mental of the crystal frequency. A plate-cur-
rent dip will oecur at the harmonie. If the
cathode condenser is adjusted for maximum
output at the harmonie, this adjustment will
usually serve for the fundamental as well. The
crystal should be checked for evidence of ex-
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cessive heating, the most effective remedy for
which is to lower the plate and /or sereen volt-
age, or to reduce the loading. With this eireuit
maximum r.f. voltage across the erystal is de-
veloped at maximum load so erystal heating
should be checked with the load coupled.

When a fixed eathode condenser is used in
the grid-plate oscillator the plate tank circuit is
simply resonated, as indieated by the plate-
current dip, to the fundamental or a harmonic
of the output frequeney, loading being ad-
justed to give optimum power output. If the
variable eathode condenser is used, it should be
set to give, by observation, the maximum
power output consistent with safe erystal eur-
rent. The variable condenser is chiefly useful in
increasing the output on the third and higher
harmonies; for fundamental operation the
cathode eapaeity is not eritical and the fixed
condenser may be used,
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Fig. 410 — Dircct- or capacity-coupled driver and amplifier stages. Coupling condenser capacity may be from
50 upfd. to 0.002 kfd., not critical except when tapping the coils for contro! of excitation is not possible. Parallel
plate feed to the driver and serics grid fced to the amplificr may be substituted in any of the circuits (§ 3-7).
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o 4-6 INTERSTAGE COUPLING

Requirements — 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 driver)
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 exciting voltage and current
will be available at the grid of the driven tube.

Capacity coupling — Fig. 110 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 ecireuit is used in the output of the
driver; instead of both tubes being in parallel
across one side, the output capacity 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 mateh. In E and ¥, the two
grid taps should be maintained equidistant
from 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 suflicient, in many cases, to
prevent use of a desirable L/C ratio in circuits
for frequencies above about 7 Me.

Link 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
separate parts of the transmitter may be con-
structed as 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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Fig. 411 — Link coupling between 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.

o 1-7 R.F. POWER AMPLIFIER
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 hetween grid and plate
provided by the screen. Tetrodes and pentodes



designed for audio use (such as the 6L6, 6V6,
616, etc.) are not sufficiently well screened for
use as r.f. amplifiers without employing addi-
tional means for nullifving the effect of the
grid-plate capaeity. )

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 requisite isolation can be 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-plate 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

%o couplin
0/1/ 7

Bras,
crrcurts

+SCREEN +SUPP "“ v
VOLTAGE VOLY

SINGLE -TUBE OR PARALLEL

+SUP +SCR
v v

™

PUSH-PULL

Fig. 412 — Tetrode-pentode r.f. amplifier circuits.
C1 — 0.01 pfd.; C2—0.001 ufd, or larger; C3-1. — see
§4-8.

In circuits for tetrodes, the suppressor-grid connec-
tion and by-pase condenser 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).

Neutralization — 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 the
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 is
connected. The amplitude of the neutralizing
voltage can be regulated by means of a small
condenser, the neulralizing 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-
neutralized circuits, while if the neutralizing
voltage is obtained from a balanced plate tank
and fed to the grid of the tube, the circuit is
plate-neutralized.

Plate-neutralized 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 sat-
isfactory 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 tap,
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 capacily) 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 seeure an exact center-tap. Both
these cause unbalance which in turn causes the
voltages aeross the two halves of the coil to
differ when the frequency is changed.
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Fig. 413 — 'T'riode amplificr circuits, Plate neuntralization is shown in A, B and C; D, E and F show types of
grid neutralization. Either capacitive or link coupling may be used with circuits of A, B or C,

C-l. — See § 4-8.
Cg-Le — Grid tank circuit.
Cn — Neutralizing condenscrs.

The circuit of C also uses a center-tapped
tank circuit, the voltage division being sccured
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 connceted
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-neutralised circuits — Typical cir-
cuits employing grid neutralization are shown

!

Fig. 414 — Compensating for capacity unbalance in
the single-tube neutralizing 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
neutralizing capacity at C, as the frequency is changed.
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C1 — 0.0 ufd.
(o

0.001 ufd. or larger.

in Fig. 413 at D, IX 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 I neutralized by
ordinary procedure (deseribed below) will be
regenerative when the plate voltage is applied;
the circuit at I will be degenerative. In addi-
tion, the normal unbalancing effects deseribed
in the preceding paragraph are present, so that
grid neutralizing is less satisfactory than the
plate method. '

Inductive neutralisation — 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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Fig. 415 — Inductive neutralizing circuit, The link
coils should have one or two turns and should be coupled
to the grounded ends of the tank coils, Neutralization is
adjusted by moving the link coils in relation to the tank
coils. Reversal of connections to one of the coils may be
required to obtain the proper phasing.

+

very small and suitable circuit balance eannot
be obtained with ecircuits using neutralizing
condensers,

Push-pull neutralization — With push-
pull circuits two neutralizing condensers are
used as shown in Fig. 416. In these circuits the
grid-plate capacities of the tubes and the neu-
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Fig. 416 — Push-pull triode amplifier circuits with
“cross-neutralization,” Either capacitive or link cou-
pling may be used.

C-1.— See § 4-8.

Cy» — Neutralizing condensers,
Ci — 0.01 wnfd.

Ca2 — 0.001 ufd. or larger.
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tralizing capacities form a capaecity bridge
(§ 2-11) which is independent of the grid and
plate tank circuits. The neutralizing capacities
are approximately the same as the tube grid-
plate capacities. With electrically similar tubes
and symmetrical construction (stray capacities
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 BB, is preferred since it is an aid
in obtaining good circuit balance.

Frequency effects — The effects of slight
dissymmetry in a neutralized cireuit 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 clements 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 condensers — 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.
[f, 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-seale or less a ca-
pacity equal to the grid-plate capacity of the
tube should be chosen. If the grid and plate
leads are brought through a eommon 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. voltage
across the condenser plus the sum of the d.c.
plate voltage and the grid-bias voltage.

Neutralising 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 approached, 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 condenser 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 single-ended 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-

Amp.
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]
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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 234 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 neutralization — 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 bhe
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,

Fig. 417 — Inverted amplifier. The number of
turns at L should be adjusted by experiment to
give optimum grid excitation to the amplifier.
By -pass condenser C may be 0.001 nfd. or larger.



The inverted amplifier — 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 excitation 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 ppfd. or less) since
larger values will give suflicient 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
Me. or so.

o 1-8 POWER AMPLIFIER OPERATION

Efficiency — An r.f. power amplifier is
usually operated Class-C (§ 3-4) to obtain 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 voltage and plate current).
Plate efficiencies of the order of 759, are read-
ily obtainable at frequencies up to the 30-60
megacycle region. The overall 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 angle — 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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Fig. 418 — Instantaneous voltages and currents in
a Class-C amplifier operating under optimum conditions,

plate current, causes the minimum instan-
taneous plate voltage (Fig. 418) to be equal to
the maximum instantaneous 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.

R.f. grid voltage and grid bias — For most
tubes optimum operating conditions result
when the minimum instantaneous plate volt-
age is 10% to 209, 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
must reach 509 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
259, to 509, 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 beless 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 above.
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Suitable operating conditions are usually
given in the data accompanying the type of
tube used.

Grid hias may be secured either from a bias
source (fized bias), 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 (§ 8-9).

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 consuned 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 109, 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 Mec. 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 bhe 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
(sec § 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 cyele, 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, heing lower with tubes having large
amplification factors.

The average grid impedance is equal to E?/P,
where E is the r.m.s. (§ 2-7) value of r.f.
grid voltage and I’ the grid driving power.
Under optimum operating conditions values of
average grid impedance ranging from 2000 ohms
for high-x tubes to four or five times as much
for low-x 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
eircuit associated with the amplifier grid have
fairly high @ so that the voltage regulation
over the cycle will be good. The requisite @
may he obtained by adjusting the L/C ratio
or by tapping the grid circuit across only part
of the tank (§ 4-6).

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 harmonies present in
the tube output as a result of the non-sinusoidal
plate current (§ 2-7, 3-3). For satisfactory har-
monic suppression a @ of 12 or more (with the
circuit fully loaded) is desirable. A @ of this
order is also helpful from the standpoint of
securing adequate coupling to the load or an-
tenna circuit (§ 2-11). The proper @ can he obh-
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.e. plate voltage to d.c. plate
current. For a given effective @, 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. T'he 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 Y4 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 pufd. in a single-ended circuit
at the desired frequency, only 50 uufd. would
be needed in a balanced cireuit. If a split-stator
or halanced tank condenser is used, each sec-
tion should have a capacity of 100 uufd., the
total capacity of the two in series being 50
ppfd. 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 @ of the coil and condenser should be
high. Since transmitting coils usually have @’s
ranging from 100 to several hundred, the tank
transfer efficiency is generally 909, 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 constants — When the capacity nec-
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Fig. 419 — Chart showing tank.capacities required
for “Q” of 12 with various ratios of plate voltage to
plate current for various frequencies. In circuits F, G,
11 (Fig. 420), the capacitics shown in the graph may be
divided by four. In cirenits C, D, E, I, J and K, the
capacity of cach scetion of the split-stator condenscr
may be one-half that shown by the graph. Values given
by the graph should be used for cirenits A and B.

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

IFig. 421 is for coils wound on receiving-type
forms having a diameter of 115 inches and
ceramic forms having a diameter of 134 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 turns in alternate
grooves). This is sometimes advisable in the
case of 14- and 28-Me. 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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Fig. 420 — In circuits A, B, C, 1) and F, the peak voltage E will be approximately equal to the d.c. plate voltage

applied for c.w. or twice this value for phone. In circuits F, G, I1, 1, J and K, E will be twice the d.c. plate voltage
for c.w. or 4 times the plate voltage for phone. Circuit is assumed to be fully loaded. T'ubes in parallel in any of the
circuits will not affect the peak voltage. Circuits A, C, K, F, G and 1l require that the tank condenser be insulated
from chassis or ground and be provided with a suitably insulated shaft coupling for tuning.
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Fig. 421 — Coil-winding data for receiving-type
forms, diameter 14 inches. Curve A — winding length,
1 inch; Curve B — winding length, 113 inches; Curve
C — winding length, 2 inches. Curve C is also suitable
for coils wound on 134-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
ufd. should be satisfactory for frequencies as
low as 1.7 Mec. Cathode-resistor and filament
by-passes in r.f. circuits should be not less than
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Fig. 422 — Coil-winding data for ceramic transmit-
ting-type forms. Curve A — ceramic form 2Y3-inch
effective diameter, 26 grooves, 7 per inch; Curve B —
same as A, but with turns wound in alternate grooves;
Curve C — ceramic form 27%4.inch effective diameter,
32 grooves, 7.1 turns per inch, app.; Curve D — ceramic
form 4-inch effective diameter, 28 grooves, 5.85 turns
per inch, app.; Curve E — ceramic form 5-inch effec-
tive diameter, 26 grooves, 7 per inch. Coils may be
wound with No. 12 or No. 14 wire.
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0.01 pfd. 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 1009 greater than the
sum of the driver plate and amplifier biasing
voltages.

0 4-9 ADJUSTMENT OF POWER
AMPLIFIERS

Excitation — 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 as 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 case the coupling which gives the
desired grid current with minimum driver load-
ing should be dectermined 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 is simply
an expedient to prevent driver overloading
without giving suitable impedance matehing.

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 Qs 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



amplifier grid tank. Its @ 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 helow 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 259%, 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 tuning — 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
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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

Fig. 423 — Typical
behavior of d.c. plate
current with tuning of

Unloaded
~— an amplifier.

PLATE CURRENT

—
TUNING CAPACITY

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 @ of the circuit is high and
the tank current relatively large. When the
amplifier is delivering power to a load, the
circulating current drops considerably and the
tank losses correspondingly decrease. High
minimum unloaded plate current is chiefly
encountered at 28 Mec. 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 3
and non-induetive (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 loading 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 calculated from Ohm’s Law:

P (watts) = PR

where I is the current indicated by the thermo-
ammeter and 2 is the resistance of the non-
inductive resistor K. 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 scries-parallel. The meter scale
required for any expected viulue of power out-
put may also be determined from Ohm’s Law:

P
I=\/1c

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

lank
Circuil

L :

®

Tank
Circuit

L

™~ R

Tank
Circuit

Fig. 424 — “Dummy antenna”’ circuits for checking
power output and making operating adjustments with-
out applying power to the actual antenna.
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The lamp should be equipped with a pair of
leads, preferably soldered to the terminals on
the lamp base. The coupling should bhe 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 adjustments have been com-
pleted an approximation of the power output
can be obtained by comparing the brightness of
the lamp with the brightness of one of similar
power rating in a 115-volt socket.

The circuit of Iig. 424-B is for resistors or
lamps of relatively high resistance. In using
this circuit, care should be taken to avoid ac-
cidental contact with the plate tank when the
power is on. Thix danger is avoided by circuit
C, in which a separate tank circuit, LC, tuned
to the operating frequency, is coupled to the
plate tank circuit. The loading is adjusted by
varying the number of turns across 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 cither 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 @ 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 harmonie con-
tent in the output of the amplifier even though
the proper tank @ 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 respeet 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 is 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 oceur there would be magnetic
shielding as well as clectrostatic; 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 exeitation, 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 apt to oceur with tubes of
high power sensitivity such as the r.f. pentodes

No Connections
here

Conductors _/
Joined here
Fig. 425 — The Faraday shield. 1t is made of parallel
conductors, insulated from each other except at one end

where all are joined. Stiff wire or small diameter rod may
be used, spaced about the diameter of the wire 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 and the screen should be by-passed
as close to the socket terminal as possible. A
cylindrieal 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 minimum
plate current and the other maximum power
output, may occur when the tank circuit @ is
too low (§ 2-10). A similar effect also occurs
at times with screen-grid amplifiers when the

Fig. 426 — Methods of using the Fara-
day shield. Two are required with a push-
pull or balanced tank circuit. The shield
should be somewhat larger than the di-
ameters of the coupled coils, and should
be inserted hetween them so each is
completely unexposed to the other,

Jank Coil )
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screen voltage regulation (§ 8-1) is poor, as
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 be 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.

0 14-10 PARASITIC OSCILLATIONS

Description — 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
parasitic 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 heyond cut-off, at the instant
excitation 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 produe-
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.

Tank Coil
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Low-frequency parasitics — Parasitic os-
cillations at low frequencies (usually 500 ke. 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 of os-
cillation cannot oceur 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.

Parasitics near operating frequency — In
circuits utilizing a tap on the plate tank coil
toestablish 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-
cillates 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.

Ultra-high frequency parasitics — 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 (50 or 100 uufd.) may be used in
conjunction 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.

Testing for parasitic oscillations — An
amplifier always should be tested for parasitic
oscillations 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-frequeney
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 associated with the
radiation. Parasitics usually can be recognized
by their poor stability, as contrasted to the
normal transmitter harmonies, which will have
the same stability as the fundamental signal
as well as the usual harmonic frequency rela-
tionship. Harmonies should be quite weak
compared to the fundamental frequency,
whereas parasitic oscillations may have con-
siderable strength.

o 4-11 FREQUENCY MULTIPLICATION

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 typieal circuit arrangement is
shown in Fig. 427-A. For screen-grid multi-
pliers the circuit is the same as in Fig. 412-A.
Under usual conditions the plate efficiency of a
frequency multiplier drops off rapidly with an
inerease in the number of times the frequeney
is multiplied. For this reason most multipliers
are used as frequency doublers, giving second
harmonic output.

A special circuit for {requency doubling
(“push-push’’ doubler) is shown in Fig. 427-B.
The grids of the tubes are in push-pull and the
plates in parallel, thus the plate tank circuit
receives two pulses of plate current for each
cycle of excitation frequency. The circuit is
similar in principle to the full-wave rectifier
(§ 8-3) where the ripple frequency is twice the
applied frequency.

Push-pull amplifiers are suitable for fre-
quency multiplication at odd harmonies 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 conditions and 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 half 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 comparable
plate efficiency the bias will ordinarily be four
to five times the normal Class-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 as
in a straight amplifier, the average d.c. values
should be one-half those for normal Class-C
operation. That is, a tube operated in this way
will have the same plate efficiency as a Class-C
amplifier, but ean 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

c L
Tuned to
i c harmonic
wu/n/m? 2 -
— 1 O
and bias =
crreuits P
LR I'Fm‘l A
BIAS
A

buasin,
circurts

Fig. 427 — Frequency-multiplying circuits. A is for
triodes, used either singly or in parallel. The push-
push doubler is shown at B. Any type of coupling may
be used between the grid circuit and the driver. Ci
should be 0.01 ufd. or larger; C2, 0.001 ufd. or larger.
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current, but this is accompanied by a decrease
in eflicicney. Since operation as deseribed
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 409, to 509,

The tank circuit should have reasonably
high @ (12 is satisfactory) to give good output
voltage regulation (§ 4-9) since a plate-current
pulse occurs only onee every two cyeles of out-
put frequency. A low-Q ecircuit (high L/C
ratio) is helpful chiefly when the operating
angle is greater than 180 degrees at the second
harmonie. 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 caleu-
lated as previously described (§4-8). The
L ¢ ratio of the grid tank ecircuit may be
higher, therefore, for a given Q. 1t is often ad-
vantageous to use a fairly high ratio since a
large r.f. voltage must he developed between
grid and cathode, so long as it is not made too
high (@ 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 are
link-coupled (§ 4-6).

Tubes for frequency multiplication —
There is no essential difference between tubes
of various characteristics in their performance
as frequeney 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 g, assuming tubes of otherwise similar con-
struction and characteristics. Pentodes and
tetrodes having high power sensitivity will,
as in normal amplifier operation, require less
driving power than triodes for efficient dou-
bling, although more power will be needed than
for straight amplification.

0 4-12 ULTRA-HIGIN-FREQUENCY
OSCILLATORS
Linear 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 diclectric losses in the seals
and other loading effects (§ 7-6). With most
small tubes of ordinary construction the upper
limit of oscillation is in the region of 150 Me.;
for higher frequencies it is necessary to use
special u.h.f. tubes having low interclectrode
capacities and low internal lead inductance.
Only a few types are capable of developing
more than a few watts at frequencies of 300
Me. and higher.

Although ordinary coil and condenser tank
circuits ean be used at frequencies as high as
112 Me., the @ of such cireuits is low at ultra-
high frequencies because of inereased losses,
so that both stabhility and eflicieney 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, beeause of the considerable
space required for longer lines. At 112 Me.
it is also possible to build high-@ tank circuits
with lumped constants, not in the form of ordi-
nary coils and condensers but with large con-
dueting surfaces to reduce resistanee to the
lowest possible value.

The oscillator ecircuits used are the same in
principle as on the lower frequencies (§ 3-7)
although frequently modified considerably to
compensate for inherent ecapaeitics and indue-
tances which are negligible at lower frequencies.

Two-conductor lines — The quarter-wave
two-conductor open line is equivalent to a
resonant eircuit (§ 2-12) and ean be used as the
tank circuit (§ 3-7) in an oseillator. 1t should
be used as a halanced circuit to avoid unequal
currents in the two conductors and consequent
loss of () 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 condueting surface and hence reduce
resistance, and also to make a mechanieally-
stable circuit and thus minimize the effeets of
vibration on the oseillator frequeney. The line
should be approximately a quarter wavelength
long, although the resonant frequeney will
deerease somewhat when the tube with its in-
ternal capacities is conneeted 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 taps should be
as close to the shorted end of the line as is eon-



Fig. 428 — Single-tube line oscillator, ‘The grid con-
denser, Ci, may be 50 wufd.; grid leak, Ry, 3000 to 50,000
ohms gdepending upon the type of tube, The choke,
RIC, will in general consist of relatively few turns (20
to 50) wound to a diameter of 14 inch, although dimen-
sions will change considerably with the frequeney. By-
pass condensers should be small in size to reduce lead
inductance; 500 upfd. is a satisfactory 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 Mec. 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 should be
approximately 14 wavclength to bring the
filament to the same potential as the shorted
ends of the lines. The proper inductance must
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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-capaeity 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 eondenser causes a marked deerease
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).

Push-pull oscillators — 1t 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.
IYig, 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 associnted with the load and
hence its @ can be kept high. The same adjust-
ment considerations apply as in the case of the
single-tube oscillator deseribed 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 tank in the
grid circuit for frequency control in conjune-
tion with a conventional coil-condenser tank
in the plate circuit, where the lower Q does not

have so great an effect on the sta-
bility.

Fig. 429-B shows a push-pull oscil-
lator having tuned plate and cathode
eircuits, using linear tanks for each.
The grids are connected together and

B C,

1

e

grounded through the grid leak, Ry;
ordinarily no by-pass condenser is
needed across R). This ecireuit gives
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428 and

Fig. 429

text for discussion of circuit constants.

Push-pull line oscillator cireunits, See Fig,

t
,4.0”’/’” good power output at ultra-high fre-

quencies, but is not especially stable
unless the plates are tapped down on
the plate tank ecircuit 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.

Concentric-line circuits — At fre-
quencies in the neighborhood of 300
Me. 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. In this type the field is
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 bhetween points on the outer
surface. The coneentrie line alzo is advanta-
geous at lower frequencies, but as it is more
complicated to construet and length adjust-
ment and tapping both are difficult mechan-
ically, the open lines are generally favored.
The concentrie 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-
duetor 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 ecan be ad-
justed by a sliding short-circuiting dise at the
closed end, a elose fit and low-resistance con-
tact being necessary to avoid reduction of the
Q). It is also possible to make the inner con-

Fig. 430 — Concentric-line oscillator circuits, The
line, usually of tubular conductors, is shown in cross-
section, See Fig, 428 and text for discussion of eircuit
constants,

8
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Fig. 131 — High-Q lumped-constant tank eircuit in
a u.h.f. oscillator. This drawing shows a eross-section of
the tank, which is usually built of concentrie eylinders.
C1 and Ry are the grid condenser and leak, respectively;
sec Fig. 128 for discussion of circuit constants.

ductor a pair of close-fitting concentric tubes
so 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 frequency 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 funetion
as in the preceding circuits. The ultraudion
circuit is shown at 13; 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 Cy, 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 circuits with lumped constants —
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 @ (§ 2-10). At
low frequencies the inherent @ of any well-
designed circuit will be high enough so that it
may be neglected in comparison to the effee-
tive @ 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



L/C ratio will not increasc the effective @
unless 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 possible, 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 cach 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

/eatlio-jrequency power generah'on

the feedback coil in the grid circuit; this indue-
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 @ may be
reduced if a considerable portion of the tank
r.f. current flows through it.

This type of circuit actually has lumped
eonstants only when the length is small (109,
or less) in proportion to the wavelength. At
greater lengths it tends to act as a lincar cir-
cuit, eventually evolving into the concentric
line,
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0 5-1 MODULATION

The carrier —The steady radio-frequency
power generated by transmitting eireuits ean-
not alone result in the transmission of an
intelligible message to a reeeiving point. It
serves only as a “earrier” for the message;
the intelligenee is eonveyed by modulation
(a ehange) of the earrier. In radiotelephony
this modulation reproduees eleetrieally the
sounds it is intended to eonvey.

Sound and alternating currents — Sounds
are eaused by vibrations of air particles. The
pitch of the sound depends upon the rate of
vibration; the more rapid the vibration the
higher the piteh. Most sounds consist of com-
plex eombinations of vibrations of differing
rates or frequeneies; the human voiee, for in-
stanee, generates frequencies from about 100
per second to several thousand per sceond.
The problem of transmitting speech by radio
is therefore one of varving the r.f. earrier in a
way whieh eorresponds to the air-partiele vi-
brations. The first step in doing this is to
change the sound vibrations into alternating
cleetrical eurrents of the same frequency
and relative intensity; the clectromeehanieal
deviee which aehicves this translation is the
microphone. These eurrents may then be
amplified and used to modulate the normally-
steady r.f. output of the transmitter.

Methods of modulation — The earrier may
be made to vary in aeeordance with the speech
current by using the eurrent to ehange the
phase (§ 2-7) frequeney or amplitude of the
carrier. Amplitude modulation is by far the
most common system, and is used exclusively
on all frequeneies below the ultra-high-fre-
quency region (§ 2-7). Frequency modulation,
which has special eharaeteristies whieh make
its use desirable under certain conditions, is
used to a considerable extent on ultra-high
frequeneies. Phase modulation, which is elosely
related to frequency modulation, has had little
or no direct application in practical com-
munication.

AMPLITUDE MODULATION

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 supply (§ 8-4). It is
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also essential that the carrier freguency be
entircly unaffected by the application of
modulation. If modulating the amplitude of
the earrier also eauses a ehange in the earrier
frequeney, the signal wobbles baek and forth
with the modulation, introducing distortion
and widening the channel taken by the signal.
This eauses unnceessary interferenee to other
transmissions. In praetiee, this undesirable
frequeney modulation is prevented by applying
the modulation to an r.f. amplifier stage whieh
is isolated from the frequeney-eontrolling
oseillator by a “buffer’ amplifier. Amplitude
modulation of an oscillator is almost always
acecompanicd by frequeney modulation. It is
permitted on ultra-high frequeneies above 112
Me. heeause the problem of interferenee is
less acute than on lower frequencies.

Percentage of modulation — In the ampli-
tude-modulation system the audible output
at the receiver depends entirely upon the
amount of variation — termed depth of modu-
lation — in the earrier wave and not upon the
strength of the earrier alone. It is therefore
desirable to obtain the largest permissible
variations in the carrier wave. This eondition
is reached when the earrier amplitude during
modulation is at times redueed to zero and at
other times inereased to twiee its unmodulated
value. Sueh a wave is said to be fully modu-
lated, or 100% modulated. Any desired degree
of modulation can he expressed as a pereent-
age, using the unmodulated carrier as a base.
Fig. 501 shows at A an unmodulated carrier
wave; at B the same wave modulated 509,
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 pereentage modulation ean be found by
dividing either ¥ 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 modulated ware — The ampli-
tude values correspond to current or voltage,
so that the drawings may be taken to represent
instantaneous values of either. Since power
varies as the square of either the eurrent 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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Fig. 501 — Graphical representation of (A) unmodu-
lated earrier wave, (B) wave modulated 509, (C) wave
modulated 1009,

——

©

[ I

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 earrier
power: that is, the power output of the trans-
mitter increases 509% with 1009, modula-
tion.

Linearity — Up to the limit of 1009, modu-
lation, the amplitude of the ecarrier 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-lincar. The amplifier
may not, for instanee, be capable of quadru-
pling its power output at the peak of 1009,
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.

/gazlt'ofe&loé ony

Modulation ecapability — The modulation
capabilily of the transmitter is the maximum
percentage of modulation that is possible
without objectionable distoction from non-
linearity. The maximum capability is, of
eourse, 100%. The modulation capability
should be as high as possible so that the most
effective signal can be transmitted for a given
carrier power.

Overmodulation — If the carrier is modu-
lated more than 1009, a condition such as is
shown in Fig. 502 occurs. Not only does the
peak amplitude exceed twiec the earrier 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 earrier should never be modulated more
than 1009,

Sidebands — The combining of the audio
frequeney with the r.f. earrier is essentially a
heterodyne process and therefore gives rise to
heat frequeneies equal to the sum and differ-
ence of the af. and r.f. frequencies involved
(§ 2-13). Therefore, for cach audio frequeney
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 earrier minus the audio
frequency. These new frequencies are called
side frequencies, since they appear on cach
side of the carrier, and the groups of side fre-
queneies 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 ease of the unmodu-
lated carrier. The channel width is twice the
highest modulation frequeney. To aececommo-
date the largest number of transmitters in a
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Fig. 502 — An overmodulated wave.
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given part of the r.f. spectrum it is apparent
that the channel width should be as small as pos-
sible, but on the other hand it is necessary, for
speech of reasonably good quality, to use modu-
lating frequencies up to about 3000 or 4000
cyeles. This calls for a channel width of 6 to 8 ke.

Spurious side bands — Besides the normal
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 cuuse
it to be wider without inercasing the uscful
modulation. By increasing the channel width
these spurious side bands cause unnecessary
interfercnee to other transmitters. The quality
of transmission is also adversely affected when
spurious side bands are generated.

The ehief eauses of spurious side bands are
harmonie distortion in the audio system, over-
modulation, unneecssary 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 seeond type the audio signal is applied to
a control-grid ecireuit (grid-bins modulation).
A third system involves variation of both plate
voltage and grid bias and is called cathode
modulation.

035-3 PPLATE MODULATION

Transformer coupling — In Fig. 503 is
shown the most widely-used system of plate
modulation. A balanced (push-pull Class-A,
(lass-AB or Class-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, 7". For 1009, 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 amplitude of the r.f. output.

Modulator power — The average power
output of the modulated stage must increase
509% for 1009 modulation (§ 5-2), so that the
modulator must supply audio power equal to
30% 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 siue-
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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Fig. 503 — Plate modulation of a Class-C r.f. am-
plifier. The plate by-pass condenser, C, in the r.f. stage
should have high reactance at audio frequencies. A value
of 0.002 ufd. or less is usually satisfactory.

sented to the modulator by the modulated
r.f. amplifier, is equal to

l’;‘b
I,

where Es is the d.c. plate voltage and I, 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 he
linear, the amplifier must operate Class-C
(§ 3-4). The linearity depends upon having
suflicient grid excitation, proper bias, and
adjustment of circuit constants to the proper
values (§ 4-8).

Power in speech wares — The complex
waveform of a speech sound translated into
alternating current does not contain as 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 509 with 1009,
modulation, while true for tone modulation, is
not true for speech. On the average, spcech
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 259% with 1009, speech modulation.
However, the instantaneous power output must
quadruple on the peak of 1009, modulation

% 1000



(§ 5-2) regardless of the modulating waveform.
Therefore the peak capaeity of the transmitter
must be the same for any type of modulating
signal.

Adjustment of plate-modulated ampli-
fiers — The general operating conditions for
Class-C operation have been deseribed (§ 3-4,
4-8). The grid bias and grid eurrent required
for plate modulation are usually given in the
operating data supplied by the tube manu-
faeturer; in general, the bias should be such
as to give an operating angle (§ 4-8) of ahout
120 degrees at carrier plate voltage, and the
exeitation should be sufficient to maintain the
plate efficiency eonstant when the plate volt-
age is varied over the range from zero to twice
the d.e. plate voltage applied to the amplifier.
For best linearity, the grid bias should he 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 permissible d.c. plate power
input for 1009 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 eause non-linearity. The
amplifier also should be free from parasitic
oscillations (§ 4-10).

Although the effective value (§ 2-7) of power
input inereases with modulation, as described
above, the average plate input to a plate-
modulated amplifier does not ehange, since
cach increase in plate voltage and plate cur-
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Fig. 504 — Plate and screen modulation of a pentode
Class-C r.f. amplifier. Plate and screen by-pass con-
densers, C1 and Cz, should have high reactance at audio
frequencies (0.002 ufd. or less).
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rent is balaneed by an equivalent decrease in
voltage and ecurrent. Consequently the d.c.
plate current to a properly-modulated am-
plifier is eonstant with or without modulation.

Screen-grid amplifiers — Screen-grid tubes
of the pentode or beam tetrode type ean 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.e. and
modulation voltage is shown in Fig. 504. The
dropping resistor, 2, should be of the proper
value to apply normal d.e. voltage to the sereen
under steady earrier eonditions. Its value
can be ecaleulated by taking the difference be-
tween plate and sercen voltages and dividing
it by the rated screen current.
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Fig. 505 - Choke-coupled plate modulation.

The modulating impedanee is found by di-
viding the d.e. plate voltage by the sum of the
plate and screen eurrents. The plate voltage
multiplied by the sum of the two currentsis the
power input figure whieh is used as the basis
for determining the audio power required from
the modulator.

Choke coupling — In Fig. 505 is shown the
cireuit of the ehoke-coupled system of plate
modulation. The plate power for the modulator
tube and modulated amplifier is furnished from
a eommon sourec through the modulation
ehoke, L, which has high impedance for audio
frequeneies. The modulator operates as a power
amplifier with the plate cireuit of the r.f.
amplifier as its load, the audio output of the
modulator being superimposed on the d.e.
power supplied to the amplifier. For 100%
modulation the audio voltage applied to the
r.f. amplifier plate cireuit aeross 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.e. 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 R, which
is by-passed for audio frequencies by the eon-
denser ('y.

This type of modulation is seldom used
exeept in very low-power portable sets, be-
cause a single-tube (‘lass-A (§ 3-4) modulator
is required. The output of a Class-A modulator
is very low eompared to that obtainable froma
pair of tubes of the same size operated Class-B,
hence only a small amount of r.f. power can be
modulated.

0 3-1 GRID-BIAS MODULATION

Circuit — Fig. 506 is the diagram of a typi-
eal arrangement for grid-bias modulation.
In this system the sceondary of an audio-
frequeney output transformer, the primary
of which is eonnceted in the plate cireuit of
the modulator tube, is eonnected in series with
the grid-bias supply for the modulated ampli-
ficr. The audio voltage thus introduced varies
the grid bias and thus the power output of
the r.f. stage, when suitable operating eondi-
tions are chosen. The r.f. stage is operated as
a Class-C' amplifier, with the d.e. grid bias
considerably beyond eut-off.

Operating principles — In this system the
plate voltage is eonstant, and the inerease in
power output with modulation is obtained by
making the plate eurrent and plate effieiency
vary with the modulating signal. For 1009,

CLASS-C
AMP

RF
Excitation g Ant
ERFC
RFC
Fig. 506 — Grid-bias modulation of a Class-C ampli-

fier. The r.f. grid by-pass condenser, ., should have
high reactance at audio frequencies (0.002 ufd. or less
in usual cases).
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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 earrier power.
Sinee the peak eflicieney in praeticable eireuits
is of the order of 709 to 809, the earrier effi-
ciency ordinarily eannot execed about 359,
to 40%,. For a given size of r.f. tube the earrier
output is about one-fourth the earrier 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 eharac-
teristie.

Modulator power — Since the increase in
average carrier power with modulation is se-
cured by varying the plate efficieney and d.c.
plate input of the amplifier, the modulator
need only supply such power losses as may
be oecasioned by eonnecting it in the grid
eircuit. These are quite small, henee a modu-
lator capable of only a few watts output will
suffiee for transmitters of considerable power.
The load on the modulator varies over the
audio-frequeney eycle as the reetified grid
current of the modulated amplifier ehanges,
henee the modulator should have good voltage
regulation (§ 5-6).

Grid-bias source — The ehange in bias
voltage with modulation causes the rectified
grid eurrent of the amplifier also to vary, the
r.f. exeitation being fixed. If the bias source
has appreciable resistance, the change in
grid current also will cause a ehange in bias
in a direetion opposite to that eaused by the
modulation. 1t is therefore neeessary to use o
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 bias 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 eharaeteristie may not be obtained
if the r.f. voltage from the driver does not stay
constant with ehanges 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 neeessary 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 sueh as a resistor. The load
variations are thereby redueed in proportion
to the total load.

Adjustment of grid-bias modulated am-
plifiers — This type of amplifier should be
adjusted with the aid of an oseilloseope to
obtain optimum operating conditions. The



oscilloscope should be connected as described
in § 5-10, the wedge pattern being preferable.
A tone source for modulating the trans-
mitter will be convenient. The fixed grid
bias should be two or three times the cut-
off value (§ 3-2). The d.c. input to the amplifier,
assuming 339, carrier efficicney, will be 1lg
times the plate dissipation rating of the tube or
tubes used in the modulated stage, and the plate
currentforthisinput (in milliamperes, 1000 P/ 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 1009, modulation,
indicating that the plate efficiency is too high.
Increasc the plate loading and reduce the ex-
citation to maintain the samc plate current,
apply modulation and check the characteristic
again. Continue this process until the charac-
teristic is lincar from the axis to twice the car-
rier amplitude. 1t is advantageous to use the
maximum permissible plate voltage on the
tube, since it is usually casier to obtain a more
lincar characteristic with high plate voltage
and low current (carricr conditions) rather
than with relatively low plate voltage and
high plate current.

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 uscd 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 exei-
tation until the output and plate current just
start to drop, then inerease the bias, leaving
the excitation and plate loading unchanged,
until the plate 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
values of plate current during the initial testing.

The d.c. plate current should be substan-
tially constant with or without modulation
(§5-3).

Suppressor modulation — The circuit ar-
rangement for suppressor-grid modulation of a
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Fig. 507 — Suppressor-grid modulation of a pentode
r.f. amplifier. The suppressor r.f. by-pass condenser, C,

should be 0.002 nfd. or less,

pentode tube is shown in Fig. 507. The operat-
ing principles arc 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 cfficiency is approxi-
mately the same as for grid-bias modulation,
and the modulator power requirements are
similarly small. With tubes having suitable
suppressor-grid characteristies, linear modula-
tion up to practically 1009, 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
339, carrier efficiency). Then apply sufficient
negative bias to the suppressor to bring the
plate current to the carrier value, leaving the
loading unchanged. Simultancously, 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 eurrent in the same pro-
portion when the suppressor bias is made
negative, the loading and excitation should be
readjusted to make them coincide.

0 5-5 CATHODPE MODULATION

Circuit — The fundamental circuit for
cathode or “center-tap’ modulation is shown
in Fig. 508. This type of modulation is a com-
bhination of the plate- and grid-bias methods,
and permits a carrier cfliciency midway he-
tween the two. The audio power is introduced
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Cathode modulation of a Class-C r.f.

Fig. 508
amplifier. The grid and plate by-pass condensers, C,
should be 0.002 ufil. or less (high reactance at audio fre.
(queneies).

in the eathode cireuit, and both grid bias and
plate voltage vary during modulation.

The cathode cireuit 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 ufd., to avoid by-passing the audio.

Operating prineiples — Because part of the
modulation is by the grid-bias method, the
plate eflicicney of the modulated amplifier
must vary during modulation. The ecarrier
efficiency therefore must be lower than the
efficiency at the modulation 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 efliciency, 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. amplificr 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
1009%,. The limiting condition, 1009, 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 409, 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 659 of the ratings of the same
tube with pure plate modulation, the power
output will be 489, of the rated output of the
tube with plate modulation, and the audio
power required from the modulator will be
209 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—

b
where m is the percentage of plate modulation
expressed as a decimal, K, 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-hias 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-
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. Fig. 509 — Cathode modulation performance curves,
in terms of percentage of plate modulation against per
cent of Class-C. telcphony tube ratings,

Win — D.c. plate input watts in per cent of plate-modu-
lation rating,

W, — Carrier output watts in per cent of plate-modula-
tion rating (based on plate efficiency of 77.5%).
Wi ~— Audio power in per cent of d.c. watts input.

Ny — Plate cfficiency in per cent.



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.

Adjustment of cathode-mod-
ulated amplifiers — 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 bhias, 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 wiil 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).

0 5-6 CLASS-B MODULATORS

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 modulated
Class-C amplifier. 1t is sometimes convenient
to use tubes which will operate at the same
plate voltage as that applicd to the Class-C
stage, since one power supply of adequate
curreht 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 to load —In giving Class-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
impedance (§ 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 to
secondary, is
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Fig. 510 — Class-B modulator and driver circuit.
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where Z,, is the Class-C modulating impedance
and Z, 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 sccondary 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-
quircments 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 eapable
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 cyele, since the grid cur-
rent does not incrcase directly with the grid
voltage. To prevent distortion, therefore, it is
necessary to have a driving source which has
good regulation — that is, which will maintain
the waveform of the signal without distortion
even though the load varies. This 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 Class-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
chosen a tube or tubes with ample power out-
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put from tube data sheets, the peak output
voltage will be, approximately,

E, = 1.4 VPR
where P is the power output and R the load

resistance. The input transformer ratio, pri-
mary to secondary, will be

Ea

o
where E, is as given above and £, is the peak
grid-to-grid voltage required by the modulator
tubes.

Commercial transformers usually are de-
signed for speeifie 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-cireuit loading
cffect 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 hias supply (§8-9)
should be used.

Plate supply — The plate supply for a
(’lass-B modulator should be sufliciently 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
eyeles or less compared to the load into which
cach tube is working, which is 14 the plate-to-
plate load resistance. A 4-ufd. output con-
denser with a 1000-volt supply, or a 2-ufd.
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.

Orverexcitation — When a Class-13 amplifier
is overdriven in an attempt to sccure more
than the rated power, distortion in the output
waveshape increases rapidly. The high-fre-
queney harmonies 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 hand of
frequencies several times the channel width
required for speech. This may happen even
though the transmitter is not heing over-
modulated, as in the case where the modulator
is incapable of delivering the power required
to modulate the transmitter fullv, 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 109, to 209, of the tube out-
put. In addition, the Class-C amplifier should
be adjusted to give the proper modulating
impedance and the correet output transformer
turn ratio should be used. Such high-frequency
harmonies as may be generated in these cir-
cumstances can be redueed by connecting
condensers aeross the primary and sccondary
of the output transformer (about 0.002 pfd.
in the average case) to form, with the trans-
former leakage inductance (§ 2-9) a low pass
filter (§2-11) whieh cuts off just above the
maximum audio frequencey required for speech
transmission (about 4000 eyeles). 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 18 turned on
and is drawing the proper plate current to
present the rated load to the modulator. With
no load to absorh 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 scparately
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 eonneeted
across the transformer seeondary.

0 35-7 LOW-LEVEL MODULATORS

Seleetion 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
sueh 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. H 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 is indieated in Figs. 506
and 507.

0 53-8 MICROPIIONES

Sensitivity — The sensitivity of a micro-
phone is its electrieal output for a given speech
intensity input. Sensitivity varies greatly with



microphones of different basic types, and also
varies hetween 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. lenee, 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 less from the speaker’s lips.

Frequeney response — The  frequency re-
sponse of a microphone is its relative ability
to convert sounds of different frequencies into
alternating current. With fixed sound inten-
sity at the mierophone, the electrical output
may vary considerably as the sound frequeney
is varied. For intelligible speech transmission
only a limited frequeney range is necessary,
and natural-sounding speech can be obtained
if the output of the mierophone does not vary
more than a few decibels (§ 3-3) over a range
of about 100 eyeles to 3000 or 4000 cycles.
When the variation in decibels is small be-
tween two frequency limits, the microphone
is said to be flat between those limits.

Carbon microphones — Fig. 511 shows con-
neetions for single- and double-button carbon
microphones, with a variable potentiometer
included in each ecircuit for adjusting the but-
ton current to the correet value as specified
with each microphone. The single-button
microphone consists of a metal diaphragm
placed against an insulating cup containing
loosely-packed earbon granules (micrdphone
button). Current from a battery flows through
the granules, the diaphragm being one connee-
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 deereases, causing a
corresponding increase and deerease of current
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flow through the circuit, since the pressure
changes the resistance of the mass of granules.
The change in current flowing through the
transformer primary causes an alternating
voltage, of corresponding frequeney and in-
tensity, to be set up in the transformer see-
ondary (§ 2-9). The double-button type oper-
ates similarly, but with two buttons in push-
pull.

Good quality single-button carbon miero-
phones give outputs ranging from 0.1 to 0.3
volt aeross 50 to 100 ohms; that is, across the
primary winding of the mierophone trans-
former. With the step-up of the transformer, a
peak voltage of between 3 and 10 volts across
100,000 ohms or so ean he assumed available
at the grid of the first tube. These microphones
are usually operated with a button eurrent of
50 to 100 ma.

The sensitivity of good-quality double-
button microphones is considerably less, rang-
ing from 0.02 volt to 0.07 volt across 200 ohms.
With this type mierophone and the usual
push-pull input transformer, a peak voltage
of 0.4 to 0.5 volt across 100,000 ohms or so can
he assumed available at the first speech ampli-
fier grid. The button current with this type
microphone ranges from 5 to 50 ma. per button.

Crystal mierophones — The input circuit
for a piezo-clectric or erystal type microphone
is shown in Fig. 511-E. The element in this
type consists of a pair of Rochelle salts erystals
cemented together, with plated electrodes.
In the more sensitive types the erystal is
mechanically coupled to a diaphragm. Sound
waves actuating the diaphragm cause the
crystal to vibrate mechanieally and, by piczo-
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 rcpresentative for com-
munieation 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 teet. The frequency charace-
teristie 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
values of 1 megohm and higher should he 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 eon-
nected in series with a resistor and d.c. voltage
souree. When the diaphragm vibrates the
change in eapacity causes a small eharging
eurrent to flow through the cireuit. The result-
ing audio voltage which appears aeross the
resistor is fed to the tube grid through the
coupling eondenser.

