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This manual supersedes TM 11-455, 17 July 1941.

SECTION |

INTRODUCTION TO RADIO

!. General

@. The success or failure of any military mission depends on the
efficiency of its communication system. In these days of high-speed
warfare, rapid positive communication is more vitally important than
ever before. The advent of mechanized warfare, made possible by the
development of motor vehicles, airplanes and tanks, has created a
demand for a fast, flexible, and mobile ecommunication system, and
radio is the only means of ecommunication which will meet these require-
ments. The successful coordination of all the units which constitute a
modern fighting forece would be virtually impossible without radio com-
munication. Hundreds of thousands of radio sets are used by the Army
to direct our tanks in battle, detect the approach of hostile airplanes,
bring our fighter airplanes into contact with the enemy, and direet our
bombers to their targets and bring them safely home. Small portable
sets provide instant communication for troops on foot, and powerful
fixed stations transmit orders to commanders in the field. All of these
sets must be properly operated and maintained ; otherwise they will be
worthless. The failure of but one radio set in the field may cause the
failure of a mission and the loss of many lives.

b. Radio is not difficult to learn if the fundamentals are mastered
step by step. A thorough knowledge of these important fundamentals
enables a radio operator or technician to understand the equipment he
handles and to obtain the best results from its use. Abbreviations
common to radio communiecation work are used throughout this manual
to accustom the reader to those terms which are used frequently in all
radio publications. A\ list of these abbreviations and their meanings is
given in appendix I.

2. Electrical Background

a. The basic laws which govern the electrical phenomena in radio
communieation systems are much the same as in ordinary power sys-
tems. A discussion of these basic principles of electricity is presented
in TM 1455, including a study of the current and voltage relationships
in elementary direct-current (d-c) and alternating-current (a-¢) cir-



cuits, with applications to power equipment and to measuring instru-
ments. It is assumed that the student is thoroughly acquainted with the
material contained in TM 1-455. Basic electrical principles are men-
tioned in this manual only to the extent necessary to show their
applieation to the fundamentals of radio.

b. An elementary principle of radio transmission can be more easily
understood if it is compared to the action of a transformer. (See
TM 1-455.) If two coils are eoupled together magnetically, and an
alternating current is applied to one of the coils (known as the primary),
a similar alternating current appears in the second coil (known as the
secondary), even though there is no direct physical or mechanical
connection between the two coils. In radio transmission a high-frequency
(h-f) alternating eurrent, which is known as radio-frequency (r-f)
current, is applied to a wire known as the transmitting antenna. The
r-f current flowing through this wire sets up a h-f magnetie field around
the wire. If a second wire, known as the receiving antenna, is placed
somewhere in the magnetic field of the transmitting antenna, r-f current
will flow in this second wire. Thus the transmitting antenna cor-
responds to the primary of a transformer, and the receiving antenna
corresponds to its secondary. The effect of the transmitting antenna
on the receiving antenna is similar to the effect of the primary on the
secondary of a transformer,

3. Frequencies of Communication

a. An a-¢ wave makes a number of complete cycles every second. The
number of cyeles per second (cps) determines the frequency of the
wave. The frequencies which can be used for communication purposes
may be divided into two broad groups: audio frequencies and radio
frequencics.

b. Audio frequencies are those frequencies between about 15 and
20,000 cycles per second to which the human ear normally responds.
Sounds which oceur at frequencies below 20 cycles per second (such as
the staccato tappings of a woodpecker) are recognizable more as indi-
vidual impulses than as tones. The frequencies that are most important
in rendering human speech intelligible fall approximately between 200
and 2,500 eycles per second. The fundamental range of a pipe organ is
from about 16 to 5,000 excles per second, and the highest fundamental
note of the flute is about 4,000 eyecles per second. Speech and music actu-
ally consist of very ecomplicated combinations of frequencies of irregular
and changing shape. These are harmonics, or overtones. which are
multiples of the fundamental tone, or frequency, and give individual
characteristics to sounds of the same fundamental frequency coming
from different sources. Thus, a violin and a piano both emitting a
1,000-cycle tone would not sound alike, because of the presence of
characteristic overtones. It has been determined by experiment that
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the human ear responds best to sounds of about 2,000 cycles per second.
Sound waves around 15,000 eycles per second and higher, such as those
set up by very high-pitched whistles. are likely to be inaudible to the
average ear. Audio frequencies are used to operate telephone receivers,
loudspeakers, and other mechanical devices to produce sound waves
which are audible to the ear. Although the audio frequencies cannot be
used directly for transmission purposes, they play a large part in
radio communication.

¢. Radio frequencies extend from about 20 kilocyeles (20,000 cycles)
to over 30,000 megacycles (30.000,000,000 cycles). Since different
groups of frequencies within this wide range produce different effeets
in transmission, radio frequencies are divided into groups, or bands, of
frequencies for convenience of study and reference. The bands used
for military purposes are shown in table I.

Table I
Band Frequency range
Low-frequeney (1-f) ....................... 30 to 300ke.
Medium-frequency (m-f) ................... 300 to 3,000 ke.
High-frequeney (h-f) ........... ... .. ... 3,000 to 30 me.
Very-high-frequeney (v-h-f) ................ 30 to 300 me.
Ultra-high-frequency (u-h-f) ............... 300 to 3,000 me.

Since these frequency bands have certain transmission charaecteristies,
it is convenient to note the approximate results which may be expected
from the use of various frequencies under normal operating conditions.
These results are shown in table II.

Table 11
Range
Power Antenna length
Band X s
Day Night required requirements
Lt .o Long ....|Long ....[Very high . Long
M oo Medium . .|Long .... High to Long
medium. .
H-f (3 to 10 me.)....|Short ... .|Medium |Medium ..| Medium
to long.

H-f (10 to 30 me.)...[Long ....[Short ....|Low ..... Short
Vbt ool Short ....|Short ....[Low ..... Very short

Long range: over 1,500 miles. Medium range: 200 to 1,500 miles. Short
range: under 200 miles.



4, Relationship Between Radio Frequency and Wavelength

a. When r-f current flows through a transmitting antenna, radio waves
are radiated from it in all directions in much the same way that waves
travel on the surface of a pond into which a rock has been thrown. It
has been found that these radio waves travel at a speed, or velocity, of
186,000 miles per second (equal to 300,000,000 meters per second).
Radio waves are produced by sending a h-f alternating current through
a wire. The frequency of the wave radiated by the wire will therefore
be equal to the frequency, or number of cyeles per second, of the h-f
alternating current.

b. Since the velocity of a radio wave is constant regardless of its
frequeney, to find the wavelength (which is the distance traveled by
the radio wave in the time required by one cycle) it is only necessary to
divide the velocity by the frequency of the wave. This is an important
relationship of radio communication.

300.000.000 (velocity in meters per second)  Wavelength (in
Frequency (in eycles per second) - meters).

Ezxample: To find the wavelength of a radio wave with a frequeney
cf 100,000 cyeles per second:

300,000,000
100,000

This same relationship can be expressed in another way. If the wave-
length is known, the frequency can be found by dividing the veloeity
by the wavelength.

= 3.000 meters.

300,000,000 (velocity in meters per second) _ Frequeney (in
Wavelength (in meters) " cyeles per second ).

Example: To find the frequency of a radio wave with a wavelength
of 150 meters:

§00_,§)gg,_00 0 = 2,000,000 eyecles per second (or 2.000 ke).

c. Radio waves are usually referred to in terms of their frequency.
Since the frequencies emploved in radio transmission extend from
several thousand to many hundreds of millions of eyeles per second,
it is more convenient to refer to them in terms of kilocycles per second
(ke) and megacycles per second (me).

1 ke = 1,000 eycles per second.
1 me = 1,000 ke = 1.000,000 cyveles per second.

5. Elements of Radio Communication

a. In order to transmit messages from one location to another by
radio, the following basic equipment is required. (See fig. 1.)
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Figure 1. Block diagram of basic radio cquipment.

(1) A transmitter, to generate r-{ energy waves.

(2) A key, or microphone, to control these energy waves.

(8) A transmitting antenna, to radiate r-f waves.

(4) A receiving antenna, to intercept some of the radiated r-f waves.
(5) A receiver, to change the intercepted r-f waves into a-f waves.
(6) A loudspeaker, or headphones, to change the a-f waves into sound.

b. The simplest possible radio transmitter (fiz. 2) consists of a
power supply and a device known as an oscillator, for generating r-f
alternating current. The power supply may consist of batteries, a

ANTENNA YV

A\

N
7
ER ' OSCILLATOR
I > ~ KEY

Figure 2. Block diagram of simple radio transmitter.

Te-68/6

generator, or an a-c-operated power source. In order to tune such a
transmitter to the desired operating frequency, the oscillator must
contain a tuned ecircuit. It is also necessary to have some method of
controlling the r-f energy generated by this transmitter, if messages
are to be sent by this means. The easiest way of doing this is to use a
telegraph key (which is merely a type of switch for controlling the
flow of electric current) connected in series with the power supply and
the oscillator. When the key is operated, the power applied to the
oscillator to establish a flow of current is turned on and off for varying
lengths of time, to form dots or dashes of r-f energy. Since the output
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power, or r-f energy, generated by this oscillator is normally not great
enough to permit transmission over long ranges, it is seldom used alone
as a radio transmitter. In order to increase, or amplify, the output of

antenna Y/

R-F
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TL-67

Figure 3. Block diagram of oscillator-amplifier transmitter.

the oscillator, a device known as a r-f amplifier is generally used in
modern radio transmitters. The addition of this stage is shown in
figure 3. Such a transmitter is entirely satisfactory for practical pur-
poses where only radiotelegraph or code transmission is desired. In
order to transmit messages by voice, however, it is necessary to find
some way of controlling the output of the transmitter in accordance
with the voiece frequencies (audio frequencies). In modern radiotele-
phone transmitters this is done by means of a modulator, which in-
creases or decreases the output of the transmitter in accordance with

ANTENNA YV
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Figure 4. Block diagram of radiotelephone transmitter.

the voice frequencies generated when speech enters a microphone. This
process is known as modulation, and a r-f wave affected in this manner
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is known as a modulated wave, Figure 4 shows the addition of the
modulator and microphone required to change the radiotelegraph
transmitter into a radiotelephone transmitter.

¢. The radio receiver operates in a manner different from that of
the transmitter just discussed. Consider the diagram of a simple radio
receiver. (See fig. 5.) Radio-frequency waves (from a transmitter) are
reaching the antenna of the receiver. If a pair of headphones (headset)
is connected directly to the receiving antenna in an attempt to receive
the incoming radio waves, the attempt would not be successful, because
the human ear will not respond to radio frequencies. A method ig
therefore needed whereby intelligence in the form of audio-frequeney
waves can be extracted from radio-frequency waves, and converted into
sound by a headset. The circuit which is used in radio receivers to

KV ANTENNA

HEADSET

A4

DETECTOR

7L- 6879

Figure 5. Block diagram of simple radio receiver.

accomplish this is known as a detector, since it actually detects the
incoming signal (radio wave). Since it is known that the radio trans-
mitter is sending out radio waves of a certain frequency, the receiver
must have some means of tuning in, or selecting the frequency of the
desired radio wave. This is necessary to avoid receiving many radio
gignals of different frequencies at the same time. That part of a
detector which is used to tune in the desired signal is called a tuned
ctrcuit. Because a radio signal diminishes in strength, or amplitude,
at a very rapid rate after it leaves the transmitting antenna, it is

Q7 ANTENNA

HEADSET
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A 4
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Figure 6. Block diagram of detector and a-f amplifier.



seldom possible to use a detector alone to tane in the desired signal.
The greater the distance between the transmitting and receiving
antennas, the greater will be the reduction, or loss, in signal strength.
By the time it reaches the receiver, the signal may be so weak that the
sound in the headset is too faint to be understood. The actual r-f signal
voltage picked up by a receiving antenna in normal communieation
work is usually only a few mierovolts, or millionths of a volt. In order
to increase the level of the a-f output of the detector to obtain satis-
factory headset operation, an a-f amplifier is used in most radio sets.
Figure 6 shows an a-f amplifier added to the simple radio receiver.
If it is desired to increase the sensitivity (ability to receive weak sig-
nals) of the receiver still more, it will be necessary to amplify the r-f
signal before it reaches the detector. This is done by the use of an r-f
amplifier. Since the r-f amplifier, like the detector, is provided with

:7 ANTENNA
HEADSET
R-F A-F
> ampurper [ PETECTOR = avpuiFiEr
TL - 4827

Figure 7. Block diagram of complete radio receiver.

one or more tuned cirecuits, so that it amplifies only the desired signal,
the addition of an r-f amplifier to the receiver gives not only greater
sensitivity, but also greater selectivity (ability to separate signals).
The essentials of a modern radio receiver are shown in figure 7.



SECTION i

CIRCUIT ELEMENTS AND SYMBOLS

6. Simple Circuits

a. 1t has been shown that radio transmitters and receivers are made up
of a number of cireuits, each of which has a definite job to do in the opera-
tion of the whole. The failure of one part in any of these various
circuits can cause the failure of the entire radio set. It is therefore
necessary to study carefully such circuits and their individual parts.

b. There are three general types of electrical circuits, known as sertes
circuits, parallel circuits, and sertes-parallel cireuits, depending on the
arrangement of parts. (See fig. 8.) The principle of operation of these

$ 2
b3 T T > &
2 AAAA :
2
1)1t il i)t %—UM!—-—-
@ @ @ @ 7 6622

@® Leries-connected circuit.
® Parallel-connected circuil.
®), @ Series-parallel, combination circutls.
Figure 8. Simple circuils.

simple cireuits is discussed in TM 1-455. A simple relationship, known
as Ohm’s law, exists between the voltage, current, and resistance in
electrical cireuits. The student should become thoroughly familiar with
all three forms of Ohm’s law, since it is very useful in determining the
voltage, eurrent, or resistance in an electrical eireuit. When any two of
these values are known, the third can easily be found.

¢. Ohm’s law simply states that the current flowing in a circuit s
equal to the voltage applied to the circuit divided by the resistance.

E (volts
I (amperes) :m?))'

This is the form that is used when the voltage applied to the cireuit and
the resistance of the cireuit are both known, and the value of the current
flowing in the circuit is wanted.



Ezample: If 500 volts are applied to a circuit which has a resistance
of 5,000 ohms, the current in the cirenit will be—

500 __ 1
5,000 10
d. If the current and the resistance of the circuit are known, the volt-
age applied to the eircuit can be found by use of the second form of
Ohm’s law, which states that the current times the resistance equals the
voltage.

I= = 0.1 ampere.

E (volts) = I (amperes) X R (ohms).

Ezxample: If a current of 3 amperes is flowing through a cireuit hav-
ing 70 ohms resistance, the voltage applied to the circuit will be—

E =3 X 70 = 210 volts.

e. If the values of the current and voltage are known, the resistance
of the cireuit can be found by the third form of Ohm’s law, which states
that the resistance equals the voltage divided by the current.

E (volts)

R (ohms) = T(a—mpe_re—s—)

Ezxample: If a current of 0.25 ampere flows in a cireuit to which 100

volts is applied, the resistance of that cireuit will be—
100
R = 095 = 400 ohms,

f. D-¢ cireuits and a-c circuits are dealt with separately in TM 1-455,
and no attempt is made to consider ecircuits in which both direet current
and alternating current are present at the same time. Since both direct
current and alternating current are present simultaneously in most
radio cireuits, it is important to understand the manner in which the
various parts of a radio eireuit control the eurrent flow,

7. Circuit Elements

Any radio circuit is a combination of parts arranged to control the
flow of current in such a manner that certain desired results are pro-
duced. These parts are called circuit elements. The three main circuit
elements used in radio work are resistors, inductors, and capacitors.

8. Resistors

a. A resistor is a eircuit element designed to introduce resistance into
the ecireuit, so as to reduce or control the flow of eurrent. Resistors may
be divided into three general types, according to their construction.
These are known as fized resistors, adjustable resistors, and variable re-
sistors.
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b. Fixed resistors are used to introduce a constant value of resistance
into a circuit. Their size and construction are determined by the

H@ —NVVWN\—

FIXED RESISTOR SYMBOL

> ®

LJ@

TL2742A
@ Wire-wound resistor.
® Low-wattage carbon resistors.
® High-wattage carbon resistors.
Figure 9. Fired resistors.

amount of power they must carry. For low-power requirements, small
earbon or metallized resistors are used; where heavier power must be
carried, larger resistors of wire-wound construction are employed. Sev-
eral types of fixed resistors are shown in figure 9, together with the
symbol which is used to represent them on eircuit diagrams. Fixed
resistors are often provided with colored markings to indicate their
resistance value and accuracy (tolerance). This system of marking,
called the Resistor Color Code, is simple, and should be memorized for
future reference. Table IIT shows the complete Resistor Color Code,
and gives several examples of its use. When a color-coded fixed resis-
tor does not bear either a gold or silver tolerance marking, it should be
remembered that the resistor is only accurate to within 20 percent of its
marked value in ohms. Large fixed resistors, for use in highpower eir-
cuits, are found without the color coding. but the value in chms gen-
erally is printed somewhere on the resistor.

¢. Adjustable resistors are used where it is necessary to change or
adjust the value of the resistance in a circuit from time to time. In its



usual form, the adjustable resistor is wire-wound, and has one or more
aliding collars which may be moved along the resistance element to
select any desired resistance value. It is then clamped in place. Figure
10 shows an adjustable resistor.

NDICATES

ARROW |
MOVING CONTACT

TL:2743A ' VARIABLE RESISTOR SYMBOL

@ ddjustable power resistor.

Potentiometer for volume control.

Potentiometer for power supply.
Figure 10. Adjustable and variable rcsistors.

d. Variable resistors are used in a circuit when a resistance value
must be changed frequently. Depending on the power requirements,
variable resistors are either of carbon or wire-wound construction. The
actual resistance element of the variable resistor is usually cireular in
shape, and the sliding tap, or “arm,” which makes contact with it is
provided with a knob and a shaft, by means of which the resistance
can be varied smoothly. If both ends of the resistance element are
provided with econnection terminals (in addition to the sliding arm) the

Table 111. Resigtor Color Code.

COLOR INDICATES TOLERANCE (% ACCURACY)
COLOR INDICATES NUMBER OF ZEROS

COLOR INDICATES SECOND NUMBER

COLOR INDICATES FIRST NUMBER

NEW SYSTEM OLD SYSTEM

7L-895



Black ... it i ii e 0
Brown ...ttt i i et it 1
Red ... i e, 2
Orange ....... .ottt 3
Yellow ..ot it it it 4
¢ 23]« 5
Blue ...t e e 6
Violet .vvtiiiiiiii ittt e 7
Gray ...ttt it i e 8
White ... e 9
Gold ... e e 5 percent accuracy

Bilver ... ... e 10 percent aceuracy

Note. If no gold or silver marking appears (to indicate tolerance) accuracy is
20 percent (standard tolerance).

Ezample: A 50,000-ohm resistor, of standard tolerance, would be indicated by a
green ring (5), a black ring (0), and an orange ring (000), as shown in the new
system of marking above. In the old system of marking, shown above on the right
hand side of the page, the resistor would be painted green (5), with a black end (0),
and an orange dot or ring in the center (000).

variable resistor is called a potentiometer. Figure 10@) shows a poten-
tiometer used as a volume control for a radio receiver; figure 10@)
shows a potentiometer wound of heavier wire for use in a power supply
circuit. If only one end of the resistance element and the sliding arm
are brought out to connection terminals, the variable resistor is called a
rheostat. The symbol for adjustable resistors is the same as that for
variable resistors.

9. Resistance Calculations

a. In repairing radio sets it is sometimes found that the exaet re-
placement parts are not at hand. It then becomes necessary to use
whatever parts are available to make the repair. This is particularly
true in the case of resistors, since many different resistors of different
values and sizes are required in transmitters and receivers. A repair
depot would have to earry thousands of resistors in stock at all times,
to have on hand the exact replacements required for the repair of radio
equipment in the field. Obviously this is not possible, and the competent
radio repairman must know how to calculate the resistance values of
combinations of resistors (in series and parallel) so that he ean use
available resistors to make emergency repairs.

b. The total resistance of several resistors conneeted in series ts equal
to the sum of the resistances of the individual resistors.

R: (total) = ry + r2 + 73,

Ezample: The total resistance of three resistors connected in series,
the values of which are 50,000 ohms, 100,000 ohms, and 250,000 ohms
respectively, will equal—

R; = 50,000 + 100,000 + 250,000 = 400,000 ohms.

¢. If several resistors of equal value are connected in parallel, the
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total resistance will equal the value of one resistor divided by the num-
ber of resistors.

r (of one resistor)
n (No. of resistors)”

R: (total) =

Ezample: If five 50,000-0hm resistors are connected in parallel, the
effective resistance of the ecombination will equal—

50,000

Rt: 5

= 10,000 ohms.

If several resistors of unequal values are connected in parallel, the
reciprocal of the total resistance (one divided by the total resistance)
will be equal to the sum of the reciprocals of the individual resistors.

1_1 1 1

Rt-— 1 T2 ry'

Ezample: The total resistance of three resistors connected in parallel,
the resistances of which are 40,000 ohms, 20,000 ohms, and 8,000 ohms,
respectively, will equal—

11 1 1
R:~ 40,000 + 20,000 + 8,000
1 2 5
= 40,000 + 40,000 + 40,000
1 8 1

R.~ 40,000 5,000
R, = 5,000 ohms.

d. When current flows through a resistance, part of the electrical
energy is changed into heat; thus it is said that a resistance consumes
power. A resistor in a eircuit consumes power according to the voltage
applied to it and the current which flows through it. This is a power
loss (since heat produced by a resistor in a radio eireuit is of no use),
and is known as the dissipation of the resistor. It is very important to
know how much power a given resistor dissipates in a given cireuit in
order to make any repairs to the circuit. If a replacement resistor
cannot safely dissipate the required power, it will overheat and possibly
burn out; and the high heat it radiates may damage other parts. For
this reason resistors are rated in watts dissipation, so that the maximum
power a resistor will dissipate is known. Thus, a 2-watt resistor can
safely dissipate up to 2 watts of power, and a 5-watt resistor can safely
dissipate up to 5 watts. It is advisable when replacing defective re-
sistors to use resistors capable of dissipating more than the known
power of the cireuit; a safe rule is to use resistors rated at least 114
times the required power.
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e. To determine the power dissipation in watts when the voltage and
current are known, multiply the voltage by the current.

P (watts) = E (volts) X I (amperes).

Ezample: If 50 volts applied to a given resistor cause a current of
0.5 ampere to flow through it, the power dissipation of the resistor will
be equal to—

P =50 X 0.5 = 25 watts,

‘When the value of the resistance and the current through the resistor
are known, multiply the current squared (the current times itself) by
the resistance to obtain the power dissipation in watts.

P=1* X R.

Ezxample: If a current of 2 amperes flows through a resistance of 10
ohms, the power dissipation in watts will be equal to—

P =22% 10 =2 X 2 X 10 = 40 watts.

f. Resistance offered to the flow of current by a resistor is the same
for both alternating current and direet current. In the case of alter-
nating current, the resistance remains the same regardless of frequency.

10. Reactance

a. Two other circuit elements, induetors and capacitors, are also used
to oppose the flaw of current in cireuits containing both alternating
eurrent and direet current. However, this opposition, unlike the re-
sistor just studied, is not the same for both alternating current and di-
rect current. The inductor or capacitor reacts in a different way to
various a-e frequencies; in other words, the opposition to the flow of
current does not remain constant as the a-¢ frequency is varied.

b. In the case of the inductor, the opposition offered to the flow of
alternating current will become greater if the frequency is increased.
In the case of the capacitor, the effect is just the opposite, and the oppo-
sition will decrease as the frequeney is increased. This opposition that
a capacitor or inductor offers to the flow of alternating current is
known as its reactance. The reactance of an inductor is called induc-
tive reactance; the reactance of a capacitor is called capacitive react-
ance. Both inductive reactance and capacitive reactance are measured
in ohms.

1. Inductors

a. An inductor is a circuit element designed to infroduce a certain
amount of inductive reactance into a circuit. An inductor may take
any number of physical forms or shapes, but basically it is nothing
more nor less than a coil of wire. The unit of inductance measurement
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is the henry, and the terms mullihenry and microhenry are also used.
One henry is equal to 1,000 millihenrys, which in turn are equal to
1,000,000 microhenrys. The inductance of an air-core eoil increases
as the size of the coil or the number of turns of wire is increased. The
use of magnetic metal (such as jron) for the core of the coil will in-
crease its inductance; a nonmagnetic metal (such as brass or eopper)
will decrease the inductance. The induetive reactance of any coil is
increased as its inductance is inereased. There are three general types
of inductors: fixed, adjustable, or variable.

b. Pized tnductors have a constant value of induetance in a ecircuit.
Most of the coils used in radio work are of the fixed type. The coils
used in the tuned circuits of radio transmitters and receivers usually
have air cores. The number of turns of wire depends on the frequency
range to be covered. The only difference between transmitting and re-
ceiving induectors is in their size, since transmitting ecoils must stand
eonsiderably more current and voltage than those used in receivers.
A typical transmitting coil is shown in figure 11Q), and consists of a
single winding of heavy wire.

»—IRON CORE

POWER OR AUDIO INDUCTOR R-F INDUCTOR
(FILTER REACTOR OR CHOKE) TL-274(A

@ Single-winding tank inductor for high-power transmitters.

® Plug-in type r-f transformer for medium-power transmitters,

® ond B Small r-f transformers used in h-f rcceivers and transmitters,

@ Small r-f inductor or choke coil used in receivers or low-power transmitiers.
Figure 11. Typical r-f inductors and transformers.
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¢. Adjustable inductors found in modern radio equipment are of
two main types. The first, and simplest, consists of a eoil which is pro-
vided with several taps and a switch, or clip, so that the inductance
may be adjusted in several steps. This type is found mainly in the
antenna circuit of radio transmitters, where it is desirable to adjust
the inductance of the coil to suit the varying requirements of different
antenna lengths. In the second type, the coil is provided with a mag-
netie eore, which may be moved in or out by means of an adjustable

ADJUSTMENT SCREW/

INDUCTOR

TL-6162

Symbel: — TUT—
\

Figure 182, Permeability-tuned inductor.

setserew. This type of adjustable inductor, known as a permeability-
tuned inductor, is sometimes used in transmitters and reeceivers in tuned
cireuits intended to operate at only one frequency. Figure 12 shows
the use of a permeability-tuned inductor in a tuned-eircuit assembly,
and gives the symbol by which this type of adjustable inductor is rep-
resented on circuit diagrams.

d. Variable tnductors are found prineipally in the antenna circuits of
radio transmitters. They usually consist of two coils connected in se-
ries, and are so constructed that one coil may be rotated within the
other and the inductance consequently varied. Such inductors are
called variometers.
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MOVING cOIL FIXED cCOIL
n e -

Symbol: mﬁ

Figure 13. Variometer,

Figure 13 shows a typical variometer and gives the symbol for rep-
resenting variable inductors on circuit diagrams.

e. A choke coil is a fixed induector possessing the desirable property
of showing a high reactance to the flow of alternating current, while
showing a very low resistance to the flow of direet current. Thus, a
choke coil will easily pass direet current but will try to block or
“choke” off the passage of alternating current. Very small air-core
choke coils are used to prevent r-f alternating current from flowing
in d-e eircuits. Large iron-core choke coils are used in a-f circuits, and
as filter chokes in power supply circuits. Figure 142 shows two small
r-f choke coils and their symbol. An iron-core filter choke is also shown,
with its appropriate symbol, in figure 14(D).

12, Transformers

a. If two coils are placed near to each other so that the field created
by one coil will pass through the windings of the other, a transforma-
tion effect will result, since one coil transfers energy from itself to the



— 00— TL-6827
@ A-f filter choke.

@ R-f chokes.
Figure 14. Choke coils.

other coil. For example, if one coil has an a-¢ generator connected to it,
the varying lines of magnetic force from the one eoil will cut through
the second winding, causing a voltage to be induced (or originated) in
the second coil, even though there is no metallic connection between the
windings. The eoil producing the original magnetic field (or lines of
foree) is called the primary, and the coil in which the voltage is in-
duced is the secondary; the two coils in induetive relations to each
other are called a transformer. In radio there are three general group-
ings of transformers according to application: power transformers, a-f
transformers, and r-f transformers. The power and a-f transformers
have cores of magnetic materials, usually some form of iron. The r-f
transformers are generally of air-core design. However, very small
magnetic cores, usually consisting of powdered iron, are used in some
low-frequeney r-f transformers, known as intermediate-frequency (i-f)
transformers. Several different types of transformers with their corre-
sponding ecircuit diagram symbols are shown in figures 11 and 15.

b. Power transformers used in radio receivers and transmitters
transform the line voltage (usually 110-120 volts) to either higher or
lower voltages. When the voltage is raised the transformer is called a
step-up transformer; when the voltage is reduced the transformer is
called a step-down transformer. Power transformers having both
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—
@ ANY R-F TYPICAL A-F HF TRANSFORMER
TRANSFORMER TRANSFORMER WITH PRIMARY

AND SECONDARY
PRIMARY TUNING CAPAGITORS
l 0000 , ~'RON CORE

NOTE:
EITHER WINDING MAY BE PRIMARY
OR SECONDARY DEPENDING ON

LOW- VOLTAGE CENTER-TAPPED DIRECTION IN WHICH DIAGRAM IS
SECONDARY HIGH-VOLTAGE DRAWN.
SECONDARY
(D TYPICAL POWER TRANSFORMER 7127404

@ Multi-winding power transformer. (Leads from the various windings protrude
through holes in bottom of casec.)

@® I-f transformer, with attached midget variable air capacitors for tuning the
pn‘mr}' and secondary windings, (This assembly fits inside the square aluminum
oan 2;.

@ RB-f transformer. (This assembly is mounted in the round aluminum can 3.)

@ A-f transformer of push-pull output type.

Figure 15. Typical transformers.

step-up and step-down windings on the same core are widely used;
such a transformer is shown in figure 15(0),

c. Audio-frequency transformers are used to transfer voltages of
wide a-f range, rather than voltages of a single frequency, as in the
case of a power transformer. A-f transformers have iron cores, and
must be able to carry a limited amount of direct current in the pri-
mary windings without effecting a-¢ audio frequency. A typical a-f
transformer is shown in figure 15@).
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d. Radio-frequency transformers are used to transfer r-f voltages,
and are usually designed to operate on one particular frequency. Re-
ceiver transformers are quite small in size, and generally have air cores
(figs. 113, @, and (), and 15Q)).

6. When r-f transformers are used for transferring radio frequen-
cies which are low ‘compared to the signal frequency (as in the case of
a superheterodyne receiver, which will be discussed later), the device
is known as an intermediate-frequency (-f) transformer (fig. 15@®).
I-f transformers operate on a single frequency, and may have powdered
iron cores.

f. Autotransformers consist of only a single coil. It is possible to
obtain transformer action with such a coil if a connection is made
somewhere along the winding between the extreme ends. If a step-up
voltage effect is desired, the winding between the tap and one end is
considered the primary, and the entire winding acts as the secondary.
If a step-down effect is desired, the entire winding is considered the
primary, and the section between the tap and one end acts as the
secondary. Autotransformers are used in power circuits.

13. Capacitors

a. A capacitor is a circuit element designed to introduce capacitive
reactance in a cireuit. In radio work the units of eapacitance are the
microfarad (abbreviated pf or mf) and the micromicrofarad (abbre-
viated puf or mmf). One microfarad is equal to 1,000,000 micromicro-
farads. A capacitor is formed by two or more metallie plates separated
by an insulating material called a dielectric. The capacitance of a ca-
pacitor is increased as the area of the plates is increased; the capaci-
tance is decreased, however, as the distance between the plates is in-
creased. The capacitive reactance becomes smaller as the capacitance
is increased. This is just the opposite of what happens in the case of
the inductor, where the induective reactance increases as the inductance
is increased. If an ordinary battery is connected to the two terminals
of a capacitor, the capacitor will become charged and will hold the
charge for a length of time depending on the insulating material used
for the dielectric. If the dielectric is an excellent insulator, the capaci-
tor will hold the charge for a long time, and is then said to have low
leakage. There are three general types of capacitors: fized, adjustable,
and variable.

b. Fized capacitors have a fixed value of capacitanee in a cireuit, and
the majority of the capacitors used in radio are of this type. Many
types of construction are found, depending chiefly on the voltage rat-
ing desired and the amount of leakage permissible in the dielectric.
Fixed capacitors are generally named after the type of dielectric used
in the construetion. The main types of fixed capacitors are : mica capaci-
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tors, paper capactitors, and electrolytic capacitors. These different types
of fixed eapacitors are shown in figure 16.

FIXED CAPACITOR SYMBOL
(ALL TYPES)

TL-2744A

@ Mica dielectrio.
® Paper dicleciric, oil-impregnated.
Paper dielecirio, waz-impregnaied.
@ Electrolytio.

Figure 16. Typical fixed capacilors.

¢. Mica capacitors are used mainly in the r-f cireuits of transmitters
and receivers. Low leakage is an important requirement of such cir-
cuits, Therefore, mica is used as the dielectrie, because it is one of the
best known insulating materials. Mica capacitors are seldom found
with capacitance values greater than 0.05 microfarad, and they gen-
erally have high voltage ratings. Mica capacitors, like fixed resistors,
are often color-coded to indicate their value of capacitance. (A com-
plete explanation of the mica capacitor color eode is given in table IV.,)

Table IV. Mica Capacitor Color Code.

COLOR FOR FIRST NUMBER
COLOR FOR SECOND NUMBER
COLOR FOR THIRD NUMBER
COLOR FOR NUMBER CF ZEROS

COLOR FOR FIRST NUMBER
COLOR FOR SECOND NUMBER
COLOR FOR NUMBER OF ZEROS

74-6496
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Color Number

Black ..vvvvvrssvinanes A RN A e 0
Brown ....cosuinneisvans T — 1
Bed commei e bem e unss e s s see s ems 2
OFADPE 5 o o s oob i o s o e 05 s 3
XAlOW s viiimem s S s e s s R 4
L e DU H
Blue ioviibiiivenis i g me v s vt i 6
Wlolet oo imunaie s biaae s s e e 58 i AR 7
Gray .......ooieiiiiiiiiia, 8
White ...........cooiiiiia.. sais
GO o vivvr i minim vn mowpio mrssnims ovwmem wsein e o womiain o womcn » i percent accuracy
BHVEL covvvisrmiesnnesspes armmnss vasesrpmers 10 percent accuracy

Norte. All values of capacitance are given in micromicrofarads. All voltage ratings
are expressed in hundreds of volts,

d. Paper capacitors consist of tinfoil and paper rolled together and
impregnated with wax to exclude moisture. They are widely used in
circuits where extremely low leakage is not important, such as a-f
amplifier circuits, power supply cireuits, and some r-f amplifier circuits.

e. Electrolytic capacitors depend on a chemical action within them
to produce a very thin film of oxide as the dielectrie. Consequently,
these capacitors are polarized ; that is, they have a positive and a nega-
tive terminal which must be properly connected in a circuit. Improper
eonnections will damage the oxide film and short the capacitor. Since
these capacitors depend on a chemical action which takes place when
current flows through them to produce their dielectric, electrolytic
eapacitors have much higher leakage than either mica or paper capaci-
tors, The principal advantage of electrolytic capacitors is that, for
their size, they have a much larger capacitance than the other forms of
capacitors. They are used chiefly in power supplies where leakage is
not important.

f. Adjustable capacitors are used wherever it is necessary to adjust
the eapacitance of a cirenit from time to time. These adjustable capaei-
tors are sometimes known as trimmers, and are widely used for very
fine adjustments of the tuning of a radio receiving set (known as

e

TRIMMER CAPACITOR

(@ Air-tuned.
® Mica-tuned.
Figure 17. Trimmer capacitors.
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aligning). They are also often used for tuning circuits which operate
on only one frequency. Adjustable capacitors, or trimmers, are of two
types: mica-tuned or air-tuned, according to the dielectric employed.
Figure 17 illustrates both types of trimmers.

g. Variable capacitors are used in a circuit wherever the capacitance
of a circuit must be continuously variable. They are used as tuning con-
trols in practically all radio receivers and transmitters. Most variable
capacitors used in communication circuits are of the air dielectrie type.
A single variable capacitor consists of two sets of metal plates insulated
from each other and so arranged that one set of plates ean be moved
in relation to the other set. The stationary plates are the stator; the
movable plates, the rotor. If several variable capacitors are conneected
on a ecommon shaft so that all may be controlled at the same time, the
result is known as a ganged capacitor. The capacitance range of vari-
able air capacitors is from a few micromicrofarads to several hundred.
A typical group of variable capacitors is shown in figure 18, with the
appropriate symbols for this ecireuit element.

e _wpicates
OR em~""ROTOR

VARIABLE CAPACITOR SYMBOL
(ALL TYPES)

@ Four-gang receiving type.

@ H-f transmitting type.

® Trimmer, or padder type.

@ High-power transmstting type.
Figure 18. Typical variable capacitors.

h. The principle of bypass and blocking capacitors is important for
an understanding of the action of a capacitor in any circuit. Although a
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capacitor due to the insulating properties of its dielectrie, will not
allow direet current to flow in a circuit, it will pass alternating current,
since the capacitor charges and discharges in accordance with the fre-
queney of the applied a-¢ voltage. The higher the frequency, the lower
the reactance, and therefore the greater the current flow through the
capacitor. This effect is just the opposite of that of the choke coil,
which passes direct current, but presents a high reactance to the flow
of alternating eurrent. In some circuits, alternating current should not
flow through a particular circuit element, By connecting a capacitor
across (in parallel with) that element, a path of low opposition for the
alternating current is provided; this bypasses the alternating current
around the element while either the direct current or the low-frequency
(1-f) alternating current flows through the element. In still other cases,
no direct eurrent should flow through a particular part of the cireuit.
A capacitor is therefore connected in series with the cireuit, thus block-
ing the flow of direet current while allowing the comparatively free
passage of the alternating current.

1. The voltage ratings of capacitors are of much the same importance
as the power ratings for resistors. In addition to their capacitance,
capacitors are rated as to their d-e working voltage, which is the maxi-
mum safe operating voltage for the capacitor. Under no circum-
stances should a capacitor be used in a ecireuit in which the voltage may
exceed the rated working voltage. The safest rule to follow when re-
placing a defective capacitor in a radio set is to use a capacitor the
working voltage of which is at least 114 times as great as the highest
voltage expected in the circuit.

14, Capacitance Calculations

a. To make replacement repairs in the field, it is necessary to know
how to determine the capacitance of capacitors when connected in se-
ries and in parallel, sinee, as in the case of resistors, a capacitor of
exaetly the right value may not be available.

b. For capacitors in series, the total amount of capacitance is found
in exactly the same way as for resistors in parallel.

1 1 1 1
C (totalj— C1 C_2+ C3 )

Ezample: Determine the total capacitance of the following three

capacitors connected in series: 200 uf, 100 pf, and 400 uf.

1_1 1,1
'(7*”566+ 100 T 100
7
+ 400 + = 400
C = 4,7&—- 57 mierofarads.
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The d-e working-voltage rating for capaecitors in series is equal to the
sum of the ratings of the individual capaeitors.

¢. For capacitors in parallel, the total amount of eapacitance is found
by adding the values of each of the capacitors. This is the same rule as
for resistors in series.

C (total) = ¢1 + ¢2 + cs.

Example: Determine the total capacitance of the following capacitors
connected in parallel: 0.0005, 0.001, 0.0001, and 0.01 microfarad,
respectively.

' = 0.0005 4 0.001 4+ 0.0001 - 0.01 = 0.0116 microfarad.

The d-c¢ working-voltage rating of a combination of capacitors in paral-
lel is equal to that of the capacitor with the lowest working-voltage
rating.

I5. Operation of Circuit Elements

a. Following the study of the individual properties and character-
isties of the three circuit elements, resistance, inductance, and capaci-
tance, it will now be shown how these cireuit elements operate in an
actual ecircuit. Figure 19 shows a cireuit containing all three circuit
elements, so arranged that if switeh S-1 is closed, direct current will
be applied to the cireuit, and if switeh S-2 is closed, alternating cur-
rent will be applied to the circuit. The ground symbol shown on the
diagram indicates that all points in the circuit so marked with this
symbol are connected to a metal chassis, or base, on which the cireuit
is econstructed ; thus, all points bearing the ground symbol are actually
connected together (via the metal in the chassis). This chassis ground
symbol is used quite frequently in eircuit diagrams to indicate that
a part or a circuit element is connected to the chassis. The symbol does
not necessarily mean that the part is actually connected to an earth
ground, although it is sometimes used in this way in transmitter and
receiver circuits, as will be shown later.

b. In studying the circuit of figure 19, it will be seen that there are
three possible paths through which current may flow. The first is
through resistor R1 and back through ground (or the chassis) to
whichever power source is in use; the second is through capacitor C1
and resistor R2 and back through ground ; the third is through inductor
L and resistor R3 and back through ground. It will be assumed that
inductor L has a large induectance, and that capacitor C1 has a large
value of capacitance. Note that all three paths are connected in parallel.

¢. The first step in the study of this circuit is to close switeh S-1,
applying direct current to the cireuit. Current will flow through re-
sistor R1, the first path; the amount of current which flows through
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Figure 19. Operation of circuit elements,

this path will depend on its resistance. No current will flow in the
second path since the dielectric of capacitor C acts as an insulator, and
thus the capacitor will not pass direet eurrent. Although no current is
flowing in the second path, voltmeter V, which is connected across all
three paths in parallel, indicates that there is a voltage present across
R2 and Cl. Also, if the voltmeter were placed across C1, the same
value of voltage would be found across it, sinee there is no current
flowing in this path, and consequently, there is no voltage drop across
R2. This example shows that it is possible for a voltage to be present in
a cireuit, even though the circuit is open (that is, there is no flow of
current). Current will flow in the third path, since the only opposition
to current flow in this branch of the circuit is the d-¢ resistance of the
coil windings of induetor L and the resistance of resistor R3. The
amount of current flow will be determined by the total resistance in
this path; that is, the sum of the d-c resistance of L and the resistance
of R3.

d. The next step in the study of this ecircuit is to open switch S-1
and close switch S-2, applying alternating current to the cireuit.
‘When this is done, current will flow through resistor R1 in the first
path. Since a resistor offers the same opposition to alternating current
as to direct current, the current flowing in this path will be the same
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regardless of whether alternating current or direct current is applied
to the eircuit. In the second path, through capaecitor C1 (which has a
large value of capacitance) and resistor R2, conditions will be similar
to those in the first path. Due to its large capacitance, C1 will present
a small reactance to the flow of current through this braneh of the
circuit. Thus, the impedance of this second path, or its total opposition
to the flow of alternating eurrent, being due to both the small react-
ance and the resistance, will be, for practical purposes, about equal to
the resistance R2. In path three of the eircuit, inductor L has such a
large value of inductance, that it will present a high reactance to the
flow of alternating eurrent. The impedance of this path, which is due
to both the large reactance and the resistance, will be so high that the
current flow through R3 and L will be extremely small.

e. To sum up the effects of the circuit elements on both alternating
current and direct current, both switches are closed to apply alternat-
ing current and direct current to the circuit at the same time. The
important results then will be: In path one, both alternating current
and direet eurrent will flow; in path two, only alternating current
will flow; in path three, a relatively large value of direct current will
flow, but only a very small value of alternating current will flow.
Thus it can be seen from this study that with both alternating current
and direet current present in a circuit, the current flow of either may
be permitted. stopped, or restricted, by the proper choice of cireuit
elements.

16. Audic-frequency Circuit Elements

a. The instruments and deviees used to change sound waves into
electrical (audio) frequencies, and vice versa, are important parts of
the complete radio transmitter and receiver.

rL2747A : . MICROPHONE SYMBOL
Figure 20. Carbon microphone T-17.
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b. A microphone is a circuit element for converting sound (acous-
tical) energy into electrical (audio) energy. The various types of mi-
crophones are named in accordance with the methods used to produce
this conversion, or change. Thus, there are carbon, condenser, dynamie,
velocity, and erystal microphones. Carbon microphones use the varia-
tion of resistance between loosely packed ecarbon granules (due to
acoustical or sound pressure in a diaphragm) to vary the electrical
current at an audio-frequency rate. An Army microphone (Miero-
phone T-17) is shown in figure 20, Condenser microphones operate
on the principle of sound energy causing a variation in the spacing
between two plates which aet exaetiy like a capacitor; the resulting
variation of capacitance (due to the movement in and out of the
plates) causes a variation at audio frequencies. Dynamic microphones
use a low-impedance coil mechanieally ecoupled to a diaphragm; sound
waves move the diaphragm and the coil, and the movement of the coil
in a magnetic field causes currents in the coil at audio frequencies.
The velocity microphone also operates on the electro-magnetie prineiple,
but uses a ribbon of dural (a metal alloy) suspended between the
poles of a powerful magnet. When the ribbon is vibrated by acoustical
energy, it cuts the lines of force, and a current, which varies in ac-
cordance with the sound waves, is indueced in the ribbon. One type of
crystal microphone uses a Rochelle salt erystal fastened to a dia-
phragm. When sound waves move the diaphragm, the erystals vibrate
and produce an alternating voltage between the crystal electrodes at
the frequencies of the sound waves. All of the types mentioned (except
the erystal microphone) require either some source of current, a mag-
netie field, or a polarizing voltage.

¢. Headsets and loudspeakers are circuit elements for converting
electrical (a-f) energy into sound (acoustical) energy. In general, the

69

HEADSET
{earphone)

TL27488

Figure 21, Headset,
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Table V. Tabulation of common radio symbols.

Device Device Device

Symbo! Symbol

Conducter or Wire Cable, Shielded Coil or Inductor,
Tapped

Crossed wires —

top. connection; Resistor, Fixed - Coil or Inductor, —=—
bettom. no con- Iron Core

nection

Coil or Inductor,
Ground Resistor, Variable Powderad AT
lron Core
Tronsformer, 2 €
Antenna T Capacitor, Fixed Powdered
Iron Core
Capacitor, Fixed, Transformer,
Counterpoise Shielded Air Core
c Transformer,
Antenno, Loop ;p‘":"’" Variable Coupling, gg
ariable moving coil shown .
Ccpacnor, ; Transformer,
Terminals Variable, moving Iron Core
plates shown

Capacitor, Transformer,
Shielding Variable, Shielded Air Core, Tuned

Capacitors, ] ’ Inductors,
Variable, Ganged Link Coupled

Capacitor,
= Dual Section Key

Wire, Shielded

Wire, Twisted Pair

Switch, Single Pole,
Double Throw

Cable, Coaxial Coil or Inductor

e —

Coil or Inductor,

bl
Wire in cable Variable

Switch, Rotary

7468971

headset or the loudspeaker performs the opposite function of a miecro-
phone. When varying (a-f) currents flow through the windings on the
permanent magnet of a headset, the diaphragm vibrates in accordance
with these currents and thus produces audible sound waves propor-
tional to the variations of current. A typical headset is shown in
figure 21, with the circuit diagram symbol. One type of loudspeaker
works on much the same principle as the headset; but instead of a
metal diaphragm, the loudspeaker uses a paper cone, moved by a small
armature, for setting up audible sound waves. Figure 22 shows a
loudspeaker of this type removed from its cabinet.
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Table V. Tabulation of common radio symbols—Continued.

Device Device Device

Switch. Double Connettor,
Pole. Double Male Envelope or Shell
Throw (typical}

Selector Switch Conneztor,
[3 Tfy:rko‘r)l ¢ Female EnveIFoI;[)eé Gas
{typical) e

Beam Tetrude
Vacuum Tube

Headset Vacuum Tube.
Voltage Regulator
Loud Spraker m m‘;::"“c";‘(l;"ba‘-;uo
Microphons Triode, Ouol Base
Vibrator
il

Switch, Power

Dry Cell ot Battery  [RIIIHS

Relay ftypical con-
tact arrangement)

U —

Jacks

Plug. Microphone,
Headset or Speaker

Plug for power

Cathode,
outlet

Thermionic

Cuthode,
Cold Discharge

Filament Oxide Rectifier
Plate or Anode Lomp or Pilot Light
Beam Forming n
Electrodes Voltmeter

Power Receptacle
or Outlet

Crystal

Connector,
Polarized,
Male

Connector,
Polarized,
Female

—— ————

Grid

Connector,
Twistlock,
Female

Connector,
Polarized. 2-Wire,
Male

Insulators

In addition to the metal materials which conduet electricity very
readily (such as copper and iron), it is often necessary to have other
materials which offer a very high resistance to the flow of current, in
order to prevent the electricity from “straying away” at points where
physical support is essential. Such materials are known as insulators.
‘While a perfeet insulator does not exist, there are some materials, such
as poreelain, glass, and ceramic materials, which effectively prevent

any leakage. It is important to note that insulators which are satis-

factory for power purposes may not be suitable for radio work. In
radio cirecuits which operate with microwatts of energy, any minute
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LOUDSPEAKER
SYMBOL

7L-2749A

Figure 22. Permanent magnet loudspeaker and cabinet.

leakage of current is of definite concern. The dielectric bars which
insulate the stator plates from the frame of a variable air capacitor
must be kept clean to prevent any stray leakage. Any slight leakage
currents on insulator surfaces, such as tube bases and sockets, are also
important. In general, it is well to keep radio insulators away from
strong electric fields, and to maintain all insulators dry and clean.

18. Symbols

a. It is not practical to show radio circuit diagrams in the form of
photographs or drawings of the actual parts or components, since only
the outer appearance of the parts would be shown, leaving the inner
workings obscure. Therefore, in radio ecircuit diagrams (also known
as schematic diagrams) special symbols are used to represent the various
circuit elements and parts, in order to simplify the drawings. Symbols
for the various types of resistors, induectors, and capacitors have already
been introduced, and a complete list of all commonly used symbols
is given in table V. The student should refer to this list whenever in
doubt about the identifiecation of any part of a circuit diagram.

b. The more ecommon symbols expldain themselves by their own
appearance, but some may cause confusion. An arrow point, for
example, may have varied meanings. At the end of a line which seems
to be continuing out from the schematic diagram, the arrow point
signifies that there is more of the circuit than is shown. Arrows along
circuit lines may indicate the direction of the signal current through
the apparatus. If the arrow point rests against a piece of equipment
it probably means that there is a contact which is capable of movement
or adjustment. Finally, an arrow drawn diagonally through any other
symbol means that the device is adjustable smoothly and continuously,
as, for example, a variable resistor or a variable induetor.
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SECTION il

TUNED CIRCUITS

19. General

a. Tuned circuits are combinations of ecircuit elements so arranged
that they produce a desired effect in the radio eircuit. Both transmitters
and receivers depend on tuned circuits for their operation on the desired
frequency. And if it were not for tuned circuits operating in conjunc-
tion with vacuum tubes, modern radio would not be possible.

b. In radio receivers tuned circuits are necessary not only for the
selection of desired signals, but also for the rejection of undesired
gignals. The ability of a receiver to select the desired frequency while
rejecting the undesired frequencies is called selectivity. The selectivity
of a receiving set is entirely dependent on the proper operation of its
tuned circuits. If the tuned ecircuits are not functioning properly, if
they are improperly tuned, or if any of the parts of which they are
constructed are defective, then the sensitivity of the set (ability to
receive weak signals) will either be considerably reduced or the receiver
will not work at all.

¢. In radio transmitters, not only are tuned circuits depended on for
operation on the desired frequency, but the entire process of r-f power
generation and amplification is dependent on the proper functioning of
tuned circuits. If the tuned circuits of a radio transmitter are mnot
operating properly due to a defective part or if they are incorrectly
tuned, the power output of the transmitter (and consequently the
transmission range) will either be eonsiderably reduced or the trans-
mitter will become entirely inoperative.

20. Curves and Graphs

In radio work, curves and graphs are widely used to show the
operation of parts and circuits, because a single curve or graph will
explain the operation of the part or circuit more simply than a long
description in words. A curve or graph gives a picture of what is
happening to one value in a circuit as another value is changed. Curves
and graphs used in newspapers and magazines, showing business trends
or changes in the population over a period of time, are all familiar. The
curves and graphs used in radio work are constructed and read in
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exactly the same manner. They can show the voltage in a circuit in
relation to frequency, the reactance of a cireuit element in relation to
frequency, or the voltage in a circuit in relation to current. For example,
in section II it was shown that the reactance of a capacitor decreases
as the operating frequeney is inereased. This relationship can be shown
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Figure £3. Graph showing reactance of 0.5 uf capacitor from
30 to 1,000 cycles per second.

on a graph, illustrated in figure 23. Each point on this graph shows the
value of reactance of the capacitor for a different frequency. Point A
shows that the reactance of the capacitor is approximately 6,400 ohms
at a frequency of 50 eycles per second. Graphs will be extensively used
in this section to indicate what happens in tuned cireuits.

21. Resistance, Reactance, and Impedance

a. A resistor presents the same resistance to the flow of alternating
current as it does to direct current. The opposition offered to the flow
of alternating current by inductors and capacitors is called reactance.
If a cireut contains both resistance and reactance, the total opposition
offered to the flow of alternating current is called the impedance of the
circuit. The impedance of a cireuit is the combined effect cf resistance
and reactance in opposing the flow of alternating current. Impedance
is measured in ohms.

b. The effeet of inductive and capacitive reactance on current and
voltage is of important concern in radio work. Inductive reactance, in
addition to inereasing as the frequency is increased, has another effect
which plays an important part in tuned circuits: it not only opposes
the flow of alternating current, but also causes it to lag a fraction of a
cyele behind the applied voltage, as shown in figure 24. If a eircuit
contains only inductive reactance, the current will lag behind the

34



voltage by exactly one-quarter of a cycle, or 90°. Capacitive reactance
has just the opposite effect : it causes the current to lead the voltage by
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Figure 24. Effect of inductive reactance.

a fraction of a cyecle, as shown in figure 25. If a circuit contains only
capacitive reactance, the eurrent will lead the voltage by 90°,
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Figwre 25. Effect of capacitive reactance.

c. Instead of referring to fractions of a cycle as one-half of a cycle,
or one-quarter of a cycle, in radio work parts of a cycle are expressed
in degrees: one full cycle equals 360°, one-half cycle equals 180°, or one-
quarter cycle equals 90°, ete. If two voltages, or a voltage and a current,
do not reach their maximum and minimum values at the same time in a
circuit, the difference between the two is expressed in degrees. This
effect is called the phase shift, or the phase difference. For example, if
the current in a circuit either lags or leads the voltage by one-quarter
of a cyele, or 90° it is said that the two are 90° out of phase, or that
there is a phase shift of 90°. If the current and the voltage in a cireuit
reach their maximum and minimum values at exactly the same time,
it is said that they are in phase.

d. Sinee inductive reactance causes the current to lag 90° behind the
voltage, and capacitive reactance causes it to lead the voltage by 90°, it
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can be seen that the difference in the two effects is 180° (or one-half of
a cycle). Since one half of a cycle is positive and the other half is
negative, a change of half of a cycle, or 180°, will represent a change
in polarity. Therefore, the effect of induetive reactance can be con-
sidered as postttve reactance, and capacitive reactance can be considered
as negative reactance.

22. Reactance Calculations

a. Since inductive reactance is proportional to inductance and
frequency, a simple formula can be used to determine the inductive
reactance of a coil.

XL = 2.7[fL

Where X; — the amount of induective reactance in ohms,
L = the inductance of a coil in henrys,
and f = the frequency in cycles per second.

2n is a mathematical constant used a great deal in radio work; it is
equal to about 6.28.

Ezample: Find the reactance of a coil of 5 henrys at a frequeney of
60 cycles per second.

X;=16.28X60X5
— 1,884 ohms of inductive reactance.

Ezample: Find the reactance of an induetance of 6 millihenrys at
a frequency of 1,000,000 cyecles per second.

X = 6.28 X 1,000,000 X 0.006
= 37,700 ohms of inductive reactance.

It should be observed that inductances expressed in subdivisions of the
henry must be converted into henrys before substituting in the formula
for reactance.

b. Since the amount of energy stored in a capacitor (for a given
voltage) is fixed by the actual capacity, the total amount of energy
stored (and subsequently restored to the circuit) in 1 second will be
greater when the capacitor is charged many times per second than
when it is charged only a few times per second. Therefore, the current
flow will be proportional to the frequency and to the capacitance of
of the capacitor, and the reactance will be inversely proportional to
the frequency and the capacitance. The formula for eapacitive react-
ance is—

1

Xo=g70
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where X, — the amount of capacitive reactance in ohms,
C = the capacitance of a capacitor in farads,
f = the frequeney in cycles per second,

and 2x — about 6.28.

Ezxample: Find the reactance of a 2.microfarad capacitor at 60
cycles per second.

- 1
Xe = 538560 % 0.000002

= 1,330 ohms of capacitive reactance

It should be observed that capacitance in the above formula must be
represented in farads.

23. Series Resonance

a. If a coil and a capacitor are connected in series with a variable-
frequency source of alternating current (fig. 26), the combination of
parts is called a series-tuned circuit, or a series-resonant circuit. Sinee
the windings of the coil in such a circuit will produce a certain amount
of resistance, the effect of this resistance must be considered in the
operation of the cireuit. This resistance is indicated in figure 26 as
a resistor B. If the a-c source is set at a low frequency, it is found
that the greatest opposition to the flow of current in the circuit is the
reactance of capacitor C (since capacitive reactance increases as the
frequency is decreased). If the a-c source is set at a high frequenecy,
it is found that the greatest opposition to the flow of current is the
reactance of inductor L (since inductive reactance increases as the
frequency is increased). In other words, at low frequencies the react-
ance of the eircuit is mainly capacitive, while at high frequencies the
reactance is mainly inductive.
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Figure 2€. Series-resonant circuit.

b. At some frequency between the high and low extremes, the indue-
tive reactance will be equal to the capacitive reactance. This frequency
is known as the resonant frequency of the circuit, and it is said that
the series ecircuit is tuned to this frequency. Since the induetive
reactance in the eircuit produces a positive effect, and the capacitive
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reactance produces a negative effect, when they become equal in amount
at the resonant frequency they cancel each other, so that the only
opposition to current flow in the circuit is that offered by the resistor R.