The output of condenser microphones varies
with different models, the high-quality type
being about one-hundredth to once-fifticth as
sensitive as the double-button carbon micro-
phone. The first amplifier tube must be built
into the microphone since the capacity of a
eonnecting cable would impair both output
and frequeney range.

Velocity and dynamic microphones —
In a velocity or ribbon microphone, the ele-
ment acted upon by the sound waves is a thin
corrugated metallie ribbon suspended between
the poles of a magnet. When made to vibrate
the ribbon euts the lines of foree between the
poles in first one direetion and then the other,
thus generating an alternating voltage.

The sensitivity of the veloeity mierophone,
with a suitable coupling transformer, is about
0.03 to 0.05 volt.

The dynamic microphone is similar to the
ribbon type in prineiple, but the ribbon is re-
placed by a coil attached to a diaphragm. The
coil provides several turns of wire cutting the
magnetie field, and thus gives greater sensitiv-
ity. A small permanent-magnet loud-speaker
makes a practical dynamic mierophone.

o 5-9 TIHE SIPEECIHI AMPLIFIER
Deseription — The function of the speech
amplifier is to build up the weak mierophone
voltage to a value sufficient to excite the modu-
lator to the required output. It may have from
one to several stages. The last stage nearly
always must deliver a certain amount of audio
power, especially when it is used to excite a
Class-B  modulator. Speech amplifiers for
grid-bias modulation usually end in a power
stage which also 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 casc 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 conneeting 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 instanee, the power neeessary to
drive a Class-B modulator (§ 5-6). It may be
either single-ended or push-pull (§ 3-3) the
latter heing generally preferable beeause of
higher power output and lower harmonie
distortion. Push-pull amplifiers may be either
Class A, Class ABj or Class AB2 (§ 3-4) as the
power requirements dictate. If a Class A or
AB; amplifier is used, the preeeding stages
may all be voltage amplifiers, but when a Class-
AB; 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 ease 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 smaller and
usually can be supplied by one or two small
reeeiving triodes. Any lower-level stages are
invariably worked as purely voltage ampli-
fiers.

The minimum amplifieation whieh must be
provided ahead of the last stage is equal to
the peak audio-frequeney grid voltage re-
quired by the last stage for full output (peak
grid-to-grid-voltage in the ease of a push-pull
stage) divided by the output voltage of the
microphone or secondary of the microphone
transformer if one is used (§ 5-8). The peak
a.f. grid voltage required by the output tube
or tubes is equal to the d.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 AB; and AB; amplifiers can be ob-
tained from the manufacturer’s data on the
type eonsidered. If the gain is not obtainable
in one stage, several stages must be used in
caseade. When the output stage is operated
Class ABj, 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-stage



amplifier is equal to the product of the indi-
vidual stage gains. For example, when three
stages are used, the first having a gain of 100,
the second 20 and the third 15, the total gain
is 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
available to cope with varying conditions.

When the gain must be fairly high, as when
a erystal 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 tube. The second and third
stages are usually triodes, the third frequently
" having two tubes in push-pull when it drives a
Class 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 less 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.

Stage gain and voltage 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 100-4000
cyeles. This econdition 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-
bilitics, 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.

Resistance coupling — Resistance 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-u 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 frequeney response of the amplifier will
be determined by the circuit constants, par-
ticularly C3R4, the coupling condenser and
resistor to the following stage, and C1R,, the
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Fig. 512 — Resistance-coupled voltage amplifier oir-

cuits. A, pentode; B, triode. Designations are as follows:
(951 Cathode by-pass condenser,
C2 — Plate by-pass condenser.
(3 — Output coupling condenser (blocking condenser).
(4 — Screen by -pass condenser.
Ri — Cathode resistor,
Rz -—— Grid resistor.
Ra -— Plate resistor.
R4 — Next-stage grid resistor.
Rs — Plate decoupling resistor.
Re — Screen resistor.
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, R4
may vary from 50,000 ohms (with power
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, Cs.
A capacity of 0.1 ufd. at ('3 will provide ample
coupling at low frequencies with any ordina-
rily-used tube, load resistance (R3) and next-
stage grid resistance (Ry).

The reactance (§ 2-8) of C1 must be small
compared to the resistance of Ry for good low-
frequency response. While with values of R,
in the vieinity of 10,000 ohms, more or less, a
condenser of 1 pfd. will suffice, it is more com-
mon practice to use 5- or 10-ufd. low-voltage
electrolytic condensers for the purpose, since
they are inexpensive and provide ample by-
passing. A value of 10 ufd. is usually sufficient
with values of R, as low as 500 ohms.
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For maximum voltage gain the resistance
at R3 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 Ry depends upon Rj,
which principally determines the plate cur-
rent; in general, the grid bias is somewhat
smaller than in circuits having low-resistance
output devices (sueh as a transformer) be-
cause of the lower voltage effective at the plate
of the tube. This is also true of the sereen
voltage, for similar reasons, and values of the
screen resistor, K, may vary from 0.25 to
2 megohms. A sereen by-pass (('y) of 0.1 ufd.
will be adequate in all cases.

Table 1 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
conditions are of course possible. The value
of the grid resistor, Ky, 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 (§ 2-11) formed
by Cofty is called a decoupling circuit. 1t iso-
lates the stage from the power supply so that
unwanted coupling between this and other

Fig. 513 — T'ransformer-coupled amplifier circuits for
driving a push-pull amplifier. 4, resistance-transformer
coupling; B, transformer coupling. esignations corre.
spond to those of Fig. 512. In A4, values can be tahen
from Table I. In B, the cathode resistor is calculated
from the rated plate current and grid bias as given for
the particular type of tube used (§ 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 multistage resistance-coupled
amplifiers.

Transformer coupling — Transformer cou-
pling bhetween stages is ordinarily used only
when power is to be transferred (in such a case
resistance coupling is very incfficient) 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 eircuits for single-ended to
push-pull are shown in Fig. 513. That at A
uses a combination of resistance and trans-
former coupling and may be used for exciting
the grids of a Class-A or A, 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 inductanec helow its no-
current value (§ 8-4). This improves the low-
frequency response. With triodes ordinarily
used (6C3, 6J5, ete.) 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 2:1

In B the transformer primary is in scries
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 practically equal to
the u 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-AB,
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 varyving 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 hetween
grid and cathode will be very nearly equal to
the ratio of the resistance hetween AB to the
total resistance A, 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 he
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
direetly aeross the microphone transformer
secondary, but with other types the gain con-
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Fig. 514 — Gain control cireuit,

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.

Phase 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 phase 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, V; 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,
Vs. This tube then amplifies the signal and
applies it in reverse phase to the grid of the
second push-pull tube. Two similar tubes
should be used at V; and V., with identical
plate resistors and output coupling condensers.
The tap on Ry is adjusted to make V, and V3
give equal voltage outputs so that balanced
excitation is applied to the grids of the follow-
ing stage.

The cathode resistor, Rs, commonly is left
un-bypassed since this tends to help balance
the circuit. Double-triode tubes are frequently
used as phase inverters.

TABLE I—TYPICAL VOLTAGE AMPLI-
FIER DATA

| geat

Tube Type R3, Rs, |R1, ohms| Output | Voltage
megohms | megohms ! Volts | Gain
6C5 0.1 C 6000 88 ‘ 13
6J5 0.1 e 3000 64 14
6F5, 68F5 0.25 . 3000 54 ' 63
6J7 0.25 l 1.2 1200 104 140
687 0.25 1.0 900 88 | 167
0.5 2.0 1300 ‘ 64 200

| IR SR S B

Other values (Fig. 512): C1, 10 pfd. (low-voltage electio-
1y tie); Cz, 8-pfd. electrolytic; C3, Ca, 0.1-ufd. paper; R2, 0.1
to 1 megohm; R4, 0.5 megohm; Rs, 10,000 to 50,000 ohms.
Data are based on a plate-supply voltage of 300; lower
values will reduce the undistorted peak output voltage in
proportion, but will not materially affect the voltage gain.
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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 must be connected,
through the transformer, to a tube capable of

1i
IlcI

o
.R’ -
V2 ‘

Fig. 515 — Phase inverter circuit for resistance-
coupled push-pull output. With a double-triode tube
(6N7) the following values are typical:

Ri — 0.5 megohm.

Rz, R3 — 0.1 megohm.
Rs, Rs — 0.5 megohm.
Re — 1500 ohms.

C1, C2— 0.1 pfd.

R4 should be tapped as described in the text. The
voltage gain with these constants is 22.

5%

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 Rj 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. Rg, B3, Cq, C3, 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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Fig. 516 — Output limiting circuit.

Cy, Cz, C3, C4 — 0.1-ufd. paper.
Ri, Rz, Rz — 0.25 megohm,

R4 — 25,000-0hm potentiometer.
Rs — 0.1 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 (§ 8-14), 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
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 shiclding of the microphone jack is
advisable, and when tubes with grid caps in-
stead of the single-ended types are used the
caps and the exposed wiring to them should
be shielded. Heater wiring preferably should
run in the corners of a metal chassis to reduce
the magnetic ficld. 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 eonnce-
tions to the tube sockets should be kept as far
as possible from the plate and grid prongs,
and the heater wiring to the sockets should he
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.

¢ 3«10 CHECKING "PHONE TRANS-
MITTER OPERATION
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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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 modulated 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 amplificr tank coil or an antenna
coil by means of a pickup coil of a few turns
connected to the oscilloscope through a
twisted-pair linc. 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 sereen. 1t is frequently
helpful in eliminating r.f. harmonics from the
pattern to connect a resonant circuit, tuned
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Fig. 517 — Methods of connecting an oscilloscope to
the modulated amplifier for checking modulation.
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Fig. 518 — Wave-envelope 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 1009,
(§ 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 1009,. Assuming that the
modulation is symmetrical, however, any
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modulation percentage can be measured di-
rectly from the sereen by measuring the maxi-
mum height with modulation and the height
of the carrier alone; calling these two heights
hy and he, respectively, the modulation per-
centage is
Ll X 100
he

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) R;Rs, 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.
Rz may be a 0.25-megohm volume control
resistor. The value of R) will depend upon the
audio output voltage of the modulator. This
voltage is equal to /PR, 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 0.7E 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 transforiner 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 R, and R; 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 Ra,
R; should be 0.75 megohm. The blocking
condenser (' should be 0.1 ufd 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 1009,
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 pereentage may be found by measur-
ing the modulated and unmodulated ecarrier
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 energy 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 direc-
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.

Modulation monitoring — While it is de-
sirable to modulate as fully as possible, 1009,
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, hut 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 1009, modulation on voice peaks, and
simultaneously observe the maximum Class-13
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 1009, modula-
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
been previously checked against an oscillo-
scope.

Linearity — Thelinearity (§ 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 1009,
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 sides, 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).



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 than 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-bius
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
‘mportant 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
uufd.) 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 grid-bias or cathode modulation. The pat-
tern obtained with a correctly adjustcd amplifier is
shown at A. The other two drawings indicate non-
linear 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 the 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 Class-C r.f. ampli-
fier 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 may ‘‘kick’” downward because of
poor power-supply voltage regulation (§ 8-1)
with the varying additional load of the modu-
lator on the supply. The same effect may ocour
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
bias 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 bhias 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. 519-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 1009, 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 he 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 hy
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 cause. 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 ke. 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 ke. 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 speech 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 hefore 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 advisable. This an-
tenna effect can he checked by disconnecting
the antenna and dissipating the power in 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.

0 3-11 FREQUENCY MODULATION

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 at a rate



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
frequency 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.

Advantages of f.m.— 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. If 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 spectrum — 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 ke.) 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
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Fig. 520 — Triangular spectrum of noise response in
an f.m. receiver 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 frequency difference. This leads to a
rising response characteristic such as the line
0C, 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
14 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 OA B. These relations
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.

Sidebands — 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.

0 3-12 METHODS OF FREQUENCY
MODULATION

Requirements and methods — 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 ke.
for an upper audio-frequency limit of 3000 or
4000 cycles (§ 5-2), or a channel width of 30
to 40 ke. 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 ke. 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
modulation, and direct frequency modulation
of an oscillator by electrical means. The latter,
in the form of the reactance modulator, is the
simplest system.

The reactarnce 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 Cj, which is in series with
the resistor R; across the oscillator tank cir-
cuit. Any type of oscillator circuit (§ 3-7) may
be used. Rs is large compared to the reactance
(§ 2-8) of 1, so the r.f. current through RsC,
will be practically in phase (§ 2-7) with the r.f.
voltage appearing at the terminals of the
tank circuit. However, the voltage across C;
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)
and consequently is 90 degrees behind the cur-
rent through Ci, or 90 degrees behind the r.f.
tank voltage. This lagging current is drawn

]04 CHAPTER FIVE

through the 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 6L.7) in which the r.f. and
af. voltages can be applied to separate con-
trol grids; however, both voltages may bhe
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 secured. Fre-
quency multipliers are used to raise the fre-
quency to the final frequency desired. The

Osc.
Tank

+8

Fig. 521 — Reactance modulator circuit using a 61,7
tube.

C Oscillator tank capacity.

Cr — 3-10 uufd. (See text.)

Cz — 250 uufd.

- 8-ufd. electrolytic (a.f. by-pass) in parallel with
0.01-ufd. paper (r.f. by-pass).
Cs—0.01 ufd.

L.~ Oscillator tank inductance.
R1 — 50,000 ohms.

Rz — 0.5 megohm.

Rs — 30,000 ohms.

R4 — 300 ohms.

Rs — 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 Mec. and the output frequency is to be 112
Mec., an oscillator frequency deviation of 1000
cycles will be raised to 16,000 cycles at the
output frequency.

Design considerations — The sensitivity of
the modulator (frequency change per unit
change in grid voltage) increases when C;
is made smaller, for a fixed value of R;, and
also increases with an increase in L/C ratio
in the oscillator tank circuit. Since the carrier



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-Me.
oscillator, a linear deviation of 2000 cycles
above and below the carrier frequency can
be secured when the oscillator tank capacity
is approximately 200 uufd. A peak a.f. input
of two volts is required for full deviation. At
56 Mec. the maximum deviation would be
8 X 2000 or 16 ke.

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 usually 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
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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 59 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 erystal 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 oscillator 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 ke.

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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CHAPTER SIX

J(eying

0 6-1 KEYING PRINCIPLES AND
CHARACTERISTICS

Requirements — 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 effect then is as though the
dots and dashes were simply 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 back-wave also may be radiated if the key-
ing system does not reduce the input to the
keyed stage to zero during keying spaces. This
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-keyved
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 dots, 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
harmonie. 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 harmonies 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 bhe
slowed down, or caused to lag, through a
filter the highest-order harmonies are filtered
out.

Key clicks — Because the high-order har-
monies exist only when the keying character
is started or ended (when the amplitude is
building up or dying down) their effects outside
the normal communication channel are ob-
served as pulses of very short duration. These
pulses are called key clicks. -

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

< >

Fig. 601 — Extremes of possible keying waveshapes.
A, rectangular characters; B, sine-wave characters.



make and break is difficult to copy at high
speeds (and also causes eonsiderable inter-
ferenee), 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 satisfaetory
while the keying still will not eause interfer-
ence to reception of other signals near the
frequeney of the transmitter.

Break-in keying — Since in eode transmis-
sion there are definite intervals, between dots
and dashes and between words, when no power
is being radiated by the transmitter it is possi-
ble, with suitable keying methods, to allow
the receiver to operate eontinuously and thus
be eapable of reeeiving ineoming signals during
the keying intervals. This practice facilitates
eommunieation beeause the receiving operator
can signal the transmitting operator, by hold-
ing down the key of his transmitter, whenever
he has failed to eopy part of the message and
thus obtain a repetition of the missing part
without loss of time. This is ealled break-in
operation.

Frequency stability — Keying should have
no effeet upon the output frequeney of a prop-
erly designed and adjusted transmitter. How-
ever, in many instanees keying will cause a
“chirp,” or small frequency ehange at the
instant of elosing or opening the key, whieh
makes the signal diffieult to read. Multi-stage
transmitters keyed in a stage subsequent to
the oscillator are usually free from this eondi-
tion unless the keying causes line-voltage
changes which in turn affeet the frequency of
the oscillator. When the oseillator is keyed
for break-in operation speeial eare 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 e¢.w. transmitter for break-in opera-
tion. In ordinary cases this dictates that the
oseillator be keyed, sinee a eontinuously-
running oscillator will ereate interference in the
reeeiver and thus prevent break-in operation
on or near the transmitter frequeney. On the
other hand, it is easier to avoid a ehirpy signal
by keying a buffer or amplifier stage. In either
ease, the tubes following the keyed stage must
be provided with sufficient fixed bias to limit
the plate eurrents 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 produees
no clicks. It is a good general rule to bias the
tubes to take a key-up plate current equal to
about 59, of the normal key-down value.

~j(eyin9

Keyed power — The power broken by the
key is an important consideration, both from
the standpoint of safety for the operator and
areing at the key contaets. Keying the oseilla-
tor or a low-power stage is favorable in both
respeets. The use of a keying relay is highly
reecommended when a high-power eireuit is
keyed.

0 6-2 KEYING CIRCUITS

Plate-circuit keying — Any stage of the
transmitter can be keyed by opening and clos-
ing the plate power eireuit. Two methods are
shown in Fig. 602. In 4 the key is in series
with the negative lead from the plate power
supply to the keyed stage. It eould also be
placed in the positive lead, although this is
to be avoided whenever possible beeause the
key is neeessarily at the plate voltage above
ground and there is danger of shock unless a
keying relay is used.

(B)- o1 [

+ +
5g. plate

Fig. 602 — A, plate keying; B, screen-grid keying.
Oscillator circuits are shown in both cases, but the key-
ing methods also can be used with amplifiers.

Fig. 602-B shows the key in the screen-
supply lead of an eleetron-coupled oscillator.
This ean 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
partieularly 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 betweer
the power supply and transmitter, is illus-
trated by the diagrams in Fig. 603.
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be sufficient to overcome the r.f. grid vol-
tage, in the case where the bias is applied

HV.
Transformer

aHH

°+ to the control grid, and hence must be con-

siderably higher than the nominal cut-off

ST

Primary
not used

R
Keying rel.
hv. //qu/at/a?ly

—*
o 3
)

Fig. 603 — Power-supply kcying. Grid-control recti-
fiers are used in A. 'I'ransformer T is a small multiple-
secondary unit of the type used in rcceiver power sup-
plies, and is used in conjunction with the fuli-wave recti-
fier tube to develop bias voltage for the grids of the high-
voltage rectifiers. R: limits the load on the bias supply
when the keying relay is closed; 50,000 ohims is a suitable
value. C1 may be 0.1 ufd. or larger. L and C constitute
the smoothing filter for the high-voltage supply in both
circuits. B shows 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. Sinece this cireuit is
used only with high-voltage supplies, a well-
insulated keying relay is & neeessity. 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 blocking bias voltage must
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value for the tube at the operating d.c.
plate voltage. The fundamental circuits are
shown in Fig. 604.
In both circuits the key is connected in
series with a resistor, RB1, which limits
W/nquu.ygd the current drain on the blocking-
“asprimary  bias source when the key is closed.
R2C i8 a resistance-capacity filter
(§ 2-11) for controlling the lag on
make and break of the key circuit. The lag
increases as the time constant (§ 2-6) of
this circuit is made larger. Since grid current
flows through Rz when the key is closed in
Fig. 604-A, additional operating bias is de-
veloped, hence somewhat less bias is
needed from the regular bias supply.
C}o The operating and blocking biases can
be obtained from the same supply, if
desired, by utilizing suitable taps on a
voltage divider (§ 8-10) or if no fixed bias is
used Rz can be the regular grid leak (§ 3-6)
for the stage.

With blocked-grid keying a relatively small
direct current is broken as compared to other
systems, thus sparking at the key is reduced.
The keying characteristic (lag) readily can be
controlled by choice of values for (1 and Rs.

Ry

>

b 7l

agres

Fig. 604 — Blockcd-grid keying. Ri, the current-
limiting resistor, should bave a value of about 50,000
ohms. C1 may have a capacity of 0.1 to 1 ufd., depending
upon the keying characteristics desired. Rz is similarly
variable, values being of the order of 5000 to 10,000
ohms in most cases.

Cathode keying — Opening the d.c. circuits
of both plate and grid simultaneously is called
cathode keying, or center-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 are
shown in Fig. 605.
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Fig. 605 — Center-tap and cathode keying. Con-

denser Cis anr.f. by-pass condenser having a capacity of
0.001 to 0.01 ufd.

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 oseillator 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.

0 6-3 KEY-CLICK REDUCTION

R.f. filters — 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

Keyin
L/g:ey
Fig. 606 — R {. filter for elimi-
nating effects of sparking at key
C contacts. Values are discussed in
RFC rFc  the text.
Hey

the key. Interference from this souree 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 eleetrie 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 nfd.

This type of filter is required in nearly every
keying installation, in addition to the lag cir-
cuits discussed in the next paragraph.

Lag circuits — 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,

.j(eying

suitable for the circuits of Figs. 602 and 605, it
consists of a condenser across the key terminals
and an inductance in scries 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 ufd.,
while a 300-volt 50-ma. circuit needs about
1 henry and 0.5 ufd. For any given circuit

To Keyed Circuit
£
¢ Fig. 607 — Lag circuit for shap-
ing the keying character. Values are
discussed in the text.
From Key
ond r.f.filter

and fixed values of current and voltage, in-
creasing the inductance will reduce clicks on
““make,” and increasing the ecapacity 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 (' and
the click on break is reduced by increasing C
and/or Rs. The values will vary with the
amount of blocking voltage and the grid
current. The constants 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 induet-
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 itself very safe to handle,
since the high resistance in series with the key
and blocking voltage prevents shock.
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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-

Sw,
=
e

Fig. 608 — Vacuum-tube keyer circuit. The voltage
drop across the tubes will be approximately 90 volts
with the two type 45 tubes shown when the keyed cur-
rent is 100 milhamperes. More tubes can be connected in
parallel to reduce the drop. Suggested values are as fol-
lows:

Cy — 24fd., 600-volt paper.

Cz2 — 0.003-ufd. mica.

C3 — 0.005-ufd. mica.

Ry — 0.25 megohm.

Rz — 50,000 ohms, 10-watt.

Ra, R4« — 5 megohms.

Rs — 0.5 megohm.

Swi, Sw2 — 3-position 1-circuit rotary switch.

Ri — 325 volts each side c.t., with 5.volt and 2.5-volt
windings.

A wider range of lag adjustment may be obtained by
using additional resistors and condensers. Suggested
values of capacity, in addition to the above (Cz and C3),
are 0.001 and 0.002 ufd. Resistors in addition to Rz
could be 2, 2, 3 and 5 megohms.

0 6-1 CHECKING TRANSMITTER
KEYING

Clicks — Transmitter keying can be checked
by listening 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 a slight click is heard as the 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 harmounic, the effect of any
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cial considerations other

than those mentioned, but
a few additional precautions are necessary with
oscillator keying. Any oscillator, either self-
excited orerystal, 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 judieious 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 introdue-
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 oscillations, since they
can be the cause of key clicks which do not
respond to the methods of treatment outlined
in the preceding sections,
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0 7-1 ELEMENTS OF RECEIVING
SYSTEMS

Basic requirements — The purpose of a
radio receiving system 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 & 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 loudspeaker. 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 signals — 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 reception 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. 1f 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.f. amplifiers), after detection

(a.f. amplifiers) and, in the superheterodyne
receiver, at one or more intermediate radio
frequencies (i.f. amplifiers). The r.f. and if.
amplifiers practically always employ tuned cir-
cuits.

Types of receivers — Receivers may vary
in complexity from a simple detector with no
amplification to multi-tube arrangements hav-
ing 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 recetver; if the detector is preceded
by one or more tuned radio-frequency am-
plifier stages the combination is known as a
t.rf. (tuned radio frequency) receiver. The
superheterodyne 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 detector (§ 7-4), usually with audio ampli-
fication, is used in the superregenerative receiver,
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Fig. 701 — Selcetivity curve of a modern super-
heterodyne receiver. The relative response is plotted
against deviations above and below the resonance fre-
quency. The scale at the left is in terms of voltage
ratios; the corresponding decibel steps (§ 3-3) are shown
at the right.
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providing high amplification of weak signals
with simple cireuit arrangements.

0 7-2 RECEIVER CHARACTERISTICS

Sensitivity — Sensitivity is defined as the
strength of the signal (usually expressed in
mierovolts) which must be applied to the input
terminals of the receiver to produee a specified
audio-frequeney power output at the loud-
speaker or headset. It is a measure of the am-
plification or gain.

Signal-to-noise 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 mueh amplifica-
tion is used. This relation between noise and a
weak signal is expressed by the signal-to-noise
ratio. It ean 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 speeified value of modulated carrier
voltage applied to the input terminals.

Since the noise is uniformly distributed over
the whole speetrum, its effect will depend upon
the seleetivity of the receiver, greater selee-
tivity giving smaller noise output and henee a
higher signal-to-noise ratio.

Selectivity — Selectivity is the ability of a
receiver to diseriminate against signals of
frequencies differing from that of the desired
signal. The overall selectivity will depend upon
the selectivity of the individual tuned eireuits
and the number of such eireuits.

The selectivity of a receiver is shown graph-
ieally by drawing a eurve which gives the ratio
of signal strength required at various frequen-
eies off resonanee, to the signal strength at
resonance, to give eonstant output. A reso-
nance curve of this type (taken on a typi-
cal communieations-type 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 indieated for ratios of 2
and 10.

Selectivity for signals within a few kiloevcles
of the desired signal frequency is ealled adja-
cent-channel seleetivity, to distinguish it from
the discrimination against signals eonsiderably
removed from the desired frequeney.

Stability — Stability of a receiver is its
ability to give eonstant output, over a period
of time, from a signal of eonstant strength
and frequency. Primarily, it means the ability
to stay tuned to a given signal, although a
receiver which at some settings of its eontrols
has a tendeney to break into oseillation, or
“howl,” is said to be unstable.

The stability of a receiver is affeeted prin-
cipally by temperature variations, voltage
changes, and eonstruetional features of a
meehanieal nature.
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Fidelity — Fidelity is the relative ability of
the receiver to reproduce in its output the
modulation (keying, 'phone, ete.) carried by
the incoming signal. For exact reproduetion,
the band-width must be great enough to ae-
commodate the highest modulation frequency,
and the relative amplitudes of the various
frequency components within the band must
not be ehanged.

0 7-3 DETECTORS

Characteristics — The important charac-
teristies of a detector are its sensitivity, fidelity
or linearity, resistance, and signal-handling
eapability.

Detector sensitivity is the ratio of audio-
frequency output to radio-frequency input.
Linearity is a measure of the ability of the
deteetor 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 eireuit design,
since a relatively low resistance means that
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Fig. 702 — Simplificd and practical diode detector
circuits. A, the elecmentary half-wave diode detector;
B, a practical cricuit, with r.f, filtering and audio output
coupling; C, full.wave diode detector, with output
coupling indicated. The circuit LzC, is tuned to the sig-
nal frequency; typical values for C2 and R) in A and C
are 250 pufd. and 250,000 ohms, respectively; in B,
C2 and Cs are 100 uufd. each; R,, 50,000 ohms; and Rg,
250,000 ohms. C4 is 0.1 ufd. and R, 0.5 to 1 megohm in
all three diagrams.



power is consumed in the detector. The signal-
handling capability means the ability of the
detector to accept signals of a specified ampli-
tude without overloading.

Diode detectors — 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 LeC;, with a
eoupling coil L; from which the r.f. energy is
fed to LeC; the diode, D, and the load resist-
ance R; and by-pass condenser Ca. The flow of
reetified r.f. current through R; causes a d.e.
voltage to develop across its terminals, and
this voltage varies with the modulation on
the signal. The — and + signs 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 aeross R,. The load resistor, R;, usu-
ally has a rather high value so that a fairly
large voltage will develop from a small recti-
fied-eurrent flow.

In the eircuit at 702-B, R; and C3 have been
divided for the purpose of filtering r.f. from the
output eircuit (§ 2-11); any r.f. voltage in the
output may cause overloading of a sueceeding
amplifier tube. These audio-frequency varia-
tions can be transferred to another eireuit
through a coupling eondenser, C4 in Fig. 702,
to a load resistor Rz, which usually is a “po-
tentiometer” so that the volume can be ad-
justed to a desired level.

The full-wave diode cireuit at 702-C is prac-
tically identical in operation to the half-wave
eircuit, except that both halves of the r.f. cyele
are utilized. The full-wave circuit has the ad-
vantage that very little r.f. voltage appears
across the load resistor, R;, beeause the mid-
point of Lg is at the same potential as the cath-
ode or “ground” for r.f.

The reactance of C2 must be small compared
to the resistance of R; at the radio frequency
being reetified, but at audio frequencies must
be relatively large compared to R; (§ 2-8, 2-13).
This condition is satisfied by the values shown.
[f the capacity of Cq is too large, the response
at the higher audio frequencies will be low.

Compared with other deteetors, the sensitiv-
ity of the diode is low. Since the diode con-
sumes power, the Q of the tuned circuit is re-
dueed, bringing about a reduction in seleetiv-
ity (§2-10). The linearity is good, however,
and the signal-handling eapability is high.

Grid-leak detectors — The grid-leak de-
tector is a eombination diode reetifier and
audio-frequency amplifier. In the eircuit of
Fig. 703-A, the grid corresponds to the diode
plate, and the reetifying action is exactly the
same. The d.c. voltage from rectified eurrent
flow through the grid leak, B; biases the grid
negatively with respect to cathode, and the
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Fig. 703 — Grid-leak detector circuits, A, triode; B,
pentode. A tetrode may be used in the circuit of B by
neglecting the suppressor-grid connection. Transformer
coupling may be substituted for resistance coupling in
A, or a high-inductance choke may replace the plate
resistor in B. L1C) is a circuit tuned to the signal fre-
quency. The grid leak, Ri, may be connected directly
from grid to cathode instead of across the grid condenser
as shown. The operation with either connection will be
the same. Representative values are:

Component Circuit 4 Circuit B
C2 100 to 250 uufd. 100 to 250 uufd.
Ca 0.001 to 0.002 ufd. 250 to SO0 uufd.
Cq 0.1 ufd. 0.1 ufd.

Cs 0.5 ufd. or larger.
R: 1 to 2 megol 1 to S megol
R2 50,000 ohms. 100,000 to 250,000 ohmas.
Ra 50,000 ohms.
Rq 20,000 ohms.
T Interstage audio
transformer.
L 500-hentry choke.

The plate voltage in A should be about 50 volts for
best sensitivity. In the screen voltage should be
about 30 volts, plate voltage from 100 to 250.

audio-frequeney variations in voltage aeross
Ry are amplified through the tube just as in a
normal a.f. amplifier. In the plate cireuit, Rs is
the plate load resistance (§ 3-3) and C3 a by-
pass condenser to eliminate r.f. in the output
circuit. C4 is the output coupling condenser.
With a triode, the load resistor R; may be
replaced by an audio transformer, T, as shown,
in which case C4 is not used.

Since audio amplification is added to recti-
fieation, the grid-leak detector has eonsider-
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 cireuit. Cs, the screen by-pass
condenser, should have low reactance (§ 2-8,
2-13) for both radio and audio frequencies. i3
and R, constitute a voltage divider (§ 8-10)
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from the plate supply to furnish the proper
d.e. voltage to the sereen. In both eireuits, ("
must have low r.f. reactance and high a.f.
reactance compared to the resistance of Ry;
the same consideration applies to C3 with
respect to Ro. )

The sensitivity of the grid-leak detector is
higher than that of any other type. Like the
diode, it “loads’ the tuned cireuit and reduces
its selectivity. The linearity is rather poor, and
the signal-handling capability is limited.

Plate detectors — The plate detector is
arranged so that rectification of the r.f. signal
takes place in the plate cireuit of a triode,
tetrode or pentode, as contrasted to the grid
rectification just described. Suflicient negative
bias is applied to the grid to bring the plate

Co 4F
| Output

Ra

+8

R3

(B) -8 +B

Fig. 704 — Cirenits for plate deteetion. AL triode; 3,
pentode. 1aCy s tuned to the signal frequenes, 'y pical
valies for other constants are:

Component Circuit 4 Circuit B

C2 0.5 pfd. or larger. 0.5 pfd, or larger,

3 0.001 to 0.002 pfd. 250 10 500 uufd.

Ca 0.1 pfd., 0.1 pfid.

Cs 0.5 pfd. or larger.

R 10,000) to 20,000 10,000 to 20,000 ohma,
olima,

Rz 50,000 10 100,000 100,000 to 250.000 ohms
ohms.

Rs 50,000 ohms,

R4 20,000 ohma,

Plate voltages from 100 to 250 volts may he used.
Sereen 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. C3 is the plate by-pass condenser,
R, is the cathode resistor which provides the
operating grid bias (§ 3-6), and Cz is a by-pass,
for both radio and audio frequencies, across R,
(§ 2-13). R2 is the plate load resistance (§ 3-3)
across which a voltage appears as a result of
the rectifying action deseribed above. Cy is the
output coupling condenser. In the pentode
circuit at B, Rz and Ry form a voltage divider
to supply the proper potential (about 30 volts)
to the screen, and C; is a by-pass condenser
between the screen and cathode. Cs 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 @ and selectivity
(§ 2-10).

Infinite impedance detector — The circuit
of Fig. 705 combines the high signal-handling
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Fig. 705 — The infinite impedance detector, 12C) is
tuned to the signal frequency. Typical values for other
constants are:?

Ca — 250 ppfd.

Ca 0.5 pfd.

Cqa — 0.1 pfd.

Ry .15 megohm.

Rz — 25,000 ohms.

Ras — 0.25-megohm volume control.

A tube having a medium amplification factor (about
20% should be used. The plate 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, Rj, is connected between cathode
and ground and is thus common to both grid
and plate circuits, giving negative feedback
for the audio frequencies, The cathode resistor
ix by-passed for r.f. (C;) but not for audio
(§2-13), while the plate circuit is by-passed
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Fig. 706 — Triodc and pentomde regenerative detector
circuits, The circuit 1.2C is tuned to the signal frequency.
The grid condenser, Cz, should have a value of about
100 uufd. in all circuits; the grid leak, Ry, may range in
value from 1 to 5 megohms. The tickler coil, L3, will
ordinarily have from 10% to 25% of the number of
turns on Lz; in C, the cathode tap is about 10% of the
number of turns on L2 above ground. Regeneration
control condenser C3 in A should have a maximumn
capacity of 100 uufd. or more; by-pass condensers C3
in B and C are likewise 100 uufd. Cs is ordinarily 1 ufd.
or more; Rz, 50,000-0hm potentiometer; Rz, 50,000 to
100,000 ohms. L4 in B (L3 in C) is a 500-henry induct-
ance, Cais 0.1 ufd. in both circuits. T1in 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 pentode circuits require
about 30 volts on the screen; plate voltage may be from
100 to 250 volts,
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to ground for hoth audio and radio frequencies.
Re with Ca forms an RC filter (§ 2-11) to iso-
late the plate from the “B’’ supply at audio
frequencies.

The plate eurrent is very low at no signal,
increasing with signal as in the case of the
plate detector. The voltage drop across R
similarly increases with signal beeause of the
increased plate current. Because of this and
the fact that the initial drop aeross R is large,
the grid cannot be driven positive with respect
to the eathode by the signal, henee no grid
current can be drawn.

0 7-1 REGENERATIVE DETECTORS

Circuits — By providing controllable r.f.
feedback or regeneration (§ 3-3) in a triode or
pentode detector ecircuit, the ineoming signal
can be amplified many times, thereby greatly
increasing the sensitivity of the detector.
Regeneration also increases the effective @ 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 eireuit is
tuned. The grid-leak type of detector is most
suitable for the purpose. Exeept for the re-
generative connection, the eircuit values are
identical with those previously deseribed 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 eireuit to control
regeneration. When the eapaeity is small the
tube does not regenerate, but as it increases
toward maximum its reactanee (§ 2-8) beeomes
smaller until a critical value is reached where
there is sufficient feed-back to eause oscillation.
If Ls and L3 are wound end to end in the same
direction, the plate conneetion is to the out-
side of the plate or ““tickler” eoil, L3, when the
grid conneetion is to the outside of the tuned
circuit eoil, Lo.

The cireuit of B is for a screen-grid tube, re-
generation being controlled by adjustment of
the screen-grid voltage. The tickler, L3, is in
the plate circuit. The portion of the control
resistor between the rotating eontact and
ground is by-passed by a large eondenser
(0.5 ufd. or more) to filter out scratching noise
when the arm is rotated (§ 2-11). The feedback
should be adjusted by varying the number of
turns on L3 or the coupling (§ 2-11) hetween
Ls and L3 so that the tube just goes into
oscillation at a screen voltage of approximately
30 volts.

Cireuit C is identical with B in principle of
operation, exeept that the oseillating eireuit is
of the Hartley type (§ 3-7). Sinee 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.

Adjustment 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 constants (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 caparity
coupling (§ 2-11) 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. Tn 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 shielding, 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.

Fhem — 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 may result from the
use of a.c. for the tube heater, but effects of
this type are normally troublesome only when
the circuit of Fig. 706-C is used, and then only
at 14 Mec. 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 as
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 harmonies (§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. voltage 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.
IFor this reason it is called tunable hum. It is
prone to cccur 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 oseillating will result in a slight decrease
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DIAL SETTING

Fig. 707 — As the tuning dial of a receiver is turned
past a c.w. signal, the beat note varies from a high tone
down through “‘zero beat” (no audible frequency differ-
ence) and back up to a high tone, as shown at A, B and C.
The curve is a graphical representation of the action.
The beat exists past 8000 or 10,000 cycles but usually is
not heard because of the limitations of the andio system
of the receiver.

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 be found that
c.w. signals can be 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 be 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 gain 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.
reception — further advancing of the 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 signal 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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Superregeneration — 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 superregenerative 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 introduection 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-

+8
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R,
Fig. 708 — Supcrregenerative detector circuit with

separate quench oscillator. L2Cy is tuned to the signal
frequency. T'ypical values for other components are as
follows:

Ca2— 100 uufd.
C3— 500 upufd.
Cs — 0.1 pfd.

Ri — 5 megohms.

Rz — 50,000 ohms.

Rz — 50,000-0hm potentiometer.

R4 — 50,000 ohms.

T1 — Audio transformer, plate-to-grid type.

RFC — Radio-frequency choke, constants depending
upon frequency of operation. Special low-
capacity chokes are required for ultra-high
frequencies.

high frequencies is shown in Fig. 708. The
regenerative detector circuit is an ultraudion
oscillator (§ 3-7). The quench frequency, ob-
tained from the separate quench oscillator, is

cuaprTer seven f[f7
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introduced in the plate circuit. Many other
circuit arrangements are possible.

If regeneration in an ordinary regenerative
circuit is carried sufliciently 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 self-quenching 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 supetregenerative 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.

Adjustinent 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 detector. 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 insuflicient 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 self-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.

¢ 7-3 AUPIO-FREQUENCY AMPLIFIERS

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 (109, or less) (§ 2-8, 2-13). In battery-
operated sets, a separate grid-bias battery
generally is used.

IHeadset 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 because they are better suited to
working into an audio transformer or headset,
whieh have impedanees of the order of 20,000
ohms.

In these circuits, Ra is the cathode bias re-
sistor and Cy the cathode by-pass condenser.
Ry, the grid resistor, gives volume control

C3
e
Output .

Ry

Fig. 709 — Audio amplifier
circuits for voltage amplifica-
tion and headphone output.
The tubes are operated as
Class-A amplifiers (§ 3-4).
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Fig. 710 — Audio power output amplifier circuits.
Class A or AB (§ 3-4) amplification is used.

action (§ 5-9). Its value ordinarily is from 0.25
to 1 megohm. C is the input coupling con-
denser, already discussed under detectors; it
is, in fact, identical to Cy in Figs. 703 and 704
if the amplifier is coupled to a detector.

Power amplifiers— A popular type of
power amplifier is the single pentode; the
circuit diagram is given in Fig. 710-A. The
grid resistor, R), may be a potentiometer for
volume control as shown at R 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.

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, T), has a center-tapped
secondary, with a secondary-to-primary turns
ratio of about 2 to 1. An output transformer,
T, 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. i

Tone control — A tone control is a
device for changing the frequency re-

sponse (§3-3) of an audio amplifier; L__

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. R4 and C; together in Fig. 709-D form

/Qeceiuer /Orincl'p/ed ant[ $edign

an effective tone control of this type. The
maximum effect is secured when Ry is entirely
out of the circuit, leaving €3 connected hetween
grid and ground. R4 should be large enough
compared to the reactance of Cy4 (§2-8) so
that when it is all in circuit the effect of C4 on
the frequency response is negligible.

0 7-6 RADIO-FREQUENCY AMPLIFIERS

Circnits — Although there are variations in
detail, practically all r.f. amplifiers 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, L1Cy, is coupled through L2 to the
antenna (or, in some cases, to a preceding
stage). R) and Cq are the eathode bias resistor
and cathode by-pass condenser, C3 the screen
by-pass condenser, and K3 the screen dropping
resistor. Lz is the primary of the output trans-
former (§ 2-11), tightly coupled to Li which,
with C5, constitutes the tuned circuit feeding
the detector or a following amplifier tube.
L1Cy and L4Cp 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 cireuit 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 reduee the in-
ductance and Q of the coil (§ 2-11) 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
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Fig. 711 — The circuit of a tuned radio-frequency
amplifier. Circuit values are discussed in the text.
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and capacity of by-pass condenser. Short
separate leads from (3 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 cireuits.

Gain control — The gain of an r.f. amplifier
usually is varied by varying the grid bias. This
method is applicable only to variable-u type
tubes (§ 3-5) henee this type usually is found
in r.f. amplifiers. In Fig. 711, B3 and R4 com-
prise the gain-control circuit. B3 is the control
resistor (§ 3-6) and R4 a dropping resistor of
such value as to make the voltage across the
outside terminals of R3 ahout 50 volts (§ 8-10).
The gain is maximum with the variable arm
all the way to the left (grounded) on R3; and
minimum at the right. K3 eould simply be
plaeed in series with R), omitting R, entirely,
but the range of control is limited when this
eonnection 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 ease, the
lower ends of the several cathode resistors
(R1) would be eonnected together and to the
movable contaet on Rj3.

Circuit values — The value of the cathode
resistor, R, should be calculated for the
minimum recommended bias for the tube used.
The capacities of (g, C3 and C4 must he such
that the reactance is low at radio frequencies;
this eondition is easily met by using 0.01-pfd.
condensers at ecommunication frequencies, or
0.001 to 0.002 mica units at ultra-high fre-
quencies up to 112 Me. Ra is found by taking
the difference hetween the recommended plate
and screen voltages, then substituting this and
the rated sereen current in Ohm’s Law (§ 2-6).
R3 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 eurrents
plus the bleeder current. A resistor of suitable
current-carrying capacity being found, the
bleeder eurrent necessary to produce a drop
through it of about 50 volts can be caleulated
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 /.

The constants of the tuned cireuits 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 eapaci-
ties. An allowance of 10 to 20 uufd. should be
made for tube and stray capacity, and the
minimum eapaeity of the tuning condenser
also must be added.

If the input circuit of the amplifier is eon-
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nected to an antenna, the eoupling coil L,
should be adjusted to provide critical coupling
(§ 2-11) between the antenna and grid circuit.
This will give maximum energy transfer. The
turns ratio L;/Ls will depend upon the fre-
queney, the type of tube used, the @ of the
tuned circuit, and the antenna system, and in
general is best determined experimentally.
The seleetivity 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 eircuit eoupling depends upon
the plate resistance (§ 3-2) of the tube, the
input resistance of the succeeding stage, and
the @ of the tuned eireuit L4Cs. L3 is usually
coupled as elosely as possible to L4 (this avoids
the necessity for an additional tuning eon-
denser aeross L3) and the energy transfer is
about maximum when L3 has 2§ to 4§ as many
turns as L4, with ordinary reeeiving screen-
grid pentodes.