¢. The current flowing in the series cirenit of figure 26 can be
measured by means of meter .1. If the source frequency is inecreased
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Figure 27. Current flow in series-resonant circuit,

gradually from a low to a high value, the current will rapidly inecrease
until it reaches a maximum value at the resonant frequency. and then
rapidly decrease, as shown by the graph in figure 27.

d. Since the current flow in a circuit is determined by the impedance
of the circuit, the impedance of a series-tuned circuit is at its lowest,
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Figure 28. Impedance curve of series-tuned circuit.

or minimum value at the resonant frequency, and becomes greater on
either side of the resonant frequency. (See fig. 28.)

e. Since the voltage drop across each element of a cireuit will be
proportional to the current flowing in the circuit and to the opposition
offered by each element to the current flow, and since the eurrent
flowing in a series circuit is maximum at the resonant frequency, the
voltage appearing across each of the elements in the ecireuit will also
be greatest at resonance. Although the voltages across the coil and
capacitor of the series circuit in figure 26 are equal in amount and
opposite in polarity at the resonant frequency (and so eancel each
other as far as the total cireuit voltage is concerned), each of these
voltages is very high. Either one of them can be used to operate other
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radio circuits (such as vacuum tube cireuits), since a very strong
signal (amplification) can be obtained at the resonant frequency. This
voltage amplification of radio signals at the particular frequency to
which the eircuit is resonant is one of the most important effects of
tuned circuits.

f. A circuit is at resonance when the inductive reactance is of the
same value as the capacitive reactance. If the value of either the coil or
the capacitor is changed, the resonant frequency of the eircuit is changed.
If either the capacitance or the inductance is inereased, or both of
them are increased at the same time, the resonant frequency of the
circuit is decreased. Conversely, if either the capacitance or inductance
is decreased, or both of them are deereased at the same time, the resonant
frequenecy is increased. Thus, by making either the inductor or capaci-
tor in the circuit variable, the circuit can be tuned (or resonated) over
a wide range of frequencies. The limits of the frequency range over
which the cireuit can be tuned will depend on the value of the fixed
element, and the maximum and minimum values of the variable element.
It is usually more convenient and more efficient to make the capacitor
the variable element in a tuned eircuit. For this reason variable
capacitors, together with fixed induectance coils, make up the tuned
cireuits of practically all modern radio transmitters and receivers.

g. The resistance present in a resonant-tuned eircuit determines the
amount of seleetivity of which the eirecuit is ecapable. Resonance curves
for three different values of resistance (B in fig. 26) are shown in
figure 29. These are the same type of curve as that shown in figure 27,
where current is plotted against frequeney at resonance. The resonance
curves of figure 29 demonstrate the praecticability of a tuned eircuit
as a selective deviece. The current flowing in a tuned circuit, when
equal voltages of many different frequencies are applied to its terminals,
is ecomposed principally of frequencies equal to, or nearly equal to,
the resonant frequeney of the circuit. As resistance is added to the
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Figure 29. Resonance curves showing broadening effect of series resistance.
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cireuit, the current is attenuated in such a manner that a more nearly
uniform but reduced resonance curve (or response) is obtained. Thus,
resistance in the circuit acts to reduce the selectivity. It may also be
shown that the effect of shunt resistance across either the inductor or
the capacitor will likewise reduce the seleetivity. Ocecasionally resist-
ance is deliberately introduced into a radio ecireuit for the purpose
of broadening the range of frequencies to which the eircuit responds,
although generally the inherent resistance of the circuit is more than
enough for this purpose.

h. Series-tuned circuits are often used in the antenna systems of
transmitters and receivers. They are particularly well suited to the
antenna ecircuit requirements of transmitters, since maximum current
flows in them at the resonant frequency. This means that maximum
current will flow in the antenna at the desired operating frequeney,
and consequently there will be a maximum radiation of power at this
frequency. Series-tuned circuits are also used as wave traps, or filters
(see par. 26).

24, Parallel Resonance

a. If a coil and a capacitor are connected in parallel (fig. 30), the
combination of parts is called a parallel-tuned circuit, or a parallel-
resonant circuit. As in the series-tuned circuit of figure 26, whatever
resistance may be present in the circuit because of the circuit elements
is indicated on the diagram by the resistor R. Since the coil and
capacitor of the parallel-tuned ecircuit are both connected across the
line from the variable-frequency source of alternating current, there
are two paths through which the current may flow: one path through
the coil, and one path through the capacitor. If the a-c source is
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Figure 80. Parallel-resonant circuit.

set at a low frequeney, most of the current will flow through the coil,
since the reactance of the coil will be small for low-frequenecy alternating
current, and the reactance of the capacitor will be high. If the a-c
source is set at a high frequency, most of the current will flow
through the capacitor, since its reactance will be small for high
frequencies, while the reactance of the coil will be high.
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b. At the resonant frequeney, just as in the case of the series-tuned
circuit, the reactance of capacitor C' will be equal to the reactance of
induetor L. However, unlike the series circuit, since the two cireuit
elements are in parallel, the current flowing through the induective
reactance (coil L) will be opposite in polarity to the current flowing
through the capacitive reactance (capacitor ('). Sinee the inductive
reactance is equal to the capacitive reactance at the resonant frequeney,
the currents flowing through the two reactances will be equal in value
as well as opposite in polarity, and consequently they will cancel
each other.

¢. The current flowing in the parallel circuit of figure 30 can be
measured by the meter A. If the source frequeney is varied from a
low frequency through the resonant frequency to a high frequeney,
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Figure 81. Current flow in parallel-resonant circuit,

the current will rapidly deerease from its highest value at the low
frequency to a minimum at the resonant frequency, and will then rise
again to a high value at the high frequency, as shown by the graph
of figure 31.

d. The line current is the difference between the currents flowing
through the inductive and capacitive branches of the ecireuit, as
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Figure 82. Flow of currents through branches of parallel-resonant circuit.

shown by the graph of figure 32. Because of the presence of some
resistance, the two branch currents can never cancel each other com-
pletely. The lower the resistance, the lower is the line current. Although
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the line current may be very small, the current circulating between the
eoil and the capacitor may be very large.

e. Since the total current, or line current, in a parallel-resonant
cireuit is minimum at the resonant frequeney, the impedance of the
cireuit (or the total opposition te eurrent flow) must be at a maximum
at resonance and decrease on either side of the resonant frequency,
as shown by the graph in figure 33.
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Figure 88. Impedance curve of parallel-resonant circuit.

f. The selectivity of a parallel-tuned circuit is inversely related to
the resistance in either branch of the eircuit ; that is, inereased resistance
in either branch of the parallel circuit. acts to decrease the selectivity.

g. For a fixed frequency of the a-¢c generator in a cireuit such as is
shown in figure 30, a variation of the capacitor C is accompanied
by a variation of the ammeter (line current) reading as the impedanece
of the ecircuit changes. Minimum current in the line indicates that
there is a maximum ecirculating current within the parallel-tuned
eircuit. A parallel-resonant cireuit in a radio transmitter is tuned in
this manner, by watching for a dip in the ammeter reading.

h. The impedance of parallel-tuned circuits is very high at the
resonant frequency and low at all other frequencies. For this reason,
they are used with vacuum tubes to generate, deteet, or amplify signals
of a given frequency. Vacuum tubes are comparatively high-impedance
devices, and for proper operation must be connected to high-impedance
circuits, such as parallel-tuned circuits. Parallel-resonant cireuits are
also used as filters (par. 26). A third important use of the parallel-
tuned ecircuit is in the principle of the tank circuit employed in
radio transmitters.

25. Tank Circuit Principle

a. If the capacitor in a parallel-tuned ecircuit is charged by means
of a battery (direct current) and the battery is then disconnected,
an alternating current of very short duration will be generated at the
resonant frequeney of the circuit.

b. This current is produced in the following manner:
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(1) The ecapacitor will discharge into the inductor, causing current
to flow through it. This current flow builds up a magnetic field
around the inductor.

(2) As the capacitor becomes discharged, the current flow stops
and the field collapses.

(3) A voltage, of such polarity that it causes the current to con-
tinue to flow in the same direction, is induced in the coil by the
collapse of the field.

(4) This current flowing into the capacitor charges it with a voltage
of opposite polarity to the original charge from the battery. The
capacitor now discharges in the opposite direction through the induetor,
and the process is repeated.

(5) To summarize, then, the energy in the circuit which originally
came from the battery is first stored in the capacitor as a charge
and then is transferred to the magnetic field around the induetor by
the current flowing in the circuit. This current is alternating, since
it reverses its direction at the resonant frequency of the tuned ecircuit.

¢e. This process would repeat itself indefinitely if the circuit con-
tained nmo resistance. But since all circuits contain at least some
resistance, the process will continue only until the energy which has
been applied to the circuit has been dissipated, or used up, by the
cireuit resistance.

d. In order to produce a sustained alternating current, it is only
necessary to supply sufficient power to such a parallel-tuned cireuit
to overcome the losses due to its resistance. It is possible to do this
in certain vacuum tube circuits used in transmitters as will be explained
later. Alternating currents generated in such parallel-tuned tank
circuits are called oscillatory currents. It is because such a parallel-
tuned eircuit can store power for a time that it is ealled a tank circuit.

26. Filters

a. Filters are necessary for selecting energy at certain desired
frequencies and for rejecting energy at undesired frequencies. Individual
capacitors and inductors have properties in a ecircuit which make
them suitable either singly or in combination with each other, for
use as wide-frequency-range filters; low-pass filters and high-pass
filters are two examples of this type. Resonant-tuned ecircuits are
also employed as filters for the passage or rejection of specific fre-
quencies; band-pass filters and band-rejection filters are examples
of this type.

b. Individual capacitors and induetors have a characteristic frequency
range discrimination. Inductors tend to pass low a-¢ frequencies and
retard high frequenecies; capacitors tend to pass high a-¢ frequencies
and retard low frequencies. This retarding effect is know as attenuation.
Figure 34 presents a pictorial concept of currents which flow in series
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Figure 34. Filter action of individual sertes capacitors and inductors.

circuits eorresponding to various applied potentials. The characteristie
frequency discrimination of large and small capacitors and of large
and small inductors is shown for four different types of input signals:
a-f, r-f, a-f and r-f, and a-f and r-f with d-¢ component. The attenua-
tion of eertain of these input frequencies should be noted. Resistances
do not provide any filtering action in themselves, for they impede
all currents which pass through them, regardless of frequency. The
less the resistance in a filter eircuit, however, the sharper will be the
dividing line between the frequencies which pass and those which
are blocked or attenuated.

¢. A low-pass filter is designed to pass all frequencies below a pre-
determined critical frequency, or cut-off frequency, and substantially
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reduce, or attenuate, currents of all frequencies above this cut-off
frequeney. Such a filter is shown in figure 35 with a graph of a
typical cut-off characteristic. The low-pass filter will also pass direet
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Figure 85. Low-pass filter and its frequency-current characteristic.

current and extremely low alternating current without opposition,
and is therefore widely used to filter, or smooth, the output of radio
power supplies. This smoothing action is explained more fully in
paragraph 35c.

d. A high-pass filter is designed to pass currents of all frequencies
above the predetermined cut-off frequency, and retard, or attenuate,
the currents of all frequencies below this cut-off frequency. The
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Figure 86. High-pass filter and its frequency-current characteristic.

inductor and capacitor of the low-pass filter have merely been inter-
changed to make the high-pass filter (fig. 36). Since all frequencies
below the cut-off frequency are greatly attenuated a filter of this
type will stop the flow of direct current in most eases.

e. Resonant (tuned) cireuits have certain characteristics which make
them ideal for a certain type of filter, where high selectivity is desired.
A series-resonant circuit offers a low impedance to currents of the
particular frequeney to which it is tuned, and a relatively high
impedance to currents of all other frequencies. A parallel-resonant
circuit, on the other hand, offers a very high impedance to currents
of its natural, or resonant, frequency, and a relatively low impedance
to others.

f. A band-pass filter is designed to pass currents of frequencies
within a continuous band, limited by an upper and lower cut-off
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frequency, and substantially to reduce, or attenuate, all frequencies
above and below that band. A typical band-pass filter is shown in
figure 37, with a graph illustrating the band of frequencies which it
will pass. The series- and parallel-resonant circuits are all tuned
to the frequency band desired. The parallel-tuned cireuits offer a
high impedance to the frequencies within this band, while the series-
tuned cireuit offers very little impedance. Thus, these desired frequencies
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Figure 37. Band-pass jfilter and its frequency-current characteristic.

within the band will travel on to the rest of the circuit without being
affected ; but the currents of unwanted frequencies, that is, frequencies
outside the band, will meet with a high impedance and be stopped.
Band-pass filters are used in the tuned circuits of tuned r-f receivers.
They are also used in certain sections of a superheterodyne radio receiver.

g. A band-elimination filter, or band-rejection filter, is designed to
suppress currents of all frequencies within a eontinuous band, limited
by an upper and lower cut-off frequency and to pass all frequencies
above and below that band. Such a band-rejection filter is shown in
figure 38, with a graph of its frequency characteristic. This type of
filter is just the opposite of the band-pass filter , currents of frequencies
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Figure 38. Band-rejection filter and its frequency-current characteristic.

within the band are opposed, or stopped. The two series-tuned ecircuits
and the parallel-resonant circuit are all tuned to the frequency band
desired. The parallel-tuned circuit offers a high impedanece to this band of
frequencies only, and the series-tuned circuits offer very little imped-
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ance; therefore, the signals within the frequency band are stopped.
All other frequencies, that is, all frequencies outside the band, pass
through the parallel ecircuit which offers little impedance.

k. A wave trap, sometimes used in the antenna cireunits of radio
receivers, is a form of band-elimination filter. There are two types
of these wave traps: the parallel-tuned filter and the series-tuned
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Figure 89. Parallel-tuned wave trap.

filter. A parallel-resonant circuit, eonnected as shown in figure 39,
is tuned to resonance at the frequeney of the undesired signal; the
wave trap then presents a high impedance to currents of this unwanted
frequency, and allows currents of all other frequencies to enter the
receiver. A series-resonant cireuit, connected as shown in figure 40,
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Figure 40. Series-tuned wave trap.

can be tuned to resonance at the frequency of the undesired signal,
and these unwanted currents will be effectively bypassed, generally
to ground, without affecting currents of all other frequencies.

27. Coupled Circuits: Transformer

a. Since every radio receiver and transmitter is composed of a
number of cireuits, or stages, methods must be devised for connecting,
or coupling the output of each stage to the input of the next circuit.
One of the most widely used methods for transferring power from
one stage to another is the transformer. Two important properties
of the transformer are the turns and voltage ratio and the turns and
impedance ratio. (See TM 1-455.)

b. The voltage ratio of a transformer is propertional to ils turns
ratio. In other words, if a transformer has twice as many turns of
wire on its secondary as on its primary side, the secondary voltage
will be twice the primary voltage. Conversely, if a transformer has
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only half as many turns on its secondary winding as on its primary
winding, the secondary voltage will be half the primary voltage. Thus,
by using a transformer, it is possible either to step up or step down
the a-e¢ voltage appearing in a circuit. This property is widely used
in radio circuits where it is necessary to step up the signal voltage
from one stage to the next. By using a step-up transformer it is
possible to obtain an actual voltage gain, or voltage amplification.

¢. The impedance ratio of a transformer is cqual to the square
of the turns ratio. Thus if a transformer has a turns ratio of 3 to 1
(or three times as many turns on one winding as on the other), its
impedance ratio will be 9 to 1, and the winding having three times
as many turns will have nine times the impedance of the other winding.
By choosing a transformer with the proper turns ratio, it is therefore
possible to match the impedances of two cireuits. Among the require-
ments placed on any system for transferring power from one cireuit
to another, impedance matching is one of the most important, since
it is an electrical rule that in order to transfer the marimum power
from one circuit to another, the impedances of the two circuits
must be equal.

d. For a practieal example of impedance matching with a transformer,
assume that a loudspeaker with an input impedance of 500 ohms is
to be connected to an a-f amplifier stage with an output impedance of
8,000 ohms. In order to transfer the maximum a-f power from the
a-f amplifier to the loudspeaker, the output impedance of the amplifier
must match the input impedance of the speaker. By applying the
impedance-turns ratio rule, the impedance ratio of the amplifier to
the speaker will be:

8,000__ 16
500 1

e. Since the impedance ratio of a transformer equals the square of
the turns ratio, the turns ratio equals the square root of the impedance
ratio. In the above problem, the impedance ratio is 16 to 1, and since
the square root of 16 equals 4, the transformer must have a turns ratio
of 4 to 1 in order to match the amplifier to the speaker.

28. Coupled Circuits: r-f Transformers

a. The properties of the transformer just discussed hold true for all
types including r-f transformers, provided that all of the magnetic
lines of force which cut the primary coil also cut the secondary. How-
ever, r-f transformers serve two purposes at the same time: they are
used to couple the output of one stage to that of another stage, and,
together with variable capacitors, they form the tuned circuits of radio
sets. If an r-f transformer has one of its windings tuned by a variable
capacitor in a circuit, it is called a single-funed transformer; if both
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of the windings are tuned by capacitators, it is known as a double-tuned
transformer.

b. Single-tuned transformers are used in the majority of r-f amplifier
circuits in radio receivers. Such transformers usually have untuned
primary coils and tuned secondaries. The number of turns on the
secondary will depend on the frequency range to be covered by the
tuned circuit ; but the number of turns on the primary will depend on
the desired voltage step-up in the transformer, and the output im-
pedance of the circuit in which it is to be connected. The transference
of energy from the primary to the secondary of a transformer is due
to the field of one coil passing through the windings of the other. In
the untuned transformer, the power transferred from one winding to
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Figure 41. Coupled ooils.

the other will depend on how close one coil is placed to the other, and
consequently how many lines of force of the field of one coil pass
through the windings of the other. (See fig. 41.) If the two coils are
placed close together, they are closely coupled; if the coils are placed
some distance apart, they are loosely coupled. From this discussion it
would seem desirable to couple the windings of an r-f transformer as
closely as possible, in order to obtain the greatest possible power
transfer. However, in the case of the tuned transformer, there is
greater concern about the selectivity of the tuned circuit (formed by
the tuned secondary winding of the transformer) than there is about
the maximum power transfer. In other words, a reasonable power
transfer is wanted at the resonant frequency, and minimum power
transfer at all other frequencies. If the coils of the single-tuned r-f
transformer are coupled too closely, the power transfer over all fre-
quencies may be at a maximum, but the ratio between the power trans-
ferred at the desired frequency and the power transferred at the
undesired frequencies will be low, and consequently the selectivity will
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be poor. On the other hand, if the coils are coupled too loosely, the
power transfer even at the resonant frequency will be unsatisfactory,
although the resulting selectivity may be excellent. Between these two
extremes there is a certain degree of coupling which will give both
satisfactory selectivity and good power transfer at the resonant fre-
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Figure 42. Selectivity curves of a typical single-tuned r-f transformer, showing
variations in transfer of power with changes of frequency.

quency. This degree of coupling is known as optimum coupling.
Figure 42 shows the selectivity curves of a typical single-tuned r-f
transformer for three different degrees of coupling between its primary
and secondary coils.

c. Double-tuned transformers have both primary and secondary
windings tuned by capacitors, and are widely used in the intermediate-
frequency amplifier stages of superheterodyne receivers. The double-
tuned transformers used in such circuits are called i-f transformers
(fig. 15@)), and must be carefully tuned to allow the passage of a very
narrow band of radio frequency known as the intermediate frequency
of superheterodyne receiver. The effect of the degree of coupling on
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Figure 48. Selectivity curves of a typical double-tuned r-f transformer,
showing varsations in transfer of power with changes in frequency.



the selectivity of double-tuned transformers is more pronounced than
in the ease of the single-tuned transformer, since two circuits, both
tuned to the same frequency, are coupled together. The double-tuned
transformer has greater selectivity than the single-tuned r-f trans-
former. The selectivity eurve will be more sharply peaked and will
have steeper sides, indicating better rejection of signals on either side
of the resonant frequency. Figure 43 shows the selectivity curves of a
double-tuned transformer for three different degrees of coupling. Com-
pare these curves with those for the single-tuned transformer shown
in figure 42; note the flat top on the eurve for optimum coupling, indi-
cating that a band of frequencies on either side of the resonant fre-
quency will be passed by a double-tuned transformer with the proper
degree of coupling. This band-pass effect is very important in the
reception of radiotelephone signals, as will be seen later. Since
double-tuned transformers will pass a narrow band of frequencies
while rejecting all other frequencies, they are sometimes called band-
pass filters. Note the double hump on the ecurve for overcoupling, in-
dicating that a double-tuned transformer will have two resonant
frequencies equidistant from the proper resonant frequency if the
coupling is increased past the optimum point.

d. The importance of maintaining the proper coupling between the
coils of an r-f transformer cannot be overstressed. Overcoupling will
reduce the selectivity of a set; loose coupling will reduce the sensi-
tivity of the set.

29. Coupled Circuits: Resistance Coupling

a. Resistors are often used to couple the output of one cireuit to the
input of another, particularly in a-f amplifiers. Resistance coupling
may be used to step down the voltage from one stage to another. (See

CIRCUIT CIRCUIT
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Figure 44. Resistance coupling used to step down voltage.

fig. 44.) In this arrangement, if the tap on the resistor is placed half-
way between the ends of the resistor, the voltage applied to cireuit two
will be half the output voltage of eircuit one. Other step-down voltage
ratios may be obtained by moving the tap up or down the resistor.

b. To resistance-couple two stages, and pass only alternating eurrent
from one to the other, as is the case in most radio circuits, a blocking
capacitor is used (fig. 45). This form of resistance coupling. sometimes
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Figure 45. Resistance coupling with blocking capacitor.

known as resistance-capacitance coupling, has a wide use in the a-f
amplifiers of radio receivers.

30. Coupled Circuits: Inductance Coupling

a. Inductance coupling is used mainly to couple the r-f amplifier
circuits of radio transmitters, although it finds some application in the
a-f circuits of receivers. Inductance coupling may be used to step
down the voltage from one circuit to another in exactly the same way
that resistance coupling is used in figure 44, except that a tapped in-
ductor is substituted for the resistor shown. The step-down voltage
ratio will be equal to the turns ratio of the total winding to the tapped
portion. That is, if the section of the winding applied to eircuit two
has only one-third of the turns of the total winding, the voltage appear-
ing across this portion of the winding will be one-third of the voltage
across the whole coil.

b. In like manner, inductance coupling may be used to step up the
voltage from one circuit to another (fig. 46). The step-up voltage ratio
also will be equal to the turns ratio of the total winding to the tapped

CIRCUIT CIRCUIT
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Figure 46. Inductance coupling used to step up voltage.

portion. Thus, if circuit one is connected across one-third of the turns
of the coil, the voltage appearing in circuit two will be three times as
great as the voltage output of circuit one. Sinece the tapped induector
operates in much the same fashion as does the transformer, the tapped
inductor is often called an aufotransformer.

c. Impedance matching can be accomplished with tapped induectors,
in much the same way as with transformers. The rule is as follows:
The impedance ratio of the whole coil to the tapped section equals the
square of the turns ration of the whole coil to the tapped section.
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d. In inductance coupling, as in resistance coupling, to prevent the
flow of direct current from one circuit to the other, while allowing
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Figure 47. Impedance-capacitance coupling used to step down voltage.

the a-c signal to pass, a blocking capacitor is employed. This method
of eoupling is shown in figure 47, and is often called impedance-capact-
tance coupling.

31. Distributed Inductance and Capacitance

a. In addition to the inductance and capacitance included in indue-
tors and ecapacitors, there are distributed, or stray, inductance and
capacitance effects present in miscellaneous components of radio instru-
ments, as in connecting wires, switches, and sockets. These become of
considerable concern at radio frequencies.

b. Capacitive reactance is inversely proportional to the frequency

(X e ~—1——) This means that as the frequency of an applied volt-
2= f C

age is inereased, the capacitance of the circuit offers less opposition to
the flow of current. At high frequencies undesirably large currents
may appear where negligible currents would flow at low frequencies.
The eapacitance which occurs between elements of a vacuum tube and
between adjacent turns of a coil present a large ecapacitive reactance at
the lower frequencies. However, at radio frequencies, the reactance may
be reduced to such a point that the increased magnitude of the current
flowing across it determines the upper frequency limit for the useful-
ness of the associated eireuit.

e. Inductive reactance increases in direct proportion to frequeney
(Xp=2xfL), or, as the frequency of an applied voltage is increased,
the inductance of the cireuit offers more opposition to the flow of cur-
rent. A simple connecting wire, the inductive reactance of which may
be insignificant at low frequencies, may have a sufficiently large indue-
tive reactance at higher frequencies to render an instrument inoperative,

32. Effective a-c Resistance

Fundamentally, a measure of the resistance of a circuit is given by
the power dissipated as heat, when unit current is flowing in the cireuit.
In its broadest sense, the term “resistance” is taken to mean all effects
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leading to dissipation of energy in such form that the energy is not
recoverable for any useful purpose within the immediate system. Thus
a radio antenna for transmitting is said to have a radiation resistance
associated with radiative losses, that is, with the energy which is radi-
ated into space; and a particular transmitter or receiver circuit may
be said to exhibit certain reflected resistance because of the power con-
sumed by other cireuits which it directly or indirectly supplies. With
alternating current, for a given current magnitude, considerably more
electrieal power may be consumed than is required by the same circuit
with direet current. The resistance which is indicated by a-¢ power
consumption is ealled effective a-c resistance. Part of this additional
power is required to maintain the heat losses accompanying parasitie
circulating currents (eddy currents) which are induced in conductors
of the circuit (in particular, in transformer cores) by the varying
magnetic field. Another source of a-c electrical power dissipation is
represented by dielectric and other losses. A further factor which
makes for more required power for a given magnitude of alternating
current is the sgkin effect: the tendency of alternating currents to
travel with greater density near the surface of the conductor than at
the center. This tendency increases with frequency. The magnetic field
about a eurrent-carrying conductor is more intense at the center of the
conduetor than it is near the surface of the conduector. Thus the back
voltage set up by the rising and falling magnetic field is greater at the
center than near the surface, and practically all of the current through
a wire at high frequencies is confined to the outer surface of the conduc-
tor. The result is increased heating for the same current, that is,
higher resistance. The nonuniform distribution of current throughout
the cross section of a conductor at high frequencies is more pronounced
if the eonduector is wound into the form of a coil than it is if it is used
as a straight wire. At radio frequencies, the effective a-¢ resistance
of a coil may be 10 or 100 times its true d-c resistance. Wherever al-
ternating currents are studied, it is generally understood, if not spe-
cifically stated, that resistance means effective a-c resistance.



SECTION 1Y

VACUUM TUBES

33. Electron

a. The whole foundation of electricity is based upon the electron, a
minute negatively charged particle. Atoms, of which all matter is com-
posed, consist of a positively charged nucleus around which are grouped
a number of electrons. The physical properties of any material depend
upon the number of electrons and the size of the nucleus. In all matter
there are a certain number of free electrons. The movement of these
free electrons is known as a current of electricity. If the movement
of electrons is in one direction only, the current is direct. If, however,
the source of voltage is alternated between positive and negative, the
flow of electrons will likewise alternate; this is known as alternating
current.

b. If certain metals, or metallic substances such as metallic orides,
are heated to a high temperature either by means of a flame or by pass-
ing current through them, they have the property of throwing off, or
emitting, electrons. The element in a vacuum tube which is heated to
emit electrons is called the cathode.

¢. If the cathode is heated to a high temperature in the open air, it
will burn up because of the presence of oxygen in the air. For this
reason the cathode is placed in a glass or metal bulb from which all air
has been removed. Such a space is known as a vacuum. Sinece it is
difficult to heat an element in a vacuum tube by means of fire or flame,
the cathode, which is in the form of a filament, is directly heated by
passing a current through it.

d. Any isolated positively charged body in the vicinity of the electron
emitter will attract the megatively charged electrons. The positive
charge on the body will soon be canceled by the electrons attracted to it
unless some means is employed to remove the electrons as fast as they
arrive. This can be done by connecting a source of comstant voltage
between the positively charged body and the electron emitter (fig. 48).
This is the general arrangement in a two-element tube, or diode. It is
also the basis of operation of all types of vacuum tubes.

- e. The emitter, or cathode, of a vacuum tube may resemble the
familiar incandescent lamp filament which is heated by passing a
current through it. The positively charged body usually surrounds the
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Figure 48. Emitted electrons attracted by a positively charged body.

emitter and is called the plafe, or anode. It should be noted that elee-
trons travel from negative to positive.

f. Two types of cathodes, or emitters, are used in radio tubes. In one,
known as the filament or directly heated type, the heating current is
passed through the cathode itself. In the other, known as the indirectly
heated type, the current is passed through a heating element, which in
turn heats the cathode to a temperature sufficiently high for electron
emission. In the indirectly heated type, the cathode is an oxide-coated
metal sleeve which is placed over the heater element.

g. The higher the temperature of the cathode, the more electrons it
will emit. However, if too much voltage is applied to a eathode, the
heavy current flow will cause the filament or heater to burn out. The
safe filament or heater voltage is determined by the manufacturer, and
this voltage rating must be observed for satisfactory operation. The
cathode of a tube will not continue to emit electrons indefinitely. After
several thousand hours of operation, the number of electrons emitted
will gradually decrease, until finally an insufficient number is emitted
for proper operation. The decrease in emission capacity is due to the
chemical change which takes place in the cathode. This is one of the
reasons why tubes wear out.

34, Operation of Diode

a. The diode is the simplest type of vacuum tube, and consists of only
two elements: a cathode and a plate. The operation of the diode depends
on the fact that if a positive voltage is applied to the plate with respect
to the heated cathode, current will flow through the tube; if a negative
voltage is applied to the plate with respect to the cathode, current will
not flow through the tube.

b. When the positive terminal of a battery is connected to the plate
of a diode and the negative terminal is connected to the cathode, the
plate will be positive with respect to the cathode. Since the electrons
emifted by the cathode are negative particles of eleetricity, and there
is a positive charge on the plate, the electrons emitted by the cathode
will be drawn to the plate (fig. 49). In other words, there is an electron
flow through the tube, which results in a current flow in the circuit. If
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Figure 49, Llectron flow in a diode when plate is positive.

the flow of current in the circuit is measured by meter A (fig. 49) while
the voltage applied to the plate (known as battery voltage or plate
voltage) is increased, it will be seen that the current flow through the
tube, known as the plate current, increases. This is illustrated by the
plate-voltage plate-current curve of figure 50.

PLATE CURRENT

PLATE VOLTAGE

TL-2647
Figure 50. Plate current flow in a diode.

¢. When the negative terminal of a battery is connected to the plate
of the diode and the positive terminal is connected to the cathode (fig.
51), the plate will be negative with respect to the cathode, and therefore
no electrons will be attracted to the plate. Sinee no electrons are
traveling across to the plate, no current will flow through the tube.

d. The diode is a conductor when the plate voltage is positive, and is
a nonconductor when the plate voltage is negative, This property of
the diode permits the use of this tube for two very useful funections:
rectification and detection.
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Figure 51. Diode action when plate i3 negative.

35. Diode as Rectifier

a. The ability of a diode to conduct, or pass, current in only one
direction makes possible its use as a rectifier to convert alternating
current into direct current. A diagram of a simple diode rectifier
circuit is shown in figure 52. If an a-c source is connected between the
plate and the cathode of such a circuit, one half of each a-c eyele will be
positive and the other half will be negative. Therefore, the plate of the
diode will be made alternately positive and negative with respect to the
cathode. Since the diode conducts only when the plate is positive,
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Figure 52. Diode used as a half-wave rectifier.

current flows through the tube only on the positive half-cycles of the
a-c voltage, as shown in figure 53. Since the current through the diode
flows in one direction only, it is direet eurrent. This type of diode
rectifier circuit is called a half-wave rectifier, since it rectifies only
during one-half of the a-¢ cycle.

b. It can be seen from figure 53 that this direct current is quite dif-
ferent from pure direct current, sinee it rises from zero to a maximum
and returns to zero during the positive half-cyele of the alternating
current, and does not flow at all during the negative half-cycle. To
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Figure 58. Output of a half-wave rectifier.

distinguish this type of current from pure direct current, it is referred
to as pulsating direct current, or rectified alternating current.

¢. To convert this rectified alternating current into pure direct cur-
rent, the fluctuations must be removed. In other words, it is necessary
to cut off the humps at the tops of the half-cyeles of current flow, and
to fill in the gaps due to the half-eyecles of no current flow. This process
is called filtering. In the circuit of figure 52, the d-c voltage output
will appear across the load resistor R, because of the current flowing
through it during the positive half-cyeles. The capacitor C, having a
small reactance at the a-c frequency, is connected across this resistor.
This capacitor will become charged during the positive half-cycles,
when voltage appears across resistor R, and will discharge into resistor
K during the negative half-cycles, when no voltage appears across the
resistor, thus tending to smooth out, or filter, the fluctuating direect
current. Such a capacitor is known as a filfer capacitor. It stores up
voltage when it is present, and releases the voltage into the circuit
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Figure 54. Effect of filter capacitor.

when it is needed. Figure 54 shows the voltage appearing across re-
sistor R, both with and without a filter capacitor in the circuit. It will
be seen that the addition of a filter capacitor alone is not enough to
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remove completely the fluctuations or ripple; in faet, no amount of
capacitance, however large, would completely eliminate this ripple.
However, if a filter circuit is.added to the half-wave rectifier, as shown
by the complete cireuit (fig. 55), a satisfactory degree of filtering can
be obtained. In this circuit, capacitors C, and C, are both filter capae-
itors, and fulfill the funection deseribed above. Inductor L is a filter
choke having high reactance at the a-¢ frequeney and a low value of d-¢
registance. It will oppose any current fluctuations, but will allow
direct current to flow unhindered through the circuit. The two filter

Figure 35, Filter circuit added to half-wave rectifier.

capacitors C, and C, bypass the ripple voltage around the load resistor
R, while choke coil L tends to oppose the flow of any ripple eurrent
through the resistor.

d. The disadvantage of the half-wave rectifier is that no current flows
during the negative half-cycle. Therefore, some of the voltage produced
during the positive half-cycle must be used to filter out the ripple.
This reduces the average voltage output of the circuit. Since the circuit
is conducting only half the time, it is not very efficient. Consequently,
the full-wave rectifier, so called because it rectifies on both half-cycles,
has been developed for use in the power supply ecircuits of modern

3

Figure 56. Full-wave rectifier circuit.

receivers and transmitters. In the full-wave rectifier circuit shown in
figure 56, two diodes are used, one conducting during the first half-
eyele and the other during the second half-cycle.
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¢. In the circuit of figure 56, the transformer has a center-tapped
secondary winding, so that diode D, is connected to one half of this
winding, while diode D, is connected to the other half. Resistor R is
the load resistor common to both diodes. Capacitors C; and C. and
inductor L form the filter circuit. During one half-cycle, the plate of
diode D, will be positive with respect to the center tap of the trans-
former secondary winding, while the plate of diode D, will be negative;
consequently, diode D, will conduct while diode D, will be nonconduet-
ing. During the other half-cyecle, D, will be negative and nonconducting
while D, will be positive and conducting. Therefore, since the two
diodes take turns in their operation, and one of them is always con-
ducting, current flows through the load resistor during both halves of
the eycle. This is full-wave rectification.

f. If no filter circuit were used in the full-wave rectifier eircuit of
ficure 56, the d-c output voltage across the load resistor B would appear
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Figure 57. Output of a full-wave rectifier.

as in figure 57. Obviously, this voltage waveform is much easier to
filter than the half-wave rectifier output, and the action of the capacitors
and induectors in smoothing out this waveform is the same as for the
half-wave rectifier voltage.

g. The circuit shown in figure 56 is the basis for all a-c operated
power supplies used to furnish the d-¢ voltages required by trans-
mitters and receivers. Note that the heater voltage for each of the two
diodes is taken from a special secondary winding on the transformer.

36. Diode Characteristic Curves

a. The plate-current plate-voltage curve shown in figure 50 is an
important characteristic of the diode vacuum tube, because it shows
the amount of current that a diode will pass for any given plate
voltage. Different types of diodes may have slightly different char-
acteristic curves. All of these curves, however, indicate one important
faet: the load, or plate, current is not proportional to the applied, or
plate, voltage. For this reason Ohm’s law is strictly applicable only to
small increments, or changes, of currents and voltages. In general,
current-voltage relations in vacuum-tube circuits are studied by means
of experimentally obtained characteristic curves.

b. The curved portions, or bends, in the graph of figure 50 are the
result of certain variations in the action of the diode. When the plate
voltage is low, the electrons nearest the cathode are repelled back to the
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cathode by the accumulated emitted electrons which are a little farther
from the cathode, and only those electrons which are nearest the plate
are attracted to the plate. This repelling effect around the cathode is
known as the space charge. For intermediate values of the plate poten-
tial, the space charge in the vicinity of the cathode is reduced by the
attraction of more electrons to the positively charged plate, and any
inerease in plate potential produces an appreeciable increase in current,
as shown by the curve of figure 50. For large values of plate potential,
when the space charge is completely removed, the number of electrons
reaching the plate per second is limited by the number emitted per
second by the cathode, and is independent of plate potential. This
latter condition is referred to as saturation, and a place along the curve
(point 8 in fig. 50) is called the saturation point.

37. Operation of Triode

a. The triode differs in construction from the diode only in the addi-
tion of another element, called the grid. The grid is a cylindriecal
structure made of fine wire mesh, which is placed between the cathode
and the plate of the tube so that all the electrons leaving the cathode
must pass through it in order to reach the plate. Figure 58 is a drawing
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TL 6272
Figure 58. Typioal triode.

which shows the arrangement of the grid, cathode, and plate in a typical
triode. The grid is placed considerably closer to the cathode than is the
plate, and consequently will have a very great effect on the electrons
which pass through it.

b. If a triode is connected in a simple cireuit, as shown in figure 59,
the action of the grid can be studied. When a small negative voltage
(with respect to the cathode) is put on the grid, there is a resultant
change in the flow of electrons within the vacuum tube. Since the
electrons are negative particles of electricity, and like charges repel one
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Figure 69. Triode with a small negative voltage on the grid.

another, the negative voltage on the grid will tend to repel the electrons
emitted by the cathode, and thus tend to prevent them from passing
through the grid on their way to the plate. However, since the plate is
considerably positive with respect to the cathode, its attraction for the
electrons is sufficiently strong to enable some of them to pass through
the grid and reach the plate in spite of the opposition offered them by
the negative voltage on the grid. Thus, a small negative voltage on the
grid of the tube will reduce the electron flow from the cathode to the
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Figure 60. Effect of negative grid on plate-current fow.

plate (fig. 60), and consequently will reduce the value of plate-current
flow between the cathode and the plate of the tube.

¢. If the plate current in the ecircuit of figure 59 is measured by means
of meter A, while holding the plate voltage constant and making the
grid of the tube gradually more negative with respect to the cathode,
the plate current will vary as shown in the grid-voltage plate-current
curve of figure 61. Such a curve is also known as an Eq — Ip character-
istic curve. From this curve, it can be seen that as the grid of the tube
is made more negative, less plate current will flow, since the more
negative the grid the fewer electrons it permits to pass on to the plate.
In the ease of this particular tube (type 6C5), it will be noted from the
characteristic curve that if the grid is made sufficiently negative (— 10
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Figure 61. Grid-voltage plate-current curve.

volts), the plate current drops to zero. Thus, this value of negative
grid voltage has cut off the flow of electrons within the tube. A negative
voltage which is applied to the grid of a tube to hold its plate current
flow at a given value is known as the grid-bias voltage, or more simply,
the bigs; that value of grid bias which will cut off the flow of plate
current is called the cut-off bias for that tube. Since the plate current
in a tube increases as the plate voltage is inereased, the bias required to
ent off plate current flow will inerease as the plate voltage applied to
the tube is increased.

d. The triode is now connected in a circuit (fig. 62) where an a-c
(signal) voltage is applied to the triode, in addition to the grid-bias
voltage. The a-c signal source is adjusted so that it applies 1 volt of a-c
voltage to the circuit. Since the signal source and the 3 volts of negative
bias are in series, on the positive half-cycle of the a-c signal there will
be — 2 volts applied to the grid with respect to the cathode (41— 3 =
— 2); on the negative half-cycle there will be — 4 volts on the grid
of the tube (—1—3 =—4). From the grid-voltage plate-current
curve shown in figure 61, it can be seen that when there is no a-c signal
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Figure 62, Triode with an a-c signal on the grid.

applied to the tube, the plate current will be fixed at 8 milliamperes
by the 3 volts of bias supplied by the bias battery. When the a-c¢ signal
is applied to the tube, on the positive half-cycles there will be — 2
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Figure 68. Plate current waveform resulting from an a-c grid voltage.

65



volts on the grid of the tube and the plate eurrent will increase to 10
milliamperes ; but on the negative half-cycles there will be — 4 volts
on the grid and the plate current will decrease to 6 milliamperes.
Thus, a 1-volt a-¢ signal will cause a plate current change of 4 milli-
amperes in this tube. This can be demonstrated graphically by showing
the a-c voltage waveform on the grid-voltage scale of the Eq— Ip
characteristic curve, and plotting the plate-current waveform on the
plate-current scale of the graph (fig. 63).

e. An examination of figure 63 will show that the waveform of the
plate current variation is an exact reproduction of the waveform of the
a-c¢ voltage applied to the tube. By carrying this process further, it
can be shown that if the negative bias is increased to 5 volts, so that
the grid voltage varies from — 4 to — 6 volts over the a-¢ cycle, the plate
current change will vary from 3 to 6 milliamperes, showing a total
change of only 8 milliamperes. If the negative bias voltage is increased
to 9 volts, so that the grid voltage varies from — 8 to — 10 volts
over the a-c eyele, then the plate eurrent change will be only 1 milli-
ampere. From this it can be seen that if the negative bias is increased,
there is a resultant decrease in the plate current change for a given
gignal input. This method of controlling the output of a tube by
varying the bias voltage is often used as a means of volume control, as
will be shown later in the study of radio receiver. It should be noted,
however, that if the grid voltage is increased to too high a negative
value (fig. 64Q), there is noticeable distortion of the output plate
current wave. Distortion also results if the cathode temperature is
lowered to such a degree that the emission is insufficient (fig. 643)).
A distorted output is generally, but not always, objectionable.

38. Triode Circuits; Plate Loads
a. In order to make use of the variations in the plate current of a
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Figure 64. Distortion due to high grid bias and low cathode temperature.



triode due to variations in grid voltage, some sort of a device must be
present in the plate circuit of the tube to act as a load. This plate load
can be a registor, an inductor, or a tuned circuit.

b. A typical triode circuit with a resistor used as a plate load is
shown in figure 65. If the tube in this cireuit is biased at — 3 volts
and the applied a-c signal voltage to the grid is 1 volt, the plate current
variation of 4 milliamperes will produce a voltage variation of 40
volts across the 10,000-ohm resistor. On the positive half-cycles, the
negative voltage of 2 volts applied to the grid causes a current flow of

PLATE LOAD
RESISTOR
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Figure 65. Triode using a resistor as a plate load.

10 milliamperes through the plate load resistor, thus producing a volt-
age drop of 100 volts (by Ohm’s law). On the negative half-cyecles, the
negative voltage of 4 volts applied to the grid causes a current flow of 6
milliamperes through the plate-load resistor, and a corresponding volt-
age drop of 60 volts. The difference between these two voltage drops, or
40 volts, is the voltage variation in the plate circuit produced by the a-¢
voltage applied to the grid. Thus it can be seen that a signal voltage
change from — 1 to + 1 (or a total change of 2 volts) can produce a
voltage change of 40 volts in the plate circuit; in other words, the
original (grid) signal voltage has been amplified 20 times. This
process is the basis for all vacuum-tube amplification.

¢. The use of a resistor as the plate load of a vacuum tube has one
disadvantage: its resistance will reduce the actual d-c¢ voltage applied
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Figure 66, Triode using an inductor as a plate load.

67



to the plate of the tube, and so reduce the amplification of the tube.
To overcome this loss in plate voltage, inductors are often used as plate
loads of vacuum-tube circuits (fig. 66). By choosing an inductor which
has a high value of reactance at the frequency of the alternating eurrent,
a large voltage will be built up across the reactance, because of the plate-
current changes in the tube. However, the d-¢ plate voltage applied to
the plate of the tube will be quite high, since the d-¢ resistance of an
inductor may be very small, and consequently the amplification of the
tube will be increased.

d. If it is desired to amplify a signal of a given frequency, a tuned
circuit which resonates at this frequency may be used for a plate load
(fig. 67). Since the impedance of such a circuit will be very high at the
resonant frequency, the signal voltage appearing across the tuned
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Figure 67. Triode using a tuned circuit as a plate load.

circuit will also be high. By using a tuned circuit as the plate load for a
vacuum tube, it is possible to obtain the amplification only at the
resonant frequency of the tuned circuit. The circuit of figure 67 is
typical of the r-f amplifier circuits used in radio transmitters.

39. Triode Circuits; Biasing Methods

a. There are several different methods of obtaining a negative grid-
bias voltage for a triode. The simplest of these is the fized bias, where a
suitable negative voltage is obtained from a fixed source, such as bat-
teries or a rectifier power supply. Examples of this type of bias are
shown in figures 59, 62, and 65.

b. A vacuum-tube cireuit can be arranged to produce its own bias,
and such a method is known as self-bias. One type of self-biasing,
called the cathode-return-resistor bias, is shown in a triode-amplifier
cireuit in figure 68. In this circuit, the plate current from the battery
flows through the cathode resistor on its way through the tube and back
to the battery through the plate-load resistor. Sinee the current is
flowing through the cathode resistor toward the cathode, there will be a
voltage drop across this resistor which will make the grid negative with
respect to the cathode. This is the proper condition for biasing. The
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Figure 68. Triode amplifier circuit with self-bias.

convenience of this type of bias is obvious, since it eliminates the need
for a separate source of bias voltage. For this reason, cathode-resistor
bias is widely used in both transmitters and receivers. Omission of the
shunt capacitor, or too small a value of this eapacitor, produces degen-
eration (par. 102¢) as a result of the variations of grid bias which then
accompany the a-¢ pulsations of the plate current. This capacitor should
have a low reactance at the signal frequency, thus keeping the cathode
resistor from dropping the a-c signal voltage as well as the d-¢ plate
voltage.

c. Another form of self-bias is called the grid-leak bias, and is used
under eonditions where grid current flows. Two examples of this type
of bias are shown in figure 69. The bias results from the drop in poten-
tial across the resistor when grid current flows on positive a-¢ signal
swings. This resistor is called a grid-leak. The capacitor across the
leak offers a low impedance to alternating current, so that the bias is
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@© Shunt arrangement. (@ Series arrangement.
Figure 69. Grid-leak bias circuits.

essentially steady in character and is a function of only the magnitude,
or size, of the grid current. A disadvantage of grid-leak bias is that if
for any reason the excitation is removed, the bias is removed also, and
the plate eurrent may assume dangerous proportions, causing damage
to the vacuum tube.

d. To combine the advantage of grid-leak and battery (or fixed) bias,
transmitter amplifiers often use a combination of both types in series.
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Some types of amplifier tubes are conveniently designed, as regards bias
supply, to operate with the grid at cathode potential ; these are known
as zero-bias tubes.

40. Triode Characteristic Curves

a. There are two general types of characteristic eurves for triodes.
One is for the case of no load in the plate circuit, and is called the
static characteristic curve; the other is for the case of a load in the
plate circuit, and is known as the dynamic characteristic curve. Use
has already been made of the static curve in figures 61, 63, and 64, where
the tube was operating without a plate load. In practice, however, the
output of a tube feads into some sort of load which can be represented
by a resistance value (assumed to be the equivalent of the load). This
results in dynamie characteristic curves that reflect more aceurately
the operating conditions of the tube. A comparison of the static and
dynamic curves, with the two circuits that are used to obtain each, is
shown in figure 703). The difference in the slope of the two curves is
due to the fact that the plate-to-cathode potential for no load is constant
regardless of the plate current, whereas with a load in the plate circuit
the potential across the load (and consequently the plate-to-cathode
potential) varies with the current. Assume that the normal operating
point is the same for the tube with or without external load; that is,
regard the operating point as the point of intersection of the two curves
of figure 70(). Without an external load (fig. 70D) on a positive

®

@® Without external load. (@ With external load
@® Corresponding characteristics.
Figure 70. Triode characteristic curves.

swing of signal potential A (fig. 70(®), the plate current rises by an
amount B. With an external load (fig. 702)), the increase in current
which follows a positive grid swing is in turn accompanied by a
potential drop (I X E) across the load resistor (as read by voltmeter
¥V.). Thus the potential available across plate to eathode within the
tube (as read by voltmeter V) is reduced; and the consequent increase
in current C is less than it was under the no load condition. On the
negative half-cycle of the signal voltage, the plate current is reduced,
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and the potential drop across the load is less than it is when no signal
is applied. Thus the voltage across the tube rises, so that the available
plate-to-cathode potential exceeds the corresponding value under the
no load condition. A typiecal set of static plate-current grid-voltage
curves for various plate potentials is shown in figure 71. Many hand-
books on vacuum tubes confine the characteristics illustrated to families
of curves of the static type.
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Figure 71 Plate-current vs. grid-potential curves for triode.

b. Observe from the set of static characteristic curves of figure 72,
that of the three quantities, grid potential, plate potential, and plate
current, any two will determine the third. Thus, corresponding to a
plate current of 10 milliamperes and a plate potential of 50 volts, the

PLATE CURRENT IN MA,
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Figure 72. Plate-current vs. plate-voltage curves for a triode.

required grid potential is — 8 volts. Suppose it is desired to obtain
these same relations—plate current, 10 milliamperes ; plate potential, 50
volts; and grid potential — 8 volts—with a load resistance of 4,000
ohms. This requires a total plate-supply potential of 50 + [4,000 X
(10/1,000)] wvolts == 90 volts, 50 across the tube and 40 across the
load resistance. The current in the load resistance follows Ohm’s law,
that is, the current through the resistance is proportional to the
potential across it. This proportionality can be represented by a
straight line on the current-voltage graph of figure 73. The line is
determined by any two points on it, two convenient points being P and
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Figure 78. Load line for a triode.

@, as in figure 73@. P is for a current of 10 milliamperes and a
voltage drop across the resistance of 40 volts (50 volts across the tube) ;
@ is for zero current and zero drop across the resistance (90 volts
across the tube). If P is taken as the normal operating point, the grid
swing due to an impressed signal voltage will cause variations along
this load line in both directions from P. Corresponding to an in-
stantaneous grid potential of 10 volts, the plate current, plate voltage,
and voltage across the load can be found by following the 10-volt
characteristic to where it interseets the load line. From the curves of
figure 73(@®), this yields 16 milliamperes plate current, 25 volts plate
potential, and 90 — 25 — 65 volts drop across the load. The family
of plate-current plate-potential curves is thus useful in determining
the limitations of a particular tube under various operating conditions.
A particular tube can be selected to fit certain circuit constants, or
vice versa, with the aid of the information contained in the vacuum-
tube characteristics.

4|. Special Characteristics of Yacuum Tubes

a. Since many different types of vacuum tubes are used in modern
radio circuits, it is important to have different means of classifying
these tubes according to the performance which may be expected of
them. Among these characteristics, as they are called, are the amplifica-
tion factor, the mutual conductance, and the plate resistance of the tube.

b. The amplification factor p, or mu, of a tube is the ratio of the
plate-voltage change and the grid-voltage change required to produce
the same plate-current change in the tube. For example, if the plate
voltage of a tube must be increased by 20 volts in order to increase the
plate current as much as would a 1-volt change of grid voltage, then
the tube has an amplification factor of 20. The amplification factor of a
tube is stated for a given set of operating conditions, such as grid-bias
voltage, plate voltage, ete., since the amplification factor will change if

72



these conditions are changed. The amplification factor of a tube gives
a theoretical approximation of the maximum voltage amplification
which ean be expected from the tube under given operating conditions.

¢. The mutual conductance, or transconductance, of a tube is a char-
acteristic from which the power sensitivity can be estimated, sinece it
determines what plate-current change may be expected from a given
grid-voltage change under a given set of operating conditions. Mutual
conductance, or transconductance, is the ratio of a small change in
plate current to the ehange in grid voltage producing it. It is measured
in mhos, which is simply the word ohm spelled backwards and with an
“s” added. For example, if a grid voltage change of 1 volt produces a
plate-current change of 1 ampere in a given tube under certain operat-
ing conditions, the tube will have a mutual conductance of 1 mho.
But since very few tubes will stand a plate current flow of 1 ampere
(receiving tubes draw only a few milliamperes of plate current), it is
more convenient to rate mutual conductance in micromhos (or mil-
lionths of a mho). Thus, if a tube has a mutual conductance of 5,000
micromhos, a 1-volt change in grid voltage will produce a 5 milliampere
change in plate current.

d. The plate resistance of a tube is simply the resistance between the
cathode and plate of the tube to the flow of alternating current. It is
the ratio between a small change in plate voltage and the correspond-
ing change in plate current. For example, if a 10-volt change in plate
voltage produces a l-milliampere change in plate current, the plate
resistance of the tube is 10,000 ohms.

42. Interelectrode Capacitance

The inherent capacitance between grid and plate elements of a triode
is of sufficient importance at high frequencies to require special consid-
eration In radio circuits. Where this capacitance is undesirable, it ean
be counteracted by introducing a neutralizing eircuit which presents
r-f potentials equal in magnitude but opposite in phase to those occur-
ring across the interelectrode capacitance, with the result that the
effects of the interelectrode capacitance are nullified. The extra circuit
complications can generally be avoided by the use of tetrodes or pen-
todes, 4- and 5-element tubes, respectively, which are particularly de-
signed to have low interelectrode capacitance. The grid-plate capaei-
tance of an ordinary receiving triode runs about 3 micromicrofarads.
This represents a capacitive reactance of 53,000 ohms at 1 megacyecle
and only 530 obms at 100 megacycles. Tetrodes and pentodes offer
corresponding reactances of about 16,000,000 ohms at 1 megacycle and
160,000 ohms at 100 megaeyeles.

43, Tetrode

a. In an effort to reduce the grid-plate capacitance within the tube
(par. 42), a fourth element was added to the conventional triode. This
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fourth element is called a screen grid, and is placed between the grid
and the plate of the tube. A typical sereen grid, or tetrode (4-element)
tube connected in a circuit is shown in figure 74. Observe the changes
in thig ecireuit due to the addition of the screen grid. Notice that the
sereen grid is operated at a positive voltage somewhat lower than that

£ Plare
fecrron NS Current
9

Figure 74. Tetrode amplificr circuit,

applied to the plate. Since it is operated at a positive voltage, the
screen assists the plate in attraeting electrons from the cathode. Some
of these electrons will be attracted to this grid by the positive voltage
on it, thus causing screen current to flow in the circuit. However, since
the construction of the screen grid is similar to that of the control
grid, most of the electrons will pass through the spaces between its
wires on to the plate, because of the attraction of the higher positive
voltage on the plate. Since the screen grid is bypassed to the negative
side of the cireuit (bypassed to ground) by a screen bypass capacitor
having a small reactance at the signal frequency, it acts as a shield or
sereen between the grid and the plate, and thus effectively reduces the
capacitance between these two electrodes.

b. If the screen grid in this ecircuit is not operated at a positive
voltage, but is connected to the cathode, it will have a controlling effect
on the electron flow, similar to that of the control grid of the tube,
thus reducing the plate-current flow to a value too small for satisfactory
operation. The value of a positive voltage on the screen grid of a tetrode
will determine to a large extent the maximum value of current which
will flow in the plate circuit. Thus, improper screen voltages can cause
faulty operation in tetrode amplifier circuits.

¢. The tetrode has several advantages over the triode, in addition to
its greatly reduced grid-plate capacitance. Among these are a higher
amplification faetor, and greater power sensitivity. In general, tetrodes
can be used for the same purposes as triodes. Since they were devel-
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oped to overcome the need for neutralization in r-f amplifier circuits,
tetrodes have been widely used in the r-f amplifier stages of radio re-
ceivers and transmitters.

44, Pentode

a. Although the tetrode would seem to be an ideal tube, since it over-
comes the disadvantage of the higher grid-plate capacitance of the
triode and, at the same time, is capable of providing higher amplifica-
tion in a circuit than is the triode, the effect known as secondary emis-
ston limits its application to a great extent. The pentode, or 5-element
tube, was developed to overcome the effect of secondary emission. If a
tetrode is operated at fairly high plate and screen voltages, and large
values of signal voltage are applied to its control grid, the electrons
strike the plate with sufficient force to knock loose other electrons al-
ready on the surface of the plate. These other electrons, known as
secondary electrons, are attracted by the positive voltage on the screen
grid. When secondary emission occurs, the sereen gets more than its
share of the available electrons, while the number reaching the plate
is greatly reduced. Thus, the sereen current will increase while the
plate current will decrease, causing a reduction in the amplification of
the tube and distortion in its output.

b. If a third grid is placed between the sereen grid and the plate of
the tetrode, and is connected to the cathode so that it will have the
same charge as the electrons, it will force any secondary electrons back
to the plate, since like charges repel one another. This third grid is called
the suppressor grid, since it suppresses the effects of secondary emis-
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Figure 75, Pentode amplifier circuit.

sion by preventing the flow of secondary electrons to the screen. The
suppressor grid will not reduce the electron flow to the plate, even
though it is operated at a negative potential. This is because it i8
placed so close to the plate that the attraction of the positive voltage
on the plate is much greater than any tendency on the part of the
suppressor grid to repel the electrons.
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¢. A pentode used with a typieal amplifier circuit is shown in figure
75. Note that the only difference between this eircuit and the tetrode
amplifier circuit of figure 74.is the addition of the suppressor grid.
Both the cathode and the suppressor grid are at the same potential.
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Figure 76. Typical Pentode.

d. The construction of a typical pentode power-amplifier tube is
shown in figure 76. Such a tube is suitable for use in the power-output
stages of radio receivers.

45, Yariable-mu Tube

a. The amplification of a tube is controlled by varying the bias volt-
age applied to the grid, but normally the range of this control is lim-
ited by the value of cut-off bias for the tube. It is most desirable in the
r-f amplifiers of receivers, the gain of which is controlled by automatic
volume control, to be able to vary the amplification over a much wider
range, so that large values of signal voltage (strong signals) may be
handled. To permit this increased range of gain control, the variable-
mu tube has been developed. This type of tube is also known by several
other names, two of which are supercontrol and remote cut-off. The
only difference in construction between variable-mu tubes and normal,
or sharp cut-off, types, is the spacing of the turns of the grid. In sharp
cut-off tubes, the turns of the grid wire are equally spaced, while in
remote cut-off types the grid turns are closely spaced on both ends

76



and widely spaced in the center. When small negative voltages are
applied to the grid of a variable-mu tube, the electrons will flow through
all the spaces in the grid. As the negative voltage is increased, how-
ever, the electrons will no longer be able to pass through the narrow
spaces on the ends of the grid structure, though they will still be able
to pass through the relatively greater spaces at the center of the grid.
A much greater value of negative voltage will thus be required to cut
off the plate-current flow in this type of tube. This remote cut-off tube
is so named because the cut-off bias value is greater than (remote
from) the value required to eut off plate-current flow in tube of evenly
spaced grid turns.

b. Figure 77 shows the Eg —1Ip curves for a typical sharp cut-off pen-
tode and a typical remote cut-off pentode on the same graph. Note that
the cutoff bias for the tube with the uniformly spaced grid is —6 volts.
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Figure 77. Comparison between a sharp cut-off pentode and
a remote cut-off pentode.

Thus the range of gain control which can be effected by grid-bias
variation, and the maximum value of signal voltage which can be ap-
plied to the grid, are both limited. But the curve for the supercontrol
pentode shows that plate current still flows even at a grid bias of —24
volts. Thus, by the use of a variable-mu tube, both the range of gain
control by grid bias variation and the value of signal voltage which
can be handled by the grid have been extended several times.

¢. Variable-mu pentodes are used in the r-f amplifier stages of prac-
tically all modern radio receivers, They are not generally used in a-f
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amplifiers, however, because of extreme curvature, or nonlinearity, of
their E¢ — Ip curves, which would result in distortion of the output
voltage when large signal voltages were applied to their grids.