Tube and circuit noise — In any conduetor
electrons will be moving in random direections
simultaneously and, as a result, small irregular
voltages are developed aeross the conduetor
terminals. The voltage is larger the greater the
resistance of the eonduetor 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 aeross the
terminals of a tuned cireuit will be the same as
in a resistor of a value equal to the parallel
impedance of the tuned cireuit (§ 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 eomponent of hiss noise is devel-
oped in the tube, because the rain of eleetrons
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 eurrent.

To obtain the best signal-to-noise ratio, the
signal must be made as large as possible at the
grid of the tube, whieh means that the antenna
eoupling 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 ohvi-
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 ean easily be checked by grounding the
grid through a 0.01-.fd. eondenser and observ-
ing whether there is a decrease in noise. If
there is no change, the tube noise is greatly



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 stage, 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 Mec. 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 Mec.
and as low as a few hundred ohms at ultra-
high frequencies.

This input loading effect is in addition to
the normal decrease in the  of the circuit
alone at the higher frequencies because of in-
creased losses in the coil and eondenser. Thus
the selectivity and gain of the circuit are both
adversely affected.

Comparison of tubes — At 7 Mec. 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 Mec. 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 selectivity 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.

Where 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 185152 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 Mec. and higher.

VG AND BAND-CHANGING

METHODS

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 Me. to 3.5 Me.,
because of the impraeticable maximum-mini-
mum capacity ratio required, and also because
the tuning would be excessively critical with
such a large frequency range. It is necessary,
therefore, to provide a means for changing the
circuit constants for various frequency bands.
As a matter of convenience, the same tuning
eondenser 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 eontacts, 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
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Fig. 712 — Essen-
tials of band-spread
tuning systems.
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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 C
(15 to 25 pufd. maximum capacity) is used in
parallel with a condenser, Cq, which is usually
large enough (140 to 175 uufd.) to cover a 2-to-1
frequency range. The setting of Cz will deter-
mine the minimum capacity of the circuit,
and the maximum capacity for band-spread
tuning will be the maximum capacity of C
plus the setting of Cz. The inductance of the
coil ean 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 Co,
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 pufd. or
more. The minimum capacity is determined
principally by the setting of Cs, which usually
has low capacity, and the maximum capacity
by the setting of Cg, which is of the order of 25
to 50 pufd. This method is capable of close ad-
justment to practically any desired degree of
band-spread. C2 and C3 must be adjusted for
each band or else separate pre-adjusted con-
densers must be switched in.

The cireuit at € also gives complete spread
on each band. Cy, the band-spread condenser,
may have any convenient value of capacity;
50 ppfd. 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 Cz and the point
at which C, 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 Cy is set at larger capacity. C2 may be
mounted in the plug-in coil form and pre-set,
if desired. This requires a separate condenser
for each band, but eliminates the necessity for
re-setting Cs each time the band is changed.

Ganged tuning — 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 {rack — 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 is shown in Fig. 713, where C) is the
trimmer and C3 the tuning condenser. The use
of the trimmer increases the minimum circuit
capacity, but is a necessity for satisfactory
tracking. Condensers having maximum ca-

Fig. 713 — Showing the
use of a trimmer condenser
across the tuned circuit to
set the minimum circuit
capacity for ganged tun-
ing.

pacities of 15 to 30 uufd. 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 C3 in Fig. 712-B, and C: 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 ean be varied with
respect to the coil. These methods are shown in
Fig. 714.

U.H.F. circuits — Tube interelectrode 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 bhe tuned to frequencies higher than
about 200 Mc., even when the inductance in



Movable

‘),

—

Ve
(™))
(2
S —
® ®

Fig. 714 — Methods of adjusting indnctance for
ganging. The half turn in A can be moved so that its
magnetic field either aids or opposes the field of the coil.
The shorted loop in B is not connected to the coil, bnt
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 rednction 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.,

RF,
Input

|

Short-circuited

Fig. 715 — Circuits of improved Q for ultra-high fre-
quencies. A, reducing tube loading by tapping down on
the resonant circuit; B, use of a concentric-line cirenit,
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 (§ 10-5). In general, this reduction in length will
be greater the higher the grid tap on the inner conductor.
One method of coupling to an antenna or preceding
stage is indicated. The coupling turn should be parallel
to the axis of the line and insulated from the outer
conductor.
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with standard tubes, and at higher frequencies
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 @ of the tuned
circuit alone can be greatly improved by using
a linear circuit (§ 2-12), which when properly
constructed will give @’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 @ 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
@ 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 @ 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.h.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
112-Me. 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 Mec., and although not as good as linear
circuits are more convenient to construct.

0 7-8 THE SUPERHETERODYNE

Principles — In the superheterodyne, or
superhel, 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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lator (h.f. oscillator) being combined with the
incoming signal in a mizrer or converter stage
(first 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
Sfrequency oscillator (b.f.0.) or beat oscillator),
set to differ from the i.f. by a suitable audio
frequency.

As a numerical example, assume that an in-

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 spurious responses — In addition
to images, other signals to which the receiver
is not ostensibly tuned may be heard. Har-
monics of the high-frequency oscillator may

v

AMPLIFIER _‘ﬂ Fig. 716 — 'The basic superhetero-

RF FREQUENCY[ | I F SECOND AUDIO
AMPLIFIER CONVERTER AMPLIFIER OETECTOR
HF BEAT
OSCILLATOR OSCILLATOR

termediate frequency of 455 ke. is chosen,
and that the incoming signal is on 7000 ke.
Then the h.f. oscillator frequency may be set
to 7455 ke. in order that the beat frequency
(7455 minus 7000) will be 455 ke. The h.f. os-
cillator also could be set to 6545 ke., 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 ke. or 456 ke.

Characteristics — 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 possible 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.

Images — llach 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
ke. to respond to a 7000-ke. signal, for example,
it will also respond to a signal on 7910 ke.,
which likewise gives a 455-ke. 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 desired-signal and image
voltages of equal magnitude are alternately
applied to the circuit, the ratio of desired-
signal to image i.f. output is called the signal-
to-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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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
harmonies (§ 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. Harmonies of the beat oscillator also can
be converted and amplified through the re-
ceiver in similar fashion; these responses can
he reduced by shielding the beat oscillator and
operating it at low output level.

The double superhet — 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 ke. To reduce
image response the signal frequently is first
converted to a rather high intermediate fre-
quency (1500, 5000, or even 10,000 ke.), and
then — sometimes after further amplification
— reconverted to a lower i.f. where higher ad-
jacent-channel selectivity can be obtained. Such
a receiver is called a double superheterodyne.

0 7-9 FREQUENCY CONVERTERS

Characteristics — The first detector or
mixer resembles an ordinary detector. A cir-



cuit tuned to the intermediate frequency is
placed in the plate circuit of the mixer so that
the 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 efficiency
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.
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Fig. 717 — Mixer or converter circuits. A, grid in-
Jection with a pentode plate detector; B and C, sepa-
rate injection circuits for converter tubes.

Circuit values are as follows:

- Circuit A Circuit B Circuit C
C1, C2, C3—~— 0.01-0.1 ufd. 0.01-0.1 ufd. 0.01 0.1 ufd.
Cq— approx. 1 pufd. 50-100 uufd. 50100 uufd.
Ry — 10,000 ohme. 300 ohms. 500 ohins.
Rz — 0.1 megohm. 50,000 ohms. 15,000 ochms.
R3 — 50,000 chms. 50,000 ohms. 50,000 ohmas.

Plate voltage should be 250 in all three circuits. If an
1851 or 1852 is used in Circuit A, R; should be changed
to 500 ohms,
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The mixer should not require too much r.f.
power from the h.f. oscillator, 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 pull-
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 condition 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-conversion 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 conversion — 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 tube for the circuit at
B; its oscillator plate connection may be ig-
nored. The 6SA7 also is excellent in this cir-
cuit, although it has no anode grid (No. 2 grid
in the diagram). In addition to these two
types, any pentagrid converter tube may be
used.

0 7-10 THE NIGH-FREQUENCY
OSCILLATOR

Design considerations — Stability of the
receiver (§ 7-2) is chiefly dependent upon the
stability of the h.f. oscillator, 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 at 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 ahove ground potential for r.f.,
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which often is a cause of hum modulation of
the oscillator output at 14 Me. 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 Lg)
is simple mechaniecally.

Besides the use of a fairly high C/L ratio in
the tuned circuit, it is necessary to adjust the
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Fig. 718 — High-frequency oscillator circuits, A,
screen-grid grounded-plate oscillator; B, triode grounded-
plate oscillator; C, triode, tickler circuit. Coupling to
mixer may be taken from points X and Y. In A and B,
coupling from Y will reduce pulling effects, but gives
less voltage than from X; this type of coupling is there-
fore best adapted to those mixer circuits with small oscil-
lator-voltage requirements.

Typical values are as follows:

Circuit A Cireuit B Cireuit C
Cy — 100 upfd. 100 pufd. 100 pufd.
C2— 0.1 pfd. 0.1 pfd. 0.1 pfd.
Cz— 0.1 ufd.
R — 50,000 ohms. 50,000 ohmes. 50,000 ohms.
Rz — 50,000 ohms, 10,000 to 10,000 to
25,000 ohms. 25,000 ohms.

The “ B supply voltage should be 250 volts. In cir-
cuits B and C, Rz is for the purpose of dropping the
supply voltage to 100-150 volts; it may be omitted if
this voltage is taken from a voltage divider in the power
supply (§ 8-10).



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
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Fig. 719 — Converter circuit tracking methods. Ap.
proximate circuit values for 450 to 465-kc. intermedi-
ates with tuning ranges of approximately 2.15-to-1,
C1 and C2 having a maximum of 140 uufd. and the total
minimum capacitance, including Cz or Cq4, heing 30 to
35 uufd.

Tuning Range Ly Lz Cs

40 wh.

1.7-4 Me. 50 uh. 0.0013 ufd.

3.7-7.5 Me. 14 uh. 12.2 ush. | 0.0022 ufd.
7-15 Me. 3.5 uh. 3 uh. 0.0045 ufd.
14-30 Me. 0.8 uh. 0.78 uh. None used

Approximate values for 450- to #065-kc. i.f. with a
2.5-to-1 tuning range, C) and Cz2 being 350-uufd. maxi-
mum, minimum capacitance including C3 and (4 being
40 to 50 ppf(l.

Tuning Range| La l L3 | Cs
0.5-1.5 Me. 240 uh. ‘ 130 wh. | 425 pufd.
1.5-4 Mec. 32 uh. 25 uph. 0.00115 pfd.
4-10 Me. 4.5 ph. 4 uh. 0.0028 ufd.
10-25 Me. 0.8 ph. 0.75 uph. None used

/Qeceiuer princi/)ﬂm an(l $edi9n

tap toward the grid end of the coil; in C, by
inereasing the number of turns on Lg or by
moving Lg closer to L.

The oscillator plate voltage should be as low
as is consistent with adequate output. Low
plate voltage will reduce tube heating and
thereby reduce frequency drift. The oscillator
and mixer eircuits should bhe 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 oseillator frequency to change,
it is good practice to regulate the plate supply
by means of a gaseous voltage regulator tube
(§ 8-8).

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, suitable for general-coverage
receivers, are shown in Fig. 719. The track-
ing capacity Cs 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 Cy 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 eireuit which
gives practically straight-line-frequency tun-
ing (equal frequency change for each dial divi-
sion) and then adjusting the oscillator and
mixer tuned cireuits so that both cover the
same total number of kilocyeles. For example,
if the id. is 455 ke. and the mixer circuit tunes
from 7000 to 7300 ke. between two given points
on the dial, then the oscillator must tune from
7455 to 7755 ke. between the same two dial
readings. With the band-spread arrangement
of Fig. 712-C the tuning will be practically
straight-line frequency if the capacity actually
in use at Cq is not too small; the same is true
of 712-A if C, is small compared to Cs.

o 7-11 THE INTERMEDIATE FRE-
QUENCY AMPLIFIER
Choice of frequency — 'The selection of an
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 if. also increases pulling of the
oscillator frequency (§ 7-9). On the other hand,
a 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 ke. gives good se-
lectivity and is satisfactory from the stand-
point of image ratio and oscillator pulling at
frequencies up to 7 Mc. The image ratio is
poor at 14 Mec. when the mixer is connected
to the antenna, but adequate when there is
a tuned r.f. amplifier between antenna and
mixer. At 28 Mec. and the ultra-high frequen-
cies the image ratio is very poor unless several
r.f. stages are used. Above 14 Mec. pulling is
likely to be bad unless very loose coupling can
be used between mixer and oscillator.

With an i.f. of about 1600 ke., satisfactory
image ratios can be secured on 14, 28 and 56
Mec., and pulling can be reduced to negligible
proportions. However, the if. selectivity is
considerably lower, so that more tuned cir-
cuits must be used to increase the selectivity.
For ultra-high frequencies, including 28 Mec.,
the best solution is to use a double superhet
(§ 7-8), choosing one i.f. for image reduction
(5 and 10 Mec. 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.

Circuits — 1.f. ampifiers usually consist of
one or two stages. Two stages at 455 ke. will
give all the gain usable, in view of the mini-
mum receiver noise level, and also give suit-
able selectivity for good-quality ’phone re-
ception (§ 7-2).

A typical 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 a fixed fre-
quency is used the primary as well as the
secondary of the coupling transformer is tuned,
giving higher selectivity than is obtainable with
a closely-coupled untuned primary. The cath-
ode resistor, R), is connected to a gain control

Plate of
prgcte;ayhgq I.F. Trans

To Manual
Gain Control
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circuit of the type previously described (§ 7-6);
usually both stages, if two are used, are con-
trolled by a single variable resistor. The de-
coupling resistor, Rz (§ 2-11), helps isolate the
amplifier and thus prevent stray feedback.
Cy and R4 are part of the automatic volume
control circuit (§ 7-13); if no a.v.c. is used the
lower end of the i.f. transformer secondary is
simply connected to ground.

In a 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 a
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.

L.F. transformers — The tuned circuits of
i.f. amplifiers are built up as transformer units
consisting of a shielding container in which the
coils and tuning condensers are mounted.
Both air-core and powdered-iron-core uni-
versal-wound coils are used, the latter having
somewhat higher @'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 air-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 as follows:

1 Cy — 0.1 ufd. at 455 ke.; 0.0 ufd.
A b Next at 1600 kc. and higher.
g 'f: Stage C2— 0.01 ufd.
) Cs, C4, Cs —0.1 ufd. at 455 kc.:
=g 0.01 ufd. at 1600 kec. and

higher.
R; — 300 ohms.
Rz — 0.1 megohm,
R3 — 2000 ohms.
R4 — 0.25 megohm.



windings, are used. The energy is transferred
from the input to the output windings via this
tertiary winding, thus adding its selectivity to
the overall sclectivity of the transformer.
Variable-selectivity transformers also can be
obtained, these usually being provided with a
third (untuned) winding which can be con-
nected to a resistor, thereby loading the tuned
circuits and decreasing the @ and selectivity
(§ 2:-10) to broaden the selectivity curve. The
variation in selectivity is brought about by
switching the resistor in and out of the circuit.
Another method is to vary the coupling be-
tween primary and secondary, overcoupling
being used to broaden the selectivity curve,
undercoupling to sharpen it (§ 2-11).

Selectivity — The overall selectivity of the
i.f. amplifier will depend on the frequency and
the number of stages. The following figures are
indicative of the band-widths to be expected
with good-quality transformers, with construe-
tion in which regeneration is kept to a ini-
mum:

Band Width, ke.

Intermediate 2L times 10 times 100 limes
Frequency down down down
One stage 455 ke. (air core)... 8.7 17.8 32.3
One stage 455 ke. (iron core) .. 4.3 10.3 20.4
Twostage 455 ke. (iron core).. 2.9 6.4 10.8
Two stage 1600 ke. .......... 11.0 16.6 27.4
Two stage 5000 ke........... 25.8 46.0 100.0

Tubes for I.F. amplifiers — Variable-u pen-
todes (§ 3-3) are almost invariably used in i.f.
amplifier stages, since grid-bias gain control
(§ 7-6) is practically always applied to the i.f.
amplifier. Tubes with high plate resistance will
have least effect on the selectivity of the ampli-
fier, and those with high mutual conductance
will give greatest gain. The choice of i.f. tubes
will have practically no effect on the signal-to-
noise ratio, since this will have been deter-
mined by the preceding mixer and r.f. amplifier
(if used).

If single-ended tubes are used, care should
be taken to keep the plate and grid leads well
separated. With these tubes it is advisable to
mount the screen by-pass condenser directly
on the bottom of the socket crosswise between
the plate and grid pins to provide additional
shielding, making sure that the outside foil of
the condenser is connected to ground.

Single-signal effect — In heterodyne c.w.
reception with o superhet receiver the beat
oscillator is set to give a suitable audio-fre-
quency beat note when the incoming signal is
converted to the intermediate frequency. For
example, the beat oscillator may be set to 456
ke. (the i.f. being 455 ke.) to give a 1000-cycle
beat note. Now if an interfering signal appears
at 457 ke., it also will be heterodyned by the
beat oscillator to produce a 1000-cycle beat.
This audio-frequency 7mage corresponds to
the high-frequency images already discussed
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(§7-8) and can be reduced by providing
cnough selectivity since the image signal is off
the peak of the i.f. resonance curve.

When this is done, tuning through a given
signal will show a strong response at the de-
sired heat tone on one side of zero beat only,
instead of the two beat notes on either side of
zero beat which are characteristic of less selec-
tive reception, hence the name ‘“‘single signal”’
reception.

The necessary selectivity is difficult to obtain
with non-regenerative amplifiers employing
ordinary tuned circuits unless a very low inter-
mediate frequency or a large number of circuits
is used. In practice it is secured either by re-
generative amplification or by the use of a
crystal filter.

Regeneration — Regeneration can be used
to give a pronounced single-signal effect, par-
ticularly when the i.f. is 455 ke. or lower. The
resonance curve of an i.f. stage at critical re-
generation (just below the oscillating point)
is extremely sharp, a band width of 1 ke. at 10
times down and 5 ke. at 100 times down being
readily obtainable in one stage. The audio-
frequeney image of a given signal ean thus be
reduced by a factor of nearly 100 for a 1000-
cycle beat note (image 2000 cycles from
resonance).

Regeneration is easily introduced in an i.f.
amplifier by providing a small amount of
capacity coupling bhetween grid and plate
(bringing a short length of wire, connected to
the grid, into the vicinity of the plate lead,
usually will suffice) and may be controlied by
the regular cathode-resistor gain control. When
the i.f. is regenerative, it is usually preferable
to operate the tube at reduced gain (high bias)
and depend upon the regeneration to bring the
signal strength back to normal. This prevents
overloading on strong signals and thereby
increases the effective sclectivity.

The higher selectivity with regeneration re-
duces the response to noise generated in the
earlier stages of the receiver, just as in the case
of high selectivity produced by other means,
and therefore improves the signal-to-noise
ratio. The disadvantage is that the regenera-
tive gain varies with the signal strength, being
less on strong signals, and the selectivity varies
accordingly.

Crystal filters — The most satisfactory
method of obtaining high selectivity is by the
use of a piezo-electric quartz erystal as a selec-
tive filter in the i.f. amplifier (§2-10). Com-
pared to a good tuned circuit, the @ of such a
crystal is extremely high. The dimensions of
the crystal are made such that it is resonant at
the desired intermediate frequency, and it is
then used as a selective coupler between i.f.
stages.

Fig. 721 gives a typical crystal-filter reso-
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Fig. 721 — Graphical representation of single-signal
selectivity. The shaded area indicates the region in
which response is obtainable.

nance eurve. For single-signal reception the
audio-frequency image ean be reduced by a
factor of 1000 or more. Besides practieally
eliminating the a.f. image, the high selectivity
of the crystal filter provides great discrimina-
tion against sighals very close to the desired
signal in frequency, and, by reducing the band
width, redueces the response of the receiver to
noise both from sources external to the receiver
and in the r.f. stages of the reeeiver itself.

Crystal-filter circuits; phasing — Several
crystal-filter circuits are shown in Fig. 722,
Those at A and B are practically identical in
performance, although differing in details. The
erystal is eonnected in a bridge eircuit (§ 2-11)
with the secondary side of T, the input trans-
former, balanced to ground either through a
pair of eondensers, C-C, (A) or by a eenter-tap
on the seeondary, L2 (B). The bridge is com-
pleted by the erystal X, and the phasing con-
denser, Cs, which has a maximum capacity
somewhat higher than the capacity of the
erystal in its holder. When (' is set to balance
the crystal-holder capaeity the resonanee eurve
of the crystal circuit is practically symmetrical;
the erystal aets as a series-resonant circuit of
very high @ and thus allows signals of the de-
sired frequeney to be fed through C3 to LzlLy,
the output transformer. Without Ca the holder
eapacity (with the crystal acting as a dielectrie)
would by-pass signals of undesired frequeneies
to the output cireuit.

The phasing control has an additional func-
tion besides neutralization of the crystal-holder
eapacity. The holder eapacity becomes a part
of the crystal cireuit and causes it to act as a
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parallel-tuned resonant circuit at a frequency
slightly higher than its series-resonant fre-
quency. Signals at the parallel-resonant fre-
queney are thus prevented from reaching the
output cireuit, 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 cffect of
rejection is illustrated in Fig. 721, where the
audio image is reduced far below the value that
would be cxpected 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
crystal resonator. This is accomplished by

Sw

Fig. 722 — Crystal filter circuits of three types. All
give variable band-width, with CC having the greatest
range of selectivity. Their operation is discussed in the
text. Suitable circuit values are as follows: Circuit A, Th,
special i.f. input transformer with high-induetance pri-
mary, Li, closely coupled to tuned secondary, l2; Ci,
50-uufd. variable; C, each 100-uufd. fixed (mica); Ce,
10- to 15-uufd. (max.) variable; Ca, 50-uufd. trimmer;
L3aCa, i.f. tuned cirenit, with Ls tapped to match erystal-
circnit impedance. In Circuit B, T1 is the same as in
Cirenit A except that the secondary is center-1apped;
Ci is 100-uufd. variable; Cz, Cs and Cq same as for Circnit
A: Lsl.4 is a transformer with primary, L4, corresponding
to tap on Lz in A. In Circuit C, T1 is a special i.f.
input transformer with tuned primary and low-im-
pedance secondary; C, each 100-uufd. fixed (mica); Ce,
opposed-stator phasing condenser, app. 8 uufd. maxi-
mum capacity each side; 13Cs, high-Q i.f. tuned circuit;
R, 0 to 3000 ohms (selectivity control).



varying Cy (the selectivity control) which tunes
the balanced secondary circuit of 7. When
the secondary is tuned to i.f. resonance, the
parallel impedance of the Ly combination is
maximum and is purely resistive (§2-10).
Since the secondary circuit is center-tapped,
approximately one-fourth of this resistive
impedance is in series with the crystal through
C3 and L4 This lowers the @ of the crystal
cireuit and makes 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 circuit
becomes higher and the applied voltage falls
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
ax 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 inuch greater than
that of a normal two-stage 455-ke. 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 similar,
but a much higher value of resistance can be
introduced in the erystal circuit to reduce the
selectivity. The output tuned circuit L3C3
nrust have high Q. A compensated condenser is
used at Cp (phasing) to maintain circuit bal-
ance, 80 that the phasing control does not af-
feet the resonant frequency. The 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,
12, may consist of a series of separate fixed
resistors selected by a tap switch.

® 7-12 THE SECOND DETECTOR AND
BEAT OSCILLATOR

Detector circuits — The second detector of
a superhet receiver perforins the same function
as the detector in the simple receiver, but usu-
ally operates at a higher input level because of
the relatively great r.f. amplification. There-
fore the ability to handle large signals without
distortion is preferable to high sensitivity.
Plate detection is used to some extent, but the
diode detector is most popular. It is especially
adapted to furnishing automatic gain or vol-
ume control (§ 7-13), which gives it an addi-
tional advantage. The basic circuits are as
deseribed in § 7-3, although in mnany cases the
diode elements are incorporated in a multi-
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purpose tube which also has an amplifier
section.

The beat oscillator — Any standard oscilla-
tor circuit (§ 3-7) may be used for the beat
oscillator. Special beat-oxcillator transformers
are available, usually consisting of a tapped
eoil with adjustable tuning; these are most
conveniently used with circuits such as those
shown at Fig. 718-A and -B, with the output
taken from “ Y.”” A variable condenser of about
25 pufd. capacity often is connected between
eathode and ground to provide fine adjustment
of the beat frequency. The beat oscillator usu-
ally ix coupled to the second detector tuned
circuit through a fixed condenser of a few
pefd. capacity.

The beat oscillator should be well shielded to
prevent coupling to any part of the circuit
exeept the second detector, and to prevent its
harmonies from getting into the front end of
the receiver and being amplified like regular
signals, To this end, the plate voltage should
be ax low as is consistent with sufficient audio
output. If the beat-oscillator output is too
low, strong signals will not give a proportion-
ately strong audio response.

A regenerative second detector may be used
to give the audio beat note, but since the
detector must be detuned from the i.f. the
selectivity and signal strength are reduced,
while blocking (§ 7-4) is pronounced be-
cause of the high signal level at the second
detector.

0 7-13 AUTOMATIC VOLUME CONTROL

Principles — Automatic regulation of the
gain of the receiver in inverse proportion to the
signal strength is a great advantage, especially
in 'phone reception, since it tends to keep the
output level of the receiver constant regardless
of input signal strength. It is readily accom-
plished in the superheterodyne by using the
average rectified d.c. voltage developed by the
received signal across a resistance in a detector
cireuit (§ 7-3) to vary the bias on the r.f. and
i.f. amplifier tubes. Since this voltage is propor-
tional to the average amplitude of the signal,
the gain is reduced as the signal strength is
greater. The eontrol will be more complete as
the number of stuges to which the a.v.c. bias
is applied is greater. Control of at least two
stages is advisable.

Circuits — A typical circuit of a diode-triode
type tube used as a combined a.v.c. reetifier,
detector and first audio amplifier is shown in
Fig, 723. One plate of the diode section of the
tube is used for signal detection and the other
for a.v.c. rectification. The a.v.e. diode plate
is fed from the detector diode through the
small coupling condenser, (3. Negative bins
resulting from the flow of rectified carrier
current i8 developed across f24, the diode
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Fig. 723 — Second-detector and first audio cireuit
with a.v.e, using duo-diode-triode tube.
R1— 0.25 megohm,
Rz — 50,000 to 250,000 chms.
Rz — 2000 ohms.
R4 —2 to 5 megohms,
Rs — 0.5 to 1 megohm.
Re, R7, Rz — 0.25 megohm.
Ro — 0.25 megohm,
Rio — 0.5-megohm  volume con-

trol.

1, Co, C3
Ca— 0.1 ufd.
(.5, Cg, C7—0.01 pufd,

100 uufd.

JoB.FO
Cogpluiq Cord

Cs, Cg — 0.01 10 0.1 afd.
C10 — 5~ to 10-pfd, electrolytic.
Ci1 — 250 pufd.

load resistor. This negative bias is applied
to the grids of the controlled stages through
the filtering resistors (§ 2-11) Ry, Rg, Ry
and Rg.

It does not matter which of the two diode
plates is selected for audio and which for a.v.e.
IFrequently the two plates are connected to-
gether and used us a combined detector-a.v.c.
reetifier. T'his could be done in Fig. 723. The
a.v.e. filter and line would eonneet to the
junetion of Ko and (g, while ("3 and R4 would
he omitted from the eircuit.

When 8y is closed the a.v.e. line is grounded,
thereby removing the a.v.c bias from the
amplifier stages.

Delaved a.r.c. — In Fig, 723 the audio diode
return is made directly to the cathode and
the a.v.c. diode return to ground. This places
negative hias on the a.v.e. diode equal to the
d.c. drop through the cathode resistor (a volt
or two) and thus delays the application of
a.v.e. voltage to the amplifier grids, since no
rectification takes place in the a.v.c. diode eir-
cuit until the carrier amplitude is large enough
to overcome the bias. Without this delay, the
a.v.c. would start working even with a very
small signal. This is undesirable because the
full amplification of the receiver then cannot
be realized on weak signals, In the audio diode
circuit this fixed biax would cause distortion
and must be avoided, hence the return is made
directly to the cathode.

Time constant — The time constant (§ 2-6)
of the resistor-condenser combinations in the
a.v.e. cireuit is an important part of the sys-
tem. It must be high enough so that the modu-
lation on the signal is completely filtered from
the d.c. output, leaving only an average d.c.
component which follows the relatively slow
carrier variations with fading; audio-frequency
variations in the a.v.e. voltage applied to the
amplifier grids would reduce the pereentage of
modulation on the incoming signal and in the
practical case would cause frequency distor-
tion. On the other hand, the time eonstant
should not be too great since the a.v.c. then
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would be unable to follow rapid fading. The
values indicated are satisfactory for high-
frequency reception,

Signal strength and tuning indicators —
A useful accessory to the receiver is an indi-
eator which will show relative signal strength.
Not only is it an aid in giving reports, but it
also is helpful in aligning the receiver eircuits,
in conjunction with a test oscillator or other
steady signal.

Three types of indicators are shown in Fig.
724, That at A uses an clectron-ray tube, sev-
eral types of which are available. The grid of
the triode section isx usually eonnected to the
a.v.c. line. The particular type of tube to use
will depend upon the voltage available for its
grid; where the a.v.c. voltage is relatively large,
a remote-cutoff tyvpe tube such as the 6G3 or
6N should be used in preference to the sharp-
cutoff type (615).

In B, a milliammeter is connected in series
with the d.c. plate lead to one or more r.f. and
i.f. tubes whose grids are controlled by a.v.c.
Since the plate current of such tubes varies
with the strength of the incoming signal, the
meter will indicate relative signal intensity
and may be calibrated in “S” points. The
seale 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 isx from 7 to 10 milliamperes. The
shunt resistor R enables setting the plate cur-
rent to the full-scale value (‘‘zero adjust-
ment’’). With this system the ordinary meter
reads downwards from full scale with increas-
ing signal strength, which is the reverse of
normal pointer movement (clockwise with
increasing reading). Special instruments with
the zero-current position of the pointer at the
right-hand side of the seale are used in com-
mercial receivers.

The system at C uses a 0-1 milliammeter in
a bridge circuit arranged so that the meter
reading and signal strength inerease together.
The eurrent through the branch eontaining /¢,
should be approximately equal to the current



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.

1 meg.

+250V.
®
R.F LF I.F.
v T T
R
®
+B
RF.ORIF

SCREENS
AND VOLTAGE ~¢——1
DIVIDER

©

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, In B, resistor R should have a
maximum resistance several times that of the milli-
ammeter. In (C, representative values are: R, 250
ohms; Rz, 350 ohms; Ra, 1000-ohm variable.

and if. stages) through Rz, the sum of these
currents heing 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
I?1, Rz and Rz larger. The initial setting is made
with the manual gain control set near maxi-
mum, when /3 should be adjusted to make the
meter reading zero with no signal.

® 7-11 PRESELECTION

Purpose — Preselection is added signal-fre-
quency selectivity before the mixer stage is
reached. An r.f. amplifier preceding the mixer
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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 he
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 because
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) ohtainable at frequencies up to and
including 7 Me. with a single preselector stage
are high enough, when the intermediate fre-
quency is 455 ke., so that for all practical pur-
poses there is no appreciable image response.
Average image ratios on 14 Mc. and 28 Mc. are
50--75 and 10-13, respectively. This is the over-
all sclectivity of the r.f. and mixer tuned cir-
cuits. A second preselector stage, adding one
more tuned cireuit, will increase the ratios to
several hundred at 14 Mc. and to 30 or 40 at
28 Me.

On ultra-high frequencies it is impracticable
to attempt to secure a good image ratio with a
455-ke. 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-frequeney first i.f.

Regeneration — Regeneration may be used
in a preselector stage to increase both gain and
selectivity. Since this makee tuning more
critical and increases ganging problems, regen-
eration is seldom used except at 14 Me. 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 if. amplifier (§7-11).
The effect of regeneration is roughly equivalent
to the addition of another non-regenerative
preselector stage.

The regeneration may be introduced 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 signal-
to-noise ratio, since the tube noise is fed back
to the grid circuit along with the signal to add
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(A) + 220V. (B)

Fig. 725 — Audio output limiting circuits.
1 0.25 afd, Rz — 2000 ohms.
Co2 001 ufd. R
Ca— 5 ufd. T — Output transformer.
ki — 0.5 megohm. Ly 15-henry choke

to the thermal agitation noise originally pres-
ent. The latter noise also is amplified.

0 7-15 NOISE REDUCTION

Tvpes of noise — lu addition to tube and
cireuit noise (§ 7-6) much of the noise inter-
ference experienced in reception of amateur
signals is eaused by domestic electrieal 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. 1t is largely reduced by high selectivity
in the receiver, especially for code reception.
The second is the “pistol shot’ or “machine
gun’’ type, consisting of separated impulses of
high amplitude. The “hiss”” type of interfer-
ence is usually caused by commutator sparking
in d.c. and series a.c. motors, while the “shot”’
type results from separated spark discharges
(a.c. power leaks, switch and key clicks, igni-
tion sparks, and the like).

Impulse noise — Impulse noise, because of
the extremely short duration of the pulses as
compared to the time between them, must have
high pulse amplitude to give much average
energy. Henee noise of this type strong enough
to cause much interference generally has an
instantancous amplitude much higher than
that of the signal being received. The general
principle of devices intended to reduce such
noise is that of allowing the signal amplitude
to pass through the receiver unaffected, but
making the receiver inoperative for amplitudes
greater than that of the signal. The greater the
amplitude of the pulse compared to its time of
duration the more successful the noise-reducing
device, since more of the energy in the pulse
can he suppressed.

In passing through selective receiver circuits
the time duration of the impulses is incereased
because of the @ or fiywheel effect (§ 2-10) of
the circuits. Henee the greater the selectivity
ahead of the noisc-reducing device the more
difficult it bhecomes to secure good noise
SUPPression.

Mudio limiting — A considerable degree of
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S0,000-ohm potentiometer.

noise reduction in code
reception can be accom-
plished by amplitude lim-
iting arrangements ap-
plied to the audio output
circuit of a receiver. Such
limiters also maintain the
signal output nearly con-
stant with fading. Dia-
grams of typical output
limiter circuits are shown
in Fig. 725, Circuit A em-
ploys a triode tube op-
erated at reduced plate
voltage (approximately 10
volts) so that it saturates at a 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
s0) so that the output power remains prac-
tically constant over a grid excitation voltage
range of more than 100 to 1. These output
limiter systems are simple and adaptable to
nearly all reccivers. However, they cannot pre-
vent noise peaks from overloading previous
circuits,

Second detector circuits — The circuit of
Fig. 726 “chops™ noise peaks at the second
detector of a superhet reeeiver by means of a
bhiased 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 the faet
that it is given positive bias from a 30-volt
source through the adjustable potentiometer
R3. Resistors 2y and Re must be fairly large in
value to prevent loss of audio signal.

The audio signal from the detector can he
considered to modulate (§ 5-1) the steady
diode current, and conduction will take place
s0 long as the diode plate is positive with re-
speet 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 amplificr. The point at which
cut-off oceurs ean be selected by adjustment of
R3. By setting R3 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 cireuit arrangement, shown
in Fig. 726-13, 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 bh.f.o. voltage
should be small so that incoming noise will not

+220V.



have a strong carrier to beat against and pro-
duce large audio output.

A second-detector noise limiting circuit
which automatically adjusts itself to the re-
ceived carrier level is shown in Iig. 727. The
diode load circuit (§ 7-3) consists of g, R:, Ry
(shunted by the high-resistance audio volume
control, Ry) and Rj 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 network, R,C,, 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 earrier voltage alone. The
cathode, however, is free to follow the modula-
tion, and when the modulation is 1009, the
peak cathode voltage will just equal the steady
grid voltage.

At all modulation percentages helow 1009,
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 1009, modula-

2n0 DETECTOR
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Fig. 726 — The series-valve noise-limiter circuit, A,
with an infinite.impedance detector; B, with diode
detector. Values are as follows:

- 0.25 megohm.
Rz — 50,000 ohms.
Rz — 10,000-0hm potentionieter.
R4 — 20,000 to 50,000 ohmas,
Ci1 — 250 ppfd.
Cg, C3— 0.1 ufd.
Diode circuit constants in B are conventional.

+
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Fig. 727 — Automatic noise I|m|t|ng circuit for super-
het receivers,
T — Lf. transformer with balanced  secondary for

working into diode rectifier,
Ri, R2, Ra — 1 megohm,
R4 — l.megohm volume control.
Rs — 250,000 ohms.
Re, Rs — 100,000 ohms.
R7 — 25,000 ohms,
C1 — 0.1-ufd. paper.
Ca, C3 — 0.05-pfd. paper.
Ca, Cs — 50-uufd. mica,
Ce — 0.001-u4fd. mica (for r.f, filtering, if needed).
Sw — S.p.s.t. toggle (on-off switch),

The switch should be mounted close to the circuit ele-
ments and controlled by an extension shaft if necessary.
tion will, however, make the grid positive
with respect to cathode and the relatively-low
plate-cathode resistance of the G6N7 shunts
the high-resistance audio output circuit, effec-
tively short-eircuiting it so that there is practi-
cally no response for the duration of the noise
peak over the 1009, modulation limit.

Rs 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
pusitive with respect to cathode, the highest
positive potential also is applied to the plate,
thus further lowering the effective plate-
cathode resistance.

I.F. noise silencer — In the circuit shown in
Fig. 728 noise pulses are made to decrease the
gain of an if. stage momentarily and thus
silence the receiver for the duration of the
pulse. Noise voltage in exeess 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 617 used as an if. 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,”” Ra. For reception
with automatic volume control, the a.v.c.
voltage can be applied to the grid of the noixe
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 420 db. in a typical instance.

Clircnit values are normal for i.f. amplifiers
(§ 7-11) except ax indicated. The noise rectifier
transformer 77 has an untuned secondary
closely-coupled 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 if. amplifier (noise
silencer) stage. The time constant (§ 2-6) of the
noise rectifier load circuit, RB(";C2, must be

1.F Trons.

<

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 xignal
strength as determined by maximum hiss, then
turning on the beat oscillator and adjusting its
frequeney (leaving the receiver tuning alone)
to give a suitable beat note. Subsequently the
beat oscillator need not be touched exeept for
oceasional 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.e. (§7-13) is not generally
satisfactory in c.w. reception because the
receiver gain rises in the spaces between dots
and dashes, giving an increase in noise in the
same intervals, and also because the rectified
beat oscillator voltage in the second detec-

1.FTrans.

L
Output
Fig. 728 — Lf. noise-silencing circuit.
The “B” supply should be 250 volts.
C1 — 50-250 puufd.; use smallest value
possible without r.f. feedback,
C2 — 50 uufd.
Ca— 0.1 pfd,
R1 — 0.1 megohm.
R2 — 5000-chm volume control.
R3 — 20,000 ohms,
R4, R5 - 0.1 megohm.
It — Special i.f. transformer for noise
rectifier,

[-)
-8 +8

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. This
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.

0 7-16 OPERATING SUPERHET
RECEIVERS

C.w. reception — Proper adjustment of the
beat oscillator is to a frequency slightly differ-
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tor circuit also works the a.v.c. circuit. This
gives a constant reduction in gain and pre-
vents 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 eontrol as a volume
control and permit the r.f. gain to stay fixed
at its highest level.

Tuning with the crystal 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 oseillator 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



(§ 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 beat (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 bhe ‘“phased out’’ al-
most completely by eareful 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-
quency is not too near the desired carrier.

Depending upon the filter design, maximum
sclectivity 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, switch 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 beeause 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 fitter will do much toward reducing
interference in ’phone bands. Although the
high selectivity cuts sidebands and thereby
reduces the audio output, espeeially 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
occeur. Variable-selectivity filters permit a
choice of selectivity whieh give varying degrees
of sideband cutting to suit conditions.

An undesired carrier close in frequency to a

peceiuer /-/)rincip/ed anc[ :bediyn

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.

Spurious responses — 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 bhe recognized by
the “tuning rate,” or moveinent of the 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 ree-
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.

@ 7-17 SERVICING SUPERHET
RECEIVERS

Lf. 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 reeeiver has a tuning
meter, 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-pfd. bloeking condenser
(§ 2-13) to the receiver chassis. The intensity
of sound from the loud-speaker can also be
judged 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
if. amplifier tube. The grounded lead is con-
neeted to the reeeiver 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 ix 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 inereased gain is likely to cause
overloading and consequent inaccurate read-
ings, It is desirable in all caxes 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 conneeted to the mixer grid.
Nince the tuned eirenit feeding the mixer grid
may, beeause it is tuned to a eonsiderably
higher frequency, effectively short-cireuit the
signal-generator output, it may be neeessary
to diseonneet 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.e. should be switehed on; if the
audio output method is used the a.v.e. should
be off. The beat oscillator should be off in
either casce.

If the if. amplifier has a erystal filter, the
filter should first be switched out and the align-
ment carried out as above, setting the signal
generator as closely as possible to the fre-
queney of the erystal. When eompleted, the
erystal should be switched in and the oseillator
frequency varied back and forth over a small
range cither side of the erystal frequeney to
find the exaet frequeney, whieh will be indi-
cated by a sharp rise in output. Leaving the
generator set on the erystal peak, the i.f.
trimmers may be realigned for maximum out-
put. The necessary readjustment should be
small. The osecillator frequeney should be
checked frequently to make sure it has not
drifted from the crystal peak.

A modulated signal is not of mueh value for
aligning a crystal-filter i.f. amplifier, sinee 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.e. tuning metcr, the trans-
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formers may be aligned by ear, using a weak
unmodulated signal adjusted to the erystal
peak. Switeh on the beat oseillator, 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 effeets ean be re-
aligned by using any steady signal, such as a
local broadeasting signal, in licu of the test
oscillator, Allow the reeciver to warm up
thoroughly (an hour or so), tune in the signal
as usual and “touch up” the i.f. trimmers for
maximum output.

R.f. alignment — The objeet of alignment
of the r.f. eireuits in a gang-tuned receiver is to
sceure adequate traecking over each tuning
range. The adjustment may be earried out with
a test oseillator of suitable frequeney range or
even on noise or sueh signal as may be heard.
Set the tuning dial at the high-frequency end
of the range in use and adjust the h.f. oseillator
trimmer eondenser for maximum hiss. Next
adjust the mixer trimmer eondenser for maxi-
mum hiss or signal, then the r.f. trimmers.
Reset the tuning dial to the low-frequeney end
of the range and repeat; if the cireuits are
properly designed no change in trimmer set-
tings should be neeessary. Should it be neces-
sary to increase thetrimmer capacity in any
circuit, more inductanee is needed: if less
eapacity resonates the circuit, less induetance
is required. In the oscillator circuit, the proper
frequency range may be secured by adjustment
of the tracking eondenser eapacity (§ 7-10)
as well as by inductanee adjustment.

Tracking is seldom perfeet throughout a
tuning range, so that a cheek of alignment at
intermediate points in the range may show it
to be slightly off. Normally the gain variation
from this eause will be small, however, and it
will suftice to bring the eireuits 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 eireuits may be aligned at that fre-
queney to insure maximum performanee, even
though the ends of the whole frequeney range
may be slightly out of alignment.

Oscillation of r.f. or i.f. amplifiers — Os-
cillation in high-frequeney amplifier and mixer
cireuits is evidenecd by squeals or “birdies”
as the tuning is varied. It ean be caused by
poor conneetions in the common ground cir-
euits, especially to the tuning eondenser rotors.
Inadequate or defeetive by-pass econdensers in
eathode, plate and serecen-grid eireuits also
ean eause such oscillation. In some cases it
may be advisable to provide a shield between
the stators of pre-r.f. amplifier and first-de-
teetor ganged tuning eondensers, in addition
to the usual tube and inter-stage shielding. A
metal tube with an ungrounded shell will eause



this trouble. Improper screen-grid voltage,
which might result from a shorted or too-low
sereen-grid series resistor, also could be re-
sponsible.