46. Beam-power Tube

a. In recent years a new type of power-amplifier tube has been de-
veloped. Compared with other tetrode and pentode power-amplifier
tubes, this tube has the advantages of higher power output, higher
power sensitivity, and higher efficiency. This type of tube is called the
beam-power tube, sinece by its construction the electrons are caused to
flow in a concentrated beam from the cathode, through the grids, to the
plate. The only difference in construction between the beam-power tube
and normal tetrodes and pentodes is that the spaces between the turns
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Figure 78. Internal structure of a beam-power tube.

of the several grids are lined up and two beam-forming plates are
provided. Figure 78 shows the internal construction of a beam-power
tetrode. Since the spaces between the turns of the grids are lined up,
fewer electrons will strike the screen grid. The screen current will
therefore be decreased, while the plate current will be increased. Since
the power output of a cireuit is proportional to the value of plate cur-
rent flowing through the load, the power output will thus be increased.
The two beam-forming plates are usually connected to the cathode and,
having the same charge as the electrons, cause them to flow in a beam
from the eathode, through the grids, to the plate. The placement of the
beam-forming plates is such that it forces the electrons to flow through
the desired portions of the grids, and prevents them from striking
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the wires which support the grids. Thus, by causing the electrons to
flow in a beam, the number of electrons reaching the plate can be in-
creased, thereby greatly increasing the operating efficiency of the tube.

b. Figure 79 illustrates an a-f power-amplifier circuit using a beam-
power tetrode. Notice that in this case the beam-forming plates are
connected to the cathode inside the tube.
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Figure 79. Beam-power tetrode, a-f power amplifier.

c. A beam-power tube operated at the same voltages as a normal
tetrode or pentode type will provide more power output for a given
value of signal (input) voltage than the latter, and have a much
higher plate-circuit efficiency. Both beam tetrodes and beam pentodes
are used in radio receivers and transmitters. In beam tetrodes, the
effect of secondary emission is reduced to a minimum by the action
of the beam, and the replacement of the beam-forming plates. Beam-
power tubes are widely used as r-f and a-f amplifiers in radio trans-
mitters, and as output a-f amplifiers in radio receivers.

47. Multi-element Tubes

a. In addition to the diodes, triodes, tetrodes, and pentodes which
have been studied, there are many special types of vacuum tubes used
in radio circuits; a large number of types are used which combine
the electrodes of two or more tubes in one envelope. These complex
tubes are usually named aceording to the equivalent single-tube types
of which they are composed. Thus a twin triode contains the electrodes
for two triodes in one envelope. Other complex tubes are diode triodes,
diode pentodes, triode pentodes. One complex type has recently been
introduced which combines the functions of three tubes within one
envelope, namely, a diode, a triode, and a power-output pentode. Al
of these tubes however complex follow the basic rules for tube operation.
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To understand the operation of any one of them in a circuit it is only
necessary to consider the effect of the various electrodes on the flow
of electrons within the tube.

b. The pentagrid-converter tube is a special type which has five
grids, and is used in a certain stage of the superheterodyne receiver
to take the place of two separate vacuum tubes. The pentagrid-converter
tube is used for frequeney conversion. (See see. VIII.)

c. The duplex-diode triode and the duplex-diode pentode are two
popular types of receiver tubes. In receiver circuits, one of the diodes
is used together with the cathode as a diode-detector circuit, while
the other diode is used together with the cathode to rectify the signal
voltage in order to produce a source of automatic volume control. The
triode or pentode section of such tubes is used as an a-f amplifier.

48. Directly and Indirectly Heated Cathodes

a. A cathode which is in the form of a filament directly heated by
passing a current through it has the disadvantage of introducing a
ripple in the plate current when alternating current is used for heating.
The ripple is most objectionable if the plate and grid returns are
made to one end of the filament. In figure 80 the resistor AB repre-
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Figure 80. Directly heated cathode.

sents a filament which is heated by applying 5 volts of alternating
current across it. When no current flows through the tube, the plate
is maintained at a potential of 100 volts above that of point B. For
a 5-milliampere steady plate current, the potential across the tube
from B to the plate is always 100 — [2,000 Xl—g(-)ﬁ =90 volts;
?

whereas the potential from A to the plate varies from 85 to 95 volts,
depending upon the potential of point A relative to point B. The
total plate current rises and falls at the frequency of the filament
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current. This condition is remedied to a large extent by connecting
the grid and plate returns to the electrical center of the filament,
as in figure 81D or @. But even with a center-return arrangement,
with a 60-cycle filament current, there is still present a 120-cycle
modulation of the plate current. This double-frequency ripple arises
from the effects on the plate current provided by the intermittent
rise and fall of the filament temperature, the voltage drop in the
filament, and the alternating magnetic field set up by the filament
current. Temperature fluctnations in the filament are ordinarily neg-
ligible. The magnetic field about the filament serves to deflect the
electrons from their normal paths; and, in effect, serves to reduce

TL-2658

Figure 81. Methods of utilizing a-c filament supply.

the plate current. The resulting plate current is largest when the
heating current is zero, that is, at intervals which oceur at double
the heating current frequency. With a voltage drop in the filament,
the space current from the negative half of the filament exceeds that
from the positive half, because of the manner in which space current
varies with the electrostatic field across the tube. (Space current
varies as the three-halves power of the plate potential.) The result is
that each time the current is at a maximum in either direction in the
filament, that is, at a frequency which is double the heating-current
frequency, the space current is slightly greater than its value during
those instants when the current through the filament is zero and the
potential of the filament is uniform.



b. In transmitting tubes and in the power stages of a receiver the
signal currents are large, and the double-frequency ripple current
is negligible in comparison. However, in all other receiver tubes,
indireetly heated cathodes (fig. 81(3)) are necessary wherever a-c fila-
ment operation is desired. An indirectly heated cathode is formed
by a metallic sleeve closely surrounding a heated filament and electri-
cally insulated from the filament. The cathode is heated by radiation
from the filament. Such an emitter is sometimes referred to as an
equipotential cathode, since all parts of it are at the same potential.
For purposes of simplicity, tube-heater elements and heater-power
circuits are not shown in circuit diagrams throughout this manual.
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SECTION V

VACUUM-TUBE DETECTORS

49. Detection

a. There are two general kinds of radio-frequency (r-f) signals that
can be received by a radio receiver: modulated r-f signals which carry
speech, music, or other audio sounds, and confinuous wave (c-w)
signals which are “bursts” of r-f energy conveying code. These types
of r-f signals are deseribed in more detail in sections XI and XII.
The process whereby the intelligence carried by a r-f signal is ex-
tracted as an a-f (audiofrequency) signal is called detection, or
demodulation.

b. The modulated r-f signal ean be detected by any one of several
types of vacuum-tube detectors: the simple diode defector, the grid-
leak detector, the plate detector, or the regenerative detector. The c-w
signal is generally detected by the heterodyne detector.

RADIO FREQUENCY

JASWASS

AUDIO FREQUENCY

TL-6023

MODULATED SIGNAL

Figure 82. Formation of a modulated waveform.
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50. Phone Detection

In paragraph 5 it was shown that a radiotelephone or a modulated
signal is produced by controlling the r-f output of a transmitter at an
a-f rate. The chart in figure 82 shows an r-f voltage, an a-f voltage,
and the two of them combined to form a modulated-signal voltage. The
modulated signal is the waveform of the voltage which will appear in
the antenna circuit of a radio receiver when a modulated wave is being
received. The detector, then, must separate the a-f voltage from the r-f
voltage, so that the a-f voltage can be converted into sound by means
of a headset or loudspeaker. The detector must demodulate the signal.

51. Diode as Detector

a. In the study of the diode as a rectifier (par. 35) it was shown
that the diode is a conductor when the plate voltage is positive, and
that it is a noneconductor when the plate voltage is negative. This
property of the diode makes the tube useful for the detection of
r-f signals.

b. The action of the diode as a detector can best be explained by an
examination of a simple diode radio receiver (fig. 83). In this receiver
the modulated r-f signal voltage will appear across the parallel-tuned
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Figure 83. Simple diode radio receiver.

circuit formed by the coil L and the variable capacitor C; when this
antenna cireuit is tuned to resonance with the incoming r-f signal.
Since the diode is connected to this antenna circuit, it will rectify the
signal voltage, and the rectified-signal current will flow through the
headset, thereby producing sound. Obviously, the a-f part, or com-
ponent, of the voltage which appears across the headset must not be
filtered out, as this voltage produces the sound. But the headset will
have an extremely high reactance at the frequency of the incoming
gignal, which would reduce the amount of r-f current flowing in the
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circuit. For this reason capacitor C. is placed across the headset
(fig. 83). The size of this capaecitor is chosen so that it will have a low
reactance at the radio frequencies, and a relatively high reactance at
the audio frequencies, thus providing minimum opposition to r-f eurrent
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Figure 84. Effect of a bypass capacitor.

flow in the entire ecireuit, while providing maximum opposition to a-f
current flow. Consequently, the maximum a-f voltage appears across
the headset. Figure 84 shows this rectified voltage appearing across the
headset, both with and without bypass capacitor (', connected.

¢. The action of the diode as a detector is essentially the same as its
action as a rectifier, since the diode actually detects the r-f signal by
rectifying it. The circuit shown in figure 83 is the basic detector circuit
for many of the radio receivers now in use. However, since the diode
does not amplify the signal it is detecting, its use as a detector requires
several preceding stages of r-f amplification to bring the level of the
signal up to a point of satisfactory output. This is done in modern
radio receivers with a large number of tubes. If, however, a radio set
is to use a smaller number of tubes, and consequently have fewer
stages of amplification, it must have a detector which is more sensitive
than the diode; in other words, the detector must amplify the signal as
well as detect it. The triode as a detector fulfills this requirement.

52. Grid-leak Detector

a. The grid-leak detector functions like a diode detector followed by
a stage of triode amplification. Figure 85 shows only the grid and the
cathode of a triode connected as a diode detector; the triode grid acts

GRID CAPACITOR
MWWV
GRID-LEAK

& eocron

TRIODE GRID

TL-6026

Figure 85. Diode action in a triode.
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as the plate of the diode. It can be seen that the grid-leak resistor
forms the load for the diode circuit, while the grid capacitor is the r-f
bypass, or filter capacitor, in the eircuit. When a modulated a-c signal
voltage is applied to the circuit of figure 85, current will flow through
the tube only on the positive half-cycles, and consequently the signal
will be rectified, or detected. Since electrons flow only from the eathode
to the “plate” of the diode, the voltage drop across the grid-leak
registor, caused by the current flow on the positive half-cycles, will
make the diode “plate” (the triode grid) negative with respect to the
cathode. This rectified-signal voltage thus nets as bias for the triode grid.

b. Consider next the complete grid-leak detector circuit shown in
figure 86. Since the bias for the triode is produced by rectifying the
modulated-signal voltage, the bias will increase and decrease in value
in proportion to the modulation on the r-f signal (at an a-f rate). In
other words, the grid voltage will vary in just the same manner as it
did in figure 62, where an a-c¢ voltage was applied to the grid (of a
triode) in series with a source of fixed negative grid bias. Since the
triode plate current is determined by the grid voltage, the plate current
in the cireuit shown in figure 86 will vary in proportion to the voltage
appearing across the grid-leak resistor. The plate current in this
circuit flows through the headset as a load. The voltage drop across
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Figure 86. Grid-leak detector circuit.
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the headset, produced by the variations in plate-current flow, will
therefore be an amplified reproduction of the voltage appearing across
the grid-leak resistor. The capacitor connected across the headset in
figure 86 bypasses any r-f voltage (amplified by the tube) around the
headset. Since the plate current in a circuit decreases as the grid is
made more negative, the average plate current of the grid-leak detector
eircuit will decrease as the applied signal voltage becomes greater. The
maximum plate-current flow will oceur in this eircuit when no signal is
being received, because at that time there is no bias voltage developed
by the grid leak. Since the actual detection of the signal in the grid-leak
detector takes place in the grid circuit, this type of detector is also
known as a grid detector.
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¢. The chief disadvantage of the grid-leak detector circuit is that it is
easily overloaded by strong r-f signals with consequent distortion of
output. When grid-leak detectors are used to handle large r-f signal
voltages, they are called power detectors, and are sometimes used in
radio receivers which have several stages of r-f amplification preceding
the detector stage.

53. Plate Detection

a. When the triode-detector circuit is arranged so that rectification
of the r-f signal takes place in the plate circuit of the tube, such a
circuit is called plate detection. If a sufficient negative grid bias is
applied to a triode circuit so that the plate-current flow is cut off when
no signal is applied, the proper conditions have been established for
plate detection. This cut-off bias may be supplied either by means of a
cathode resistor, or by means of a fixed source of bias (fig. 87). If a
modulated r-f signal is applied to the circuit of figure 87, plate current
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Pigure 87. Plate detection.

will flow during the positive half-cycles of the r-f voltage, since the
positive voltage will cancel part of the negative bias voltage, thereby
reducing the grid voltage below the cut-off point. Plate current will
not flow during the negative half-cycles of the r-f voltage, since the
negative voltage merely adds to the bias voltage, making the grid more
negative. Thus, the tube acts as a plate detector, since plate current
flows only during the positive half-cycles of the r-f voltage.

b. The action of the plate detector can be further demonstrated by
means of the Eq — Ip curve shown in figure 88. The modulated r-f is
applied to the grid-voltage scale of the graph, and the resultant plate-
current waveform is developed on the plate-current scale. Since cut-off
bias is applied to the plate detector, no plate current will flow when no
signal is applied to the circuit. The average value of the plate current
will inerease as the strength of the applied signal is inereased; this
effect is opposite to that of the grid-leak detector. In general, the plate
detector is less sensitive than the grid-leak detector, but it has the
advantage of being less easily overloaded.
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Figure 88. Operating conditions of a plate detector.

54. Regenerative Detection

a. The process of feeding some of the output voltage of a vacuum-
tube circuit back into the input cireuit, so that it adds to, or reinforces
(is in phase with) the input voltage, is known as regeneration. The use
of regeneration in a circuit greatly increases the amplification of the
cireunit, since the output voltage fed back into the input circuit adds to
the original input voltage, thus increasing the total voltage to be
amplified by the tube.

b. Regeneration, sometimes called positive feedback, can be applied
to a grid-leak detector circuit by connecting a coil in series with the

..|||

TL-20%6
Figure 89. Regenerative detector.

plate eircuit and magnetically coupling it to the grid eoil (fig. 89).
‘When an r-f signal is applied to the eircuit, voltage will be built up
across this feedback, or tickler coil (L, in fig. 89), because of the
plate-current variations and the reactance of the coil. Since this tickler
coil is magnetically coupled to the grid coil (L. on the diagram), trans-
former action takes place between the two windings and a voltage is
set up in the grid coil. Since the tickler coil has been so placed that the
voltage it induces into the grid coil will be in phase with the incoming-
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signal voltage, the voltage feedback will add to the incoming r-f signal
voltage and increase the total voltage to be amplified by the tube, thus
increasing the amplification of the circuit. It is important that the
position of the tickler coil with respect to the grid coil be correct, for if
it is not and the feedback voltage is out-of-phase with the input voltage,
it will cancel some of the input voltage, and thereby reduce the amplifi-
cation of the circuit. In the circuit diagram of figure 89, the antenna
coil L,, and the grid coil, L,, form an r-f transformer. Since there are
more turns on L, than on L,, the voltage appearing in the antenna
circuit will be stepped up by the use of this transformer, thus producing
additional gain in the cireuit. The secondary of the transformer, L,,
and variable capacitor, C, form the parallel-tuned circuit of the set.
C. bypasses any r-f currents in the plate circuit around the headset
and the plate battery Es. As is very often the case in Army sets, the
filament is heated by means of a battery. The regenerative-detector
circuit of fizure 89 is the most sensitive triode-detector circuit possible,
and when used as a receiver it is capable of receiving signals over
extremely long distances under good conditions.

55, C-w Detection

All detector circuits previously discussed are used to detect modulated
signals, since they separate the audio frequencies from the radio fre-
quencies. All of these detector circuits will also rectify unmodulated,
or continuous-wave (c-w) signals, but no a-f voltage will appear in
their output circuits, since there is no a-f voltage component present
in an unmodulated signal. In order to receive ¢-w signals from a
radiotelegraph transmitter, it is necessary to have some method of
producing an a-f voltage in the detector circuit when an unmodulated
r-f signal is being received.

56. Heterodyne Detector

a. If two a-c signals of different frequencies are combined, or mixed,
in a circuit, a third signal, called a beat frequency, will be produced.
The frequency of this beat is equal to the difference between the fre-
quencies which are mixed to produce it. Thus, if two a-f voliages are
combined, the frequencies of which are 500 and 600 cycles per second
respectively, a beat frequency of 100 cycles will be produced.

b. If two r-f signals are combined, the frequencies of which differ
by an audio frequency, a beat frequency of an a-f voltage will be
produced. For example, if a 1,000-kilocycle signal is mixed with a
1,001-kilocyele signal, a beat, with a frequency of 1 kiloeyele (1,000
cycles, or an audio frequeney), will be produced. If some way can be
found of generating a signal in a detector circuit, the frequency of
which differs from the frequency of the incoming signal by an audio-
frequency amount, then an a-f voltage will be produced in the circuit.
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This can be done by making the regenerative-detector circuit oscillate.
If the regeneration, or positive feedback, in a regenerative-detector
circuit is increased beyond a certain critical point, the circuit will
oscillate, or produce an alternating current, the frequency of which
is equal to the resonant frequency of its tuned circuits. Thus, by making
the regenerative detector an oscillating detector, and tuning it so that
the frequency it generates will differ from the incoming r-f signal
frequency by an audible amount, it is possible to detect unmodulated
r-f gignals. This process is known as “heterodyning,” and an oscillating
detector is called a heterodyme detector. The heterodyne principle is
used in radio receivers whenever ¢-w reception is desired. It is also the
basis for most of the oscillator circuits used in transmitters and receivers.

57. Vacuum-tube Yoltmeter

a. The plate-detector circuit, discussed in paragraph 53, is used as
the basis for a very important measuring device in radio: the vacuum-
tube voltmeter. A circuit diagram of the vacuum-tube voltmeter is
shown in figure 90, and its similarity to the plate-detector circuit will
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Figure 90. Vacuum-tube voltmeter,

be obvious. When no voltage is applied to the grid of this eireunit, no
plate current will flow, since the grid is biased to cut-off. If an a-e
voltage is applied to the grid, however, plate current proportional to the
peak (or highest value of the applied voltage) will flow, and operate the
milliammeter (which replaces the headset of the plate-detector circuit).
If a d-c voltage is applied, the plate current indicated by the milli-
ammeter will be proportional to the applied voltage, provided that the
positive terminal of the voltage being measured is connected to the
grid, and the negative terminal is connected to the bias battery.

b. By calibrating the milliammeter so that it reads either a-¢ volts or
d-¢ volts, or both, the circuit becomes an effective voltage-measuring
device. The advantage of the vacuum-tube voltmeter is that it draws
little or no current from the source of voltage being measured. This
is in contrast to conventional meters, and thus gives far more accurate
results when critical measurements are being made,
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SECTION VI

VYACUUM-TUBE AMPLIFIERS

58. Voltage and Power Amplifiers

@. The basic manner in which a signal can be amplified by a vacuum
tube (par. 37) ean be applied to vacuum-tube amplifiers which fulfill
various special requirements of transmitters and receivers. The impor-
tance of amplifier circuits can be seen from their wide variety of
uses in radio work.

(1) In transmitters, the r-f power generated by the oscillator is
too small for satisfactory long-distance transmission; therefore, r-f
power-amplifier stages are used to increase this power to the desired
level before transmitting.

(2) The a-f voltage output of a microphone is too small to operate
the modulator stage of a radiotelephone transmitter; therefore, a-f
voltage-amplifier stages are used to increase the output of the miecro-
phone to the amount required for proper operation of the modulator.

(3) B-f voltage-amplifier circuits are used in receivers to increase
the strength of weak signals, so that satisfactory detector operation
may be realized.

(4) A-f voltage-amplifier stages are also used in receiver to amplify
the a-f output of the detector stage for greater headset volume.

(5) If loudspeaker operation is required in a set, the output a-f
amplifier stage will be an a-f power amplifier.

b. From this discussion of amplifier eircuits, it may be concluded
that a vacuum-tube amplifier stage, either r-f or -a-f, can be classified
as a voltage amplifier or a power amplifier, according to the purpose
for which it is to be used.

¢c. Voltage amplifiers are amplifier stages designed to produce a large
value of amplified-signal voltage across a load in the plate circuit.
In order to produce the largest possible value of amplified-signal
voltage across the load of such a circuit, the opposition of the load
to plate-current change (that is, its resistance, reactance, or impedance)
must be as high as is praectically possible.

d. Power amplifiers are amplifier stages designed to deliver a large
amount of power to the load in the plate cireunit. In a power amplifier,
not only must there be a large output voltage across the load, but
there must also be current flowing through the load, since power
equals voltage times current.
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e. Voltage and power amplifiers can be recognized by the charac-
teristics of their plate-circuit elements. Thus, an amplifier stage
designed to produce a large amplified-signal voltage across a high
impedance is a voltage amplifier, while one designed to deliver a
relatively large plate-current flow through a load of lower impedance
is a power amplifier. Although any vacuum tube may be operated as
either a voltage or power amplifier, certain tubes have been developed
which serve best as voltage amplifiers, while others have been designed
for use as power amplifiers. These are referred to as wvoltage-amplifier
tubes and power-amplifier tubes, respectively.

f. In addition to the two general types of amplifiers just discussed,
there is a further classification of both voltage and power amplifiers.
The operation of all vacuum-tube amplifiers may be classified according
to the bias voltage applied to their grids, and according to that portion
of the a-c signal-voltage cycle during which plate current flows. These
types of amplification are designated as class A, class AB, class B,
and class C.

59. Class A Amplification

a. If the grid of an amplifier tube is biased so that plate current will
flow during the entire cycle of the applied a-¢ signal voltage, the
cireuit is called a class A amplifier. The class A operation of a tube is
illustrated graphically by the grid-voltage plate-current curve of
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Figure 91. Class A operation.

figure 91. An examination of this graph will show that plate current
flows during both the positive and negative half-cycles of the a-c signal
voltage applied to the grid. Notice that the Eq — Ip curve of figure 91
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is not linear over its entire length, that is, it is not a straight line.
In order to produce a plate-current waveform which, as nearly as
possible, is an exaect reproduction of the signal-voltage waveform, the
tube must be biased so that it will operate on that portion of its E¢ — Ip
curve (fig. 91) which is a straight line.

b. If the grid of the tube is biased incorrectly, so that the grid
voltage varies over a nonlinear portion of the curve, a distorted plate-
current waveform will result (fig. 92). Since the plate current varia-
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Figure 9.2, Distortion in a class 4 amplifier due to improper bias.

tions flowing through the load produce the output voltage in an
amplifier cireuit, a distorted plate-current waveform will produce a
distorted output voltage. It is important, therefore, that the bias
voltage be kept at the proper value in class A amplifier stages, in
order to avoid distortion.

c. Distortion will also occur in a class A amplifier if too great a
value of a-c signal voltage is applied to the grid of the tube. and the
total grid voltage (the bias voltage plus or minus the signal voltage)
will vary over both linear and nonlinear portions of the Eq — Ip» curve
(fig. 93).

d. The maximum power output which can be obtained from any
amplifier stage will depend on the efficieney of the ecirenit and the per-
missible plate-dissipation rating of the particular plate used. The
efficiency of an amplifier stage is the ratio of the power output (the
power of the signal frequency available at the load) to the plate-power
input (the d-c plate voltage times plate current), expressed in percent.
For example, if the plate-power input to an amplifier stage is 40
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Figure 98. Distortion in a class A amplifier due to
ezcessive signal voltage.

watts, and the power output of the stage is 10 watts, the efficiency
of the amplifier stage is 25 percent. The plate dissipation or the
power consumed by the plate circuit, of an amplifier stage is the
difference between the power input and the power output. Thus, in
the example above, the plate dissipation would be the difference between
40 watts and 10 watts, or 30 watts. Each type of tube is rated by the
manufacturer as to its maximum safe plate dissipation; this value
cannot be exceeded without damaging the tube. The efficiency of class A
amplifier stages generally is about 20 to 25 percent.

e. Practically all the amplifier stages of radio receivers, both r-f
and a-f are class A operated. Also, the speech-amplifier stages of
radiotelephone transmitters (audio stages used to amplify the a-f output
of the microphone to the proper signal-input level for the modulator)
are class A amplifiers.

60. Class B Amplification

a. If the grid of an amplifier tube is biased at cut-off, so that plate
current will flow only during the positive half-cycles of the applied
a-c signal voltage, the circuit is called a class B amplifier. The Eq — Ip
curve in figure 94 demonstrates the relation between grid voltage and
plate current in a tube, operated class B. From figure 94, it can be
seen that plate current flows only during the positive half-cycles of the
a-e signal voltage applied to the grid, and consequently the plate-current
waveform is not a replica of the signal-voltage waveform.
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b. The signal voltage applied to the grid of a class B amplifier is
usually much greater in value than that applied to the grid of a class A
stage. In fact, the applied signal voltage may be so large that, during
part of the positive half-cycles, the grid is actually operated at a
positive voltage with respeet to the cathode (fig. 94). Since the grid
is positive with respect to the cathode during the positive peaks of
the applied signal voltage, some of the electrons will be attracted to
the grid, and therefore grid current will flow.

c. In order to avoid the large amount of distortion present in the
output of a single-tube, or single-ended, class B amplifier stage, two
tubes can be arranged in a push-pull amplifier circuit. (See fig. 95.)
One tube will operate during the first half-cycle of the a-e¢ signal
voltage, and the other tube will operate during the second half-cycle.
The action of the push-pull grid circuit in figure 95 is similar to that
of the full-wave rectifier circuit. Since plate current flows during one
half-cycle in one tube, and during the next half-cycle in the other,
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Figure 95, Push-pull amplifier circuit.
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the plate current waveforms of the two tubes can be combined in the
load cireuit. The load ecireuit in figure 95 is the center-tapped primary
of a push-pull output transformer. Since the plate currents of these
two tubes flow in opposite directions through their respective halves of
the transformer winding, one tube will generate a voltage across the
transformer primary during one half-cycle. During the next half-
cycle, the other tube will generate a voltage of opposite polarity across
the winding. Figure 96 shows the voltage developed across the trans-
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Figure 96. Output of a push-pull class B amplifier.

former primary winding by each tube and the resultant voltage across
the transformer secondary, due to combining the voltages over the
complete signal voltage cyecle. Thus, by using two tubes in push-pull,
it is possible to obtain a reasonable undistorted output voltage from
a class B amplifier. '

d. Class B amplifiers have an efficiency of about 50 to 60 percent,
which means a reduced value of plate dissipation and an inereased
power output for a given power input. They are generally used where
it is desired to develop a relatively large power output in the load
cireuit. Single-tube class B amplifiers are never used for a-f amplifiea-
tion, because of the distorted output of a single tube. Push-pull, class B,
a-f amplifier circuits are, however, widely used in the modulator stages
of radiotelephone transmitters, They are also occasionally used in the
power-output stages of radio receivers.

e. Although the single-ended, or single-tube, class B amplifier is
never used in a-f amplifier eircuits, it ean be used successfully in r-f
smplifier stages having a parallel-tuned circuit as the plate load.
The parallel-tuned circuit is sometimes called a tank circuit, because
it has the ability to store power. When it is used as the plate load of
a single-ended, class B amplifier stage, the capacitor in the parallel-
tuned circuit will be charged by the output voltage produced by the
flow of plate current through the load on the positive half-cycles.
Although no current flows through the tube on the negative half-cycles
of the applied signal voltage, the capacitor will discharge into the
inductor during this period, and thus supply the missing half-cyele
in the output voltage. This so-called flywheel effect of the tank circuit
will occur only when the resonant frequeney of the parallel-tuned
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cireuit is equal to the frequency of the applied signal voltage. Both
single-ended and push-pull class B r-f amplifiers are used in the r-f
stages of radio transmitters.

. Class AB Amplification

a. It is possible to compromise between the fidelity (low distortion)
of class A amplification and the relatively high efficiency of class B
operation by biasing the amplifier circuit so that it will operate part
way between class A and elass B. This is known as class AB amplification.

b. In biasing a tube part way between class A and class B, the
tube will not operate over the entire linear portion of its Eq — Ip curve,
and therefore some distortion will be present in the output. For this
reason, push-pull amplifier circuits are generally used for class AB
a-f amplifiers. Because class AB amplification is less efficient than
either class B or class C amplification, it is seldom used in r-f amplifier
cireuits.

c. If the a-¢ signal voltage applied to a class AB amplifier is kept
below the point where grid current flows, the resultant operation is
called class ABy amplification. If the applied signal voltage is great
enough to cause grid current to flow during the positive peaks of
the signal voltage eycle, the resultant operation is called class ABg
amplification.

62. Class C Amplification

a. If the bias applied to the grid of an amplifier stage is appreciably
greater than the cut-off value, the amplification is called class C. The
operation of such a tube is shown by the E¢ — Ip curve in figure 97.
Note that in this case the bias voltage is 20 volts, or twice the cut-off
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Figure 97. Class C operation.

value; the use of twice the cut-off bias is common practice in many
class C amplifiers. The curve shows that plate current will flow only
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during that portion of the positive half-eyele of the applied a-c signal
voltage, which is numerically greater than the cut-off bias for the tube;
that is, plate eurrent flows only during the positive peaks of the applied
signal voltage. The curve also shows that the applied a-c signal
voltage must greatly exceed the cut-off bias in order to produce a
large value of plate-current flow.

b. Almost all of the r-f amplifier circuits used in radio transmitters
are operated class C. The parallel-tuned circuits used as plate loads
for class C amplifiers exhibit the same flywheel effect as for class B
amplifiers. The advantage of class C operation is that it has a high
efficiency ; efficiencies as high as 75 percent are not uncommon in class C
r-f amplifiers. Class C operation is never used in a-f amplifiers because
of the high degree of distortion in these circuits.

63. Interstage Coupling

a. Any of the coupling methods, deseribed in paragraphs 27 to 30,
may be used to couple the output eircuit of one amplifier stage to the
input circuit of the next stage. Three types of interstage coupling
are shown in the circuit of figure 98. In this circuit, the elements Z,
are the plate loads for their respective tubes, cathode bias (R.) is used
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Figure 98. Three types of interstage coupling.

for all four tubes, and the input a-¢ signal voltage is indicated by Eg.
All three of these forms of interstage coupling are widely used in the a-f
circuits of both transmitters and receivers. The most common form of
coupling found in the r-f amplifier circuits of receivers is transformer
coupling, while in the r-f circuits of transmitters, both impedance
and transformer coupling are widely used.

b. The first stage of the cirecuit in figure 98 is resistance-coupled
to the second stage, since the amplified-signal voltage is developed
across a resistor in the plate circuit. This signal voltage is applied to
the grid of the second stage through the blocking capacitor (sometimes
called a coupling capacitor), indicated as eapacitor C on the drawing.
The resistor in the grid circuit of the second stage provides a d-¢
path for the bias applied to the grid. Since the blocking capacitor
plays an important part in the operation of this cireuit, this type of
coupling is sometimes called resistance-capacitance coupling. As the
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blocking capacitor will pass alternating current, it applies the amplified-
signal voltage developed across resistor Z; to the grid circuit of the
next stage. At the same time it blocks the flow of direct current from the
plate circuit of the first stage to the grid circuit of the second. If this
capacitor should break down or develop leakage, some or all of the
positive d-¢ voltage applied to the plate of the first stage would appear
on the grid of the second, caneeling some or all of the negative bias
applied to this tube, and thus causing distortion in its output. A
leaky blocking capacitor, therefore, can be a source of distortion in
an amplifier cireuit.

c. The coupling between the plate circuit of the second tube and the
grid cireuit of the third tube (fig. 98) is similar in operation to the
coupling between the first and second tubes, except that an inductor
having a high value of reactance at the signal frequency is used as
a plate load. The function of the blocking capacitor is the same
for both resistance and impedance, or inductance, ecoupling.

d. A transformer is used to eouple the output of the third tube to
the input of the fourth in the cireuit of fizure 98. The primary of this
transformer is the plate load for the third tube, while the signal volt-
age applied to the grid of the fourth tube is developed across the
secondary of this transformer. If the transformer has more turns on
the secondary than on the primary, the signal voltage applied to the
grid of the fourth tube will be proportionately greater than the signal
voltage developed across its primary. Thus, some voltage amplification
is obtained by the use of transformer coupling in amplifier eireuits.

e. In general, the only difference between the coupling methods used
in a-f amplifier eircuits and those used in r-f amplifier eireuits lies in the
employment of tuned cireuits. The circuit of figure 99 shows a tuned
impedance-coupled r-f amplifier cireuit; the plate loads for the two
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Figure 99. Tuned impedance-coupled r-f amplifier circuit.

tubes are the parallel-tuned cireuits formed by L; and C;, and L; and
C,, respectively. A two-stage, single-tuned, transformer-coupled, r-f
amplifier circuit is shown in figure 100; this circuit is typical of those
found in most radic receivers. Figure 101 shows the use of double-
tuned transformer coupling between two stages of r-f amplification.
This circuit has the advantage of providing high selectivity and high
gain (amplification) at the frequeney to which it is tuned. It should
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Figure 100. Tuned transformer coupled r-f amplifier circuit.

be noted in the cireuits of figures 99, 100, and 101 that batteries com-
mon to two stages have been used to provide both negative grid bias
and positive plate voltage for the tubes.

f. One of the main considerations in the transformer coupling of a-f
power amplifiers is that very little or no distortion should occur. The
use of the push-pull circuit greatly reduces distortion in a-f amplifier
circuits., For this reason, push-pull is widely used in the a-f power
amplifier circuits of radio transmitters and receivers. In class A am-

7L-4711
Figure 101. Double-tuned transformer-coupled r-f amplifier circuit.

plifiers, the use of the push-pull cireuit permits the applieation of con-
siderably higher signal voltage per tube for a given amount of distor-
tion in the output than would be possible in single-ended amplifiers.
The use of the push-pull cireuit is required in classes AB and B a-f
amplifiers for low distortion in the output voltage. A center-tapped
transformer is the most convenient means of supplying two voltages
which are equal to and out of phase with the two grids of a push-pull
amplifier cireuit from a single-ended stage. Transformer coupling is
therefore more widely used than any other nrethod for this purpose.

g- In class AB, and class B a-f amplifier cireuits, there is another
and more important requirement, which necessitates the use of trans-
former coupling. Most of the tubes intended for use as power ampli-
fiers are so designed that their grids may be operated at a positive
voltage in push-pull amplifier circuit without undue distortion. If a
positive voltage is applied to its grid, a tube will draw a certain amount
of grid current, since some of the electrons will be drawn to the grid.
If the grid ecircuit of a tube drawing grid current contains a large
value of d-c resistance, the grid eurrent flowing through this resistance
will produce a bias voltage, because of the grid-leak action of the
resistance. Sinee this voltage would be applied to the grid in addition
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to whatever value of bias is applied in the cireuit, it would change the
operating characteristic of the circuit, reduce the power output, and
cause distortion. Both class AB, and class B a-f amplifier circuits are
usually operated so that they will draw grid current when large signal
voltages are applied. The d-c resistance of the grid circuit of such am-
plifiers must, therefore, be kept small in order to prevent the develop-
ment of undesired additional bias voltages. The low d-c resistance of the
windings of a transformer satisfies this requirement. Accordingly,
transformer coupling is always used for class 4B» and class B opera-
tion in a-f power amplifier circuits.

h. If the grids of an amplifier stage draw current, they will require
a certain amount of power from the signal source. In order to obtain
the maximum transfer of power from the plate circuit of the preceding
stage, usually called the driver stage, the output impedance of this
stage must be matched to the input impedance of the push-pull ampli-
fier circuit. This requirement is most conveniently and efficiently met
in this type of a-f amplifier by the use of transformer coupling.

64. Gain Control in r-f Amplifiers

a. It was shown earlier (par. 37e) that the gain, or amplification, of
a triode may be conveniently controlled by varying the bias voltage
applied to its grid. This method of gain control is used more frequently
in r-f amplifier cireunits than any other method.

b. For manual control of the gain of an r-f amplifier, the cathode-
bias resistance often is formed by a fixed resistor and a variable re-
sistor connected in series. The fixed resistor is of the correct value to
bias the tube for its maximum amplification. The variable resistor may
be set at any value from zero to that resistance required for cut-off
bias. This provides a convenient method of adjusting the gain of the
eireuit to any desired value.

¢. For automatic volume control, additional negative grid bias may
be supplied to the r-f amplifier stages of a receiver from the diode-load
resistor in the detector circuit. The negative voltage developed across
this resistor will be proportional to the signal voltage applied to the
detector by the r-f amplifier. The additional negative grid bias applied
to the r-f amplifier tubes thus will tend to keep the level of the signal
applied to the detector, and consequently the detector output, at a
constant value. The eircuits and application of automatiec volume con-
trol are discussed in detail in the sections on radio receivers.

65. Gain Control in a-f Amplifiers

a. The most popular method of volume control for a-f circuits is the
use of a potentiometer as the grid resistor of a vacuum-tube amplifier
(fig. 102). Since the signal voltage is applied across this variable
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resistor, the position of the variable arm of the resistor will determine
the value of the signal voltage applied to the grid, and consequently
the output of the amplifier.

TL-4715

Figure 102, Simple volume-control circuit.

b. Automatie volume control is seldom applied to a-f amplifier eir-
cuits, as it is generally more convenient to control the gain of a radio
set in the r-f amplifier circuits which precede the detector.

66. Distortion

a. Distortion in an amplifier may be broadly classified under three
headings: frequeney distortion, nonlinear distortion, and delay (or
phase) distortion. Frequency distortion arises because of the inability
of an amplifier to amplify all frequencies equally. Nonlinear distortion
is a consquence of operating over a curved (nonlinear) portion of a
tube’s characteristie, so that harmonie or multiple frequencies are in-
troduced. Delay distortion results from the effects of transmission of
different frequencies at different speeds, giving a relative phase shift
over the frequency spectrum in the output. Except at the ultra-high
frequencies or in transmission line work, the effects of delay distortion
are usually insignificant. Frequeney distortion in r-f transmitter am-
plifiers is ordinarily of little concern, since these amplifiers operate
over only a relatively narrow range of frequencies at any one time.

l TL267)
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Figure 108. Special circuit arrangement in an r-f amplifier to provide
uniform response over a band of frequencies.

b. In r-f receiver amplifiers, various compensating devices are some-
times employed to provide uniform response to a band of frequencies.
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Figure 103 illustrates one such compensating arrangement. A high-
inductance primary winding P, loosely coupled to the secondary S,
resonates (due to self-capacitance) at a lower frequency than the
lowest for which the amplifier is to operate. This gives high gain at the
low end of the band because of the high plate-load impedance at the
lower frequencies. The small capacitance C, due to a loop of wire
hooked around the top of the secondary, provides inereased coupling at
the higher frequenecies to improve the response at the upper end of the
band.

c. Distortion, which arises from operating a vacuum tube over a
nonlinear portion of its characteristie, consists principally of multiple
frequencies (harmonies) and of sum-and-difference frequencies corre-
sponding to each frequeney present in the original signal. Suppose,
for instance, that the input signal to a non-linear r-f amplifier is com-
posed of three frequencies: 500,000; 501,000; and 501,025 cyeles. The
output then contains, in addition to the three original frequencies, the
following distortion frequencies:

(1) Harmonies: 1,000,000; 1,500,000

1,002,000; 1,503,000

1,002,050; 1,503,075
(2) Sum frequencies: 1,001,000; 1,001.025; 1,002,025.
(3) Difference frequencies: 1,000; 1,025; 25.

d. The filtering action of a parallel-resonant cireuit in an amplifier
plate circuit which is tuned to about 500,000 eyecles minimizes the effects
of all these distortion components. The extent of this suppression of the
distortion frequency components may be controlled by proper design
of the tuned circuit. At frequencies well off resonance, the parallel eir-
cuit offers essentially the impedance of the lowest impedance branch.
In a cireuit tuned to 500,000 eycles, the impedance offered to currents
of 1,000,000 cyecles is practically that of the capacitor alone, and the
impedance offered to currents of 1,000 eyecles is practically that of the
inductor alone. Thus a low L to C ratio minimizes the voltages devel-
oped across the parallel circuit at the distortion frequencies. Link
coupling (fig. 104) is sometimes used to transfer energy between two
tuned circuits. This avoids incidental coupling between the two circuits
due to the distributed capacitance of the turns and also avoids the
transfer of harmonies from one circuit to the other.

e. In an a-f amplifier the distortion frequencies generally overlap
components of the desired signal frequencies, so that filtering is not
feasible. In a-f amplifiers, the problem demands prevention rather
than cure. Class A operation is one solution. Push-pull arrangements
are of further assistance.

f. Of the harmonie frequencies, the second (first overtone) is usually
the predominant one, The rest are ordinarily weak. It is the objection-
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Figure 104. Link-coupled tuned circuits.

able second harmonic (as well as all other even-order harmonies)
which is absent in the output of a push-pull amplifier. That this is the
case may be seen from a consideration of the curves of figure 105. Here
@ represents a fundamental signal frequency (first harmonic) ; @) and
(® are multiple-frequency curves, second and third harmonies of the
gignal, respectively. The solid curve of (@ is obtained by adding the
fundamental @ and the second harmonie @. The solid curve of () is
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@® Fundamental.

® Sccond harmonic.

® Third harmonic.

@ Fundamental plus second harmonic.

® Fundamental plus third harmonic.

Fundamental plus second and third harmonics.
Figure 105. Analysis of harmonic distortion.

obtained by adding the fundamental @) and the third harmonic (3.
Fundamental, second harmonie, and third harmonic are compounded
to yield the solid curve of (6). The resultant in () is such that if the
negative half-cycle of the curve is shifted along the absecissa (horizon-
tal axis), so as to be directly below the positive half-eyele, the negative
half-eycle then presents a mirror image of the positive half-cycle about
the abseissa. It can be shown that any combination of odd-order har-
monies possesses this same symmetry ; further, that any resultant wave
formed by a combination of harmonies and possessing this symmetry
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cannot contain any even-order harmonic elements. In push-pull action
two tubes interchange roles during alternate half-cycles, so that if the
dashed curve of figure 106 represents the output of one tube, the dotted
curve of the same figure represents the output of the companion tube.
Dissymmetry in the output waveform of each individual tube indicates
definite even-order harmonic content, whereas symmetry of the com-
bined waveform shows complete absence of any even-order harmonics.

OUTPUT OF ONE TUBE
OUTPUT OF OTHER TUBE
COMBINED OUTPUT

TL-2674

Figure 106. Waveforms in a push-pull amplifier.

g. Push-pull operation serves to lessen distortion in other ways.

(1) The direct currents present in the two halves of the output trans-
former primary balance each other in their magnetic effects, so that
the core ecannot become saturated with direct current. (Saturation is
a state of magnetization of the core which results from reasonably
large currents, so that further inerease in current produces only a
small inerease in magnetie induction.)

(2) Alternating-current components of plate-supply potential,
which are due to incomplete filtering, produce no effeet in the output
transformer secondary, sinee the potentials thus developed across the
primary balance each other. Because of the difficulty of obtaining
perfect balance, particularly in tubes, the full possibilities of push-pull
amplifiers are seldom realized in practice. However, under conditions
of moderately good balance, the push-pull amplifier offers a definite
improvement in quality over a ecomparable single-ended amplifier.

h. For doubling the frequency at radio frequencies in a transmitter,
with a single-ended amplifier operating into an appropriately funed
LC circuit, harmonic distortion within the tube is deliberately
encouraged.
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SECTION VI

TUNED RADIO-FREQUENCY RECEIVER

67. Principle of t-r-f Receiver

The tuned radio-frequency receiver, or, as it is more commonly
called, the t-r-f receiver, consists of one or more stages of r-f amplifica-
tion, a detector stage, and one or more stages of a-f amplification. A
block diagram of a typical t-r-f receiver is shown in figure 107. Radio
energy waves from a distant transmitter cause a r-f signal eurrent to

RADIO- AUDIO-
FREQUENCY > DETECTOR FREQUENGY
AMPLIFIER AMPLIFIER

/,\X \ 7

Figure 107, Block diagram of a t-r-f receiver, showing the
stgnal passing through the receiver.

TL- 2047

flow in the receiving antenna. This r-f signal is amplified by the r-f
amplifier stages, and is then detected, or demodulated, by the detector.
The resulting a-f output from the detector stage is amplified by the
a-f amplifier stages, and the audible sound is heard in either a loud-
speaker or earphones. The waveforms below the block diagram of figure
107 give a comparative indication of this process of converting r-f
signals into intelligible a-f signals.

68. R-f Amplifiers

@¢. Tuned r-f amplifier stages increase the selectivity and the sensi-
tivity of the t-r-f receiver. The more stages that are used the greater
will be this increase. Important aspects of the r-f amplifier to be
considered are the types of tubes, r-f transformers, capacitors, and
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resistors employed, and the nature of band spread and special de-
coupling ecircuits.

b. The tubes generally used in r-f amplifiers are tetrodes and pentodes.
Any tube suitable for voltage amplification may be used. Triodes, which
were used at one time, are not as satisfactory because they have a strong
tendency to cause undesirable oscillations in r-f amplifier stages. They
also require very careful neutralization (adjustment) to prevent feed-
back from stage to stage.

¢. The basic circuit of a pentode class A t-r-f amplifier is shown in
figure 108. The tuned cireuit L,C, is coupled to coil L, which in this
case is the antenna coil, but could be the plate coil of a preceding stage.
Resistor R, and capacitor C, are the cathode bias resistor and cathode
bypass capacitor. Capacitor C is the sereen bypass capacitor and R,

5
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Figure 108. R-f sbage of a t-r-f receiver.

is the sereen voltage-dropping resistor. A second tuned ecircuit, L;Cs,
is coupled to coil L;. Coils L and L, form the primary and secondary
windings, respectively, of an r-f transformer. Coils L. and L; also
form an r-f transformer.

d. The rf transformer used in most t-r-f receivers consists of a
primary coil and a secondary coil. The secondary coil L, is designed to
cover the desired frequency range when tuned by the tuning capacitor
(", connected across the secondary. Most r-f transformers in use at the
present time are of the air-core type. A few special types may be found
which use powdered-iron cores when the frequency of operation is not
too high. If a receiver is required to cover a greater frequency range
than one coil and tuning capacitor will provide, the tuning eircuits of
the receiver must be changed to tune to these additional frequeney
bands. One system is to use plug-in coils, which may be changed to
provide the different tuning ranges required. Another system is to
mount the various coils for the different frequencies in the receiver,
and bring the leads out to a multi-contaect rotary switeh. This is called
band switching, and by turning the switch, any desired band can be
selected. In both methods the same tuning capacitors are used for all
tuning ranges. Both systems of band changing are widely used in
Signal Corps receivers.

e. Most t-r-f receivers use two or three r-f stages preceding the
detector, with each stage tuned to the same frequeney. It is therefore
more convenient to have all of the tuning capacitors mounted on a
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common shaft, so that all stages ean be tuned simultaneously. These
are called ganged variable capacitors. In a receiver having two r-f
stages, a three-gang capacitor would be used, with one of its sections
tuning each of the three tuned cireuits in the receiver. When these
tuning circuits are ganged, the coils and the capacitors must be identical.
This is necessary in order that all the circuits will tune to the same
frequency for any dial setting. Inaccuracies of the coils and capacitors.
and stray cireuit capaecitances will prevent the circuits from tuning to
the same frequency. Thus, there must be some method of compensating
for these irregularities. This is provided by connecting small trimmer
capacitors across each tuning capacitor. These trimmers are adjusted
with a serew driver or small wrench, so that each circuit may be tuned
exactly to the signal frequency. This process is known as alignment.
In practice, these capacitors are adjusted at the h-f end of the dial.
where the plates of the tuning capacitors are meshed very little and
their capacitances are small. The circuits will now be properly adjusted
at one dial setting, but they may not tune to identical frequencies at
other dial settings. In some sets, this is corrected by slotting the end
rotor plates of the tuning capacitors, so that any portion of the end
plates may be bent closer to or farther away from the stator plates.
‘When all of the stages tune to identical frequencies at all dial settings
they are said to be fracking, and maximum gain will be obtained from
the receiver. In receivers using band changing, the trimmers for each
range are usually mounted on the individual coils. In receivers cover-
ing only one band, the trimmers are usually located on the ganged
capacitors, one for each section.

f. Resistors used in the r-f amplifier and in the detector circuits are
practically all of the small carbon type. The wattage rating will
depend upon the voltage drop in the resistor and the current through it.

g. Band spread is the process of spreading out a small section of the
tuning range of a receiver over the entire scale of a separate tuning dial.
The purpose of band spread is to assist in separating stations crowded
together in a small space on the main tuning dial. There are two types
of band spread: electrical and mechanical.

(1) In electrical band spread, a small variable capacitor is connected
in parallel with the main tuning capacitor in the tuned circuit. The
tuning range of the band-spread capacitor is only a fraction of the
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@ Parallel capacitor band spread. @ Tapped-coil band spread.
Figure 109. Two types of electrical band spread.
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range of the main tuning eapacitor. To increase the amount of band
spread, the small capacitor may be tapped down on the ecoil, so that it
tunes only a small portion of the coil. Figure 109 shows two methods
of electrical band spread.

(2) In mechaniecal band spread, the band-spread dial is geared to the
main tuning dial, so that one complete rotation of the band-spread dial
moves the main tuning dial and ecapacitor over only a fraction of
its range.

h. When several amplifier stages are operated from a common plate
supply, there is a possibility of undesirable oscillations being set up
because the plate circuits of the various stages are coupled together by
the common impedance of the plate supply. (See fig. 110(.) Note
that the plate voltage of both tubes is obtained from a common B, or
plate, supply. The internal resistance of this common supply is repre-
sented by R. Any change of plate-current flow in tube 2, such as a
signal eurrent, will cause a change of voltage across B. This causes a

Figure 110. R-f amplifer, without and with decoupling circuil.

change of the B supply voltage to the plate of tube 1, and induces a
voltage in L,, which is connected to the grid circuit of tube 2. This
tube will amplify the change and it will appear across L, as a larger
change. Thus, it can be seen that a part of a signal from the plate of
tube 2 is fed back to the grid circuit of the same tube. This condition
may cause unwanted oscillations. Cireuits to prevent this condition are
called decoupling circuits, and shown in figure 110). The capacitors
C and C,, together with resistors B, and E., make up the decoupling
circuit. The resistors R, and R. offer a high impedance to the signal
voltage, while the capacitors C and C, bypass the signal voltage around
the B supply. A choke coil may be used instead of the resistors R, and
R.. The bypass capacitors for the cathode, screen-grid, and plate
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circuits in t-r-f receivers are usually paper capacitors, except in circuits
intended to operate on extremely high frequencies and in receivers
designed for special applications, such as aircraft receivers. In most
Signal Corps receivers, the paper capacitors are inclosed in metal
cases, two or three capacitors often being grouped together in one ean.
‘Where one connection to each capacitor is connected to ground in the
circuit, the metal can itself is often the common-ground terminal. In
some cases, a single terminal may be provided as a common ground
for all capacitors in the can.

69. Detector Circuits

Since the voltage amplification of the r-f amplifiers of the modern
t-r-f receiver is relatively great, the signal voltage at the input circuit
of the detector stage is quite large. As the grid-leak detector is easily
overloaded by such large voltages, it is rarely used in present day t-r-f
receivers. The two most widely used detector circuits are the diode
detector and the power detector.

70. Volume Conirol

a. Because all signals will not arrive at the receiving antenna with
equal intensity, a gain or volume control is provided so that the volume
of the signal received can be varied. This can be accomplished by vari-
ous means. Those most commonly used are shown in figures 111 and 112.

1
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et
Figure 111, Grid-bias rolume control.

In figure 111, the control is in the grid-bias circuit of a variable-mu
pentode r-f amplifier. It will be recalled that varying the bias of
variable-mu tubes causes the amplification factor to increase or decrease,
thus controlling the gain of the stage. The resistor B provides the
proper bias for maximum gain when R, is adjusted to zero resistance.
The bias voltages of all r-f amplifier tubes in the receiver are usually
controlled when this method is used. Another method, illustrated in
figure 112, controls the amount of a-f voltage applied to the grid of the
a-f amplifier from the diode detector.

b. Once the volume or gain control of a receiver has been set, the
output should remain constant, regardless of the strength of the incom-
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Figure 112, Detector output volume control.
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ing signal. The development of the variable-mu pentode tube makes
this possible, since the amplification of the tube may be controlled by
the grid-bias voltage. All that is needed, then, for automatic volume
control is a source of voltage which becomes more negative as the
signal strength becomes greater. If this voltage is applied as bias to
the grids of the variable-mu r-f amplifier stages, the grids will become
more negative as the signals grow stronger. This will reduce the
amplification, thus tending to keep the output of the receiver at a
constant level. The load resistor of the diode detector is an excellent
source of this voltage, as the rectified signal voltage will increase and
decrease with the signal strength. A typical detector diode with an
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Figure 118. Automatic volume-control circuit.
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automatic volume control (a-v-¢) cireuit is shown in figure 113. The
signal is rectified by the diode detector, and the rectified current
flowing through the load resistor causes a voltage drop across the
resistor, as indicated in figure 113. The negative voltage developed is
impressed on the grids of the variable-mu tubes in the r-f stages. Any
increase in signal strength results in a greater voltage drop and thus
is an inecrease in negative bias to the amplifiers. This results in a
decrease in signal strength to the detector. A decrease in signal strength
to the detector reduces the amount of negative bias on the amplifier
tubes, increases gain in those stages and the input to the detector
increases. The filter cireuit removes the a-f component of the signal,
and only the slower variations due to fading or change in position of
the receiver effect the gain of the amplifier stages. Automatic volume
control is particularly desirable for mobile receivers in which the signal
strength is changeable as the receiver is moved.



¢. The variable-mu tube is designed to operate with a minimum bias
of about 3 volts. This minimum bias is usually provided by a cathode
resistor, and the a-v-c bias is in series with it. A disadvantage of
ordinary automatic volume control is that even the weakest signal
reduces the amplification slightly. An adaptation which avoids this is
shown in figure 114, and is referred to as deluyed automatic volume
control. In this particular circuit the a-v-¢ diode is separate from the
detector diode, and both are housed in the same vacuum tube with a
pentode amplifier. The tube is called a duplex-diode pentode. Part of
the energy which is fed to the plate of the detector diode is coupled to
the a-v-¢ diode section by the small capacitor . The plate of the a-v-¢
diode is maintained at a negative voltage by means of a cathode-biasing
resistor B. This keeps it from rectifying and producing the a-v-¢ voltage
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Figure 114. Delayed automatic volume control.

until the peak voltage coupled to it through (' counterbalances the
negative voltage of the diode. For very weak signals, which do not
produce enough voltage on the plate of the a-v-¢ diode to overcome the
existing negative potential, no a-v-¢ voltage is developed. Thus, the
sensitivity of the receiver remains the same as if automatic volume
control were not being used. On the other hand, when normal strength
signals are being received, which do not need maximum sensitivity of
the set, enough voltage will be coupled to the a-v-e diode to overcome
the small negative plate potential and produce an a-v-¢ voltage drop
across resistor K. This voltage has the a-f and r-f components filtered
from it and is applied to the grids of the variable-mu tubes, as in the
ordinary a-v-¢ circuit.

d. Duplex-diode triode and duplex-diode pentode tubes are widely
used to supply a source of a-v-c voltage. In addition, the second diode
in these tubes is used, together with the cathode, as a diode-detector
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cireuit, and the triode or pentode section is used as a separate amplifier.
Thus, by the use of such multi-element tubes, the functions of detection,
a-v-¢ voltage rectification, and amplification, is combined within a
single tube.

71. A Amplifiers

Since the signal output of a detector stage in a t-r-f receiver is low,
or weak, it is usual to have at least one stage of a-f amplification. The
output of this first a-f amplifier may be further amplified if necessary,
depending upon the requirements of the receiver. A headset may
require no further amplification after the first a-f stage, while a large
loudspeaker may require several additional stages of a-f amplification.

72. Shielding

In order to prevent coupling between two circuits, metal shields are
used ; iron for a-f cireuits, and copper or aluminum for r-f circuits. All
shields should be grounded to the chassis of the receiver, which is the
common ground for all connections in the set. Since shielding changes
the inductance of a coil, it changes the resonance frequency to which it
responds. It is necessary, therefore, to make many adjustments in
radio sets with the shields in place.

73. Circuit of a t-r-f Receiver

a. The complete circuit diagram of a five-tube tuned r-f receiver is
shown in figure 115. This receiver uses three pentode r-f amplifier
stages, a diode-detector stage, and a pentode a-f amplifier stage
energizing a loudspeaker. The A supply (heater voltage) and B supply
(plate voltage) are furnished the vacuum tubes by means of batteries
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Figure 115. T-r-f receiver with automatic volume control.
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when the double-pole single-throw switch is closed. The dotted lines
connecting the four tuning capacitors indicate that these capacitors
are ganged. A small {rimmer capacitor is connected in parallel with
each section of the ganged tuning capacitor for proper alignment of
the receiver. These small trimmers compensate for inequalities in any
of the circuit constants. The detector stage is considered as a diode,
since the grid and the plate are connected together. Figures 116 to
120, inclusive, reproduce this same receiver diagram with various
circuits emphasized to facilitate study.

b. In figure 116, all parts of the t-r-f receiver at ground, or chassis,
potential are denoted by heavy lines. All points on the heavy (ground)
line will be at the same potential, which is considered to be zero volts
with respeet to the rest of the receiver circuit. All voltages in the
receiver are compared to this ground potential.
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Figure 116, T-r-f recewer. Ground-potential elements
denoted by heavy lines.
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denoted by heavy lines.
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c. In figure 117, all of the elements of the t-r-f receiver at high r-f
potential are denoted by heavy lines. By means of this diagram, it is
quite simple to trace the path of the r-f signal from the antenna eircuit

to the diode detector.
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Figure 118. T-r-f receiver. (D-c plate supply shown by heary lines.)

d. In figure 118, the high voltage d-c¢ plate supply is shown by heavy

lines. When the switch is closed, the four pentodes receive the high
positive plate voltage necessary for their action as amplifiers. The diode,
operating as a detector, does not require d-c¢ plate voltage. Note the
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decoupling resistors in the plate leads of the first three pentodes.
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Figure 119. T-r-f receiver. (Detector circuit shown in heavy lines.)

e. In figure 119, the complete deteetor circuit is shown in heavy lines.
The tube used in this stage is considered to be a diode. The grid and the
plate of the triode are connected, or tied together, resulting in a
two-element tube, or diode. The rectified or detected signal is taken
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from a portion of the potentiometer B (through a capacitor) to the
grid of the pentode a-f amplifier.

f. In figure 120, the a-v-¢ circuit is shown in heavy lines. The
rectified signal voltage necessary for the operation of an a-v-¢ circuit is
taken off the negative end of the potentiometer E, and returned to the
first two stages of the receiver. It should be noted that only the first
and second r-f amplifiers are supplied with an a-v-¢ voltage in this
receiver. A switch is provided for short-circuiting the a-v-c when it is
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Figure 120. T-r-f receiver. (A-v-¢ circuit shown in heavy lines.)

not desired. If this is done, the potentiometer R is then used as a
manual control of volume without affecting the normal operation of
the t-r-f receiver.