Oseillation in the i.f. eircuits 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 defeets in if.
amplifier cireuits. Inadequate eathode resistor
by-pass capacitance is a common cause of such
oscillation. Additional by-pass capacitance, of
0.1 to 0.25 ufd. usually will remedy it. Similar
treatment ean be applied to screen-grid and
plate by-passes of i.f. tubes,

Instability — “ Birdies” or a mushy hiss oc-
curring with tuning of the high-frequency
oscillator may indicate that the oscillator is
“gquegging”’ or oscillating simultaneously at
high and low frequencies (§ 7-4). This may be
caused by a defective tube, too-high oscillator
plate or sercen-grid voltage, excessive feed
back in the oseillator eireuit 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 heat oscillator can be checked by
introducing a signal of intermediate frequeney
(from a test oscillator) into the if. amplifier;
if the beat note is unstable, the trouble is in
the beat oscillator. Poor connections or defee-
tive parts are the likely cause. Instability in the
high-frequeney oscillator may be the result of
poor eireuit design (§ 7-10), loose connections,
defeetive tubes or circuit components, or poor
voltage regulation in the oscillator plate and ‘or
sereen supply cireuits. Mixer pulling of the
oscillator circuit (§ 7-9) also will cause the
beat-note to chirp on strong c.w. signals he-
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. oseillator 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 eausing the plate voltage
on the oscillator to rise. The oscillator fre-
quency changes correspondingly, detuning 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 sclectivity, 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).
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e 7-18 RECEPTION OF FREQUENCY-
MO LATED SIGNALS

F.m. receivers — A frequeney-modulation
receiver differs in eircuit  design from one
designed for amplitude modulation ehicfly in
the arrangement used for deteeting the signal.
Deteetors for amplitude-modulated signals do
not respond to frequeney modulation. 1t is also
neeessary, for full realization of the noise-re-
dueing benefits of the f.m. system, that the
signal applied to the detecetor 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 superheterodyne
type of cireuit is almost invariably used to
provide the necessary gain.,

The r.f. and i.f. stages in such a superhet are
identieal in eircuit with those in an a.m. re-
eeiver. Sinee the use of f.m. is confined to the
ultra-high frequencies (above 28 Me.) a high
intermediate frequeney is employed, usually
between 4 and 5 Me. This not only reduces
image response but ulso gives the greater
band-width neeessary 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, suflicient band-width (§7-2) to ac-
commodate the full frequency deviation either
side of the carrier frequeney without undue
attenuation at the edges of the band, a limiter
circuit which funetions 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 (3 7-5) exeept 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 are generally
of the plate saturation type (§ 7-15) where low
plate and screen voltage are used to limit the
plate current flow at high signal amplitudes.
Fig. 729-A is a typical eircuit. The tube is self-
biased (§ 3-6) by a grid leak, Ry, and condenser,
Cy. Ry, Rz and R4 form a voltage divider
(§ 8-8) which puts the desired voltages on the
sereen and plate. The lower the voltages the
lower the signal level ut which limiting oceurs,
but the r.f. output voltage of the limiter also
is lower. C2 and C3 are the plate and screen
by-pass eondensers, of conventional value for
the intermediate frequeney used. The time
constant (§ 2-6) of R,y 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 eonstant
limits the range of signal strengths which the
limiter can handle without departing from the
constant-output condition. A larger time con-
stant is better in the latter respeect but is not
so effective for rapid variations, henee a com-
promise set of constants must be used.

The caseade limiter, Fig. 729-B, overcomes
this by making the time constant in the first
grid cireuit suitable for effective operation on
impulse noise and that in the second grid
(C4Rg) 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
(R5C1Rg) 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 R
in either eireuit may be used for a.v.c. (§ 7-13).

Discriminator circuits and operation —
The f.m. deteetor is eommonly called a dis-
criminator, because of its ability to diseriminate
between frequency deviations above and those
below the carrier frequeney. The circuit gen-
crally used is shown in Fig. 730-A. A special
i.f. coupling transformer is used between the
limiter and detector. Its seeondary, L,, is
centertapped and is connected baek to the
plate side of the primary ecireuit, which is
otherwise eonventional. Cy is the tuning con-
denser. The load eircuits of the two diode recti-
fiers (R1C1, R3C3) are connected in series; the
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Fig. 729 — F.m. limiter circuits. A, single-tube plate-
saturation limiter; B, cascade limiter. Typical values
are as follows:

Circuit A Circuit B
C— 100 pufd. 100 pufd.
Ce, C; 0.1 ufd. 0.1 ufd.
Cq— 250 pufd.
Ry — 0.1 megohm. 50,000 ohms.
Rz — 2000 ohms. 2000 ohms.
Rz — 50,000 ochms. 50,000 ohms.
Re — 0 to 50,000 ohms. 0 to 50,000 ohms,
Rs 000 ohms.
Re — 0.2 megohm.
Plage supply voltage should he 250 volts 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 cireuits are both
adjusted to resonance in the eenter of the i.f.
pass-band. The voltage applied to the rectifiers
consists of two eomponents, that indueed in the
secondary by the inductive coupling, and that
fed to the center of the secondary through (%.
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 R; and Rs, hence the net
voltage aeross 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 comhine with that fed through (%
in such a way that one diode gets more voltage
than the other when the frequeney is below
resonance, while the second diode gets the
larger voltage when the frequency is higher



than resonance. The voltage appearing across
the output terminals is the difference between
the two diode voltages, henee a eharacteristie
like that of Fig. 731 results, where the net
reetified output voltage has opposite polarity
for frequencies on either side of resonanee, and
up to a certain point beeomes greater in ampli-
tude as the frequeney deviation is greater.
The straight-line portion of the curve is the
useful detector characteristic. The separation
between the peaks which mark the ends of the
lincar portion of the curve depends upon the
()'s of the primary and secondary circuits and
the degree of coupling. The separation becomes
greater with low @’s and close coupling. It is
ordinarily set so that the peaks fall just outside
the limits of the pass-band, thus utilizing most
of the straight portion of the curve. Since the
audio output is proportional to the change in
d.c. voltage with deviation, it is advantageous
from this standpoint to have the peak separa-
tion the minimum necessary for a linear charae-
teristic.

A sccond type of discriminator circuit is
shown in Fig. 730-B. Two sccondary cireuits
S; and Sp are used, one tuned above the eenter
frequency of the i.f. pass-band, the other below.
They are coupled equally to the primary,
which is tuned to the center frequency. As the
earrier frequency deviates, the voltages in-
duced in the sccondaries will change in ampli-
tude, with the larger voltage appearing across
the secondary nearer resonance with the in-
stantaneous frequency. The detection charac-
teristic is similar to that of the first type of
diseriminator. The peak separation is deter-
mined by the Q's of the circuits, the eoefficient
of eoupling, and the tuning of the two sceonda-
ries. High @’s and loose coupling are necessary
for close peak separation.

F.m. receiver alignment — Alignment of
f.m. receivers up to the limiter is carried out as

Limiter
Plate

Fig. 730 — F.m. discriminator circuits. In
both circuits typical values for C1 and Cz are +B
100 uufd. each; Ry and Rz, 0.1 megohm each.
Cs in A is approximately 50 uufd., depend-
ing upon the intermediate frequency; RFC
should be of the type designed for the i.f.
in use (2.5 mh. is satisfactory for i.f.’s of 4
to 5 megacycles). The special three-winding
transformer in B is described in the text.

In either circuit the ground may be re-

moved from the lower end of C2 and moved Lg%tér
to the junction of Ci and Cz2 for push-pull
audio output,

+8
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deseribed in § 7-17. For output measurement,
a 0-1 milliammeter or 0-300 microammeter
should be eonneeted in series with the limiter
grid resistor (Rp in Fig. 729) at the grounded
end; or, if the voltage drop across Kp is used
for a.v.e. and the receiver is provided with a
tuning meter (§ 7-13), the tuning meter may be
used as an output meter. An accurately eali-
brated signal generator or test oscillator is
desirable, sinee the i.f. should be aligned to be
as symmetrical as possible; that is, the output
reading should be the same for any two test
oscillator settings the same number of kilo-
cyeles above or below resonance. 1t isnot neces-
sary to have uniform response over the whole
band to be reecived, although the output at the
edges of the band (limit of deviation (§ 5-11)
of the transmitted signals) should not be too
low — not less than 259% of the voltage at
resonance. In communications work a band-
width of 30 ke. or less (15 ke. or less deviation)
is commonly used.

Output readings should be taken with the
test oscillator set at intervals of a few kilocycles
either side of resonance until the band limits
are reached, and the i.f. trimmers adjusted to
give as symmetrical a eurve as possible.

After the i.f. (and front end) are aligned the
limiter operation should be checked. This can
be done by temporarily disconneeting Cs, if
the diseriminator cireuit of Fig. 730-A is used,
disconnecting R, and C from the upper diode’s
cathode in the same diagram, and inscrting the
milliammeter or microammeter in series with
Re at the grounded end. This converts the
discriminator to an ordinary diode rectifier.
Varying the signal generator frequency over
the channel, with the diseriminator transformer
adjusted to resonance, should show no change
in output (at the band-widths used for com-
munications purposes) as indicated by the
rectified current read by the meter. At this
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Fig. 731 — Characteristic of a typical f.m. detector,
The vertical axis represents the voltage developed across
the load resistor as the frequency varies from the exact
resonance frequency.

A detector with this characteristic would handle f.m.
signals up to a band-width of about 150 ke. over the
linear portion of the curve.

point various plate and screen voltages can
be tried on the limiter tube or tubes to deter-
mine the set of conditions which gives maxi-
mum output with adequatelimiting (no change
in rectified current),

When the limiter has been checked the
discriminator connections ean he restored,
leaving the meter connected in series with £,.
Provision should be made for reversing the
connections to the meter terminals to take
care of the reversal in polarity of the net recti-
fied current. Set the signal generator to the
center frequency of the band and adjust the
discriminator transformer trimmer condensers
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 the
center frequeney and note the meter reading,
Reverse the meter terminals and set the test
oscillator at the deviation limit on the other
side. The two readings should be the same. If
they are not, they can be made so by a slight
adjustment of the primary trimimer, This will
necessitate re-checking the response at reso-
nance to make sure it is still zero. Generally
speaking, the secondary trimmer will chiefly
affect the zero-response frequency, while the
primary trimmer will have most effect on the
symmetry of the discriminator peaks, A de-
tector curve having satisfactory linearity can
be obtained by cut-and-try adjustment of both
trimmers,

Tuning and operation — An f.m. receiver
gives greatest noise reduction when the earrier
is tuned exactly to the center of the receiver
pass-band and to the point of zero response in
the discriminator. Because of the decrease in
noise, this point is readily recognized. Aside
from this no special tuning instructions are
necessary. The effectiveness of the receiver
will depend almost wholly on how accurately
it is aligned.

When an amplitude-modulated signal is
tuned in, its modulation practically disappears
at exact resonance, only those nonsymmetrical
modulation eomponents which may be present
being detected. If the signal is to one side or
the other of resonance, however, it will be
heard and is capable of causing interference to
an f.n. signal,
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o -1 POWER SUPPLY
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 front 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
taken by the number of tubes which may be
connected in parallel (§ 2-6) across it. The
filament or heater transformer is generally
center-tapped to provide a balanced circuit
for eliminating hum (§ 3-6).

For medium- and high-power r.f. stages of
transmitters, and for high-power audio stages,
it is desirable to use a separate filament trans-
former for each section of the transmitter,
installing the transformer near the tube
sockets. This avoids the necessity for abnorm-
ally large wires to carry the total filament
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.

Plate supply — Direct current must be used
for the plates of tubes, since any variation in
plate current arising from power supply causes
will be super-imposed on the signal being re-
ceived or transmitted, giving an undesirable
type of modulation (§5-1) if the variations
oceur at an audio-frequency (§ 2-7) rate. Un-
varying direct current is commonly called pure
d.c. to distinguish it from current which may
be unidirectional but of pulsating character.
The use of pure direet eurrent on transmitting
tubes is required by FCC regulations on fre-
quencies below 60 megacycles.

Sources of plate power — D.c. plate power
is usually obtained from rectified and filtered
alternating current, but in low-power and
portable installations may be secured from
batteries. Dry batteries may he used for very
low-power portable equipment, but in many
cazes a storage battery is used as the primary
source of power, in conjunetion with an inter-
rupter to give pulsating d.c. which ix applied
to the primary of a step-up transformer
(§ 8-10).

Rectified a.c. supplies—Since the power
line voltage is ordinarily 115 or 230 volts, a
step-up transformer (§ 2-9) must be used to
obtain the desired voltage for the plates of the
tubes in the equipment. The alternating sec-
ondary current ix changed to unidirectional cur-
rent by means of diode rectifier tubes (§3-1),
then passed through an inductance-capacity
filter (§ 2-11) to the load eircuit. The load re-
sistance in ohms is equal to the d.c. output
voltage of the power supply divided by the
current in amperes (Ohm’s Law, § 2-6).

Voltage regulation — Since there is always
some resistance in power supply circuits, and
sinee the filter normally depends to a consider-
able extent upon the energy storage of induc-
tance and capacity (§ 2-3, 2-5) the output
voltage will depend upon the current drain on
the supply. The change in output voltage with
change in load current is called the roltage
regulation of the supply. Lxpressed as a per-
centage,

¢ Regulation = 100 (El, £2)
E;
where K} is the no-load voltage (no current in
the load circuit) and Ko the full-load voltage
(rated current in load circuit).

o B-2 RECTIFIERS

Purpose and ratings — A rectifier is a
device which will conduet current in only one
direction, The diode tube (§3-1) is used al-
most exclusively for the purpose in d.e. power
supplies used with radio equipment. The im-
portant characteristies of tubes used as power
supply rectifiers are the voltage drop between
plate and eathode at rated current, the maxi-
mum permissible inverse peak voltage, and
the permissible peak plate current,

) oltage drop — Tube voltage drop depends
upon the type of tube. [n vacuum rectifiers it
increases with the current flowing because of
space-charge effeet (§ 3-1), but can be mini-
mized by using very small spacing between
plate and cathode as is done in some rectifiers
for receiver power supplies. Mercury-vapor
rectifiers (§ 3-5) have a constant drop of about
15 volts regardless of current. This is much
smaller than the voltage drops encountered in
vacuum rectifiers.
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Inverse peak voltage — This is the maxi-
mum voltage developed hetween plate and
cathode of the rectifier when the tube ix not
conducting: i.e., when the plate is negative
with respeet to the eathode.

Peak plate current — This is the maximum
instantancous  current flowing  through the
rectifier. It ean never be smaller than the load
current in ordinary eircuits, and may he several
times higher.

Operation of mercury-rapor rectifiers —
Because of its constant voltage drop, the mer-
cury vapor rectifier is more suseeptible to
damage than the vacuum type. With the
latter, the increase in voltage drop tends to
limit current flow on heavy overloads, but the
mercury-vapor rectifier does not have this
limiting action and the cathode may be dam-
aged ander similar conditions.

In mercury-vapor rectifiers a phenomenon
known as “arc-back,” or breakdown of the
mercury vapor and conduction in the opposite
direction to normal, occurs at high inverse
peak voltages, henee such tubes always should
be operated within their inverse-peak voltage
ratings. Arc-haek also may oceur if the cathode
temperature is below normal, therefore the
heater or filament voltage should be echecked
to make sure that the rated voltage is applied.
This cheek should be made at the tube socket
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Fig. 801

Fundamental rectifier circuits.
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to avoeid errors caused by drop in the leads from
the filament transformer to the tube. For the
sume reason the cathode should be allowed to
come up to its final temperature before plate
voltage is applied; the time required for this is
of the order of 15 to 30 seconds. When a tube
is first installed or is put into service after a
long period of idleness, the eathode should be
heated for a period of 10 minutes or so before
application of plate voltage.

® 8-3 RECTIFIER CIRCUITS

Half-wave rectifiers — The simple diode
rectifier (§ 3-1) is called a half-wave rectifier bhe-
cause it ean pass only half of each eycle of al-
ternating current. It is shown in Fig. 801-A.
At the top of the figure is a representation of
the applied a.e. voltage, with positive and
negative alternations (§ 2-7) marked. When the
plate is positive with respect to eathode, plate
current flows through the load as indieated in
the drawing at the right, but when the plate
is negative with respect to eathode no current
flows. This is indicated by the gaps in the out-
put drawing. The output eurrent is unidirec-
tional, but pulsating,

In this circuit the inverse peak voltage is
equal to the maximum transformer voltage,
which in the case of a sine wave is 1.41 times
the romes, voltage (§2-7).

Full-wave center-tap rectifier — Fig. 801-
B shows the “full-wave center-tap’ reetifier
cireuit, so called beeause both halves of the a.c.
cycle are rectified and because the transformer
secondary winding must consist of two equal
parts with a conneetion brought out from the
center, When the upper eud of the winding is
positive, current can flow through rectifier No.,
1 to the load; this current eannot pass through
rectifier No. 2 beeause its cathode is positive
with respeet to its plate. The circuit is com-
pleted through the transformer center-tap.
When the polarity reverses, the upper end of
the winding is negative and no current can
flow through rectifier No. 1, but the lower end
is positive and therefore rectifier No. 2 passes
current to the load, the return conneetion again
heing the center-tap. The resulting wave shape
is shown at the right.

Bince the two rectifiers are working alter-
nately in this circuit, each half of the trans-
former secondary must be wound to deliver the
full Toad voltage, henee the total voltage aeross
the transformer terminals is twice that required
with the half-wave rectifier. Assuming negligi-
ble voltage drop in the particular rectifier
which may be conducting at any instant, the
inverse peak voltage on the other rectifier is
equal to the maximum voltage between the
outside terminals of the transformer. In the
case of a sine wave this is 1.41 times the total
secondary r.m.s. voltage (3§ 2-7).



Because energy-is delivered to the load at
twice the average rate as in the case of a half-
wave rectifier, each tube carries only half the
load current.

The bridge rectifier — The ““bridge” type
of full-wave rectifier is shown in Fig. 801-C.
Its operation is as follows: When the upper
end of the 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, current 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). Fnergy 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.

o 8-1 FILTERS

Purpose of filter — Asshown in Fig. 801, the
output of a rectifier is pulsating d.c., which
would be unsuitable for most vacuum-tube
applications (§ 8-1). A filter is used to smooth
out the pulsations so that practically unvary-
ing direct current flows 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 ficlds 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.

Ripple voltage 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 flow of d.e., and
chokes or inductances which permit d.c. to
flow through them but which have high re-
actance for the a.c. (§2-13). The alternating
component is called the ripple. The effective-
ness of the filter may be measured by the per-
cent ripple, which is the r.m.s. value of the
a.c. 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.
transmitters, but lower values (of the order
of 0.25%) are necessary for hum-free speech
transmission and receiver plate supplies.

/’/)Dwel‘ )upp/y

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.

Types of filters — Inductance-capacity fil-
ters are of the low-pass type (§2-11), using
series inductances and shunt capacitances.
Practical filters are identified as condenser-
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 resistance — Since the condensers
in a filter will retain their charge for a consid-
crable time after power is removed (provided
the load circuit is open at the time) it is good
practice to conneet a resistor across 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 condensers 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 extremecly 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 flowing
in the winding, hence it is necessary to specify
the inductance at the current which the choke
is intended to carry. Its inductance with little
or no direet current flowing in the winding may
be considerably higher than the load value,

° 8-3 (fllNIIlZNSEli—I.\'I‘l'T FILTERS

Ripple voltage — The conventional con-
denser-input filter is shown in Fig. 802-A. No
simple formulas are available for computing
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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 ufd. at €y and Ce, and
20 to 30 henrys at L, with 120-cycle ripple
(§ 8-4). A higher ratio of inductance to capac-
ity may be used at higher load resistances
(3 8-1).

For reccivers, an additional choke, Lg, and
condenser, (3, of the same approximate values,
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Fig. 802 — Condenser-input filters.
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as shown in Fig. 802-B, are used to give addi-
tional smoothing. In such supplies the three
condensers are gencrally 8 ufd. each, although
the input condenser, Cy, is sometimes reduced
to 4 pfd. 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 & should be chosen to
draw 109, or less of the rated output current
of the supply. Its value is equal to 1000E 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 259, of the rated peak plate
current of one tube when a full-wave rectifier
is used, or 14 the rating with half-wave recti-
fication.

Output 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 909, 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).

Ratings of components — 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 leasxt
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-
stand the maximum output voltage.

0 8-6 CHOKE-INI'UT 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 } 9% Ripple = ic
Filter

where L is in henrys and C in ufd. 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 cconomical limit
for the single-section filter. Smaller percent-
ages of ripple are usually more economically
obtained with the two-section filter of Fig.
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Fig. 803 — Choke-input filters,



803-B. The ripple percentage (120-cyele ripple)

with this arrangement is given by the formula:
Two
Section
Filter

¢ Ripple = 650
o LyLs (Cy + C2)?

Ifor a ripple of 0.25 per eent or less, the de-
nominator should be 2600 or greater.

The formulas ean be used for other ripple
frequencies by multiplying each inductance
and eapacity value in the filter by the ratio
120/F, where I is the actual ripple frequencey.

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.e. output im-
pedanee. If the cupply is intended for use with
an audio-frequency amplifier the reactance
(§ 2-8) of the last filter condenser should be
small (209, or less) compared to the other a.f.
rexistance or impedance in the circuit, usually
the tube plate resixtance and load resistance
(§ 3-2, 3-3). On the basix of a lower a.f. limit
of 100 cyeles for speech amplification (§ 5-9),
this condition is usually satisfied when the
output capacity (last filter capacity) of the
filter is 4 to 8 ufd., 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 the inductance of
the input choke in relation to the load resist-
ance (§ 8-1). The function of the choke ix 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 hoth purposes its impedance
(§2-8) to the flow of the a.e. component
(§ 8-4) must he high.

The value of input choke inductance which
prevents the d.e. output voltage from rising
above the average of the rectified a.c. wave is
called the critical inductance, and for 120-
cyele ripple frequency is given by the approxi-
mate formula:

Lcrit. =

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 eritical
the d.c. output voltage will rise because the
filter tends to act as a condenser-input filter
(§ 8-5). With eritical inductance the peak
plate current of one tube in a center-tap recti-
fier will be approximately 109 higher than the
d.c. load current taken from the supply.

An inductance of twice the critical value is
called the optimum value. It gives a further re-
duetion in the ratio of peak to average plate
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current, and represents the point at which
further increase in induetance does not give a
corresponding return in improved operating
characteristies.

Swinging ehokes — The formula for eriti-
eal inductance indieates that the inductance
required varies widely with the load resistance,
In the case where there is no load except the
hleeder (§ 8-1) on the power supply the eritieal
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 direet current
flowing through it is decreased (§ 8-1) 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 eritical
inductance value with the bleeder load only,
and about the optimum induetance 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 ohims,
a choke which swings from 20 henrys to §
henrys over the full output-current range will
fulfill the requirements,

Resonance — Resonance effects in the ser-
ies circutt across the output of the rectifier
formed by the first choke (L1) and first filter
condenser (("}) must bhe 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 ecause excessive rectifier peak cur-
rents and abnormally high inverse-peak volt-
ages. For full-wave rectification the ripple fre-
quency will be 120 eyeles for a 60-cyele supply
(§ 8-4) and resonance will occur when the
product of choke inductance in henrys times
condenser capacity in microfarads ix equal to
1.77. The corresponding figure for 50-cycle
supply (100-cycle ripple frequency) is 2.53 and
for 23-cycle supply (50-cyele ripple frequency)
13.5. At least twice these products should bhe
used to ensure that no resonance effeets will
be present.

Output voltage — Provided the input-
choke inductanece is at least the eritical value,
the output voltage may be calculated quite
closely by the equation:

E, = 09E, — o+ ) (By+ Ro) g
1000

where F, is the output voltage: E, is the r.m.s.
voltage applied to the rectifier (r.m.s. voltage
hetween center-tap and one end of the second-
ary in the case of the center-tap rectifier);
I, and I, are the bleeder and load currents,
respectively, in milliamperes; K and Rq 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
are shown in Fig. 804.
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Fig. 804 — Voltage drops in the power supply circuit.

At no load I is zero, hence the no-load
voltage may be ecalculated 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 — Beeause 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
ahove. The second choke (smoothing choke)
should have constant inductance with varying
d.c. load eurrents. 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.

0 8-7 THE PLATE TRANSFORMER

Output rvoltage — 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
cach side of the secondary center-tap (§ 8-3).

With a choke-input filter the required r.m.s.
secondary voltage (each side of center-tap
for a center-tap rectifier) can be calculated
by the equation:

I(E\ + Ry)

1000 + E':I

El = 1.1 [Ea +

where F, is the required d.c. output voltage,
I is the load current (including bleeder current)
in milliamperes, B, and R; are the resistances
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of the filter chokes, and E, is the voltage drop
in the rectifier. E, is the full load r.m.s. (§ 2-7)
secondary voltage; the open-circuit voltage
usually will be 59 to 109, higher.
Volt-ampere rating — 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 secondary is 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 eritical in-
ductance (§ 8-6), the secondary volt-amperes
can be calculated quite closely by the equation:

See. V.A. = 0.00075 EI

where £ is the fotal r.m.s. voltage of the sec-
ondary (between the outside ends in the case
of a center-tapped winding) and 7 is the d.e.
output current in milliamperes (load current
plus bleeder current). The primary volt-
amperes will he 109, to 209, higher because of
transformer losses.

0 8-8 VOLTAGE STABILIZATION

Gaseous regulator tubes — There is fre-
quent need for maintaining the voltage applied
to a low-voltage, low-current 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, cte.) 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 resistor, I,
across a source of voltage which must be
higher than the starting voltage, or voltage
required for ionization of the gas in the tube.
The starting voltage is about 309, 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 milliamperes,
consequently the load current cannot exceed
20 to 25 milliamperes if the voltage is to be
stabilized over a range from zero 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 passes
the maximum permissible tube current when



there is no load current. The latter value is
generally used. It is given by the equation

1000 (£, — E)
I

Where I is the limiting resistance in ohms,
E, the voltage of the source across which tube
and resistor are connected, F, is the rated
voltage drop across the regulator tube, and
[ 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-
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Fig. 805 — Voltage stabilizing cireuits using gaseous
regulator tubes,

iting resistor may be calculated as above, using
the sum of the voltage drops across the two
tubes for k.. 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 19, can he
obtained with tuhes 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 (Z25) 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 fune-
tions as an automatically-variable series re-
sistor, Should the output voltage increase
slightly, the bias on the control tube becomes
more positive, causing the plate current of the
control-tube to increase and the drop across
Rs to increase correspondingly. The hias on
the regulator tube therefore becomes more
negative and the effective resistance of the
regulator tube increases, causing the terminal
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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 eireuit 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 difference 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 base may be
used instead. This is indicated in the diagram.
If the gas tube or neon bulb is used, a negative-
resistance type of oscillation (§3-7) may take
place at audio frequencies or above, in which
case 8 condenser of 0.1 ufd. or more should be
connected across it. A similar condenser be-
tween the control tube grid and cathode is also
frequently helpful in this respect.

The variable resistor /3 is used to adjust the
biax 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

il,'—\r

Fig. 806 — Flectronic voltage regulator. The regu-
lator tube is ordinarily a 2A3 or a number of them in
parallel, the eontrol tube a 6SJ7 or similar type. The
filament transformer for the regulator tube must be in-
sulated for the plate voltage, and cannot supply current
to other tubes when a filament-type regulator tube is
used. Typieal circuit values are as follows: Ri, 10,000
ohms; R, 25,000 ohms; Ra, 10,000-0hm potentiometer;
R4, 5000 ohms; Rs, 0.5 megohm.
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tubes ordinarity used (power triodes having low
plate resistance, such as the 2A3). The maxi-
mum current is also limited by the regulator
tube: 100 milliamperes ix a safe value for a
2A3. Two or more regulator tubes may be
connected in parallel to increase the current-
carrying capaeity, no other changes in the
circuit being required.

0 8- BIAS SUPPLIES

Requirements — A binx supply is not ealled
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 ix a
feature of operation (§3-4). In circuit design
a bias supply resembles the rectified a.c. plate
supply (§ 81), 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, espeeially 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, =ince 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 aeross 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 suflicient
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 R 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 bias to a
power amplifier. The transformer T should furnish a
peak voltage at least equal to the protective bias re-
quired, Other constants are discussed in the text.

resistor. Rg is connected in series with Ry across
the output of the supply to reduce the voltage
across Iy, when there is no grid-current flow,
to the cut-off value for the tube being biased.
Ry is given by the formula
E, —- E.

E. X
where E, is the output voltage of the supply
with Re and R, in series as a load, FE. is the
cut-off hias for the tube with which the supply
is used, and R, is as described above.

When such a supply is used with a Class-C
amplifier, the voltage across Ry 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 stabilization — 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 Ry, which is of the order
of several hundred thousand ohms or a few
megohms so that with no grid current the tube

Ry = Ry



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 R; and R, hence the voltage from
the supply across 21 and the cathode-plate
circuit of the regulator tube in series can be

-0 3
Ry
L4 -C
From El 7 j
Bias Supply 2 —
S
R, Regulator
2 tibe
+O 0+C
=

Fig. 808 — Automatic voltage regulator for bias sup-
plies. For best operation the tube used should be one of
high mutual conductance (§ 3-2).

considered constant. The bias voltage is equal
to the voltage across the tube alone. When grid
current flows the voltage across the tube will
tend to increase, hence the drop across R, de-
creases, lowering the bias on the regulator
and reducing its plate resistance. This in turn
reduces the tube voltage drop, and 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 parallel 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
taken from the bias supply is negligible. R
may be tapped to provide a range of bias volt-
ages to meet different tube requirements.

Multi-stage bias supplies — When several
power amplifier tubes are to be biased from a

[ nsv, ,

. From
Bras Supply

MRy

Fig. 809 — Isolating circuit for multiple-stage bias
supply.
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single supply, the various bias eircuits must be
isolated by some means. If the grid currents
of all 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 be furnished
several stages, the circuit arrangement of Fig.
809, using rectifier tubes to isolate the individ-
ual grid-leaks of the various stages, may be
employed. In the diagram two type 80 recti-
fiers are used to furnish bias to four stages.
Fach pair of resistors (f,/3) constitutes a
separate bleeder across the bias supply. 12y is
the grid-leak for the biased stage; 2 is a drop-
ping resistor to adjust the voltage across R;
to the cut-off value (without grid-current
flow) for the biased tube. The values of R; and
f23 may be calculated as described in the para-
graph on protective bias. In this case the hias
supply should be designed to have inherently
good voltage regulation; ie., a choke-input
filter with appropriate filter and bleeder con-

A o-C
-o_._._wwﬁ\MMl‘ - 0-C
1
From Bias v
Supply v
v
+0— _L O+C

Fig. 810
bias voltage.

Use of gaseous regulator tubes 10 stabilize

stants (§ 8-6) should bhe used, the bleeder being
separate from those associated with the rec-
tifier tubes. When the voltage across RiR.
rises hecause of grid-current flow through R,
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 can pass current in only one direction.
When a single supply is to furnish operating
bias for several stages, a separate regulator
tube circuit (Fig. 808) may he used for each
one. Individual voltages for the various stages
may be obtained by appropriate taps on Ra.
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. ) 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 ean be handled ix 20 to 25 milli-
amperes with available regulator tubes.

0 8-10 MISCELLANEOUS POWER
SUPPLY CIRCUITS

Voltage dividers — 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
best 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. 811. The terminal voltage is F,
and two taps are provided to give lower volt-
ages Ey and E2 at currents Iy and /s 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 Iy and Is there
is also the bleeder current, I,. The voltage
divider may be the bleeder for the power sup-
ply. For convenicnce, the voltage divider in
the figure is considered to be made up of
separate resistances, ffy, 23, 3, between taps.
Ry carries only the bleeder current, [, Rs
earries /1 in addition to Iy; B3 carries Io, I,

+to————o+E
| B
s 1,0%E
From Power 3 R, *
Supply  S——o+E,
1 ERI '
(R

1

Fig. 811 — Typical voltage-divider circuit.
and [,. For the purpose of calculating the
resistances required, a bleeder current 7, must
be assumed; generally it is low compared to
the total load current (109 or so0). Then

E
Ry = .1-'
Eg - 15'1
Ry =
: Iy + 1)
E — F,
Ry = — e
T L+ L+

the currents heing 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 across it and the total current
throngh 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 caleulation may bhe followed,
but different values of bleeder current should
be tried until the correet result is found.

Transformerless plate supplies — 1t is pos-
sible to reetify the line voltage directly, with-
out using a step-up power transformer, for
certain applications (such as some types of re-
ceivers) where the low voltage so obtained is
satisfactory. A simple power supply system
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 115 volts) which
can be connected across the line in series with
other tube filaments and or a resistor I of
suitable value to limit the current to the rated
value for the tube heater. The rectifier is often

L D.C
TC CT Output
l o-

Transformerless plate supply with half-

Fig. 812

wave 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 (§8-14) and hence requires more in-
ductance and capacity in the filter for a given
ripple percentage (§8-5) than the full-wave
rectifier. A condenzer-input filter is generally
uxed, 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 eare is used to in-
sure that the grounded =ide of the power line
ix connected to the grounded side of the supply.
Receivers using this type of supply are gen-
crally grounded through a low capacity (0.05
ufd.) condenzer to avoid short-cireuiting 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 ufd.
to keep the output voltage high and to im-
prove voltage regulation,

Voltage-doubling circuits — The circuit
arrangement of Fig. 813, frequently used in
transformerless plate supplies, gives full-wave
rectification combined with doubling of the
output voltage. This is aecomplished by using
a double-diode rectifier, one section of which
charges ('y when the line polarity between its
plate and cathode is positive while the other
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Fig. 813 — Full-wave voltage-doubling transformer-
less plate supply circuit.
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section charges C» when the line polarity
reverses. Kach condenser is thus charged sepa-
rately to the same d.c. voltage, and they dis-
charge in series into the load circuit. Ifor ef-
fective operation of this circuit the capacitios
of Cy and Ca must be at least 16 ufd. 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
capacities of Cy and C, being better as these
capacities are made larger. A typical supply
with 16 ufd. each at C; and C2 will have an
output voltage of approximately 300 at light
loads, dropping to about 210 volts at
the rated current of 75 milliamnperes.

No direet ground can be used on this
supply or on the equipment with which it
is used. If an r.f. ground is made through
a condenser, the condenser capacity
should be small (about 0.05 ufd.) since it
is in shunt from plate to cathode of one rec-
tifier. A large capacity (low reactance) would
by-pass the rectifier and thereby nullify its
operation.

Duplex plate supplies — 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. T'wo circuits of this
type are shown in Figs. 814 and 815.

In Fig. 814 a bridge rectifier is used to ob-
tain the full transformer voltage, while a con-
nection is also brought out from the center tap
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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 reetifier is used at each tap.
The filter chokes are 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. Iiach bleeder resistance
should have a value in olims of 1000 times the
maximum rated inductance in henrys of the
swinging choke, Lj, for best regulation (§ 8-6).

Rectifiers in parallel — Vacuum-type recti-
fiers may be connected in parallel (plate to
plate and cathode to cathode) for higher cur-
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Fig. 815 — Power supply circuit in which a single
transformer and set of chokes serve for two different
voltages.

rent carrying capacity. No circuit changes are
required.

When mereury 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.

tHYV

Fig. 814 — Combination
bridge and center-tap recti-
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fier to deliver two output
voltages with good regula-
tion,
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Fig. 816 — Operating mercury-vapor reetifiers in

parallel. Resistors marked R should have values be-
tween S0 and 100 ohins.
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Vibrator power supplies — 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 rectifving 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 (ribra-
tors). At A is shown the non-synchronous type
of vibrator. When the battery circuit is open
the reed is midway between the two contacts,
touching neither. On closing the battery cireuit
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 ix carried by inertia into contact with the
upper point, causing current to flow through
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the upper half of the transformer primary.
The magnet coil is again energized and the
cyele repeats itself, usually at a rate about
equivalent to a 60-cycle supply frequency.

The svnchronous circuit of Fig. 817-B is
provided with an extra pair of contacts which
rectify the secondarv output of the trans-
former, thus eliminating 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 connee-
tions may be deter nnned by experiment, re-
versing the secondary connections if the first
trial is wrong.

The huffer condenser, Cs, across the trans-
former secondary isx used to absorb surges
which would occur on bhreaking the current,
when the magnetic field collapses practically
instantancously 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
pfd. and for 250-300 volt supplies should be
rated at 1500 to 2000 volts d.c. The proper
value is rather eritical 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 ean be minimized by
installing hash filters, consisting of RFC) and
) in the battery circuit, and RF(C3 with O3
in the d.c. output circuit, € is usually from
0.5 to 1 upfd., a 50-volt rating being adequate.
RF(C) consists of about 50 turns wound to
about half-inch diameter, No. 12 or No. 14
wire being required to carry the rather heavy
battery current without undue loss of voltage.
('3 may be of the order of 0.01 to 0.1 wpfd.,
and RFCy a 2.5-millihenry choke of ordinary

design. Liqually 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

To radiate enough hash to ecause in-

Smoothin STy L e 3
Filter 9 terference in a sensitive receiver.

RFCp

Vibrating reed
RFC,
®) =.L_llcll

Maqnet corl

Fig. 817 — Vibrator power supply circuits, Constants
and operation are discussed in the text,
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— o- Line-voltage adjustment —
In some loealities the line voltage

may vary considerably fromm the nomi-
nal 115 volts as the load on the power
system changes. Since it is desirable to
operate tube equipment, particularly

+ filaments and heaters, at constant volt-

age for maximum life, a means of ad-

To
IC3 Smoothing Filter justing the line voltage to the rated

value is desirable. It can be accom-
plished by the circuit shown in Fig. 818, utiliz-
ing a step-down transformer with a tapped

secondary connected as an auto-transformer



(§ 2-9). The secondary should preferably be
tapped in steps of two or three volts, and
should have sufficient total voltage to com-

Fig. 818 — Line-voltage

compensation by means of . P .
tapped step-down trans- L€ Load
former. '

/90([/21' Supp/y

pensate for the widest variations encountered.
Depending upon the end of the secondary
to which the line is conneeted, 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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0 H-1 RADIO WAVES

Nature of radio wares — Radio waves are
electromagnetic waves, consisting of traveling
electrostatic and clectromagnetic fields so re-
lated to cach other that the energy is evenly
divided between the two, and with the lines of
foree in the two fields at right angles to each
other in a plane perpendicular to the direetion
of propagation as shown in Fig. 901. Except
for the 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.

Polarization — The polarization of a radio
wave is taken as the direction of the lines of
foree in the electrostatie field. If the direction
of the eleetrostatic component is perpendieular
to the carth, the wave is said to be vertically
polarized, while if the cleetrostatic component
is parallel to the earth the wave is horizontally
polarized. The electromagnetic component,
being at right-angles to the clectrostatie, there-
fore has its lines of foree vertical when the
wave is horizontally polarized, and horizontal
when the wave is vertically polarized.

Reflection — Radio waves may be refleeted
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

Llectrostatic /ines of Force

/
/|
e e [ e { e | e [ e [ m
—_— | — [ | — | — | —
Magnelwe 7 |~ [~ |—|—
lines of
Force X___-)__—_—
A | | — | e [ —— | | —
i | — — | —
77777770 /A
Fig. 901 Representation of electrostatic and elee-

tromagnetic lines of foree in a radio wave, Arrows indi-
cate instantaneous dircetions of the fields for a wave
traveling 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 surface of the carth
also forms such a discontinuity, and waves are
readily reflected from the carth.

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 enters first travels faster or slower
than the part which enters the new region last,
causing the wavefront to turn.

Diffraction — 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 waves— 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 elee-
trostatic ficld of the wave is called the field
strength at the point of measurement. It is
usually expressed in mierovolts per meter, and
is equivalent to the voltage induced in a wire
one meter long placed with its axis parallel to
the dircetion of polarization.

oN-2 TIE GROUND WAVE

Description — The ground wave is continu-
ously in contact with the surface of the earth
and, in cascs 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 cffeet. The ground wave is prac-
tically independent of seasonal and day and
night effeets at high frequencies (above 1500
ke.).

Polarization — A ground wave must be
vertically polarized because the eleetrostatic
field of a horizontally-polarized wave would he
short-circuited by the ground, which acts as a
conductor at the frequencies for whieh the
ground wave is of most interest.

Ground characteristics and losses — The



wave induces a current in the ground in travel-
ing along its surface. If the ground werc a per-
feet 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 eorrespondingly weakened.
Hence the transmitting range depends upon the
ground characteristics. Beeause sea water is a
good conduetor, the range will be greater over
the ocean than over land. The losses inercase
with frequeney, so that the ground wave is
rapidly attenuated at high frequencies and
above about 2 megacyeles is of little im-
portance except in purely local communi-
cation.

Range of ground wave — At frequencies in
the vicinity of 2 megaeyeles 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.

09-3 TIHE IONOSPHERE

Description — 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
carth. The medium which causes such bending
is the fonosphere, 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 oceur
at different heights, each layer consisting of a
central region of ionization which tapers off
in intensity both above and below,

Refraction, absorption, reflection — For a
given intensity of ionization the amount of re-
fraction becomes less 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 beeome 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 beeomes impossible.

The greater the intensity of ionization the
greater the bending on a given frequeney. Thus
an increase in ionization increases the maxi-
mum frequeney whieh ean he bent sufficiently
for long-distance communication. The wave
loses some energy in the ionosphere, and this
energy loss increases with ionization density

M/aue /—/)ropagalt'on

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 communieation than if it had
passed through without sufhicient bending to
bring it back to earth.

In addition to refraction, refleetion may take
place at the lower boundary of a layer, if that
boundary is well-defined; i.e., if there is an
appreeiable change in ionization within a rela-
tively short interval of distance. For waves
approaching the layer at or near the perpendie-
ular, the change in ionization must take place
within a differenee in height comparable to the
wavelength, hence refleetion is more apt to
occur at longer wavelengths (lower frequencies).

Critical frequency — When the frequencey is
low enough, a wave sent vertically upward to
the ionosphere will bhe bent sufficiently to re-
turn to the transmitting point. The highest
frequeney at which this occurs, for a given
state of the ionosphere, is called the critical
Jrequency. It serves as an index for transmis-
sion conditions, although it is not the highest
useful frequency since waves which enter the
ionosphere at smaller angles than 90 degrees
(vertical) will be bent sufficiently to return to
earth. The maximum usable frequency, for
waves leaving the carth at very small angles
to the horizontal, is in the vicinity of three
times the critical frequeney.

Besides being direetly observable, the critical
frequency is of more practical interest than
ionization density because it includes the
cffeets of absorption as well as refraction.

Virtual height — Although a layer is a re-
gion of considerable depth, it is convenient to
assigh to it a definite height, ealled the virtual
height. The virtual height is the height from

Fig. 902 — Bending in the ionosphere and method of
determining virtual height.

which a pure reflection would give the same
effeet as the refraction which actually takes
place. This is ilustrated in Fig. 902, The wave
traveling upward is bent back over a path hav-
ing appreciable radius of turning, and a meas-
urable interval of time is consumed in the turn-
ing process. The virtual height is then the
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height of the triangle formed as shown, having
cqual sides of a total length equivalent to the
actual time taken for the wave to travel from
T to IR.

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 beeause the air at this height
is sufliciently dense so that free ions and clee-
trons very quickly meet and recombine.

The F, F\ and F, layers — The seeond prin-
eipal layer is the ¥, which is at a height of about
175 miles at night. In this region the air is so
thin that reeombination of ions and eleetrons
takes place very slowly, sinee the particles can
travel relatively great distances before meeting.
The ionization deercases after sundown, reach-
ing a minimum just before sunrise. In the day-
time the # layer splits into two layers, the Fy
and Fa, at average virtual heights of about 140
miles for the /1 and around 200 miles for the Fo,
These are most highly jonized at about loeal.
noon, and merge again at sunset into the ¥
layer.

Seasonal effects — In addition to day and
night variations, there are also seasonal changes
in the ionosphere as the quantity of radiation
received from the sun changes. Thus the £
layer has higher eritical frequencies in the sum-
mer (about 4 Me., average, in daytime) than
in the winter, when the critical frequency is
near 3 Mec. The F layer shows little variation,
the critical frequency being of the order of 4 to
5 Mec. in the evening. The /'y layer, whieh has a
eritical frequeney in the neighborhood of 5
Me. in summer, usually disappears in winter.
The eritical frequencies are highest in the F
layer in winter (11 to 12 Me.) and lowest in
summer (around 7 Me.). The virtual height of
the Fp 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 jonosphere are
more variable at these times of the year.

Sunspot cycles — The eritieal frequeneies
mentioned in the preceding paragraph are
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mean values, since the ionization also varies
with the 11-year sunspot cyecle, being higher
during times of greatest sunspot activity. Criti-
eal frequeneies are highest during sunspot
maxima and lowest during sunspot minima.
The E critical frequeney does not ehange
greatly, but the F and F2 eritical frequeneics
change in a ratio of about 2 to 1.

Magnetic storms and other disturbances
— Unusual disturbances in the earth’s mag-
netic field (magnetie storms) usually are ac-
companied by disturbances in the ionosphere,
when the layers apparently break up and ex-
pand. There is usually also an inerease in ah-
sorption during sueh a period. Radio transmis-
sion is poor and there is a drop in eritical fre-
queneies 8o that lower frequeneies must be
used for eommunication. A storm may last for
several days.

Unusually high ionization in the region of
the atmosphere below the normal ionosphere
may inerease absorption to such an extent that
sky-wave transmission beeomes impossible on
high frequencies. The length of sueh a disturb-
anee 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. Fadeouts, similar to the above
in cffeet, are eaused by sudden disturbanees on
the sun. They are charaeterized by very rapid
ionization, with sky-wave transmission dis-
appearing almost instantly, oceur only in
daylight, and do not last aslong as the first type
of ahsorption.

o8H-1 TIIE SKY WAVE

Wave angle (angle of radiation)— The
smaller the angle at whieh the wave leaves
the eartli, the smaller the bending required
in the ionosphere to bring it back and, in gen-
eral, the greater the distanee between the point
where it leaves the earth and 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 ealled the wave angle, or
angle of radiation, the latter term being used
more in connection with transmitting than
reeeiving.

Skip distance — Sinee more bending is re-

Fig. 903 — Refraction of sky waves,
showing critical wave angle and skip zone.



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 hending unless
the wave angle is smaller than a certain angle
called the eritical angle. This is shown in Fig.
303, where wave angles A and lower give useful
signals, but waves sent at higher angles travel
through the laver and do not return. The dis-
tance between 7" and R; is thercfore the short-
est possible distanee over which sky-wave com-
munieation ean be earried on. The arca bhe-
tween the end of the useful ground wave and
the beginning of sky-wave reception is ealled
the skip zone. The skip distance depends upon
the frequeney and the state of the ionosphere
and is greater the higher the transmitting fre-
queney and the lower the eritical frequeney
(§9-3). It also depends upon the height of the
layer in whieh the refraetion takes place, the
higher layers giving longer distanees for the
same wave angle. The wave angles at the trans-
mitting and receiving points are usually,
although not necessarily, approximately the
same for a given wave path.

It is readily possible for the sky wave to
pass through the E layer and be refracted hack
to carth from the F, Fy or Fy layers. This is
beeause the eritical frequeneies are higher
in the latter layers, so that a signal too high in
frequeney to be returned by the E layer can
still come baek from the Fy, Fa or FF, depending
upon the time of day and the eonditions exist-
ing. Depending upon the wave angle and fre-
queney, it is also possible to have eommunica-
tions via either the E or Fi1-Fy layers on the
same frequeney.

Multi-hop transmission — On returning to
earth the wave ean be refleeted (§9-1) up-
ward and travel again to the ionosphere where
refraetion onee more takes place, again with
bending baek to the earth. This proeess, which
ean be repeated several times, is neeessary for
transmission over great distanees because of
the limited heights of the layvers and the curva-
ture of the earth, sinee at the lowest useful
wave angles (of the order of a few degrees,
waves at smaller angles generally being ab-
aorbed rapidly at high frequencies by heing in
contact with the earth) the maximum one-hop
distance is about 1250 miles with refraetion

Fig. 904 — Multi-hop transmission,
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from the E layer, and around 2500 miles from
the Iy layer. Ground losses absorb some of the
energy from the wave on refleetion, the amount
of loss varying with the type of ground and
heing least for refleetion from sea water. When
the distanee permits, it is hetter to have one
hop rather than several, sinee the multiple re-
fleetions introducee losses which are higher than
those caused by the ionosphere.

Multi-hop transmission is shown in Fig. 904,
two- and three-hop paths being indieated.

Fading — Two or more parts of the wave
may follow slightly different paths in traveling
to the reeeiving point, in which ease the dif-
ferenee in path lengths will eause a phase
differenee to exist between the wave compo-
nents at the reeciving antenna. The field
strength may therefore have any value be-
tween the numerieal sum of the eomponents
(when they are all in phase) and zero (when
there are only two eomponents and they are
exactly out of phase). Sinee the paths change
from time to time this causes a variation in
signal strength ealled fading. Fading can also
result from the eombination of single-hop
and multi-hop waves, or the eombination of a
ground wave and sky wave. The latter eondi-
tion gives rise to an area of severe fading near
the limiting distanee of the ground wave, better
reception being obtained at both shorter and
longer distances where one eomponent or
the other is considerably stronger. Fading may
be rapid or slow, the former type usually re-
sulting from rapidly ehanging eonditions in the
ionosphere, the latter occurring when trans-
mission eonditions are relatively stable.

0 9-3 ULTRA-INIGII-FREQUENCY
PROPAGATION

Direct ray — In the ultra-high frequeney
part of the spectrum (above 30 megaeyeles) the
bending of the waves in the normal ionosphere
layers is so slight that the sky wave (§ 9-14) 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 direetly from the transmitter
to the receiver through the atmosphere, Since
the energy lost in ground absorption by a wave
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traveling elose to the ground deercases very
rapidly with its height in wavelengths above
ground, an ultra-high-frequeney wave ean be
relatively elose (in physical height) to the
ground without suffering the absorption effeets
whieh would oecur at the same physieal heights
on longer wavelengths.

Sinece the wave travels praetieally in a
straight line, the maximum signal strength ean
be obtained only when there is an unobstrueted
atmospheric path between the transmitter and
receiver. This means that the transmitting and
receiving points should be sufficiently high to
provide such a path, and on long paths the
eurvature of the carth must be taken into
aceount as well as the intervening terrain.

Reflected ray —In addition to the direet ray,
part of the wave strikes the ground between
the transmitter and reeeiver and is reflected
upward at a slight angle to produee a reflected-
ray component at the reeeiver. This is shown in
Fig. 905. The reflected ray is more or less out
of phase with the direct ray, henee the net
field strength at the recciving point is less
than that of the direct ray alone. The eancel-
ing effect of the refleeted ray depends upon
the heights of the transmitter and reeciver
above the point of refleetion, the ground losses
when refleetion takes plaee, and the frequeney,

T Direct wave A
B Alectey Wave

Fig. 905 — Direct and reflected waves in u.h.f. trans.
mission,

deereasing with an increase in any of these
factors.

Atmospheric refraction — There is nor-
mally some change in the refractive index of
the air with height above ground, its nature
being sueh 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 possible to transmit a direct ray. It is
convenient to consider the cffeet of this “nor-
mal’" refraction as equivalent to an increase
in the earth’s radius in determining the trans-
mitting and receiving heights neeessary to pro-
vide a elear path for the wave. The equivalent
radius, taking refraction into aceount, is 4/3
the actual radius.

Range vs. height — The height required to
provide a elear path (*line of sight”’) over level
ground from an elevated transmitting point
to a reeeiving point on the surface, not inelud-
ing the effect of refraction, is

d?
h =151
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Fig. 906 — Chart for dctermining line-of-sight dis-
tance for w.h.f. transmission, Solid line includes effect of
refraction, dotted line is the optical distance.

where h is the height in feet and d the distance
in miles. Conversely, the line of sight distanee
in miles for a given height in feet is equal to
1.234/h. Taking refraction into aeeount, the
latter equation beeomes 1.414/h. The graph
of Fig. 906 gives the answer directly when one
quantity is known.

When transmitter and reeeiver are both ele-
vated the maximum direct ray distanee to
ground level as given by the formulas ean be
determined separately for each. Adding the
two distanees so obtained together will give
the maximum distance by whieh they can be
separated for direct-ray communication. This
is shown in Fig. 907.

Diffraction — At  distances beyond the
direet-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 distanee the
signal strength decreases considerably faster

Fig. 907 — Method of determining total line-of-sight
distance when both transmitter and receiver are ele.
vated. Since only earth curvature is taken into account
in Fig. 906, irregularities in the ground between the
transmitting and receiving points must be considered
for each actual path,



with distanee than it does within the direet-
ray path.

o 9-6 TROPPOSPUHERE REFRACTION

Temperature inversions — The refractive
index of the lower atmosphere depends prin-
eipally upon the temperature, moisture eon-
tent and pressure. Of the three, only tempera-
ture differenees cause a large enough change
in refractive index to rvefraet ultra-high fre-
queney waves in sueh a way as to extend the
distanee range beyond the normal dircet-ray
and diffracted-wave ranges discussed in the
preceding seetion. This occurs when there is a
“temperature inversion,” or a layer of warm
air over eooler air near the ground. Tempera-
ture inversions are relatively frequent in the
summer, and usually oeeur at heights from a
few thousand feet to two miles or so above the
ground.

Lower atmosphere bending — When there
is a sufficiently marked temperature inver-
sion; i.e., a rapid rise of temperature with
height, a wave is refracted baek to earth in
mueh the same way as in the ionosphere, al-
though the eause of the ehange in refraetive
index is different. The amount of bending is
stnall compared to the bending in the iono-
sphere. Consequently the wave angle (§ 9-4)
must be quite low (zero or nearly so), but sinee
the bending takes place at a low altitude it is
possible to extend the range of w.h.f. signals
to several hundred miles when both transmitter
and reeciver are well below the line of sight.

Fig. 908 illustrates the eonditions existing
when the air is “normal’” and when a tempera-
ture inversion is present. Sinee the bending
is relatively small, it is advantagcous to have
as mueh height as possible at both the receiv-
ing and transmitting points, even though these
heights may be considerably less than those
neeessary for “line of sight’’ transmission.

Frequency effects — The amount of bend-
ing is greater at longer wavelengths (lower
frequencies) but is not usually obscerved at fre-
queneies mueh below 28 Me., partly beeause it
is masked by other effects. The upper limit of
frequeney at which useful bending ecases is
not known, but transmission by this means is
frequent on 56 and 112 Me.

09-7 SPORADIC-E IONIZATION

Description — Under  eertain  conditions
small regions or “patehes’” of unusually dense
jonization may appear in the K layer of the
jonosphere, for reasons not yet elearly under-
stood. This is known as sporadic E ionization,
and the ehange in refraetive index in such a
pateh or cloud is frequently great enough to
cause waves having frequencies as high as
60 Me. to be bent back to earth. The dimen-
sions of a sporadic E eloud are relatively small,

u/aue —/)ro agalion
Peg

" TEMPERATURE. [NVERSION %

Fig. 908 — Effect of a temperature inversion in exe
tending the range of u.h.f. signals,

henee eommunication by means of it is re-
strieted to transmitting and reeeiving loeali-
ties so situated with respeet to the cloud and to
each other that a refracted wave path is
possible.

The abnormal ionization usually disappears
in the eourse of a fow hours. Sporadie E ioniza-
tion is more frequent in the summer than win-
ter, and may oeceur at any time of the day or
night.

Transmission characteristics — Sporadie E
refraction may take place at all frequeneies
up to the region of 60 megaeyeles. At the pres-
ent time there are no known eases of sueh
refraetion on 112 Me. When sporadie E ioniza-
tion is present, skip distanee is greatly redueed
(when a wavepath via the eloud is possible to
a given reeciving loeation) on the frequeneies
where transmission is normally by means of the
F, Fi and Fg layers; that is, from about 3.5
to 30 megacyeles at night. The skip zone may
in faet disappear entirely over most of the
high-frequeney speetrum, sinec the eritieal
frequencics may rise to as high as 12 Me. for
sporadie E.

At ultra-high frequeneies 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 eases. The trans-
mitting and reeeciving points thus must be
sufficiently distant from the eloud to enable
a wave leaving the transmitter at sueh angles
to strike it, and the eloud should be approxi-
mately on, and near the eenter of, the line
joining the transmitter and reeeiver. Unless the
jonization is extremely intense, the minimum
distanee of transmission on 56 Me. is of the
order of 800 miles and the maximum distanee
about 1250 miles.

Multi-hop transmission by means of two
sporadie E elouds properly situated with re-
speet to a transmitter and reeciver is possible,
but rather rare. Distanecs up to 2500 miles or
so have been attained on 56 Me. by this means.

CHAPTER NINE ’6/



CHAPTER TEN

./4” fenna Syd femd

@ 10- 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 he 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 antenna gencrates 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
(§ 9-1) at which an antenna radiates best is
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, depending upon the tyvpe of
antenna. The angle is measured in a vertieal
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 current to
voltage 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 horizontal plane. Thus the directivity of
the antenna will affect the wave angle as well
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as the actual compass directions in 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 ficld 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).

0 10-2 HALF-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. [t is sometimes known
as a Hertz or doublet antenna.

The length of a half wave in space is

492

length (feet) ] m

(M
The actual length of a half-wave antenna
will not be exactly equal to the half wave-
length in space but is usually about 59, 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 Me.

Length of half-wave antenna (feet) =
492 X 0.95 _ 468
Freq. (Mc.) Freq. (Mc.)

2

At 56 Mec. 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 (feel) =

492 X 0.94 _ 462 3)
Freq. (Mc.)  Freq. (Mc.)
or length (inches) = 2210 4)

Freq. (Mc.)

Current and voltage distribution — When
power is fed to such an antenna the current and
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.

—~~ _Voltage
~ \(

Current

Fig. 1001 — Current and voltage distribution on a
half-wave 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 hecause 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). Usually 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 inerease in
center impedance (of the order of 509, 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
sharp. Hence the antenna is capable of working

J
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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 characteristics — 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 sketeh of Fig. 1002,
which represents the radiation pattern in free
space. Therelative 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 ficld strength will depend
upon the direction of the recciving point with
respect to the direction of the antenna wire.

0 10-3 GROUND EFFECTS

Reflectionn — 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 eharacteristics of the
ground. The reflected waves may be in such
phase relationship to the directly-radiated

Fig. 1002 — Free-space radiation pattern of half-
wave antenna. The antenna is shown in the vertical
position, This is a eross-section of the solid pattern de-
seribed by the figure when rotated on its axis (the an-
tenna). The “doughnut™ form of the solid pattern can
easily be visualized 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-refleeting 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 inereased the angle at which
complete reinforcement takes place is lowered
until 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 still smaller angles.
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VERTICAL ANGLE

Fig. 1003 — Effect of ground on radiation at vertical
angles for four antenna heights. This chart applies only
to horizontal antennas, and is based 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 distanee trom
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 14 wavelength at 14 Mec. and
preferably 34 or 1 wavelength; at least 1 wave-
length and preferably higher at 28 Mec. 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 Mec. is only 35 feet, approxi-
mately, and the same height represents a full
wavelength at 28 Me. At 7 Me. 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 permit their use.

Imperfect ground — Y¥ig. 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 thelowest 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 hut 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 thix 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 polarization — Polarization of
the transmitting antenna is generally unimpor-
tant on frequencies between 3.5 and 30 Mec.

RADIATION RESISTANCE - OHMS
(] w
R -

o 5
=2
1

Va V2 Ya 10 a 2 1% 20
HEIGHT ABOVE GROUND

Fig. 1001 Radiation resistanee of a half-wave hori-
zontal antenna as a function of height above perfectly -
reflecting ground.



However, the question of whether the antenna
should be installed in a horizontal or vertieal
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 Iig.
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 frequencies,
the vertical 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 Me. 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 (§ 9-5, 9-6). Either vertical
or horizontal polarization may be used, the
latter being slightly better for longer distances.

Effective radiation patterns — In deter-
mining the radiation pattern it is necessary to
consider radiation in both the horizontal and

Fig. 1005 — lllustrating the
importance of vertical angle of <
radiation in determining antenna
directional effects. Ground re-
flection is neglected in this 8
drawing. L o

“Ground

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-
space” pattern of the horizontal antenna
shown is a section eut vertically through the
solid pattern. In the direction OA, horizontally
along the wire axis, the radiation is zero. At
some vertical angle represented by the line
OB, however, the radiation is appreciable,
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despite the fact that this line runs in the same
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 — Horizontal pattern of a horizontal half-
wave antenna at three vertical radiation angles. Solid
line is relative radiation at 13 degrees. Dotted lines show
deviation from the 15-degree pattern, for angles of 9
and 30 degrees. The patterns are useful for shape only,
since the amplitude will depend upon the height of the
antenna above ground and the vertical angle considered.
The patterns for all three angles have been proportioned
to the same scale, but this does not inean that the maxi-
mum amplitudes necessarily 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-I transmission (§ 9-7) 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 Mec.
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
aetual aural effeet at the reeciving station.
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010-1 APPLYING POWER TO THE
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 eommon 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
ix called current feed; if at a voltage loop, it is
alled vollage 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 C; and Cp are used to provide
cleetrieal means for reducing the length to its
original unloaded value; in other words, to
cancel the effeet of the inductive reactanee
(§2-10).

Voltage feed — In Fig, 1007 at B and C
the power ix introduced into the antenna at a
point of high voltage. In B the end of the an-
tenna is coupled to the output tank cireuit
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.

Adjustment 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 direet feed to the half-wave
antenna, A, current feed, series tuning; B, voltage feed,
capacity conpling; C, voltage feed with inductively
coupled antenna tank. In 4, the coupling apparatus is
not included in the antenna length.
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Disadvantages of direct excitation — 1)i-
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
heating 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.

0 10-3 TRANSMISSION LINES

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 be usefully expended. At radio frequen-
cies, where every wire earryving r.f. current
tends to radiate energy in the form of electro-
magnetic waves, special design is necessary to
minimize radiation and thus cause as mueh asx
possible of the power to be delivered to the
receiving end of the line.

Radiation ean be minimized by using a line
in whieh the current is low, and by using two
eonductors carrying currents of equal magni-
tudes but opposite phase so that the fields
about the conduetors cancel eaeh other. For
good eancellation of radiation the two conduc-
tors should be parallel and quite close to each
other.

Tvpes — The most common form of trans-
mission 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 eoaxial with a tubing outer conductor,
separated from the outer conductor by insu-
lating spacers or “beads” at regular intervals
(coarial 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 (single-wire feeder);
in this ease 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 ix 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 Me.
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 ficlds 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

A X

Fig. 1008 — Method of transposing a two-wire open
transmission line to preserve balance to ground and
nearby objects.

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 charac-
teristic or surge impedance. It is the impedance
which a long line would present to an electrical
impulse induced in the line, and is important
in determining the operation of the line in
conjunction with the apparatus to which it is
eonnected.

The characteristic impedance of air-insu-
lated transmission lines may be ealculated from
the following formulas:

Parallel-conductor line
Z = 276 logg ®)

where Z is the surge impedance, b the spacing,
center to center, and a the radius of the con-
ductor. The quantities b and a must be meas-
ured in the same units (inches, etc.). Surge
impedance as a function of spacing for lines
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using conductors of different size is plotted in
chart form in Fig. 1009,

(Coazxial or concentric line
b
7 = 138 log = (6)
a

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 dielectri¢, and approximately so for a
line having ceramic insulators so spaced that
the major proportion of the insulation is 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 1/4/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

SPACING, INCHES
4 5678910

CHARACTERISTIC IMPEDANCE, OHMS

4 567890
CE,WER ro Cs,erR SPACING (INCHES)

Fig. 1009 — Characteristic impedances of typical
spaced-conductor transmission lines. Use outside
diamcter of tubing.

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 fast along a line as they
would in air. The lengths of electrical quarter
waves of various types of lines can be calcu-
lated from the formula
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where V depends upon the type of line. For
lines of ordinary construetion, V is as follows:

Length (feet) =

Parallel wire line V =0.975
Parallel tubing line V =0.95
Coneentricline (air-insulated) V = 0.85
C'oncentrie line (rubber-insu-

lated) V = 0.56-0.65

Twisted pair

Input and output ends — 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 the
antenna: with the same line and antenna con-
neeted 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 — 'Fhe 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-ware
ratio) depends upon the ratio of the resistance
of the load conneeted to the output end of the
line, or termination, to the charaeteristie im-
pedance of the line itself. That is,

Z, 7.
Standing-wave ratio = — or — (8)
Z: Z.

where Z, is the characteristie impedance of the
line and Z, is the terminating resistanee, Z, is
generally ealled an impedance, although it
must be non-reactive and therefore eorre-
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 number in the
numerator so that the ratio will not be frae-
tional. As an example, a 600-ohm line termi-
nated in a resistance of 70 ohins will have a
standing wave ratio of 600770, 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 eurrent as measured at a
node is 0.1 amp., the eurrent at a loop will be
0.857 amp.

A line terminated in a resistance equal to its
eharacteristic 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-
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sistance of a value equal to the characteristie
impedance of the line.

Reactance, resistance, impedance — The
input end of a line may show reactance as well
as resistanee, 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 eharacteristie impedanee. 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 eireuit 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 less than the eharac-
teristic impedance, and capacitive reaetance
when the termination is higher than the
eharacteristic impedanee. [f the line is inore
than a quarter wave but less than a halfwave
long the reverse conditions exist. With still
longer lengths the reactance characteristies
reverse in each succeeding quarter wavelength,
The input impedance is purely resistive if the
line is an exact nwltiple 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 electrieally 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-

vave in length) can be eonsidered 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

Z2
Zy = —
Z,

where Z, is the eharacteristic impedanee of the
line and Z, the impedance connected to the out-
put end. A quarter-wave line therefore can be
used as an impedance (ransformer, and by
suitable selection of constants a wide range
of input impedance values can be obtained.
Furthermore, the impedance measured be-
tween the two conduetors anywhere along the
line will vary between the two end values, so
that any intermediate impedanee value ean
be selected. This is a particularly useful prop-
erty since a quarter-wave line may be short-
eircuited at one end (§2-12) and used as a
linear transformer with adjustable impedance
ratio,

Losses — Air-insulated lines operate at
quite high efliciency. 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 ratio, rather slowly up
to a ratio of 15 to 1, but rapidly thereafter. For
standing-wave ratios of 10 or 15 to 1 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 (3g-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 1 db.
loss per wavelength of line. At the higher
frequencies, therefore, sueh 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 lampeord 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 lampeord 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 eleetrical length but in
physical length; that is, a wavelength of line,
in feet, is equal to 981 Freq. (Mc.) for com-
puting loss. This permits a direct comparison
of lines having the same physical length. The
clectrieal lengths, of course, may differ
considerably.

Resonant and non-resonant lines — Lines
are classified as resonant or non-resonant de-
pending upon the standing-wave ratio. If the
ratio is near 1, 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 (§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.

010-6 COUPLING TO TRANSMISSION
LINES
Requirements — The coupling system be-
tween a transmitter and the input end of a
transmission line must provide means for
adjusting the load on the transmitter to the
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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
inpul 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 prac-
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 (§ 2-11) 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.
1010-1, 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 reactance
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.

Adjustment of untuned systems— 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-section coupling — A coupling system
which is electrically equivalent to tapping on
the tank 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 condenser 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 sereen-grid or a
grid-neutralized triode (§4-7) is required,
since the plate tank eircuit is not balanced.
Coupling is adjusted by varying Cj, re-resonat-
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ing the circuit each time by means of Cy, until
the desired amplifier plate current is obtained.
In general, the coupling will inerease as Cy is
made smaller with respect to Ca. Relatively
large-capacity condensers are required to give
a suitable impedance-matching range while
maintaining resonance.

Pi-section filter — The coupling circuit
shown in Fig. 1010-D is a low-pass filter capa-
ble of coupling between a fairly wide range of
impedances. The method of adjustinent is as
follows: First, with the filter disconnected from
the transmitter tank, tune the transmitter tank
to resonance, as evidenced by minimum plate
current. Then, with trial settings of the clips
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on Ly and Ly (few turns for high frequencies,
more for lower) tap the input clips on the final
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 Ca at about half scale, apply power, and
rapidly rotate ('y until the plate current drops
to minimum. If thix minimum is not the de-
sired full-load plate current, try a new setting
of C2 and repeat. If, for all settings of 'y, the
plate current is too high or too low, try new
settings of the taps on Ly and Le, and also on
the transmitter tank. Do not touch the tank
condenser during these adjustments. When,
finally, the desxired plate current is obtained,
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Fig 1010 — Methods of coupling the transmitter to the transmission line. Circuit values and adjustment are dis-
cussed in the text. Condensers marked “C” are fixed blocking condensers to isolate the transmitter plate voltage from
the antenna; their capacity is not critical, 500 wufd. to 0.002 ufd. being satisfactory values. Voltage rating should at

least equal the plate voltage on the final stage.
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set C) carefully to the exact minimumn plate-
current point. This adjustment is important in
minimizing harmonic oulpul.

With some lengths of resonant lines, particu-
larly those not exact multiples of a quarter
wavelength, it may be diflicult 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.

Series tuning — When the input impedance
of the line is low, the coupling method shown
in Fig. 1010-I2 may be used. This system,
known as series 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,
usually are 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 Lj.

The tuning procedure with series tuning is as
follows: With €} and Cz at minimum capacity,
couple the antenna coil L; loosely to the trans-
mitter output tank coil and observe the plate
current. Then increase ('} and (2 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 antenna system detuned,
but should still be well below the rated value
for the tube or tubes. Increase the coupling be-
tween Ly and Ls by a small amount, readjust
'y and (2 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 L and Ly which will
just bring the amplifier plate current to rated
value when Cy and C; pass through resonance.
The 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 represented by the line being di-
rectly across the tuned coupling circuit. If the
line is non-reactive, the coupling circuit will
be tuned independently to the transmitter
frequency; line reactance can be compensated
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for by tuning of €'} and adjustment, if neces-
sary, of Ly by menns 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. Iind the value of
coupling between L; and Ls which will bring
the plate current to the desired value as (' is
tuned through resonance. Again a slight read-
justment of the amplifier tank condenser may
he 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 construetional
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 reactance 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 harmonie
transfer. With this inductively-coupled system
the loading on the auxiliary tank ecirenit 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 adjustinent giving proper loading must
be found in practice. Loading also may be
varied by changing the coupling between one
link winding and its associated tank coil;
either tank may he used for this purpose. When
the auxiliary tank is properly tuned to com-
pensate for line reactance 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 reactance introduced by the link.

Link coupling also may be used with series
and parallel tuning, as shown in Figs. 1010-]
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 described above for series and parallel
tuning. In the case of single-ended tank ecir-
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cuits, the input link would be coupled to the
grounded end of the tank coil, similarly to
the method in Fig. 1010-G.

Circuit values — The values of inductance
and eapacity to use in the antenna coupling
system will depend upon the transmitting fre-
quency, but are not particularly eritical. With
series tuning (Iig. 1010-E, [) 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 12at 1.75 Me. The number
of turns preferably should be adjustable so that
the inductance ean be changed should it not
be possible to reach resonance with the con-
densers used. The series condensers should
have a maximum ecapacity of 250 or 350 uufd.
at the lower frequencies; the same values will
serve even at 28 Me., although 100 ppfd. will
be ample for this and the 14-Me. band. Still
smaller condensers can bhe 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 cireuits (F, G, H, J) the
antenna coil and condenser should be approxi-
mately the same as those used in the final tank
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Fig. 1011 — Half-wave antennas fed from resonant

lines. 4 and B, e¢nd feed with quarter- and half-wave
lines; C and D, center feed. The current distribution is
shown for all four cases. Arrows indicate instantaneous
direction of current flow.
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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, Cy and €2 may he 100 to 250
uufd. each, the higher-capacity values being
used for lower-frequency operation (3.5 and
1.75 Me.). Plate spacing should in general be
at least half that of the final amplifier tank
condenser. For operation from 1.75 to 14 Me.,
Ly and Ly each should be 15 turns 215 inches
in diameter, spaced to oecupy 3 inches length,
and tapped every three turns. Approximate
settings are 15 turns for 1.75 Me., 9 turns
for 3.5 Me,, 6 turns for 7 Me., and 3 turns for
14 Me. 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 — It 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 direetly-coupled (Figs. 1010-B)
systems do not diseriminate against harmonics,
and hence are more likely to eause harmonic
radiation than the induectively-coupled tuned
systems. Low-pass filter arrangements such as
those at ¢ and D, Fig. 1010, do diseriminate
against harmonies, but the direct coupling
frequently is a source of trouble in this respect.

In induetively-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 and F) when possible, Capacity
coupling can be practically eliminated by the
use of a Faraday shield (§ 4-9) bhetween the
two coils.

0 10-7 RESONANT LINES

Two-wire lines — Because of its simplicity
of adjustment and flexibility with respeet to
the frequency range over which an antenna
system will operate, the resonant line is widely
used with simple antenna systems. Construe-
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 proh-
lem of determining the coupling system to be
used at the input end of the transmission line.

Half-wave antenna with resonant line —
It is often helpful to look upon the resonant



line simply as an antenna folded back on itself.
Sueh a line may he any whole-number mul-
tiple of a quarter-wave 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 of one of the wires.)

Quarter- and half-wave resonant lines feed-
ing half-wave antennas are shown in Fig. 1011,
‘The gurrent 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-
termined by the point of connection to the
antenna. The half-wave line, however, has the
same current (and voltage) values at hoth
ends.

If a quarter-wave line is connected to the end
of an antenna as shown in Fig. 1011-A, then at
the transmitter end of the line the current is
high and the voltage low (low impedance)
s0 that series tuning (§ 10-6) ecan be used.
Should the line be a half-wave long, as at
1011-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,
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as in Fig. 1010-B, but the inductively-coupled
circuit is preferable. An end-fed antenna with
resonant feeders, axin 1011-A and B, is known
as the “Zeppelin,” or “Zepp,” antenna.

The line also may be inserted at the eenter
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 eurrent and low volt-
age at both ends, so that 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 ecalculated 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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Fig. 1012 — Practical half-wave antenna systems using resonant-line feed. In the center-feed systems, the antenna
length "X” does not include the length of the insulator at the center. Line length is ineasured from the antenna to the
tuning appartus; leads in the latter should be short enough to he neglecu-(l. The two meters shown are helpful for
balancing feeder currents; however, one is sufficient for tuning for maximum output, and may he transferred from
one feeder to the other, |f desired. The systems at (A) and (C) are for feeders an odd number of quarter-waves in
length; (B) and (D) for feeders a multiple of a half wavelength. The drawings correspond electrically to those of

Fig. 1011.
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series tuning will be used at the transmitter
end; if an eren number of quarter waves, then
paralel 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 are suitable for only
low and high impedances, respectively, and
neither will perform well with impedances of
the order of a few hundred ohms. Such values
of impedance may reduce the Q of the coupling
cireuit to such a point that adequate coupling
:annot be obtained (§ 2-11). However, some
departure from the ideal length is possible —
even as much as 259 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 fecder 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 current — 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 ix used the cur-
rent will be high, but very little current will be
indicated in a parallel-tuned system. This is
hecause 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 are highest. However,
should the feeder length be changed no useful
conclusions can be drawn from comparison
between the new and old readings. For this

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-
sideruble current, ean 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 coneerned, 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 effeet on
the operation of the syvstem as a whole, This
is true of the end-fed antennas such as are
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 =o
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 oceurs at a point on the
antenna proper, =o 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 are not balanced and some
power will be radiated from the line. In C
the antenna is too short, bringing the current
minimum to a point on the live feeder, so that
again the currents are unbalanced. 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
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Fig. 1013 — Effect on feeder balance of incorrect antenna length. With center feed, incorrect antenna length does
not imbalanece the transmission line, as it does with end feed.
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balanced even though the antenna length is
correet. 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 incorreet antenna length
balance out so that the line operates properly
under all conditions. This is shown in Fig.
1013 at D, 2 and F. So long as the two halves
of the antenna are of equal length, the dis-
tribution of current on the feeders will he
sy mmetrical so that no unbalance exists, even
for antenna lengths considerably removed
from the correct value.

0 10-8 NON-RESONANT LINES

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 matehed 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. Kxeept 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
mateh 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 impedanece 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
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Fig. 1014 — Single-wire-feed system. The length L
(one-hall wavelength) and 1) are determined from the
chart, Fig. 1015,

ean 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 readjusted
cach 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 plate feed is used. It should have a
voltage rating somewhat above that of the
plate supply. Almost any capacity greater
than 500 pufd. will be satisfactory. The con-
denser is unnecessary, of course, if parallel
plate feed is used.

[nductive coupling to the output cireuit is
shown in Fig. 1016-B. The antenna tank circuit
should tune to resonance atthe operating fre-
queney 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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CHAPTER TEN

where it eonneets to the two halves of the
antenna, as shown at B in Fig. 1017.

The twisted line is a convenient type to use,
sinee it is easy to install and the r.f. voltage
on it is low beeause of the low impedanee. This
makes insulation an easy matter. Special
twisted line for transmitting purposes, having
lower losses than ordinary rubber-eovered
wire, is available.

The antenna should be one-half 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 eurrent is eorrect.
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 climinated or minimized. Tach leg of the
feceder forming the triangle at the antenna
should be equal in length to dimension B.

Coupling between transmitter and trans-
mission line is ordinarily by the untuned eoil
method shown in Fig, 1010-A (§ 10-6).

Concentric-line feed — A concentrie trans-
misxion line readily can be constructed to have
a surge impedance equal to the 70-ohm im-
pedance at the eenter of a half-wave antenna.
Such a line, therefore, ean be eonnected
directly to the eenter of the antenna, forming
the system shown in Iig. 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 eonductor should be approximately
3.2 times the outside diameter of the inner
conductor. This condition ean be fulfilled by
using standard Sf-inch  (outside-diameter)
copper tubing for the outer conductor and
No. 14 wire for the inner. Ceramic insulating
spacers are available commercially for this
eombination. Rubber-insulated concentrie line
having the requixite impedance for connection
to the eenter 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-eoupling
arrangements may be used (§ 10-6).

The outer conductor of the line may be
grounded if desired. The feeder system is

Fig. 1015 — Charts for determining the length of
half-wave antennas for use on varions amateur bands,
Solid lines indicate antenna length (lower scale); dotted
lines point of connection for single-wire feeder (upper
seale) measured from center of antenna,



Fig.

coupling the single-wire feeder

1016 — Methods of

I

to the transmitter. Circuits

cireuits.

slightly unbalanced because the inner and
outer conductors do not have the same capac-
ity to ground. There should be no radiation,
however, from a line having a correct surge
impedance.

Delta matching transformer — Because of
the extremely close spacing required, it is
impracticable to construet 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

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 Iig 1019, The section K 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

il
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Fig. 1018 — llalf-wave
transmission line.

antenna with concentric

C  Single wire
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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:

123

Freq. (Mc.)

The feeder clearance E is found from the
equation:

C (feet) =

148
Freq. (Mc.)

The above equations are 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:

where D is the distance between the centers of
the feeder wires and d is the diameter of the
wire. 1f the wire diameter is in inches the spac-
ing will be in inches and if the wire diameter is
in millimeters the spacing will be in milli-
meters.

E (feet) =

|

Fig. 1019 — Deltasmatched antenna system. The
dimensions C, D, and E are given in the text. It is im-
portant that the matching section, E, come straight
away from the antenna without any bends.

Methods of coupling to the transmitter are
discussed in § 10-6, Figs. 1010-C, D, G and H
being suitable.

“Q’-section transformer — The imped-
ance of a two-wire line of ordinary construction
(400 to 600 ohms) can be matehed to the im-
pedance of the center of a half-wave antenna

CHAPTER TEN I77
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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 elose
spacing. Thix 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 seetion, €7, 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 is

Ze = V7 Z3 (9)

where Z; is the input impedanee and Z3 the
output impedance. A quarter-wave section
mutching a 600-ohm line to the center of a
half-wave antenna (72 ohms) should have a
surge impedance of 208 ohms, The spacings

e SO0

\
8 P [~ Spreaders

/]

Unbuned line
any length >, /orau/sr.r

Fig. 1020 — The "Q” antenna with quarter-wave
matching scction 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 he equal to a quarter wavelength, and
is given by

Length of Y4 234
ware line (feet)  Freq. (Mec.)

The length of the antenna can be ealeulated
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 transformers — Fig. 1021 shows
two methods of coupling a non-resonant line
to a half-wave antenna through a quarter-

l78 CHAPTER TEN
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Fig. 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, I3, is
open (high impedanee) since the other end is
connected to a low-impedance point on the
antenna. With the end-fed antenna the free end
of the matehing 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 eut to lengths
found from the equations in § 10-2 and § 10-5.
Any necessary on-the-ground adjustment can
he made by adding to or elipping off the open
ends of the matehing section. The matehing
section in the end-fed system ean 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
eurrent reading. This should be done before
the transmission line is attached to the mateh-
ing section.

The position of the line taps must be deter-
mined experimentally, since it will depend
upon the impedanee of the line as well as the
antenna impedanee at the point of eonnection.
The proeedure is to take a trial point, apply
power to the transmitter, and check the
transmission line for standing waves. This
ean be done by measuring the current in the
wires, using a deviee of the type pietured 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 meter. At any one posi-
tion along the line the currents in the two
wires should be identical. Readings taken at
intervals of a quarter wavelength 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
obtainable standing-wave ratio. Then a further
“touching up’’ of the matching stub tuning
will eliminate the remaining standing wave,
provided the adjustments are made carefuily.
The stub must be readjusted because when
resonant it exhibits some reactance 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 readjustment is quite small,
however.

When the eonnection bhetween matehing
seetion and antenna is unbalaneed, as in the
end-fed system, it is important that the
antenna be the right length for the operating
frequeney if a good match is to be obtained
(§ 10-7). The balanced center-fed system is less
eritical in this respect. The shorting-bar
method of tuning the eenter-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 1, a perfectly satisfaetory condition in
practice. Of eonsiderably greater importance
is the necessity for getting the eurrents in the
two wires balaneed hoth as to amplitude and
phase. If the eurrents are not the same at
corresponding points on adjacent wires, and
the loops and nodes do not also oecur at cor-
responding points, there will be considerable
radiation loss. This balance can only be
brought about by perfect symmetry in the
line, partieutarly with respect to ground. This
symmetry should extend to the coupling ap-
paratus at the transmitter. An eleetrostatie
shield between the line and the transmitter
coupling coils often will be of value in pre-
venting eapacity unbalanee, and at the same
time will reduce harmonie radiation.

010-9 LONG-WIRE ANTENNAS

Definition — An antenna will be resonant
if an integral number of standing waves of
current and voltage can exist along its length;
in other words, so long as its length is some
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Fig. 1022 — Line-current measuring device for ad-
justment of untuned transmission lines.

integral multiple of a half-wavelength. When
the antenna is more than a half-wave long, it
is usually called a long-wire antenna, or a
harmonie antenna.

Current and voltage distribution — Vig.
1023 shows the current and voltage distribu-
tion along a wire operating at its fundamental
frequeney (where its length is equal to a half
wavelength) and at its second, third and
fourth harmonies. For example, if the funda-
mental frequeney of the antenna is 7 Me,
the eurrent and voltage distribution will be
as shown at A. The same antenna excited at
14 Mc. would have current and voltage dis-
tribution as shown at B. At 21 Mec., the third
harmonie of 7 Mec., the current and voltage
distribution would be as in C; and at 28 Me,,
the fourth harmonie, 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 in each
standing wave is opposite to that in the ad-
jacent standing 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 referenee line) to indi-
eate that the polarity reverses when the
current or voltage goes through zero. Currents
flowing in the same direction are in phase;
in opposite directions, out of phase.

It is evident that one antenna may be used
for harmonically related frequencies, such as
the various amateur bands. The long-wire or
harmonic antenna is the basis of multi-band
operation with one antenna.

Physical lengths — The length of a long-
wire antenna is not an exact multiple of that of
a half-wave antenna bhecause the end effeets
(§ 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:

492 (N-0.05)
Freq. (Mec.)
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Fig. 1023 — Current and voltage distribution along
an antenna operated at various harmonics of its funda-
mental resonant 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 hbehavior 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 4ts 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.

Directional characteristics — 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
half-wave antenna, the directional character-
istic splits up into ‘“‘lobes” which make vari-
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ous angles with the wire. In general, as the
length of the wire is inercased the direction of
maximum radiation tends to approach the
line of the antenna itself.

Direcetional eharacteristios for antennas one
wavelength, three half-wavelengths, and two
wavelengths long are given in Figs. 1025, 1026
and 1027, for three vertieal angles of radiation.
Note that as the wire length increases the
radiation along the line of the antenna becomes
more pronounced. Still longer antennas ecan
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 fceding the antenna at
either end or at any current loop. A two-wire
feeder cannot be inscrted at a current node,
however, becausc 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
he 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.
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Fig. 1024 — Curve A, variation in radiation resistance
with antenna length. Curve B, power in the lobes of
maximum radiation for long-wire antennas as a ratio to
the maximum of a half-wave antenna,



Fig. 1025 — Horizontal patterns of radiation from a
fuli-wave antenna. Solid line, vertieal angle 15 degrees;
dotted lines, deviation from 15-degree pattern at 9 and
30 degrees.

All three patterns are drawn to the same relative scale;
actual amplitudes 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 ealculated from Lquation 9 (§ 10-8)
and the radiafion resistance data in Fig. 1024,

Methods of eoupling the line to the trans-
mitter are the same as deseribed in § 10-6 for
the partieular type of line used.

Fig. 1026 — Horizontal patterns of radiation from an
antenna three half-wavelengths long. Solid line, vertical
angle 15 degrees; dotted lincs, deviation from 15.degree
pattern at 9 and 30 degrees. The minor lobes coincide
for all three angles.

_/4Il fenna Syd[emd

0 10-10 MULTI-BANID ANTENNAS
Principles — As suggested in the preceding
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 whieh 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 ehanging

Fig. 1027 — Uorizontal patterns of radiation from
an antenna two wavelengths long. Solid line, vertical
angle 15 degrees; dotted lines, deviation from 15-degree
pattern at 9 and 30 degrees. The minor lobes coincide
for all three angles.

the length of the wires, even by switching, is
ineonvenient.

Also, the eurrent loops shift to a new posi-
tion on the antenna when it is operated on
harmonies, further complicating the feed situa-
tion. It is for this reason that half-wave an-
tennas eenter-fed by rubber-insulated lines are
praetieally useless for harmonic operation; on
all even harmonies there is a voltage maximum
at the feed point and the impedanee mismatch
is so bad that there is a large standing-wave
ratio and consequently high losses in the
rubber dielectrie.

When the same antenna is used for work in
several bands, it must be realized that the
directional characteristic will depend on the
band in use.

Simple systems — Any of the antenna
arrangements shown in § 10-7 may be used for

CHAPTER TEN 18,
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Fig. 1028 — Current distribution and feed points for
long-wire antennas. A 3/2.-wave antenna is used as an
iHustration. With two-wire feed, the line may be con-
nected at the end of the antenna or at any eurrent loop
(not at a current node),

multi-band operation by making the antenna a
half wave long at the lowest frequeney 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, are given in Table
I. The figures given represent a eompromise to
give satisfactory operation on all the bands
considered, taking into account the change
in required length as the order of the harmonie
ZOes up.

A center-fed half-wave antenna will not
operate as a long wire on harmonies because of
the phase reversal at the feeders previously
mentioned (§ 10-9), On the second harmonie,
the two antenna sections are each o half wave
long, and since the currents are in phase the
directional characteristic is different from that
of a full-wave antenna even though the overalt
length is the same. On the fourth harmonie,
ench 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

not effective radiators — it 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 harmonies for the
higher-frequency bands, although their per-
formance is somewhat impaired. The single-

For operalion on
3 5.7 14 and
28 m¢

AMTR

4
Juned lo same
freguency as transmitler

For operation
on 115 m¢
XMTR =

||H

Fig, 1030 — A simple antenna sy&em for five ama-
teur bands. The antenna i= voltage fed on 3.5, 7, Lt and
28 Me., working on the fundamental, second, fourth and
eighth harmaonices, respectively. For 1.75 Me, the system
is a quarter-wave grounded antenna, in which case
series tuning must be used. The antenna wire should he
kept well in the clear and should be as high as possible.

If the length of the antenna is approximately 260
fecet, voltage feed ean he used on all five bands.,

wire fed antenna (§ 10-8) may be used in
this way; the feeder and antenna will not be
matched exactly on harmonies with the result
that standing waves will appear on the feeder,
but the system as a whole will radiate. The

1
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Fig. 1031 —
frequency.

is not available.