74. Capabilities of t-r-f Receiver

Although the t-r-f receiver will give satisfactory results when cover-
ing a single low- or medium-frequency band, such as the broadecast
band, it has several disadvantages which make it impractical for use
in high-frequency or multi-band receivers. The chief disadvantage of
the t-r-f receiver is that its selectivity (ability to separate signals)
does not remain constant over its tuning range. As the set is tuned
from the low-frequency end of its tuning range toward the higher fre-
quencies, its selectivity decreases. At the high frequencies, which are
widely used for Signal Corps communication, this lack of selectivity
becomes extremely troublesome. Also, the amplification, or gain, of the
t-r-f receiver is not constant with frequency. It is very difficult to
design r-f amplifiers which will provide sufficient amplification for
communication requirements at extremely high frequencies. The super-
heterodyne receiver has been developed to overcome these disadvantages.
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SECTION VIii

SUPERHETERODYNE RECEIVER

75. Principles of Superheterodyne Operation

a. The essential difference between the t-r-f receiver and the super-
heterodyne receiver is that in the t-r-f receiver the r-f signal is ampli-
fied at the frequency of the signal, while in the superheterodyne receiver
the signal is amplified at a new, lower frequency called the infermediate
frequency.

b. The deficiencies of the t-r-f receiver (par. 74) are largely over-
come in the superheterodyne receiver by combining the received signal
with a different frequency in the receiver to produce a lower inter-
mediate frequeney. Though much lower than the original, this new
frequency retains all the modulation characteristics of the old signal.
By amplifying this lower frequency, it is possible to use circuits which
are more selective and capable of greater amplification than the eircuits

\L TR-F Ll MIXER I-F > SECOND e AF 0<PEAKER

AMPLIFIER AMPLIFIER | “|DETEC TOR| |AMPLIFIER

H-F
OSCILLATOR

0001 -2 AL

R-F CARRIER AMPLIFIED AMPLIFIED COMPONENT AUDIO COMPONENT

CARRIER F CARRIER

H-F OSCHLATOR WAVE 71-6829

Figure 121, Block diagram of superheterodyne receiver, showing
signal passing through receiver.

used in t-r-f receivers. The block diagram of a typical superheterodyne
receiver shown in figure 121 indicates the manner in which the signal
changes as it goes through the different stages. The received r-f signal
is first passed through a r-f amplifier. A locally generated unmodulated
r-f signal is then mixed with the carrier frequency in the mixer stage.
This produces an intermediate frequency signal which contains all
the modulation characteristies of the original signal, but is much lower

17



in frequency. This intermediate frequency is amplified in one or more
stages, called intermediate-frequency amplifiers, and is then fed into
the second detector, where it is detected or demodulated. The detected
signal is amplified in the a-f amplifier and then fed to a headset
or loudspeaker.

c. The conversion of the original r-f signal to the intermediate fre-
quency is an important funection of the superheterodyne receiver. By
means of a vacuum tube operating as a detector, it is possible to change
the frequency of a radio signal to another frequency, and yet retain
everything that existed in the original signal. This proeess is known
as frequency conversion. The tube is called a mixer, or converter, and
sometimes a first detector. If a 1,000-kilocyele signal and 1,465-kiloeycle
signal are fed into a mixer, various frequencies are obtained in the
output. One of the most prominent of these is the beat frequency,
which is the difference between the two, or 465 kilocyeles. This is the
tnteremediate frequency. In the superheterodyne receiver these two
signals come from different sources. One of them is the received signal.
The other comes from a special stage used in all superheterodynes,
known as the local, or heterodyne oscillator. Unlike the received signal,
the signal from the heterodyne oscillator is unmodulated. In the
superheterodyne receiver the intermediate frequenecy is set at a definite
value. The frequency of the local oscillator must differ from that of the
signal being received by an amount equal to this intermediate frequency.
Thus, as the receiver is tuned to signals of various frequencies, the local
oscillator must be tuned simultaneously so that its frequency is always
separated from that of the signal by the same amount. For example,
if the intermediate frequency is 465 kilocycles, a commonly used
frequency, and the range of the receiver is from 500 to 25,000 kilocycles,
the oscillator would have to operate over a range of either 35 to 24,535
kilocyeles or 965 to 25,465 kilocycles. Whether the oscillator frequencies
are higher or lower than the signal, the difference is still 465 kiloeycles.
The higher range is generally used, except when receiving signals of
rather high frequencies, The i-f amplifier stages are permanently tuned
to 465 kilocyeles.

76. Frequency Conversion

a. The combined circuits of the oscillator stage and mixer stage
form the frequency converter of the superheterodyne receiver. There
are a large number of possible combinations of tubes and circuits which
may be employed for frequeney econversion. Triodes, pentodes, and
multi-element tubes are used in various circuits, and several methods
are used to mix the oscillator-output frequency with the incoming-
signal frequency in the mixer stage. The oscillator output may be fed
into the grid, eathode, or suppressor-grid circuit of the mixer tube;
or the coupling may be achieved by means of a special grid built



into the tube for that purpose. Multi-element converter tubes have
been designed so that the funetions of oscillating and mixing may be
combined in one tube; the pentagrid converter tube is an example of
this widely used type.

b. When the frequency converter uses a separate, single tube as a
local oscillator, the basiec circuit is similar to the diagram shown in
figure 122. A pentagrid (five-grid) mixer tube (fig. 122) combines
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Figure 122. Pentagrid mixer.

the frequency from the oscillator (usually a triode) with the ineoming
r-f carrier.

¢. A typical frequency-converter circuit using a triode oscillator
and a triode mixer is shown in figure 123. The oscillator output is
fed or injected into the grid of the mixer through a coupling eapacitor.
This is known as grid injection. The. coil and tuning capacitor in the
mixer-grid circuit are tuned to the frequency of the incoming r-f signal.
The oscillator grid cireuit is tuned to a frequency lower or higher than
the signal frequency by an amount equal to the intermediate frequency.
The i-f transformer in the plate cricuit of the mixer stage is tuned

MIXER TUBE I-F

TRANSFORMER
RF TO NEXT
INPUT I STAGE
2-6aNG T &= T =
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CAPACITOR
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L
r-6324

Figure 128. Frequency-converter circuit using triode
oscillator and triode mizer.

to the intermediate frequency. The oscillator uses the same circuit as
the regenerative detector studied in paragraph 54. The feedback is
of such a value that the circuit is oscillating at a frequency determined
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by the values of L and C. The capacitors C' and C, are ganged so that,
as the frequency of the signal being received is changed, the oscillator
frequency will also be changed.

d. Two other means of coupling the mixer and local oscillator are
shown in figure 124, where a pentagrid mixer and triode oscillator are
used. Figure 124(1) shows the local oseillator coupled to the mixer
tube by means of coil L; in the cathode circuit of the mixer tube. The

OSCILLATOR
g 3
l-

Ti-4649 -A
@ By means of coil L, in cathode circuit of mixer tube.
® By means of injection grid of mizer tube
Figure 124, Local oscillator-to-mixer coupling methods.

r-f voltage induced in coil L; causes the plate current of the mixer
tube to fluctuate at this frequeney. The incoming signal induced in
coil L, in the grid cireuit of the mixer also affects the plate current.
These two frequencies are mixed together and the beat between them,
which is the i-f frequency, will be produced in the tuned plate cireuit.
Interaction between the oscillator and mixer is reduced somewhat by
coupling the oscillator voltage to the cathode, as shown. Figure 1242
shows a second method of frequency-conversion coupling between a
pentagrid mixer having two independent control grids and a separate
local-oscillator tube. Besides a heater and a ecathode, the tube has
five concentrie grids and a plate. Grid 1, which is nearest the cathode,
and grid 3 are the control grids of the tube, while grids 2 and 4 are
screen grids. Grid 5 is a suppressor grid. The local oscillator is eoupled
to grid 3, and the incoming signal is applied to grid 1, which is ealled
the signal grid. The voltages applied to these grids affect the plate
current, thus producing a beat note or intermediate frequency in the
plate circuit of the tube. This tube provides superior performance in

120



the high-frequency bands because of the exzellent shielding between
the oscillator and signal grids.

e. Another type of frequency conversion employs a single tube having
the oscillator and frequency mixer combined in the same envelope. This
type of tube also has five grids, and is called a pentagrid converter.
The basic circuit for the pentagrid converter is shown in figure 125,
and should be compared with the diagram in figure 122, The pentagrid
converter depends on the electron stream from the cathode for coupling.
It may be visualized as a device in whieh the plate eurrent is modulated
by variations in the cathode emission. The performance of a pentagrid
converter is such that only one tube is necessary for converting the
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Figure 125. Pentagrid converter.

frequency of the desired signal from its original value to an inter-
mediate frequeney. Grids 1 and 2, and the cathode are connected to
a conventional oscillator cireuit and act as a triode oscillator. Grid 1
is used as the grid of the oscillator, and grid 2 is used as the plate.
In this eircuit, the two grids and the eathode can be considered as a
composite cathode, which supplies to the rest of the tube an electron
stream that varies at the oscillator frequency. The signal voltage is
applied to grid 4, which further controls the electron stream so that
the plate-current variations are a combination of the oscillator and the
incoming-signal frequencies. The plate circuit of the pentagrid con-
verter is tuned to the desired intermediate frequency. Grids 3 and 5
are connected together within the tube so as to form a sereen grid which
serves to accelerate the electron stream and to shield grid 4 electro-
statically from the electrodes.

f. A typical pentagrid-converter cirecuit is shown in figure 126. The
ineoming r-f signal is fed from L; into the tuned grid cireuit of Ls and
C,. It is then applied to the control grid of the tetrode section of the
tube at grid 4. In the oscillator section of the tube, the r-f energy is
fed back from the plate circuit inductance Ly to the tuned grid circuit
consisting of Lj, C2, and C4. C2 is the main tuning capacitor. Grid
bias for the tetrode section of the tube is secured by the flow of plate
current through the eathode resistor R». The incoming signal, and the
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oscillator voltages are heterodyned in the electron stream flowing from
cathode to plate. The output voltage is a beat frequency equal to the
difference between the ineqming signal and the oseillator frequencies.

Figure 1£6. Coupling of oscillator to mirer by means of modulating
electron stream from cathode of mizer tube.

g. The capacitor C4, placed in series with the tuning capacitor Cb,
is called a padding capacitor. This padding capacitor is necessary
because the frequency of the oscillator tuned cireuit is htgher than that
of the r-f circuit. It is thus necessary to have a low value of inductance
and capacitance in the oscillator circuit in order to obtain a higher
frequency. In some superheterodyne sets, this is aeeomplished by
having a smaller capacitor and coil in the oscillating circuit. In others,
such as in figure 126, it is more convenient to use the same size
capacitors in both cireuits and reduce the value of the oscillator
capacitor by placing a fixed or variable capacitor in series with it.
A small trimmer capacitor may also be placed across the oscillator tuning
capaecitor to take care of any slight frequency deviations.

77. 1§ Amplifiers

a. The intermediate-frequency amplifier is a high-gain circuit per-
manently tuned to the frequency difference between the local oscillator
and the incoming r-f signal. Pentode tubes are generally used in these
amplifiers, which may consist of one, two, or three stages. Each stage
is adjusted to the selected intermediate frequency. Since all incoming
signals are converted to the same frequency by the frequeney converter,
this amplifier operates at only one frequency. The tuned eireuits,
therefore, may be permanently adjusted for maximum amplification and
desired selectivity. It is in this amplifier that practically all of the
voltage amplification and seleetivity of the superheterodyne is developed.

b. The i-f transformers used with i-f amplifiers are tuned by adjust-
able, or trimmer, capacitors to the desired frequency. Both mica and
air-trimmer capacitors are used. Generally the i-f transformers are
double tuned, that is both primary and secondary coils are tuned to
the proper frequency. For special applications, single-tuned i-f trans-
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formers are used, in whieh case the secondary winding alone is tuned.
I-f transformers are made with both air and powdered-iron cores.
Some iron core i-f transformers have fixed mica tuning ecapaecitors.
The tuning is accomplished by moving the iron cores in or out of the
coil by means of an adjusting setscrew. This is known as permeability
tuning. The i-f transformers and capacitors are mounted in small
metal cans, which serve as shields. When adjustable capacitors and
fixed inductors are used, the capacitors are small compared with the
large ganged tuning capacitors used in r-f stages. Small adjusting
shafts protrude from the top of these capacitors and can be reached
through a small hole in the can with a hexagonal wrench or screw
driver. Thus, adjustment of the ecapacitor is possible without removing
the assembly from the shield.

f %
(94
£y
—l
7L-4650 =

Figure 127. Circuit diagram of single-stage i-f amplifier
using pentode tube.

¢. The diagram of a single-stage i-f amplifier using a pentode tube
is shown in figure 127, Transformer 7' is the input i-f transformer.
The primary of the transformer, L;-Cy, is in the plate circuit of
the mixer and is tuned to the selected intermediate frequency. The
secondary eircuit, L,-Co, which is inductively coupled to the primary,
is tuned to this same frequency and serves as the input cireuit to the
grid of the tube. Resistor R, in the cathode circuit provides the necessary
grid-bias voltage, while capacitor C3 bypasses r-f currents around this
resistor. Resistor R, and capacitor C, are the screen-voltage-limiting
resistor and the screen bypass capacitor, respectively. Resistor R; and
capaeitor Cs serve as a decoupling network to prevent any of the signal
currents from flowing back through the circuit and causing interaction
between stages. Capacitor C; furnishes a low-impedance path to the
cathode or ground for the signal currents, while resistor B3 prevents
any of the signal currents from flowing to the plate supply. These
decoupling networks may be employed in grid, sereen-grid, or plate
circuits. Cirenit L3-Cg is the tuned-primary circuit of the seeond i-f
transformer T;. The secondary circuit Ls-Cy is coupled to the primary,
and is the input eircuit of the next tube, which may be another i-f
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amplifier or the second detector. The two resonant circuits of the
second i-f transformer T, are tuned to the same frequency as the
cireuits in T;.

d. Since the i-f amplifier is intended to furnish most of the gain
of the superheterodyne the number of i-f amplifier stages used will
depend generally on the sensitivity required of the receiving set. From
one to three i-f amplifier stages will be found in modern superhetero-
dyne receivers.

e. The intermediate frequency of a superheterodyne will depend, in
general, on two factors, the first of which is the desired selectivity.
The higher the intermediate frequency, the broader (or less selective)
will be the tuning of the receiver. The second factor is the difference
between the signal frequency and the intermediate frequency. It is
not practical for the intermediate frequency to be very much lower than
the signal frequency. For this reason, receivers used on the extremely
high frequencies often use a fairly high intermediate frequency. The
most common intermediate frequency is in the neighborhood of 456 to
465 kiloeyeles, although frequencies as low as 85 kiloeyeles, and as
high as 12,000 kiloeycles, are found in receivers designed for special
purposes,

f.- If extremely sharp tuning is required of a receiver, a piczo-
electric quartz crystal may be used as a crystal filter in the i-f amplifier.
The erystal acts like a tuned circuit but is many times more selective
than those made of coils and capacitors. The erystal will operate only
on one frequency which is determined by the thickness of the erystal.
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Figure 128. Typical crystal-filter circuit.

A typical ecrystal-filter circuit used in communications receivers is
shown as figure 128, Unless steps are taken to balance it out, the
small capacitance between the metal plates of the erystal holder will
bypass some undesired signals around the erystal. This balancing is
accomplished by taking a voltage from the center-tapped coil L,, 180°
out of phase with the signal voltage, and applying it through the
crystal-phasing capacitor C so that it bucks or neutralizes the undesired
signal. The balanced-input circuit may be obtained either through the
use of a split-stator capaecitor, or by the use of a center-tapped coil
a8 in figure 128. Closing the switeh across the crystal shorts the
crystal-filter circuit, leaving an ordinary i-f stage. The output of the
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erystal filter is applied to a tap on Lj, which is the input eireuit of
the next stage, in order to provide the proper impedance match.

g. To keep the intermediate frequency of a superheterodyne centered
on its band, automatic-frequency econtrol is sometimes used. This
arrangement is useful in compensating for any changes in frequeney
of the local oscillator. While details of its operation can be understood
only after studying section XIII, the principle is not difficult. If the
intermediate frequency shifts off the center of its band, that is, varies
slightly from its correet frequeney, the diseriminator (a rectifier)
turns the frequency change into a preportionate voltage change. This
voltage is fed to a tube in the frequency-control circuit which, together
with a capacitor and resistor across the tank cireuit of the local
oscillator, will change the reactance, but not the resistance of the
tank circuit, and hence will change the frequency of the loecal oscillator.
‘When properly adjusted, any shift in the i-f will be applied through
the automatic-frequency eontrol circuit to bring the local oscillator to
its eorrect frequency.

h. Noise limiters are employed occasionally in the i-f circuits of
superheterodynes to suppress strong impulses of short duration, such
as interference from sparking motor contacts or atmospheric static.
In one such noise limiter cireuit, a part of the intermediate frequency
is diverted along a path paralleling the regular i-f amplifier. It reaches
a special detector tube which is so heavily biased that the i-f signal is
stopped at this point. If a sudden sharp pulse raises the detector
tube above cut-off, the pulse will pass through, and will be fed back out
of phase, thus blocking the sudden pulse which will be trying to pass
through the regular i-f amplifier.

78. R-f Amplifiers

a. An r-f amplifier is not absolutely necessary in a superheterodyne,
but it is a valuable addition for the following reason. If the converter
stage were connected directly to the antenna, unwanted signals might
be received. These unwanted signals are called images. Since the
mixer stage produces the intermediate frequency by heterodyning two
signals whose frequency difference equals the intermediate frequency,
any two signals whose frequencies differ by the intermediate frequency
will produce an i-f signal. For example, if the receiver is tuned to receive
a signal of 2,000 kiloeyeles and the oscillator frequency is 1,500 kilo-
cycles, an i-f signal of 500 kilocyecles will be produced. However, a
signal of 1,000 kilocyeles finding its way into a mixer will also produce
an i-f signal of 500 kilocyecles, since the difference between its frequency
and the oscillator frequency is 500 kilocycles. Therefore, some method
must be found to keep these unwanted signals, or images, out of the
mixer stage. The extra selectivity provided by an r-f amplifier is the
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solution. Since the r-f amplifier greatly amplifies the desired signal,
and does not amplify the image, the possibility of image interference
is reduced considerably.

b. Almost all superheterodyne receivers are provided with at least
one r-f amplifier stage. The r-f amplifiers used are of the same type
as those discussed in section VI. When used in a superheterodyne
receiver, r-f amplifiers are sometimes called preselectors.

79. Beat-frequency Oscillators

a. In order to receive c-w code signals on a regenerative detector,
it will be necessary to make the detector oscillate at a frequency
slightly different from that of the incoming signal so as to produce
(by heterodyning) an audible signal. (See par. 56.) In superhetero-
dyne receivers, this is done by a separate oscillator, known as the
beat-frequency oscillator, which is tuned to a frequency that differs
from the intermediate frequency by an audible amount. For example,
a beat-frequency (b-f) oscillator tuned to 501 kiloeyecles will produce
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Figure 129. A b-f oscillator coupled to second detector
of a superheterodyne.

Al

a beat note of 1 kiloeycle, an audible frequency, when heterodyned
with a 500-kiloeycle i-f signal. The output of this oscillator is coupled
to the second-detector state of the receiver.

b. A b-f oscillator circuit is shown in figure 129. A switech and a
means of frequeney control are usually located on the front panel
of the receiver to turn on the oscillator stage and to control the fre-
quency, or piteh, of the audible signal.,

80. Second Detectors

The detectors used in superheterodyne receivers to detect, or de-
modulate, the intermediate frequency are of the same general types
as those employed for t-r-f receivers. Automatic volume control is
widely used in superheterodyne circuits. The a-v-¢ voltage may be
applied to any or all of the stages before the second detector except
the local oscillator.
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81. Audio Amplifiers

The a-f amplifiers used in superheterodyne receivers follow the same
general principles as those employed in t-r-f receivers. The desired
power output is the main consideration.

82. General Superheterodyne Circuit

a. The circuit diagram of a six-tube battery-operated superheterodyne
receiver is shown in figure 130. This receiver has one stage of tuned
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Figure 130, Superheterodyne receiver.
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r-f preselection (r-f amplification) a triode acting as a local oscillator,
a pentagrid mixer, two stages of i-f amplification, a diode supplying
voltage for delayed automatic volume control, a diode detector, and
a pentode a-f power-output stage feeding into a loudspeaker. The
heater supply and B supply (plate voltage) are furnished to the
various stages by means of batteries when the double-pole single-throw
switch is closed. The amplifier tubes obtain their grid bias from the
resistor and capacitor combination in the cathode circuit of each of
the five tubes. The dotted lines connecting the three tuning capacitors
indicate that these variable air capacitors are ganged. Small trimmer
capacitors are connected in parallel with each of the ganged tuning
capacitors for proper alignment of the receiver. The first i-f stage uses
a complex tube known as a triode-pentode. The pentode section of the
tube functions as a straightforward i-f amplifier, and the triode section,
operating as an oscillator, ecan be switched into the circuit to provide
a heterodyne action for the audible reception of c¢-w signals. The
second i-f stage combines several functions in one tube known as a
duplez-diode pentode. This tube contains a pentode i-f amplifier and
two diodes, one diode acting as straight signal detector, the other
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supplying a rectified a-v-¢ voltage. Figures 131 through 134 reproduce
this same superheterodyne receiver diagram with various ecircuits
emphasized to facilitate study.

b. In figure 131 all parts of the superheterodyne circuit relative to
the second detector are denoted by heavy lines. A single diode (in the
duplex-diode triode tube) supplies an audio-frequency signal voltage
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Figure 181. Superheterodyne receiver.. (Second detector circuit
shown in heavy lines.)

across the variable resistor, or volume control. Any portion of this
voltage can be fed to the pentode a-f power amplifier, and the level set
by the volume control will be maintained by action of the delayed
automatic volume control.
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Figure 182. Superheterodyne receiver. (Delayed a-v-c circust
shown in heavy lines.)
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¢. In figure 132 the delayed a-v-c circuit is shown in heavy lines.
The rectified signal voltage necessary for the operation of an a-v-e
cireuit is obtained by the second diode of the duplex-diode triode. It is
passed through isolating resistors, filtered by action of the r-f bypass
capacitors, and applied both to the first r-f amplifier stage and the first
i-f amplifier stage.
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Figure 188. Superheterodyne receiver. (Local oscillator
shown in heavy lines.)

d. In figure 133 the local oscillator circuit is shown in heavy lines.
The tuned circuit, which determines the frequency of the local oscilla-
tions, is composed of a fixed coil and a variable amount of capacitance,
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Figure 184. Superheterodyne receiver. (B-f oscillator for
c-w reception shown in heavy lines.)
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consisting of a variable air-tuning capacitor, an adjustable trimmer
capacitor in parallel with the tuning capacitor, and an adjustable
padding capacitor in series'with the tuning capacitor.

¢. In figure 134 the b-f oscillator circuit is shown in heavy lines. The
pentode section of the first i-f amplifier tube, a triode-pentode, functions
as a normal i-f amplifier when the b-f-o power switeh is open, as shown
in diagram. When this switch is closed, the pentode continues to operate
as an i-f amplifier, but oscillations also take place in the triode section
of the tube at the frequency of its external tuned circuit. By means of a
small variable capacitor, the frequency of this tuned circuit can be
altered for different incoming signals, so that the local oscillations pro-
duced in the regenerative circuit are only slightly different in frequency
from the incoming signal. When these two frequencies are mixed in the
first i-f amplifier stage, there is a heterodyne action producing an
audible signal which can be used for the reception of c-w code.

83. Typical Army Superheterodyne Receiver

a. A complete schematic diagram of a typical Army superheterodyne
is shown in figure 135. This receiver is operated from 110 volts alter-
nating current and uses eight vacuum tubes. The r-f signal voltage
from the antenna circuit is amplified by a pentode r-f amplifier stage.
Another radio frequency generated in the local oscillator stage is
mixed with the signal voltage in the pentagrid mixer stage, to create an
i-f carrier. This intermediate frequency is amplified by a pentode i-f
amplifier stage, and is then detected by the diode detector section of a
duplex-diode triode. The resulting a-f signal is applied to the triode
section of this complex tube which operates as an audio-frequency
voltage-amplifier stage. This signal is further amplified by a push-pull
audio-frequency power-amplifier stage of two pentodes, and then is
fed to the loudspeaker. High-voltage direct current for the plates, and
low-voltage alternating current for the heaters of the vacuum tubes
are obtained from the power supply stage, which uses a full-wave
rectifier circuit. It should be noted that every tube and circuit element
in figure 135 has an identifying number. This is to facilitate a more
thorough analysis of the set, as the signal is traced through the receiver
from the antenna to the speaker.

b. Assume that the receiver is tuned to a 1,000-kilocycle signal and
that the i-f amplifier frequency is 465 kilocycles. The signal is picked
up by the antenna and fed to the grid of the r-f amplifier tube (VT-117)
through the r-f coupling transformer T';. The signal is then amplified
by the tube and fed to the r-f coupling transformer T, It is then
applied to the control grid (grid 1) of the mixer tube (VT-87). The
grid circuits of the r-f and mixer stages are both tuned to the 1,000-
kilocyele signal by a single dial controlling the ganged capacitors C,
and C,. C4 is a bypass capacitor for the grid-decoupling resistor R,.
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B, is the biasing resistor and (5 the bypass eapacitor for R,. R; is
the screen grid voltage-dropping resistor and Cjg is the bypass capacitor
for Bs. R, and C; constitute the plate current filter which prevents
the r-f signal from feeding back through the power supply to ground
and thereby producing common coupling between stages. The high-fre-
quency oscillator (VT-65) must generate oscillations 465 kilocycles
higher in frequency than the r-f carrier. It is therefore tuned by C,
(which is ganged with €y and C,) to 1,465 kilocyeles. Cay is a trimmer
for C3 and Cg4 is a trimmer for C.; which is the padder eapacitor used
to make the oscillator track with the r-f amplifier. R, is the oscillator-
biaging resistor and (g is a blocking capacitor used to prevent the
oscillator inductor from shorting Rs.. Ra; is the oscillator plate voltage-
dropping resistor and Co; is the bypass capacitor for Ra. C» also
serves as a blocking capacitor to prevent shorting the plate voltage to
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Figure 185. Circuit diagram of a modern Army superheterodiyne receiver.

ground. The high-frequency voltage is injected into the electron stream
of the mixer tube by grid 3. Rs is the injector grid-biasing resistor,
and Cs. is the coupling capacitor for the oscillator. The 1,000-kilocycle
signal and the 1,465-kilocycle signal are mixed in the electron stream
of the mixer stage. The i-f stage functions in the same manner as the
r-f stage, except that it always works at the intermediate frequency
and therefore is much more efficient than the r-f stage. The i-f trans-
formers T3 and T, are permanently tuned to the 465-kilocycle inter-
mediate frequency, and usually need only ocecasional checking for
correct alignment. The lower diode section of tube 4 (VT-88) is the
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detector, with E;5 and R;¢ as the detector load resistor. Ci; is the r-f
bypass capacitor. With RB;5 it forms an r-f filter to prevent the r-f
component of the signal from feeding into the a-f section through the
blocking capacitor Cis and the volume control R;s. The audio signal
voltage developed across R, also appears across the volume control
Rys. All or a portion, of this voltage, depending on the setting of the
variable arm, is fed to the grid of the first audio amplifier (triode section
of tube 4). R,; is the bias resistor for the first a-f amplifier, and Cj,
is its bypass capacitor. The i-f voltage from the plate of the i-f amplifier
tube is fed through the blocking capacitor Ciq to the upper diode plate,
which rectifies the signal voltage to develop the a-v-¢ voltage. R4 is
the a-v-¢ diode load resistor. The d-c voltage developed across this
resistor is in series with the r-f amplifier, mixer, and i-f amplifier grid
circuits. It is applied to the grids through the a-v-¢ filter resistor Riq.
Rip and Cy act as a filter to eliminaté any audio component from this
voltage, and thus prevent the grid bias of these tubes from fluctuating
at an a-f rate. The output of the first a-f amplifier is fed to the grids
of the push-pull amplifier through the interstage-coupling transformer
Tys. R is the bias resistor for both of these tubes and Cg is its bypass
capacitor. The output of the power amplifier is fed to the voice coil of
the speaker through the output (matching) transformer Ts.

¢. T; is the power transformer; tube 8 the power rectifier; L; and L.
the filter chokes; Csg, C3o and Cjy the filter capacitors, and Ra4 the
bleeder resistor. The specific function of each of these parts will be
discussed in seetion IX.

84. Alignment

a. In order to operate one or several r-f stages of a superheterodyne
with a single control, the tuning capacitors of the r-f stages and the
oscillator are ganged together on a common shaft. When the control
knob is turned, the various r-f stages must all tune to the same fre-
quency and the local oscillator must track in such a manner that the
frequency difference between the local oscillator and the r-f stages is
always equal to the intermediate frequency. When the circuits are
adjusted in this manner, they are said to be ¢racking. The trimmer
(parallel) capacitors are used to assure tracking at the high-frequency
end of the band, and the padder (series) capacitors are used to assure
tracking at the low-frequency end of the band. In general, only the
local oscillator is supplied with a padder capacitor. It is also necessary
to adjust the i-f stages so that they all tune to the intermediate fre-
quency. Misalignment in any stage of a superheterodyne will cause a
decrease of sensitivity or selectivity, or both.

b. A calibrated oscillator or signal generator, insulated serew drivers,
insulated adjustment wrenches, and some form of output indicator are
necessary to properly align a modern superheterodyne receiver. The
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signal generator is an oscillator calibrated in frequency and capable of
delivering either a c-w or a modulated signal. Provision is made for
controlling the output signal voltage from a few microvolts to the full
output voltage. The insulated serew drivers and wrenches are used to
adjust the tuned circuits. The serew drivers and wrenches may be of a
composition material and usually have bits and heads of metal, which
give more substantial service and at the same time place a minimum of
metal in the field of the cirenit that is being adjusted. The output
indicator may be an output meter, loudspeaker, headset, oscillograph,
or a tuning-indicator tube.
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SECTION IX

POWER SUPPLIES

85. Power Requirements of Radio

a. Vacuum tubes used in various circuits of radio receivers and
transmitters require voltages of various values for the filament, screen,
and plate cireuits. It is the purpose of the power supply to provide
these voltages. Except for filament power, which can be alternating
current, the output from a power supply must be as nearly pure direct
eurrent as possible, and the voltage must be of the correct value for the
apparatus for which it is to be used. Radio transmitters require more
power than receivers. Consequently, transmitter power supplies operate
at higher voltages, with greater current flowing.

b. Power to heat the filaments of tubes is sometimes called the A
supply, and normally will be a low voltage. In portable field radio sets
the cathode, or filament, power supply is furnished by batteries, gen-
erators, or dynamotors. Semiportable and mobile sets generally use
storage batteries for filament-heating purposes. In permanent ground
installations, filaments are heated from the standard a-c¢ lighting
circuit through a step-down transformer.

¢. The plate and screen power supply is sometimes called the B
supply, and will usually be a high voltage. The plate supply in a
lightweight transceiver (small combined transmitter and receiver) is
furnished by batteries. Dynamotors driven by storage batteries or by
hand are generally used for plate power in portable and mobile sets,
while many large semiportable transmitters carry' gasoline-engine-
driven generator equipment. Permanent installations ordinarily use
some sort of rectifier-filter system plate supply.

d. When a grid-bias voltage is used, it is sometimes called the C
supply. Grid bias for voltage amplifiers is customarily taken from a
part of the plate supply by some means of self-bias. For large power-
amplifier tubes a separate rectifier-filter system or d-c generator is
frequently employed.

¢. Radio power supplies may be divided into three general classes:
battery, a-¢, and electro-mechanical systems.

86. Battery Power Supply

Small portable receivers and transmitters usually operate from dry
batteries. The current drain from the batteries is low and the apparatus
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can be operated several hours from this type of supply before it must
be replaced. Battery packs containing the filament, plate, and grid
batteries are provided for some sets; separate filament, plate, and grid
batteries are used in others. Batteries have the advantage of being
capable of delivering a smooth, unfluctuating direct current. Where
large voltages and currents are required, however, they become
cumbersome and expensive.

87. A-c Power Supply

a. This type of power supply is generally used whenever commercial
power is available. The Army also uses it for field installations which
are equipped with gasoline engine driven generators designed to supply
a source of alternating current. An a-c operated power system differs
from other types in that no batteries or mechanical devices are used.
It makes use of an a-c¢ source of power, and since the usual commercial
supply is 110-volt, 60-cycle, this voltage will be assumed in the following
discussion of a-¢ power supplies.

b. All a-c operated power supplies may be divided into four parts:
the transformer, rectifier, filter, and bleeder, or voltage divider system.
The transformer provides a means of increasing or decreasing the
voltage by transformer action. (See par. 27.) The rectifier serves to
convert the alternating current to pulsating direct current. The filter
smooths out the pulsating direct ecurrent, and the voltage divided system
is used to obtain various d-c voltages for the plate, screen, and control-
grid eircuits.

88. Vacuum-tube Rectifiers

a. The diode finds its most important use as a rectifying tube in both
transmitter and receiver power supplies. A simple a-c¢ rectifier con-
sisting of a single diode is shown in figure 136. When an a-c voltage
is applied between points A and B, electrons will flow from the cathode
to the plate of the diode during the positive alternation of each cycle
(between points 1 and 2 in figure 136(1)). During the next alternation,
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Figure 136. Half-wave rectifier.

between points 2 and 3, the plate voltage is negative with respect to
the cathode and no current will flow in the ecirecuit. Thus, since the
diode will pass current only during the positive alternation of each
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eycle, current will flow in only one direction through load resistor L.
Sinee only one-half of each eycle is used in this type of rectifier, it is
called a half-wave rectifier. Figure 136 shows the a-¢c input and
136(®) the pulsating output voltage of a half-wave rectifier. It sliould
be noted that the d-c pulsations have the same frequency as the applied
a-¢ voltage. This makes it difficult to filter properly. If a higher
voltage is necessary, a step-up transformer may be used.

b. A full-wave rectifier consists of two half-wave rectifiers working
on opposite alternations, thus utilizing the complete eyele of alternating
current. The two rectifiers are connected in such a manner that both
half-waves are comboned in the output. as shown in figure 137. Refer-
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Figurc 187 Full-wave rectifier.

ring to figure 137, assume that during the first alternation the plate of
tube A is positive with respeet to the center tap of the transformer.
Since the plate of this tube is positive, electrons will flow as indicated
by the solid arrows. During the next alternation the voltage across the
secondary winding of the transformer will be reversed, thus making
the plate of tube B positive with respect to the center tap, and the
plate of tube 4 negative. No current will flow through tube A because
the plate is now negative. The plate of tube B is positive, however,
and electrons again will flow through load resistor L. Electron flow
during the negative alternation is represented by the dotted arrows.
It should be noted that current through resistor L is always in the
same direction. Observe also that there are two d-¢ pulsations for each
a-c cycle, one for the positive alternation and one for the negative
alternation. Thus it may be seen that both alternations are ecombined
and that the output pulsations of a full-wave rectifier are twice the
frequency of the input power. This results in lower filter requirements.
For relatively low voltages, such as those required in receivers, the
full-wave rectifier may consist of two plates and a filament or cathode
in one envelope. For the higher voltages required in transmitters, two
separate tubes are usually used.
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¢. Vacuum-tube rectifiers are of two general types, ligh-vacuum and
mercury-vapor tubes. The former offers the advantage of ruggedness,
the latter, high efficiency. Both tubes contain two elements, a plate
and a cathode, and both operate on the principle of current flow only
during intervals of positive plate potential. High-vacuum diodes are
employed as rectifiers for power supplies of radio receivers and low-
powered stages of transmitters. The voltage drop across this type of recti-
fier is proportional to the eurrent drawn through the tube, and is fairly
high in comparison to some other types. The mercury-vapor rectifier tube
is of greatest value where high voltage and large current are to be
handled. The voltage drop across a mercury-vapor tube is extremely
low, being approximately 15 volts regardless of the current drawn
by the load.

89. Power Supply Filters

a. The output of vacuum-tube rectifier systems is made up of pulsa-
tions of current and voltage, all in the same (positive) direction. Before
this rectified voltage can be applied to the plate or grid ecirecuits, it
must be smoothed out into a steady, nonfluctuating d-c flow. Such
smoothing out of the pulsations is accomplished by means of filter
circuits, which are electric networks consisting of series inductors and
shunt capacitors. Filter circuits may be classified as eapacitor-input
or choke-input filters, depending on whether the filter input consists
of a shunt capacitor or a series inductor (choke coil). Figure 138Q@)
shows a filter of the capacitor-input type; figure 138 shows a choke-
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Figure 188. Types of filter networks.
input type. A resistance load connected to the output of a full-wave
rectifier is shown in figure 139(@). The voltage across the load will

follow the rectified a-¢ pulsations as shown in figure 139®). This is
the condition for a rectifier without a filter network.
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Figure 189. Load connected across output of a full-wave rectifier,
and current waveform through the load.
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b. The capacitor-input filter (fig. 140QD) is the simplest type of filter
and consists of a single capacitor, C, connected across the rectifier
output and in parallel with the load. During the time the rectified
alternating current is approaching its peak value, it is charging the
capacitor and delivering a current to the load. After reaching the
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@ Rectifier with capacitor filter.
® Voltage across C with small load current.
® Voltage across C with large load current.

Figure 140. A capacitor filter and output waveforms with
small and large loads.

peak voltage, the output of the rectifier begins to decrease until the
alternation is completed. During this decrease in applied voltage, the
capacitor has a higher voltage than the rectifier-output voltage. As the
capacitor cannot discharge back through the rectifier tube, it must
release its energy through the load. The values of the capacitor and
the applied voltage determine the amount which the capacitor can
store. If the load current is small, the capacitor will discharge slowly.
(See fig. 1402).) A large load current will cause the capacitor to
discharge more rapidly. (See fig. 140().) This filter. while eliminating
gsome of the ripple voltage from the output of the rectifier system, has
several disadvantages. The amount of ripple voltage remaining in the
output is greater than can be tolerated in the plate supplies of receivers,
amplifiers, and radiotelephone transmitting equipment. Another dis-
advantage of the capacitor-input type of filter is the heavy current
drawn through the rectifier tube. While the capacitor is charging, it
draws a current several times that drawn by the load. This charging
current plus the load current may be great enough to cause damage to
the rectifier tube. The capacitor-input system is not advisable when
using the mercury-vapor rectifier tube at high voltages. because the
heavy rush of current which charges the capacitor may damage
the cathode.

¢. A series choke may be added to the simple capacitor filter of figure
140@ with an appreciable improvement in the filtering action. Such a
capacitor-input filter is shown in figure 141. The inductor, or choke coil,
has an iron core, and may be from 10 to 45 henrys in value. Care must
be exercised when replacing choke coils in faulty power supplies. A
choke coil designed for use on the negative side of the filter system is
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not sufficiently insulated to withstand the high voltages which exist
between the positive side and ground. Since the entire load current
flows through this choke, it should have small resistance to direct cur-
rent. The choke coil offers high opposition to the pulsations in the
current. This property of coil L produces a smoothing effect upon the
rectified output, and when combined with shunt capacitor C, an additive
smoothing effect is produced. The action of the capacitor when used
with the choke is similar to that of the single capacitor filter: capacitor
C charges during the inerease in voltage until the peak is reached,
and the eurrent begins to flow through L to the load at the same time.
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Figure 141. A simple ecapacitor filter with choke coil.

But the inductance of choke coil L prevents any rapid change in the
current flowing to the load and thus helps capacitor C to store energy
until the next charge. The complete action of this type of filter is shown
in figure 142, The capacitor has become fully charged at A of figure
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Figure 142. Waveforms of filter shown in figure 141.

142 and the input voltage is beginning to decrease. The choke, by
its inductive action, opposes any decrease in the load current, and the
capacitor, being charged to a higher voltage than the applied voltage,
begins to discharge slowly through the coil. But before the capacitor
has lost much of its charge, it begins to receive another charge from
the next impulse, as shown at B of figure 142(). The capacitor receives
energy from the rectifier during the time interval from BtoC (fig.142®)),
again becoming charged to approximately the peak voltage of the rectified
wave. The action of the choke and capacitor for the second alternation
of the wave is the same as for the first, and this is repeated for every
half-cycle. The output voltage waveform applied to the load is shown
in figure 14203).
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d. The addition of a second shunt capacitor C; across the eapacitor-
input filter, as shown in figure 143. lowers the ripple output voltage
below that of fizure 142(3). This network, consisting of one chioke eoil

OUTPUT VOLTAGE
To ‘:[ 0700 I-' WAVE
RECTIFIER oap b

7L-4690

Figure 143. Circuit of a complete capacitor-input filter and
waveform of the output.

and two shunt capacitors, is considered one filter section. If a more
elaborate system is desired, another section may be added, as shown
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Figure 144. Two-section capacitor-input filter and output waveform.

in figure 144, considerably improving the output voltage to an almost
steady condition.

e. The choke-input type of filter, like the capacitor-input filter, may
have several different forms. A simple choke-input filter, consisting
of a single induector, is shown in figure 145. The output voltage wave-
form (across the load) for a given rectifier waveform, is also shown in
figure 145. The choke coil offers a high reactance, or opposition, to any
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Figure 145. Choke-input filter and output waveform.

change in the current flowing through it. The filter-input voltage
increases from zero at the beginning of the input alternation, but the
current builds up more slowly than in eapacitor-input systems. The
eoil smooths out some of the ripple voltage by opposing any sudden
inerease in current flowing through it, and acts to keep the current at a
steady value when the output from the rectifier begins to decrease. The
coil likewise delays the decrease in current until the second alternation
from the rectifier again begins to supply energy to the circuit. The
same process is repeated for each succeeding alternation.
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f. A single capacitor added to the simple choke-input filter of fizure
145, will eliminate more of the ripple from the filter output. The
capacitor is placed across the output in parallel with the load, and is
known as a single-section choke-input filter. The circuit of a single-
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Figure 146 Single-section and two-section choke-input filters, showing
tnput and output waveforms.

section filter is shown in figure 146, with the voltage output wave
(across the load) for a given waveform from the rectifier. A two-section
filter, with similar waveforms is shown in figure 146(3).

g. The capacitor-input and inductor-input filters have been shown
to have about the same effect upon the ripple component of the rectifier-
output wave. However, they possess quite different characteristies in
another respect. The first capacitor of the capacitor-input filter system
is charged to approximately the peak voltage of the rectified alter-
nating current and does not completely discharge between alternations
or pulsations. The capacitor remains charged very near to this peak
voltage, thereby keeping the output voltage of the filter system at a
value comparable to its peak input voltage. For small load currents,
the voltage output from the filter will approximate the peak voltage
of the rectified alternating current. However, the output voltage drops
off rapidly as the load current increases. A capacitor-input filter will
give satisfactory serviece only in applications where the load conditions
are reasonably constant, such as a class A amplifier, where the average
value of current drawn from the power supply does not vary. The
output voltage from a power supply using a choke-input filter will be
approximately equal to the average value of the rectified a-c voltage.
This type of filter finds its greatest use where constant voltage must be
maintained under varying load conditions, as is the case with class B
amplifiers.

90. Bleeders

In most power supply units, the rectifier tube is of the filament type
which begins to pass current immediately after it is turned on. The
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tubes used in receivers and amplifiers, however, are usually of the
indirectly heated type, and do not begin operating as soon as the high
voltage is applied. A bleeder.resistor places a load on the power supply
immediately, thus preventing any high-voltage surge through the unit.
In transmitter power supplies, the bleeder serves as a device to maintain
a more constant voltage when the transmitter is keyed. The bleeder
also serves to discharge the capacitors in the power supply after it has
been shut off, thus eliminating any danger of a high-voltage shock to
the operator, should he have occasion to repair the equipment.

91. Voltage Dividers

a. The various tubes and the different tube elements require different
voltages, which may be obtained by means of a voltage divider con-
nected across the output terminals of the filter. This voltage divider
also serves as a bleeder resistor, with the bleeder current usually
averaging between 10 and 15 per cent of the total current drawn from
the power supply. The currents flowing through the resistor and the
value of resistance between the taps determine the division of voltage
along the voltage divider. The voltage and current requirements for
the load must be determined before the power supply and voltage
divider can be designed. Any change in the load current drawn from
any particular tap on the voltage divider will affect the voltage dis-
tribution of the entire voltage-dividing system.

b. A voltage-divider system typical of those used in modern receivers
is shown in figure 147. The voltage divider is connected across the
output terminals, A and E, of the capacitor-input filter, with taps at
B, C, and D properly located to provide the voltages shown in the
diagram. The taps A, B, and C are at a positive voltage with respect
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Figure 147, Voltage-divider circuit for radio receiver.
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to tap D, which is grounded. The terminal at E is negative with respeet
to D, and any tap along the resistor between D and E will be negative
with respect to ground. In this instance the maximum plate voltage
required is 300 volts for the power-output tubes, and the maximum
negative voltage is 25 volts for bias to the grids of these tubes. The
total voltage of the power supply must therefore be 325 volts. The
total current drain for all tubes in this case is 85 milliamperes. To
this must be added the bleeder drain 15 milliamperes, making a total
current of 100 milliamperes required from the power supply. Figure
147 shows this total of 100 milliamperes flowing from the filter to
point A of the voltage divider, where it then divides: 60 milliamperes
go to the plate circuit of the output tubes, and the remaining 40
milliamperes pass through the resistor R;, to point B. The voltage
drop across R;, which is necessary to decrease the filter-output voltage
to 200 volts for the plates of the amplifier tubes, must be 100 volts.
Hence, to calculate the value of R,, divide the required drop (100) by
the current flowing through R, which in this instance is 40 milliamperes.
Thus R; establishes a voltage of 200 volts between points B and D
on the voltage divider. By Ohm’s law:
By =L or 500 =2,500 obms

At B the current divides, so that 20 milliamperes is delivered to the
amplifier tubes and 20 milliamperes continue through resistor R: to
terminal C. The resistor B> must decrease the voltage from 200 to
90 volts with 20 milliamperes flowing through it. This is a voltage
drop of 110 volts and by Ohm’s law it is found to be 5,500 ohms. At C
the eurrent drain again divides, so that 5 milliamperes is delivered to
the sereen grid and the oscillator plate cirecuit. The remaining 15
milliamperes, which is the bleeder current, passes from C to D, causing
a voltage drop of 90 volts between C and the grounded tap D. The
resistance of the resistor between C and D, again calculated by Ohm’s
law, is 6,000 ohms. Bias for the r-f and a-f amplifier tubes may be
obtained from taps X and Y properly located between D and E, or
by resistors in series with the ecathode circuits. Power dissipation for
each resistor may be calculated by the formulas IR or EI. The latter
formula is preferable in this particular example, since the voltage
across each resistor has already been established. The resistors used
should be of proper wattage rating to carry safely whatever current
must flow through them, without undue rise in temperature. It has
been found that resistors maintain their values and have longer life
if they are worked at about 50 percent of their rated power-carrying
capacity. The power expanded in resistor R, is 4 watts; therefore,
it should have a rating of 8 watts to conform to the rule given above.
A 10-watt resistor is the closest stock size to this value and is thus
the logical choice.

143



92. Hectro-mechanical Power Supplies

Electro-mechanical power equipment ,includes motor generators,
gasoline engine driven generators, hand-driven generators, dynamotors,
and vibrator systems. (All of these electro-mechanical power supplies,
with the exception of dynamotors and vibrators, are discussed in
TM 1-455.) Dynamotors and vibrators are used in radio power circuits
where it is necessary to convert a low d-c voltage (such as might be
supplied by the ignition battery of a truck, tank, or airplane) to the
higher voltages required for receiver and transmitter operation.

93. Dynamotors

@. A dynamotor is used to change a low d-c¢ voltage to a high d-c
voltage, thereby fulfilling the requirements of radio receivers and
transmitters. It is essentially a motor and a generator mounted, or
wound, on a common frame. A single field winding is used to provide
the magnetic field for both driving and generating purposes. The
armature consists of two windings, both of which are wound on the
same armature core, but connected to separate commutators. One
winding serves to produce the driving force when energized by a
low d-c¢ voltage. The other winding generates a high voltage when
rotated within the magnetic field.

b. The functional characteristics of a  dynamotor are shown in
figure 148. The heavy line indicates the low-voltage motor cirecuit.
Current from the battery flows through the field eoils and the motor
winding of the armature, setting up a magnetic field around both. These
magnetic fields oppose each other and cause the armature to rotate.
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Figure 148. Functional diagram of a dynamotor.

Since the armature and field windings are in parallel this is ealled
a shunt-wound motor. With this type of winding the speed of the
motor remains fairly constant with changes in the load placed upon it
by the generator. The high-voltage winding, represented by the finer
lines between the fields (fiz. 148) is wound on the same armature so

144



that it will rotate with the motor winding. When turning, it cuts the
lines of force of the common field and generates a voltage which is
collected by the brushes at the high-voltage commutator. The greater
the number of turns in the high-voltage armature winding the greater
will be the voltage output.

c. Filters are placed in the high-voltage leads to filter out high-
frequency currents produced by sparking between the brushes and the
commutator segments, so that it does not eause interference with
radio reception. The filter consists of a combination of r-f chokes and
capacitors. The purpose of the chokes is to prevent circulation of the
r-f energy through the external wiring. The capacitors bypass this
energy to ground. Some additional audio filtering must also be provided
to eliminate commutator ripple. This will usually consist of a series
inductor of comparatively high value, and a shunt capacitor. Functional
characteristies of the audio filter are similar to filtering action discussed
under a-¢ power supplies.

d. The eircuit diagram of a typieal dynamotor power supply is shown
in figure 149. Filter 1 is an r-f unit to eliminate any r-f energy in the

Figure 149. Diagram of dynamotor power supply and filter networks.

low-voltage circuit. M is the motor section of the dynamotor and is
connected to the battery, which provides driving power. G is the
generator side of the dynamotor and the output from this unit is fed
through the choke coils 2, 3, and 4. Chokes 2 and 3 are r-f choke coils;
choke 4 is an iron-core coil. In combination with the capacitors across
the line, these chokes serve to prevent radiation of r-f energy and to
reduce commutator ripple in the output voltage.

e. The maintenance of dynamotors is important to their efficient
operation.

(1) If a dynamotor stops, there may be an open cireuit in the motor
armature, or the field. As a first step, fuses should be checked in the
low-voltage supply cirecuit.

(2) If the dynamotor runs but no high voltage is present, the trouble
is in the generator section of the armature. Fuses in the high-voltage
circuit should be checked.

(3) Brushes and commutators may cause trouble if oil or dirt eollect
on them. Worn brushes should be replaced.
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(4) Excessive sparking at the commutator is an indication of com-
mutator trouble. High mica is a condition where the copper commutator
segments have worn below the strips of mica which separate and
insulate them. The remedy is to undercut the mica until it is below the
surface of the copper, and sand the ecommutator smooth, Do not use
emery paper. Emery dust will short circuit the commutator segments.

94. Vibrator Supplies

a. This type of supply is used to obtain a high d-¢ voltage from a
comparatively low d-c¢ source. A vibrator power supply is much more
efficient than a dynamotor and is used extensively. A simple vibrator
power supply is illustrated in figure 150; it is nothing more than a
gimple interrupter similar in many respects to a buzzer, or doorbell.
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Figure 150. Basic vibrator power-supply system.

The pulsating d-¢ eurrent is used to energize the primary winding of
a transformer which in turn induces an a-¢ voltage in the secondary.
The turns ratio of the transformer windings are proportioned to give
the desired output voltage. Referring to figure 150, when the switech
is closed, current will flow through the primary of the transformer,
through the electromagnet, and then back to the battery. In passing
through the electromagnet it will set up a magnetic field drawing the
armature A over to it. This action breaks the circuit at B. As soon as
the ecireuit is broken, the electromagnet will no longer attract the
armature, thus allowing the spring C to pull it back to the starting
position. At the starting position, eontact B again closes the circuit and
the process is repeated. In this way there flows through the primary of
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the transformer a pulsating direct current which induces a high voltage
in the secondary winding. The output voltage of the secondary is applied
to a conventional rectifier and filter network which changes the alter-
nating current back to direct current, but at a new and higher voltage.

b. A more complete circuit diagram of a typical vibrator power
supply is shown in figure 151. A better waveform in the output voltage
is obtained in this cireuit by the use of the center-tapped primary of
the transformer. When the primary circuit is closed, the vibrating reed
D is drawn down by the electromagnet -4 until it closes contact B. When
this contact closes, a pulse of current flows through the lower half of
the primary winding of the transformer. At the same time the electro-

INPUT

FULL-WAVE RECTIFIER
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Figure 151. Typical vibrator supply and filter system.

magnet is shorted out by contact B, and loses its attraction for the
vibrating reed, thus allowing it to spring back and make contact at C.
This contact completes the primary ecireuit through the upper half of
the primary winding and another pulse of current flows. As soon as
the reed breaks the connection at B, the current from the battery again
can flow through the electromagnet. The electromagnet then pulls the
reed down once again, repeating the entire process. Voltage which
appears across the secondary will be alternating. Capacitor Cz smoothes
out the surges of current. In order to prevent r-f interference caused
by sparking at the points B and C filter choke RFC and capacitor C,
are placed in the circuit. The entire unit is placed in a metal can
to shield nearby sets from any interference caused by the vibrator.

95. Voltage Regulators

a. For certain purposes, such as supplying voltage for the operation
of a self-controlled oscillator in a transmitter, or for the high-frequency
oscillator in a superheterodyne receiver, constant voltage must be
maintained. A satisfactory method of accomplishing this is by means
of a gaseous voltage-regulator tube. These vacuum tubes are available
for use at a number of different voltages and are designed to maintain
a constant voltage drop across their terminals when connected as shown
in figure 152Q.
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b. The operation of voltage-regulator tubes is relatively simple. As
the voltage across the tube tends to increase the internal resistance of
the tube decreases; thus, more current is drawn through the series-
limiting resistor, and the voltage across the tube is maintained at a

o8
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Figure 152. Voltage-regulator circuits.

constant level. Conversely, if the voltage across the tube tends to
decrease, the internal resistance inereases, less current is drawn through
the series-limiting resistor, and again the voltage across the tube remains
constant. The starting voltage required to bring the tube to the point
of conduction is somewhat higher than the operating voltage. The
current necessary to keep the tube functioning is usually about 5 milli-
amperes, and the maximum current which the tube can pass without
injury is approximately 30 milliamperes. These tubes may be used in
series to give higher voltages. Such a circuit is shown in figure 152(3).
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SECTION X

VACUUM-TUBE OSCILLATORS

96. Yacuum-tube Oscillators

a. Oscillators are a necessary part of every transmitter and every
superheterodyne receiver. In addition, they are used in signal gen-
erators, heterodyne frequency meters, and other instruments used for
testing and adjusting radio equipment. Because oscillators are used
for many purposes and many frequency ranges, a number of different
oscillator circuits have been devised. However, the operation of all
vacuum-tube oscillators is fundamentally the same.

b. A vacuum tube may be made to oscillate or generate a-c power
because it is able to amplify. To cause an amplifier to oscillate, the
output (plate) circuit must be coupled to the input (grid) eireuit in
such a way that part of the output voltage is fed back and applied to
the grid. This signal is amplified and, when it is increased beyond a
certain critical point, sustained oscillations result.

¢. To produce oscillations in a circuit, two conditions must be satis-
fied. First, it is necessary that there be feedback from the plate to
the grid eireuits in such a way as to add to, or reinforce, the voltage on
the grid; this is called positive or regenerative feedback. Second, it is
necessary that the feedback be sufficient to transfer enough power back
to the grid cireuit to overcome any losses in the tuned circuit. The
feedback may be accomplished by induective, capacitive, or resistive
coupling. In general, the frequency of the oscillations produced in a
cireuit depends upon the values of the induetance and capacitance in the
circuit. Thus, by using the proper coils and capacitors, it is possible to
generate oscillations from the very low audio frequencies to the very
high radio frequencies. The vacuum tube itself does not oscillate; the
oscillations actually take place in a tuned circuit. The vacuum tube
funections as an electrical valve which automatically controls the
release of energy into this circuit to maintain oscillations.

97. Principles of Oscillation

a. Alternating-current oscillations can be produced in a simple
parallel-tuned circuit, because of the characteristic action of these
cireuit elements. The manner in which oscillations are produced can
best be understood by a study of the electron flow in such a closed circuit.
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b. An elementary oscillatory eircuit is shown in figure 153. Assume
that switech § is thrown to the left, conneeting capacitor ¢ across the
battery. Eleetrons will flow from the top plate to the bottom plate of

S
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Figure 158. An clementary oscillatory circuit.

TL-1412

the capacitor, making the bottom plate negative. If the switeh is then
thrown to the right, the extra electrons which have accumulated on the
bottom plate will return to the top plate through inductor L, thus
creating a flow of current, and a magnetic field around L. When the
extra electrons have left the bottom plate, the charges on each plate
are equal. The flow of electrons tends to cease, causing the magnetic
field to start collapsing. In collapsing, the field induces a voltage
across L which aids the flow of electrons to the upper plate, since a
magnetic field acts to prevent any change in the flow of electrons.
This causes more electrons to leave the bottom plate and accumulate
on the upper plate, making it negative with respect to the bottom plate.
‘When the field around L has completely collapsed, the flow of electrons
to the upper plate stops. The electrons which have accumulated on the
upper plate now flow back to the bottom plate, again creating an
expanding magnetic field about L. When C is discharged and the flow
of electrons tends to cease, the magnetic field starts to collapse. The
collapsing field aids the flow of electrons to the bottom plate, again
making it negative with respect to the top plate. Thus, a current
oseillates back and forth, alternately charging C, first in one direction
and then in the other, and producing an alternating voltage across the
entire tuned circuit. The oscillating or alternating current has a
certain frequency which is determined by the length of time required.
for the charging and discharging of capacitor C through inductor L.
The larger the values of C and L, the longer is the required time and,
therefore, the lower the frequency.

¢. If the oscillatory cireuit had no resistance, there would be nothing
to impede the flow of the oscillatory current, and the oscillations would
continue on indefinitely at the same amplitude. However, since all
circuits and ecircuit elements have some resistance, a portion of the
energy of the oscillating current is transformed into heat, which repre-
sents a loss of energy. Therefore, with each succeeding cycle, the ampli-
tude of the oscillating current decreases and eventually the current
ceases to flow. The smaller the value of the ecircuit resistance, the
greater the number of consecutive cycles for a single impulse of energy;
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Figure 154, Effect of resistance on oscillations.

but if the ecircuit resistance is too great, oscillations cannot oceur. This
effect of resistance in the oscillatory circuit is shown in figure 154.

d. If a vacuum tube is placed in the simple circuit of figure 153
instead of the switch, the energy necessary to maintain oscillations ecan
be more eonveniently supplied to the tank cireuit. This energy must be
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Figure 155. A simple oscillator,
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supplied at the correct time, and fed into the grid of the vacuum tube,
as shown in figure 155(Q). The frequency of this signal must be the
same as the resonant frequeney of the oscillating tank circuit. The
circuit of figure 155(1) serves as an amplifier, and therefore the output
in the plate side of the circuit is larger than the input.

e. If another coil, Ly, is placed in the circuit, as shown in figure 155@),
a voltage will be induced in that coil. This voltage can now be applied
to the grid, and there will be no necessity for an outside signal. The
oscillator is now self-supporting and will continue to oscillate as long
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as the d-e supply is connected. The frequency is determined by the
values of L and C. If the circuit were opened at some point so that
oscillations ceased, and the circuit were then closed again, it would
start oscillating of its own accord, because any random variations, no
matter how small, are rapidly amplified to such a point as to start the
eircuit oscillating.

f. It has been shown that an oscillator is something like an amplifier,
in which a part of the amplified output is fed back from the plate
circuit to the grid circuit. In figure 155 the feedback is accomplished
by induetive coupling, but any form of coupling can be used, capacitive,
or registive. It is important that the voltage fed back have the correct
phase (polarity) and magnitude.

¢g. Vacuum-tube oscillator circuits usually operate with a high nega-
tive grid bias, which permits plate current to flow only during the
small part of the cycle where the a-c grid voltage is near its positive
crest. Also, the grid of the tube is permitted to draw current. The
energy for this grid current must be supplied by the oscillating eurrent
in the induectance-capacitance tank circuit. This disadvantage of sup-
plying grid circuit losses from the oscillating current is more than
balanced, however, by the high values of plate current which result
and the increased efficiency in the conversion of d-¢ into a-¢ energy.

h. Vacuum-tube oscillators may be divided into two main classes:
self-controlled oscillators (also called self-excited oscillators), and
crystal-controlled oscillators.

98. Frequency of Oscillations

The frequency at which oscillations take place in a vacuum-tube
oscillator is determined by the resonant frequency of the tuned ecireuit.
The approximate frequency of oscillations may be determined by the

relation :
1

F 2r\/LC
where F' — cyecles per second (approximate frequeney of oscillations),
L = henrys,
C = farads.

By simple mathematical analysis, decreasing any faector in the denom-
inator (other factors remaining constant), increases the value of the
fraction. Conversely, increasing any factor in the denominator (other
factors remaining constant), decreases the value of the fraction. Thus,
in the above formula, decreasing either L or C causes an increase in
the frequency of oscillations ; increasing either L or C causes a decrease
in the frequency of oscillations.

Ezample: Determine the frequency of oscillations in the circuit of
figure 155@ when L = 16 mierohenrys and C = 100 micromicrofarads.
Converting to proper units for the formula:
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16 ph = 0.000016 henrys
100 puf = 0.0000000001 farads

Then
F:%
2x\/LC
_ 1
7628 X 1/0.000016 X 0.0000000001

1
T 6.28 X 0.00000004

3,980,895 cyecles per second, approximate frequency.

99. Self-excited Oscillators

a. The tickler-codl oscillator (fig. 156) is the simplest type of oscil-
lator circuit. Coil L and capacitor C are in the grid circuit. The feed-
back from plate to grid is accomplished by means of the induective
coupling between the tickler coil Ly and the grid coil L. The frequency
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Figure 156. Tickler-coil oscillator.

of oscillation is the resonant frequency of the tuned cireuit LC. The
grid current flowing through the resistor B (grid leak) provides the
proper negative grid bias. Capacitor C¢ bypasses the r-f currents
around the high resistance B and helps to keep the bias constant. The
values of B and Cg are chosen so that the grid is biased negatively to a
considerable extent with respect to the cathode. Practically all oseil-
lators use grid-leak bias because these are more stable than separately
biased oscillators. Capacitor Cp is a r-f bypass around the plate battery
Ep. When an oscillator circuit is oscillating, there will be grid eurrent
flowing for part of each eycle. Thus, a test for the proper operation of
an oscillator is to measure the grid current or the grid-bias voltage. If
these values are zero, the circuit is not oscillating. However, in measur-
ing the grid voltage, a high-resistance voltmeter, such as a vacuum-tube
voltmeter, must be used. Otherwise, erroneous readings will result.

b. The circuit of the tickler coil may be slightly rearranged in the
manner shown in figure 157. When this is done the circuit is called a
series-fed Hartley oscillator. In this circuit a single coil is used, part of
which is in the plate circuit and part of which is in the grid ecircuit.
Capacitor C is connected across the entire coil. The resonant frequency
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Figure 157. Series-fed Hartley oscillator.

is determined by the values of C, L, and Lp. The feedback is due
to inductive coupling between L and Lp. The amount of feedback
can be controlled by varying the position of the cathode tap. This
is called a sertes-fed circuit because the d-c plate current flows through
the plate coil Lp, which is in series with the d-¢ plate voltage.

¢. In some cases it is desirable to arrange the circuit so that the plate
current does not flow through the plate coil, and any possibility of the
plate coil and capacitor being in contact with high plate voltage is
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Figure 158. Parallel-fed Hartley oscillator.

removed. This may be done by using parallel feed (sometimes called
shunt feed). A parallel-fed Hartley oscillator is shown in figure 158.
Capacitor Cp allows the alternating current to flow into the tuned
circuit, but blocks the direct current and prevents the coil from short-
circuiting the battery. A r-f choke coil prevents the battery from
short-circuiting the alternating current.

d. The Colpitts oscillator (fig. 159) is essentially the same ecircuit
as the Hartley, except that a pair of capacitors in series, C; and C,,

T

Figure 159. Colpitts oscillator.

are used in place of the eathode tap. This type of feedback is called
capacitive feedback. Tuning is usually accomplished by varying the
inductance of L, and a variometer is generally used for this purpose.
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The coil could be fixed, however, and the tuning varied by means of
capacitors C; and C,, in which case they would be variable and ganged.
Sinece the cathode is conneeted to the midpoint of two capacitors, there
is no d-¢ path through the oscillator circuit, and shunt feed must be
used. Therefore, the grid-bias resistor B must be connected directly to
the cathode to provide the d-¢ grid bias.

e. The tuned-plate tuned-grid oscillator shown in figure 160 has a
tuned circuit in both the plate and grid circuits. The feedback of
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Figure 160. Tuned-plate tuned-grid oscillator.

energy from the plate to the grid, necessary to sustain oscillations, is
accomplished by the plate-to-grid interelectrode capacitance. Both the
plate and grid circuits are tuned to approximately the same frequency.

f. An oscillator circuit is wusually required only to control the
frequency, and not to deliver any appreciable amounts of power. Power
is developed by amplification in the succeeding circuits, where load
changes have a much smaller effect on the frequency. This is discussed
in detail in paragraphs 102 and 103. The electron-coupled oscillator
combines the functions of both oscillator and power amplifier in one
tube. A typical circuit using an electron-coupled oscillator is shown
in figure 161. The cathode, control grid, and screen grid form a series-
fed Hartley oscillator with LC as the oscillatory cireuit. The secreen
of the tube acts as the plate of the Hartley-oscillator circuit. Capacitor
Cy bypasses the r-f current around the battery and places the screen
at r-f ground potential (the negative terminal of the battery being
considered as ground). The ground connection then serves as the return
cireuit for r-f energy from the sereen to the oscillatory cireuit LC. The

Figure 161, Electron-coupled oscillator.

output eireuit LpCp is connected to the plate. Since the electron stream
is the coupling medium between the oscillator and the load, and since
the screen which is at r-f ground potential serves as a shield between the
circuits; this oscillator is very stable, and load variations have little
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effect on frequency change. Another factor which aids the stability
of the electron-coupled oscillator is that an increase in sereen voltage
will decrease the frequency, while an increase of plate voltage will
increase the frequeney. Thus by properly adjusting the tap on resistor
R, which is the voltage divider supplying screen voltage, the frequency
of the electron-coupled oscillator can be made substantially independent
of supply voltage variations. Voltage variations would cause the
frequency of the previously discussed oscillators to shift. In figure 161,
LpCp forms a tuned oscillatory circuit in the plate or output eireuit.
‘When the output ecireuit is tuned to a frequency which is a multiple of
the natural frequency of the oscillator, this cireuit gives frequeney
multiplication. The multiple of the original (natural) frequency is
called the second harmonic if it is twice the frequency of the original
oscillator frequency, and the third harmonic if it is three times the
original frequency.

g. The frequency of oscillations generated by the oscillators previously
described is affected considerably by changes in load, supply voltages,
or temperature. This variation in frequency is very small in electron-
coupled oscillators, but is still objectionable in certain radio eircuits.
Where precision frequency control is important, erystal-controlled
oscillator circuits are employed.

100. Crystal-controlled Oscillators

a. When it is desired to hold the frequenecy of an oscillator to a
certain definite value, a erystal-controlled oscillator is used. This type
of oscillator depends for its action upon a crystal, usually of quartz.

b. Certain erystalline substances, such as quartz, Rochelle salts,
and tourmaline, exhibit a most interesting property. If a mechanical
force is applied to one of these substances, a voltage is developed. Con-
versely, if the substance is connected to a source of alternating voltage,
the substance undergoes a change in its physical shape resulting in
mechanical vibrations. This relationship between mechanical and elec-
trical effeets is known as the piezo-electric effect. Although many
substances exhibit piezo-electric properties, quartz is the most suitable
for erystal oscillators.

¢. Quartz erystals used in oscillator circuits must be eut and ground
to extremely accurate dimensions. A typical finished quartz erystal is
shown in figure 162(@). The dimensions for such a erystal resonant at
1,000 kilocyeles would be approximately 1 by 1 by 0.1125 inch. Electrieal
contact with the quartz-crystal plate is obtained by a speeial ecrystal
holder, which has two metal plates (between which the erystal is
mounted), and a spring deviee which places mechanical pressure on the
metal plates. A dismantled holder is shown in figure 162Q), and a
view of a complete erystal and holder is shown in figure 1623). Another
type of crystal holder is shown in figure 162(.
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Q@ Dismantled crystal holder.
@ Finished quartz crystal.
® Crystal mounted in holder.
@ Crystal holder.
Figure 162. Typical erystals and holders.

d. In addition to the dimensions of a quartz erystal, which deter-
mine its resonant frequency, there is a further classification of erystals,
which depends on the manner in which the erystal was cut from the
original raw crystal. Three cuts are shown in figure 163. Temperature

T SP904.

Figure 163. Some erystal cuts.

has a different effect on each of these cuts. The X-cut crystal has a
negative temperature coefficient ; that is, as the temperature increases,
the crystal frequency decreases. The Y -cut crystal has a positive tem-
perature coefficient; the crystal frequency inecreases with an inecrease
in temperature. Both the X-cut and the Y-cut erystals have been almost
entirely superseded by crystals having zero (or nearly zero) temperature
coefficient, such as the AT-cut erystal.

e. When a crystal starts vibrating at its resonant frequency, it will
take only a small force of the same frequency to obtain vibrations of
a large amplitude. The mechanical resonant frequency of a crystal
depends chiefly upon its thickness. When an alternating voltage is
applied to a erystal which has the same mechanical frequency as the
voltage applied, it will vibrate, and only a small voltage need be
applied to the crystal to keep it vibrating. In turn, the erystal will
generate a large voltage at its resonant frequency. If this erystal is
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placed between the grid and cathode of a vacuum tube, and a small
amount of energy is taken from the plate circuit and applied to the
crystal to keep it vibrating, the circuit will act as an oscillator. The
natural frequeney of the crystal is critical. At a frequency slightly
higher or lower, the amplitude of the crystal vibrations is almost zero,
and when the crystal stops vibrating it produces no voltage. Thus the
frequency of a crystal-controlled oscillator must be the same as that
of the crystal; otherwise, it will not oscillate at all.

f. A crystal-controlled oscillator stage using a triode tube is shown in
figure 164. This is the same circuit as the tuned-plate tuned-grid
oscillator circuit, with the crystal replacing the tuned-grid ecireuit.
From this, it can be seen that a crystal is similar to a parallel-resonant

7L-5997
Figure 164. Crystal-controlled oscillator using triode tube.

circuit. The feedback takes place through the plate-to-grid capacitance
within the vacuum tube. The oscillations occur at the resonant fre-
quency of the crystal, and the plate circuit is tuned approximately to
this frequency. The plate circuit should not be tuned exactly to the
erystal frequency, since this would result in erratic and unstable
operation h, below. During oscillation, the erystal vibrates at its
resonant frequency. The strength of these vibrations depends upon
the voltage being fed back to it. If the feedback is too great, the
vibrations may become strong enough to damage the crystal (the
crystal will erack or break). The use of a tetrode or pentode tube over-
comes this difficulty, since the plate-to-grid capacitance is reduced by
the screen grid. Oscillations will still be generated because tetrodes and
pentodes are more sensitive than triodes and require less grid voltage
for satisfactory operation.
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Figure 165. Crystal-oscillator circuit using tetrode tube.



g. A crystal-controlled oscillator using a tetrode i shown in figure
165. If a pentode had been used, the circuit would be exactly the same,
except that the suppressor grid would be connected to the cathode or
to the ground. Circuits similar to that of fizure 165 are the most
satisfactory for frequeney control of multistage transmitters.

h. In the adjustment of a erystal oscillator, the factor of stable
operation is to be considered. If, in figure 165, a d-¢ milliammeter is
placed in the battery lead to the plate tank circuit, and the tuning
capacitor is then echanged from a low value to a high value (from a
high frequency to a low frequency), the plate current would slowly
decrease to a minimum and then suddenly jump to a mazimum, at
which time oscillation would cease. This procedure is shown in figure 166,
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Figure 166. Crystal-oscillator plate-current tuning curve.

At point C the plate circuit is tuned to the resonant frequeney of the
erystal, and the output of the plate tank cireuit is maximum (minimum
d-¢ current indicates a maximum a-¢ output). The oscillator tank
circuit is not stable if operated at point C': any slight echange in the
loading conditions may cause the oscillator to drop out of oscillation.
The oscillator is usually operated at the region between A and B on
the plate-current curve. (See fig, 166.)

i. A Pierce crystal oscillator is a special type of crystal-controlled
oscillator which requires no tuning control. The circuit for a Pierce
oscillator is shown in figure 167. The crystal is connected directly
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Figure 167. Pierce crystal oscillator.
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from plate to grid. The circuit may be considered the equivalent of a
Colpitts oscillator with the tuned circuit replaced by the crystal and the
voltage division aceomplished through the plate-to-filament and grid-
to-filament eapacitance of the tube. These ecapacitances are represented
by the dotted lines in figure 167. The amount of feedback depends upon
the grid-to-cathode capacitance. A fixed capacitor C is connected
between the grid and cathode to provide the proper amount of feedback
for the tube and frequeney used. This capacitance is not critical and,
ordinarily, it is not necessary to change the eapacitor when changing
bands. Capacitor C; keeps the d-c voltage off the erystal and provides
an r-f path. Resistor R is the grid-leak resistance. The chief disad-
vantage of this oscillator is low output.

j. The care and treatment of quartz crystals is very important for
their efficient operation. In most crystal oscillators, it will not be
necessary to disturb the quartz erystal. When the ecrystal refuses to
oscillate and no other indications of trouble are evident, however, it
may be necessary to remove the quartz crystal from the holder in order
to clean it. Carbon tetrachloride is one of the best cleansing agents.
Soap and water is also effective for cleaning, but considerable care must
be exercised, since a more vigorous serubbing action is necessary. After
cleaning, the erystal should be washed and then dried with a clean, lint-
free cloth. Do not allow the fingers to come into contaet with the faces
of the erystal, sinee oil or dirt from the fingers may prevent the erystal
from oscillating. Handle the erystal by grasping it on the edges. Since
it is very fragile, the quartz plate should never be dropped.



SECTION Xi

CONTINUOUS-WAVE TRANSMITTERS

101. C-w Transmission

a. The function of a radio transmitter is to supply power to an
antenna at a definite radio frequeney, and to convey intelligence by
means of the signal radiated. Radio transmitters radiate waves which
may be either of two types. One type is the continuous wave, or unmodu-
lated wave, whose waveform resembles the r-f current oscillating in the
tuned tank cireuit of a vacuum-tube oscillator. In this type, the peaks
of all cycles are equal and even, and there is nothing to distinguish
one cycle from the next. The other type of radio wave is the modulated
wave (deseribed in seetion XII and X1IV), in which the amplitudes of the
peaks vary from cyele to eycle. The continuous wave is used only for
radiotelegraphy, that is, the transmission of short or long pulses of
radio frequency to form the dots and dashes of Morse code.

b. The four essential eomponents of a radiotelegraph or c-w trans-
mitter are:

(1) A generator of r-f oscillations.

(2) A means of amplifying these r-f oscillations.

(8) A method of turning the r-f output on and off in accordance
with the code to be transmitted (known as keying).

(4) An antenna to radiate the keyed output of the c-w transmitter.

102. Power Amplifiers

a. If a vacuum-tube oscillator is connected directly to an antenna
there will be some radiation of radio waves. However, since r-f currents
in the oscillator ecircuit are relatively weak, very little power can be
delivered to the antenna. The radiated wave, therefore, will be quite
weak. Furthermore, putting a heavy load such as an antenna on the
oscillator will vary the frequency to which the oscillator is tuned.
For these reasons, it is necessary to send the oseillations through an
r-f amplifier before the signal is radiated from the antenna. The r-f
amplifiers used in c-w transmitters are generally class B or class C
power amplifiers, since an antenna radiating power requires a power
amplifier to replenish the energy radiated.

b. A transmitter circuit containing an oscillator coupled to an am-
plifier, or amplifiers, is called a master-oscillator power-amplifier
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(m-o0-p-a) circuit. Such a transmitter cireuit is shown in figure 168.
Starting at the signal source of the amplifier it can be seen that the
signal oscillations are fed to the grid of the amplifier tube through
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Figure 168. Master-oscillator powcr-amplifier transmitter.

capacitor C;. This capacitor serves two purposes, It transfers the r-f
energy and blocks the d-e¢ voltage of the oscillator tank cireuit from the
grid of the amplifier. The r-f choke L; prevents the r-f energy from
flowing to ground. Resistor R is the grid-bias resistor. The plate delivers
the amplified-signal currents to the tank cireuit LsC» in the form of short
pulses or current peaks at the signal frequeney, which is characteristie
of all class C amplifiers. If there were no tuned plate circuit, these
pulses would produce an output so distorted as to seem totally different
from the original signal, for only part of the signal cyele is present in
the plate-current peaks. From the discussion of the oscillatory cireuit
in section X, it will be recalled that when the tank circuit L;C» is tuned
to the resonant frequency, the plate-current peaks will reinforce the
tuned circuit at just the right instant, causing the current in the tuned
circuit to surge back and forth in time with the input signal. At any
other frequency but the resonant frequency, this would not happen.
These surging currents give the tank eircuit the so-called flywheel effect,
which results in the tuned ecircuit making up the portion of the sine
wave misging in the plate current pulses. The tube acts merely to
supply the necessary power at just the right time.

¢. If the amplifier in figure 168 is adjusted so as to amplify the signal
frequency of the oscillator, the plate tank circuits of the oscillator and
the amplifier will both be tuned to the same frequency. The amplifier
stage has a tuned input circuit (the oscillator-plate tank) and a tuned
output circuit (the amplifier-plate tank) adjusted to the same fre-
quency ; thus the amplifier resembles a tuned-plate tuned-grid oscillator.
Unless some precaution is taken to prevent it, the amplifier will break
into oscillation, causing a very unstable operating condition. From the
discussion of a regenerative oscillator, it will be recalled that the correct
phase relationship must exist between the input and the output circuits.
But if the tickler or plate coil is reversed, voltage will be fed back, out
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of phase, causing degeneration and stopping oscillation. This is what
is done in an amplifier to keep it from breaking into oscillation. In figure
168 note that L, is center-tapped. High voltage is applied to the tank
circuit through the r-f choke coil which is bypassed by capacitor Cs,
thus placing the center tap at r-f ground potential. When r-f currents
flow through the upper half of the winding of L, and C; to ground, the
lines of force, or magnetie field, induces a voltage in the lower half
which is always out of phase with that in the upper half. Thus, a small
amount of voltage is taken from the bottom of L, through capacitor Cy,
and fed to the grid. By varying the adjustable capacitor Cy the correct
amount of out-of-phase voltage can be fed back to balance the voltage
normally fed back through the interelectrode capacitance of the tube
and thus prevent any possible oscillation. This process is called
neutralization, and Cy is known as the neutralizing capacitor.

d. The output of the power amplifier is usually induectively coupled
to the antenna cireuit by means of an r-f transformer. (See fig. 168.)

103. Buffer Amplifiers

a. The power amplifier shown in figure 168 is a class C amplifier,
which means that power must be furnished by the oscillator to drive the
amplifier. If it is desired to key the amplifier, a varying load will be
placed on the oscillator, resulting in frequenecy instability.

b. To overcome this disadvantage when extreme frequency stability is
required, a buffer amplifier is added to the transmitter circuit. (See
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Figure 169. Diagram cf transmitter using buffer amplifier.

fig. 169.) The purpose of this buffer stage is to isolate the oscillator
from the varying load caused by keying. Very little amplification is
desired in this buffer stage, the chief requirement being isolation, not
amplification. The ideal buffer stage is a class A amplifier, since only
voltage is required on its grid. But any type of amplifier can be
employed ; that shown in figure 169 is class B or class C, sinee it uses
a grid-resistor bias.
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104. Bias Methods

a. All of the bias methods employed in receivers can also be used
in transmitters. However, due to power-output requirements, class B
or class C amplifiers are used most frequently. The employment of class
B or class C amplifiers permits the use of grid-resistor bias. This type
of bias is not usually used in receivers, since most stages in a receiver
operate in class A, in which case no grid current flows.

b. Grid-resistor bias is invariably used in the amplifier stages of radio
transmitters. The grid-cathode circuit of the amplifier tube acts in the
same way as the plate-cathode circuit of an ordinary diode. Current
will low when the grid is driven positive on signal-voltage peaks. The
voltage developed across the grid-bias resistor consists of a series of
pulses of direct current, and if a filter capacitor is placed across this
resistor, a comparatively steady value of d-c¢ voltage will be made
available. The polarity of this voltage will make the cathode end of
the resistor positive and the grid end of the resistor negative. Thus, it
can be said that the grid has a negative bias; but as long as the positive
peaks of the input-signal cycle exceed the bias voltage, the plate will
draw current on these peaks and bias will continue to be developed.

105. Transmitter Yacuum Tubes

a. Very little difference exists between vacuum tubes used in receivers
and those used in transmitters, except for size. Since most transmitter
tubes are power tubes, designed to amplify high voltage and heavy
eurrent, they must be of much larger and heavier construction.

b. The plate dissipation of a tube is the difference between the plate-
power input and the power output. If this dissipation is greater than
normal, the plate will become very hot, sometimes glowing with a red
color from this heat. If the heat becomes intense, gases may develop
within the tube, making it unsatisfactory for further use. A transmitter
should not be operated for any period of time if the plates of the tube
become red, unless the service manual for the set states this to be a
normal operating condition. Loss of bias, insufficient grid excitation, or
improper tuning may cause overheating of a transmitter tube.

106. Neutralization

a. Neutralization is the process of balancing the voltage fed back by
the interelectrode capacitance of the tube with an equal voltage of
opposite polarity. Dividing the plate cireuit, so that the neutralization
voltage is developed across part of it, is called plate neutralization.
Developing the neutralizing voltage in the grid circuit is called grid
newutralizaiton. The necessity for neutralizing r-f amplifiers to prevent
them from osecillating was explained in paragraph 102e.

b. A typical transmitter with a neutralized amplifier is shown in
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figure 170, where the amplifier-tube interelectrode capacitance is indi-
cated by dotted lines. The actual process of neutralization can be
carried out in a number of ways.

AMP.

Figure 170. Transmitter with neutralized amplifier.

¢. Where it is possible to remove the plate voltage from the amplifier
stage, neutralization can be accomplished in the following manner.
With excitation present at the grid of the amplifier, the plate voltage
is removed from the stage. If there is a milliammeter in the amplifier-
grid circuit, the neutralizing capacitor is adjusted until there is no
change of grid current when the amplifier plate eircuit is tuned through
resonance. If there is no milliammeter in the grid circuit, a test for
neutralization may be made by determining whether or not any r-f
voltage is present in the amplifier plate cireuit. A neon glow bulb, a
loop of wire attached to a small flashlight bulb, or a sensitive r-f galva-
nometer loosely coupled to the tank, should show no r-f voltage when
the stage is properly neutralized. Also, if there is no reaction on the
plate and grid currents of the exciting stage as the amplifier is tuned
through resonance, the stage is properly neutralized.

d. In some transmitter eircuits it is more convenient to turn off the
filament voltage on the amplifier stage instead of removing the plate
voltage. If this is done, the process of neutralization is carried out in
the same manner as above.

e. To obtain complete neutralization, the transmitter must be designed
so that there is no coupling between the input (grid) and output
(plate) circuits of the amplifier stages, other than through the inter-
electrode capacitance of the tubes. The input and output inductors
must be electromagnetically shielded from each other, or placed at right
angles to each other, so that their fields cannot interact. The wiring
and arrangement of the component parts must be such that stray
capacitive or inductive coupling is at a minimum.

f. Cross meutralization of a push-pull amplifier is accomplished as
shown in figure 171(@). The plate of tube 1 is joined with the grid of
tube 2 through a neutralizing capacitor ; and the plate of tube 2 is joined
with the grid of tube 1 through another neutralizing capacitor. The
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@ Push-pull stage neutralization.
® Rice system of neuiralization.
Figure 171. Neutralization circuits.

r-f voltage across each neutralizing capacitor counteracts the r-f voltage
across the interelectrode capacitance of the tube to whose grid it is
conneected.

g. A special method of amplifier neutralization known as the Rice
system is shown in figure 171®). This arrangement is similar to that of
figure 170, except that the Rice system utilizes a split-input eircuit in
place of a split-output circuit.

h. The use of well-shielded tetrode or pentode tubes obviates the
necessity of neutralizing, as the plate and grid are shielded from each
other by the screen grid. However, the overall efficiency of these tubes
is not as great as triodes, since there is a sereen-grid power loss. The
high impedance of such tubes makes them more suitable for voltage
amplifiers than for final output stages, where power output is the prime
factor. Low-excitation requirements make tetrodes and pentodes es-
pecially suitable as intermediate stages of a transmitter.

. A typical crystal-controlled oscillator, followed by a buffer or
driving amplifier using a tetrode and a triode power amplifier, is shown
in figure 172. The crystal oscillator is a conventional pentode cireuit
which provides sufficient output to excite the intermediate tetrode
amplifier. The excitation is taken from a tap on the oscillator inductor,
since the tetrode is comparatively easy to excite for full output. This
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places a light load on the oscillator, which prevents instability, even
though the intermediate amplifier may be keyed. Capacitor (", bypasses
the cathode to ground. This prevents any r-f voltage from being
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Figure 172. Crystal-controlled oscillator, tetrode driving amplifier,
and triode final amplifier.

developed in the keying leads, which might cause regeneration and
possible oscillation. Resistor B, is a dropping resistor which reduces
the voltage to the proper value for the screen grid. Capacitor C; is the
sereen grid bypass, and it places the screen grid at ground potential
for r-f, thus electrostatically shielding the grid from the plate. This
prevents any feedback within the tube, and does away with the
necessity of neutralizing this stage. The final amplifier is neutralized
by capacitor Cy, utilizing a grid neutralizing circuit. With excitation
applied to the grid of the final amplifier, Cy is adjusted to such a
position that tuning the plate circuit capacitor C; through resonance
causes no deflection in the grid-current reading on milliammeter A,.

107. Frequency Multipliers

a. Since the natural resonant frequency of a crystal is proportional
to the size and thickness of the erystal plate (that is, the thinner the
crystal the higher the frequency) there is a physical limit to the
thickness a crystal can be ground and, therefore, a limit to the highest
resonant frequency of the crystal. If it is necessary to operate the radio
transmitter on a frequency much higher than that obtainable with a
crystal, frequency multipliers are used.

b. Frequency multiplication is made possible by the faect that if a
vacuum tube is operated in a certain manner, harmonie distortion
is developed in the plate circuit. A harmonic is a multiple of the original
or fundamental frequency. Thus, the second harmonic is twice the
fundamental, the third harmonie is three times the fundamental, and
80 on. Ordinarily harmonie distortion is to be avoided in an amplifier
circuit, because the distortion alters the waveshape of the original
signal. However, when frequency multiplication is required, the signal
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is deliberately distorted to form strong harmonies, and the desired
harmonie frequency is selected with a properly tuned circuit.

¢. Since the output of a class C amplifier is greatly distorted, fre-
quency multipliers are genérally operated in this manner. In faet,
the tubes of some frequeney multipliers are biased far more negatively
than an ordinary class C amplifier, in order to introduce the greatest
possible distortion. The higher the grid bias, however, the greater the
grid excitation, or drive, required. The plate tank circuit is tuned to
the harmonic desired, while the grid circuit is tuned to the fundamental
frequency. The flywheel effect of the plate tank circuit will make up
the remaining portion of the sine wave of the harmonie-frequency peaks
furnished by the vacuum tube. This is the same effect described in
paragraph 102b.

d. Three important conditions must prevail in order to obtain an
efficient frequency multiplier: high grid drive or excitation, high grid
bias, and a plate tank circuit tuned to the desired harmonic. If the
second harmonic is selected, the circuit is called a frequency doubler;
if the third harmonie is used, the circuit is called a frequency tripler,
and so on.

e. If an amplifier is operated on the fundamental frequency, it
requires neutralization, because the plate and grid circuits are tuned
to the same frequency. However, if the circuit is operated as a fre-
quency multiplier it does not require neutralization, since the plate
and grid eircuits are not tuned to the same frequency.

f. Certain amplifier circuits are suited to the generation of even
harmonics and others to the generation of odd harmonies. A push-pull
circuit has the ability to produce only odd harmonies (third, fifth,
seventh, and so on). Even-order harmonics can be produced by a
push-push amplifier similar to the circuit shown in figure 173.

g. In 'a push-push amplifier (fig. 173), the grids are conneeted in

- push-pull, and consequently are 180° out of phase. When the exciting
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Figure 178. Push-puxh amplifier.
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voltage on one grid reaches its maximum positive peak, the other grid
is at maximum negative potential, and the second alternation of the
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cycle reverses the respective grid potentials. Thus, pulsating plate
current flows first in one tube and then in the other. By connecting the
plates in parallel, the output impulses are in the same direction, and
the tank circuit receives two impulses for each eyecle of excitation.
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Figure 174. Parasitic oscillatory circuits in transmitter
shown in figure 170.
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Push-push doublers do not depend on tube-distortion characteristics,
and are capable of greater output and higher plate efficiency than a
distortion-type amplifier used for doubling. The normal power output
of an amplifier when operated as a frequency multiplier is less than
when operated at the fundamental frequency.

108. Parasitic Oscillations

Circuit conditions in an oscillator or amplifier may be such that
secondary oscillations occur at frequencies other than that desired.
Such oscillations are appropriately termed parasstic oscillations, and
are to be avoided. The energy required to maintain parasitie oscillations
is wasted so far as useful output is concerned. A cireuit afflicted with
parasitics has low efficiency and frequently operates erratically. Figure
174 shows some of the incidental circuits which may give rise to para-
gities in the transmitter eircuit of figure 170. The dotted lines in figure
174Q@ outline a high-frequency circuit, and those of (&) outline an ultra-
high-frequency circuit. That part of the transmitter which constitutes
a possible low-frequency parasitic ecircuit is shown in (). Parasitic
oscillations can be suppressed by placing resistors or r-f chokes at
appropriate positions in the circuits, or by slightly modifying the
existing values of certain circuit elements. Also, care should be used
in the physical arrangement and wiring of parts.

109. Keying Systems

a. Keying a e-w transmitter causes an r-f signal to be radiated only
when the key contacts are closed. When the key is open the transmitter
will not radiate energy. Keying is accomplished in either the oscillator
or amplifier stages of the transmitter. A number of different keying
systems are used in Army transmitters.

b. The two cireuits @ and @ of figure 175 show the most common
methods of keying a transmitter when the keying is accomplished in
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Figure 175. Two methods of oscillator keying.

the oscillator stage of the transmitter. If the filament of the tube is
heated by a d-c current, the negative side of the filament corresponds
to the center-tapped transformer connection of the a-¢c filament. In
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figure 175Q) the grid circuit is closed at all times, and the key opens
and closes the negative side of the plate cireuit. This system is ealled
plate keying. When the key is open, no plate current can flow, and the
tube does not oscillate. In figure 175@) the grid and the plate circuits
are both open when the key is open, and both are closed when the key
is elosed. Although the circuits of figure 175 may be used to key ampli-
fiers, other keying methods are generally employed, because of the
larger values of plate current and higher voltages encountered.

c. The operation of the keving circuit of figure 176 is similar
to that of the cathode-resistor grid-biasing method. With the key open,
the plate current flows through resistor B, in a direction which makes
the end connected to grid resistor Rg negative with respect to the
cathode end. If R; is of a high enough value, the bias developed is
sufficient to cause practical cut-off of the plate current. Complete
cut-off is not possible with this system, since the bias developed across
R, depends upon the flow of current through it. However, the blocking
is sufficient for practical keying. Depressing the key short-circuits
resistor R;, thus removing the bias and allowing the normal flow of
plate current. Grid resistor Rg is the usual grid-leak resistor for
normal operating bias.
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Figure 176. Two methods of blocked-grid Leying.

d. The block-grid keying of figure 1762 affords complete cut-off
of plate current, and is one of the best methods for keying amplifier
stages. in Army transmitters. With the key open, two-thirds of 1,000
volts, or 667 volts, are across the 200,000-ohm resistor ; that is, 667 volts
are applied to the plate; and one-third of 1,000 volts, or 333 volts, are
across the 100,000-ohm resistor, so that 333 plus 100, or 433 volts of
negative bias are applied to the grid. No plate current can flow under
these conditions. With the key down and short-cireuiting the 100,000-
ohm resistor, the full 1,000-volt plate supply appears across plate to
cathode, while the grid bias is reduced to 100 volts. Under these con-
ditions the amplifier operates normally.

e. In transmitters having an oscillator followed by one stage or more
of power amplification, the keying may be accomplished by any arrange-
ment which best fulfills the needs. In some portable field sets, the
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transmitting key opens and closes the plate cireuits of all the tubes
used in the transmitter. This removes the entire load from the plate
power supply while the key is open. The power is usually obtained
from storage batteries. or from a hand-driven generator. In small
permanently installed transmitters, where the cost of power is not of
primary consideration, and where greater frequency stability is ex-
pected, the oscillator should remain in operation continuously while
the transmitter is in use. This keeps the oscillator tube at normal
operating temperature and offers less chance for frequency variation
each time the key is closed. If the oscillator is to operate continuously,
and the keying is to be accomplished in the r-f amplifier, the oscillator
eircuit must be earefully shielded to prevent radiation and interference
to the operator while he is receiving.

f. In transmitters using a crystal-controlled oscillator, the keying
is almost always accomplished in the power-amplifier circuits. In the
larger transmitters (75 watts and higher), the ordinary hand key
eannot accommodate the plate current without excessive arcing. More-
over, because of the high plate potentials used, it is dangerous to operate
a hand key in the plate circuit. A slight slip of the hand below the key
knob might result in a bad shoek; or, in case of defective r-f plate
chokes, a severe r-f burn might be incurred. In these larger trans-
mitters, some local low-voltage supply, such as a battery, or the filament
supply to the transmitter, is used with the hand key, to open and close
a circuit through the coils of a relay. The relay contacts, in turn, open
and close the keying circuits of the amplifier tubes. The schematic
diagram of a typical relay-operated keying system is shown in figure
177. The hand key closes the circuit from the low-voltage supply
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Figure 177. Circuit for relay-operated keying system.

through coil L of the keying relay. The electromagnetism of this coil
draws the metal arm A toward it against the tension of the spring 8.
This arm, when drawn toward the coil core, closes the contact points C,
which are in the keying circuit of the power amplifier. When the hand
key is opened, the coil deenergizes and allows the contact points to be
drawn apart by the tension of the spring.

g. Theoretically, keying a transmitter should instantaneously start
and stop radiation of the carrier completely. However, the sudden
application and removal of power creates large surges of current which
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will cause interference in nearby receivers. Even though such receivers
are tuned to frequencies far removed from that of the transmitter,
interference will be present in the form of clicks or thumps. To pre-
vent such interference, key-click filters are used in the keying systems
of radio transmitters. Two types of key-click filters are shown in figure
178. The capacitors and r-f chokes in both circuits of figure 178 prevent
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Figure 178. Two types of key-click filters.

surges of current. The inductor, or choke coil, L causes a slight lag in
the current when the key is closed, and thus the current builds up
gradually instead of instantly. Capacitor (' releases the energy slowly
when the key is opened. Resistor E controls the rate of charge and
discharge of capacitor C, and also prevents sparking at the key contacts
by the sudden discharge of C when the key is closed.

k. Another difficulty which may be encountered in keying a trans-
mitter is the presence of a back-wave. This is the result of some energy
leaking through to the antenna, even though the key is open. The
effect is as though the dots and dashes were simply louder portions of
a continuous carrier. It may become difficult to distinguish the dots and
dashes under such conditions. Back-wave radiation is usually the
result of incomplete neutralization.

110. Circuit of a c-w Transmitter

a. The circuit of a complete master-oscillator power-amplifier (m-o-
p-a) transmitter is shown in figure 179. This circuit consists of only
two tubes, one tube functioning in a Hartley-oscillator circuit and
the other operating as a class C amplifier.

b. The oscillator is a conventional shunt-fed Hartley circuit using a
VT-62 (commercial type 801) tube with 350 volts on the plate. This
voltage provides about 7.5 watts output. Because of this power reserve,
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Figure 179. Complete master-oscillator power-amplifier circuit,
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a portion of the oscillator output can be fed direetiy into the grid of the
class C amplifier with fairly good results.

¢. R-f choke L; allows the passage of the direct current to the plate
of the oscillator tube, but prevents the r-f currents from flowing into
the power supply. The r-f currents flow through capacitor C; to the
oscillatory circuit L.(s. Resistor E; is the grid-bias resistor, and is
shunted by filter capacitor ;. Grid excitation for the amplifier is taken
from a tap on the plate side of the oscillatory circuit, and the voltage
impressed on the grid of the amplifier is that voltage existing between
the tap and ground conneection. If more drive is required on the grid,
the position of the tap is moved toward the plate. Capacitor C4 blocks
the d-c¢ voltage but allows the r-f voltage to appear on the grid of the
amplifier. R-f choke coil Ly prevents the flow of r-f currents but per-
mits the flow of the rectified grid current. A battery is provided for
protective bias. The total grid bias when the stage is operating (this
is a class C amplifier) will be the battery voltage plus that voltage
developed by the grid-bias resistor. Inductor L4 and capacitor C5 form
the plate tank circuit for the amplifier.

d. The inductor is center-tapped to provide neutralizing voltage
which is fed to the grid through neutralizing capacitor Cy. A split-
stator capacitor is used for tuning, its rotor being grounded. This has
the advantage of providing the same ratio of neutralization voltage for
any frequency. Thus, once the stage is neutralized, Cy will not normally
have to be adjusted again unless it is thrown out of adjustment by
vibration or by a sudden jar. Choke coil Lj; serves to prevent r-f
currents from flowing into the power supply.

e. The cathodes of the tubes in this ecircuit are directly heated fila-
ments, To remove the possibility of hum, the filament transformer is
center-tapped. The grid is then always at zero potential as far as a-c
voltage on the filament is concerned. Capacitors Cq, Cq, and Cg provide
the ground return path for r-f currents, thus keeping them out of the
filament transformer windings. These capacitors also prevent the
possibility of damage to the transformer insulation by r-f currents.

f. The key is placed in the filament-return lead, and opens and closes
the d-¢ ground-return path to the tubes. Both the oscillator and
amplifier are keyed at the same time to prevent the transmitter from
oscillating when the key is open. The advantage of this type of keying
is that it provides a method of break-in operation. For example, an
operator at station A is transmitting a message to a distant station B.
Assume that during the course of the transmission the operator at B
misses part of the message. It will be possible for him to break-in
with a rapid succession of dots, to indicate that this is the case. Since
the transmitter at A is silent between the dots and dashes of his trans-
missjon, he can hear station B’s break-in signals and repeat all or part
of the message.
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g. Link coupling is used to transfer power from the transmitter to
the antenna. Link coupling consists of a pair of wires with a loop of
two or three turns at either end. Each loop must be placed at a point
of low r-f voltage (the point where B+ enters the tank circuit) to
prevent capacitive coupling between the link coil and the plate tank
cireuit. It is a very efficient form of coupling and is used in many sets.
It can be used between stages, or from a final stage to the antenna. Its
chief advantage is that it can be of almost any reasonable length
necessary to couple widely separated stages where another type of
coupling would be impractical or inconvenient.

111. Tuning of Transmitter

a. It is important that all radio transmitters be properly tuned to
insure efficient operation on the assigned frequency. Plate-current meters
are generally used to indicate proper adjustment of the r-f stages. All
stages, with the exception of the oscillator, are always adjusted or tuned
for minimum plate current. If a stage is not tuned to resonance, the
plate current will be high, and high plate dissipation, power loss, and
low output will result. When a stage is loaded by another stage or an
antenna, the plate current of the stage in question must be rechecked
for circuit resonance (minimum plate current) after loading.

b. If grid-current meters are available in the transmitter, the grid-
input stage must be tuned so that maximum grid current is drawn.
If no grid-current meter is available, grid-circuit resonance can be
shown by a sharp increase in plate current of the previous stage.

¢. If a gassy tube is present in the set, plate current to that stage
cannot be brought to the proper minimum, and grid current will remain
too low. The tube will act as though there were a short circuit between
the grid and cathode, and a great deal of the energy furnished to the
stage will be grounded and lost. This condition can be recognized by
any of the indications just mentioned, and by a violet-colored glow
between tube elements. The only remedy for this condition is a new tube.

112. Capabilities of c-w Transmitter

In view of the comparative slowness and inconvenience of keying the
dots and dashes of Morse code, it might seem that radiotelegraphy
would be superseded by radiotelephony, which uses modulated waves.
C-w transmission, however has four distinet advantages over radio-
telephony.

a. Radiotelegraph transmitters have a greater transmission range
than radiotelephone transmitters of the same output power because
speech from a distant point may be audible but not intelligible.

b. C-w signals may be picked up by code receivers which are capable
of rejecting most of the interference characteristic of all r-f waves.
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¢. The radiotelegraph transmitter (of the same power as the radio-
telephone transmitter) is smaller. and much simpler to operate.

d. Within a given frequeney band, many more radiotelegraph trans-
mitters than radiotelephone transmitters may be operated without
interference.
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SECTION XlHi

MODULATED TRANSMITTERS

113. Radiotelephone Transmission

a. It was shown in the previous section that the continuous wave of
radio frequency can be interrupted by means of a key, so that short and
long bursts of r-f oscillations (dots and dashes) will eonvey intelligence
in the form of code. There are two other methods of conveying intel-
ligence by means of the continuous wave, due to two inherent charae-
teristics of this r-f carrier: the amplitude and the frequeney of the
wave. Varying either the amplitude or the frequency of a continuous
wave will permit the transmission of voice and musie, as well as code.
This process is know as modulation. Amplitude modulation is widely
used in almost all radiotelephone transmitters. Frequency modulation
is a comparative newcomer to the radio field, and will be discussed
further in section XIII.

b. Amplitude modulation may be defined as the variation of the
strength of the r-f output of a transmitter at an audio rate. In other
words, the r-f energy has to increase and decrease in power according
to the audio (sound) frequencies. If the audio frequency is high, the
radio frequency must vary in amplitude more rapidly than if the audio
frequency were low. If the audio note is loud in volume, the radio-
frequency energy must increase and decrease by a larger percentage
than if the audio note were soft. Thus, the r-f variations must corre-
spond in every respect with the a-f variations.

¢. The block diagram of a typical radiotelephone transmitter is
shown in figure 180. It will be noted that the final stage of the trans-
mitter is an r-f power amplifier, which in some ways is similar to the
final stage of the c-w transmitter. The c-w transmitter is keyed by
controlling the voltage on the plate or the grid of the final amplifier
with a key. If it is desired to vary the output of a transmitter instead
of merely turning it off and on, it can be done by varying the voltage
on one of the electrodes of the final r-f power amplifier tube. For
instance, if the plate voltage on the final amplifier were to be varied at
an audio frequency, the output of the amplifier and hence, the trans-
mitter, would be varied at the same rate. This is the method used in
the most popular type of amplitude modulation.
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d. In order to vary the plate voltage of the final r-f amplifier at an
audio frequency. it is necessary, first of all, to produce an audio voltage.
This is done with & microphone. The output of a microphone is, how-
ever, very small (usually less than 1 volt), while the plate voltage of
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Figure 180. Block diagram of amplitude-modulated transmitter showing
formation of modulated wave.

the r-f amplifier is quite high. The addition of a small audio voltage
to a high plate voltage would result in only a very small variation of
the plate voltage. It is necessary, therefore, to amplify the output of
the microphone before it is applied to the plate of the power amplifier.
This amplification is usually accomplished in at least two stages. The
output of the microphone is fed into the grid of a class A voltage
amplifier, merely to step up the voltage. This first voltage amplifier is
called the speech amplifier. The voltage output of the speech amplifier
is used to drive the grid of an audio power amplifier. This second
amplifier is called the modulator. The modulator can be any type of
audio power amplifier capable of providing sufficient undistorted power.
Thus, it may be a class A, a class AB, or a class B amplifier. If itis a
class AB or a class B amplifier, it must be a push-pull stage, and the
power output of the modulator is then applied to the plate of the r-f
power amplifier.

¢. The manner in which the a-f signal is amplified and then applied
to the r-f carrier is shown graphieally by the waveforms in figure 180.
The r-f oscillations without modulation are known as the r-f carrier.
Applying the audio output of the modulator to the plate of the r-f
power amplifier causes the plate voltage to rise and fall at the audio
rate, thereby increasing and decreasing the r-f output of the amplifier
in step with the sound applied to the mierophone. Thus the carrier is
modulated, and since modulating the carrier in this manner varies the
strength, or amplitude, of the signal, this method is called amplitude
modulation.
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114. Audio Components

a. The parts of a radiotelephone transmitter concerned only with the
audio frequencies are the microplone, or generator, of the audio signal,
the speech amplifier, which is a normal a-f amplifier ; and the modulator,
which furnishes the power to vary the amplitude of the r-f wave in
accordance with the a-f signal.

b. The carbon microphone is the most widely used mierophone in the
Army. The diagram of a typical carbon microphone is shown in figure
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Figure 181. Carbon microphone.

181. It is, in effect, a variable resistance. Connections are made to a
small container filled with carbon granules, and attached to this con-
tainer is a flexible diaphragm. Sound waves produced by the voice
strike the diaphragm, causing it to vibrate. The vibration of the
diaphragm compresses and releases the carbon granules, thus changing
the resistance of the microphone. Sinece I — E/R, as the resistance
changes, the current in the microphone cireuit changes. Thus, the
voice creates a fluctuating direct current in the microphone circuit.
The microphone of figure 181 is known as a single-button carbon micro-
phone. The word button refers to the small container which holds the
carbon granules. Double-button carbon microphones, which use a
second button the other side of the diaphragm, are seldom used in
Army equipment.

¢. The dynamic microphone (fig. 182) is a more modern type of micro-
phone. The moving coil which is fastened to the diaphragm moves in

O

P ECHTET Rt

/

Figure 182. Dynamic microphone.
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and out in accordance with the voice impulses, and the wires in the
coil cut the magnetic lines of force set up by the permanent magnet.
The voltage induced in the moving coil varies exactly as does the speech
or sound impressed upon the diaphragm. The dynamic microphone is
perhaps the most rugged type used in the field, but it has the dis-
advantage of low output. This is offset by the advantage that, unlike
the carbon microphone, the dynamie mierophone requires no battery
eircuit.

d. The speech amplifier is used to raise the audio output of the micro-
phone to a suitable level for use in the modulator stage. The microphone-
output currents are very weak, and to be of any use in modulation these
currents must be amplified. Referring to figures 181 and 182, it can
be seen that the output of either microphone can be transformer-coupled
to the grid of an audio amplifier. The amplifier employed is a sensitive
class A amplifier. The transformers shown in figures 181 and 182 usually
have a very high turns ratio in order to step up the voltage. Thus, any
small variations of microphone current in the primary of such a trans-
former will develop a voltage across the secondary, which is applied
to the grid of the speech amplifier. The transformer also serves to match
the low-impedanee microphone to the high impedance of the grid cireuit
of the amplifier. When a dynamic microphone is used, two and some-
times three speech amplifier stages are required to raise the weak audio
voltage to a level suitable for the modulator stage.

e. The modulator furnishes the power necessary to vary the ampli-
tude of the r-f wave in accordance with the sound impulses. The
modulator is always an a-f power amplifier, and either single-tube or
push-pull amplifiers may be used. The push-pull power-amplifier stage
is capable of furnishing much more power with greater efficiency than
a gingle-tube amplifier.

115. Percentage of Modulation

a. The degree of modulation is expressed by the percentage of
maximum amplitude deviation from the normal value of the r-f carrier.
The effect of a modulated wave, as measured by receiver response, is
proportional to the degree or percentage of modulation.

b. The percentage of variation of the total voltage of the final r-f
amplifier stage will depend upon the ratio of a-f to d-c voltage. For
example, if the d-¢ plate voltage to the r-f amplifier is 100 volts, and
the a-f voltage is 50 volts, the two voltages will add (when they are
acting in the same direction) to give 150 volts. They will subtract
{(when they are acting in opposite directions) to give 50 volts. The
plate voltage on the r-f amplifier will vary between 50 and 150 volts
(fig. 183(@). Since the variation (50 volts on either side of the d-¢
voltage) is one-half of the d-e¢ voltage of 100 volts, the transmitter is
said to be modulated 50 percent. This same result may be shown in
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terms of the r-f output of the transmitter (fig. 183(2). The amplitude
of the carrier (the r-f wave produced with only the d-c voltage on the
plate of the r-f amplifier) is shown in A of figure 183®). Notice that
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Modulated r-f wave.
Figure 188, Illustrating 50-percent modulation.
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this carrier is of constant amplitude. As soon as an a-¢ voltage is
applied in series with a d-¢ voltage (when the modulator is in
operation), the plate voltage, and hence the r-f output, begins to vary.
At B (fig. 183@®@) the r-f wave has reached an amplitude 50 percent
greater than during period 4. When the plate voltage decreases,
the r-f output decreases. At C the r-f wave has reached an amplitude
50 percent less than the unmodulated wave at A. Thus, percentage or
degree of modulation may be defined as the percentage of variation of
the modulated wave compared with the unmodulated wave.
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@ Values of instantaneous plate voltage.
® The modulated r-f wave.
Figure 184. Illustrating 100-percent modulation.



c. If the d-e voltage were 100 volts and the audio voltage also were
100 volts, the instantaneous plate voltage would vary between zero and
200 volts (fiz. 184(D). Whenever the instantaneous plate voltage varies
between zero and twice its unmodulated value, there is 100-percent
modulation. The resulting r-f waveform is shown in figure 184@).

d. It is important that the amplitude be varied as much as possible,
beeause the output of a detector in a radio receiver varies with the
amplitude variations of the received signal. This is why a comparatively
low-power station, well-modulated, will often produce a stronger signal
at a given point than a much higher powered, but poorly modulated
transmitter located the same distance from the receiver. However,
there is a limit to the permissible percentage of modulation, and this
limit is 100 percent.

é. To understand more clearly this limitation of 100-percent modula-
tion, assume that a given transmitter is actually modulated 150 percent.
‘With a d-c¢ voltage of 100 volts, this would require an audio voltage of
150 volts. The two would add together to give 250 volts, and the plate
voltage then would swing back through zero, down to minus 50 volts,
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Figure 185. Over-modulation.

and then back to zero (fig. 185@). During the swing from zero to 250
volts and back to zero, plate current would flow. But during the swing
from zero to —50 volts and back again to zero, little or no plate current
would flow. During this period the transmitter would effectively be
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shut off. This condition produces an over-modulated r-f wave (fig.
185®)). The unmodulated carrier wave is shown at A in figure
185@. With the modulator in operation, the r-f wave would increase
to the value shown at B; it would then decrease to zero. But over the
region C, the plate voltage would be negative and there would be no
output from the tube. This over-modulation thus causes distortion in
the received signal. It results whenever the audio voltage exceeds the
d-e voltage applied to the plate of the r-f amplifier.

116. Side Bands

a. Figures 183 and 184 are graphic pictures of an r-f wave modulated
at different percentages. Such a wave is actually a combination of
several frequencies. It is not possible to tell, merely by looking at a
wave, what frequencies are combined to give it the shape it has. How-
ever, by involved mathematical analysis these frequencies can be
determined. As a practical example, if the r-f carrier is 100 kilocycles
and the audio frequeney is 1,000 cycles, or 1 kilocycle, the wave will
contain the following frequencies:

Fundamental Second Sum Difference
frequencies harmoniec frequency frequency
100 ke 200 ke 101 ke 99 ke
1ke 2ke

Harmonies other than the second are produced, but they are very
weak and easily dispensed with as described below. All of these fre-
quencies are present in the plate circuit of the final r-f amplifier.
But the plate eircuit is broadly tuned to 100 kilocycles, so that only
frequencies of 100 kilocycles, 101 kiloeycles, and 99 kilocycles will
get into the antenna through the antenna coupling circuit. The rest
of the frequencies developed will be bypassed. Thus, instead of trans-
mitting only one frequency, the antenna is transmitting three fre-

Figure 186. Carrier wave and its side-band frequencies.
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quencies very close together. This condition may be thought of as
resembling the frequency waveforms shown in figure 186.

b. These extra frequencies are known as side-band frequencies, or
merely side bands. As shown in figure 186, these side bands are
separated from the carrier (100 kilocycles) by the amount of the
audio frequency (1 kiloeyele). Thus, if the audio frequency had been
2 kilocycles, the side-band frequencies would be 98 kilocycles and
102 kiloeyecles. The higher the audio-modulation frequency, the farther
both side bands will be from the main carrier wave.

¢. In actual speech, many audio frequencies are used to modulate
the carrier wave. There will be a pair of frequencies (one upper and
one lower) for each audio frequency, and there will be an entire band,
or group, of frequencies resulting from speech modulation. The graph
of such a carrier is shown in figure 187, and the complex nature of
speech impulses can be seen from this wave. The graph of figure 187
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Figure 187. Radio wave modulated with voice.

is the waveform resulting from the addition of the side bands to the
carrier wave.

d. If the modulator of a radiotelephone transmitter were turned off,
the carrier would continue to be transmitted by the r-f power amplifier.
However, as soon as the modulator is turned on and the r-f carrier is
varied by modulation, the side-band frequencies come into existence.
From this it can be seen that the modulated wave contained more
power than the carrier wave alone. The additional power is supplied
by the modulator stage, and appears in the form of the side bands.

117. Power Relations in the Modulated Transmitter

a. The amount of power required to modulate a transmitter depends
on the percent and type of modulation. To modulate a carrier 100
percent with a single sine wave of audio frequency requires an audio
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power equal to one-half of the r-f carrier power. This is because with
100-percent modulation the amplitude of each side band is one-half
the amplitude of the carrier. Power is proportional to current squared;
thus, each side band ecarrying one-half the current of the carrier
requires one-fourth the power. However, the power required with
modulation is one and one-half times the normal unmodulated power.
Using voice modulation the greater portion of the a-f components will
not modulate the carrier 100 percent, so that the power increase for
voice modulation is considerably less than for single tone modulation.
Since the power is inereased during modulation, the reading of an
antenna ammeter rises when the transmitter is modulated.

b. A modulated r-f amplifier must handle peak currents which are
twice the normal (unmodulated) magnitude. This means that during
modulation an amplifier must be capable of handling up to four times
the power it dissipates during steady intervals of unmodulated carrier
output. For this reason, in a transmitter which is designed for both
c-w and radiotelephone service, the modulated amplifier stages are
always reduced in carrier power output for phone operation.

118. Methods of Modulation

a. There are various methods of modulation. The most common type
is the method whereby the a-f modulating voltage can be applied to
the plate of one of the transmitter r-f amplifiers to cause the earrier
output to vary in accordance with the audio frequency. This popular
method is known as plate modulation. Application of the a-f voltage
to the control grid of the r-f amplifier is referred to as grid modulation,
or grid-bias modulation. A pentode power amplifier can be modulated
by applying the audio frequency to the suppressor grid; this is known
as suppressor modulation. Screen-grid modulation can be accomplished
by use of the tetrode. Cathode modulation, in which the audio voltage
is applied in the cathode circuit, is a combination of plate and
grid modulation.

b. Modulating the final r-f stage of a radiotelephone transmitter is
known as high-level modulation, since the modulation takes place at
the highest power level of the system. If the modulation process takes
place in an intermediate stage with one or several higher power
amplifiers following, it is known as low-level modulation. In low-level
modulation, r-f amplifiers which follow the modulated stage are
operated as linear amplifiers, that is, in such a manner that their
a-c¢ output potentials faithfully reproduce the applied grid potentials
without distortion. In high-level modulation, the final r-f power
amplifier is always operated as a class C amplifier.

¢. The method of modulation refers to the electrode of the r-f power-
amplifier tube to which the a-f modulating voltage is applied.
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119. Plate Modulation

a. The application of a-f power to the plate circuit of an r-f power
amplifier is known as plate modulation. An amplifier using plate
modulation is much more efficient than one using grid or some other
form of modulation. Another advantage of plate modulation is the
ease with which proper adjustments can be made in the transmitter.
There is less plate loss in the r-f power amplifier for a given value of
carrier power than in other forms of modulation, since the plate
efficiency is higher. Additional power radiated in the form of side
bands is supplied by the modulator. This type of modulation is used
to a greater extent than any other.

b. The simplest method of modulating the plate of the r-f amplifier
is by means of transformer coupling. In the circuit diagram of figure
188, the a-f output of the modulator stage is coupled through trans-
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Figure 188. Transformer-coupled modulator oircuit.

former T to the plate circuit of the power amplifier. The voltage
appearing across the secondary (S) of the transformer is an audio
voltage; as such it is an alternating voltage driving first in one direc-
tion, then in the other. This voltage is in series with the d-c supply
voltage, which drives in only one direction. Thus, at one instant,
the a-¢ voltage and the d-e¢ voltage will be acting in the same direction
and the total voltage will increase. But, at the next instant, the a-c
voltage will have reversed, and the two voltages will then oppose each
other. Thus, the total voltage will decrease. There will be an alternate
increase and decrease of the total voltage at an audio frequency.
Since this total voltage is the plate voltage, and is placed between the
plate and the cathode of the r-f power amplifier, the amount of varia-
tion in amplitude of the r-f wave depends upon the relative amounts
of the audio and d-c voltages.

c. The plate of the r-f amplifier tube can be modulated by another
method using a reactor, or choke coil. (See fig. 189.) Both the plate
of the modulator tube and the r-f power amplifier obtain their d-c¢
plate voltage through the iron-core choke L, called a modulation
reactor. As the plate current of the modulator increases and decreases
(at audio frequencies), a voltage will be developed across L propor-
tional to the current flowing through it. This voltage is developed
across the choke in the following manner. When the plate current
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Figure 189, Choke-coupled (constant-current) modulation circuit.

from the modulator increases, the expanding magnetic field of the
choke induces a voltage which will tend to oppose the change of
current. This voltage will buck the voltage applied to the plate of the
r-f amplifier, thereby reducing its plate current. When the modulator
plate current decreases, this same magnetic field will collapse and
again induce a voltage. This induced voltage will aid the voltage on
the plate of the modulated stage and increase its plate current. Thus,
there will be an alternating voltage and current in the plate circuit of
the modulated stage, varying its output in accordance with the audio
signal. It should be noted that as the current to the modulator is
increasing, the current to the modulated stage is decreasing, and
vice versa. Because of this action, the current indicated on the meter
M, will remain practically constant. This system is ealled the constant-
current system.

d. Because the choke-coupled circuit of figure 189 requires that the
modulator tube operate as a class A amplifier, it is impessible to
develop enough voltage across the modulation reactor to vary the
voltage on the plate of the modulated r-f amplifier between double its
normal d-¢ value and zero. It is impossible, therefore, to attain 100
percent modulation with the ecircuit shown in figure 189. However,
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Figure 190. Choke-coupled circuit modified for 100 percent modulation.

with a resistor connected in the circuit as shown in figure 190, 100
percent modulation can be obtained. The purpose of the resistor R
is to drop the plate voltage to the r-f amplifier. The modulator then
operates at a higher voltage than the stage being modulated. With
this lower voltage on the plate of the r-f amplifier, it is not necessary to
develop as much voltage across the choke to get 100 percent modulation.
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The capacitor is connected across the resistor to bypass the a-f voltage
around the resistor, so that the a-f signal will not be lowered by the
resistor. The purpose of the r-f choke, RFC, is to keep the r-f voltage
present at the plate of the r-f amplifier stage out of the modulator.

e. Another method of obtaining 100 percent modulation with the
constant-current system is to use an autotransformer, as shown in
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Figure 191. Plate modulator circuit with autotransformer.

figure 191. In this circuit, a small voltage developed in the modulator
section of the autotransformer coil will result in a larger voltage change
applied to the plate of the modulated stage. This modulation system
also has the advantage of utilizing the full supply voltage on the
plate of the modulated stage.

f. A comparison of the circuits in figures 188 and 191 shows that
the only difference between the two is that in figure 188 two windings
are used instead of one. The employment of a two-winding a-f trans-
former makes possible the use of a class B push-pull amplifier, which
gives much greater power output with less distortion than does a
class A amplifier. The use of such a circuit will result in the saving of
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Figure 192. Class B push-pull modulator circuit.

power, since no plate current flows until the voice impulses reach the
grids of the tubes. A typical class B push-pull modulator circuit is
shown in figure 192.

g. The theory of plate modulation is important for a full understand-
ing of the action of the modulating voltage in the r-f power amplifier
stage. An audio voltage is produced which corresponds in every respect,
except in strength, with the variations of the sound input to the
microphone, and this voltage is placed on the plate of the r-f power
amplifier. But the reason for varying the plate voltage of the r-f



amplifier is to vary the power output of the transmitter. An undis-
torted audio voltage is useful only if the r-f power output ean be made
to vary in step with the plate voltage. The only way to achieve this
is to operate the stage as a class C amplifier and to place a heavy
signal on the grid of the tube. The reason for this is apparent. The
output of the transmitter is fed from the tuned plate circuit of the
r-f power amplifier to the antenna. The output of the tuued circuit
depends upon the amount of oscillating current (radio frequeney)
flowing in it. Since the tuned cireuit is excited by pulses of plate
current the oscillating eurrent, and hence the output at each moment,
will depend on the size of each plate-current pulse. In order for the
output to vary at an audio rate, the plate-current pulses must vary in
size at an audio rate. Since the plate voltage of the r-f power amplifier
is varying at an audio frequenecy, it must be insured that as the plate
voltage changes the plate current will change proportionately. In a
vacuum tube, plate current is controlled by grid voltage as well as
plate voltage. If the grid is excited or driven very hard, so that every
time it goes positive it will allow maximum plate eurrent to flow, the
plate current will be limited only by the plate voltage. If the plate
voltage is high, a great deal of eurrent will flow. The grid is sufficiently
positive not to interfere with this action. If the plate voltage is low,
the plate current will also be low. Thus, the grid voltage will control
the frequency of the plate-current pulses, because plate current will
flow only on the positive peak of each grid cyecle. The size of each
pulse, or the amount of current that will flow each time the grid
passes cut-oft, will depend on the plate voltage at that moment. While
plate voltage is increasing, each pulse will be larger than the one before
it. When plate voltage is decreasing, each pulse will be smaller than
the one before it. These plate-current pulses are applied to the tuned
cireuit, and cause an oscillating current t6 flow in it. If the pulses of
plate current are large, the current in the tank ecircuit will be large.
If the plate current pulses are small, they will cause only a small tank
current to flow. Thus, the r-f output will vary with the plate-current
pulses, and hence with the audio variation of plate voltage.