Current distribution on
antennas too short for the fundamental
These systems may be used
when space for a full half-wave antenna
The current distribution

./4nlenna Sydlemd

on the second harmonic also is shown to

the right of each figure. In A and C, the
total length around the system is a half-
fundamental fre.

wavelength at the

i~

- ol - BV
© . ()
Taget

quency. Arrows show instantaneous
direction of current flow.
TABLE 1

Antenna

Length (f1.)

With end feed:
243

136

134
67

With center feed:

137

61.5

effects on

of efficiency.

MuLTi-BAND ResoNaNT-LangE FED ANTENNAS

Feeder| e
Length| Bund ;: ll’ :‘,’"':{
(fr.)
120 [1.75-Me. “phone  series

67

07

34

$-Me. ’phone| parallel
H Me., parallel
28 Me. parallel

3.5-Me. eow. series
7 Me. parallel
1t Me. parallel
28 Me, parallel

3.5-Me. cow, series
7 Me. parallel

T Me. series
14 Me. parallel
28 Me. parallel
1.75 Me. parallel
3.5 5 Mec. parallel
T Me. parallel
| 14 Me. parallel
28 Me. parallel
3.5 Me. parallel
7 Me. parallel
14 Me. parallel
| 28 Me. parallel
7 Me. paraliel
14 Mec. parallel
28 Me. parallel

‘Fhe antenna lengths given represent compromises
for harmonic operation because of different end
different bands.
antenna is slightly long for 3.5 Me.,
well in the region (3500-3600 ke.) which quadruples
into the 14-Me. band.
recommended for the particular antenna. The cen.
ter-fed systems are less critical as to length; the
272-foot antenna may, for instance, be used for both
c.w. and ’phone on either 1.75 or 4 Mec. without loss

The 136-foot end-fed
but will work

Bands not shown are not

On harmonics, the end-fed and center-fed anten-
nas will not have the same directional characteris-
ties, as explained in the text.

=1

l —

same is true of the delta-matched antenna.
The “Q” antenna (§ 10-8) also can be oper-
ated on harmonies, but the line cannot operate
non-resonant except at the fundamental fre-
quency of the antenna. For harmonie 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 concentrie line is
air-insulated. Its operation on harmonics is
similar to that of the “().” 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 Me. upward it
operates as an end-fed antenna — half-wave
on 3.5 Me., long wire on the other bands. On
1.75 Mec. it is only a quarter-wave 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 frequeney to
be used, quite satisfactory operation can he
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
bhetween 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
thefeeder length is adjusted to accommodate at
least one half-wave around the whole system.
Typical cases are 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 hoth funda-
mental and sccond harmonie, 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 each wire from X to the an-
tenna end must equal a half-wave. [t is suffi-
ciently accurate to use LEquation 2 (§ 10-2)
in caleulating 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. [t 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 ecan be made any
convenient length provided the feeder ix con-
sidered to “begin’’ at X-X, and the line length
adjusted accordingly.

TABLE 11
NTENNA AND FEEDER LENGTUS FOR SHORT
MurTi-Banp ANTENNAS, CENTER-FED
_ S —T—
Feeder o
Antenna I'vpe of
Lenath (f1. Length L l Tuning
| (Jr.)
137 | o8 .75 Me. series
| 3.5 Me. paralle!
7 Me. parallel
14 Mec. paralle!
28 Me. | paraliel
100 | 38 35 Me. | parallel
| 7 Me., ' series
| i1 Me, series
28 Me. series or
| parallel
S— —_— l_—
07.5 l 31 3.5 Me, series
7T Me, parallel
11 Me, parallel
28 Me. | parallel
S0 13 7 Me. ' parallel
14 Me, ' parallel
28 Me, | parallel
33 51 TMe, | parallel
14 Me, parallel
28 Me, parallel
33 30 TMe. | paralled
I Me, series
| [ 28 Me. parallel
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Fig. 1032 — Practical arrangement of a shortened
antenna. The total length A + B 4+ B + A, should be
a half-wavelength for the lowest-frequency band, usually
3.5 Mec. See Table 11 for lengths and tuning data.

Bent antennas — Since the field strength at
a distance is proportional to the eurrent in the
antenna, the high-current part of a half-wave
antenna (the center quarter-wave, approxi-
mately) doex 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 hent, cither horizontally or
vertically, so that the total length equals a
half wave, even though the straightaway
horizontal length may be ax short as a quarter
wave. The operation is illustrated in IFig. 1033.
Such an antenna will be a somewhat better
radiator than the arrangement of Fig. 1031-A
on the lowest frequeney, but is not as desirable
for multi-band operation because the ends play
an 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 characteristices,
0 10-11 LONG-WIRE DIRECTIVE

ARRAYS

The ““}?’ antenna — It has been empha-
sized that as the antenna length is increased
the lobe of maximum radistion makes a more
acute angle with the wire (§ 10-9). Two such

(I

t

Fig, 1033 Folded arrangement for shortened an-
tennas, The tolal 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-
selves in feeder fashion to cancel radiation partially,
The horizontal section should be at least a quarter-wave
long,
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wires may be combined in the form of a
horizontal “V” so that the main lobes
from each wire will reinforee along a line
bisecting the angle between the wires.
This incereases both gain and directivity,
since the lobes in directions other than
along the bisector cancel to a greater or
lesser extent. The horizontal “V” an-
tenna therefore transmits best in either
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
readily on harmonics so that it is suitable
for multi-band work, The “V’ antenna

3 3 8 R 8
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@
T
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8 g
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DESIGN CHART
FOR HORIZONTAL "V~

(ﬁr maximum output )
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45—
is shown in Fig. 1034. o8
Fig. 1035 shows the dimensions that
should be followed for an optimum design W) 2@1Y)  3e)  4Ge’)  5(80)  6(6T)  T(s)  8(u7)
. . . . . . LENGTH (l.)— WAVELENGTHS
to obtain maximum power gain for differ-  wes i porenttesi represant aps e angle for height (K] of ane hatf morelength

ent-sized “V"’ antennas. The longer sys-
tems give good performance in multi-hband op-
eration. Angle a 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 Iig. 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 inereases with the length of the
wires, but is not exactly twice the gain for a
single long wire as given in Fig. 1024, In the
longer lengths, the gain will be somewhat
increased because of mutual coupling hetween
the wires. A “V” ecight 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 R-wavelength wire would
be approximately 9 dh,

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 be 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

Transmussion hine A Wave Direction
—

AB=CO

Fig. 1034 — The “V” antenna, made by eombining
two Jong wires in such a way that each reinforces the
other’s radiation. The important quantities are the
length of each leg and the angle between legs.

Fig. 1035 — Design chart for horizontal “V” antennas.
Fnclosed angle between wires versus length of sides.

matching section will be closed at the free end.

The rhombic antenna — The horizontal
rhombie or “diamond” antenna is shown in
Ifig. 1036. Like the “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-
minated form shown in FFig. 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 rhombie antenna are shown in
Fig. 1036. While several design methods may
he 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-hand work, it is satisfactory to
design the rhombic antenna on the basis of
14-Me. operation, which will permit work on
the 7- and 28-Me. bands as well.

A value of 800 ohms is correct for the termi-
nating resistor for any properly constructed
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pedance will he matched by an 800-
ohm line, which may be constructed
from No. 16 wire spaced 20 inches

Line féfiﬁﬁ';';;‘. or from No. 18 wire spaced 16 inches,
QIRECTIVITY The 800-ohm line is somewhat un-

RECEIVING gainly to install, however, and may

be replaced by an ordinary 600-ohm

line with only a negligible mismatch.

. Alternatively, a matching section

e may beinstalled between the antenna

A P X < g B

e TG P
~a
//i ///// Z} 6/ ////////

SIDE ELEVATION

P = ANSLE OF TILT (DEGREES)
B = WAVE ANGLE (DEGREES)

Fig. 1036 — The horizontal 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
climinate the rear pattern) and should be
non-inductive. Such a resistor may he made up
from a carbon or graphite rod or from a long
R00-ohm transmission line using resistanee
wire. If the earbon rod or a similar form of
lumped resistance is used the device should be
suitably protected from weather cffects, i.e.,
covered with good asphaltic compound and
sealed in a small light-weight box or fibre
tube. Suitable resistors are available commer-
eially.

For feeding the antenna, the antenna im-

L= LENGTH OF ONE SIDE (WAVELENGTHS)
H= HEIGHT (WAVELENGTHS)

terminals and a low-impedance line.
However, when suchanarrangement
is used it will be necessary to change
the matching section constants for
each different band of operation.

The same design details apply to
the unterminated rhombie as to the
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.

010-12 DIRECTIVE ARRAYS WITH

DREVEN ELEMENTS

Principles — By combining individual half-
wave antennas into an array with suitable
spacing bhetween antennas (called elements)
and feeding power to them simultancously, it
is possible to make the radiated ficlds from the
individual elements add in a favored direetion,
thus increasing the field strength in that

I l 4 ad Desired wave angle
tSF / 02 Nt
y compROMISE 7 GG
\ DESIGN y }4 Draw vertical line through
= (5/;-”’[””‘/8‘/5"”’%‘7"1 A e 78 puinl "a” (L= 2 wave-
2 Yo find other dimentions) ,/ /! ! 6 lengths) and point "Ex"
H on abhscissa (A = 20°,)
¥ e el 742 Read angle of tilt () for
g i \d Z/ / ! & point “a” and height (1)
g" " 7 t 128 from intersection of line
Yo - // [ 70_1 iab at point "¢” on curve
I | - 1.
g ] N~
8 o 68 Result:
% 7/1.-|4 Wavelengths T - J ™ b = M.5°,
~N T ~—~— et . = 0.73 wavelength,
\{5 | — \J I $ (@) Given:
; Tz 3 h/aye/a;yg/;.r //\~{-k 'g I,«-Inglhl (1.) 3 wave-
5 2 engths.
% V | A - :\l‘l"llt' of tilt (¢) = 78°.
X4 —— | I'o Find: 11, a.
3 71/ § s Method:
'/L=2“ Wavelengths | l)ra\f \;'er’l‘i(-ul line fmn‘l
2 l 56 point “d” oncurve I, = 3
1 [ l 5 \r wavelengths at & = 787,
) 2 14 16 26 28 30 Read intersection of this

18 20 22 24
WAVE ANGLE (4)-0EGREES

Fig. 1037 — Compromise method design chart for
various leg lengths and wave angles. The following ex-
amples illustrate the use of the Chart:

(1) Given: Length (L) = 2 wave-lengths.
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Ilne on curve H (point
"e” and intersection at
point "f” on the abscissa for A.
Result:
I = 0.56 wavelength.
A = 26.6°,



direction as compared to that produeed 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 direetion
is secured at the expense of a power reduction
in other directions.

Bexides spacing between elements, the in-
stantaneous direetion of current flow (phase)
in individual elements determines the direetiv-
ity and power gain. There are several methods
of arranging the elements. If they are strung
end to end so that all lic on the same straight
line, the clements are said to be collinear. If
they are parallel and all lying in the same
plane, the clements are said to be broadside
when the phase of the current is the same
in all, and end-fire when the eurrents are not
in phase. Elements which receive power from
the transmitter through the transmission line
are ealled driren elements.

The power gain of a directive system in-
ereases with the number of elements. The
proportionality between gain and number of
elements is not simple, however, but depends
upon the effeet of the spacing and phasing
upon the radiation resistance of the clements,
as well ax 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 4 ix popularly known ax “two half-waves
in phase.” 1t will be recognized ax simply a
center-fed antenna operated at its second
harmonic. The way in which the number of
elements may be extended for increased diree-
tivity and gain is shown in Fig. 1038-B. Note
that quarter-wave transmission lines are uw(l
between each element; these give the reversal
in phase necessary tn make the currents in
individual antenna elements all flow in the
same direetion 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
radinte. Any phase-reversing section may be
used ag 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 deseribed (§ 10-7, 10-8) or any

./4nlenna Sydlem.’»
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Fig. 1039 — The broadside array using half-wave
elements, Arrows indieate dir n of current flow. The
transposition in feeders is necessary to bring the an-
tenna currents in phase. Any reasonable number of
elements may be used. The array is bi-directional per-
pendicular to the plane of the antenna; i.e., perpendicu-
larly through this page.

clement may be center-fed. 1t 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 direetivity depend upon the
number of elements and their spacing, center-
to-center. This is shown by Table III. Al-
though 34-wave spacing gives greater gain,
it is difficult to construct a suitable phase-
reversing system when the ends of the antenna
clements are widely separated. For this reason
the half-wave spacing is generally used.

TABLE Il

TueoreTican Gan oF CoLLinear Harr-Wave
ANTENN S

[ Number of Half I aves
Spacing Between in Array vs. Gain in db,
Centers of Adjacent

Half W aves

19 Wave 1.8 133 455362
3% Wave 320 t8 60 7078
Collinear arrays may be mounted either

horizontally or vertically. Horizontal mount-
ing gives horizontal directivity, with vertieal
directivity the same as for a single element at
the same height. Vertical mounting gives the
same horizontal pattern ax a single element,
but coneentrates the radiation at low angles. It
is seldom possible to use more than two ele-
ments vertically at frequencies helow 14 Me.
because of the height required.

— -—
e — E
Fig. 1038 — Collinear half-wave antennas in ) il Iy
pham- The system at A4 is gcnvrnllv known as
“two-half-waves in phasv. B is an extension of
the tems in theory it may be carried on in- -
definitely, but practical considerations usually - ) - - N
limit the number of elements o four.,  —T — Y, - —— Vo — 01 r
t
®) i f\ ot ' !
= L)
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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 Iig. 1040. Half-wave
spacing is generally used, since it simplifies
feeding when the array has more than two
elements. Table I'V gives theoretical gain as a
funetion of the number of elements.

Broadside arrays may be suspended either
with the elements all vertieal or with them
horizontal and one ahove the other (stacked).
In the former ease 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
bring 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, as well as additional gain. The
general plan of constructing such antennas is
shown in IFig. 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

—

/sol'aut of |Phase l/‘—\

/J(End-/-'/;re)
]
\ In Phase
| (Broad'side)
L

/ | l

| L

3 Ya Ys /2 Y8 Y
ELEMENT SPACING

GAIN OVER HALF-WAVE -DB
N

Fig. 1040
wave elements,
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Gain vs. spacing for two parallel half-
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Fig. 1041 — Combination broadside and ecollinear
arrays. A, with vertical elements; B, with horizontal
elements. Both arrays give low-angle radiation. T'wo or
more sections may be used.

The gain in db. will be equtal, approximately, to the
sum of the gain for one set of broadside elements (Table
1V) plus the gain of one set of collinear etlements (Table
HTI). For example, in A each broadside set has four ele-
ments (gain 7 db.) and each collinear set two elements
(gain 1.8 db.) giving a total gain of 8.8 db. In B each
broadside set has two elements (gain 4 db.) and each
collinear set three elements (gain 3.3 db.) making the
total gain 7.3 db. The result is not strictly accurate be-
eause of mutnal 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 distribution 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. Thusin 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 1V

TureorETICAL GAIN vS. NUMBER OF BROADSIDE
ELeEMiENTs (HALF-WAVE SPACING)

No. of Elements Gain
2 4 db.
3 5.5db
4 7db
5 8 db.
6 9 db.




because it radiates best along the line of the
antennas, as shown.

The end-fire array may be used vertically or
horizontally (elements at the same height) and
is well adapted to amateur work because it
gives maximum gain with relatively close
clement spacing. Fig. 1040 shows how the gain
varies with spacing. End-fire elements may be
combined with additional collinear and broad-
side clements further to increase the gain and
directivity.

liither resonant or non-resonant lines may be
used with this type of array, the latter being

>
o] >

-— N> ——

N]»

feed

Fig. 1042 A\ four-element combination broadside.
collinear popularly known as the “lazy H™ antenna. A
closed quarter-wave stub may be used at the feed point to
match into a 600-0hm line, or resonant feeders may be
attached at the point shown. The gain over a half-wave
antenna is 5 to 6 db.

preferably matcehed to the antenna through a
quarter-wave matching section (§ 10-8).

Checking phasing — I'igs. 1041 and 1043
illustrate a point in eonnection with feeding
a phased antenna system which sometimes is
confusing. In Fig. 1043 when the transmission
line is connected as at A there is no eross-
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 13
is a half-wave in length, it is not actually o
half-wave line but two quarter-ware 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,

Adjustment of arrays — With arrays of
the types just deseribed, using half-wave
spacing between clements, it will usually
suffice to make the length of each clement
that given by the equation for a half-wave
antenna in § 10-2, while the half-wave phasing

_/4’1[2’1”“ 5?}.5[elnd

(a) (83- !

Fig. 1043 — End-fire arrays. They are shown with
half-wave spacing to illustrate feeder connections. In
practice, closer spacings are desirable, as shown by
Fig. 1040. Direction of maximum radiation is shown by
the large arrows.

lines between parallel elements can be calcu-
lated from the formula

Length of half- _ 492 X 0.975 480

wave line (feel) ~ Freq. (Mec.) = Freq. (Mec.)

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 caleulated 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 bhe 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. 1044, 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; actual
lengths readily can be caleulated from the
equations in § 10-2 for the antenna and Equa-
tion 7 (§ 10-5) for the resonant transmission
line or matehing seetion. 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-clement end-fire arrange-
ments using close spacing. They are electrically
equivalent; the only difference is in the method
of conneeting the feeders. 13 may also be used
as a four-clement array on the second har-
monie, 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 complications, The elements
are made longer than a half wave to bring this
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mounted horizontally, will have a sharper
horizontal pattern than the two-element
arrays.

010-13 DIRECTIVE ARRAYS WITH
PARASITIC ELEMENTS
Parasitic excitation — The antenna arrays
deseribed 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 reccive
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 clements, as contrasted to
driven elements which reccive power directly
from the transmitter through the transmission
line.
The parasitic element is called a director
when it reinforces radiation on a

0.64 A 0.64A

line pointing to it from the an-

Y y.-i‘\o.n A
® %

X X

L

Fig. 1044 — Simple directive systems. A, two-element
end-fire array; I3, same with center feed, which permits
use of the array on the second harmonice, where it be-
comes a four-clement array with quarter-wave spacing
C, four-clement end-fire array with lz.wave spacing.
1), extended in-phase antennas (“extended double-
Zepp”). The gain of A and B is slightly over 4 db. On
the second harmonic, B will give about 5 db, gain, With
C, the gain is approximately 6 db., and with D, approxi-
mately 3 db.,

In the first three, the phasing line contributes about
1/10th wavelength to the transs m line; when B s
used on the second harmonie this contribution is g
waveleugth, Alternatively, the antenna ends may be
bent to meet the transmission line, in whieh case each

reder is simply connected to one antenna, In 1), points

Y-Y indicate a quarter-wave point (high eurrent) and
N-X a half-wave point (high voltage). The line may he
extended in anultiples of quarter-waves, if resonant
feeders are 1o be used,

A, B, and C may be suspended on wooden spreaders.
The plane containing the wires should 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
cither 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 (, when
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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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ELEMENT SPACING -WAVELENGTH

“ig. 1045 — Gain vas. element spacing for an antenna
and one parasitic element. Zero db. is the field strength
from a half-wave antenna alone. Greatest gain is in the
direction A at spacings less than 0.14 wavelength; in
dircetion B at greater spacings. Front-to-hack 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 parasitie ele-
ment. At most spacings the gain as a reflector can be in-
creased by slight lengthening of the parasitic element; as
a director, by shortening. This likewise improves the
front-to-back ratio.




reflector or antenna-director eombination
varies chiefly with the spacing bhetween ele-
ments. The way in which gain varies with
spacing is shown in Fig. 1045, for the special
:ause of self-resonant parasitic elements. This
chart also shows how the attenuation to the
“rear” varies with spacing. The same spacing
does not neeessarily 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 lengths — The antenna 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 eheck the signal strength (on the
“S”7 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
49 less than that of the antenna, for best
front-to-back ratio. The reflector will be about
5% longer than the antenna.

Simple systems — the 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 at the same
spacing.

Systems of this type are popular for rotary
beam antennas, where the whole antenna
is rotated to permit its gain and direetivity to
be utilized for any compass direction. They
may be mounted either horizontally (plane
containing the elements parallel to the earth)
or vertically.

Arrays using more than one parasitic ele-
ment, sueh 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 Iig. 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
second 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
preferably 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 hoth
director and reflector; 1), two directors and one reflector,
Gain is approximately as shown by Fig, 1015 in the first
two cases and depends upon the spacing and length of
the parasitic element. In the three- and four-element
arrays a reflector spacing of 0.15 wavelength will give
shightly more gain than 0.1-wavelength 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 each 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
fact that with close spacing the radiation re-
sistanee 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 matceh-
ing section and makes the position of the
line taps somewhat less difficult to determine
aceurately. This line adjustment should be
made only with the parasitic elements in
place, and after the correct element lengths
have heen 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 concentrie-line matching seetion at C
will work with fair accuracy into a elose-spaced
parasitie array of 2, 3 or 1 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 caleulated from Equa-
tion 7 (§ 10-5).

The delta matehing 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 159, longer than a.

600-0hm

//'n% L1

Shding rods for
E \stubgayu:tment

PN

600-0hm
line 4 L1

—_—

Movable
|#”shorting bar

T

600-0hm
/ine

-

i
1
—

fe—a
}
b
—1
D 600-0hm
line

Fig. 1017 — Recommended methods of feeding the
driven antenna element in close.spaced parasitic arrays.,
"I'he parasitic elements are not shown. A, quarter-wave
open stub: B, half-wave closed stub: C, concentric-line
quarter-wave matching section; D, delta matching
transformer.
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Sharpness of resonance — Peak perform-
ance of & multi-element direetive array depends
upon proper phasing or tuning of the elements,
which in all but the simplest systems ean be
exact for one frequencey only. However, there is
some latitude, and most arrays will work well
over a relatively narrow band such as 14 Me,
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 frequencey in the band will be used the
greater portion of the time the antenna might
he designed for that frequency and some degree
of misadjustment tolerated on the oecasionally-
used spare frequencies.

When reflectors or directors are used the tol-
erance is usually less than in the case of driven
elements, partly beeause the parasitic-clement
lengths are fixed and the operation may change
appreciably as the frequency passes from one
side of resonanee to the other, and partly be-
ause the elose spaeing ordinarily used results
in a sharp-tuning system. With parasitic cle-
ments operation should be eonfined to a small
region about the frequeney for which the
antenna is adjusted, if peak performance is to
be secured.

Combinationarrays — It is possible to
eombine parasitic clements 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 (:lcmcnt.
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-
peeted 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
I'able T, the gain of four collinear elements is
4.5 db, with half-wave spacing; from Fig. 1040
or Table 1V, the gain of two broadside elements
at half-wave spacing is 1.0 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 broadside is
equivalent to using two elements, so far as
gain is eoncerned, similarly with sets of re-
flectors as against one antenna and one re-
flector. The actual gain of the eombination
array will depend, in practiee, upon the way
in which the power is distributed between the
various elements, and upon the effect of
mutual eoupling 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.

010-14 MISCELLANEOUS ANTENNA
SYSTEMS

Grounded antenna — The grounded an-
tenna is used almost exclusively for 1.75-Mec.
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 Mec. 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

236
L (feet) 7010
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.

Inlocations where it is impossible to secure a
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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

Fig. 1048—Typicalgrounded @ —w— %
antenna for 1.75 Mec., consist-
ing of a vertical section and
horizontal section having a
total length (including the
ground lead if the latter is
more than a few feet long) of
one-quarter wavelength. Coil
L should have about 20 turns
of No. 12 on a three-inch di-
ameter form, tapped every
two or three turns for adjust-
ment. C is 250 to 500 uufd.
variable. The inductive cou-
pling between L and the final
tank coil should be variable.

Final Tank Z <
%
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.

Coaxial 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

% Fig. 1049 — The "] an.
tenna. It is usually con-
structed of metal tubing;
frequently with the 34{-wave
vertical section shown an
extension of a grounded
metal mast. The stub may
be adjusted by a sliding

| shorting bar.

Trons. %
Line |
N May be
7rounded here

(§ 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

Metal
% | Rod
\ Insulator
tY~— Comnected
) Lo outer
I conductor
1 0/5/0,[/]7;8/7#/6 Fig. 1050 — Coaxial an-
ll tenna. The inner conductor
% :l of the 70-ohm line is con-
: nected to the quarter-wave
I| Metal metal rod which forms the
I:I | Steeve upper half of the antenna.
|
v L
70-0hm
concentric
line
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(§ 10-5) is shown in Fig. 1051. Essentially, 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 diameter. 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-ochm
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 reflector antenna— A type of an-
tenna system particularly well-suited to the
u.h.f. ranges above 56 Mec., 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

|

Transmission
ine

Fig. 1051 — Folded dipole for increasing the value 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 about 0.1 wavelength
apart. 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 rotating the reflector
about its horizontal axis.

Receiving antennas — Because of the high
sensitivity 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

Spacing of,
d/ﬁ‘(ﬂ dlq,'oo/e
tovertex

=Reflector elements

No reflector
element at
vertex
Driven 4 element
or'dipole

Rellector

Cross-member e et

of reflector

ee. 7 ints (57) —~

Side member
wood (or metal)

A «—Length of reflector
1 elements (2~77)

fFeed line
to transmitl

Drivens / \Sandoff
element or insulator
dipole

B
Fig. 1052 — A corner reflector antenna system with
grid-type reflector. The reflector elements are stiff wire
or tubing. The dimensions are for 224 Mc., and should
be doubled for 112 Mc. (See Table V.) The gain of the

system is close 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

_/4nlenna Sydtemd

TABLE V
Number g Spacing
Frequeney | Length Iﬁ: tchto(:-{ of Smf:f of Driven
Band of Side Flements Reflector Flements Dipole
* Elements| ™ to Vertex
'zﬁj;llﬁ&xf) PR O Y 5| g g
1(;2}-41:&&).5 gyt sran 20 107 | 4 4
112-116 Me.*| ., ’
(23 meter) | 87| 52" 16 107 | 3 6"
5(65_&&{?)’ 168 | 1074 20 vosr | s
Mo e w0 | 18 | e | en”

Table }', — Dimensions of square-corner reflector for
the 224-, 112-, and 56-Mc. bands. Alternative designs
are listed for the 112- and 56-Mec. bands. These designs,
marked (*), have fewer reflector elements and shorter
sides, but the effectiveness is only slightly reduced.
There is no reflector element at the vertex in any of the
designs,

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.

K3 T
— A B —
— 5 z - L
Two wire fine ” 450 to soo/
tuned at obm line
transmitler (o 12 wire,
Spaced 2*)
£ .
S k—
A B

Fig. 1053 — Dipoles suitable for use with the corner
reflector antenna system. The length L is 25 inches for
224 Mec., s = 1 inch for the same band.
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Kadio

® A ONE-TVBE REGENERATIVE
RECEIVER

Tur SIMPLEST receiver capable of
giving at all satisfactory results in evervday
operation is one consisting of a regenerative
detector followed by an audio amplifier. This
type of receiver is suflicient 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 6C8G twin-trinde tube, one triode
section being the regenerative detector and
the other the audio amplifier. The cireuit dia-
gram is given in Fig. 1103. The grid coil, I,
is tuned to the frequency of the incoming
signal by means of condensers 'y and ('3, ('
being the bandsetting or general coverage
condenser and ('3 the bandspread condenser,
Regeneration is supplied by means of the
tickler coil Lg; the variable plate by-pass con-
denser, (s, is the regeneration control. The
receiver is coupled to the antenna through
(s, a low-capacity trimmer condenser. E; and
C4 are the grid leak and grid condenser.

The audio amplifier section of the tube is
coupled to the deteetor by the audio trans-
former T;. 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, RF(', is necessary

?uipmenf

Fig. 1102 — A rear view of the one-tube receiver. The
grid condenser and grid leak are supported by their wire
leads hetween the stator plates of the tuning condenser
and the 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 (‘s may be ineffective. A switeh,
Ny, is provided for turning off the “B” supply
when transmitting,

The construction of the re-

eeiver is shown in the photo-
graphs, The chassis measures
5% by 915 by 14 inches, The
three variable condensers are
mounted on the panel three
inches from the bottom edge,
with ('3 in the eenter, C'; at the
right and ("2 at the left. All
ground connections may he
made directly to the echassis,
making sure that the paint is
seraped away and that good con-
tact is seeured.

The headphone connections
are made by means of tip jacks
mounted on the rear edge of
the chassis. Ililament and plate

Fig. 1101

guency ranges are shown in front of the receiver.
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A one-tube regencrative receiver, using a double triode 25 a
regenerative detector and andio amplifier. Plug-in coils for different [re-

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 chassis view of the
one-tube regenerative receiver. The constene-
tion and wiring are extremely simple. The
power supply cable and the headphone tip
jacks are brought out at the rear of the chas-
sis, and the antenna and ground terminals
are mounted on one side,

The coils are made as shown in Fig. 1105
and the coil table. Both windings should be in
the same direction. L; 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 for the receiver mnay be
cither a 6.3-volt filament transformer (the
I-ampere size will be ample) or a 6-volt bat-
tery. A 45-volt “ 137 battery should be used for
the plate supply. The “B” current drain is
only a few milliamperes, and a medium- or
small-size “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, Cq, starting from mini-
mum capacity (plates all out) until the set
goes into oscillation. This phenomenon is
easily recognizable by a distinet click, thud or
hissing sound. The point where oscillation just
begins is the most sensitive operating 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 ('3
(unscrewing the adjusting serew) until the de-
tector again oscillates. If it still refuses to oseil-

late, the coil Ls must be moved nearer to L;
or, in extreme cases, a turn or two must be
added to La. 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 ("5 so that the
detector oscillates over the whole range, using
as much capacity at ('; as is possible. This will
give the best compromise between dead spots
and signal strength. It will be found that less
advancing of the regeneration control, (g, is
required at the high-frequency end of a coil
range (('; at or near minimum capacity) than
at the low-frequency end. The best adjust-
ment of the antenna condenser, (5, and the
feedhack coil, Ly, is that which requires almost
a maximum setting of the regeneration control
at the low-frequency end (maximum capacity
of ("1) of any coil range.

GND. ANT.
'l .T_CS Ry 6C86 PHONES
-I_ "C4 —
Lis =
q 'l‘c3
) =
— Q0L =
LZE RFC
16 3

—45+

T 63

Fig. 1104 — Cirenit diagram of the one-tube regenera-
tive receiver.,
C 100-uufd. band-sct variable.
(2 — 100-pufd. regencration control variable,
C3 — 15-uufd. band-spread variable.
4 100-pufd. mica grid condenser.
Cs — 3-30-pufd. adjustable mica antenna coupling.
R1 — l-megohm, Yg.watt grid leak.
L1, li2 — Grid coil and tickler coil. See coil table for
dimensions.
Ty — Interstage audio transformer, 3:1 ratio.
5 2 . B4+ toggle switch.
-mh. detector plate rd. choke,
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ONE-TUBE REGENERATIVE RECEIVER
COIL DATA

Coil Grid Winding (L1) Tickler (L2)

A 56 turns No. 22 enamelled 15 turns No. 24 enamelled

B 32 ¢ o « g « o« u o

c ls . . “ g 5 g 0 [ “*

D 10 ¢ o« “ g o« o« o« «
Alleoils wound on 1V4-inch diametet forms (H lund SWF-4)-

Grid windings on coils B, C and D spaced to occupy a length of 112
inches; grid winding on coil A close-wound. Tickler coils all close-
wound, spaced V4 inch from bottom of grid winding. See Fig. 1105.

Frequency range Coil: A — 1700 to 3200 ke.
B — 3000 to 5700 ke.
C — 5400 to 10,000 ke.
D — 9500 to 18,000 kec.

Coil A misses the high-frequency end of the
broadeast 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 ('s at maxi-
mum and slowly tuning with (', until some of
the police stations are heard. These stations
operate on 1712 ke., so that once found they
become “markers’ for the low-frequency end
of the band. Further tuning then should be
done with the main tuning dial.

Locating the other ranges is done in exactly
the same manner, by searching carcfully with
('; and looking for marker stations of known
frequencies. Activity will be greater above 12
Me. during the day and below that frequency
at night.

A suitable antenna for the recciver would be
50 to 75 feet long, and as high and elear of sur-
rounding objects as possible. The ground lead
should preferably be short; a ground to a

RIRR]

BOTTOM OF SOCKET
OR COIL FORM
Fig. 1105 — Method of winding coils for the one-tube
regenerative receiver, Pin | conneets to ground, pin 2 to
the plate of the detector, pin 3 to RF( and the stator
plates of Cz, and pin £ to_the stator plates of C1 and Cs,

heating radiator or water piping is usually
good.

o A\ REGENERATIVE SINGLE-SIGN AL

RECEIVER

An inexpensive amateur-band receiver using
i.f. regencration for single-signal reception, is
shown in Fig. 1106, Fig. 1108 gives the circuit
disgram. Regeneration also is used in the mixer
circuit to improve the signal-to-image ratio
and to give added gain. This recciver is de-
signed to give the maximum of performance,
in the hands of a capable operator, at minimum
cost. Seleetivity, stability and sensitivity are
primary considerations,
The mixer, a 68A7, is coupled to the

antenna and is separately excited by
a 6J5 oscillator. There is a single 460-
ke, i, stage, using a 6SK7 and per-
meability-tuned  transformers. The
second detector and first audio ampli-
fier is a 6:3Q7 and the audio cutput
tube for loud-speaker operation is a
61°6. The separate beat oscillator eir-
cuit uses a 6CH. A VR-103 voltage reg-
ulator tube is used to stabilize the
plate voltage on the oscillators and
the sereen voltage on the mixer and
i.f. tubes.

To make construction easy and to
avoid the necessity for additional
trimmer condensers on each coil, the
mixer and high-frequency oscillator
eircuits are separately tuned. Main
tuning is by the oscillator band-

Fig. 1106 — A 7-tube superhet using regeneration to give single-
signal reception and an improved image ratio, The dial is of a type
that can be directly calibrated for cach amatenr band. T'wo plug-in
coils are used for each range, The chassis is 11 by 7 by 2 inches and
the panel 7 by 12 inches.
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spread condenser, ('3, which is op-
erated by the calibrated dial. Cq is
the oscillator band-setting condenser.
The mixer circuit is tyned by Cy,
and regeneration in this circuit is



Fig. 1107 — Top view of the 7-tuhe super-
het without coils in place. The band-spread
tuning condenser, Cs, is at the front center;
at the left is the mixer tuning condenser and
at the right the oscillator band-set condenser.
‘The oscillator tube is in the center, with the
mixer tube to the left on the other side of a
baffle shield. This shield, measuring 114 by
115 inches, is used to prevent eoupling be-
tween oscillator and mixer. The mixer coil
socket is at the left edge of the chassis, and
the oscillator coil socket is next to (3.

The i.f. and audio sections are along the
rear edge of the chassis. The transformer in
the rear left corner is T'1: next to it is the i.f.
tube, then T2, Next in line is the 6807, fol-
lowed by the 6C35 beat oseillator, the b.o.
transformer, T3, and finally the 61°6. The
VR-105 is just in front of Tj.

/an/t'o é)(iuipmenl

Fig. 1108 -
C1 — 50-pufd. mixer tuning, Ca
C2 — 530-pufd. oscillator band-set. Coo
Caz — 35-uufd.  oscillator  band-
spread. Iy
C4q — 50-pufd. mica oscillator cou-
pling. R2
Cs, Cs — 0.1-ufd. cathode hy -pass.
Cg — 0, 1-pfid. mixer screen by -pass. Ria
C7 — 0.1-ufd. mixer plate by-pass,
Co — 0.01-pfd. b.f.o. plate by-pass, Ry
Cio, C1t — 0.01-pfd. audio coupling.
Ciz — 0.01-xfd. i.f. amplifier grid Rs
by -pass.
Ciz — 0.005-u4fd. oscillator plate Re
by -pass.
Cis — 0.005-pfd. mixer grid by- Rs
pass.
Cis — 3-30-pufd. adjustable i.f. feed-
back. Rs
Ci6 — 250-pufd. diode by -pass.
Cr7 — 100-uufd. c.f. filter. Ro
Cis 100-uufd. oscillator grid.
Ci9, C20 — 25-ufd. electroly tic cath- Rio

e by -pass.

{4

6.3v. -250 +

25-uufd. b.fo. tuning,
100-pufd, mica diode Hock-
ing.

200-0hm, lj-watt cathode
bias,

20,000-0hm, Vg-watt injec-
tion grid leak,

50,000-0hm, lo-watt oscil.
lator grid leak.
50,000-0hm,  Vg.watt b.f.o.
plate dropping.
50,000-0hm, 1g.watt diode
r.f. filter.

300-0hm, 1g-watt cathode
bias.

0.2-megohm, Y-watt diode
load.

2000.0hm, V4-watt cathode
bias.

L.O-megohni, Y4-watt a.v.c.
filter.

0. l-megohmm, Y4-watt plate
load.

.

Small to
o % ode %ﬁa
ry Fc‘m’ Ry 6C5
. W N
<
VR-105 3 -
All Hrs. a

Circuit diagram of the regenerative superhet.

Ry — 0.5-megohm, l4-watt grid.

Ri2 — 1530.0hm, l-watt cathode
hias,

Riz — 75.000-0hm, l-watt bleeder.

Rig 5000-ohm, 10-watt voltage
dropping.

Ri5 — 10.000-chm mixer regenera-
tion control.

Rig — 25.000-0hm i.f. gain contrel.

Ri7 — 2-megohm  audio  volume
control.

Rig — 2-megohm, 14-watt a.v.e.
load.

Ty, Tz — 165-kc. i.f. transformer,
permeability tuned.

T3 — 465-ke. h.f.o. unit.

RFC — 2.5-mh. r.f. choke.

I} — Closed-cireuit jack.

S; — S.p.s.t. B4+ toggle switch,

l1-1.s, ine. — See coil table.

X indicates jumper inside VR-103
base.
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controlled by Rys connected across the mixer
tickler coil, L.

Rys is the i.f. amplifier gain control, which
also serves as an i.f. regeneration control when
this stage is made regenerative. ('y; 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 68IK7 and thus produce
regeneration. If the high seleetivity atforded by
i.f. regeneration is not wanted, (';; may be
omitted.

Diode rectification is used in the second de-
tector cireuit. One of the two diode plates in
the 68Q7 is used for developing a.v.c. voltage,
heing coupled through (g to the detector di-
ade. The deteetor load resistor consists of Rj
and R in series, the tap being used for rf,
filtering of the audio output to the triode sec-
tion of the tube. Ry is the a.v.c. load resistor;
Rg, ('14 and ('12 constitute the a.v.e. filter cir-
cuit. Ng cuts the a.v.e. out of eircuit by ground-
ing the rectifier output. The headphones con-
nect in the plate circuit of the triode section of
the 68Q0)7. 5 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 if. transformers fairly
close to the chassis and well separated. With-
out ('35, the if. stage should be perfectly
stable and should show no tendeney to oseil-
late at full gain.

The method of winding the coils is shown in
Fig. 1110 and complete specifications are given
in the cail table,

The i.f. amplifier can be aligred most con-
veniently with the aid of a modulated test oseil-
lator. First alignment should be made with ('
disconneeted so that the performance of the
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Fig. 1109 —The helow.chassis
wiring is shown in this view of the
7-tube superhet. The eontrols along
the bottom edge of the panel are,
from left to right, the mixer regenera-
tion control, Ris, the if. gain cone
trol, Ris, the audio volume control,
Riz, and the beat-oseillator tuning
condenser, C21. The latter has one
corner of one rotary plate hent over
~0 that when the condenser plates
are fully meshed the condenser is
short-circuited, thus stopping  os-
eillation,

amplifier non-regenerative can be checked.
A headset or loud speaker can be used as an
output indicator. The mixer and oscillator
eoils should be out of their sockets, and Ry
should be set at zero resistance.

After the L.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
oseillator padding condenser, 'z, at almost
maximum capacity and the mixer regeneration
control, Ry; for minimum regeneration — no
resistance in eircuit. Connect an antenna.
Switch on the beat oscillator by turning ('
out of the maximum position, and adjust the
serew on 7’3 until the characteristic hiss is
heard.

As (') 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-
capacity side corresponds to the image fre-
quency, and the mixer condenser should always
be tuned to the peak which oceurs at the higher
capacity setting.

After the signal peak on 'y has been identi-
fied, tune C3 over its whole range, following
with (', to keep the mixer eircuit in tune, to
see how the band fits the dial. With g prop-
erly set, the band edges should fall the same
number of main dial divisions from 0 and 100;
if the band runs off the low-frequency edge,
less capacity is needed at Ca. while the con-
verse is true if the band runs off the high edge.
Onece the band is properly centered on the dial,
the panel may be marked at the appropriate
point so that (s may be reset readily when
changing bands.

To check the operation of the mixer regener-
ation, tune in a signal on (3, adjust €'y for
maximum volume, and slowly advance the
regeneration control, Ris. As the resistance




MIXER

OSCILLATOR

+B GND.

TOP OF SOCKET VIEWS

Fig. 1110 — Coil and socket connections for the
7-tube superhet. The small coil inside the mixer coil
must be oriented properly for regeneration to take place.

increases retune Cy 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
C; will tune more sharply. Finally the mixer
circuit will break into oscillation when, with C,
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 oceur with Rz set at half to three-
quarters full scale. In practice, always work
with the mixer somewhat below the ecritical
regeneration point and never permit it actually
to oscillate. On the lower frequencies, where
images are less serious, the tuning is less eritical
if the mixer is non-regenerative. In this case,
always set Ryp 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 €5, taking out the adjusting serew 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-
nanee the amplifier will oscillate, and each
time this happens the gain control, Ry, should
be backed off until oscillations cease. Adjust
the trimmers to give maximum output with the
lowest setting of Ris. At peak regencration the
signal strength should be about the same, de-

adio Cqguipment

COIL PATA FOR 7-TUBE SUPERNET

Wire

Band Coil  Size Turns Length Tap
1.75 Me. Iy 24 70 Close-wound
Ly 24 15 3
La 22 15 -
| on} 22 42 (‘lose-wound Top
Ly 24 15 " " -
3.5 Me. 1 22 35 o “ =
Le 22 9 - - e
L3 22 12 S _
L. 22 25 1 inch 18
| PP 22 10 (lose-wound —
7 Me. L 18 20 1 inch _
1o 22 5 Close-wound —_
L3 22 9 —_
Iy 18 14 1linch 6
Ls 22 6 C'lose-wound —
14 Me. Iy 18 10 linch —_
Lo 22 5 Close-wound —_
Ls 22 7 -
Ly 18 7 1 inch 2.4
Is 22 4 Close-wound -
28 Me. 1. 18 4 1 inch —_
1 P 22 4 ('lose-wound —
Ls 22 1.5 == o
Ly 18 3.6 1 inch 1.4
Ls 22 2.4  Close-wound —

All coils exeept L are 134 inches in diameter, wound
with enamelled wire on Hammarlund SWF Forms, Spacing
between Ly and Lo, and between L4 and Ls, approximately
34 inch. Band-spread taps are measured from bottom
(ground) end of La.

L3 for 28 Me. is interwound with L,; at the bhottom end.
L3 for all other coils is self-supporting, scramble-wound to a
diameter of 3£ inch, mounted inside the coil form near the
hottom of 1,.

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 e.w. reception, set the beat
oscillator so that when Ry4is advanced to make
the i.f. just go into oscillation the resulting tone
is the desired beat-note frequency. Then back
off on R)g to obtain the desired degree of
seleetivity. Maximum seleetivity 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 230 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.

o COMMERCIAL SUPERHETERODYNE

RECEIVERS

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. 1111-1116.

The National HRO, shown in Fig. 1111,
1112 and 1113, is a high-gain superheterodyne
using plug-in eoil gangs for the various fre-
quency ranges. Coils are available for bands of
frequencies between 50 ke, and 30 Me., 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 Me. 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

is set to the end of the scale. A tuning meter
mounted on the panel ean be switched in
during 'phone reception for comparative meas-
urements of earrier 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 svery revolution to give eonsecutive
numbering by tens from 0 to 500.

A high order of frequeney and alignment
stability is obtained by the use of air-dieleetric
trimmer and padder condensers.

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 erystal filter and two stages of Lf.
amplification. The erystal filter is re-
sponsible for a high order of sclectiv-
ity and is used for “single signal”
reception of e.w. signals. A double
diode, hi-x pentode is used for the
second detector and first audio stage,
and is followed by a pentode audio
output tube. A beat-frequeney oseil-
lator is loosely coupled to the diode
second detector.