120. Grid Modulation

a. In transmitters using grid modulation, the a-f voltages vary the
grid-bias supply to the r-f power amplifier. This variation in grid
bias in turn varies the power output of the r-f amplifier, causing a
modulated wave to be radiated. This method is also known as grid-
bias modulation.

b. A circuit using grid modulation is shown in figure 193. A modu-
lation transformer is placed in series with the grid-return lead of
the r-f power amplifier. The a-f voltage (from a modulating amplifier)
adds to or subtracts from the fixed grid-bias voltage, and so controls
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Figure 198. Circuit for grid modulation.

the output power from the r-f amplifier. The grid bias is usually a
fixed value, obtained from a battery source or separate power supply.
Capacitor C is intended to bypass the r-f ecurrents around the modulation
transformer secondary. (See fig. 193.)

¢. The modulator tube must be operated as a class A a-f amplifier.
Since varying the grid bias of the r-f stage does not require a great
amount of power, the comparatively low output of a class A amplifier
is sufficient for the purpose of grid modulating. However, the r-f
carrier output power of the transmitter that is grid modulated is
about one-quarter that of the plate-modulated transmitter. Because
of this low efficiency, and the difficulty of achieving any large degree
of modulation with it, grid modulation is seldom used in Army
transmitting sets.

121. Screen-grid Modulation

In the study of the tetrode (par. 43), it was seen that a small voltage
variation on the sereen results in a large increase in plate current.
It is evident, therefore, that modulation can be effected by placing
the modulation transformer in series with the screen-grid lead. How-
ever, this method limits the percentage of modulation to a low value,
because the relation of sereen-voltage variation to plate-current variation
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Figure 194, Circuit for screen-grid modulation.



is linear over only a small range. If both the plate and screen voltages
are modulated at the same time, it is possible to approach 90 percent
modulation without undue distortion. A circuit of this nature is shown
in figure 194. Note that the screen-dropping resistor is connected to
the plate side of the secondary winding of the modulation transformer,
so that both screen and plate keep the same ratio of voltages to each
other under all variations of plate voltage. Capacitor C; bypasses the
audio voltage around the sereen-dropping resistor while C: is the
usual screen-bypass eapacitor.

122. Suppressor-grid Modulation

Modulation ean be obtained by applying a-f voltage to the suppressor
grid of a pentode tube which is operated class C. A change in bias
voltage on the suppressor grid will change the r-f output of a pentode
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Figure 195. Circuit for suppressor grid modulation.

tube, and thus, the application of a-f voltage provides a simple method
of obtaining modulation. It is difficult to obtain 100 percent modulation,
although about 90 percent can be obtained with good linearity. A typieal
circuit for suppressor-grid modulation is shown in figure 195,

123. Tone Modulation

a¢. When c-w radiotelegraph signals are being received, the pitch
of the sound in the headset depends upon the difference between the
incoming-signal frequency and the frequency of the heterodyne oscil-
lator, in other words, the beat frequeney. If the frequency of the e-w
transmitter varies, the pitch of the received note will vary. If the drift
in transmitter frequency is very great, the received signal may become
inaudible. Under these conditions, the reception of e-w signals becomes
very difficult. An obvious remedy is to stabilize the ¢-w transmitter fre-
quency, but this is not always practicable or possible. In such an event,
telegraph communication may be maintained by using a tone-modulated
wave. This is known as tone transmission and is widely used in the
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Army. In tone transmission the r-f carrier is modulated at a fixed
audio frequenecy of about 1,000 cycles per second. The output of the
transmitter is keyed in the same manner as for c-w transmission. Since
a buzzer or an audio oscillator is generally used as the tone source,
the amplitude of the r-f output wave is practically constant and the
modulation can be 100 percent. Tone modulation has a slightly greater
distance range than voice modulation for the same transmitter. How-
ever, the range of tone modulation is always less than that of e-w,
on the same transmitter.

b. When receiving tone transmission, the receiver tuning is broader
than in c¢-w reception. The detector should be in a nonoscillating state.

124. High Frequency Transmitters

@¢. The very-high radio frequencies are considered to be those fre-
quencies above 30 megacyeles. All of the principles of modulation and
transmission already discussed apply to transmitters designed to operate
on these high frequencies. Ilowever, there is certain additional infor-
mation that must be kept in mind when working in this high-frequency
range, A straight length of ordinary wire has the properties of both
induetanee and capacitance. These two properties are not particularly
troublesome at the lower radio frequencies, since the lumped inductances
and capacitaneces used at these frequencies are large in comparison
to those introduced by the circuit wiring. When working with high
frequencies, however, the inductance and capacitance of even short
lengths of wiring may represent a large part of the total inductance
and capacitanee of the individual circuits. The wiring must, there-
fore, be made as short as possible. This important fact should be kept
in mind when replacing parts. Special care must also be taken to
make good connections. A badly soldered connection has the effect
of introducing a high resistance which may cause the ecircuit to
stop operating. Very high-frequency communiecation is diseussed in
section XV,

b. Another important consideration is skin effect, which is the ten-
dency of electrons to travel along the surface of a conductor. This
also has the effect of introducing resistance into a eircuit. To mini-
mize this effect, which increases as the frequency increases, large size
wire and hollow copper tubing are used as conduectors.

¢. The operation of transmitter ecircuits at ultra-high frequencies
(above 300 megacycles) becomes even more erratic and much more
eritieal.

125. Adjustment of Modulated Amplifiers

a. The proper adjustment of a modulated r-f stage determines its
effectiveness for communication by voice transmission over a given
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range. It is important to obtain the highest degree of modulation with-
out over-modulating. A general rule which can be used in most cases
is to observe plate current in the r-f stage which is being modulated.
The audio power to the modulated stage can be increased to the
point where the plate current begins to flicker, or wobble. When the
modulated r-f stage is properly adjusted, there will be very little
movement of the plate-current meter. This movement should never
be over about 5 percent.

b. Another check on the proper operation of the modulated stage
is a close observation of the antenna-current meter. The power which
is added to the carrier by the modulator appears as power in the side
bands and not in the carrier itself. For this reason, when a radio-
telephone transmitter is first turned on and is unmodulated, the an-
tenna current will read a certain amount, representing carrier power
only. If the transmitter is then modulated by a pure sine wave (from
an audio oscillator, for example), the antenna current should rise
approximately 22 percent for 100-percent modulation. When no audio
oscillator is available, the adjustments can be made with voice by
humming a steady note into the microphone.

126. Circuit of a Radiotelephone Transmitter

a. The simplified circuit of a typical Army transmitter is shown in
figure 196. This is a medium-power transmitter designed for use in
aireraft, motor vehicles, and ground equipment. It is capable of
transmitting c-w, tone-modulated, or voice-modulated signals. The
change-over from one type of modulation to another is acecomplished
by a switching arrangement with the control mounted on the front
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Figure 196, Typical Army phone transmitter,
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panel of the set. In the circuit diagram of figure 196, the switch is set for
voice modulation. The r-f section of this transmitter uses two tubes
in a master-oscillator power-amplifier circuit. A microphone feeding
a single speech-amplifier tube, which in turn drives a pair of modu-
lator tubes, comprises the a-f section. Most of the power wiring has
been omitted from the diagram of figure 196 for simplicity.

b. Tube V; is the oscillator tube using a simple Hartley-oscillator
circuit. Inductance L, and capacitor C; form the tank circuit of the
oscillator. The plate section A of the coil is connected across plate
and filament through C,, ground, and the center tap of the filament-
transformer secondary. Choke L. is a plate-decoupling r-f choke. The
grid section B of coil L is connected between grid and filament through
Cs, C., ground, and the center tap of the filament-transformer sec-
ondary shown in the lower left-hand corner of the figure. Resistor
R; is the oscillator grid-biasing resistor. Choke L; is an r-f choke
which offers a high impedance to r-f currents in the d-¢ grid circuit
of the oscillator.

¢. That part of the oscillator tank voltage developed across section D
of the oscillator tank coil is applied between the grid and filament of
power-amplifier tube V. through capacitors Cy and C., ground, and
the filament-transformer secondary center tap. Capacitor C, is con-
nected a few turns from the end of eoil L; in order to reduce the load-
ing effect on the oscillator, thereby contributing to its stability. The
type of coupling used between the oscillator and power amplifiers
of this transmitter is known as impedance coupling. Normal operat-
ing bias for the power-amplifier grid cireuit is produced by the d-e
grid-current flow through resistors R;, R,, and R;. Choke L, is an
r-f choke which offers a high impedance to r-f currents in the power-
amplifier d-¢ grid eircuit. Capacitor C; is an r-f bypass capacitor.

d. The audio impulses created by microphone M are coupled by trans-
former T'; to the grid-filament circuit of speech-amplifier tube V3. Bias
for this stage is obtained by tapping off part of the voltage developed
across R;. The audio signal is developed across the primary of audio
transformer T3;. Capacitor (s is an audio bypass or plate-decoupling
capacitor. Resistor Rg is a voltage-dropping and plate-decoupling re-
gistor. The audio signal of the speech amplifier is transformer-coupled
to the grid-filament circuit of the push-pull modulator tubes ¥V, and
Vs, operating class B. The grid-filament audio circuit is completed
through Cj, ground, and the filament-transformer secondary center
tap. Grid bias for the modulator tubes is made up of the voltage drop
across B3 and that part of R» determined by the setting of the slider
on that resistor. The audio plate current of the modulator, in flowing
through the primary of T, induces an audio voltage in the secondary.
This audio voltage is in series with the d-c plate voltage supply to
the r-f power amplifier V.. The audio voltage across the secondary

194



of T, will alternately aid and oppose the d-c plate voltage to the power
amplifier V,, causing this voltage to vary according to the modulating
signal. With an r-f voltage applied between grid and filament of V,,
the voltage developed across transformer 7; will be an r-f voltage
varying in amplitude acecording to the modulating signal. Capacitor
C7 is an r-f bypass capacitor used to provide a low-impedance path
back to filament for the r-f current. Coil Ls is an r-f choke used to
prevent r-f current from flowing through the modulator circuits. The
coupling between the primary and secondary of T, is variable, thus
permitting correct matching of impedance between the power-amplifier
plate circuit and the antenna. The modulated r-f signal of the seec-
ondary is then fed to the antenna.

e. Capacitor (g is a neutralizing capacitor for the power amplifier.
Since V, is a triode, it would oseillate of its own accord because of
the feedback through the interelectrode capacitance of the tube. In
order to prevent oscillation of the power amplifier, some of the r-f
plate current of V. is fed through Cg to the A section of L,, thereby
inducing a voltage in the D section of the coil, which is opposite in
phase to the voltage applied to the grid ecircuit through the inter-
electrode capacitance of the tube. With the proper adjustment of Cs
these voltages will be equal in strength, though opposite in phase, and
will therefore cancel or neutralize each other, preventing the cireuit
from oscillating.

f. Switch S represents a relay which is operated by a press-to-talk
switch mounted on the handle of the microphone. When the operator
of the transmitter has completed transmission of a message, he re-
leases the button on the microphone and the switeh § is held open by
a spring. Resistor B, then becomes part of a voltage divider across
the B voltage supply, and a high voltage is present across it. Since
this resistor is in the grid ecircuits of all the stages, the voltage drop
across it is added to the grid bias of each stage. This voltage is great
enough to block all the stages. In this way the transmitter is made
inoperative. 'When a message is to be transmitted, the operator presses
the button on the microphone handle, thereby closing switch S and
shorting out resistor B,. This removes the blocking voltage from the
grid circuits of all stages and allows the transmitter to go into normal
operation,
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SECTION XiIil

FREQUENCY MODULATION

127. General

a. Noise in the output of a radio receiving set may be defined as any
sound or disturbance which was not originally present at the microphone
of the radio transmitter, and which interferes with understanding
the message coming over the air. Noise may come from many sources,
such as automobile ignition systems, lightning and magnetic storms,
diathermy machines, atmospheries, or interfering radio stations. These
disturbances are like radio signals in character, appear at all radio
frequencies, and affect the amplitude of the r-f signal by distorting the
wave. This is one of the great disadvantages of amplitude-modulated
(a-m) waves, since both natural and man-made noise disturbances
(static) combine with the incoming r-f wave at the receiving antenna.
This combination is an r-f wave which varies in amplitude according
to the static impulses as well as to the original (audio) modulating
signal. Both the modulating signal and the static impulses, therefore,
will be heard in the loudspeaker of the receiver. To eliminate this fault,
gsome method of modulation is required in which the character of the
desired modulations is different from the amplitude variations caused
by static impulses. This modulation method is known as frequency
modulation.

b. The frequency of a carrier wave is equal to the number of eycles
per second. This frequency, known as the carrier frequency, can be
varied or changed a slight amount on either side of its average, or
assigned value by means of the a-f modulating signal. These frequeney
changes can be detected by special radio receivers designed to respond
to the frequency-modulated (f-m) r-f waves. The changes in frequency
of the transmitter take place within certain speeified limits in accordance
with the voice or speech to be transmitted. The amplitude of the r-f
carrier remains constant, with or without modulation. A radio receiver
which is sensitive only to variations in frequeney of the incoming
carrier, and which diseriminates to a large extent against variations
in amplitude, is used to receive these f-m signals. Since static crashes,
man-made interference, and other disturbances cause a much larger
effective change in the amplitude of an incoming ecarrier than in its
frequency, this system of communication gives very high quality
reception with an almost total absence of noise.
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c. The essential difference between frequeney modulation and ampli-
tude modulation is shown in figure 197. In this figure, (O represents
an unmodulated r-f carrier ; @ shows the result of amplitude modulating
the carrier; and (® shows the result of frequency modulating the
carrier. In @), during the modulation period, the amplitude rises and
falls in accordance with an impressed a-f signal. In ), during the
modulation period, the frequency inereases and decreases in accordance
with the audio signal, but the amplitude remains constant.

128. Principles of f-m Transmission

a. The simplest form of frequency modulator is that of a condenser
microphone shunting a tuned oscillatory cireuit (fig. 198Q®). A dis-
cussion of the technical operation of this simple cireuit will help to
explain the fundamental principles of all f-m transmitters.

b. The circuit shown in figure 198 is that of a shunt-fed Hartley
oscillator, which is modified by connecting a condenser microphone M
across the oscillator tuning eapacitor C. Electrieally, this mierophone
i8 nothing more than two plates of a capacitor, one of which is the
diaphragm. Sound waves striking the mierophone compress and release
the diaphragm, thus causing the capacitance to vary, since the value of
capacitance of any capacitor depends, in part, upon the distance between
the two plates. It will be recalled that the frequency of oscillation of
an oscillator may be varied by a change in either the inductance or
capacitance of its tuned eircuit. In this ease, a variation in the capaci-
tance of the microphone causes the resonant point of the oscillator
tank circuit to shift alternately to frequencies above and below the
original frequency, or resting frequency. This shifting of frequencies
takes place whenever the diaphragm of the microphone moves.

c. As the positive half-cyele A of the sound wave in figure 198
strikes the diaphragm D of the mierophone (shown in enlarged form
to the left of figure 198 for closer inspection), it causes the diaphragm
to move inward from its position of rest to position A. Since the
distance between D and E has been decreased, the capacitance of the
plates has been correspondingly increased, and the oscillator frequency
has been deereased from the resting frequenecy, as shown at A in
figure 1983). At the end of the first half-cycle, the diaphragm returns
to its position of rest and the frequenecy of the oscillator is again the
resting frequency. During the negative half-cycle B of the audio
wave (fig. 198@2), the diaphragm moves to position B, increasing the
distance between the plates with a resultant decrease in capacitance
and an increase in oseillator frequency, as shown at B in figure 198(3.
At the end of the alternation, the diaphragm D returns to its position of
rest, and the oscillator resumes its resting frequency instantaneously
before the action is repeated for the next audio cycle.

d. The frequency or pitch of the audio signal applied to the micro-
phone determines the number of times per second that the diaphragm
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vibrates between positions 4 and B (fig. 198) and, consequently, the
number of times per second that the oscillator frequency varies across
its resting frequency between its high and low values. A note of 1,000
cycles per second will cause the diaphragm to change from rest to
position A, back to position B, and then back to rest 1,000 times per
second, with a corresponding variation in oscillator frequency. A 100-
cycle audio note of the same volume (amplitude) will cause the same
diaphragm vibration at a rate of 100 times per second, with a correspond-
ing rate of change in oscillator frequency. Another important detail
to notice at this point is that if the audio signal strength (amplitude)
is increased, as shown by the dotted line in figure 198@®), the movement
of diaphragm D will be over a greater distance, or from A’ to B”. This
will result in a greater change in capacitance and a greater change in fre-
quency. Thus, the amplitude of the modulating signal determines the
change in frequeney on both sides of the resting frequeney. The
amount of change in frequency either side of the resting frequency is
known as deviation.
¢. In Army practice, the maximum deviation allowed for any channel
is set at 40 kilocycles. This means that the strongest audio signal that
can be used for modulating a transmitter is limited to that value
which will cause a maximum deviation of 40 kilocycles either side of the
resting frequency. This makes available a total of 80 kilocycles, known
as the carrier swing, over which the frequency of any one station may
vary. There is also provided a band of 20 kilocycles for separation
purposes between channels. This 20-kilocycle band is called the
guard band. Thus, the channel allotted to each station consists of
two deviation ranges of 40 kiloeyecles each, plus half the guard band on
either side, or a total of 100 kiloecycles. However, with any of the
systems of obtaining frequency modulation used at the present time,
the amount of deviation obtained at the point of modulation is small
as compared with that required for suecessful transmission of f-m
signals. In order to inerease the amount of initial deviation to a
suitable value, a system of frequency multiplication is used. If two
frequencies, such as 6.00 and 6.025 megacycles, having a frequency
difference of 25 kilocyecles, are applied to the input of a broadly tuned
tripler, the output frequencies will be 18 and 18.075 megacycles,
respectively. There is now a difference of 75 kilocycles between these
two frequencies, or three times the original frequency difference. The
varying frequencies produced at the modulating point are, therefore,
applied to a series of multipliers, and the amount of initial frequency
change, or deviation, obtained is multiplied to a suitable value before
the signal is applied to the power amplifier and then to the transmitting
antenna. The circuits of the multiplier and power amplifier are con-
ventional and need no further discussion here.
f. In amplitude modulation the amplitude of the carrier varies
between zero and twice its normal value for 100-percent modulation.
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There is also a corresponding change in power ; consequently, additional
power must be supplied to the ecarrier during modulation peaks.
Henee, the tubes cannot be operated at maximum efficiency at all times.
In frequency modulation, however, so-called 100-percent modulation
has a different meaning. As shown in figure 198®), the amplitude
of the signal remains constant regardless of modulation, since the
modulating signal varies only the frequency of the oscillator. There-
fore, the tubes may be operated at their maximum efficiency at all
times. This represents one of the important advantages of frequency
modulation. Modulation of 100 percent in frequency modulation indi-
cates a variation of the carrier by the amount of the full permissible
deviation : from RO to -A” or B” in the graphic diagram of figure 199.
The line RO represents the resting frequeney, which will be assumed
to be 20 megacyeles. If the oscillator producing this frequeney is
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Figure 199. Graphic review of principles of frequency modulation.
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modulated with a weak audio signal of 500 cycles, the oscillator
frequency will vary from the resting frequency to, for the sake of an
example, 19.99 megacycles, then back across the resting frequeney
to 20.01 megacycles, and back to the resting frequency at a rate
of 500 times per second. If the frequency or piteh of the modulating
signal is changed to 1,000 cycles per second (the amplitude remaining
the same), the swing between A and B will oceur at a rate of 1,000
times per second. Increasing the amplitude of the modulating audio
signal to a medium value for each of these two frequencies, will inerease
the deviation to A’ on one side of RO, and to B’ on the other. The
rates of frequency change will still be 500 to 1,000 times per second,
respectively. Increasing the modulating signal amplitude to ecause
the maximum ecarrier swing between points .1” and B” gives the
maximum allowable deviation, or frequenecies of 19.96 and 20.04 mega-
cycles, respectively. The rate of change again will depend on the
frequency of the modulating signal. The frequencies between 19.96
and 19.94 megacycles and between 20.04 and 20.06 megacycles are
the guard bands set aside for separation between adjacent station
channels.

129. Methods of Frequency Modulation

a. A\ successful f-m transmitter must fulfill two important require-
ments. The frequency deviation must be symmetrical about a fixed fre-
quency, and the deviation must be directly proportional to the amplitude
of the modulation and independent of the modulation frequeney.
There are several methods of frequency modulation which fulfill
these requirements. The arrangement discussed in paragraph 128,
known as a mechanical modulator, is the simplest system of frequency
modulation, but is seldom used. The two important types of frequeney
modulation used in Army f-m radio equipment are known as the
reactance-tube modulating system and the Armstrong phase-modulating
system. The main difference between these two systems is that in the
reactance-tube modulation method the r-f wave is modulated at its
source (the oscillator), while in phase modulation the r-f wave is
modulated in some stage following the oscillator. The results of each
of these systems are the same; that is, the f-m wave created by either
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system can be received by the same receiver. Each of the two systems
of frequeney modulation described in b and ¢ below is treated in greater
detail in paragraphs 133 and 134.

b. The reactance-tube system of frequency modulation is shown in
the block diagram of figure 200. In this system the oscillator is self-
excited, usually operating in a Hartley circnit. Another tube, called
the reactance tube, is connected in parallel with the tank circuit of
the oscillator stage. By means of a suitable cirenit, this reactance tube
can be made to act as either a capacitive or induective reactance, and
this reactance is varied in accordance with the audio (modulating)
frequency. The frequency of the oscillator is changed because of the
changing reactance connected across its tank eireuit, and thus a f-m
signal appears in the output of the oscillator stage. This carrier (with
frequeney modulation) is passed through a frequency doubler, or
multiplier stage, to increase the earrier frequency and deviation ratio.
A power amplifier feeds the final signal into a suitable antenna. To
keep the transmitter operating on its assigned frequency, a method of
frequeney stability is obtained by comparing the output of the trans-
mitter with a standard crystal-controlled oscillator, and feeding back
a suitable correcting voltage from a frequeney converter and diserim-
inator stage (par. 130).

¢. The Armstrong phase-modulation system is shown in the block
diagram of figure 201. This transmitter has an oscillator whose fre-
quency is held at a constant value by means of a quartz erystal. This
constant-frequeney wave passes through an r-f amplifier which builds
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Figure 201. Block diagram of Armstrong f-m transmitter.

up the amplitude of the wave. The audio (modulating) frequency is
applied to the r-f carrier by means of a combining network. The
output of the combining network (r-f carrier resting frequenecy, plus
carrier deviations) is fed into a series of class (' r-f amplifier stages
whose plate circuit is tuned to double the frequency of the grid circuit;
resulting in frequency doubling or multiplying. The output wave,
with high ecarrier frequeney and high deviation, is applied to the
antenna. The audio frequency applied to the modulating stage must
be passed through a network which makes the audio amplitude inversely
proportional to the audio frequency. The complete operation of the
various stages in an Armstrong phase-modulation system is diseussed
in paragraph 134.
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130. Reception of f-m Waves

@. While the use of frequency modulation in the transmitter greatly
simplifies the problem of modulation, frequency modulation in the
receiver necessitates a circuit somewhat more complicated than would
be necessary for amplitude modulation. The f-m receiver employs
two types of stages not found in an a-m receiver: a limiter and a dis-
criminator, or frequency detector. The superheterodyne receiver is
used exclusively for frequeney modulation because of the high ampli-
fication neeessary in many cases to bring the amplitude of weak
signals up to that value where they will be affected by the action of
the limiter.

b. One of the basic requirements in an f-m receiver is that it be
able to pass the required band of frequencies created by the trans-
mitter; this band width may be as muech as 80 kilocycles. A second
requirement, and one which is necessary if the full noise-reducing
possibilities of the f-m system are desired, is a limiting device to
remove all amplitude variations of the received signal. so that the
signal varies only in frequency before it reaches the detector. A third
requirement is that the detector (diseriminator) be capable of con-
verting frequency variations into amplitude variations.

¢. A comparison between a superheterodyne receiver designed for
the reception of amplitude modulation and one designed for the recep-
tion of frequeney modulation is shown in figure 202. In both types of
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Figure 202. Block diagrams showing comparison between a-m
and f-m superheterodyne receiver,

receivers there is a t-r-f stage of amplification, and an h-f oscillator and
mixer followed by one or more stages of i-f amplification., The respective
stages of both sets are similar in purpose and circuit design up to this
point, and the only differences are in the tuned ecireuits, which are
designed to pass a much wider band of frequencies in the case of
the frequency-modulation receiver. In the mnext two stages are found
the two main differences between the receivers. The limifer of the f-m set
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may be considered as a special type of i-f amplifier, while the dss-
criminator is a special type of detector. The audio-output signals of the
detector of the a-m set and the discriminator of the f-m set are
applied in each case to an aundio amplifier and then to a speaker.

131. The Limiter

a. The limiter in an f-m receiver serves to remove amplitude
modulation, and to pass on to the discriminator an f-m signal of
constant amplitude. The circuit of the limiter is shown in figure 203;
the rest of the receiver is shown in block-diagram form.
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Figure £03. Simrlified diagram of limiter.

b. The f-m signal leaving the transmitting antenna is varying in
frequency according to an audio-modulating signal, but is constant
in amplitude. As the signal travels between transmitting and receiving
antennas, however, it is combined with natural and man-made noises,
or statie disturbances, which cause variations in the amplitude of the
modulated signal. In addition, there are variations caused by fading
of the signal, such as might be encountered in moving vehicles. All of
these undesirable variations in the amplitude of the f-m signal exist,
and are amplified as the signal passes through successive stages of the
receiver up to the input (7T') of the limiter (fig. 203). This condition
of the signal, where both frequency modulation (desired) and ampli-
tude modulation (undesired) are present at the same time, is shown
by the waveform of figure 204(. It is the purpose of the limiter
to eliminate these variations in amplitude due to noise impulses before
the f-m signal is applied to the detector or diseriminator. The charae-
ter of the signal after leaving the limiter should be as indicated in
figure 204(3), where all amplitude variations have been removed, leaving
a signal which varies in frequency only.

c. The limiter circuit of figure 203 is similar to the grid-resistor-
biased ecircuits studied previously. The limiter tube is of the sharp
cut-off type and is operated with very low plate voltage and with
grid-leak bias, so that it overloads easily. With the lower plate voltage,
a larger grid current will flow-when the signal is applied. This aids
clipping action. Upon inspection of the circuit it will be seen that
no initial bias exists in the circuit. As the first alternation of the
signal, regardless of strength, is applied from grid to eathode, it begins
to drive the grid positive, causing a flow of grid current. This flow
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of current, during the positive peaks of the signal, loads tuned
circuit 7. Because of this loading of the tuned circuit there is a drop,
or clipping, of the voltage across it during the positive peaks. This
action may be compared to that in a generator, where an increase in
current drawn from it will cause a decrease in voltage output because of
the loss across the internal impedance of the generator. The positive

®

TL-4G7M
Figure 204. Limiter action in f-m receiver.

peaks are, therefore, clipped by action of the grid ecircuit. As in all grid-
resistor-biased eircuits, the current flowing in the grid eircuit during the
positive peaks, with the aid of grid capacitor C, develops a d-c voltage
drop across grid resistor B. The value of this drop depends on the
amount of grid current, which in turn depends on the signal strength.
For example, assume a weak input signal A’ is applied to the circuit,
as in figure 204(1). The positive peaks of this wave will be elipped
in the grid circuit because of grid-current flow. This current will
produce a bias which will change the operating point from zero bias
to some point such as A. The negative peak in this case will not go
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beyond cut-off and there will be no clipping of the negative peak.
Notice that there has been some amplification, without furthet clipping,
over that accomplished in the grid eircuit. As the amplitude of the
grid-input signal is increased, as at B’ in figure 204Q), an increased
grid current flows. This produces a greater drop across the grid
resistor, putting a greater bias on the tube, as indicated at B. Since
the negative peaks now swing beyond cut-off (point ('), there is no
flow of plate eurrent during that period. Consequently, the negative
peaks are clipped in the plate circuit. From this discussion it ean be
seen that the input signal must reach a certain strength before
clipping of both positive and negative peaks occurs. Because of this
action of the limiter, there is an f-m signal of constent amplitude in
the output of this stage, which ean mext be applied to the detector
or discriminator.

132. The Discriminator

a. The second major difference between amplitude-modulation and
frequency-modulation receivers is represented in the detector or dis-
criminator. The detector in an amplitude-modulation receiver in-
terprets the amplitude variations of the amplitude-modulated r-f
energy in terms of an audio signal. In the f-m receiver, the dis-
criminator interprets the frequency variations of the frequency-modu-
lated r-f energy in terms of an audio signal.

b. The diseriminator of a typical f-m receiver is shown in figure 205.
In this circuit the transformer used has a tuned primary L, and two
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Figure 205. Simplified diagram of discriminator.

tuned secondaries Ls and L;. The primary of this transformer is tuned
to the center of the i-f pass band. This frequency corresponds to the
resting frequency of the f-m signal as it is received at the antenna.
Secondary L. is tuned above this resting frequeney by an amount
greater than the deviation of the signal, and L3 is tuned below the
resting frequency by the same amount. L, is connected in series with B,
across diode D,. Lg is connected in series with Rs across diode Ds,.
Since the direction of the electron flow in each diode circuit is as shown
by the arrows, the polarity of the voltage drop across each load
resistor, R» and Rj, is positive at the ends toward the cathode and
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negative at the ends toward the plates as indicated. Both resistors
are connected at point B, which is the negative side of the voltage
across each resistor. The two voltages, therefore, oppose each other,
and the resultant voltage between point 4 and ground will be the
difference between the two. The resultant polarity will be the polarity
of the greater of the individual voltages. Figure 2060 shows possible
resonance curves, A and B, for each tuned secondary, L. and Ls,
respectively. Their resonant frequencies are shown to be 5.95 and
6.05 megaeyeles. The curves indicate the signal voltages developed
across each tuned circuit as the frequency applied to the transformer
varies through the values indicated. The only point at which both
voltages are equal is at point XX, which represents the resting fre-
quency of 6 megacycles. Since curves A and B represent the voltage
applied to D, and D., respectively, and the load resistors are connected
in series opposition, the resultant voltage between point A and ground
can be shown by figure 206(2). From this § curve it can be seen that
if, in 1/500 of a second, the frequeney-modulation wave varies from
the resting frequency of 6 megacycles to 5.96 megacyeles, back to the
resting frequeney, on up to 6.04 megacycles, and back again to the
resting frequency, the voltage developed between point A and the
ground (fig. 205) will be the 500-cyele audio wave indicated to the
right of figure 206@). The frequency variations of a f-m wave are
thus changed into an audio signal in the form of amplitude variations.
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Figure 206. Voltage waves across discriminator load resistances.

¢. Another method of detecting f-m signals is to apply the incoming
signal to a circuit tuned to a slightly different frequency from that of
the signal. A higher frequency will cause an increase in the current
in the tuned circuit, and a lower frequency will cause a corresponding
decrease in current. This current change converts the frequency varia-
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tion into a ecurrent-amplitude variation, which can then be passed
through a normal amplitude-modulation detector. This explains why
fm signals may be received with amplitude-modulation receivers
under certain conditions. The quality resulting from such detector
action, however, is very poor, because of the nonlinear action of the
cireuits involved.

d. The most widely used form of discriminator is known as the
Foster-Seeley circuit. a variation of the basic discriminator described
above. The action of the Foster-Seeley diseriminator in an operating
circuit is deseribed in paragraph 133;.

e. The audio output of the diseriminator stage is almost always
applied to one or more stages of audio amplification before reaching
the loudspeaker.

133. Circuit of Reactance-tube Transmitter-receiver Set

a. The cireuit diagram of a typical Army f-m combined transmitter
and receiver is shown in figure 207. This equipment, known as the
SCR-509, is a portable f-m set in which the transmitter and the
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Figure 207. Simplified circuit diagram of Rcdio Set SCR-509.

receiver are built into the same chassis. The circuit has been simplified
by showing certain conventional and well-known stages in block
diagram form.

b. The operation of the transmitter circuit will be considered first.
The stages of this transmitter include a reactance-tube modulator, an
electron-coupled oscillator-doubler, a push-push doubler, and a push-
pull power amplifier feeding an r-f signal into the antenna.
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¢. The oscillator section of a simple electron-coupled osecillator-
doubler consists of a conventional Hartley cireuit in which L, is the
grid section of the coil and L. is the plate section (fig. 207). The
sereen grid of the tube acts as the plate of the oscillatory section of
the circuit. The plate ecircuit of the tube doubles all frequencies
created by the oscillator and also provides coupling to the buffer stage.

d. Frequeney modulation is acecomplished in this transmitter by
means of a reactance-tube modulator stage. Tube T is shunted across
the oscillator tank through (s and the filament circuit, and is then
made to act as a capaecitor. By varying the amount of current flowing
through this tube, its eapacitive effect across the oscillator tank can
also be varied.

e. The audio frequency ecreated by microphone M (fig. 207) is
coupled through the transformer to the grid of the reactance-tube
modulator T, The current through the tube will thus vary in ae-
cordance with the a-f signal, thereby varying the capacitive effect of
the tube on the oscillator tank, and finally varying the frequency of
the oscillator at an audio rate. This f-m signal is doubled in the plate
cireuit of the oseillator and fed to the grids of the push-push doubler,
thence to the power amplifier, and finally into the antenna.

f. The amount of linear frequency deviation obtainable by any f-m
system is limited. For this reason, the oscillator is operated at a
low frequency, then frequency modulated and doubled, and the output
fed to a buffer-doubler stage. If two different frequencies are fed
into a doubler, for example, 10 megacycles and 10.015 megacycles, the
resulting frequencies of 20 and 20.030 megacycles differ by 0.030
megacyecles, which is fwice the original difference. In this transmitter
the oscillator is operated at some frequency between 5 and 6.97 mega-
cycles. Under modulation, the frequency is caused to deviate by
amounts up to 9 kiloeycles. This f-m signal is doubled in the plate of
the eleetron-coupled oscillator circuit and fed to the grids of the push-
push doubler. In the plate cireuit of the doubler, which is tuned to
twice the frequency of its grid cireuit, a resting frequeney four times
the original oscillator frequency, and a deviation of 36 kilocycles,
which is four times the original deviation, are obtained. This signal
voltage is transformer-coupled to the power amplifier.

g. In the reactance-tube modulator system, frequency modulation of
the carrier is acecomplished at its source, the oscillator. Crystal control
of the oscillations under this condition is impossible. The oscillator
may not return to its resting frequency at the end of each cycle of
audio signal, but may drift and begin to vary around some frequency
other than the resting frequency. To avoid this, some method of
frequency stabilization is necessary when using the reactance-tube
modulator system. The stabilization system used with this transmitter
is described in %k below.
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h. The receiver section of Radio Set SCR-509 is shown in the lower
half of figure 207. The conventional cireuits are shown in block diagram
form for simplicity. The same antenna is used for both the transmitter
and receiver. The received f-m signal is applied through capacitor C,
and ground across resistor R between the grid and filament of the r-f
amplifier. The r-f stage is tuned impedance-coupled to the grid of the
mixer stage. The oscillator signal is applied to another grid of the
mixer. The if signal produced in the plate circuit of the mixer is
transformer-coupled to the grid-cathode circuit of the first i-f amplifier.
The signal produced in the plate circuit of this stage is transformer-
coupled to the grid circuit of the second i-f amplifier. The amplified
signal in the plate circuit of this stage is transformer-coupled to the
limiter-grid circuit. Up to this point, the circuits of each individual
stage are smilar to those used in corresponding stages of a receiver
designed for reception of a-m signals. There is a difference, however.
in the actual construction of the tuned circuits. Some method, such
as applying the proper degree of coupling and shunting the tuned
circuits with a resistor, is used to provide the proper band-pass
characteristie.

1. The limiter circuit of this receiver is of the conventional type
described in paragraph 131. Clipping of the positive peaks is accom-
plished in the grid eircuit because of grid-current flow; negative peak
clipping is accomplished in the plate circuit because of plate-current
cut-off on those peaks. It is intended that the large number of amplifier
stages used in the first part of the set will bring the amplitude of any
weak signals within the limiting action of the tube. Referring to
figure 207, if too strong a signal is applied to the limiter, the grid-
current flow will cause a large voltage drop across grid resistor R,
thus blocking the limiter. To prevent this, the r-f stage is so arranged
that the stronger signals will eause grid current to flow through resistor
Rz with consequent initial clipping of these signals, thus reducing the
signal strength to a value which will permit correct operation of the
limiter. The signal leaving the limiter will then have an almost con-
stant amplitude and the output of the diseriminator will be affected
only by frequency variations of the signal.

J. Because of the difficulty of adjustment, the double-tuned type of
f-m diseriminator (par. 132b) is not used in f-m equipment of recent
manufacture. As in the receiver of Radio Set SCR-509, most modern
f-m receivers requiring a discriminator circuit will use some form of
the Foster-Seeley circuit (fig. 207). This type of diseriminator
operates from a center resting frequency, thus producing a zero output
voltage. On either side of this frequency the discriminator gives a
voltage (across load resistors B, and R;) of a polarity and magnitude
which depend on the direction and amount of frequency shift. The
Foster-Seeley circuit requires only two tuned circuits, and the opera-
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tion of the circuit results from the phase relationships existing in a
transformer having a tuned secondary. These phase relationships
cause unequal and varying voltages to be applied to the two diodes.
and a d-c voltage proportional to the difference between the r-f voltages
applied to the two diodes will exist across the two series load resistors.
Asg the signal frequency varies back and forth across the resonant
frequency of the discriminator, an a-e voltage of the same frequency
as the original modulation is developed and passed on to the audio
amplifier through capacitor €y (fig. 207).

k. In the transmitter shown in figure 207, the frequency of the
oscillator is varied at its source. Direct erystal control of the oscillator
is therefore impossible, since the frequeney of a crystal cannot be
varied instantaneously to any great extent. The oscillator is subject
to drift as a result of mechanical vibration, and voltage and tem-
perature changes. Since an oscillator designed to operate around a
resting frequency of 5 megacycles may begin to operate at some fre-
quency above or below 5 megacycles, some method of stabilization
must be used to prevent this. In the SCR-509, the receiver acts as a
frequency stabilizer when the transmitter is operating. Some of the
signal is taken from the output of the transmitter and applied through
Cyp (fig. 207) to the grid circuit of the r-f stage of the receiver. This
signal from the transmitter is very strong. To avoid blocking the
limiter, the r-f stage is designed to provide some limiting action on
strong signals as a result of grid-current flow. The signal is passed on
to the mixer, where it is heterodyned with the signal created by the
receiver crystal-controlled, high-frequeney oscillator. This stable
crystal-oscillator frequeney is called the reference frequemcy of the
stabilizing system, because it is used as the standard of comparison for
stabilization of the transmitter. The intermediate frequency produced
is passed on through the succeeding stages to the diseriminator. When
modulation of the transmitter oscillator oceurs around its intended
resting frequency, the signal applied to the diseriminator will vary
equally to either side of the frequency to which the discriminator
transformer is tuned. The audio signal produced between point X
and ground (fig. 207) will vary equally to the positive and negative
sides of zero voltage—from A to B (fig. 208). This signal is applied
through the audio filter (fig. 207), consisting of RBg and Ci, to the
grid of the triode section of T The filter removes the audio com-
ponent, leaving no control voltage for the grid. The triode draws its
normal plate current and causes a normal drop across R;, which thus
provides normal biasing of reactance tube T» (fig. 207). If, because of
drift, modulation of the oscillator occurs around a frequency lower than
the intended resting frequeney, the intermediate frequency of the
receiver will vary around some frequency lower than the resonant
frequency of the disecriminator. The diseriminator audio-output voltage
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will then vary equally to either side of some positive voltage, which
will be assumed to be 3 volts, as indicated from B to C in figure 208.
The audio component is filtered out by Rs and C, resulting in an
average positive control voltage of 3 volts applied to the grid of the
triode section of T's. This causes an increase of current through R,
in the plate circuit of the tube. The increased drop produced by this
current increases the bias on the reactance tube, thus decreasing the
transconductance of the tube, and thereby decreases the capacitive
effect of the tube on the oscillator tank. This results in a return to
approximately the proper resting frequency. This correcting, or

Figure 208. Audio signal resulting from modulation of
resting frequency.

stabilizing, aection is extremely rapid. An oscillator drift to a higher
resting frequency results in a negative average voltage. This decreases
the eurrent through R; (fig. 207), thus decreasing the capacitive effect
of T, on the oscillator tank, and thereby returns it to approximately
the proper resting frequency. This method of stabilizing is very im-
portant in f-m circuits employing self-excited oscillators.

i34. Circuit of Phase-modulated Transmitter-receiver Set

a. The noise-reducing advantages of frequency modulation have
been put to practical use in the Army f-m transmitter and receiver set
designed for communication between tanks. In spite of the high level
of noise-producing electrical disturbances encountered in armored
vehicles, very satisfactory communication can be accomplished with
this equipment, known as the SCR-508. A simplified circuit diagram
of the f-m transmitter is shown in figure 209, and a block diagram for
the f-m receiver is shown in figure 213.

b. The operation of the transmitter circuit will be considered first.
Sinee most of the stages shown in figure 209 have been studied previ-
ously, they are here shown in block-diagram form for purposes of
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simplicity. The only part of the transmitter that is different from
circuits previously discussed is shown in ecircuit form. The radio cir-
cuit, from the frequeney modulation standpoint, is as simple as it looks.
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Figure 209. Simplified circuit diagram of f-m transmitter
of Radio Set SCR~-508.

¢. The first stage of the transmitter is a crystal-controlled osecillator,
using the stable and dependable Pierce-oscillator circuit. The Pierce
oscillator is a Colpitts oscillator in which the inductance of the tank
circuit is replaced by a crystal. This oscillator operates with any one
of 80 different crystals whose frequencies range between 370.37 and
516.667 kilocycles. A selected 10 of these crystals are installed in a
special crystal compartment which has a heating element to help
maintain erystal-frequency stability. Any one of these channels, repre-
sented by the 10 crystals, may be selected in an instant by means of a
push-button mechanism.

d. The output of the crystal oscillator is coupled to the first r-f
amplifier or buffer stage. Except for the plate tank, this stage is a
conventional pentode r-f amplifier with grid-resistor biasing. The
purposes of the stage are to provide some amplification and to isolate
the oscillator from the other stages. The plate ecircuit of the buffer is
unusual, and is the only part of the transmitter that requires detailed
explanation.

e. The buffer stage is shunt fed through coil L,. The plate-tuned
cireuit consists of coils L, and L3 in series. These coils are tuned to the
oscillator frequency by means of the variable capacitor C; and the
trimmer C.. C3 is a temperature-compensating capacitance. It can be
seen that part of the r-f voltage of the buffer plate circuit will be
developed across L, and part across Lz. In addition to the r-f current
flowing through Lj, the output of the audio section, consisting of the
microphone, the first audio, second audio, and output transformer T,
is applied through the r-f choke L, and grounded across Ls. This coil,
known as the nonlinear reactance-modulator coil, provides modulation
for the transmitter. The operation of this coil is based on its char-
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acteristic of becoming saturated as a small amount of current flows
through it.

f. Briefly reviewing some of the facts concerning saturation of a
coil, it will be remembered that when current flows through a coil,
there is set up about the coil a magnetomotive force, the intensity of
which depends upon the amount of current flowing through the coil.
This foree in a magnetie circuit may be compared to the voltage of an
ordinary electrical circuit. This magnetomotive force sets up a flux
about the coil, which is comparable to the current of an ordinary circuit,
and has a density which depends on the reluctance of the core of the
coil. The core reluctance, which may be compared to the resistance of
an eleetrical cireuit, has a value which depends on the material forming
the ecore. The reluctance of an air core remains constant regardless of
current. This results in an increase of flux density which is in pro-
portion to the inerease in both current and magnetomotive forece. When
a magnetic substance makes up the core of a coil, however, the reluctance
is no longer constant, regardless of current. Instead, as a current begins
to flow, the reluetance is very low and the flux is very high compared
to that existing in an air-core coil under similar conditions. With an
inerease in current, the reluctance gradually increases and the rate-of-
flux increase is reduced. After the current reaches a certain value,
which depends on the core material used, the reluctance increases very
rapidly until its value approaches that of air. At this value, any
further increase in current will produce no appreciable inerease in
flux. This condition is known as safuration. B-H curves, in which
magnetizing force is plotted against flux, are shown for both Permalloy
and Armeo iron in figure 210. Note how quickly Permalloy reaches
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Figure 210. B~H curves for nonlinear reactance modulator coil.

saturation in comparison to Armeo iron. The nonlinear modulator eoil
used in this f-m transmitter is a spiral of wire wound around a small
circular core of Permalloy ribbon. Because of this Permalloy material,
the core reaches saturation with relatively small values of r-f current
applied to it. As shown in figure 210, the B-H curve showing flux
change below saturation is very steep. A sine-wave voltage is applied
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across the coil, and as the current through the coil increases from zero
to some value such as A (fig. 211), there is a rapid building up of flux
until the core becomes saturated. As the current increases from the
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Figure 211, Voltage pulses developed across nonlincar
modulator coil.

value indicated by A through its maximum value and decreases to a
value indicated by B, there is no change of flux, since the core remains
saturated during this period of current change. As the current de-
creases below the saturation point B (fig. 211) to zero value, there is a
rapid change of flux in the opposite direction. As the current increases
from zero in the opposite direction to C, the flux continues the rapid
change and again reaches saturation. As the current continues its
increase from C to its maximum value and then decreases to a value
indicated by D, there is again no change of flux, since the core is
saturated during this period of current change. As the current decreases
below the saturating value to E, there is again a rapid change of flux.
This change of flux continues cyecle after cycle. It will be remembered
that an electromotive foree is induced only by a changing flux, and
also that the value of this electromotive force depends on the rapidity
of the change of that flux. Consequently, there is no electromotive
force induced during those periods of the cycle between A and B,
(' and D, ete., since there is no change of flux during these periods.
However, during the intervals between B and C, D and E, etc., there
is a very rapidly changing flux, resulting in the induction of a pulse
of voltage of high amplitude, as shown in the lower part of figure 211.
Notice that each of the voltage pulses occurs exactly 90° after the
current peaks. Since this 90° phase difference is constant with each
eycle when a pure r-f voltage is applied, there is no change in frequency.
However, as has been pointed out with respect to figure 209, in addition
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to the r-f currents flowing through L;, the audio-output currents also
flow through it. The audio currents and the r-f currents are shown in
figure 212 and @), respectively, and they form a resultant eurrent,
as indicated in figure 212(3). As can be seen from this diagram, the r-f
currents no longer go through their zero values at the same time
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Figure 212. Development of phase-modulated wave by use of
nonlinear modulator coil.
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intervals as the original r-f current. Instead, it is found that the
intervals are different for each cyele.

g. Referring to figures 212 and ), with the aid of the broken
lines between them, the resultant eurrent (3) goes through its zero
values at the same time as the original earrier current (2) when the
audio cycle is going through its zero values. This is indicated by
points 4, B, and C. During the positive alternation of the audio cyele,
the zero values of the resultant current (3 occur later (by varying
degrees) than the corresponding zero value of the original ecarrier
current. On the negative alternation of the audio eyele, the zero values
of the resultant current (& occur earlier (by varying degrees) than
the corresponding zero value of the original carrier current @). As
shown in figure 212, the resulting inductive voltage pulses will
appear as this resultant current goes through its values around zero.
This is indicated between lines D and E of (3. These voltage pulses
oceur in both a positive and negative direction. The net result is that
the time interval between the positive voltage pulses of (@ is maximum
as the audio cycle is changing from its negative to its positive alterna-
tion, and minimum as the audio is changing from its positive to its
negative alternation. On the peaks of both the positive and negative
alternations, the period between the pulses reaches an intermediate
value. In this way the low, high, and resting frequencies are produced.
By inspection of (3), it is seen that the high frequencies in the positive
direction occur at the same point as the low frequencies in the negative
direction, and the low frequencies in the positive direction oceur at
the same point as the high frequencies in the negative direction. The
resting frequencies of both occur at the same points. The difference
in amplitude of the voltage pulses is due to the difference in the rate
of current change at these points, as it goes through the area between
saturation limits, points D and E in 3). The rate of current change
at point X in @ is less than at point Y. These variations in ampli-
tude, however, are suppressed by limiter action.

h. Because of the time relationship between the positive and nega-
tive pulses, one or the other must be removed by rectification, in order
to avoid serious frequency distortion. After rectification, the signal
will appear as indieated in (), with the time interval between each
pulse gradually inereasing to a maximum and then decreasing to a
minimum at an audio rate. When these voltage pulses are applied
to a tuned circuit, because of the flywheel effect, a smooth wave is
created, having both positive and negative alternations. This wave
will have the same varving time interval between positive peaks as
the applied voltage pulses. This wave is shown at (6§). The small ver-
tieal lines along the wave axis designate the points at which the orig-
inal wave of (@) passed through zero, thus aiding in visualizing the
phase change between the waves of @ and (6). For the sake of clear-

ness in the illustration, the phase change has been exaggerated. 217
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1. Affecting a current or voltage by some means so that the time
intervals at which it goes through its instantaneous values are changed
is known as a phase change. During the cyele in whieh this change
oceurs, the period of the eycle has been either increased or decreased.,
and during that particular eycle it is comparable to a lower or higher
frequency. In the system of modulation just deseribed, such a change
oceurs in varying degrees in each succeeding cycle. Thus, the period
of each cycle after modulation is different from that of the eyele
preceding or following it, even though the periods of each eycle are
originally identical. Any process which changes the frequency of
the r-f energy already generated at a constant frequency is referred to
as phase modulation.

j- The inductive voltage pulses shown in figure 212@ (from indue-
tor L; in fig. 209) are applied across the grid cathode of the rectifier.
The circuit of this rectifier is that of a conventional grid-biased class
C amplifier. The wave created by the reactance coil has a strong
ninth harmonic content. The plate circuit of the reetifier is tuned to
this harmonie, multiplying by nine the small frequency, or phase
variation, caused by the coil. The output of the rectifier is trans-
former-coupled to a conventional single-ended doubler whose plate
cireuit is tuned to the second harmonic of the frequepcy on its grid,
or the eighteenth harmonic of the phase-modulated signal at the out-
put of the modulator eoil. This doubler is transformer-coupled to a
conventional one-tube tripler which inecreases to 54 the multiplication
of the modulator coil output. The tripler is transformer-coupled to
the power amplifier which has the ordinary grid-bias cireuit.

k. Sinee modulation in the transmitter of the SCR-508 is accom-
plished after the r-f or buffer amplifier stage, the oscillator ean be
erystal-controlled, thus eliminating any necessity for frequency-stabil-
izing ecircuits. This is the main advantage of the phase-modulation
method over the reactance-tube method. There is one characteristic
of phase modulation that must be corrected before the final output of
both the reactance-tube and phase-modulation systems are similar. In
changing the frequency of a constant r-f voltage, the rate of phase
change, and consequently the frequency, inecreases as the modulating
frequency increases. For example, an audio frequency of 100 cycles
and of a certain amplitude may cause a 2-kilocycle deviation. A fre-
quency of 1,000 cycles with the same amplitude will cause a devia-
tion of 20 kilocyecles. If the modulating frequeney is increased to 20
times the original 100 cycles, the 2-kilocyecle deviation will be multi-
plied by twenty. In the SCR-508, the consequent inereased emphasis
on the high audio frequencies, known as the rising characteristic of
phase modulation, is used to advantage to minimize the interfering
effect of low-frequency sounds caused by mechanical and tank motor
noises, which are picked up by the microphone and broadcast by the
transmitter.
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1. The receiver section of f-m Radio Set SCR-508 is shown in fig-
ure 213. The individual ecireuits of this receiver are, with two notable
exceptions, much the same as those used in the receiver section of
the SCR-509. The receiver of the SCR-508 employs a variation of
the basic limiter circuit to cope with weak signals, and an entirely
new type of squelch circuit is introduced for controlling volume when
no intelligence is being received. The discriminator used in this f-m
receiver is a variation of the circuit already described in connection
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Figure £18. Block diagram of f-m receiver of Radio Set SCR—508.

with the SCR-509. The intermediate-frequency oscillator uses a Hart-
ley circuit, which provides a signal for setting up the 10 push-button
frequencies and enabling emergenecy alignment of the receiver. At all
other times this oscillator is made inoperative by means of a switch
in its plate cirecuit.

m. A slight variation in the limiter circuit for this f-m receiver is
shown in figure 214. This difference is the audio choke coil L; in the
cathode circuit which is used to provide inverse-feedback limiting on
signals too weak to be affected by the negative peak-clipping action
of the tube. Weak signals will have their positive peaks clipped be-
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Figure 214. Simplified circuit diagram of limiter in receiver
section of Radio Set SCR-508.

cause of the flow of grid current when the grid is driven positive.
Sinece a signal may be too weak for its negative peak to drive the tube
to cut-off, negative peak clipping will not be accomplished through
the normal peak-limiting action of the tube. An audio component
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caused by amplitude variation will then appear in the plate circuit.
Choke L, and capacitor C; in the cathode ecireuit offer a high im-
pedance to this audio component, and produce a corresponding voltage
drop. This voltage is in the grid-cathode circuit and is positive at the
cathode with respect to ground. It will tend, therefore, to make the
grid more negative while the audio component at the grid is acting
to make the grid more positive. This provides a degenerative, or
canceling, effect on the audio component of the weak signals. With
this arrangement, even the weak signals are of nearly constant ampli-
tude when applied to the detector.

n. A squelch circuit is provided in this f-m reeeiver to eliminate
any necessity for the operator’s listening to the receiver noise between
messages, or when the signal is not strong enough for successful re-
ception. This type of circuit comes under the general heading of
control circuits, which include automatic volume control, delayed auto-
matic volume control, ete. The squeleh circuit is not basically a fre-
quency-modulation device, since it is also used in some amplitude-
modulation receivers.

0. An understanding of the squelch circuit requires some knowledge
of the noise, disturbance, or interference to be removed from the stages
of the f-m receiver. If an f-m signal is of sufficient strength, sporadic
static impulses will be superimposed on the carrier-frequency wave
mainly in the form of amplitude variations, and these amplitude
changes will be eliminated by the normal action of the limiter. How-
ever, if the f-m signal is less than twice the strength of the noise
impulses, the resultant of this mixture, or combination, will be a com-
plex wave which may have many of the frequency characteristics of
the noise impulses. The clipping action of the limiter will not remove
the noise component from such a signal. The limiter, alone, is also
ineffective at a time when no r-f wave is being received and the
antenna is exposed to noise impulses, since clipping the peaks will.
not eliminate the noise impulses completely.

p. Throughout the explanation of this ecircuit, reference will be
made to figure 215, which shows a simplified diagram of the squelch
tube 7'; and its associated eircuits. The remainder of the f-m receiver
is shown in block diagram form for simplicity. Resistor B4 of the volt-
age divider is connected between grid and cathode of the squelch tube
T, through a series-parallel network of resistors. This network con-
sists of the series branch of R;; and Ry in parallel with the branch
R, and R;2, and R;; and Ri4. The series-parallel network consisting
of By, Byg, R11, and E;s, also forms the diseriminator load. When there
is no signal being applied to the diseriminator, as, for example, be-
tween messages, there is no voltage developed across resistors Ry and
Ryo. The only voltage in the grid circuit is that developed across R,
of the voltage divider, thus causing a high current in the plate cireuit
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Figure 215, Simplified circuit diagram of squelch system used in
f-m receiver of Radio Set SCR-508.

of tube T;. The voltage for this plate cireuit is obtained from across R,
and RE; of the voltage divider through R;s, which is also in the grid
circuit of the first audio stage. The voltage developed across this re-
sistor is great enough in magnitude and of the correet polarity, as
indicated, to block the first audio stage. In this way noise impulses
and hiss are prevented from reaching the speaker when no signal is
being received. When a r-f signal is coming in through the antenna,
there will be a voltage drop across By and Ry, with the polarity indi-
cated, as a result of normal diseriminator action. These parallel volt-
ages, in series with the voltage across R4, are applied through Ry
and B2 and the filter resistors R;3 and Ry4 across the grid and cathode
of T,. The polarity of the Ry and R, voltages tends to make the grid
of the squelch tube negative with respect to the cathode. The polarity
of the B, voltage tends to make the grid positive with respect to the
cathode. When the voltage across Ry and Ry is great enough, as a re-
sult of a signal of sufficient strength, to overcome the voltage of R,
and drive tube T; to cut-off, there will be no current in the plate
cireuit of T1. There will be no voltage developed across Riq; the high
negative bias is removed from the grid of the first audio stage, allow-
ing it to go into normal operation. The purpose of the resistor-capacitor
network consisting of R;s, R4, C;1 and C: is to filter out all audio varia-
tions from the voltage developed across Ry and R, before it is applied
to the grid of the squeleh tube. The squeleh circuit will then respond
to the average strength of the signal, rather than to any instantaneous
variations., When reception of the message has been completed and
there is again no signal present at the antenna, there will be no voltage
drop across Ry and Ry, and the grid of the squelch tube will again
be positive with respect to the cathude by the amount of the drop
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across Ry. The resulting current in the plate eireuit of T, will again
cause a large enough drop across Rig to block the first audio stage.

g. The ON-OFF switch S is used to put the squelch system in and
out of operation. In the OFF position it grounds the cathode circuit
of the first audio below the cathode resistor, thus allowing operation
of that stage. In that same operation it also grounds the plate of the
squeleh tube, putting it at a lower potential than the squelch cathode
and thus completely throwing the squelch tube out of operation.
This allows the reception of signals not strong enough to trip the
squelch ecireuit.

r. An interesting refinement of this squelch system is the 2-megohm
resistor R,g shunted by neon lamp L in the plate circuit of the first
audio stage. When there is no signal being received, the squelch action
biases the first audio to cut-off. There is no current in the first audio
plate circuit, no voltage across R;s, and the neon lamp L does not
light. When a signal does appear at the receiver antenna, tripping
of the squelch circuit causes eurrent flow in the plate eircuit of the
first audio, and produces a voltage drop across E;g sufficient to ionize
the neon gas in lamp L and cause it to glow. This lamp is mounted
on the front panel of the receiver and serves as an efficient call lamp
to warn the operator that a message is being received.

135. Capabilities of Frequency-modulated Systems

a. Frequency-modulated transmitting apparatus, in general, is rela-
tively simple, and very little power is required to accomplish modula-
tion. F-m receiving equipment, on the other hand, is a good deal
more complicated than amplitude-modulated systems. Receivers for
frequency modulation are essentially superheterodymes, with special
consideration given to the limiter and discriminator stages of the
cireuits,

b. There are two important advantages of frequency modulation over
amplitude modulation.

(1) Noise can easily be reduced to a negligible value in most cases.

(2) In frequency-modulation transmission, because of the constant
amplitude of the output signal, the power does not vary when the
gignal carrier is modulated. As a consequence, the tubes ecan be oper-
ated continuously at maximum output, and no reserve power need be
retained to supply added power on modulation peaks, as is necessary
in amplitude modulation. Also, for this same reason, the modulator
does not have to supply much power, obviating the usual necessity for
a high-power tube and power supply, as in amplitude modulation.

¢. There are two important disadvantages of frequeney modulation,
in comparison with amplitude modulation.

(1) A disadvantage, from a tactical standpoint, is the fact that of
two stations operating on closely adjacent frequencies, a receiving sta-
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tion normally hears only the stronger transmitter, signals from the
weaker station being entirely inaudible in the background noise of the
stronger. This is due, in part, to the wide frequency band now found
necessary for a single channel, or carrier. Since noise impulses have
some small effect on the frequency of the carrier, the deviation used
must be large in comparison with any frequency change caused by
noise impulses. Under these conditions, any such change due to noise
will be negligible as compared to the desired signal.

(2) Because of this, the use of frequency modulation is confined to
high frequencies, where such required frequency-band space is avail-
able. This in itself is another disadvantage, sinee radio waves behave
somewhat like light waves at these high radio frequencies, and the
service area of a transmitter is confined approximately to the “line
of sight” range of its antenna to the horizon. By way of compensa-
tion, however, static is generally lower at these high frequencies, than
it is at the lower communication frequencies.

d. A comparison between frequency modulation and amplitude
modulation is given in table VIL

136. Facsimile

a. Faesimile involves.the transmission and reception of any intelli-
gence which can be recorded on paper, such as drawings, photographs,
newsprint, sketches, and maps. Facsimile differs from television in
that the former transmits only sfil subjects, such as pietures and
printed pages, whereas the latter deals with living scenes. The prob-
lems of facsimile are much simpler than those of television. The prin-
cipal problem of any facsimile scheme is that of obtaining a trans-
mitting medium capable of high fidelity reproduction of a-f currents.
Just such a medium is provided by a frequency-modulation radio
system.

b. The facsimile transmitter employs a light and lens arrangement
so designed as to illuminate a small spot (about 1/100 inch in diameter)
of the copy being transmitted. Reflected light from the surface of the
paper carrying the copy is focused on a photoelectrie cell, which re-
sponds with a ecurrent which is in proportion to the light. The magni-
tude of this current controls the amplitude of an audio oscillator,
which in turn modulates a radio transmitter. A mechanical arrange-
ment shifts the light spot across the paper from side to side, the
intensity of the reflected light varying with the degree of blackness
of the copy and modulating the transmitter accordingly. At the end
of each line of the paper scanned, the spot is shifted down by one
diameter, and a new line is seanned until the complete copy has
been exposed.

c. The faesimile receiving system contains a rectifier which operates
from the output of an ordinary receiver. The output of the rectifier
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TaBue VII. Comparison of frequency and amplitude modulation

Amplitude Modulation

Frequency Modulation

Signal level from
transmitter.

Varies with modulation level.

Remainy constant during modulation.

Amplitude of modu-
luting voltage.

The modulating voltage determines the instantaneous
change in signal level. The stronger the audio signal,
the greater the instuntaneous change in carrier level.

The modulating voltage determines the instantaneous
deviation in frequency from the resting carrier fre-
quency. The stronger the audio signal, the greater the
frequency deviation.

Modulating-voltage
frequency.

The modulating-voltage frequency determines the rate
of change of the amplitude of the r-f wave.

The modulating-voltage frequency determines the rate
at which the carrier frequency chunges between its
high and low values.

Side bands trans-
mitted.

The width of the transmitted side bands is determined
by the frequency of the modulating voltage. Present
general limit is plus and minus 5 ke each side of the
carrier,

The width of the transmitted side bands is determined
by the amplitude of the modulating voltuge. Present
limits in the Army are 40 ke, plus and minus the rest-
ing frequenecy. In addition, there is a 20-k¢ guard
band provided for sepuration of adjacent channels.

Modulating power.

Modulator power for plate amplitude modulation is
one-half the plate-power input to the modulated stage.

Modulator power for frequency modulation is negligible
—enough to supply the plate loss in the modulator
tube.

Carrier power.

The final amplifier must be capable of supplying four
times the rated carrier power on 100 percent modu-
lation peaks.

The final amplifier must be able to supply the rated
carrier power only.

Frequeney limitation.

Amplitude modulation will work on practically any radio
frequency.

Frequency modulation is normally employed at frequen-
cies above 20 me, although narrow-band frequency
modulation is practicable at frequencies as low as
2 me.




presents a varying d-c¢ potential, one side of which is applied to a steel
stylus 1/100 inch in diameter. The other side of this potential is
applied to a metal drum, which is wrapped in a specially treated
recording paper. The stylus makes contact with the paper, and the
passage of current through the paper causes a chemical coating to
be removed, thereby exposing a black spot, the density of which is
related to the magnitude of the current flowing. By the use of a small
motor rotating at a predetermined speed (the speed being fixed in
accordance with the transmitter scanning rate), the reecording stylus
is moved across the paper exactly in step with the scanning light of
the transmitter.

d. Each time the scanning device shifts the light spot to the next
line, an extremely short low-tone impulse is put out by the trans-
mitter. In the receiver, as the end of a line is reached, the stylus is
shifted to the next line and held there by a stop, and the output of
the rectifier is transferred from the stylus to an electromagnet. The
next impulse actuates the electromagnet. which releases the stop and
permits the recording to continue on the new line in synchronization
with the transmitted subject.
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SECTION XIV

ANTENNAS, RADIATION, AND WAVE PROPAGATION

137. Antenna Radiation

a. After an r-f signal has been generated in the transmitter there
must be a means of radiating the r-f energy into space, and a means
by which this signal can be intercepted (picked up) by the receiver.
The device which fulfills both requirements is called the antenna. Thus,
radiation of the transmitter signal energy is sent out into space by
a transmitting antenna. This energy, in the form of an electrie field,
in traveling through space, cuts across a receiving antenna, thus
induecing voltages in it. If the receiver is tuned to the same frequency
as the transmitter, the signal will be received, amplified, and made
audible. The receiving antenna does not require extreme care in design
for satisfactory operation. The transmitting antenna system, however,
is eritical in many construectional details.

b. The proper design of the antenna system is of the utmost impor-
tance in a transmitting station, for the antenna must be able to radiate
efficiently so that power supplied by the transmitter is not wasted. The
transmitting antenna must be very exact in its dimensions and must
be properly construeted; otherwise, poor efficiency will result.

ANTENNA
PROPER

ANTENNA
COUPLING COIL
=4

ZITRANSMITTER
L=

w629y v

Figure 216. Typical transmitting antenna system.

¢. A complete transmitting antenna system consists of three distinet
parts, as shown in figure 216: the coupling device, for coupling the
output of the transmitter to the feeder; the feeder, or transmission
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Figure 217. Types of trangmitting antennas.
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line, which carries the energy to the antenna; and the antenna proper,
which radiates the signal energy.

d. There are many shapes and sizes of antennas used for radio
transmission, and several different electrical types of antennas. Some
of the factors which determine the type, size, and shape of the trans-
mitting antenna to be used are:

(1) The frequency of operation of the transmitter.

(2) The amount of power to be radiated.

(38) The general direction of the distant receiving set.

e. A number of kinds of transmitting antennas are shown in figure
217. Two end-fed wvertical radiators are mounted atop the fuselage of
a heavy bomber in @O, and a loop antenna is contained inside the
bulletlike shield under the nose of the fuselage. A half-wave, center-
fed Hertz antenna, shown in (@), uses a tuned resonant transmission
line to feed the energy from the transmitter to the antenna. The
whip antenna of @) is an end-fed, vertical, modified Marconi antenna.
The loop antemnna of (@ radiates a strong electromagnetic signal in
certain directions and almost no signal in others. Another Mareoni
antenna is shown in (), attached directly to a portable field radio-
telephone set. A half-wave Hertz antenna, fed by a nonresonant
(untuned) feeder line from the transmitter, is shown in (). And
finally, @ shows a fized-station radiator, which may extend upward
hundreds of feet. All of these various types and sizes of antennas,
together with the methods of coupling and feeding energy from the
transmitter tank circuit to the antenna, will be discussed in the
following paragraphs.

138. Principles of Radiation

a. Alternating eurrent passing through a conductor creates two types
of electromagnetic fields about the conductor. One is the familiar
induction or magnetic field, which gives rise to transformer action
and to choke-coil effects. The induction field greatly diminishes in
strength a short distance from the conductor, so that its effects are
purely loeal. The second type of electromagnetic field accompanying
an alternating current is a radiation field. In the induction field,
energy is alternately stored and then returned to the conduector,
whereas in the radiation field, none of the energy is returned. As
the frequency is raised, more and more of the total energy does not
return to the conductor, but instead is radiated off into space in the
form of electromagnetic waves, called radio waves. Efficient radiation
is achieved by the use of high frequencies, that is, radio frequencies
of 50 kiloeyeles and above.

b. Various factors in the antenna cireuit, however, affect the radiation
of these radio waves. If an alternating current is applied at one end
of a length of wire (antenna), the wave will travel along the wire
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until it reaches the other end. Since the end is free, there exsists an
equivalent of an open circuit (point of high impedance) and the
wave cannot continue farther. The wave bounces back or is reflected
from this point of high impedance, and travels back toward the starting
point where reflection again takes place. The energy value of this
to-and-fro motion, or oscillation, is gradually dissipated by the resist-
ance of the wire. If, however, each time it reaches the starting point,
the wave is reinforced by an amount sufficient to replace the energy
lost because of the resistance, a continuous oscillation of constant
energy will be maintained along the wire. If the alternating voltage
applied at the end of the wire is an r-f voltage, electrical impulses will
be applied to the antenna at a rate equal to the frequency of the r-f
voltage. Since these impulses must be properly timed in order to
sustain oscillation in the antenna, and since the rate at which the
waves travel along a wire is constant at approximately 300,000,000
meters per second, the length of the antenna must be such that a wave
will travel from one end to the other and back again during the period
of one cycle of the r-f voltage. The distance a wave travels during the
period of one cycle is known as the wavelength, and it is found by
dividing the rate of travel by the frequency. If the wave is to travel
exactly the length of the wire and back again during the period of
one cycle, it is evident that the wire must be equal in length to one-
half the wavelength of the voltage being applied. Under this condition,
the wire is said 1o be resonant to the frequency of the applied voltage.
If r-f power is now applied to one end of the length of wire, at point A
in figure 218, electrons will move along the wire away from point A4
toward the end B during the negative alternation of the applied voltage,

w—1/2 WAVE LENGTH= 3
R-F A N
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Figure 218. Half-wave antenna and r-f source.

and there will be a stoppage and crowding of electrons at point B,
representing a high voltage at this point. On the next (positive)
alternation of the applied voltage, the electrons will move toward point
A, and there will be a stoppage and crowding of electrons at this end
when the electrons traveling toward A meet the next impulse from the
voltage source. This results in a high voltage at this point. In the
center of the antenna there is at all times a maximum movement of
electrons causing a high current, and therefore a low impedance.
(Charges in motion constitute a current.) Very little voltage will
appear, therefore, at the center of the antenna, and no current will
flow at the ends. This condition, shown graphically in figure 219, is
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called a standing wave. The points of high eurrent and high voltage
are known as current and voltage loops, respectively. The points of
minimum current and minimum voltage are known as current and
voltage nodes, respectively. The presence of standing waves deseribes the

[E 1:
Te-dosd .

Figure 219. Distribution of voltage (E) and current (1)
on fundamental half-wave antenna,

condition of resonance in a transmitting antenna. Since the waves
traveling back and forth in the antenna reinforce each other, a maxi-
mum radiation of electromagnetic waves into space results. When
there is no resonance, the waves tend to cancel each other, thus dis-
sipating their energies in the form of heat loss, rather than utilizing
them to radiate the radio waves.

¢. A wire in space (a radio antenna) will resonate at more than
one frequency. The lowest frequency at which it resonates is called
its fundamental frequency, and at that frequency the wire is approxi-
mately half a wavelength long. A wire or antenna can have two, three,
four, or more standing waves on it, and thus will resonate at approxi-
mately the integral harmonies of its fundamental frequency.

d. Most practical transmitting antennas come under one of two
classifications, Hertz antennas or Marconi antennas. A Hertz antenna
is operated some distance above the ground, and may be either vertical
or horizontal. A Marconi antenna operates with one end grounded
(usually through the output of the transmitter or the coupling coil
at the end of the feed line). Hertz antennas are generally used at
higher frequencies, above about 2 megacycles, while Marconi antennas
are used at lower frequencies. Marconi antennas may also be used
at high frequencies in certain applications, such as airplane antennas
where the airplane itself becomes the effective ground.

139. Hertz Antenna

a. The operation of the Hertz antenna is based on the fact that the
wavelength to which any wire will tune depends directly upon its
length. The radiator is thus self-tuned and no ground or counter-
poise is necessary. Consequently, the Hertz antenna can be placed
where it is less disturbed by the effects of grounded objeets, such as
buildings, and so forth, and is therefore more efficient. The basie
antenna discussed in paragraph 138 is a Hertz antenna.

b. The standing-wave resonance distribution of the current in a
Hertz antenna at the fundamental frequency is shown in figure 220Q).
From the standing wave of the current it will be seen that a maximum
current loop occurs at the center of the antenna, and that there is
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minimum current at the ends of the antenna. The wavelength of the
corresponding wave is twice the length of the antenna.
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® Second harmonic frequency.

Figure 220. Standing waves of current in half-wave Hertz antenna
(Voltage distribution shown by dotted lines.)

¢. When the same length Hertz antenna is excited at twice the
fundamental frequency (the second harmonic), the resulting current
distribution waves will be as shown in figure 220@). The wavelength
of the corresponding (second harmonic) radiation will be equal to the
length of the antenna.

d. If the antenna is twice as long (or a full wavelength for the Hertz
antenna) the same condition of resonance exists, since the standing wave
comes into existence when the reflecting wave is returned in step with
the .oncoming wave. Thus, any multiple of the half-wavelength (14,
1a, 1146A, 2), ete.) will produce resonance conditions in the Hertz

type of antenna.

1

Q
TL-27%4

L CONDUCTING PLANE

Figure 221. Lower half of Hertz antenna replaced by
extensive conducting plane.
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140. Marconi Antenna

a. If the lower half of the Hertz antenna is replaced by an extensive
conduecting plane (fig. 221), no disturbance is caused in the propagated
waves from the upper half. In other words, the remaining quarter-wave
will continue to radiate much in the same way as a half-wave antenna,
provided a large and extensive conducting plane is present. A prac-
tical form of such a radiating system is the Marconi antenna, in
which the lower terminal of the generator is connected to ground,
and the earth’s surface serves as the required extended conducting
plane. Current and voltage distributions in such an antenna at the
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Figure 222, Standing waves of current in quarter-wave Marcont antenna.
Foltage distribution is shown by dotted lines.

fundamental frequency are shown in figure 222(1). The wavelength of
the radiation at the fundamental frequency is four times the length
of the antenna, since the antenna is only a quarter-wave in length itself.

b. In the grounded Marconi antenna the voltage is necessarily a
minimum, and the current a maximum at the base. For this reason, the
antenna can resonate only when excited at odd harmonic frequencies
(third harmonic, fifth harmonie, ete.). The current and voltage dis-
tributions in a Marconi antenna, excited at the third harmonie fre-
quency, are as shown in figure 222(@).

¢. Another conception of the operation of the Mareconi antenna is
illustrated in figure 223. Although a Marconi antenna has a physiecal
length of one-quarter wavelength, it can be considered as functioning
as a one-half wavelength antenna. The reason for this peculiarity is
due to the fact that the antenna proper provides one-quarter wave-
length, and the earth supplies the additional one-quarter wavelength.
The total effective (or electrical) length then is one-half wavelength.
This is shown in figure 223, where the lower half of the antenna has
been replaced by the image of the upper half in the ground.

d. The Marconi antenna uses a ground connection to make up half
its electrical length. It will be remembered that a resistance in a
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Figure £238. Current and voltage disiribution in Marconi antenna.

tuned circuit decreases the magnitude of current and broadens the
selectivity of the circuit. In a like manner a high resistance in an
antenna will decrease its efficiency. For this reason a low-resistance
ground connection must be used. This is not always easy to accom-
plish, sinece the earth in many localities is dry and sandy. When
this is the case, a counterpoise is used. A counterpoise is simply a
wire, a system of wires, or a mass of metal, which is used as a substitute
for ground. This wire should be stretched underneath the antenna,
about a foot above the ground and insulated from it, when a horizontal
antenna is used. With a vertical type antenna, a spokelike arrange-
ment of wires is used, extending outward from the antenna. This
arrangement should also be about one foot above the ground and
insulated from it. A vertical type Marconi antenna installed in a
vehicle usually uses the vehicle chassis as the counterpoise.

e. The Marconi antenna types are commonly used in Army radio
equipment. The main advantage of the Marconi antenna lies in the
fact that, for any given frequency, it is so much shorter than the
Hertz antenna. This is of particular importance in all field and vehie-
ular radio installations.

141. Frequency and Antenna Length

a. 1t is now the universal practice to designate radio waves in terms
of frequency, which is expressed in so many eyecles, kilocycles, or mega-
cycles. Formerly, radio waves were designated in terms of wavelength,
the unit being the meter. Wavelength figures are convenient in dis-
cussions of antenna systems because the wavelength gives some indica-
tion of the actual physical dimensions of the wires. For example, a
half-wave antenna for 50-meter transmission is 25 meters (about 27
yards) long.

b. The important relationship between wavelength and frequency
must be kept in mind. Since the velocity of radio waves through space
is constant at the speed of light, the more waves that pass a point per
second, the closer together the peaks of those waves must be. Therefore,
the higher the frequency, the shorter the wavelength. Frequency
describes the number of wave cycles, or peaks, passing a given point per
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second. Wavelength describes the distance the wave travels through
space during one cycle, or oscillation, of the antenna current; it is the
distance (in meters) between adjacent peaks of the series of oscilla-
tions. This inverse relationship between frequency and wavelength is
expressed by the formulas:

300.000.000
Wavelength (in meters)

Frequency (in eyeles per second) =

or
300.000,000

Wavelength (i = i
gth (in meters) Frequeney (in eyeles per second)

142. Antenna Impedance

@. A transmitting antenna has a definite impedance to electron flow at
every point along its length. This impedance varies according to the
relative amount of crowding of electrons as the ends are approached.
The impedance existing at any point is equal to the voltage existing
at that point, divided by the current at that point. Thus, the lowest
impedance occurs where the current is highest—at the center of a
half-wave Hertz antenna, or a quarter-wave from the end of a Mareoni
antenna. The highest impedance occurs where the current is lowest.

b. A graphic picture of the impedance relationship along a half-
wave Hertz antenna is shown in figure 224, The impedance at the center
of this Hertz antenna is about 73 ohms. The impedance of a Mareconi
antenna is considerably lower. The impedance rises uniformly toward
each end of the antenna, where it is about 2,400 ohms for a Hertz
antenna, and about twice as high for a vertical Marconi antenna.
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Figure 224, Impedance curve for half-wave Hertz antenna.

143. Loading

a. It is often desired to use one antenna system for the transmission
of signals of various frequencies. Since the antenna must always be in
resonance with the transmitted frequency, the antenna proper may be
lengthened or shortened for this purpose. But, except for trailing-wire
aniennas used in aireraft installations, this plan is not very practical.
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b. The same result may be accomplished more conveniently by insert-
ing a variable induector or capacitance in series with the antenna. This
is known as lumped-impedance tuning, or loading. The electrical length
of any antenna wire can be increased or decreased by means of loading.
If the antenna is too short for the wavelength being used, it is resonant
at a higher frequency than that at which it is being excited. Therefore,
it offers a capacitive reactance at the excitation frequency. This
capacitive reactance can be counterbalanced by introducing a lumped
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@ Loading to compensate for too short an antenna.
® Normal antenna, without loading.
® Loading to compensate for too long an antenna.

Figure £25. Three antennas, all equal electrically
to a half-wavelength.

induective reactance, as shown in figure 225(). Similarly, if the antenna
is too long, it offers an inductive reactance, which can be corrected by
introducing a lumped capacitive reactance, as shown in figure 225@).
Thus, the antenna in figure 225Q@) is inductively lengthened, while the
antenna in figure 225@) is capacitively shortened.

144, Resonant Feeders

a. If an antenna is to radiate properly, there must be some means of
transferring the energy from the output of the transmitter to the
antenna. This transfer of energy is accomplished by feeders or trans-
mission lines in conjunction with coupling circuits. There are two
general types of feeders, the resonant (tuned) feeders and the non-
resonant (untuned) feeders. Tuned, or resonant, feeders are the easiest
to comstruct and to adjust for proper transfer of the signal to the
antenna.

b. The half-wave, single-wire voltage feeder is the simplest type
of tuned feeder. The electrical length of the wire (fig. 226) is a full
wavelength of the applied r-f voltage. An eleetrical impulse is applied to
the wire at point P from the tank circuit 7. The wave will travel along
the wire toward E. Since the length of the wire PSE is equal to one
wavelength of applied voltage, the wave reaches the end E and is
reflected just as the second wave leaves the tank circuit 7. Both waves
are traveling toward point 8. Having equal distances to travel they
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Figure ££6. Current and voltage loops on full-wave antenna.

will meet at point S, thus causing a stoppage and crowding of the
electrons at that point. The concentration of electrons built up at point
8 divides, part flowing toward the end E and part back toward P. As
this last wave reaches point P, the third wave is given off by the tank T,
and there is again a stoppage and crowding of electrons at that point.
As a result there will be voltages built up at points P, §, and E. These
points of high r-f voltage will be one-half wavelength apart. In this
way, the wave will oscillate between points P and S and points § and E,
with the losses due to resistance being made up by the energy supplied
by the tank 7. At points X and Y, there is a maximum movement of
electrons and therefore a high current. If the wire in figure 226 is bent
at point S, as indicated by the dotted line, and the section PS is con-
nected to the transmitter tank circuit, as shown in figure 227, an
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Figure 227. Half-wave, single-wire, voltage-fed antenna.

arrangement known as a single-wire, voltage-fed antenna is obtained.
The term voltage is applied to this type of feed because the section PS,
which is eonsidered as the feeder, is connected to the antenna proper
at a voltage loop S. Since a voltage loop exists at point P on the feeder,
it must be connected to a point of high voltage on the antenna-coupling
circuit. Because there are currents in both the feeder and the antenna
proper, both will have radiation fields, and therefore the angle between
each should be about 90°. The feeder PS should be approximately a
half-wave length long. However, small errors in the length of the feeder
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may be corrected by adjustment of the capacitor in the coupling circuit.
Larger errors must be compensated for by adding inductance or
capacitance in series with the feeder. The advantage of this type of
feed is its simplicity. The disadvantage lies in the fact that the feeder
radiates. Since the feeder will usually by installed near absorbing
objects such as trees and shrubbery, this radiation represents a loss.

¢. Another type of voltage feed is the Zeppelin (or Zepp) feed system
(fig. 228). It will be noticed that the currents at X and Y in figure
226 are opposite in phase to each other. If the wire in figure 226 is
bent at S so that both halves are parallel to each other, the fields set up
by the currents in each will be opposite in phase and any radiation will
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Figure £28. Half-wave antenna with Zeppelin feed.

be cancelled. Such an arrangement can be used to feed an antenna, as
shown in figure 228. The voltage is applied at a point corresponding
to point § of figure 226, instead of at point P. Since point § is a point
of high impedance, a parallel-tuned coupling circuit is used to provide
high r-f voltage. The advantage of the Zeppelin feed is the reduction
of radiation from the feeders with a consequent lowering of losses.

d. A current-fed antenna is shown in figure 229. Sections ES and SP
are each a quarter-wavelength long. Together they form a half-wave-
lenyth of wire. When voltage is applied at point P, voltage and current
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Figure 2£9. Current-fed antenna.

loops will exist as shown in figure 229, Section P’S” and 8’E” are also a
quarter-wavelength long. Together they also form a half-wavelength of
wire. When voltage is applied at P’, voltage and current loops will exist
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as shown, Compare the voltage and current distribution of each half-
wave section with that shown on the half-wave section of figure 219.
Since the SP and 8’P’ sections run parallel to each other and the
currents in each are opposite in direction, the fields created by these
currents will oppose each other. This results in a cancellation of
radiation from these sections, which act as feeders for the antenna
sections ES and E’S’. This type of feed is known as current feed
because the feeders connect to the antenna at points of high current, 8
and §’. Since voltage loops exist at points P and P’, a parallel-tuned
coupling circuit is used to apply voltage to these points. The length
of the feeders may be extended to any multiple of the quarter-wave-
length. However, on the even multiples, as shown by the broken lines,
a series-tuned coupling circuit should be used, because a high current
exists at the ends ¢ and ¢’ of the feeders and only a series-tuned eircuit
can efficiently supply this current.

145. Nonresonant Feeders

a. Nonresonant feeders are also known as transmission lines, and their
chief characteristic is that they are untuned. A nonresonant, or
untuned, line is a feeder with negligible standing waves. Voltage and
current are smoothly distributed throughout its length, though both
taper off slightly towards the antenna end of the line as a result of
losses in the feeder system. Physically, the line itself should be
identieal throughout its length. The termination at the antenna end
is the only eritical characteristic of the untuned feeder line. For proper
operation of a nonresonant feeder (with standing waves eliminated),
some form of impedance-matching arrangement must be used between
the nonresonant line and the antenna proper, so that the radiation
resistance (or impedance) of the antenna is reflected back into the
feeder as an impedance equal to the line impedance. It is important
that the antenna be cut to exact size for resonance; otherwise it will
not present a pure resistive load to the nonresonant feeder line.

b. A single-wire transmission line is shown in figure 230. This
untuned feeder depends on ground for its return circuit. The imped-
ance to r-f energy of a single-wire transmission line is determined by
the thickness of the wire and the distance above ground. A typieal
single-wire nonresonant line has an impedance of approximately 600
ohms. For maximum power transfer from the coupling unit 7 to the
antenna (fig. 230), the feeder wire should be connected to the coupling
circuit at some point such as A4, and to the antenna at some point’such
as B, where the impedance of both points is equal to the impedance of
the transmission line. Figure 224 shows that the impedance of an
antenna varies from a maximum (at the ends) to a minimum of about
73 ohms (at the center). In figure 230, the point B is located approxi-
mately 14 percent of a half-wavelength off the center of a half-wave
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antenna. A practieal point for operation can be determined by multi-
plying the length of a half-wave antenna in feet by the constant 1.71.
The resultant figure will be the distance in inches from the center,C. As
an example, assume that the length SP equals 100 feet; CB would then
equal 100 x 1.71, or 171 inches. The exact location of points A4 and B
are then found by experiment. The exact point is arrived at when the
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Figure £30. Half-wave Hertz antenna with single-wire
transmission line.
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standing waves on the feeder are minimum. The presence of standing
waves can be detected by means of an absorption-type wavemeter
brought close to the feeder. An absorption type wavemeter is simply
a tuned circuit and an r-f meter, or a flashlight lamp, for indicating
the presence of radio frequencies.

c. A two-wire transmission line has an impedance which depends
on the thickness of the two wires and the distance between them. When
using the two-wire transmission line type of feeder, connection is made
to points on both the antenna and the coupling circuit where the
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Figure 231. Half-wave Hertz antenna with two-wire
transmission line.

impedance matches the impedance of the transmission line. Such an
arrangement is shown in figure 231, When properly matched, no
standing waves will exist along the feeders. The adjustment of this
type of transmission line is extremely critical, and such an antenna
system can be used only on a single frequency. This method of feed
is sometimes called a two-wire, matched-impedance system.

d. The coazial cadble is another type of transmission line. It consists
of two concentric conductors, one located inside the other and insulated
from it (fig. 232). The r-f impedance of ecoaxial cables is low (usually
about 75 ohms), and is determined by the diameters of the two con-
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ductors and the distance between them. A Mareconi antenna fed by
means of a coaxial eable is shown in figure 233. This method is oceasion-
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Figure 232. Construction of coaxial cable.

ally used where the antenna is separated from the transmitter, and any
radiation from the feeders would be detrimental. The outer conductor
of the coaxial cable is connected to the low side of the coupling cireuit
and grounded. The inner eonductor connects the lower end P of the
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Figure 238. Marconi antenna fed by coaxial cable.

vertical antenna to the coupling cireuit. The coupling cireuit is series-
tuned because a high current is necessary at point P.

e. A twisted-pair transmission line is a two-wire line composed of
twisted rubber-covered wire constructed to have an impedance approxi-
mately equal to that at the center of the antenna itself. The method
of connecting this untuned transmission line to the antenna is shown
in figure 234, Any discrepancy which may exist between the line
impedance and the antenna impedance may be compensated for by a
slight fanning of the line where it connects to the two halves of the
antenna (fig. 234). The twisted line is a convenient type to use, since
it is easy to install and the r-f voltage on it is low, owing to the low
impedance of the line. This makes insulation an easy matter. The
antenna proper should be one-half wavelength long for the frequency
of operation. The amount of fanning (dimension B of fig. 234) will
depend upon the kind of cable used; the right value usually will be
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Figure 284. Half-wave Hertz antenna with twisted-pair
transmission line.
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found to be between 6 and 18 inches. It may be checked by inserting
ammeters in each antenna leg at the junction of the transmission line
and the antenna, and the value of B which gives the largest current, is
correct. Or else, 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 an improper imped-
ance match, and the fanning should be adjusted until they are
eliminated or minimized. Each leg of the feeder forming the triangle
at the antenna should be equal in length to dimension B.

146. Methods of Coupling

a. Coupling is used to conneet the transmitter output to the feeder
or transmission line. If there is no transmission line, coupling is used
to connect the transmitter output directly to the antenna. Coupling
gerves to isolate the transmission line and the antenna from the large
d-c potentials at the output of a transmitter. Coupling devices are
also used to tune to resonance the circuits they connect. For this purpose
they are generally provided with one or more variable elements. such
as variable capacitors or variable inductors. Finally, coupling devices
provide a means for varying the coupling between the circuits, and
therefore can be used for impedance matching so that a maximum
power transfer from the transmitter to the antenna is accomplished.
There are several methods of coupling between the transmitter and
the feeders, or transmission lines.

b. The simplest ecoupling method for a single-wire-fed or end-fed
Hertz antenna is by means of direct coupling (fig. 235). In direet
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Figure 285. Direct-coupled antenna.

coupling the antenna system is attached direectly to the plate tank coil.
Because d-c voltage is present in the plate tank eircuit, a small capacitor
should be connected in series with the antenna feeder, as shown. This
prevents the antenna from being at a high d-¢ voltage, which would
endanger human life. The point at which the connection on the plate
tank eoil is made should be carefully considered. The plate tank coil has
a zero r-f voltage point (node) either at the center or at one end, depend-
ing on the type of amplifier used. The point of zero r-f voltage occurs
at the center of the coil in a push-pull amplifier as well as in a plate-
neutralized amplifier. The voltage node occurs at the lower end of the
coil, both in the case of a single-ended amplifier and a grid-neutralized,
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single-ended amplifier. If the tap is too close to the voltage node, the
antenna will not sufficiently load the amplifier. If the tap is too close
to the plate end of the coil, excessive loading will result, accompanied
by overheating of the tube and reduced efficiency. This type of coupling
has an additional disadvantage in allowing harmonies which exist in
the tank circuit to be radiated by the antenna.

¢. A second system of coupling is inductive coupling, accomplished
by the use of transformer action (fig. 236). In this system, a tuned
circuit is inductively coupled to the plate tank ecircuit. It is advisable
in this type of coupling to locate the antenna-coupling coil at a point
of low r-f voltage, in order to prevent capacitive coupling between the
tank circuit and the antenna coupling circuit. This system prevents
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Figure 286. Inductively coupled antenna.

the antenna from being at a high d-c voltage. At the same time, it is
more selective and reduces the amount of harmonic radiation from the
antenna, since the antenna-coupling circuit is tuned. Another method of
induective coupling is shown in figure 237, where a current-fed vertical
Marconi antenna, as used in the BC-191 transmitter, is coupled to the
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Figure £37. Inductively coupled Marcons antenna with loading circuit.

transmitter tank circuit. Coupling to the antenna is at the point nearest
ground, where there is a high current. Therefore, this type of feed is
known as current feed. The adjustable inductance and capacitance
within the dotted-line block are for the purpose of loading; this allows
for adjustment of the electrical length of the antenna to the proper
wavelength or frequency being transmitted. Inductive coupling is the
most widely used method of coupling, and is employed in a number of
Army radio sets,

d. A third system, similar to inductive coupling, is known as link
coupling. This method of eoupling is employed in high-power trans-
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mitters where the antenna tuning unit is remote from the transmitter.
A typieal cireuit is shown in figure 238. The link between the trans-
mitter and the antenna unit consists of a few turns of wire in or around
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Pigure £38. Link-coupled antenna.

the plate tank and the antenna-coupling coil. Approximately two or
three turns of wire are required on the link. The exact number is best
determined experimentally. The links in this induetive-coupling method
are placed at the low r-f voltage side of the coil, in order to prevent
capacitive coupling and its harmful effects.

147. Antenna Tuning Systems

Four typical antenna tuning units are shown in figure 239. In @©
the transmitter feeds the antenna system at a point of high voltage, and
camn be made to match a transmitter output into a very short antenna.
In the transmitter feeds the antenna system at a point of high
eurrent, and will provide the proper antenna loading for a long
antenna. The arrangements of @) and (@) provide antenna loading for
use with a short antenna, such as the short mast antenna of the buggy-
whip variety mounted on vehicles.
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Figure £39. Antenna tuning units.
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148. Directive Properties of Antennas

a. No antenna radiates energy equally well in all directions. There are
several reasons for this: first, there is no radiation end-on to a straight
wire ; second, the waves reflected back from the ground produce inter-
fering fields which may help or hinder the normal direet radiation;
third, if there is more than one current loop in the radiator, the total
radiation may be regarded as the resultant of a number of components,
one from each standing-wave current loop. Finally, in any given
direction these various components may have to travel different dis-
tances and, therefore, may not arrive at the receiver in the same
relative phase that they had in the radiating wire. They can, therefore,
augment or cancel each other according to the direction. For these
reasons antennas are said to be directive.

b. Directive antenna systems ean be constructed in two ways: first,
by combining a number of half-wave antennas, and second, by taking
advantage of the known directive properties of long wires and building
up combinations of these. In either case the component parts are fed
in such a way that the signals add in the favored direction and tend
to cancel in other directions. The signal intensity in the desired diree-
tion, and the sharpness of the resulting beam of radiation, increase with
the size and complexity of the system. A number of half-wave resonant
elements. combined in such a way that the components of radiation
from each of the elements add in the favored direction and interfere
in most other directions, is known as a beam-array antenna system.

149. Propagation of Radio Waves

a. As shown in figures 219 and 226, the current along an antenna
is not uniform, but is maximum at the center and minimum at the ends
of each half-wavelength of wire. This current sets up disturbances in
the space surrounding the antenna. Such disturbances, or radio waves,
are propagated with the speed of light, and can be refracted or reflected
much the same as light waves. Since the current is greatest at the
center of the half-wavelength antenna, maximum radiation takes place
from this point and practically no radiation occurs at the ends. If a
half-wave antenna were located in space, entirely free from the influence
of the earth, this radiation would be maximum at right angles to the
antenna, and would completely encircle it. If it were possible to see
this perfect radiation pattern, it would resemble a doughnut in shape
with the antenna wire passing through the center. If it were possible
to cut this doughnut in half, the pattern would appear as indicated in
figure 240. Notice that maximum radiation takes place in a line perpen-
dicular to the center of the antenna, and that as the angle decreases
from 90°, the radiation also decreases. Such a perfect radiation pattern
is only of use in illustrating the origin of radio waves; it would never
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Figure 240. Perfect radiation pattern of half-wave antenna.

be found in practice, because radio antennas are operated relatively
close to the earth. The actual radiation pattern of the half-wave antenna
is of an entirely different character, since it is distorted by the reflecting
effects of the earth and the sky. These effects will vary considerably,
depending upon the height of the antenna above ground, solar condi-
tions, and other faetors.

b. A simple transmitting antenna radiates r-f waves in nearly all
directions, though the strength of the waves may be greater in certain
directions and at certain angles above the ground. Part of the radiated
energy travels along the surface of the earth and is called the ground
wave. In traveling over the surface of the earth, this ground wave is
rapidly attenuated or diminished, and for consistent communication
is reliable only up to a range of 10 to 35 miles. The remaining portion
of the radiated energy from the antenna is sent up at an angle above
the horizon, and is called the sky wave. This energy is partly returned
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Figure 241. Ground wave and reflection of sky waves
from the ionosphere.
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to earth by the reflecting effect produced by layers of free electrons
that exist 70 to 250 miles above the earth’s surface. These ionized
layers, known as the ionosphere, can reflect or refract some of the
sky waves back toward the earth, and so produce a radio signal at points
distant from the transmitting antenna. Figure 241 illustrates the
ground wave and the action of sky waves emanating from a trans-
mitting antenna.

¢. The amount of bending of the sky wave by the ionosphere will
depend upon the frequency of the wave and the amount of ionization
in the ionosphere, which in turn is dependent upon radiation from the
sun. The sun increases the density of the ionosphere layers and lowers
their effective height. Other solar and magnetic disturbances also
produce changes in these layers. For these reasons radio waves act
differently at different times of the day, at different seasons of the
vear, and over different places on the earth’s surface, The higher the
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Figure 242, Critical angle of sky wave propagation.

frequeney of a radio wave, the farther it penetrates the ionosphere, and
the less it tends to be bent back toward the earth. At low radio fre-
quencies the sky waves are bent more easily, and fewer penetrate the
ionosphere.

d. As the direction of a radio wave from the earth approaches the
vertical, a critical direction is reached. If the direction of the wave
is more vertical, it penetrates the ionosphere. The angle between this
critical direction and the vertical, through the point where the wave
meets the ionosphere, is called the critical angle (fig. 242). Sky waves
that strike the ionosphere at angles less than the critical angle penetrate
the layer of ionization and never return to earth. Sky waves that
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strike the iomosphere at angles greater than the critical angle are
reflected back to earth (fig. 242).

e. Sky waves that strike the ionosphere at the ecritical angle are
yeturned to earth at a distance from the transmitter known as the skip
distance (fig. 243). The sky waves will not return to earth at points

Figure £43. Skip distance.

closer than this distance. Skip distances of several hundred miles are
quite common at the higher frequencies. The portion of the sky wave
that is reflected back to earth does not come straight down, but is
reflected at an angle that corresponds to the angle at which that par-
ticular wave strikes the ionosphere (fig. 243). The sky wave, after being
reflected from the ionosphere, strikes the earth, and may be reflected
back from the earth, and may again be reflected from the ionosphere.
This process continues until the radio wave is completely absorbed.

f. The greater the frequency of the sky wave, the greater the critieal
angle and the greater the skip distance. When the sun is directly over-
head, the density of the ionosphere is greatest. This condition decreases
the skip distance. For this reason, also, the skip distance is less in
daytime than at night. Seasonal changes in the ionosphere position
and changes resulting from sunspot activity also are factors in deter-
mining the skip distance.

g. Part of the energy of the sky wave is absorbed by the ionosphere.
Absorption in the daytime is greater for lower frequencies. Therefore,
the higher the frequency the stronger the signal. However, there is an
upper limit to the frequency which can be used, since the skip distance
also increases with frequency.

k. It is possible that there may be a gap between the most distant
point reached by the ground wave and the point where the sky wave is
first reflected back to earth. Such a condition is shown in figure 244. This
gap is known as the skip zome, and is responsible for the condition
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Figure 244. Skip zone, in which no signals can be received.

that exists when a signal is received at a great distance from the trans-
mitting antenna while an operator whose receiver may be nearer the
transmitter cannot hear the signal. Care must be taken not to use a
transmitting frequency which will locate the receiving station in the
skip zone.

i. A r-f wave leaving an antenna will have a definite polarization.
The direction of the electric component of the radiated wave is in the
same plane in which the wire lies, and in radio work it is usual to say
that the wave is polarized in this plane. Thus, the radiation from a
vertical antenna is said to be vertically polarized, while the broadside
radiation of a horizontal antenna is said to be horizontally polarized.

j. When an antenna is in the vertical position, there will be an equal
amount of radiation in a horizontal plane (parallel with the earth’s
surface) in all directions from the antenna. But when the antenna is
set horizontally, the greatest radiation will be upward. The radiation
along the ground will be greatest broadside to the antenna,

150. Fading

a. The random rising and falling of the intensity of a received radio
signal, known as fading, can be attributed to the interaction of different
components of the same radiation which, by virtue of having traveled
different paths from the transmitter, arrive at the receiver with varying
phase relations, thus tending to either cancel or reinforce each other.
Since the condition of the ionosphere is continually changing, the
several components of the received wave may reinforee each other, to
cause a very strong signal at one instant, while at a later instant their
phase relations may be such that the combined effect produces a very

weak signal.
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Figure 245. Fading caused by arrival of ground wave and sky wave
at the same point (R) out of phase.

b. One common cause of fading due to the interaction of two parts
of the same radio wave is shown in figure 245. At a certain distance
(R) from the transmitter, both the ground wave and the sky wave may
be received. Since these waves travel different paths, it is possible
that they may arrive out of step (out of phase) with each other. When
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Figure 246. Fading caused by arrival of two sky waves at the
same point (R) out of phase.

this happens, the two waves tend to neutralize (ecancel) each other at
point B (figure 245). Another common cause of fading is the inter-
action of the components of a single sky wave. In this case, the various
components will reach the receiver (E) with varying phase differences,
thereby resulting in a continuously varying signal (fig. 246). Violent
changes in the ionosphere, known as an tonosphere storm, may also cause
severe fading, especially of frequencies higher than 1,500 kilocycles.
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These disturbances may last as long as several weeks and are caused
by vigorous sunspot activity.

¢. The most common method of overcoming objectionable fading is
to increase the power of the sending transmitter. The use of automatic
volume control in the receiver will compensate for minor changes in
signal intensity. Another method used to overcome fading at fixed
receiver sites is known as diversity reception. In this case, two or more
receiving antennas are spaced some distance apart, both feeding into
the same receiver. Thus, if fading oceurs in one, the other antenna may
still receive the loud signal.

I51. Effect of Frequency on Wave Propagation

a. At low frequencies (30 to 300 kilocyecles) the ground wave is
extremely useful for communication over great distances. Since the
ionosphere is not depended upon at these frequencies, the signals are
quite stable and show little seasonal variations. At greater distances the
sky wave becomes of more importance than the ground wave, and is
fairly reliable if suitable frequencies are selected.

b. In the medium-frequency band (300 to 3,000 kiloeyeles), the range
of the ground wave varies from about 15 miles at 3,000 kiloeycles to
about 400 miles at the lower frequencies of the band. Sky-wave reception
is possible during day or night at any of the lower frequencies in this
band, but the daytime absorption of the sky wave increases with
increases in frequeney up to 1,400 kilocyeles. Beyond this point the
absorption decreases with increases in frequeney until the very-high-
frequeney (v-h-f) band is reached. Therefore, at the higher frequencies
of the medium-frequency band, daytime sky-wave reception is not
possible, owing to high absorption. At night, however, the sky wave
gives reception at distances up to 8,000 miles.

¢. In the high-frequency band (3 to 30 megacyeles), the range of the
ground wave decreases with increase of frequency. Sky waves in this
range of frequencies are mostly governed by ionospherie considerations.
At night there may be a skip zone for frequencies as low as 3 megacycles,
and frequencies above 8 to 10 megacycles will penetrate the ionosphere at
all angles. In the daytime, however, the ionospheric conditions are
different. Frequencies of about 3 megacyecles will be too heavily absorbed
in the daytime to be of much value at any distance. For short distances,
up to a few hundred miles, frequencies between 5 and 10 megacycles
will skip in the daytime. For long distances, however, frequencies from
15 to 30 megacycles may be used, depending upon the many ionospherie
variables previously mentioned.

d. In the lower frequencies of the very-high-frequency (v-h-f) band
(30 to 300 megacycles), there is no usable ground wave and only slight
reflection of sky waves by the ionosphere. Communication is sucecessful
if the transmitting and receiving antennas can be elevated sufficiently
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above the surface of the earth to allow the use of a direct wave (a sky
wave that has not been reflected). Owing to sporadic eonditions in the
ionosphere, transmission over any great range is possible only for short
periods of time.

e. In the ultra-high-frequency (u-bh-f) band (300 to 3,000 megacycles,
and above), the direet wave must be used for all radio transmissions,
and communication is limited to a short distance beyond the horizon.
Lack of static and fading in these bands makes line-of-sight reception
very satisfactory. Highly directive antennas can be huilt into small
spaces to concentrate r-f energy into a narrow beam, thus increasing
the signal intensity.

152. Dummy Antennas

‘When testing radio transmitting equipment within many miles of a
combat zone, it is not permissible to use a radiating antenna, since
this would not only divulge the location of the transmitter to enemy
direction finders, but would also clutter up the air with unnecessary
signals. To eliminate the possibility of unauthorized signals going on
the air, a dummy antenna is used. This device will act as a load for the
transmitter without radiating a signal. Dummy antennas consist of a
capacitor of sufficient capacitance to pass the required transmitter r-f
output, and a resistor large enough to absorb this energy and dissipate
it in heat. These elements are connected in series across the trans-
mitter output terminals. Dummy antennas used for test purposes
usually have several capacitors in series, and are tapped at various
values so as to approximate the capacitive reactance required to cover
a wide band of frequencies.

153, Receiving Antennas

Any good transmitting antenna is also a good receiving antenna,
especially when receiving the frequency for which it is designed.
Because of this fact most Army radio sets employ the same antenna for
both transmission and reception. In many cases, good reception may be
obtained with a makeshift antenna, owing to the strong signal existing
at the point of interception. However, the more accurate the design and
construction of the receiving antenna, the better will be the reception.

251



SECTION XV

VERY-HIGH-FREQUENCY COMMUNICATION

154. General Characteristics of v-h-f Waves

a. The term very-high-frequency relates to those frequencies of the
radio spectrum lying between 30 megacycles and 300 megacycles, or,
expressed in wavelengths, from 10 meters to 1 meter. Radio trans-
missions of many types are common in the v-h-f band, chiefly because of
the absence of atmospheric disturbances and the general stability of
transmissions at these frequencies.

b. V-h-f waves, in general, are not regularly returned to the earth at
great distances. Normal communication by means of very high fre-
quencies is best within the line-of-sight range, but will, in general, be
possible up to two or three times this distance because of atmospherie
refraction. Communication over much greater distances, far beyond
the horizon, is occasionally possible as a result of unusual atmospherie
or ionospherie eonditions, but v-h-f radio systems are seldom used for
army ground purposes when the distance between transmitter and
receiver antennas is more than 30 miles. Airborne equipment, because
of favorable elevation, is often capable of useful work of several times
these ranges.

155. Propagation of v-h-f Waves

6. For frequencies above about 30 megacycles, the bending of the
waves in the normal ionosphere layers is so slight that the sky wave
plays no important part in communication. Moreover, the ground-wave
range also is extremely limited because of high absorption in the ground
at these frequencies. The r-f energy from the transmitting antenna is
radiated in a direct wave through the atmosphere to the receiving
antenna. The transmitting and receiving points should be sufficiently
high to provide such a transmission path. In calculating v-h-f range,
the curvature of the earth as well as the intervening terrain must be
taken into account.

b. The height of the antennas determines how far apart they may be
located and still receive the v-h-f signal. The v-h-f horizon distance
ean be caleculated by a simple formula. This formula is strietly aceurate
only over water, or when the intervening ground is almost level, but it
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Figure 247. Method of determining total line-of-sight distance when both
transmitter and receiver are elevated. ( Direct ray path will be
the sum of the two horizon distances, S, and 8,.)

serves as a useful guide in less ideal conditions. When the height in feet
(H) of a transmitting antenna above ground level is known, the dis-
tance to the v-h-f horizon in miles can be found from this relation:

8 (v-h-f horizon distance) =— 142V H

The v-h-f horizon distance found by the above equation assumes that
the distant receiving antenna it a ground level. (See app. III.) When
the distant receiving antenna is elevated, as is more often the case,
the total v-h-f path is the sum of the two v-h-f horizon distances for each
of the antennas, as eomputed by the above formula. In other words,
the total v-h-f distance from tower H, to tower H, (fig. 247) becomes—-

Sl+S2_—"1.4:2 VH1+1.42 VHz

¢. Under certain meteorological conditions, the range of transmission
of v-h-f waves is sometimes very great, owing to an inereased refraction
in the troposphere (lower atmosphere). V-h-f transmissions at dis-
tances up to 600 miles have been observed under these unusual con-
ditions. But such conditions are rare and cannot be depended upon
for consistent and reliable communication.

d. V-h-f waves readily show the effects of polarization, particularly
when the direct wave is used for local communication. Thus, if a
horizontal dipole antenna is used at a transmitting set, it will be
necessary to use a similar horizontal antenna at the receiver for
optimum results. Similarly, a vertical antenna will radiate vertically
polarized waves, which will require the use of a vertical receiving
antenna.

156. Circuit Elements at Very High Frequencies

@. The circuits used at very high frequencies are much the same in
technical theory as the circuits used at any of the lower communication
frequencies, but the physical constructional features become more
important as the frequency increases. This is because the physieal
dimensions of the v-h-f circuits become comparable with the wavelength
of the v-h-f signal passing through the circuits. Standing waves
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within the circuit are common, with the result that the eurrents and
voltages are not of the same magnitude at one point in a conducting
wire as they are at another point.

b. At the very high frequencies, the size and relative location of
every component of a transmitter or receiver is of importance. There
is some capacitance present between every point on a wire and the
components which surround it. The distributed inductance and capaci-
tance of every wire and component has an effect upon the operation
of the v-h-f circuit as a whole. Often a single, short, straight wire can
be used in place of a coil and capacitor to tune a v-h-f circuit, since it
possesses the necessary distributed inductance and capacitance. All
parts of the v-h-f circuit at high r-f potential must be well insulated.

c. As the frequency of a current in a conductor increases, the current
tends more and more to travel on the outside of the conductor, and at
very high frequencies the current travels entirely on the surface of the
conductor. This is known as skin effect. The resistance can only be
kept down by employing conductors with very large surface areas,
such as copper tubing. Quarter-wave concentric (coaxial) tubing
units are often used as tuning circuits at the very high frequencies.

157. Vacuum Tubes at Very High Frequencies

a. As the frequency is increased to the order of two hundred million
cycles per second, the time for electrons to travel from the cathode to
the plate in a vacuum tube becomes an appreciable part of one complete
cyele, A voltage on the control grid of the tube may change the
number of electrons flowing to the plate, but this change will not affect
the plate current until some time later. Therefore the transit time of
the electrons can be thought of as the equivalent of an inductive lagging
effect in an ordinary cireuit. The tube interelectrode capacitances
(between elements of the tube) also become of serious importance at
very high frequencies. To eliminate both of these objectionable limiting
effects present in all ordinary vacuum tubes at very high frequencies,
special vacuum tubes have been developed. The “acorn” and “doorknob”
tubes are examples of this type. The most suitable vacuum tubes for
v-h-f use are those having low interelectrode capacitance, close spacing
of the electrodes to reduce transit time, a high amplification factor,
and a low or medium optimum value of load impedance. While some
of these requirements are necessarily conflicting, tubes have been
produced which are well adapted for v-h-f operation.

b. In considering transmitter vacuum tubes for v-h-f use, it is
necessary to take into consideration factors which are negligible at
lower frequencies. Because of the flow through the tube elements of
heavy charging currents at v-h-f, there is a risk of lead heating, and
the tube efficiency is reduced because of transit time and impedance
losses. Further, the circuits usually constitute a rather heavy load for
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the individual v-h-f tubes. For these reasons, ordinary tubes have to
be run at considerably reduced grid and plate’ voltages (regulting in
even lower efficiency). Triode transmitting tubes are very difficult to
neutralize. Pentodes at very high frequencies have the disadvantage
of having very high input capacities.

158. Concentric-line Tuned Circuits

At extremely high frequencies, it is difficult to obtain a satisfactory
amount of selectivity and impedance from an ordinary eoil and eapaci-
tance used as a resonant ecircuit. At these frequencies, quarter-wave-
length sections of concentric transmission lines are not only better, but
also are of practical dimensions. Full quarter-wavelength lines will
resonate regardless of the ratio of diameter to conductor spacing,
and they can be tuned (if not loaded with capacity) by substituting a
variable capacitor for the shorting bar or disk.

159. V-h-f Receivers

a. The reception of signals in the very-high-frequency band (30 to
300 megacycles) is accomplished by any one of three different types of
receivers, depending on the frequenecy to be received. The super-
heterodyne is used almost universally on frequencies below 60 mega-
cycles (5 meters), because of its stability and selectivity. Although
superheterodynes can be built to operate as high as 100 megacycles
(3 meters), the superrengenerative type of receiver is much more
widely used, and above 100 megacycles (3 meters) it is used almost
exclusively. The third type of receiver uses tuned concentric lines and
special v-h-f vacuum tubes for the reception of waves at and above
300 megacycles (1 meter).

b. The general circuit for the v-h-f superheterodyne is similar to
that for the superheterodyne used at lower communication frequencies,

) (P
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CONVERTER ( COMMUNICATION RECEIVER -
Figure 248. RPlock diagram of typical v-h-f superheterodyne.

with a slight modifieation to increase the selectivity. The block
diagram of a typical v-h-f superheterodyne, designed to operate on
about 60 megacycles (5 meters), is shown in figure 248. The incoming
v-h-f signal is amplified and applied to the mixer stage. A locally
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generated oscillation is mixed with the signal, and the result is an
intermediate frequency of about 10 megacycles. Since high selectivity,
however, cannot be obtained with a reasonable number of circuits at
10 megacyeles, this frequency is further amplified and fed to a second
mixer. A second oscillator-mixer combination produces a second inter-
mediate frequency of about 465 kilocyeles, which is then acted upon in
the conventional manner. Thus, the v-h-f superheterodyne has two
intermediate frequencies. Amplification takes place at both before the
gignal is finally rectified and changed to audio frequency. The unit
containing the first mixer, oscillator, and r-f amplifier stages is known
as a converter, since it converts the v-h-f input signal into a lower r-f
signal which can be handled by a normal superheterodyne receiver.

¢. Superregenerative receivers are used for the reception of very
high frequencies from 100 megacycles (3 meters) to 300 megacycles
(1 meter). These receivers are of two types. In the first, the quenching
voltage is developed by the detector tube itself; in the second, a separate
oscillator tube is used to generate the quenching voltage. The super-
regenerative receiver has the advantage of good sensitivity, but its
selectivity does not compare with that of the superheterodyne. The
superrengenerative receiver is particularly well suited for portable
equipment which must be kept as simple as possible.

d. Receivers for operation at 300 megacycles (1 meter) and higher
require vacuum tubes of special design, and resonant (linear) con-
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Figure £49. Receiver using quarter-wave concentric line
in tuning circuit.

centrie lines in the r-f tuned circuits. The circuit diagram for a typical
receiver of this type is shown in figure 249. A quarter-wave resonant
eoncentrie line is used as the grid-tuning circuit of a simple r-f detector
stage. An h-f “acorn” tube is used as the detector in this stage.

160. V-h-f Transmitters

a. The oscillator eircuits used in v-h-f transmission are all based on
the fundamental oscillator types discussed in section X, although they
may be modified considerably to compensate for any inherent eapaci-
tance and inductances which might be negligble at lower frequencies.
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Vacuum-tube interelectrode capacitance becomes of inecreasing im-
portance at very high frequencies, and the highest possible frequency
to which a tube can be tuned is limited by the shortest possible straight-
wire connection between the tube elements, as well as by the effect of
other internal leads and the interelectrode eapacitance in the tube.
The tube usually will not oscillate up to this limit, however, due to
other losses in the tube, and loading effects. With small radio tubes of
ordinary construction the upper limit of oscillation is about 150 mega-
eyeles (2 meters). In order to obtain oscillations at higher frequencies,
it is necessary to use specially constructed v-h-f tubes having a low
interelectrode capacitance and low internal lead inductance. These
special tubes are capable of developing oscillations at frequencies of
300 megacyecles (1 meter) and higher,

b. Ordinary coil-and-capacitor tuned circuits are seldom used at
frequencies above 100 megacycles (3 meters), and are replaced by
linear tuned circuits. These linear tuned circuits are usually a quarter-
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Figure 250. Tuned-grid tuned-plate v-h-f oscillator using conceniric
line as resonant tank of grid circuit.
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wave in length, but can be any multiple of that length without affecting
the resonant properties of the resonant circuit. A typieal v-h-f oscil-
lator is shown in figure 250. This oscillator is a tuned-grid, tuned-plate
oscillator with a tuned concentric line replacing the usual coil-and-
capacitor grid tank circuit. The cireuit of figure 250 is tuned by means
of varying the position of a sliding piston at the shortened end of the
tuned concentrie line.