The coil gang plugs in at the
lower center of the panel, as can
be seen in Fig. 1111, The controls
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 erystal filter. An
“on-off ” switeh is ineluded for turning off the
receiver during transmission periods, and an-
other switeh turns on the a.v.e. when radio-
phone signals are being received. A third
switeh, mounted on the h.f.o. eontrol, turns off
the b.f.o. for 'phone reception when the control

Fig. 1111

gang of four coils is plugged in under the tuning dial.

The National HRO 9.tube superheterodyne. The

The Hammerlund “Super Pro,” shown in
Figs. 1114, 1115 and 1116, is a 16-tube super-
heterodyne using  coil-switehing  for  band
ehanging. Several models are available — the
two eommon ones cover a range of 0.54 to 20
Me. and 1.25 to 40 Me. 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 erystal
filter followed by three stages of i.f. amplifica-

¢

Fig. 1112 A top view of the
HRO receiver. The ganged tuning
condensers can be seen either side of
the dial mechanism,

¢
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tion. The eryvstal filter is
adjustable in steps from a
seleetivity wide enough to
admit ‘phone signals to
sh:u-p enotigh for single-
signal e.w. reception. To
increase further the selee-
tivity range of the if. am-
plifier, the if, transformers
are given a variable-selec-
tivity  characteristie by
making the coupling he-
tween  coils  adjustable
from the panel. Thus, by
turning the i.f. seleetivity
knob on the panel, the if.
characteristie can be made
broad enough for high-
fidelity ’phone reception

or sharp enough for some-

.

-
- -

o
-0,“

thing approaching single-signal per-
formanee.

The if. amplifier is followed by a
diode second detector, an andio nowse
limiter (useful for removing interfer-
enee of the type caused by automobile
ignition and similar sources);, and
two stages of audio amplification
which drive a push-pull pentode ont-
put stage. The a.v.e. voltage isx ob-
tained from a separate diode rectifier
which is driven by an a.v.e. amplifier
tapped into the output of thei.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 eircait
of the last Lf, amplifier stage,

The power supply of the Super P'ro
is a separate unit connected to the re-
ceiver through a flexible eable. 1t i a
heavy duty affair with a separate vee-
tifier for the C-bias supply. Thix
rectifier obtains its voltage from a tap
on the power transformer. The fixld

t‘ Fig. 1113 — Thiz under-chassis view
of the RO shows the coill compartment
and the wiring of the receiver,

<« Jig 1111 The Hammarlund Super
Pro to-tube <uperheterods ne. The bhand-
change switeh i lacated betweer the two
dial windows, just helow the S meter.

Fig. 1115 — A top view ot the Super
Pro, showing the shielding of the coils
and tuning condensers (center).
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parative carrier strengths, and the
sensitivity of the metering system
can be adjusted by a eontrol at
the rear of the chassis so that the
meter will indieate 89 on any sig-
nal from 10 to 10,000 microvolts,
depending upon the requirements
of the operator.

® AN UVLTRA-HIG
FREQI'ENCY
REGENERATIVE

RECEIVER

The superregenerative receiver
shown in Figs. 1117, 1118 and
1119 has excellent sensitivity in
both the 112- and 224-Me. ama-
teur bands, but it is not entirely
free from radiation as would be a
similar receiver with an r.f. ampli-

Fig. 1116

clated trimmer condenser.,

of the loud speaker serves as one of the two fil-
ter chokes in the plate supply filter system.

Two separate gangs of tuning condensers are
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
“bhand spread’™ gang is then used to tune
slowly over thix range. When the hand spread
dial, which is directly ealibrated in frequeney,
is xet to the high-frequeney end of an amateur
band, the band spread dial will read frequen-
ciex in that band. The manufacturer’s tolerance
for such calibration is less than 0.59% of the
highest frequency in each range.

An “S” meter is included for reading com-

— The tuning unit of the Super Pro with the shield cover
removed. FEach coil is mounted on an lsolantile base along with its asso-

fier between the antenna and the
detector, However, such a receiv-
er will permit good reception in
the w.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 w.hd. triode is used in the detector
eireuit, followed by two stages of audio amplifi-
cation. Only one stage of audio ix used for head-
phone reception, and a jack ix provided for
plugging in the "phones. The detector eireuit is
a form of the ultraudion eircuit often used for
uhuf, 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, ¢,
is shunted by a miea trimuner, (o, which is used
as a band-set condenser and which allows

Left

the upper right-hand control adjusts the antenna coupling and the knob below the tuning dial controls the regen-

Fig. 1117 —

eration. Right
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The panel of the two-band superregenerative receiver measures 7 inches square. The knob in

A view of the back of the two-band superregenerative receiver shows the variable antenna coupling
and the placement of parts. Note the 221 Me. coil in the foreground

the 112-Me. coil is in the coil sorket.



greater bandsprecad to be obtained with a
reasonable value for (;. 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-

/gaclio gquipment

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-

6.3V —-180V.+

Fig. 1118 — Wiring diagram of the two.band superregenerative u.h.f. receiver.

) ‘I'wo-plate band.spread tuning,
Cy  3.30-pufd. adjustable mica band-set.
Cy — Seppfd. grid condenser,
Cy — 0.003-ufd. interruption-frequency
by -pass.
Cs, Gy — 10-ufd. eleetrolytic cathode by-
pass.
Ce — 0.01-ufd, audio coupling,
R 10-megohm, V2-watt grid leak.
Rz — 50,000-0hin regeneration control.
Ras — 0.l-megohm, l.watt voltage drop-
ping.
I Antenna eoil
1.2 Detector eoil

R4 — 2500-0hm, '2-watt cathode hias.

Rs — 0.1-iegohm, Y3-watt fringe-howl sup-
pressor.,

Re — 0.1.megohm, V4-watt plate load.

R7 — . l-megohm, Vg-watt grid.

Rs — 300-ohm, 1-watt cathode bias.

J — Closed-cirenit "phone jack.

8 — S.p.s.t. B4+ toggle switeh,

Ty — Interstage audio transformer, 3:1 ratio.

RICy — U.h.f. r.f. choke.

RIF'Cz — 8-mh. interruption
choke.

frequeney r.f.

I turn No. 1t enam. wire, 34-inch inside diam,
112 Me: 3 tuens Vo, 18 enam., Ys-inch diam., spaced to Y-inch

winding length, Tap 114 turns from plate end.
221 Me.: 2 turns No. 18 enam., Yg-inch diam., spaced o 'o-inch winding length.

Tapped at center.

vancing the regeneration control, R, or by
loosening the coupling between Ly and La.

The receiver ix 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 squecezing the
socket in a vise until the bakelite eracks, 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
[solantite 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 wires to the tuning condenser
terminals.

tween the rotor of the condenser and the grid
conneetion 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 wvariable 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 14-
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 spreading the turns slightly. The
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bhand-set condenser gives some further range of
adjustment and, in the receiver ax described,
it is serewed down fairly tightly for the 112-Me.
band and loosened about four revolutions for
224 Me.

Two things will be found to influenee the
sensitivity of the receiver, the value of ¢'4 and
the degree of antenna coupling. It is recom-
mended that values of (‘4 from 0.001 to 0,005
pfd. 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 ix well worth while to tune the antenna cir-
cuit and then vary the coupling with the panel
control. Tight coupling will usually give better

results than loose eoupling, and the coupling
can be inereased almost up to the point where
it is impossible to make the deteetor ozeillate
with no ill effeets except inereased radiation
and QRM for other receivers in the vieinity,

No audio volume control was included in this
receiver because the parts were held down to a
minimum, but one could easily be added. In
this receiver, the value of R; was adjusted
until normal loud-speaker output was ob-
tauined, and it can be varied to meet anyone's
particular requirements,

e A COMMERCEAL U.ILF. RECEIVER
The Hallicrafter 8-27 u.h.f. receiver shown
in Figs, 1120, 1121 and 1122 affords continuonus
eoverage of 27 to 145 Me. in three ranges of
27 46, 45 -84 and 81 145 Me. It is a I4-tube

Fig. 1119 - Left
sochet have heen kept short and how the eoil socke
denser (the 30-uufd, con
has bheen added 10 the s

receiver of the superheterodyne type, with
provision for the reeeption of either amplitude-
or frequency-modulated signals.

Sinee ordinary receiving tubes are of little
value above 60 Mec., special u.h.f. tubes of the
“acorn’’ type are used for r.f. amplifier, mixer
and high-frequency oseillator. A front-of-
panel antenna trimmer control allows the
input circuit to be matched elosely to the
antenna in use, for maximum gain, The mixer
is followed by a two-stage 5.25-Me. i.f. ampli-
fier which has two degrees of selectivity. A
switeh 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 output of the i.f amplifier is fed into a
diode second detector or a limiter and dis-
ceriminator (the latter for f.m. reectification).
A b.f.o. i ineluded for e.w, reception, and an
audio noise limiter ecan be switched in for
quieter reception of a.m. signals. The two
detection methods are followed by audio
amplifier stages ending in a push-pull output
stage.

A dual-purpose ‘N’ meter serves as 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.

Neveral degrees of response ean be obtained
from the audio amplifier through the incor-

A close-up view of the tuning assembly shows how the leads from tuning condenser to tube
t i> mounted on the tuning condenser. Hidden by the grid con-
nser o prominent in the pieture ), the plate terminal of the tabe socket goes to a lug that
stator of the tuning condenser. Right

I'he arrangement of parts under the chassis can be

seen in this photograph. The 6]5 socket is on the left and the 6F6 socket is on the right, near the speaker terminals.
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Fig. 1120 — The Hallierafter S-27 u.h.f.
receiver can be used for either a.m. or f.m.
reception. 'The scale at the left indicates the
frequency — 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 broadeast recciver is obtained,
while in the “high fidelity” position
the high-frequency range is extended
to include the higher frequencies
transmitted by f.m. broadeast 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

/Q(u/io gtiuipmenl

geared much higher and serves as
a vernier indicator of the main
dial setting.

’anel controls, ather than the
tuning, are hand switch, a.f. gain,
a.n.-f.m.switeh, h.f.o. piteh control,
tone selector switch, a.v.c. switch,
noise limiter on-off switch, b.f.o,
switch, send-receive switch and
antenna trimmer control.

o RECEIVER IPOWER

SUPPLIES

Power supplies of most manufac-
tured radio receivers are built into

Fig. 1122 — A close-up view of the coil
and condenser assembly of the S8-27 with
the shicld cover removed. The acorn tube
oseillator can be seen elaarly — the mixer
and r.f. stage acorn tubes are mounted on
the interstage shields.

Fig. 1121 — A top view of the 8-27, showing the shield covering
the coil and condenser assembly and the gears of the dial inechanism.
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Fig. 1123 — This small recciver power supply will
deliver 300 volts at 130 ma. with a choke-input filter and

about 450 volts with a condenserdnput filter. The chas-

sis measures 7 by 9 by 2 inches. The circuit diagram is

shown an 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 different receivers that may be built from
time to time. In either ease, the power supply re-
quirements are substantially the same: correet
voltage (within 109, or so), an adequate power
eapabnility, 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 suflicient
filter and, in some cases, avoiding the use of
mercury-vapor rectifiers, and the fourth can
be satisticd 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
eritical hinses and the plate voltage of high-
frequency and beat-frequeney oseillators. For
this reason, the regulator tubes are usually
used to control only these voltages.

A typical heavy-duty amateur power supply
is shown in Figs. 1123 and 1124, It is built
upon a small metal chassis, with all of the
wiring under the chassis. Heater and high-
voltage conneetions 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 ix made through a male
plug mounted on the side of the chassis. A
switch mounted on one side of the chassis turns
on the 110-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, (1, the output voltage
will drop to about 300, eorrect 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.

O A SIMIPLE TETRODE OSCILLATOR
TRANSMITTER

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 erystal-oscillator eircuit
(§ +-4) is used and is shown in Fig. 1126.
Parallel feed (§ 3-7) is used in both plate and
grid circuits so that the only exposed high-
voltage points are the plate-cireuit r.f. choke
and the high-voltage power terminal. Parallel
plate feed also permits mounting the plate tank
condenser, ("1, directly on the basehboard with-
out insulation. Voltage for the screen is re-
duced to proper value by means of the dropping
resistor, ffs. Bias is obtained entirely from the
voltage drop aeross the cathode resistance, Ry
(§ 3-6). The r.f. chokes are placed so as to be
out of the direet ficld of the plate tank eoil.
By-pass condensers (§ 2-13) are located close
to the points to be by-passed. A eommon
grounding point (§ 2-13) is provided by a wire
running the length of the hascboard to which
all ground eonncetions shown in the eireuit
diagram are made.

Since thix circuit ix not designed for fre-
quency doubling, a separate erystal is re-
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Fig. 1124 — Cirenit diagram of a
typical receiver power supply.
Cy — 1-ufd. electrolytic input.
8- or 10-ufd. electrolytic out-

put.
L — 10-hy., 150-ma. low-resistance
filter choke.
R 15,000-0hm, 25-watt bleeder.
T — Ty pe 80 rect
Power transformer: 400 volts
cach side of center tap at 140
ma., 6.3 volts at 6 amperes
and 5 volts at 3 amperes.




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 eoil. As indicated by the dotted

Fig. 1125-— A simple breadboard oscillator trans-
mitter. ‘The ervstal is plugged in the tube socket to the
left, while the sochet to the right holds the plate tank
coil, Li. The 61.6 osvillator tube is near the center. The
grid r.f. choke is between the crystal and 6.6, while the
plate r.f. cheke is to the right of the 61.6. The cathode
and screen resistors are to the rear of the 61.6. ‘The
blocking condenser, Cg2, is between the tube and the
tanh condenser, Cj, 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 at the bottom
of the plate tank-coil form.

Connections ta a power unit, such as the one
shown in Fig. 1123, 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 check-
ing, for tuning purposes, combined plate and
screen currents which flow through the cathode
cireuit.

With a 61.6 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
cireuit until the tube draws about 80 ma. at
resonance. Under these conditions, the power
output on each band should be 15 to 20
watts.

oA TWOE-TUBE IPLUG-IN COIL
EXCITER
In the two-tube exciter or low-power trans-
mitter shewn in the photographs of Figs. 1127
and 1128, a 6L€ oscillator is used to drive an
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807 as an amplifier-doubler. The circuit dia-
gram is shown in Iig. 1129,

The Tri-tet oscillator cireuit (§ 4-5) is
chosen because of its ability to supply output
at harmonic frequencies of the crystal, as well
as at the fundamental. Sufficient cutput 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, (4. The 807 is a sereened tube,
therefore no neutralizing circuit is required
(§ 4-7). A link, L4, is provided at the output
for coupling to the grid tank ecircuit 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 R4, R;, Kg and Ko
form a voltage divider (§2-6) to provide
suitable voltages for the oscillator screen and
plate. Two separate resistors, Bg and Rg 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 K¢ and R7.

Safety bias for the oscillator tube, in case
the vscillator circeuit ceases to function, is pro-
vided by the cathode resistance (§ 3-6), K.

[ Co
o ANT.

Fig. 1126 — Circuit diagram of the simple tetrode
oscillator transmitter.

C1 — 250-uufd. plate tank condenser.

Cz — 0.001.4fd. mica plate blocking condenser.

Ca, C4, Cs5 — 0.01-ufd. paper cathode, screen and plate
by.pass condensers.

Ri — 200-0hm, 2-watt cathode biasing resistor.

Rz — 15,000-0hm, 2-watt screen voltage-dropping re.
sistor.

RFC — 2.5.mnh. r.f. chokes.

la — Plate-tank inductance, 38 ghy., 12 ghy,, and 5
uhy., respectively, for 1.75, 3.5 and 7 Me.

Power connections are made through the plug and
cable indicated.
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Fig. 1127

A two-tube plug-in coil exciter, built to eonserve space in a relay rack. The crystal socket to the

left is submounted in the panel. The dials eontrol the plate tank condensers, C, and Cz. The knob to the right is
for the meter switeh, Swz, while the toggle switch, Swi, is to the left.

Additional operating bias (§ 4-8) is obtained
from the grid-leak resistance (§ 3-6), Ky In
the amplifier ecircuit, protective bias is fur-
nished from an external 45-volt supply, such as
a “B" battery. Additional bias is obtained
from the grid leak, Ra, when the circuit is in
operation.

A xwiteh is provided so that the millinmme-
ter may he shifted to read ecither osecillator
plate current or amplifier plate eurrent for
tuning purposes. With the keying system
shown, both stages are keyed simultaneously
in the common ecathode 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 cighth
harmonie of the erystal frequeney, 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 eon-
serve panel space in a relay rack. The ervstal
socket ix mounted on the panel so that erystals

may be conveniently changed. The eathode
tank coil, the oseillator tube and the oseillator
plate tank ecoil are grouped elosely to permit
short connecting wires. Ly and L are placed
so that their axes are at right angles to reduce
induetive coupling between the two (§2-11).
(' is mounted inside the ehassis so that short
leads may be passed through elearance holes
in the chassis between its terminals and those
of Lo. The 807 tube is mounted horizontally
from a small metal panel which, together with
the evlindrical ean, provides a measure of
shielding against external stray capacitive
coupling between the amplifier input and out-
put eircuits which, if allowed to exist, might
ause self oseillation 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 reduee inductive coupling be-
tween the two tank cireuits.

In preparing to place the unit in operation, a
erystal must be chosen whose fundamental
frequeney or whose second-, fourth- or eighth-
harmonie frequeney falls at the output fre-
queney desired. For output at the fundamental

Fig. 1128 L nderneath view
of the two-tube plug-in coil ex-
citer. T'he components mounted
along the rear edge of the chassis
from left to right are: T'he output
tank coil, Lz, the 807 amplifier
tube, the oscillator plate tank
coil, 1.2, the 616G oscillator tube
and the cathode coil, 1. Inside
the chassis are the two tank con-
der . C1 and Cz, which must
be insulated from the chassis, and
the various resistors. Insulating
couplings are used bhetween the
tank-condenser shafts and the
two dials,
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frequeney or the second- or fourth-harmonie
frequencies of the crystal, coils must be se-
leeted for Le and Lz which will resonate at the
desired output frequency. If the output fre-
quency desired is the eighth-harmonie fre-
quency of the crystal, ('y-Le should tune to the
fourth harmonic, while the (‘g-Lg circuit should
be tuned to the desired output frequency. The
eoil used for L, should alwayvs correspond to
the frequency of the crystal in use. When
C1-Ls is tuned to the fundamental frequency
of the erystal, Swy should be closed. The cir-
euit is then that of a simple tetrode erystal
oseillator (§ 4-4). The purpose of this is to
prevent excessive erystal r.f. currents which
may damage the erystal when the oscillator
tube is operated at high-power input at the
erystal fundamental frequency (§ 4-3).

When the unit is operated at 750 volts, the
power output obtainable should run hetween
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

oL6G
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and, therefore, the power ontput obtainable in
practiee will be reduced to hetween 18 and 25
watts.

oA 150-WATT IPUSII-IPULL.

AMPLIFIER

Figs. 1130 and 1131 show two views 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, T53, 812, 8005, RK31, HF100,
ete. 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 eircuit, which is conventional, is shown
in the dingram of Fig. 1132, \ tuned tank cir-
cuit is provided for the grid 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 suflicient tank-circuit capaeity
(§ 4-8) without the use of variable eondensers
of excessively-large physical dimensions, pro-
vision has been made for plugging in a fixed
air padding eondenser in parallel with each of

807
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Fig. 1129 — Circuit diagram of the two-tube exciter.

C1 — 140-pufd. oscillator plate tank condenser,

Co — 150-uufd. amplifier plate tank condenser.,

(3 — 100-pufd. mica cathode tank condenser,

(4 — 20-pufd. mica coupling condenser.

Cs, Cop — 0.01.u4fd., 600-volt, paper cathode hy-pass
condensers,

Cs, Cro— 0.01-pfd., 600-volt, paper screen hy-pass
condensers.

C7 — 0.01-4fd., 600-volt, paper oscillator plate by-pass
condenser.,

Cg — 0.01.4fd., 600.volt, paper grid-circuit, by-pass
condenser,

Ci1 — 0.01-ufd., 1000-volt, paper amplifier plate by-
pass condenser,

Ri — 20.000-0hm, 1-watt oscillator grid leak.

Rz — 25,000-0hm, 2-watt amplifier grid leak.

R3 — 200-ohm, 2-watt oscillator cathode biasing re-
sistance.

R4 — 10,000 ohms, 25-watt (see text).

Rs — 3500 ohms, 25-watt (see text).

Re, R7 — 15,000 ochms, 25-watt (see text).

Rz, Re — 1250 ohms, 50-watt (see text).

Rin, Rii — 10-ohm, 1-watt meter-shunting resistances.

RFC — 2.5-mh. r.f. choke.
Sw; — S.ps.t. toggle switeh (see text).

I

Swa — D.p.d.t. rotary meter switch,

.1 — Osecillator eathode inductance — 35 uhy., 3.2 uhy.,
and 1.75 uhy., respectively, for 1.75-, 3.5- and
7-Mec. crystals,

L2 — Oscillator plate tank inductanee — 54 uhy., 15
uhy., 4.2 shy., 1.25 ghy. and 0.5 ushy., respec-
tively, for 1.75 7. 14 and 28 Me.

1.; — Ampilifier plate tank inductance —52 uhy., 16
uhy., 5.7 uhy., 1.5 ubhy. and 0.7 uhy., respec-
tively, for 1.75, 3.5, 7, 14 and 28 Mec.
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the tank condensers for 1.75-Mec. operation.

The rotor of the split-stator plate tank con-
denser, (', is insulated from ground for d.e.,
while Cjp provides a ground path for r.f.
currents. This permits a high d.c.-voltage con-
nection to be made to the rotor of g, thereby
removing the difference of d.e. 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 Lz-C'g and Ls-('5 are trap
circuits tuned to trap out ultra-high-frequency
parasitic oseillations which are usually en-
countered in an amplifier of this type (§ 4-10).

The 100-ma. meter may be switehed to read
cither d.e. grid eurrent or total cathode eur-
rent. When switehed to read cathode current,
the meter is shunted by a low resistance, R,
which is of the correct value to give a meter-

scale multiplication of five (see Chapter 12).
The shunting resistance, Ry, 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 eoil are placed on either side of a
vertical partition with clearance holes for the
connecting leads. The tubes are placed on the
chassis with their plates close to the stator
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 vertieal
partition to the left with its axis at right
angles to that of the plate tank coil. The chassix

Fig. 1130 A 450-watt
push-pull amplifier. The grid
tank inductance, |, is to the
feft and the plate tank in-
ductance, L2, to the right.
The two neutralizing  con.
densers  are  staggered  be-
tween the two tubes on the
chassis, The plate tank con-
denser, Cz, is mounted on the
right-hand  partition.  The
parasitic trap tank cireuits,
La-Cs and LsCs, are in the
plate leads to the tubes.

¢

¢

Fig. 1131 — Bottom
view of the 450.watt
push-pull amplifier. show -
ing the position of the
grid tank condenser be-
tween  the  two  sub-
mounted  tube  sochets
and the two air padding
condensers in place for
1.75-Me. operation.

¢
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No grid leak is shown in the diagram, since

taining the required grid-
leak resistance discussed in
the chapter on power sup-

E Output
ciency with plate modula-
tion, an exciter having an output rating
of not less than 25 watts is required. The

AW,

!

-BIAS ST -HV. tHM
15v. +BIAS

Fig. 1132 — Circuit diagram of the 450-watt push-pull
amplifier.
Cy — 100-pufd. per-section grid tank condenser, 0.03.
inch spacing.
Cz — 100-yufd. per-section plate tank condenser, 0.07-
inch spacing.
(3, C4 — Micrometer-type nentralizing condensers,

Cs, Cg— 30-pufd. mica-trimmer parasitic-trap con-
densers,

(s —0.01.ufd., 600-volt, paper grid-circuit by-pass
condenser.

Cs, Cg— 0.01-ufd., 600-volt, paper filament by-pass
condensers.

Ciro — 0.001.u4fd., 7500-volt, mica plate-circuit by-pass
condenser.

Ci1 — 50-pufd., air grid-tank padding condenser for

1.75 Me., 0.05-inch spacing.

Ciz — 50-pufd. air plate-tank padding condenser for
1.75 Me., 0.125.inch spacing.

Ry — 25-0hm, 1-watt meter-shunting resistance.

Rz — Metcr-multiplier resistance for 5-times multi.
plication.

RFC — 1.mh. r.f. choke.

MA — D.c. miliammeter, 100-ma. scale.

1.1 — Grid tank inductance — 70 phy., 38 shy., 13 uhy.,
4.5 uhy. and 0.8 uhy., respectively, for 1.75,
3.5, 7, 14 and 28 Mec., 3-turn links.

l.2 — Plate tank inductance — 70 uhy., 35 uhy., 14
uhy., 3 uhy. and 1 uhy ., respectively, for 1.75,
3.5, 7, 14 and 28 Me., 2-turn links.

1.3, L¢— Parasitic trap eoils -—4 turns No. 12 wire,
14-inch diameter, 34-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 are placed in a position where short,
direct connecting leads are possible. The para-
sitic-trap components are soldered directly in
the leads from the tube plate caps to the stators
of Cs.

For operation at maximum input, a plate-
voltage supply delivering 1500 volts at 300
ma. is required. l'ilament supply, depending
upon the tubes selected, will also be required.

it is assumed that biasing voltage will be
obtained from one of the simple units con-
ply (§8-9).
IFor maximum plate effi-
exciter unit deseribed in the previous see-
tion should be suitable.
o A GRID-STABILIZED. 8135 112-MC.
TRANSMITTER
The transmitter shown in Figs. 1133 and
1134 uses an 815 double bcam tube in a grid-

stabilized oscillator cireuit and will run at
an input of 60 watts with good efficiency. The

j

Fig. 1133 — The grid-stahilized 112-Mc. transmitter
is mounted on a 3- by 4- by 5-inch mctal hox, and the
box houses the filament transformer and the various
fixed condensers, resistors and the r.f. choke. The fre-
quency is changed by adjusting the length of the grid
lines by sliding the inner tuhes in and out. The power
supply cable plugs on the plug mounted on the side of
the box. Wires for feedhback control run from the plate
caps of the 815 close to the grid lines.
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cireuit 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

815

L, L2

RFC

T

AC.

400v. L

Fig. 1134 — Wiring diagram of the grid-stabilized

2Y%.meter oscillator.
« 15-pufid. per section dual plate tuning.
e

1
2 — 0.002-4fd. miea sereen by -pass.

Cy Feedback condenser. See text and Fig. 1133,

R, 15,000-0hm, 1-watt grid leak.

R2 — 25,000-0hm, 10-watt screen dropping.

11 — Grid lines: Y4-inch diam. copper tnbing 23 inches
long. Spaced | inch on eenters: grids tapped 23
inches from shorted end.

1o Plate inductance: 2 turns No. 12 enam., l-inch
diam., turns spaced 34 inch.

La — Antenna coupling coil: 2 turns No. 12 enam.,
Yg-inch diam,, turns spaced 14 inch.

RIC U.h.f. r.f. plate choke.

Ti — 6.3-volt ilament 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 ineh from the
hox 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 34ineh
diameter tubing which can be moved in and
out to adjust the frequeney 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 asx a guide for
the sliding variable antenna coupling. Two
large 866G-typc plate caps are slid over the
pillar and the antenna binding-post assembly is
fastened to them by short lengths of No. 12
wire. By sliding thix assembly up and down the
antenna coupling ean 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 ean best he done
with a dummy load such as a 25-watt electric
lamp eonnected to the antenna terminals. The
lead from the grid leak, Ry, to ground should
be opened and a 0-10 millammeter connected
in the eircuit. 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 away from the grid lines. It is not
too critieal 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 ean
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 eurrent should
be between 3.5 and 5 ma. under these eondi-
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.

oA TRANSMITTER FOIt 221 MC.

As one operates on frequencies higher than
116 Me. he finds considerable difficulty in get-
ting good performance with tubes other than

Fig. 1135
A rectangular hole in the top of the Presdwood chassis
allows the tuning condenser to be placed for shortest
leads. The tuning condenger is adjusted by an insulated
serewdriver. ’

A 221.Me, transmitter using the HY75.




HYTS L 5
L ™C,
WNUE' J
R Errc,
RFCZ RFC3
63 Filament :
.3V. =
Transformer gee
Center tap

Fig. 1136 — Wiring diagram of the 224.Me. oscillator.
€1 — 100-pufd. midget variable tuning.
Ri1 — 5000-0hm, 10-watt wirewound grid leak.
[.1 — Series-tuned tank circuit: ¥3-inch copper tubing
315 inches long, spaced 2 inch on centers.
12 — Antenna coupling loop: 2-inch loop No. 16 bare

wire,

RFCy — U.h. A, r.f. plate choke.

RFC2, RFC3— Filament chokes:
enam. closewound on
supporting.

10 turns No. 18
Va-inch diam., self-

those designed expressly for u.h.f. operation.
However, there are several inexpensive tubes
available to amateurs that will perform well on
224 Me., and the transmitter shown in Figs.
1135 and 1136 shows how the HY75 ean be
used.

The transmitter is built on a 315- by 615-
ineh strip of Y4-inch Presdwood supported by
two strips of I- by 2-inch wood. A rectangular
hole is eut in the center of the Presdwood to
acecommodate the tuning condenser which is
supported by two metal pillars at one end. The
tuned eircuit consists of two pieces of l4-inch
copper tubing supported at one end by two
feed-through insulators. The screws
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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 Cy. The frequeney coverage of the
transmitter should now be checked, by Leecher
wires or a wavemeter, to make sure that it
will cover the range. T'he coverage ean be ad-
justed 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
capable of furnishing 60 ma. at 400 volts, and
the modulator 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 an-
tenna for the 224-Me. band if desired. 1t is de-
sirable not to run a feed line for any great dis-
tance at this frequeney because of the ehances
for loss in the line.

oA 112-MC. “WALKIE-TALKIE”
TRANSMITTER-RECEIVER

Many battery-operated lightweight 112-Mec.
stations are of the ‘“transceiver” variety,
which usually eonsists of two tubes, one serving
as the transmitter oscillator or reeeiver de-
tector and the other as modulator or audio
amplifier, depending upon the position of the
“send-receive”” switch. A transeeiver of this
type has the disadvantage that too many eom-
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 frequeney
because only one tuned eircuit is used. Further,
it is practieally impossible to obtain good trans-

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. Connee-
tion from the tubing to the grid and
plate leads of the tube is made through
L5 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 parallel to the eopper
tubing and terminatingin the antenna
binding posts. The coupling is varied
by moving the loop nearer to or far-
ther away from the eopper tubing.

The transmitter should first be
tested with a dummy load, and a 10-
watt eleetrie lamp is excellent for the
purpose. The load is eonneeted to the
antenna posts and the power supply
is then turned on. If everything is

connected properly the lamp will Fi
light, its brilliancy depending upon

2. 1137

into a knapsack which contains two complete sets of batteries.

A 112-Me. pack set ready to go. The station is built
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mitter stability and receiver sensitivity at the
same time in such an arrangement,

The transmitter-receiver shown in Figs.
1137, 1138 and 1139 isx a big improvement
over a transceiver in that it uses only two
tubes but has separate tuned ecirenits for re-
ceiving and transmitting. thereby reducing
considerably the compraomises in performance.
In the “receive’ position a low-C' tank circuit
is switched in. This has been adjusted for
best sensitivity. In the “send” position a

X
1.4V g —urav i l-j
OV -—e = 90y
53 Sov
Pal -4y

Fig. 1138 — Wiring diagram of the 112-Me¢. pack set.
(O 10-gpfd. midget receiver tuning,
! 35

2 S-pufd, midget transmitter tuning.

C3 — 3-30-ppufd.  adjustable mica receiver antenna
coupling,

C4 —3-30.4ufd. adjustable mica transmitter antenna
coupling.

Cs — 100-gufd. receiver grid,

Ce — 100-gufd. transmitter grid.

Cz — 0.004-pfd. interruption-frequency by -pass.
Cs — 0.01-4fd. audio coupli
K1 — 0.5-megohm, Lo-watt receiver grid leak.
Rz — 15.000-0hm, Yo-watt transmitter grid leak.
K3 — 0.25-megohm, Vo-watt andio grid.

R4 — 50,000-0hm regeneration control.

REFC) — Uh.f. receiver plate choke.
REF(C2 U.h.f. transmitter plate ehoke.
REFCs — 80-mh. interruption frequeney filter choke.

J — Open-eir

rophone jack.

ion Isolantite r.f., switch,

tion bakelite d.c. and andio switch.
S and Sz are ganged.

Sz — D.pos.t. on-off toggle.

S¢ — Dop.d.t. power supply seleetion toggle.

I' — S.b. microphone-to-grid transformer.

L, — 15-henry, H0-ma. modulation choke.

L1 — Receiver inductance: 3 turns No. 1+ enam., 3%-
inch inside diam., 7/10-inch long.

l2 — ‘Fransmitter inductance: 1 turn No. 12 enam,,
V4-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
sase is large enough to hold two complete sets
of batteries: a switeh 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 350 hours of
operation can be expected from a single
set.

A 1QHGT, with plate and sereen grid con-
nected together to give a triode eharacteristic,
is used for the r.f. tube. A two-section two-
position rotary switeh is used for changing
from “send” to “receive” and back again. One
section of the switeh (Ny) has Isolantite insula-
tion and is used to switeh the r.f. eircuits: the
grid and plate of the 1Q5GT and the antenna.
The other section of the switeh (S3) is bakelite-
insulated and controls the d.e. and audio
cireuits, In the “receive” position, Sp con-
nects in the interruption-frequency feedback
condenser, ('; (removed during transmission
because it by-passes too much of the audio
from the microphone transformer), opens the
microphone cireuit to reduce battery drain,
closes the receiver regeneration-control supply
circuit and switehes the output of the audio
tube (also a 1QAGT) 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, 7' (acting as a
coupling impedanee), coupling eondenser Cy
and grid resistor R3. Regeneration is controlled
by the setting of Ry, Bias for the audio tube is
obtained from a small £.5-volt battery. When
transmitting, the plate circuit of the audio
tube is coupled to the oscillator across L.

A toggle switceh, Ss, turns on the station, and
another toggle switch, Ny, is used to switeh 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 extend to the hottom of the knapsack.
Corner posts, of To-inch square wood, are pro-
vided for fastening the panel in place. Glue
and brads are used to hold the box and eorner
posts together. The box is prevented from
slipping into the knapsack by tacking strips
of Y-inch quarter-round trim around the top
edges of the box.




Fig. 1139 — A view of
the back of the 112-Me.
pack-set pancl. The re-
ceiver tuning  condenser
ean be seen to the lelt of
the “send-receive” switch.
The two tubes are
mounted on hrackets on
the switch, The micro-
phone transformer, micro-
phone jack, headphone tip
jachs  and regeneration
control can be seen at the
left-hand edge. The mod-
ulation transformer, L., is
direetly behind the two
tubes.
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The arrangement of the parts in the r.f.
portion of the station ix centered around the
“gsend-receive”” switch because of the necessity
for short r.f. leads. The two tube sockets are
supported by metal brackets mounted on the
switch, thus placing the r.f. tube socket di-
rectly over the lsolantite switch section and
the audio tube over the bakelite switch section.
The brackets can be made of Y4-inch strips of
14 g-inch thick aluminum or copper. The ply-
wood panel is backed up by a 31%- by 5-inch
plate of aluminum to reduce hand-capacity
effects. The tuning condensers, C; and (g,
are mounted on 1-ineh pillars as close to the
Isolantite switch as possible.

Considerable care must he 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 KF('3 to the audio trans-
former had best be shielded to prevent r.f.
pickup along its length.

The antenna is a 38-inch length of automo-
bile antenna. It ixsupported 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 unserewed from the assembly when not in
use.

To test the station, connect the batteries,
antenna, headphones and microphone and
throw S-Sz to the ‘“‘receive’” position. Set
the antenna condensers, ('3 and ("4, to the
minimumn-capacity  position.  When N3 s
closed and the tubes heat up (which takes only
an instant), the usual superregenerative hiss
should be heard ax R, is advanced. If no hiss ix
heard, it may be necessary to try different
values of ('; or R), providing, of course, that
the wiring has heen thoroughly checked and

found to be correct. The receiver inductance,
Ly, can now be adjusted by squeezing the turns
together or pulling them apart until the tuning
range covered by (') includes the 112-Me,
amateur band. Then close ('3 until it is neces-
sary to advance [ty well towards the end of
its range to obtain regeneration.

Upon switching to “send,’ the inductance
Ly should he trimmed until the transmitter
tunes to 112 Me, with ('3 almost eompletely
meshed. This will give the best stability ob-
tainable with this rig. It is probable that (4
can be closed up to very necar 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 communiea-
tion possible where it would not he 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-half mile or more.

e A 10-WATT SIPEECH AMPLIFIER
, OR MODULATORR

Fig. 1140 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 pentode. Resistance coupling
(§5-9) is used between the output of this
stage and the input of a second stage with a
G6J5 triode. The 6J5 is transformer coupled to
the input of a push-pull amplifier which fur-
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Fig. 1140 — A 40-watt speech amplifier
or modnlator of inexpensive construction,
The 6J7 and first 6)5 are at the front, near
the microphone connector and volume con-
trol, respectively. T1 is just behind them, and
the push-pull 6J3s are at the rear of the
chassis hehind Ty, 'I'2, the 61.6s, and 'I'; fol-
low in order to the right.

¢

nishes sufficient power to drive a pair of 6L6s
operating as Class ABg power amplifiers. Gain
is controlled by the potentiometer, Rg, 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 hy-pass condenser is required across the
cathode resistor of the push-pull stage, g, be-
cause, with a circuit of this type, the sum of
the instantancous cathode currents of both

tubes does not change and, therefore, degen-
eration cannot take place.

7' is of the type commonly known as an
interstage audio transformer with a turns ratio
which provides a step up of signal voltage
from the plate of the single 6J5 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 6L.6s with good
regulation over the excitation cyele (§ 5-6).
The output transformer, 7’3, is chosen with a
turns ratio to provide the correct operating
load resistance for the 6L.6s, depending upon
the value of the load connected across the
secondary of the transformer.

R0 and R); comprise a voltage divider

6J4S 6L6

Output

_L +270
L
Al .vt.r:v c;|—' R R,
l’\&l__) ; l = =.L o
-7 6.3v -8 -225 +360
3

Fig. 1141

Cyi — 0.1-pfd. screen by-pass condenser.

(3 — 0.01-xfd. eoupling condenser.

Ca — 20-pfd., 50-volt electrolytic cathode by pass con-
denser.

Cs, Cs, Cg— 8-pfd., 450-volt eleetrolytic aundio-filter
condensers.

R1 — 5-megohm, Y2-watt grid resistance.

Rz 1300-0hm, 12-watt cathode biasing resistance.

R3a — 1.5-megohm, !j-watt screen voltage-dropping
resistance.

R4 — 0.25-megohm, Vs.watt plate load resistance.
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Circuit diagram of the 10-watt speech amplifier modulator.

s — 50,000-0hm, 1-watt plate decoupling resistance.

Re 1-megohm volume control.

Rz 1500-0ohm, l-watt cathode biasing resistance.

R« T50-0ohm, 1-watt cathode biasing resistanee.

Ra — 12,000-0hm, 1-watt decoupling resistance.

Rio — 20,000 ohms, 25-watt (see text).

Ru 1500 ohms, 10-watt (see text).

Ty Interstage andio transformer, single plate to p.p.
grids, 3:1 ratio.

g Driver transformer, p.p. 6J58 to 6L6s, Class AB3.

I's — Output transformer, multi-tap.



Driver plotes
oriine

MOD +HV

Driver plates
orime
"sv. —Hv +56. MOD.+HV.
Fig. 1142 — Class-B modulator circuit diagrams.

The circuit for triodes is shown at A, the circuit for
tetrodes at BB,

(§ 2-6) for obtaining lower plate voltage for the
tubes of the first three stages. Rs and Ry and
C4, Cs and Cg 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
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S-II MODULATORS

Class-B modulator circuits are practically
identical, no matter what the power output of
the modulator. The diagrams of VFig, 1142,
therefore, will serve for almost any modulator
of this type. The cireuit for triodes is shown at
A, while that for tetrodes is shown at B. When
small tubes with indirectly-heated eathodes
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, may couple
direetly between the driver tube and the modu-
lator grids or may be designed to work from a
low-impedanee (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 distanee from the
modulator, beeause the second transformer
not only introduces additional losses but also
further impairs the voltage regulation.

Condenser (') in these diagrams will give a
“tone-control” (§ 7-5) effect and filter off high-
frequeney  side-bands  (splatter) caused by
distortion in the modulator or preceding
speech-amplifier stages. Values in the neigh-
horhood of 0.002 to 0.005 ufd. 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

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
erystal 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.

The power output obtainable is
sufficient to plate modulate an input

of 80 watts to a Class-C r.f. am-

. . Fig. 1143 — A conventional chassis arrangement for low and
plifier. It may also be used to drive jcgium power Class-B modulators. The layout follows the circuit
a high-power Class-B modulator. diagram,
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should be well filtered. It is particularly im-
portant, in the eaze of a tetrode Class-B stage,
that the sercen supply have excellent regula-
tion to prevent distortion. The sereen voltage
should be set as exaetly as possible to the
recommended value,

When **C’" biax 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-
103, etc., may be connected across a tap on an
a.c. bias supply (§ 8-9) and will hold the bias

866)r

[ L=
i el -
.

T

Fig. 1111 Cireuit diagram of the ecombination 1000~
and 400-volt power suppls.

Ci, Co 2 wfd.. 1000-volt.

C3 4 pfd. clecirols tie. 600-volt working.

Cy 8 ufd. electrolytic, 600-volt working.

b, La 520 hy, swinging choke, 150-ma.

1.2, Ls 12 hy. smoothing choke, 150-ma.

R 20,000 ohms, T5-watt,

Re 20000 ohms, 23-watt.

Ty High-voltage transformer, 107

s, each side of eenter,
simultaneous eurrent

T2 — Filament transformer, 2.5 s, D-amp.

Ta — Filament transformer, 5 volts, 4.amp.

and 500 volts
5- and 150-ma.

=
\QRM.QTMHMI A
2 400
3 =

voltage steady under grid-current conditions.
Generally. however, zero-bias modulator tubes
are preferable not only beeause no bins supply
is required but also because the loading on the
driver stage is less varinble and driver dis-
tortion is consequently reduced.

An example of modulator eonstruction is
shown in Fig. 1143,

o POWER SUPPLY U'NITS

An example of medium-power plate-supply
(see § 8-1 to 8-7) construction is shown in
IFig. 1145, The unit pictured varies slightly
from the tyvpes most frequently en-
countered in that it ix a duplex sup-
ply from whieh two independent volt-
ages may be obtained. Either seetion,
however. by itself ix typical of the
form in use in the great majority of
installations,

The eireuit diagram is shown in Fig,
1144. Operating from the low-voltage taps of
the secondary of the high-voltage transformer,
T, is a type-83 full-wave rectifier, the output of
which is fed into the double-section, choke-
input smoothing filter, consisting of Lz-('3 and
Lsy-C'y. The filament voltage for the rectifier
tube is supplied by the filament transformer,
T'3. A pair of type-866 jr. half-wave reetifiers,
whose filaments are supplied from 7', operates
from the high-voltage taps of 7 and the out-
put is fed through a second similar filter system
consisting of Ly-Cy and Le-C'2. The resistances
Ry and Rz are the bleeder resistances designed
to assist in voltage regulation of the output
and to diseharge the filter condensers when
the power supply is turned off,

—O+
' w000
—0-

R,

¢

Fig. 1145 — This power
supply makes use of a com-
bination transformer and dual
filter system delivering 1000
volts at 125 ma. and 100 volts
at 150 ma. wiltancously.
The cireuit diagram is shown
in Fig. 1114, The 1000-volt
hleeder resistance is mounted
on the rear edge of the chassis
with a protective guard made
of sereening to provide venti-
lation, Safety terminals are
used for the two high-voltage
terminals,  Ceramie sockets
should be used for the 866 jrs.

¢
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The arrangement of power-supply com-
ponents is seldom critical. The important
points of construction in the unit shown are
the use of ceramie 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 blecder resist-
ance, R;, where it may he adequately ven-
tilated and the use of speeially-insulated posi-

Fig. 1146 — The Mallory VP.552 vibrator supply
operates from a 6-volt d.c. source and delivers 300 volts
at 100 ma. maximmum. Lower values of voltage and cure
rent can be obtained by proper setting of the switeh on
the side of the chassis, 'This particular unit includes no
output filter but does contain all of the necessary hash
filters.

tive high-voltage terminals and a protective
sereen around R to reduce the chances of ac-
cidental contact by the operator.

The plugs showing in the rear edge of the
chassis are for the 115-volt power connections
for the plate transformer and the two rectifier
filament transformers which are mountedunder-
neath the chassis.

¢ EMERGENCY POWER SUPPLIES

For emergency and field operation, gasoline-
engine-driven generators are almost univer-
sally used when the power demand is above
100 watts. However, for low-powered operation
above 5 watts (dry batteries are generally
used when the power demand is less than 5
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Fig. 1147 — Wiring diagram of the VP-552 vibrator
supply.
C1 — 0.5-pfd., 30-volt vibrator hash suppression,
Co — 0,007 -gfd., 1600-volt buffer,
sz 0.02.4fd., 1000-volt r.f. filter.
i 5,000-0hm, l-watt buffer.
RIFC Low-resistance A7 hash filter.
RFC2 — 7B hash filter choke.
S — Two-pole t-position voltage selector,
1" — Transformer.
V — Vibrator.

watts) the most universally aceeptable self-
contained power source is the storage battery.
1t has high initial capacity and can be re-
charged, so that its effective life is practically
infinite. [t ean 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 bhatteries are available. In
a serious emergency it would be possible to
ohtain 6-volt storage batteries as long as
there were automobiles to borrow them from.
For this reason, the G-volt storage battery
makes an excellent unit around which to de-
sign the low-powered portable or emergency
station,

For maximum efliciency 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.

Vibrator 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
battery, the cireuit is made and reversed rap-
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idly by the vibrator contacts and the square-
wave d.e. which flows in the primary of the
transformer causes an alternating voltage to
he 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 eircuit ean-
not be grounded, a requirement with the self-
rectifying type. The high-voltage filter circuit
is usually identieal with that of an equivalent
power source operating from the ua.c, line.
Noise-suppression  equipment, serving  to
minimize r.f. disturbances, is incorporated in
the manufactured units,

Some of the commercial units inelude a hum
filter and some do not, but the design of this
filter is, for the most part, conventional. A
typieal eommercial unit of the self-rectifyving
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 eflicieney of vibrator
packs runs from 609, to 759%,. Vibrator sup-
plies are not intended to withstand mueh over-
loading, but fusing of the battery cable will

Fig. 1148 — A complete 150-watt rack transmitter
for ’phone and c.w.

22

CHAPTER ELEVEN

Fig. 1119 — Rear view of the 150 watt transmitter.
limmediately below the antenna-tuner unit at the top
is a unit containing a single-tube final amplifier, which is
driven by the multi-tube all-band exciter unit below.
The speech-amplifier and modulator units may be seen
below the exciter, with one of the power-supply units
showing at the lower wdyge of the photograph.

eliminate eny danger of failure through over-
loading,

Dynamotors and Genemotors— A dyna-
motorisadouble-armature high-voltage genera-
tor, the additional windingoperating asa driving
motor. It is usually operated from a 6-, 12- or
32-volt battery, and may deliver voltages from
300 to 1000 or more. Dyaamotors 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-
motor designed especially for antomobile re-
ceiver, sound truck and similar applications. It
has found wide acceptance among amateurs as
a source of ‘ransmi‘sting power, having good
regulation and efficiency combined with econ-
omy of operation. 1t is also used in connection
with portable receiver instailations, 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-{our 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 of identical units
to provide higher capacity is entirely practical.
The normal efficiency averages around 509,
increasing to better than 609, in the higher-
power units. The regulation is comparable to

i

Fig. 1150 — The Hallicrafter H'T6 transmitter.

well-designed a.c. supplies; it is largely de-
pendent upon external /R 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-
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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 Mec. 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-related
bands, to obtain cutput 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 an 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.
1130, operating at the output frequency of the

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.

o COMPPLETE TRANSMIT-

TERS

A complete radio transmit-
ter may range in size and power
from a simple receiving-tube
oscillator of almost pocket size
coupled directly to theantenna
and operating fromlow-voltage
battery supply to large multi-
stageinstallations feeding elab-
orate antenna systems and
operating with a power input

of several hundred kilowatts,
although an input of 1000

Fig. 1151 — Wiring underneath the 11T6.
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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 1143, are added,
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 eommonly-used arrangement is
the rack-and-panel system pictured in the
photographs of Figs. 1148 and 1149. In this
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 1151, 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 Me. to 56 Me. with suitable
erystals and coils.

The r.f. circuit employed in this unit is
somewhat similar to that of Iig. 1129. A type
61.6 tube is used in the oscillator to drive an
807 output amplifier. Grid and cathode con-
neetions are hrought out from the oscillator
to allow a variety of cireuits. On the four lower
amateur-frequency bands, the 6L6 is operated
as a simple erystal oseillator with output at
the cerystal frequency. If desired, the erystal
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-Me. 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 harmonie of a 14-Mec. crystal may
be obtained.

For 56-Mc. output, the 6L6 is used as a
frequency doubler, while a special unit con-
sisting of a separate erystal 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 ecircuits are
broadly tuned to permit satisfactory output
to be obtained at any frequency within the
specified band without the necessity for ac-
curate tuning for that frequency. DProvision 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 switeh 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 A power ampli-
fiers. The plate and sereen of the 807 are mod-
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.
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o 12-1 MEASUREMENT TECHNIQUE

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 itsclf, 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.

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.

012-2 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,
ete.) 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 thermo-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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Fig. 1201 — A simple absorption frequency meter
circuit is shown at left. It is used in transmitter checking
with link line coupling to the circuit being cheched.
Circuit at right has bulb indicator loosely coupled to
tuned circuit, giving a sharper resonance point,

B — I.t-volt 50-ma. dial Light.

C — 150 pufd. variable.

L — Cails covering high-frequeney spectrum with over-
lapping ranges, wound on 11g-inch dia. forms.

Wire No. of Length of
Freq. Range Size Turns  Winding Link1
1.1-3.5 Me. No. 28 e, 174" 17t
2.5-8.0 Me. No. 21 t. 135" 11t
4.5-14 Me. No. 20 t. 135" ot
7.5-25 Me. No. 16t 114" 4t
22-70 Me. No. 16 t. 17 2t
40-120 Me. No. 16 t — 3t

1 Closewound, No. 30 d.s.c., '4-inch from hottom end of
primary winding.

tralization of an amplifier, (5) ficld strength on
a qualitative basis, (6) presence of r.f. in unde-
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 near the detector coil and
tuned over its range until a setting is found
which causes the detector to stop oxcillating.
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 bhe used with a super-
heterodyne receiver, but it is necessary to re-
member that the oscillator frequency differs
from the signal frequency by the intermediate
frequency. Ior instance, if the receiver dial
reads 6500 ke. and the recciver i.f. is 456, the
oscillator frequency will be 6956 ke., which is
the frequency to be marked on the meter cali-
bration scale. Tt is necessary to know if the
oscillator is on the high or low side of the in-
coning signal; in most receivers the high side is
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Fig. 1202 — A scnsitive absorption frequency meter
with a crystal detector-rectifier and d.c. milliammeter
indicating circuit. Individual calibration charts mounted
on cach coil form make the meter direct-reading. A
togele switch connects a 10-ma. shunt across the 0--1 ma.
meters the 10-ma. range 1= used for preliminary readings,
to avoid burning out meter or erystal. 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 frequeney meter may he 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 oscillater condenser.

For transmitter frequency ehecking, a flash-
light lamp or other indicator is not entirely
necessary, since resonance will be indicated by
a change in the plate cuirent 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

LT

=

Fig. 1203 — Absorption frequency mreter with crystal.
detector indicator.
Ci — 140-upfd. variable.
Cz2 — 0.001-pfd. mica.
D — Fixed erystal detector (Philmare).
L1, L2 — Same as in Fig. 1201.*
M — 0-1 ma. d.c. millilarameter.
Ri — 3-0hm shunt; sce general data on meter shunts.
S — S.p.s.t. toggle switch.
Crystal polarity must be determined by experiment;
if meter reads backwards, reverse erystal connections,
* Experiment with number of turns on Lz for maximum
current indication is neeessury to compensate for variations
in impedance of individual ¢rystal detectors.
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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 19,

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 shown in Fig.
1204. The distance between two consecutive

Fig. 1204 — Lecher wire system for measuring
wavelength at u.h.{, Typical standing-wave dis-
tribution is shown, with positions of the shorting
bar at current loops indicated. The distance
"X” equals one-half wavelength.

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 stretclied
tightly between any two convenient supports,
using a spacing of 1 to 114 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 (Ilig. 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
l.echer wire system, showing turn-
buckles for maintaining tension,
Wires are No. 16 bare copper. The
shorting bar is of brass with a sharp
edge for better eontact and precise
indication; the slider and side-gnides
keep the bar at right angles to the
wire. A horizontal strip of hakelite at
the back keeps the wires right against
the bar. A transparent celluloid centi-
meter nile is cemented to the front of
the slider. The beam is marked off in
decimeter (10 cm.) units. The sum of
the reading of the slider and the low-
est adjacent nmimeral on the beam
gives the wavelength,

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

S H
ﬁ‘.\lc- = ')J(.)h N
length (inches)

If the length is measured in meters
150

Fare. = —— S

length (meters)

In checking a superregenerative receiver, the
Lecher wires may be similarly coupled to the

Bulb

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 19, or better. If suffi-
cient care is used, measurements accurate to
0.19, at 112 Mec. 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 deseribed 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 frequeney meter should
be used. This is a small oscillator with a precise
frequency calibration covering the lowest fre-
quency band used, completely shielded. It

CHAPTER TWELVE 227



340 /Qatlio _/4’”(([?“",5 ﬂant/éooé

SIGNAL
INPUT

Fig. 1206 — Electron-

(=

3 coupled heterodyne fre-
quency meter circuit
diagram.

R C1 — 350-uufd. zero temp.
U j_ C2 — 40-upfd. negative temp.
Cs — 100-uufd. midget.

C4 — 50-pufd. trimmer.

Cs — 100-ppufd. silver-mica.

Cs, Cz — 0.005-ufd. mica.

(5, Co, Cro — 0.002-ufd. mica.

Cr1 — 25-ufd., 25-volt electrolytic.
Ciz — 0.01-ufd., 400-volt paper.

Ciz — 0.5-ufd., 400-volt paper.

Cia — Dual 8-ufd., 450-volt electro-

[ Ry Ry

AAAA

@vmos

1. — 60 turns No. 21 d.c.c., close-wound on 1%4-in. dia. form tapped at 12 turns.

Ivtic.

11, R2 — 1 megohm, Y4-watt.
Ra — 20,000 ohms, 1-watt.
R4 — 150 ohms, Ya-watt.
Rs — 5000 ohms, l-watt.
Re — 50,000 ohms, 2-watt.
R7 — 3500-0hm, 10-watt wire-wound.
Rs — 2500-ohm, 3-watt wire-wound.

x L2 — 10-henry 40-ma. filter choke. o
RFC — 65 turns No. 28 e. close-wonnd, %e-in. dia.
T — 300-volt 50-ma. power transformer.

must be so designed and constructed that it
can be accurately calibrated and will retain its
calibration over long 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 harmonie multiple is the same as the
unknown.

The oscillator used in the frequency meter
must be 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 compounds and plasties (bakelite,
polystyrene, etc.) in the oscillator circuit, em-
ploying only high-grade ceramics for insula-
tion. Plug-in coils or switches are not ordinarily
used; 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 ean be read precisely to
at least one part in 500; ordinary dials like
those used 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 use in the
frequency meter is one using the electron-
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coupled circuit (§ 4-2). The oscillation fre-
quency is practically independent of moderate
variations in supply voltages, provided the
plate and screen voltages are properly propor-
tioned. [t 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 half 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 being 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 suflicient
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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.

If no frequency standard is available, cali-
bration points may be obtained from other
sources of known frequency, such as the trans-
mitter crystal oscillator, harmonies of local
broadeasting 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 oscillator 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-heat.

For convenience in checking the frequency
of the transmitter or other loecal oscillators
which generate sufficiently strong signals, it is
desirable to incorporate a detector in the fre-
quency meter which will combine 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.

65J7

With a stable oscillator, a precision dial and
frequent and careful calibration, an overall ac-
curacy of 0.05 to 0.19, 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 ke., the harmonics of which provide
reference points every 50 or 100 ke. throughout
the spectrum. A 1000-ke. 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 ke., 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.

——

E 6.3v All Hers.

VR'150

I

VR:105

Fig. 1207 — Circuit diagram of a precision crystal-controlled 100-ke. frequency standard.

C1 — Dual 365-uufd. variable, com-  Ci4
pact broadcast type. Cis, Cie

Ca, C3 — 0.01-ufd., 400-volt paper.

s, Cs5 — 0.001-ufd. midget mica.

Cea, C7 — 10-uufd. midget mica.

Cs — 50.uufd. midget mica.

Ca, Cio, Cn1, Ciz — 0.1-ufd. 400-volt
paper.

Ciz — 0.002-ufl. midget mica.

1.1 — 7-henry, 40-ma. filter choke.

L2 — Plug-in coil tuned to frequency in use. Output
link is adjusted to give desired signal strength
in receiver.

The crystal is a Bliley SOC-100 (oscillator coil in

140-uufd. variable.

8-ufd., 450-volt elec.
Ci7 — 3-30-ppfd. trimmer.

Ri — 1 megohm, Y5-watt.

Rz, R3 — 0.5 megohm, 1-watt.
R4, Rs — 50,000 ohms, 1-watt.
Re, R7 — 20,000 ohms, 15-watt.
Rs — 15,000-0hm potentiometer.
Rg — 0.3 megohm, Y4-watt. ma.

Rio — 0.1 megohm, Y5-watt.

Ri1 — 800 ohms, Y4-watt.

Riz — 25,000 ohms, 1-watt.

Riz — 50,000 ohms, 1-watt.

Ri4 — 1500 ohms, 10-watt.

RFC — 2.5 mh. r.f. choke.

S1, S2, Sz — S.p.s.t. toggle.

Ty — Power transformer, 250 v., 40

same mounting). For checking 1000-ke. points, a 150
microhenry coil (No. 30 d.c.c. on 1%-inch form) may
be substituted for the crystal unit, connected between
points X-X in the diagram. With Ci near maximum,
circuit will tune to 1000 ke.
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Fig. 1208 — Frequency measurement mecthods.

A frequency meter (with built-in detector) used alone
is the simplest arrangement for cheeking the frequency
of local oscillators (1). With a reeciver (2) incoming re-
ceived signals can be measured as well. A heterodyne
frequency meter can also be used as a linear interpolation
oscillator in conjunction with a 100-ke. standard (3),
with or without a 10-he. multivibrator. The standard
provides accurate chech points on the frequency meter
scale. Alternatively, a receiver (if adequately calibrated)
may be substituted for the frequency meter. For greatest
precision, method (4) is used with an interpolation audio
oscillator having a linear scale.

With careful design 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) is accurate to 10 parts in a million with ordinary
equipment; precision laboratory apparatus is reliable
to better than 1 part in a million.

230 CHHAPTER TWELVE'

or highest accuracy, the most suitable in.
strument is a crystal-controlled standard,
provided with a 10-ke. multivibrator (§ 3-7)
for frequency division. Such a standard will
mark 10-ke. 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-ke. 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 15-minute warm-up period should be
allowed. For initial adjustment, its output
may be coupled into a receiver operating on the
broadecast band and the oscillator tuned to
zero beat with a broadcasting station on a
frequency that is a multiple of 100 ke. (800
ke., 900 ke., 1000 ke., ete.) If the oscillator is
self-excited, a second station 100 ke. away
should be checked, to make certain that the
oscillator is working on 50 or 100 ke. rather
than another frequency which gives an odd
harmonie. Since broadecasting 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 WWYV 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 Mec. (receiver beat
oscillator off) and the standard adjusted until
its harmonic is exactly at zero-heat with WWV.
The calibration should be rechecked whenever
precise measurements are to he made.

In adjusting the multivibrator, two adjacent
100-ke. points are first noted on the dial of a
calibrated receiver. The multivibrator is then
turned on, and its frequency control (Rg in
I'ig. 1207) set at half scale. The number of
separate audio beats belween the two marked
100-ke. points is then counted. If it is a number
other than nine (indicating 10-ke. intervals),
readjust Rg until nine beats are observed.
Mark this point. Note also the points on the Rg
scale where 8 and 10 beats occur, indicating
approximately 11- and 9-ke. separation. The
odd frequencies are occasionally useful in
checking frequencies very close to the 10-ke.
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-ke. points can usually be
identified as being louder than the 10-ke.
multivibrator harmonies. This identification
process can be facilitated by applying audio
modulation to the 100-ke. signal only, causing
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the modulated points to stand out because of
the distinetive tone.

Interpolation — When measuring exaet fre-
quencies with the aid of a frequeney 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-
monies. This ean be done (a) by use of a cali-
brated receiver or heterodyne frequeney meter
with a seale that is linear with frequency, or
(b) by eomparison of the audio beat frequency
with a calibrated audio oscillator.

In method (a), the points at which the un-
known frequency and the nearest lower and
higher harmonics appear on the dial of the re-
eeiver or frequeney meter are noted, as shown
in Fig. 1209. Knowing the exact frequencies
of the harmonie points fi and f2, the unknown
frequency, f:, can be determined as follows

JA =f1+bfr——br1 (fa — f0)
N — N}
where Sy is the dial setting for f1, Sa for fa and
N, for fi.

Method (b) consists of beating the standard
and unknown frequencies in a deteetor and
measuring the resulting audio frequency by
zero-beating with a ealibrated audio oscillator
having a linear frequency range covering half
the difference hetween adjacent harmonies
(0-5000 cycles with a 10-ke. multivibrator), as
shown in Fig. 1209. The measured frequency
is then equal to the reading of the audio osecil-
lator added to or subtracted from the ncarest

standard harmonic, as the case may be. To
determine whether to add or subtraet this
audio differenee it is necessary that the fre-
queney be known to better than 5 ke. from
the receiver (or auxiliary heterodyne frequeney
meter) calibration.

In addition to the beat note resulting from
the nearest adjaeent harmonie, fi, there will
also be another higher beat from fo. llowever,
by tuning the receiver midway between f1 and
f-, its adjacent-channel selectivity will dis-
criminate against fy and reduce the higher beat
note to a negligible level.

The interpolation audio oscillator should
have a scale that reads linearly with frequeney
(as opposed to the logarithmie scale commonly
found in laboratory oscillators). A beat-fre-
quency oscillator (Fig. 1228) with a straight-
line eapacity tuning condenser in series with
the eorrect value of fixed capacity will have s
nearly linear seale. Some forms of resistance-
capacity oscillators ean also be made to have
such a seale,

A suitable detector ix a pentagrid converter
(§ 7-9) with some form of zero-heat indicator in
the plate ecircuit. The interpolation audio os-
cillator is connected to the oscillator grid, the
audio beat note from the recciver being ap-
plied to the signal grid.

Zero-Beat Indicators — Use of the hetero-
dyne method of frequency eomparison 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-

£
IX
i
ﬂ: f2
N Y 1 e
-—— 1 - —
15 fap +10 +20 +30 %40 450 460 470 +80 430 fh,
=100Ke.  =1000Ke MULTIVIBRATOR HARMONICS
ZERO BEAT
s
2

RECEIVER OR
FREQUENCY METER
SCALE

got

w
INTERPOLATION 3
O5CILLATOR =]
SCALE

Fig. 1209 — Use of interpolation methods in measuring frequencies between standard harmonics. At top is shown
the relative location of the frequency-standard fundamental and harmonics in the spectrum, together with the
multivibrator harmonics, as related to the unhnown frequency under measurement (f:). At the left is shown a small
segment of this spectrum as it appears on the dial of a calibrated receiver or heterodyne frequency meter, and at
right the appearance of the audio oscillator dial when using the comparison audio beat-note method.
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Fig. 1210 — Wien bridge for audio frequency meas-
urements,
Ry — 2000 ohms, 13-watt.
Rz — 1000 ohms, 12-watt.
Ra, R4 — 10,000-0hm wire-wound variable.
Rg — 25-0ohm potentiometer.
Ci, Cz — 0.01-ufd. for 2,000--20,000 cycles
0.1-ufd. for 200-2,000 cycles
1.0-ufd. for 20-200 cycles
The input transformer should be of the balaneed-to-
ground type with an electrostatic shield between pri-
mary and secondary.

mately by listening to the output of the re-
ceiver or detector with headphones or loud
speaker. For greatest accuracy some form of
auxiliary visual 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-Frequeney-Measurement — The
measurement of unknown audio frequencies
can also be accomplished by either direct or
comparison methods. Direct measurements
are best made with an a.e. bridge (§ 2-11). The
most suitable form is the Wien bridge as shown
in Fig. 1210. The a.¢. voltage to be measured is
applied across the input terminals and the
variable resistors R3 and £R; varied simulta-
neously until balance is obtained as shown by
zero response in the indicator. Then

1

4 2= R C
where R is the resistance effectively in the cir-
cuit at 23 and C is equal to the value of Cy. R,
and K2 may be ganged on one shaft 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). Rp is a small
balancing potentiometer used to compensate
for minor variations in the two arms. The
indicator may be a pair of headphones as
shown, although a sensitive 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

23
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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 Cis 1, C# equals
1.05946, 1) equals 1.1225, ete.).

The cathode-ray oscilloscope (§ 3-9) is ex-
tremely useful in measuring frequencies by the
comparison method when a reliable standard

/0 0O\

.S 90° as | omase
180 OR OR OR 0° P RELATIONS
225° 270° 315°

F G H | J
HORIZONTAL TIMING AXIS ———a
VERTICAL TIMING AXISl

sY3it

16:3

Fig. 1211 — Lissajou’s figures as used in measuring
audio frequencies by comparison with a known source
on a cathode-ray oscilloscope. Figures A through E illus-
trate the pattern produced by different phase relation.
ships when the two voltages have a 1:1 frequency ratio.
Figures F through J show the same phasc relationships
with a 2:1 frequency ratio, the higher frequency being
applicd to the vertical plates. The next figure shows a
ratio of 6:1, determined by counting the peaks of
the waves in the horizontal plane (in this case the
higher frequency is applied to the horizontal plates).
Complex ratios are identified by one or more cross-
overs, as indicated by the arrows opposite the 9:2 and
16:3 figures. In principle, frequency ratios are deter-
mined by counting both horizontal and vertical peaks
(number of cross-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-overs. 'This can be
done by counting only the peaks travelling in the same
direction across the sereen when the frequency is ad-
justed so that the pattern rotates slowly.
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source is available. Applying voltages from
the unknown and the standard to the opposite
pairs of cathode-ray tube deflecting plates
results in patterns of varying form termed
Lissajou’s figures. By proper interpretation
of these figures, as shown in Fig. 1211, fre-
quency ratios up to 10 to 1 ean be obtained
conveniently. Thus with a 1000-cycle oscillator
calibration points between 100 and 10,000
cyeles are possible. The 60-cycle a.ce. supply
can be used as a calibration source up to 600
cycles or so.

Frequeney Monitoring — Contrasted with
the problem of frequency measurement as a
single operation is that of continuously moni-
toring the frequeney of an oscillator, particu-
larly in broadeasting 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 ke.)
from the assigned ecarrier frequency. Both
carrier and standard frequencies are fed into
a detector and the resulting beat measured on
a direct-indicating audio-frequency mcter.
Variations in the audio beat then show devia-
tions of the carriér frequency in either direc-
tion. Alternatively, sclective 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.

o 12-3 MEASUREMENT OF CURRENT,
VOLTAGE AND POWER

D.c. instruments — Instruments for meas-
uring direet current (§ 2-6) are based on the
d’Arsonval 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
he 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
& — +

Multiplier

+

_6\4) igs‘hunt +

—— -
Fig. 1212 — How voltmeter multipliers 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

_ 1000 E
I

where E is the desired full-scale voltage and [
the full-seale current reading of the instrument
in milliamperes.

To increase the current range of a milliam-
meter, the resistance of the shunt can be found
from the formula:

R

erl
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 transmitters. 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 satisfactory 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 ua., 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 care must be taken
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-ohen-milliammeter, showing meter with
L-ma. basic range and knobs for range switeh and zero
ressetting resistor, Flexible test leads with insulated-
handle test probes are used to make connection to the
eirenit under test,

rectifier, which converts a low-resistance 0-1
d.e. milliammeter into a high-resistance 0-0.909
a.e. millinmmeter, making possible the con-
struetion of a.c. voltmeters having a sensitivity
of 1000 ohms per volt and an aceuracy of
about 5%. The design of multipliers for such a
voltmeter must allow for the fact that the rec-
tifier resistanee varies with current. Two scales
are usually provided, one for use above 50
volts and one helow. The frequency error is ap-
proximately 0.59, per 1000 cyeles.

A.e. power measurements are more complex
than for d.c., the ximple 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 /2%, For or-
dinary amateur power ealeulations, sueh as the
input to a power transformer, the product of
a.c. voltage and current can be considered
sufliciently accurate. Commereial power meas-
urements are made on a wattmeter, which is a
complex instrument relating average current
and voltage in terms of a single reading.

R.f. instruments — The measurement of
very high-frequency a.c. or r.f. quantities
involves special problems. Practical instru-

EXT. BAT, Fig. 1211 — Cirduit of the low-cost

§—0+ S000V. R
Rz
£ Ra

O u-onm V0N

2000-ohm wire-wound variable.
3000 ohms, Yg-watt.

—O+

10.ma. shunt, 3.6 ohms,

v-0-M Ra 100-ta. shunt, 0.33 ohms.

:—B J’—‘. (e Rg
+
Ris 3 % TSW 8 Ro
Ry ® ! +
R, R'Z' vl Rio3
3 w

known, the power can be stated by simple ap-
plication of Ohm's law: P = EI (§ 2-6).

A.e. instruments — D.e. meters will not
respond on alternating current, and it is there-
fore neeessary cither 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.e. ammeters and voltmeters utilize the
moving iron-vane principle. Since the maxi-
mum sensitivity 15 15 to 25 ma., making the
ohms-per-volt 40 to 67, iron-vane voltmeters
consume substartial power. They are suitable
for measuring filament and line voltages, but
cannot be used in eircuits which are unable to
sustain a measuring load. Tron-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. moverients are employed. The most
common of these for the power and audio fre-
queney range is the full-wave copper-oxide
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40,000 ohms, la-watt,

‘1megohms, t-watt (four 1-meg.,

1-watt resistors in series),

Rz —0.75 megohm, l-watt (0.5
megohm and 0.25 megohm,
Lg-watt in series).

Rs — 0.2 megohm, Vs-watt.

Ro — 40,000 ohms, 13-watt.

Rio — 10,000 ohms, Y3-watt.

= 9Y-point 2-pole switch (Mal-
lory-Yaxley 3109).

B — 4.5 volts (Burgess 5360).

A

Fig. 1215 — Scale of the typical multi-purpose meter.
It is read in accordance with the range in use. In this
meter the ranges are “high” (0-250,000) and “low™
(0-500) ohms, 100, 10 and 1 ma., and 10, 30, 250, 1000
and 5000 volts.
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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 variation of the input re-
sistance 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 115-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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SUDE -BACK PEAK VOLTMETER

Fig. 1216 — Vacuum-tuhe voltmeter cireuits,

the case of a.c., the tube acts as a rectifier
and the measurement is in terms of rectified
d.c.

Representative vacuum-tube voltmeter cir-
cuits are =hown 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 (1N5G, 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 megohni. The meter M
should be a sensitive microammeter (0-100 or
200 wa.); 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-frequency error is less. The
time constant of the RC c¢ircuit should be at
least 100 for the lowest frequency to be meas-
ured (RCF>100). Typical values are 0.5
megohm and 0.5 ufd. for audio, and 0.1 meg-
ohm and 0.05 ufd. (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 in-
strument can be calibrated from a known
G0-cycle source; the scale is square-law for
small signals, becoming linear with increasing
input. The value of 1 is non-critical. ¢ should
have a reactance small compared with £ at the
operating frequency, i.e., 0.01 ufd. mica from 1
ke. up, 0.1 ufd. paper for low a.f. For d.c. C is,
of course, omitted. A high-u tube is preferable,
to reduce the idling or no-signal plate current.

The self-biased plate-rectification or reflex
voltmeter at (1)) 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 upfd., # — 10 megohms
or more). A low-u 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-seale ranges from about
2.5 to 250 volts. The plate and cathode by-
passes may be 0.001-ufd. mica condensers, the
cathode being shunted by a 10-4fd. 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 R, and R; being equal
and opposite with no signal, 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, Rj, is
provided to correct for any discrepancies in
tubes or resistors. The values of By and Rg 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 of
an a.c. or r.f. voltage is read in terms of a d.c.
substitution voltage; the voltmeter tube and
milliammeter, 3}, merely indicate when the
two are equal. With the input terminals
shorted and R; set so that V reads zero, the
tube is biased nearly to cut-off by adjustment
of Re. The residual plate current is the refer-
ence current (/,.,.) 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 Ry, additional bias voltage may be
introduced to balance out the a.c. voltage. The
additional bias required to bring the plate
current back to the reference value (I,.;) is
equal to the peak value of the signal being
measured. In operation R, should be set (after
setting I,.,.) so that all of E, is in the cireuit,
to avoid burning out the milliammeter when
the signal is applied. After the unknown volt-
age has been connected the bias is reduced by
Ity 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. calibration.

Oscilloscopes — Perhaps the most useful of
all measuring 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 satisfactory
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 oscilloscope of the type
widely used in amateur, service and commercial appli-
cations, g a 906 3-in. cathode-ray tube. The circuit
is shown in Fig. 1217, All necessary controls are located
on the front panel, inclucing intensity, focus, timing
circuit synchronization, frequency and range, and
centering, gain and input selection controls for both
vertical and borizontal 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 eleetron-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-
bie 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 eathode-ray in volts per inch. This varies
with the anode voltage and type of tube; typi-
cal figures for small tubes are 25 to 75 volts
per inch, peak-to-peak. The initial calibration
can be made with a variable d.c. voltage and
comparison voltmeter.

ol2-1 R, Z,C, L ANP @ MEASUREMENTS

[t is frequently necessary to measure the
components used in the construction of ama-
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teur equipment — resistors, condensers, colls,
ete. — 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, ohmmeter
and Wheatstone bridge methods are com-
monly used in measuring 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 he deter-
mined with a voltmeter alone if its internal
resistance is known

eR,,
R 7 Rm
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-current d.c. voltmeter
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 eause 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 con-
stant but the sensitivity of the meter is varied
to ecompensate 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 3R
4 +
- S
R (M - TR
+ [3 +
- '+ -1+ - '+

® ® ©

Fig. 1219 — Ohmmeter cireuits. (A) Scries ohmmeter
with geries compensation, (B) Series ohmmeter with
shunt compensation. (C) Shunt ohmmeter for measuring
low resistances.
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The ratio of resistances which can be meas-
ured on a single ohmmeter range averages
about 100 to 1, or from one-tenth to ten times
the center-scale value.

Only approximate measurements can be
made with an chmmeter. 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
reactances are also to be measured, an a.c.
source is required (Fig. 1221).

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 standard, and (e¢) 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 series with an
a.c. rectifier-type voltmeter across the 115-volt
a.c. line. With a 1000-ohms-per-volt meter,
capacities can be identified from approximately
0.001-ufd. to 0.1-ufd. At (B) the reactance is
connected in series with a 1000-ohm resistance;
the proportionate voltage drop across this
resistance indicates the reactance of con-
densers from 0.1 pfd. to 10 ufd. and induct-
ances from 0.5 henry to 50 henries, when  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 measurement of R,
C and L is shown in Fig. 1221. [ts 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.

VMWW

©

circuits  for

Q) (®)

Fig. 1220 Reactance-measurement
checking capacity and inductanece values,

The potentiometer ® must be calibrated as
acceurately 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 scale may be
marked 1. The corresponding point on the
other end of the scale is marked 100. Inter-
mediate points are 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 flowing 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 as
well as capacity. This check must be made
with the rated d.c. voltage applied, a microan-
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 miea above 100.

The condition of electrolyvtic condensers can
be checked roughly with an ohmmeter. With
the positive terminal of the condenser con-
nected to the positive of the ohmmeter bat-

7o A.C.Squrce

Fig. 1221 — Simple a.c. bridge for measuring re-
sistance, inductance and capacity.
Ci1 — 0.01-pfd. mica.
Ca2 — 1.0-uld. paper.
R 10,000-0hm linear wire-wound potentiometer.
Ri — 100 ohms, wire-wound (1% accuracy).
R2 — 10,000 ohms, wire-wound (1%).
L1 — 125.millihenry iron.core r.f. choke.
1.2 — 12-henry iron-core choke (Thordarson T-19C91).
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70 A.C.Source

Fig. 1222 — Substitution-type capacity bridge.
C1 — 1000-pufd. straight-line-capacity condenser (may
be two-gang 500-uufd. with sections in parallel).
(2 — 900-ppufd. silver mica.
(3 — 100-pufd. variable trimmer.
R1, R2 — 5000-0hm wire-wound (1%).
R3 — 1000-ohm wire-wonnd potentiometer.

tery, high-voltage eleetrolytics should show a
resistanee of 0.5-megohm or s0; low-voltage
eathode by-pass condensers should be over 0.1
megohm. Electrolyties can also be checked by
measuring the leakage eurrent when the rated
d.c. polarizing voltage is applied. It should
read about 0.1 ma. per ufd. The maximum for
a useful unit is about 0.5 ma. per ufd. Low
leakage eurrent also indicates a faulty unit.
Electrolytie eondensers which have lain idle
on the shelf will show leakage currents as high
as 2 ma. per ufd. per 100 volts. After “aging”’
for a few minutes at rated d.e. voltage they
should return to normal, however.

The measurement of small capacities under
0.001 ufd. is not possible with a bridge of the
type previously deseribed because stray re-
actanees eause errors. A more aeceurate bridge
for measurement of small capacities is shown
in Fig. 1222, It is of the substitution type
with a calibrated air condenser, ('}, for the
variable arm. (g is a fixed reference capacity.
('3 is used to balance out stray eapacity in-
cluding that of the leads to (', The bridge is
first balanced by adjusting Cz, with ('y at maxi-
mum capacity and the leads to C, in place.
(', is then eonneeted and the bridge again
balanced by adjusting (‘;. The difference in
capaeity (AC) of Cy between its new setting
and its maximum eapaeity represents the ca-
pacity of C..

It is impossible to get a zero null indication
from the detector unless the resistaneces as well
as the eapacities of the two condensers heing
compared are equal. R3 is therefore included to
aid in aehieving a resistive balanee. Generally
speaking, R3 will be in the C3 leg when measur-
ing a mica condenser and in the C,; leg for
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an air condenser. The bridge is brought into
balance by alternately varying the standard
eapacity ("; and equalizing the power faetors
by Rj3 until zero indication is obtained.

The bridge can be made direct-reading in
pufd. by using a dial with 100 divisions and a
10-division vernier installed so that 0 on the
dial corresponds to maximum capacity on C.
Then as the capacity of ('yis decreased to eom-
pensate for the addition of (';; AC' is numeri-
cally equal to the dial reading times 10. The
true capacity of ('; 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 ((', < 900 uufd). The overall
accuracy ean be made better than 19,

L, C and Q measurements at r.f. — The
low-frequeney a.e. bridge method of measur-
ing inductance is of value only with high-
induetance eoils for use at power and audio
frequencies. L.f. and r.f. eoils must he measured
at frequencies eorresponding to those at which
they are used.

The method eommonly employed is to de-
termine the frequeney at whieh the eoil reso-
nates when econneeted across a eapaeity of
known value. This may be done (a) by eon-
necting the eoil-condenser eombination in a
negative-resistance oscillator (§ 3-7) and ob-
serving the resulting oseillation frequeney on a
ealibrated reeeiver, or (b) by connecting the
eoil to a calibrated condenser, supplying the
circuit with r.f. power from a suitable oseilla-
tor, and tuning the condenser until resonanee
is indicated by maximum indieation on a
vacuum-tube voltmeter (Fig. 1223). With the
eapacity known in pufd. and the resonant fre-
queney in ke., the apparent inductanee of the
eoil in microhenries can be eomputed

159, 160\ 1
L= (_)_
o /C

The apparent inductanee thus eomputed is
in error, however, in that it also ineludes the
distributed capacity of the coil. This will be
discovered if a similar measurement is made at
another frequency (for example, the harmonie
of f1), for it will be found that a different value
of induetance results. However, by eombining
the two measurements the true induetanee ean
be found

1 1

L=—  x—
8422f, 7 Cy — Cq

when fy is the seeond harmonic of f, 'y is the
eapacity required to tune to f; and Ca to fa.

A eonvenient souree of r.f. power for the two-
frequeney method of induetance measurement
is the transmitter exeiter unit, provided it has
good seeond harmonie output. The oseillator
output and link eireuit (shown inside dashed
lines in Fig. 1223) should either be shielded or
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sufficiently remote from the measuring circuit
s0 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 ean 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 ('y is first tuned to resonanee with
the oscillator frequency. The unknown capae-
ity, 'z, ix then added in parallel and the
capacity of ('; reduced until the cireuit again
resonates at the oscillator frequency. The
difference between the two settings (AC)
represents the capacity of (..

The arrangement of Fig. 1223 is additionally
useful in that it ean be used as a ( 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
resistanee in the circuit equals its reactance),
the @ of eoils 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 ehange and
the other a calibrated variable eondenser to
measure the eapacity ehange.

When the calibrated variable oscillator and
v.t.v.m. are used, the frequency and r.f. voltage
at resonanee are first noted. The oscillator
frequency is then varied on either side of
resonanee until the v.t.v.m. reads 70.79% of its
initial value. Then @ is equal to the frequeney
divided by the bandwidth, or

= I
Q XY,
where Af is the difference between the fre-
quencies f; and fa.
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Fig. 1223 — (A) Circuit used in measuring indue-
tance, capacity and Q at r.f. The calibrated variable-
frequency oscillator should have a tuning range in exeess
of 2-10-1. (B) Circuit for calibrating the v.t.v.m. for Q
measurements from 60-cyvele a.c. Rpeis 70.7% of Rac.
With the switch in position A, Rs is adjusted to give a
voltmeter deflection near the upper part of its scale;
this is the peak-deflection reference point. The switch is
then turned 10 position B, and the new reading noted.
By making a number of measurements with different
initial input levels, a graph can be plotted showing pecak
and 70.7% readings for a wide range of inputs.

When the frequency of the oscillator is fixed
and a calibrated variable condenser is used, the
capacity at resonance ((',) is noted, as well as
that on either side at whieh the voltmeter reads
70.7% of maximum.

Then

210

2 — Cy

Q

The foregoing applies when measuring the @
of coils. Aetually, the figure of @ thus derived is
not that for the coil alone but for the tuned
circuit as a whole, ineluding the eondenser.
The @ of the standard condenser must therefore
be kept high. An effieient air eondenser with
steatite or myecalyx insulation is required; it
should be operated near maximum capaeity.
Short, heavy leads must be used and the stray
capacities kept as low as possible.

The Q of other air condensers and of miea
condensers can be determined by first measur-
ing the @ of the circuit with a standard eoil in
place, then connecting (", in parallel with (" and

Fig. 1224 — Resonant curves of (A) a high.Q
tuned circuit and (B) a low-Q circuit. Q is deter-
mined directly from the ratio of the frequeney at
which response is maximum to that at whichitis 0%
of maximum,
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again measuring the . The () of the unknown
condenser is

g, = C1—C2) Qs

C1(Qr — Q2)

Low-Q mica and paper condensers (Q<
1000) can he measured by inserting the un-
known in series with L and C. (; is measured
with a shorting bar across the unknown; the
bar is then removed and (2 determined. Then

g, =C2=C) 010
” C1Q1 — (2 Qq

If ("3 is larger than (4, the reactance 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 will both detune the circuit and broaden
its resonance curve. By observing the capacity
required to bring the circuit back to resonance
and measuring the additional resistance intro-
duced by re-measuring its ), the reactive and
resistive components of the external impedance
can be computed.

SINE WAVE

5% THIRD HARMONIC

<

\

10% THIRD HARMONIC

[\

Fig. 1225 — Waveforms as viewed on the cathode-ray
oscilloscope, showing the distinguishing characteristics
of various types of harmonic distortion. The wave shape
is symmetrical with odd-harmonic distortion, 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 Cy (for high resistances)
or in series with L and C (for low resistances),
and proceed as previously outlined. If C; must
be increased to restore resonance, the reactance
of the unknown is inductive; if it must be
decreased, the reactance is capacitive.

e 12-3 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 ealibrated variable oscillator and
the resultant applied to a square-law 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 harmonie
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-intensity 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
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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 indieator is shown in
Tig. 1230-B. Iissentially, 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 indieate the modulation per-
centage.

012-¢6 RECEIVER CHARACTERISTICS

Measurements in conneetion with receiving
equipment come under two heads: (1) overall
performance, and (2) servicing and alignment.

Performance 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 309, at 400 cycles
and equipped with an output attenuator ac-
curately calibrated in mierovolts; (2) a stand-
ard dummy antenna approximating an ordi-
nary receiving antenna, consisting of a 20 ph.
inductance, shunted by 400 pufd. and 400
ohms, in series with a 200 uufd. condenser, used
to eouple the signal generator to the receiver
antenna input; (3) an cutput-power measuring
deviee eonsisting of an a.f. voltmeter connected
across a resistance representing the output load
of the receiver; and (4) a beat-frequency audio
oseillator continuously variable from 30 to
15,000 cyeles. A wave analyzer is also desirable
for measuring audio distortion.

With this equipment the receiver character-
isties listed in § 7-2 ean be measured and
charted. Sensitivity is stated in terms of the
input in mierovolts of a 30%-modulated signal
required to give an audio output of 0.5 watt
(0.05 watt for battery receivers, etc.) at various
frequenecies throughout the range. Selectivity
curves (Iig. 701) are taken by varying the
signal-generator frequency either side of
resonance in increments of 1 to 10 ke., inereas-
ing the signal input each time to keep the out-
put eonstant. Fidelity curves are made by
modulating the signal generator at 309, 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 deseribed 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 (¢) with various input signal levels.

Testing and Alignment — The measure-
ment of receiver performance requires precision
laboratory equipment beyvond the scope of the
average amateur. Suffieient 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.

Tor the alignment of tuned eircuits a simple
test oscillator is required, preferably one that
ean be modulated by a 400-cycle audio oscilla-
tor. A rectifier-type voltmeter can be used for
the output meter.

R, 65K7 on7A7

To AF

Oscillator = TC3 GTF
=
R, Ry

= 250 V. +

Fig. 1226 — L.£. test signal generator circuit,

C1 — 100-ppfd. variable with 200-gpfd. fixed in parallel.

C2 — 100-pufd. midget mica.

Ca, C4 — 250-ppfd. midget mica.

Cs — 0.005-pfd. mica.

Ce — 0.1-ufd., 400-volt paper.

C7 — 500-pufd. midget mica.

R — 50,000 ohms, Yg-watt.

R2 — 2000 ohms, 'g-watt,

R3 — 20,000 ohins, 1-watt.

Rs — 20,000 ohms, 2-watt.

5 — 500-0hm carbon potentiometer.

L —440-510 ke.: 110 turns No. 30 enamel close-wound
on 1%4-inch plug-in form. Cathode tap 35 turns
from ground end.

1400-1550 ke.: 42 . No. 20 d.s.e., tap at 10 ¢,
4500-5500 ke 11t No. 18 spaced, tap at 3 t.
RFCi — 2.5-mh. r.f. choke.
RYC2 — 25-mh. r.f. chohe.

The frequency meter is a suitable signal
source for r.f. alignment provided the harmonie
amplitude on the higher-frequeney bands is
great enough. A harmonic amplifier and output
attenuator are useful in this applieation.

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 present 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
modulated by applying approximately 10 volts
of audio (for 509, modulation), as shown in
the diagram. The suppressor-grid is biased
10-volts negative for modulated 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 hias 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 erystal
respouse. If the receiver contains no erystal
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