¢. At very high frequencies stabilized oscillators may be coupled
directly to the antenna for c-w transmission. Master oscillators are
generally used to drive modulated amplifiers. The driving power
required by an amplifier may be quite high, if there are leads of any
appreciable length from the grid or plate to any tuning capacitor other
than the one used as a shorting bar, or if the capacitor has a long
induective path through its frame. The returns from these circuits to
the cathode are important, especially in single-ended stages, and should
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never be moved from their original position. Any lead induetance can
be reduced somewhat by using copper ribbon for connections, instead
of smaller wire. This will also overcome skin effect.

d. Both in transmitters and receivers, regeneration or oscillation
often results from the use of eathode bias not adequately bypassed for
very high frequencies. Ordinary bypass capacitors have considerable
inductance, which, combined with their capacitance, may introduce a
sizable reactance into the circuit.

e. Inductance and capacitance properties of a straight length of
wire are not particularly troublesome at the lower radio frequencies.
‘When working with very high frequencies, however, the inductance and
capacitance of even the shortest length of wiring may represent a large
part of the total inductance and capacitance of the individual circuits.
The wiring must, therefore, be made as short as possible. This important
fact must be kept in mind when replacing parts in any v-h-f circuit.

161. V-h-f Antenna Systems

@. The nature of v-h-f propagation calls for two requirements in
v-h-f antennas. The first is that the antenna should be elevated as
much as possible. At these frequencies, antenna height is of more
importance than low-angle radiation., The second requirement is that
both transmitting and receiving antennas must be in the same plane,
either vertical or horizontal, for maximum signal strength. Althuogh
vertically polarized waves (from a vertical radiator) are more com-
monly used, horizontally polarized waves are generally preferable for
long distance transmissions. The antenna system for both transmitting
and receiving should be as high above the earth as possible, and clear
of any nearby objects.

b. Transmission lines, consisting of concentric lines, or spaced two-
wire lines, can be used to couple the antenna system to the transmitter
or receiver. Nonresonant feeder lines are more efficient at very high
frequencies than those of the resonant type.

¢. Insulation is of prime importance at very high frequencies. Many
insulators that have very low losses at frequencies as high as 30 mega-
cyeles (10 meters) break down completely at frequencies above 100
megacycles (3 meters). Even low-loss ceramic insulators are not satis-
factory at ultra high frequencies when the r-f voltage is high. One of
the best and most practical u-h-f insulators is polystyrene. It is
common practice to design v-h-f antenna systems so that the various
radiators are supported only at points of relatively low voltage. Since
the normal voltages on untuned feeder lines are not high, the type of
insulation is not critieal.
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SECTION XVI

CATHODE-RAY TUBE

162, Cathode-ray Tube

a. This is a special type of vacuum tube in which the electrons
emitted from a cathode move at a very high velocity, are formed into a
narrow beam, and then strike a chemically prepared screen which
fluoresces, or glows, at the point where the electron beam strikes. Since
the narrow beam of moving electrons is negative in polarity and has
practically no weight or inertia, it can be easily deflected by a positive
charge. This positive charge, which can be either electromagnetic or
electrostatic in charaecter, is applied to the beam by means of deflecting
plates, usually located inside the tube. Since electrostatic deflection is
more commonly used in modern cathode-ray tubes, this type of deflection
will be assumed throughout this discussion.

b. The construction of a typical cathode-ray tube is shown in the
pictorial diagram of figure 251. The cathode releases free electrons
when heated by the enclosed filament. A cylindrieal grid surrounds
the cathode and controls the beam intensity by controlling the number
of electrons that pass through the end opening of the grid. This eontrol
action is accomplished by varying the negative voltage on the grid.
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Figure 251, Simplified construction of typical cathode-ray tube.

After leaving the grid, the electron stream passes through two or more
cylindrical anode focusing plates, which concentrate and focus the
electrons into a narrow beam. The anode plates, A; and 4, (fig. 251),
are representative of one type of focusing arrangement. Other types
and shapes are used in various cathode-ray tubes, but their effect on
the stream of electrons is identical in funection. Referring again to figure

259



251, the first anode, A,, concentrates the free electrons into a beam,
while the second anode, A, accelerates their velocity. The electrodes
deseribed up to this point constitute the electron gun, which produces
free electrons and then projects them in a slender, concentrated, rapidly
moving beam on the fluorescent viewing screen at the end of the tube.

¢. The electron gun alone produces only a small spot on the screen.
‘When, however, the beam of electrons is deflected by either eleetro-
static or electromagnetic fields, the spot moves across the screen in
proportion to the force exerted by the deflecting field. When the motion
of the electron beam is sufficiently rapid, the persistence of vision makes
the path, or trace, of the moving spot appear to be a continuous line.
The more common cathode-ray tubes employ the electrostatic deflection
of one pair of plates to exert a force on the beam in a vertical plane,
and the deflection of another pair of plates to exert a force in the
horizontal plane. These deflecting plates are designated as vertical and
horizontal plates, respectively (fig. 251), and are mounted at right
angles to each other, The electrostatic fields are created by applying
suitable voltages between the two plates of each pair. One plate of each
pair usually is connected to the second anode of the electron gun to
establish the proper polarities of the fields with respect to the beam and
with respect to the other. Thus, to move the electron beam, it is only
necessary to apply a positive or negative voltage (with respect to
ground) to one of the ungrounded, or free, deflecting plates. If the
voltage is positive with respeet to ground, the electron beam will be
attracted by the deflecting plate; if negative it will be repelled. The
amount, of deflection is directly proportional to the voltage applied to
the free deflecting plate.

d. The fluorescent screen consists of certain chemicals deposited on
the inside wall at the end of the tube. When this chemical coating is
struck by the fast-moving electron beam, it emits a green, white, blue, or
yellow light, depending upon the screen material. After the impact, the
emission of light persists for a brief interval, usually only a fraction of
a second. The persistence of a cathode-ray tube screen is the time
duration of the afterglow, which exists after the electron beam has
been removed. Screens are classified as being of long, medium, or short
persistence. They are also classified as to color, green and white being
the common colors encountered in general radioc work.

e. The operating potentials for various electrodes of a cathode-ray
tube will vary from 500 volts for miniature types to several thousand
volts for the larger types. Sinee the current used is very small, the
resultant power consumption is also small. It should be noted that the
power supplies for a cathode-ray tube always have the positive-output
side grounded. Thus, most of the high voltage developed is below
ground, instead of above ground, as in conventional power supplies.
The last anode of the electron gun is generally at or mear ground
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Figure £52. Simplified circuit diagram of typical cathode-ray tube
power supply, and representative voliages.

potential. The various intermediate electrode voltages necessary to
operate the cathode-ray tube are usually obtained from a voltage-divider
registance ecircuit, as shown in the typical power circuit of figure 252.
Since the cathode of a cathode-ray tube is usually at a relatively high
potential (with respeet to ground), this element must be well insulated.

f- The control marked intensity (fig. 252) is a potentiometer which
varies the voltage on the grid, or control, electrode. A decrease in grid-
bias voltage results in an increased electron flow. This causes a greater
number of electrons to strike the sereen, thus producing an increase
in spot intensity on the screen. Conversely an increase in grid-bias
voltage results in a decrease in spot intensity. The intensity control
is also referred to as the brightness control.

g. The control marked focus is a potentiometer which varies the
voltage on the first anode of the electron gun. This alters the voltage
ratio between anodes 1 and 2, and thereby permits a change in their
focusing effect. When the image on the screen is sharp and clear, the
spot, or image, is in focus.

h. Owing to occasional imperfections in manufacture, it is possible
that the electron gun may not project the stream of electrons on the
exact center of the viewing screen. This may be true when no difference
of potential exists on either set of deflecting plates. To correct for this
deviation, or intentionally to adjust the spot to an off-center position,
two controls, vertical centering and horizontal centering, are provided.
These controls vary the amount of d-e¢ potential existing between the two
free deflecting plates. One method of varying the fixed, or standing,
voltage applied to each of the two free deflecting plates is shown in
figure 252,
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. The chief use of the cathode-ray tube is in the oscillograph, or
oscilloscope, which provides a visual means of examining and measuring
alternating current and voltage waveforms. Because the electrons have
80 little mass, the beam responds at much higher frequencies than any
other electrical indicating deviece, and the range of applications of the
oscillograph, therefore, is practically unlimited. The electron gun of
the cathode-ray tube is used in a modified form in many other electronic
tubes, such as the electron-ray tuning indicator, television tubes, radar
tubes, and atom-smashing apparatus.

163. Cathode-ray Oscillograph

a. The oscillograph is one of the most important and reliable test
instruments used in the maintenance of radio equipment, since it
permits a visual examination of various electrical and radio phenomena
which would not otherwise be possible. Just as the loudspeaker is the
link between electrical waves and audible sound waves, the cathode-ray
oscillograph is the link between eleetrical waves and visual reprodue-
tions of the waves,

b. An oscillograph is essentially a cathode-ray tube operating with
an appropriate power supply, and with some provision for supplying a
deflection, or sweep, voltage which is generally applied to the horizontal
deflecting plates. It is also equipped with vacuum-tube amplifiers for
increasing the amplitude of small a-c¢ voltages, which are generally
applied to the vertical deflecting plates. The block diagram of a typical
cathode-ray oscillograph is shown in figure 253. It comprises a eathode-
ray tube, signal amplifiers for each of the two sets of deflecting plates,
a sweep-circuit oscillator, and an adequate power supply for operating
all of these various components. Provision is generally made for
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Figure £58. PRlock diagram showing components of
cathode-ray oscillograph.
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switching out the amplifiers for either the horizontal or vertical deflect-
ing plates, in case the incoming signal is so high as not to require
amplification (fig. 253). Although an input connection is available
to both pairs of deflecting plates via the amplifiers, the signal under
observation is usually fed to the vertical plates, and the sweep voltage
from the oscillator to the horizontal plates.

164. Formation of Oscillograph Patterns

a. Various voltages on one or both sets of deflecting plates will cause
proportionate deflections of the electron beam and corresponding
movements of the spot on the viewing screen. To illustrate the position-
ing and movement of the spot on the screen, a simple cireuit supplying
d-c potentials to each of the two sets of deflecting plates is shown in
figure 254. It will be noted from this cireuit that various d-c potentials
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Figure £254. Circuit for spot positioning by means
of d-c potentials.

can be applied to one plate of either the horizontal or the vertieal
deflectors. Potentiometers are used to control the different values of
voltage needed to move the spot on the cathode-ray tube secreen.
Figure 255 shows the spot positions for various voltages applied to the
deflecting plates. Figure 255D shows the spot position when voltage
E, is positive and E. is zero. If both E; and E. were zero, the spot
would be in the center of the screen. Figure 255 shows the spot
when voltage E, is zero and E, is positive. In each case the spot move-
ment is proportional to the d-¢ potential. The vertical and horizontal
deflections obtained are at right angles to each other, owing to the
physical position of the two sets of deflecting plates in the cathode-ray
tube. At (® the spot position results from the fact that E, and E,
are equal in magnitude and positive in polarity. Since the voltages are
the same in magnitude, the deflecting foree is the same in both the ver-
tieal and horizontal directions; hence the spot moves to a position on an
imaginary line which is 45° from either the vertical or horizontal axis.
If different values of positive voltages are applied to the plates, the spot
can appear at any position within the confines of the upper left-hand,
cross-hatched area of @. By changing the polarity of E,, the spot can
be made to appear at any position within the confines of the upper
right-hand, cross-hatehed area of (@. Similarily, if E; is changed in
polarity also, the spot may appear at any position within the confines
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Q@ Bpot position when E; of figure 254 is positive and E, i zero.

@ S8pot position for E, zero and E, positive.

® Spot position for both E, and E, positive and of equal magnitude.

@ Area in which spot may be caused to appear by use of various com-
binations of wvoltage magnitudes and polarity.

® Trace caused by applying a-c voltage across E,, with E, zero.

® Trace caused by applying a-c voltage across E,, with E, zero.

@ Iilustrating how spot may be viewed at extremely low frequencies,
with voltage condition as in 3.

Illustrating trace caused by application of in-phase voltages across
E, and E,

INlustrating trace caused by application of voltages 180° out of
phase across E; and E,.

Figure £55. Positions of spot on screen for various voltages applied to
deflecting plates, using circuit and voltages of figure 254.

of the lower right-hand, cross-hatched area. If E, is changed back to
its original polarity, the spot will appear at any position within the
confines of the lower left-hand, cross-hatched area. It is of course
understood that the voltages are varied by means of the two potentio-
meters, in order to position the spot after the polarities have been
chosen. It will now be assumed that 2-e¢ycle a-¢ voltage (d-c¢ removed)
is impressed across E,, and that E; is zero. The spot will be caused to
move back and forth across the screen horizontally four times per
second, as shown at (. If the impressed a-c voltage is sinusoidal, the
spot will move rapidly at the center and slowly at the ends of its trace.
If the frequency of the impressed voltage is increased to 20 cyecles or
more, the spot will no longer be seen, but instead will cause a horizontal
trace, as shown at . If the a-c voltage were applied across B; with E,
zero, the trace would be vertical, as shown at (). At 20 cycles or less,
the movement of the spot can be followed by the eye. At frequencies
higher than 20 cycles, however, the motion of the spot cannot be fol-
lowed. If the image registers approximately 20 or more times per
second it appears continuous, and in the case of the fluorescent spot,
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the trace shows as a solid line. The retentivity of the screen’s chemical
preparation also adds to the persistence of the trace. When identical
sine-wave voltages are applied to the horizontal and vertical plates at
the same time, the resulting fields cause the spot to trace a sloping line,
as shown at (8. Identieal voltages are voltages that have equal magni-
tude, frequency, and phase. The same voltages of (8 are shown at (®),
except that they are exactly 180° out of phase.

b. The trace of the moving spot shown in figure 255@® results from
applying sine-wave voltages of equal magnitude, phase, and frequeney
on the vertieal and horizontal plates at the same time. The complete
geometrical development of the trace is shown in figure 256. In this
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Figure 256. Paitern C, resulting from application of in-phase voltages of a
1-to-1 frequency ratio to vertical and horizonal
deflecting plates.

case, the sweep frequency (wave B) is the same as the frequency of the
voltage on the vertical plates (wave A4). The voltage on the vertical
plates (wave A) is the waveform under observation. The resulting
pattern C is useful in determining phase relation between the two
applied voltages, but does not reveal anything regarding the magnitude
of the wave A with respect to time.
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¢. To reproduce waveform A of figure 256 on the screen for closer
examination of its magnitude and wave shape, an entirely different
waveform B from the sine wave of figure 256 must be applied. The
new waveform, known as a fiming wave, or sweep frequency, should
have a uniform voltage variation, as shown in the saw-tooth wave of
figure 258. The timing wave must start at some predetermined point
on the sereen, travel across the screen at a uniform rate, and then
return to the starting point to begin a new cyele. The return period
of the beam is not of special interest, and therefore is usually kept
as short as possible. If the saw-tooth timing wave is applied to the
horizontal deflecting plates and the sine-wave voltage to be examined
is applied to the vertical plates, the resultant pattern traced out on
the screen by the moving electron beam will be almost identical to the
original input sine-wave voltage. Figure 257 shows the geometrical form
of the wave C, produced by applying the sine-wave A on the vertieal
plates and sweeping it with the saw-tooth timing wave B. The need for

% __ /6
Y |
||L|115 A
Tlﬁ 5
il
ltgh ' ; 6 /4
nlithijrne 7/me,
||;|’ |I II A
“Ill | h
|I||'|I [ "
||I| il
||I|I Ty
HIEA HE
RO TS
g S
e
Nl ]
||i||
8 |I|;
-\
| 1
i| 72| I
| 7 |8
76 ! 7L-4250

Figure 257. Pattern C, resulting from application of in-phase voltages of
frequency ratio of 2-to-1. (A sine-wave voltage is applied to the
vertical deflecting plates; the lower frequency timing-
wave (saw-tooth) voltage is applied to the
horizontal deflecting plates.)
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a saw-tooth, or linear, timing wave should be evident. It is the purpose
of the oscillator in the oscillograph to supply this necessary waveform.

165, Sweep-circuit Oscillators

a. The wave shape desired for timing, or sweeping, in an oscillograph
starts at zero voltage, inereases linearly to a maximum, and then drops
to zero to complete the eyecle. This voltage-wave shape (fig. 258) is
known as a saw-tooth voltage. It is called a linear sweep because the
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Figure 258. Ideal saw-tooth oscillator timing-axis waveform.

change in voltage is directly proportional to time. Referring to figure
258, as the voltage increases from point 4 to point B, the electron
beam is swept from left to right horizontally. As the wave drops from
maximum voltage at point B to zero voltage at point C, the eleetron
beam is snapped back to its starting position and ready to start the
next sweep.

b. Saw-tooth sweep-circuit waveforms may be produced in a number
of ways. However, the most frequently used method is that of a
relazation oscillator employing a gas-filled triode tube. The cireuit
diagram of a sweep-circuit oscillator of a typical oscillograph is shown
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Figure 259. Circuit diagram of saw-tooth oscillator using VI-£82.

in figure 259. The tube used in such an oscillograph is the VT-222
(commerecial type 884). Operation of this type of gas-filled tube in
the sweep-oscillator cireuit is made possible by the fact that a negative
voltage on the grid either maintains plate-current cut-off or promptly
loses control, depending on the value of the plate voltage. After grid
control is lost, it can be restored only by reducing the plate voltage
below the ionization potential of the gas in the tube. This action can
be controlled by a capacitor shunted across the plate circuit and
charged through a current-limiting device. When the plate voltage
reaches break-down potential, the capacitor discharges through the
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tube (since the gas is ionized and becomes a conduetor), the plate voltage
drops, the grid resumes control, and a new cycle starts. Tube VT-222
is characterized by its extremely low de-ionization time, which allows
it to be used for high-frequency operation. The voltage drop between
plate and cathode while the tube is carrying current is approximately
16 volts. In the simple saw-tooth oscillator circuit, shown in figure 259,
capacitor C is charged by battery B through resistor E. The grid-bias
voltage E; prevents current from flowing through the tube until the
voltage across the capacitor and plate circuit reaches the break-down
value. At this point, the eapacitor discharges through the tube and
loses its potential. As soon as the eapacitor voltage drops below the
ionization potential of the tube, the negative grid attracts any positive
ions to itself and drives any electrons to the other tube elements, thus
de-ionizing the space between the cathode and plate. During the
de-ionization period, the discharge current ceases to flow, the grid
resumes control, and the capacitor starts to recharge for a new cycle.

¢. The frequency of oscillation of the circuit shown in figure 259 is
determined by the values of R and C. If the value of C is increased,
more current must flow into it to raise its potential to the break-down
point, and consequently the time required to sweep the sereen is
greater. Thus, the frequency is lower. Briefly, the higher the value
of C the lower the frequency; the lower the value of €' the higher the
frequency. Also, for a given value of C, the charging period can be
increased by increasing the value of R, which is equivalent to lowering
the frequency. In short, decreasing R increases the frequency; in-
creasing R decreases the frequency. Since the grid bias controls the
plate potential at which break-down oceurs, it also varies the frequency.
At a lower break-down potential less time is required to charge
capacitor C, hence the frequency is higher. A greater negative bias
requires a greater plate potential for break-down, and more time is
required for charging capacitor C, hence the frequency is lower.
Consequently, in order to cover a wide range of frequencies, it is
necessary to use a number of fixed capacitors of the proper values
and a switeh, so that any one of them may be placed in the circuit
in conjunction with a variable series resistor. The variable resistor
serves as a vernier frequency control, with a sufficient range to overlap
the adjacent ranges of the coarser frequency control obtained by
selecting the various fixed capacitors.

d. The usual procedure for the observation of a-c waveforms is to
operate the sweep-circuit oscillator at a submultiple of the observed
frequency, so that several complete cycles will appear on the screen.
For example, a 100-cycle sweep voltage will show three complete
cycles of a 300-cycle wave. Since the pattern will drift across the
screen unless the ratio of observed frequency to sweep frequeney
remains constant at a definite value, it is necessary to synchronize
the voltages.
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e. If a small a-c voltage is applied in series with the negative bias on
the grid of the gas-triode sweep oscillator, the oscillator will have a
tendency to lock +n when the frequency of oscillation (as determined
by the R/C ratio of the charging circuit) approximates that of the
synchronizing voltage, or a submultiple thereof. This synchronizing
voltage is usually fed into the grid of the triode by means of a variable
resistance. If insufficient synchronizing voltage is applied to the gas
triode, the locking-in will not be positive in action. If too much syn-
chronizing voltage is applied, the waveform of the sweep-eircuit oseil-
lator will be distorted. Ordinarily, a fraction of a volt is sufficient.

166. Oscillograph Amplifiers

The usefulness of the oscillograph is enhanced by providing amplifiers
for both the horizontal and vertical deflecting-plate voltages, thereby
insuring that sufficient signal voltage will be available to produce a
screen pattern of suitable size. The amplifiers used in conventional
oscillograph circuits are generally of the resistance-coupled type, and
may consist of one, two, or three stages of amplification. The amplifier
for the horizontal deflecting plates normally amplifies only the saw-
tooth sweep voltage from the oscillator stage. The vertical deflecting-
plate amplifier must operate over a wide range of voltages, passing
waves of many shapes, both simple and highly complex. The voltage
to be observed or measured is passed through this amplifier. If the
unknown signal is of sufficient strength, it may be applied directly to
the vertical deflecting plates without amplification.

167. Electron-ray Tuning Indicator

@. An ingenious application of the cathode-ray tube has been de-
veloped to aid in the tuning of radio receivers. This tube is known
as the electron-ray tuning indicator. The internal construction of the
device is shown in figure 260. The tube is a combination of an ordinary
triode tube, plus two special electrodes, the target and the deflector,
or ray-control electrode. The target of the tube is connected to the
high (plate) voltage of the receiver. Electrons from the cathode are
attracted to the target. When these electrons strike the inner surface
of the target, they cause the coating to fluoresce with a greenish light.
The ray-control electrode is a thin vertical vane placed between the
cathode and part of the target. Since this vane shades a part of the
target, some of the electrons are prevented from striking that part,
leaving a nonfluorescent area. The width of shaded area depends on the
relative voltages on the target and the ray-control electrode. When
the ray-control electrode is less positive than the target, electrons are
prevented from striking that part of the target which is blocked by
the ray-control electrode. For a strong negative voltage on the ray-
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Figure 260. Electron-ray tube.

control electrode (with respect to the target), the angle of shadow is
large (fiz. 261@®)). When the ray-control electrode is at the same
potential as the target, the shadow angle is small (fig. 261®). For
intermediate values of voltage on the ray-control electrode (with
respect to the target), the angle of shadow is somewhere between the
above extremes (fig. 2613)). The dark round spot in the center of
this ring of light in most electron-ray tubes is caused by a eathode light
shield so placed as to make the amount of deflection more noticeable.

& @ @®

i 2 oo 3
Figure 261. Top view of electron-ray tube.

b. The functioning of the electron-ray tube in a circuit is dependent
on a supply of a-v-¢ voltage. A basic circuit is shown in figure 262. If
no signal is being received by the receiving set, the a-v-¢ voltage is
zero, and the bias on the triode grid is also zero, thus permitting a
relatively high flow of plate current in the tube. This high plate
current will produce a high voltage drop across B (by Ohm’s law:
E =1 X R). Consequently, the plate of the tube is much less positive
than the B supply voltage for the plate. Note that the target is directly
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connected to the B supply voltage and that the ray-control electrode is
internally connected to the triode plate. The ray-control electrode,
therefore, is negative with respect to the target and the shadow angle
is large (fig. 261®). When the receiver is properly tuned to a radio
station, the a-v-¢ voltage is highly negative; therefore the triode of
the tube is negative. The resulting plate current of the tube is quite
small, and the voltage drop (I X R) across resistor E is also small.
For this condition, the plate and the ray-control electrode are nearly
as positive as the target, and therefore the shadow angle is quite small
(fig. 261®)). The shadow angle of the tube varies with the amount of
a-v-¢ voltage developed by the detector, and this voltage in turn
depends on the strength of the signal. The a-v-¢c voltage also will
change as the tuning of the receiver is varied from resonance. Thus,
the electron-ray tuning indicator serves as a visual indication of both
signal strength and current resonance tuning.
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Figure 262. Circuit showing method of connecting electron-ray
tube to a-v-c line.
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SECTION XVIi

RADIO DIRECTION FINDING

168. General

a. The directivity characteristics of certain radio antennas are used
by radio direction finders to determine the direction of a distant trans-
mitter by ascertaining the direction of arrival of the incoming r-f wave.
Ground direction finders generally use either the loop or Adcock type
antenna. Most direction finders and radio compasses used on aircraft
and surface eraft use loop antennas, because these can be made much
smaller and more compact. The principal military use of ground di-
rection finders is to locate the direction of hostile radio transmitters.
(See FM 11-20.) Radio compasses and direction finders are used by
aircraft to determine the position of the airplane. Radio compasses are
also used by aireraft and surface craft for navigation purposes.

b. Radio range beacons make use of directional transmitting anten-
nas, and thus differ from the radio direction finder. Although they will
keep an airplane flying on a predetermined course, radio range bea-
cons tell the pilot very little about his actual position. When the actual
position must be known, radio direction finders are employed ; they are
also used for plotting a course not determined by a beam.
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SECTION XViil

CARE AND MAINTENANCE OF RADIO EQUIPMENT

169. Preventive Maintenance

a. The maintenance of radio transmitters, receivers, and related ap-
paratus does not begin when the equipment fails to operate in a normal
manner. Maintenance must begin weeks or even months before, when
the equipment is first placed in technical operation. Regular daily
care and a weekly inspection, known as preventive maintenance, are
just as important as the actual test-and-repair maintenance (par. 171),
since, if preventive maintenance is carried out regularly and con-
scientiously, most of the common faults and break-downs will never
ocecur. Many hours of trouble-free operation will be added to the life
of every transmitter and receiver by simple daily care and a weekly
examination of all cireuit elements and ecircuit wiring. Only a few
minutes each day are needed to insure that the equipment is kept
entirely free from dirt, dust, sand, moisture, vermin, or inseets; that
all cables and plugs connecting different units of the set are clean,
tight-fitting, and in no way damaged ; and that no part of the equipment
is being abused or neglected .

b. From time to time, preferably once every week, periodic thorough
inspections should be made as part of preventive maintenance, to de-
termine more accurately the actual operating condition of the radio
equipment. Any broken wires or cables, damaged components, or other
defects discovered during this inspection must be repaired and adjust-
ments completed as soon as possible. An outline of the important
items to be inspected and tested is given in paragraph 170.

170. Outline of Inspection Procedure

a. Bartery. Check—

(1) Cleanliness of battery, box, battery cables, and terminals.
(2) Secureness of installation in box.

(3) Depth of battery water (should be 14-inch over plates).

(4) Cable insulation (should be well-soldered and not corroded).
(5) Specific gravity of each battery cell.

b. Rapio RecEIVER. Check—
(1) General cleanliness.
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(2) External and internal mechanical connections.

(8) Switches for cleanlipess, tightness, and broken knobs.
(4) Soldered connections.

(5) Head set, if one is used.

(6) Vacuum tubes.

(7) Fuses.

(8) Receiver dynamotor for proper lubrication.

c. Rapio TraNSMITTER. Check—

(1) General cleanliness.

(2) External mechaniecal connections for tightness,

(3) Internal mechanical connections for tightness.

(4) Meters for cleanliness and proper operation.

(5) Soldered connections.

(6) Microphone and/or key.

(7) Vacuum tubes.

(8) Fuses.

(9) Plate-current readings of large tubes against normal operating
values of plate current in each case.

d. Dynamoror. Check—

(1) Lubrication (excessive or inadequate).

(2) Brushes for cleanliness. (Commutator should be cleaned with
a hard surface cloth.)

(3) Fuses.

{4) Soldered connections.

(5) Socket spread, banana connecting points.

(6) Voltage.

e. Corps. Check—
(1) All cords for open circuits and short eircuits.

(2) Cleanliness and general condition of cords. (Broken or frayed
insulation must be wired back or removed.)

f. Mast Basg, ANTEXNA., Check—

(1) For eracked or broken insulators and spacers.
(2) Condition of fiber insulators.

(3) General condition of antenna sections.

g- METaL CaBiNETS AND CovERs. Check—

(1) General condition and cleanliness.

(2) Stability and rigidity.

171. Test-and-repair Maintenance

In the normal service life of any piece of radio equipment, faults and
break-downs will develop. In order that the necessary repairs may be
carried out in a reasonably short time, a logical testing routine must
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be followed. The twofold purpose of any test-and-repair procedure is
first, the localization of the faulty circuit, or stage, second, the locali-
zation of the faulty component or part, The trouble must be discovered
as quickly and accurately as possible. The actual procedure to follow
can be divided into five parts: visual inspection, electrical inspeection,
repairs and replacements, final inspection, and the test run. A con-
densed outline of test-and-repair maintenanee procedure is given in
paragraph 172,

a. VisuaL INspEcTioN. In the visual inspection, a check is first made
of plugs, cables, fuses, microphones, head sets, and all other parts
which can be examined without removing the set from its ecase. If no
fault is located in this external check, the visual inspection is repeated
inside the equipment. Tubes are checked for filament burn-outs; wir-
ing is examined for damage, loose connections, and insulation break-
down; and a rapid examination of parts and controls is made. Metal
tubes may be checked for open filaments by feeling their envelopes
after the set has warmed up; a cold envelope indicates an open fila-
ment. If the visual inspection fails to locate the fault, an electrical in-
spection must be made.

b. ELEcTRICAL INsPECTION. (1) The first step in the electrieal inspee-
tion of a defective set is the voltage test. The electrode voltages of all
tubes should be checked at the tube sockets, and the measured voltages
compared with the chart of electrode voltages in the maintenance man-
ual for the given set. The operating voltages of all control circuits
should be determined. Voltages differing greatly from specified values
indicates a fault in the cireuit under test, and further measurements
to locate the defective part should be carried out. In most cases, the
voltage test will indicate in which circuit the trouble lies. If the voltage
test fails to locate the trouble, either a dynamic (operating) test, or a
detailed parts check, may be necessary.

(2) In the dynamic testing of a receiver a signal from the test
oscillator within the tuning rage is fed into the antenna circuit of the
set, and measurements are made at the output of each successive stage
to determine in which stage the signal ceases. A cathode-ray oscillo-
graph can be employed in this type of testing. An alternative method
of dynamie testing, particularly useful when an oscillograph, vacuum-
tube voltmeter, or other signal measuring device is unavailable, is the
reverse of the above procedure. For testing the r-f end of a receiver, for
example, the signal from the test oscillator is applied in suecession to
the input eircuits of the detector, i-f amplifier stages, mixer, r-f ampli-
fier, and so on. The signal generator or test oscillator must always be
tuned to the frequency of the stage under measurement. If no signal is
heard in the head set or loudspeaker when the signal generator is eon-
nected to a given stage, the fault is in that circuit of the receiver.
With the application of a little ingenuity on the part of the repairman.

275



similar dynamie tests can be devised for any piece of communieations
equipment. The convenience and speed of this type of test in the lo-
calization of faulty circuits cannot be overemphasized.

¢. REPAIrs AND REPLACEMENTS. After the trouble has been definitely
located, any repairs or replacements found necessary should be made.
In all repairs and replacements, every attempt should be made to du-
plicate the original condition of the equipment. Standard replacement
parts only should be used. Particular care should be taken to run any
replacement wiring in the same position and manner as the original
wiring. Soldering should be done with rosin-core solder only; the
smallest amount of solder necessary for a good mechanical and elec-
trical joint should be used. In the event of emergency repairs, where
it is impossible to make exact replacement of parts, the same care in
workmanship must be taken. The temporarily repaired set should be
conspicuously marked or tagged to indicate the temporary nature of
the repair, and restored to its original condition at the first possible
opportunity.

d. Finan InspecTioN. Upon completion of all repairs and replace-
ments, the equipment should be inspected carefully to insure that no
defect has been overlooked, that the workmanship on all repairs is
neat and correct, and that all components have been correctly reassem-
bled. In this final inspection, a check of the operating characteristies of
the equipment, such as sensitivity, volume, and calibration accuracy of
dials, should be made to determine whether the repairs have restored
the equipment to a satisfactory operating state.

e. TEsT Run. After the final inspection has proven the equipment
satisfactory from an operational standpoint, a test run should be con-
ducted under conditions which resemble actual operating conditions
as closely as possible. This test should be of sufficient duration to de-
termine whether the set will stand up during long periods of operating
without overheating or breaking down in any way. If the equipment
under test has calibrated controls which are necessary to satisfactory
operational use, the calibration accuracy should be checked at the com-
pletion of the test run to insure that the set is not drifting.

172. Outline of Test-and-repair Procedure

a. VisuaL IxspEcTiON. (1) External. (a) Plugs.

(b) Cables.

(¢) Fuses.

(d) Microphones, or keys.
(e) Headsets.

(2) Internal. (a) Tubes.
(b) Parts.
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(¢) Wiring.
(d) Controls.

b. ELecTRICAL INvVEsTIGATION. (1) Function of eireuit.
(2) Voltage test.

(3) Dynamic tests.

(4) Detailed check of parts.

¢. REPATRS AND REPLACEMENTS. (1) Requirements. (a) Duplication
of original condition.

(b) Use of standard replacement parts.

(2) Workmanship. (a) Normal repairs.

(b) Emergency repairs.

d. FixaL InspecTioN. (1) Workmanship. (@) Mechanical correct-
ness.

(b) Electrical correctness.

(c¢) General neatness.

(2) Operation. (a) Sensitivity.

(b) Calibration accuracy.

(¢) Output.

e. Test Rux. (1) Duration.

(2) Operating conditions.
(3) Results favorable, or unfavorable.
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APPENDIX |

RADIO ABREVIATIONS

I. General

The use of certain abbreviations to represent radio words, terms,
and expressions, both in diagrams and in written matter, has become
standard. It is well to understand how they are derived and used.
In general, the abbreviation for a basie word is its first letter; thus w
represents watts, and h represents henrys. If the basic word takes on
s prefix (to indicate a larger or a smaller unit) the initial letter of
the prefix is combined with the initial letter of the word; thus kilowatt
becomes kw. Radio abbreviations are both singular and plural; the
plural form does not take a final s.

2. Greek Letter

The Greek letter p (pronounced mew) stands for micro, or one-
millionth part. It may precede any basic unit of measure, Thus the
unit farad (a measure of capacitance), which is too unwieldy for
practical use, invariably is shortened to the unit microfarad (pf),
one-millionth part of a farad. For extremely small capacitances, the
unit micromicrofarad (ppf), one-millionth of a millionth part of a
farad, is used. The Greek letter p is also used as a general symbol
(not as an abbreviation) for the amplification factor of vacuum tubes,
and for the permeability of magnetic materials. The symbol is used
alone in these connections, and it is not likely to be mistaken for the
prefix meaning one-millionth.

3. Letter ''m"

a. The letter m is the abbreviation for the prefix milli, meaning
one-thousandth part. Thus, milliampere (one-thousandth of one ampere)
is abbreviated as ma. Small r-f inductors (choke coils) usually have
inductance values of a few millihenrys, the abbreviation for this
unit being mh.

b. The capital letter M is sometimes used for megae, meaning one
million. (It is not so used in this manual, however.) It is only used
to express megacycles (Mc) for one million cycles, and megohms
(MQ) for one million ohms. Thus, 20,000,000 cycles may be written
as 20 Mc or me.
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¢. In reading books and current magazines, the student may notice
irregularities in the use of the prefix letters u and m with the basic
measure of the farad. In some cages, mfd or mf are used instead of
pf to indicate one-millionth of a farad. Since the largest capacitors
used in radio work are about 50 microfarads, it is always safe to
assume that the abbreviation mf or mfd means microfarads (and not
millifarads). In all other cases the small letter m stands for mills,
or one-thousandth part.

4, List of Abbreviations

For easy reference the following abbreviations are grouped according
to common usage, rather than alphabetieally.

a. Basic EXPRESSIONS.

Group Abbreviation Meaning

Ampere....... a, or amp....ampere

7 S microampere (one-millionth of an ampere).

ma ......... milliampere (one-thousandth of an ampere).
Farad........ S farad (rarely used alone).

7175 SN micromicrofarad (one-millionth of a millionth

part of a farad).

175 SN microfarad (one-millionth of a farad).
Frequency..... f frequency.

e, or “Y—— ...cycles.

CP8 c.iiaan cycles per second.

ke ......... kilocycles per second.

Me ........ megacycles per second.
Henry........ h ool henry.

phoool microhenry (one-millionth of a henry).

mh ........ millihenry (one-thousandth of a henry).
Impedance.... X, ......... inductive reactance (in ohms).

Xo vivinnnns capacitive reactance (in ohms).

Z . impedance (in ohms).

G ..o conductance.
Metrie........ m......ooee meter (measure of length).
system........ mm ........ millimeter (one-thousandth of a meter).

em ......... centimeter (one-hundredth of a meter).
Ohm.......... 1 (Omega)..ohm resistance.

M oo megohm (one million ohms).
Volt.......... ) 2N volt.

175 S microvolt (one-millionth of a volt).

mv ....oeeo. millivolt (one-thousandth of a volt).

kv ...oo..n. kilovolt (one thousand volts).

kva ........ kilovolt-ampere (or, apparent power).
Watt......... Woeieeniannn watt.

). SR microwatt (one-millionth of a watt).

MW ... milliwatt (one-thousandth of a watt).

kw, or KW .. kilowatt (one thousand watts).

P evovee ....power (in watts).

b. CircUIT AND TUBE SYMBOLS.

Cireuit........ L .ooioioe. inductance.
properties..... C .....ovt capacitanece
B ......... . resistance
Current....... I .......... effective current (rms).
Tysx vevenen maximum current (peak).
Igvg woevenne average current.
[ 2 instantaneous current.
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c.

280

Group Abbreviation Meaning

Power supply..4 ..... « e . . filament-power supply.
B ......... . plate-power supply.
C vviiinnn . grid-bias power supply.
Tube......... Fil ....... . . filament.
K,ork ..... cathode.
Hyorh ..... heater.
G,org ..... grid.
Sg .....onnn screen grid.
P, or p .....plate.
Voltage....... E .......... effective voltage (rms)
Eysaxr oven. ..maximum voltage (peak)
AVE +......average voltage.
€ i.ne... .. instantaneous voltage.
Miscellaneous. .Spkr ....... loudspeaker.
od ....... Modulator.
Ant ........ antenna.

Current....... BC s altercating current.

de ..o direct current.
Frequency..... a-f ... audio frequency.

r-f ... radio frequency.

o intermediate frequency.

trf ..., tuned radio frequeney.

bf ......... beat frequency.

bfo ....... beat-frequency oscillator,

£ ..., low-frequency (band)

m-f ....... . medium-frequeney (band)

hf ..o high-frequency (band).

v-hf ..., . very-high-frequency (band)

uwh-f ..... .. ultra-high-frequency (band).
Miscellaneous. .e-w ....... . continuous wave.

am ....... . amplitude modulation.

fm ........ frequency modulation.

a-v-e ....... automatie volume control.

d-a-v-¢ ..... delayed automatic volume control.

emf ...... electromotive force (in volts).

m-o-p-a .....master-oscillator power-amplifier.



APPENDIX I

GLOSSARY OF RADIO TERMS

Absorption. The loss of radiated energy due to dissipation in a
conducting medium.

Acceptor circuit. A series-resonant cireuit.

Align. The process of adjusting the tuned circuits of a receiver
or transmitter for maximum signal response.

Alternation. One-half of a complete cycle.

Ammeter. An instrument for measuring the electron flow in amperes.

Ampere. The basic unit of current flow; a current of one ampere
will flow through a conductor having a resistance of one ohm, when
& potential of ome volt is applied.

Amplification. The process of increasing the strength of a signal.

Amplificatien factor. The ratio of a small change in plate voltage to
a small change in control-electrode (grid) voltage required to produce
the same small change in plate current, with all other electrode
voltages and currents constant. It is a measure of the effectiveness
of the control-electrode voltage to that of the plate voltage, upon the
plate current.

Amplifier. A device used to increase the signal voltage, current, or
power, generally made up of a vacuum tube and associated eireunit
ealled a stage. It may contain several stages in order to obtain a
desired gain.

Amplitude. The maximum instantaneous value of an alternating
voltage or current, measured in either the positive or negative direction.

Amplitude distortion. The changing of a waveshape so that it is no
longer proportional to its original form. Also known as harmonie
distortion.

Amplitude modulation. The proceess of changing the amplitude of an
r-f earrier wave in accordance with the variations of an a-f wave.

Anode. A positive electrode; the plate of a vacuum tube.

Antenna. A conductor or system of conductors used to send out
or pick up radio waves.

Andiresonant circuit. A parallel-resonant circuit.

Atom. The smallest particle of an elementary substance. It con-
gists of one or more positive protons surrounded by such a number of
electrons as will balance the positive charge.
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Attenuation. The reduction in the strength of a signal.

Audible. Capable of being heard ; a signal or vibrational disturbanee
of audio frequency and of sufficient strength to be heard.

Audio amplifier. Any device that amplifies a-f signals.

Audio component. That portion of any wave or signal whose fre-
quencies are within the audible range.

Audio frequency. A frequency which can be detected as a sound
by the human ear. The range of audio frequencies extends approxi-
mately from 20 to 20,000 cyecles per second.

Audio-frequency choke. A coil used to impede the flow of a-f currents;
generally a coil wound on an iron core.

Audio-frequency transformer. An iron-core transformer designed
to transfer a-f signals from one cirecuit to another.

Autodyne circuit. A eircuit in which the same elements and vacuum
tube are used as an oscillator and a detector. The output has a fre-
guency equal to the difference between the frequencies of the received
signal and the oscillator signal.

Autotransformer. A transformer having one continuous winding,
parts of which are used for both the primary and the secondary coils.

Automatic volume control. A method of automatically regulating the
gain of a receiver so that the output tends to remain constant though
the incoming signal may vary in strength.

Awverage value. The value obtained by multiplying the peak value
of one alternation of a sine wave by 0.636.

Balanced circutt. A divided ecircuit in which both sides are elee-
trically equal.

Balanced modulator. An amplifier in which the tube control grids
are connected for parallel operation, the sereen grids for push-pull
operation (used as injector grids), and the plates for operation in
push-pull. In its use in f-m transmitters, the original oscillator signal
is applied to the control grids and the modulating signal to the sereen
grids. The output is a signal of the same frequency as the oscillator,
either in phase or 180° out of phase with it, and with an amplitude
which depends upon the amplitude of the modulating signal.

Ballast resistance. A self-regulating resistance, usually eonnected
in the primary ecircuit of a power transformer to compensate for
variations in the line voltage.

Ballast tube. A tube which contains a ballast resistance.

Band of frequencies. The frequencies existing between two definite
limits.

Band-pass filter. A ecireuit designed to pass currents of frequencies
within a definite band with nearly equal response, and reduce substan-
tially the amplitudes of currents of all frequencies outside of that band.

Band spread. The process of spreading a narrow band of frequencies
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over a large portion of the tuning dial, either by mechanical or
electrical means.

Beam-power tube. A tetrode or pentode in which the electron stream
i8 directed to flow in concentrated beams from the cathode to the plate.

Beat frequency. A frequency resulting from combining two different
frequencies. It is numerically equal to the difference between these
two frequencies.

Beat-frequency oscillator. An oscillator used to generate a local
signal which, when combined with an incoming r-f signal, results in
a beat frequency that is audible. Used for e¢-w reception in super-
heterodyne receivers, or as an instrument for test purposes.

Beat note. See Beat frequency.

Bias. The d-c voltage maintained between two elements of a vacuum
tube. Unless otherwise specified, it refers to the d-¢ voltage between
the control grid and the cathode.

Biasing resistor. A resistance used to provide the voltage drop for
a required bias.

Bleeder. A resistance connected in parallel with a power-supply
output to protect equipment from excessive voltages, should the load
be removed or substantially reduced to improve the voltage regulation,
and to drain the charge remaining in the filter capacitors when the
unit is turned off. Also used as a voltage divider in some cases.

Blocked-grid keytng. A method used to key a ¢-w transmitter in
which the grid bias is highly negative when the key is open, thus
blocking the tube and preventing the flow of plate current.

Blocking capactior. A capacitor used to block the flow of direet cur-
rent while permitting alternating current to pass.

Break-down voltage. The voltage at which an insulator or dielectrie
ruptures; or the voltage at which ionization and conduection begin
in a gas or vapor.

Buffer amplifier. An amplifier used in a transmitter to isolate the
oscillator from the effects produced by changes in voltage, changes
in loading, or modulation in the following r-f amplifiers.

Bypass capacitor. A capacitor used to provide an alternating-current
path of comparatively low impedance around & circuit element.

Capacitance. The ability to store electrical energy, measured in
farads, microfarads, or micromierofarads.

Capacitive coupling. A method of transferring energy from one
cireuit to another by means of a capacitor that is common to both circuits.

Capacitive feedback. The process of returning part of the energy
of the plate (or output) eircuit of a vacuum tube to the grid (or input)
circuit by means of a capacitance common to both eircuits.

Capacitive reactance. The opposition offered to the flow of an alter-
nating current by capacitance, expressed in ohms. Its symbol is X.
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Capacitor. Two electrodes, or sets of electrodes, in the form of
plates, separated from each other by an insulating material, called
the dielectrie.

Capacitor-input filter. A filter which has a capacitor connected
directly across (in parallel with) its input.

Carrier. See Carrier wave,

Carrier frequency. The frequency of an unmodulated carrier wave.

Carrier power. The power of an unmodulated carrier wave.

Carrier wave. The r-f component of a transmitted wave upon which
an audio signal or other form of intelligence can be impressed.

Cathode. The electrode in a vacuum tube which provides electron
emission.

Cathode bigs. The method of biasing a tube by placing the biasing
resistor in the common cathode-return circuit, making the cathode more
positive, rather than the grid more negative, with respect to ground.

Cathode resistor. A resistance connected in the cathode circuit of
a tube so that the voltage drop across it will supply the proper
cathode-biasing voltage. See Cathode bias.

Center frequency. See Resting frequency.

Characteristic curve. A graph plotted to show the relation of chang-
ing values to each other. An example would be a curve showing how
the plate current changes with variations in the grid voltage.

Choke. A coil used to impede the flow of pulsating direct current
or alternating current by means of its self-inductance.

Choke-input filter., A filter which has a choke in series with the
input, as distinguished from a capacitor-input filter.

Class A operation. Operation of a vacuum tube with grid bias such
that the operating point is at or near the center of the straight portion
of its Ip—Eg (plate-current grid-voltage) characteristic curve. Plate
current flows throughout the entire operating cycle and distortion
is kept to a minimum.

Class AB operation. Operation of a vacuum tube with grid bias such
that the operating point is approximately half way between class A
and class B.

Class AB;. Class AB operation in which the input signal never
exceeds the bias voltage, so that the grid is never driven positive and
no grid current flows. The suffix “1” denotes no grid current flow.

Class AB,. Class AB operation in which the input signal is greater
than the bias voltage, driving the grid positive and causing grid current
to flow. The suffix “2” denotes the flow of grid current.

Class B operation. Operation of a vacuum tube with grid bias at or
very near cut-off, so that the operating point is at the lower bend of
the Ip—Eg curve. The plate current is approximately zero with
no input signal to the grid, and flows for approximately the positive
half of each cycle of the input signal.
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Class C operation. Operation of a vacuum tube with grid bias con-
siderably greater than cut-off. The plate current is zero with no input
signal to the grid, and flows for appreciably less than one-half of each
eycle of the input signal.

Coaxial cable. A transmission line consisting of one econduetor, usually
a small copper tube or wire, within and insulated from another con-
ductor of larger diameter, usually copper tubing or copper braid.
The outer conductor may or may not be grounded. Radiation from this
type of line is praectically zero. Coaxial cable is sometimes called
concentric line,

Code. A system of dots and dashes used for communication by radio
or wire telegraphy.

Coefficient of coupling. A numerical indicator of the degree of
coupling existing between two ecircuits, expressed in terms of either
a decimal or a percentage.

Condenser. See Capacitor. (The term condenser is not approved
for Signal Corps usage.

Conductance. The ability of a material to conduct or carry an electrie
current. It is the reciprocal (opposite) of the resistance of the material,
and is expressed in mhos.

Continuous waves. Radio waves which maintain a constant amplitude
and a constant frequency, abbreviated e-w.

Control grid. The electrode of a vacuum tube upon which the signal
voltage is impressed in order to control the plate current.

Control-grid bius. See Bias.

Control-grid-plate transconductance. The ratio of the amplification
factor of a vacuum tube to its plate resistance, combining the effects of
both into one term. Its symbol is Gy, and is expressed in mhos or
micromhos. It is sometimes ecalled mutual conductance or simply
transconductance,

Conversion gain. The ratio of the i-f output voltage to the input
signal voltage of the first detector of a superheterodyne receiver.

Conversion transconductance. A characteristic associated with the
mixer function of vacuum tubes, and used in the same manner as
mutual conductance, is used. It is the ratio of the i-f current in the
primary of the first i-f transformer to the r-f signal voltage producing
it. Its symbol is G.

Converter tube. A multi-element vacuum tube used both as a
detector and oscillator in a superheterodyne receiver, It creates a
local frequency and combines it with an incoming signal to produce an
intermediate frequency.

Counterpoise. A conductor or system of conductors used as a sub-
stitute for ground in an antenna system.

Coupled impedance. The effect produced in the primary winding of
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a transformer by the influence of the eurrent flowing in the secondary
winding.

Coupling. The association of two circuits in such a way that energy
may be transferred from one to the other.

Coupling capacitor. Any capacitor used to couple two -circuits
together. Coupling is accomplished by means of capacitive reactance
common to both eireuits.

Coupling element. The means by which energy is transferred from
one cireuit to another; the common impedance necessary for coupling.

Coupling transformer. A transformer used to couple two circuits
by means of its mutual inductance.

Critical coupling. The degree of coupling which provides the maxi-
mum transfer of energy at a given resonant frequency. It is also called
optimum coupling.

Cross modulation. A type of cross talk in which the carrier frequency
being received is interfered with by an adjacent carrier, so that the
modulated signals of both are heard at the same time.

Crystal. A natural substance, such as quartz or tourmaline, which is
capable of producing a voltage stress when under pressure, or producing
pressure when under an applied voltage. Under stress, it has the
property of responding only to a given frequeney when cut to a given
thickness. It is therefore a valuable medium to control the frequency
of radio transmitters.

Crystal control. Control of the frequency of an oscillator by means
of a specially designed and cut crystal.

Crystal oscillator. An oscillator circuit in which a crystal is used
to control the frequency and to reduce frequency instability to a
minimum.

Crystal oven. A container maintained at a constant temperature in
which a ecrystal and its holder are inclosed in order to reduce fre-
quency drift.

Current. The rate of flow of electrons, expressed in amperes.

Cut-off. The minimum value of negative grid bias which cuts off, or
stops, the flow of plate current. With a constant plate voltage and no
signal, decreasing the bias from the cut-off value will permit the
plate current to flow again, while increasing it to or bevond the
cut-off point keeps the plate current at zero.

Cycle. One complete positive alternation and one complete negative
alternation of an alternating current.

Damped waves. Waves which steadily decrease in amplitude.

Decibel. The standard unit of comparison between two quantities
of electrical or acoustical power.

Decoupling network. A mnetwork of capacitors and chokes, or re-
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gistors, placed in leads which are common to two or more circuits to
prevent unwanted and harmful interstage coupling.

Degeneration. The process whereby a part of the output power of
an amplifying devicee is returned to its input circuit in such a manner
that it tends to eancel the input.

Demodulaiton. See Detection.

Detection. The process of recovering the audio component (audible
signal) from a modulated r-f carrier wave.

Detector circuit. That portion of a receiver which recovers the
audible signal from the modulated r-f carrier wave.

Deviation. A term used in frequency modulation to indicate the
amount by which the carrier or resting frequency increases or decreases
when modulated. It is usually expressed in kilocyeles.

Deviation ratio. A term used in frequency modulation to indiecate
the ratio of the maximum amount of deviation of a fully modulated
carrier to the highest audio frequency being transmitted.

Drelectric. An insulator. A term applied to the insulating material
between the plates of a capacitor.

Dielectric constant. A numerical indicator of the eapaecitive value
of a substance. It is the ratio of the capacitance of a capacitor using
that substance as a dielectric to its capacitance if the dielectrie is dry
air or a vacuum.

Diode. A two-electrode vacuum tube containing a cathode and a plate.

Diode detector. A detector circuit employing a diode tube,

Directly heated cathode. A filament cathode which carries its own
bheating current for electron emission, as distinguished from an indi-
rectly heated cathode.

Discriminator. A vacuum-tube circuit whose output voltage varies in
amplitude and polarity in accordance with the frequeney of the applied
signal. Its principal uses are as a detector in an f-m receiver and as an
automatic frequency-controlling device.

Distortion. Distortion is said to exist when an output waveform is
not a true reproduction of the input waveform. Distortion may con-
sist of irregularities in amplitude, frequency, or phase.

Distributed capacitance. The capacitance that exists between the
turns in a coil or choke, or between adjacent conductors or circuits, as
distinguished from the capacitance which is concentrated in a capacitor.

Distributed tnductance. The inductance which exists along the entire
length of a econductor, as distinguished from the self-inductance con-
centrated in a coil.

Driver. An amplifier used to excite the final power-amplifier stage
of a transmitter or receiver.

Dropping resistor. A resistor used to decrease a given voltage to a
lower value.
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Dry electrolytic capacitor. An electrolytic capacitor using a paste
instead of a liquid electrolyte. See Electrolytic capasitor.

Dynamic characteristics. The characteristics of a vacuum tube dur-
ing operation.

Effective value. The equivalent heating value of an alternating
current, or voltage, as compared to direct current, or voltage. It is
0.707 times the peak value of a sine wave. It is also the rms value.

Efficiency. The ratio of output to input power, generally expressed
as a percentage.

Electric field. A space in which an electrie charge will experience a
foree exerted upon it.

Electrical axis. The X-axis of a erystal.

Electrode. A terminal at which electricity passes from one medium
into another. Examples of electrodes are the individual elements of a
vacuum tube, the plates of battery cells, or the plates of capacitors.

Electrolyte. A chemical compound, either liquid or pastelike, whose
chemical action causes a current flow, or in which a chemiecal reaction
is caused by the flow of a current. Examples of electrolytes are the
liquid solution used in storage cells, or the pastelike compound used in
dry cells or in dry electrolytic capacitors.

Electrolytic capacitor. A capacitor employing a set of plates im-
mersed in an electrolytic solution. Chemical action forms a very thin
dielectric film on the anode plates, insulating them from the eleetrolyte,
which then becomes the other electrode of the capacitor.

Electromagnetic field. The field of influence which an eleetrie cur-
rent produces around the conductor through which it flows.

Electron. The smallest charge of electricity. It is always negative.

Electron emission. The liberation of electrons from a body into space
under the influence of heat, light, impact, chemical disintegration, or a
potential difference.

Electrostatic field. The field of influence between two charged bodies.

Equivalent circuit. A diagrammatic arrangement of coils, resistors,
and capacitors, representing the effects of a more complicated circuit
in order to permit easier analysis.

Ezxcitation. The electrical energy which, when applied to a device,
causes that device to produce an effect. Examples of excitation are the
r-f voltage applied to a control grid of a vacuum tube, the r-f voltage
applied to an oscillating crystal, the r-f impulses applied to a tuned
circuit, or the voltage applied to the field winding of a dynamotor.

Fading. Variations in the strength of a radio signal at the point
of reception.
Farad. The unit of capacitance. One farad would be too large a
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unit for practical purposes; therefore, microfarad and mieromiero-
farad are the units most frequently used.

Feedback. A transfer of energy from the output cireuit of a device
back of its input.

Fidelity. The degree of accuracy with which a system, or portion
of a system, reproduces in its output the signal which is impressed on
its input.

Field. The space in which electrostatic or magnetie lines of foree exist.

Field intensity. Electrical strength of a field, measured in terms of
mierovolts per meter. The voltage the field is capable of inducing in an
antenna one meter in length.

Fidament, See Directly heated cathode.

Filter. A combination of resistances, inductances, and capacitances,
or any one or two of these, which allows the comparatively free flow
of certain frequencies or of direct current, while blocking the passage
of other frequencies. An example is the filter used in a power supply,
which allows the direct current to pass, but filfers out the ripple.

Filter capacitor. A capacitor that is used in a filter circuit.

Filter choke. A choke that is used in a filter circuit.

First detector. The vacuum tube in a superheterodyne receiver in
whose circuit the signal being received and the local-oscillator signal
are combined to produce the i-f signal. It is also called the mixer.

Fized bias. A bias voltage of constant value, as one obtained from
batteries, a power supply, or a generator.

Fized capacitor. A capacitor which has no provisions for varying its
capacitance.

Fized resistor. A resistor which has no provisions for varying its
resistance.

Free electrons. Eleetrons which are not bound to a particular atom,
but move continuously about among the many atoms of a substance.

Free oscillations. Oscillatory currents which continue to flow in a
tuned circuit after the impressed voltage has been removed. Their
frequency is the resonant frequency of the tuned ecircuit.

Frequency. The number of complete eycles per second existing in
any form of wave motion; as the number of cycles per second of an
alternating current, or sound wave.

Frequency deviation. See Deviation.

Frequency distortion. Distortion which occurs as a result of failure
to amplify or attenuate equally all frequencies present in a com-
plex wave,

Frequency doubler. An amplifier whose output eircuit is resonant
to the second harmonic of the input signal. The output frequency is
double that of the input.

Frequency meter. The same device as a wavemeter, except that it is
calibrated to indicate frequency.
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Frequency modulaiion. The process of varying the frequency of an
r-f carrier wave in accordance with the amplitude and frequency of
an audio signal.

Frequency multiplier. An amplifier cireuit which amplifies a har-
monie. Its output frequency is some multiple of the original frequency.

Frequency-response curve. A graphical representation of the manner
in which a ecireuit responds to different frequencies within its operat-
ing range.

Frequency stability. The ability of an oscillator to maintain its
operation at a constant frequency.

Frequency tripler. An amplifier whose output circuit is resonant to
the third harmonie of the input signal. The output frequency is three
times that of the input.

Full-wave rectifier circuit. A circuit which utilizes botn the positive
and the negative alternations of an alternating current to produce a
direct current. It may employ a double-diode rectifier tube or two
separate diode rectifier tubes, or other unidirectional devices, such as
copper-oxide elements.

Full-wave rectifier tube. A tube containing two sets of rectifying
elements for full-wave rectification (double-diode).

Gain. The ratio of the output power, voltage, or current to the input
power, voltage, or current.

Ganged tuning. Simultaneous tuning of two or more circuits by a
gingle mechanical control.

Gas tube. A tube possessing certain desirable characteristics as a
result of the presence of gas at low pressure.

Grid bias. The d-c voltage applied between the grid and the cathode.

Grid cepacitor. A small capacitor in parallel with the grid resistor
and in series with the grid lead in the grid circuit of a vacuum tube.

Grid current. Current which flows between the cathode and the grid
whenever the grid becomes positive with respect to the eathode.

Grid detection. Detection by rectification in the grid ecircuit of a
detector.

Grid leak. A resistor placed in the grid cireuit of a vacuum tube to
provide a path to the cathode for the negative charge on the grid, thus
providing bias voltage on the grid during both halves of the signal cyele.

Grid-leak detection. See Grid detection.

Grid modulation. Modulating an r-f earrier by varying the grid bias
of an amplifier in accordance with the audio signal.

Grid resistor. A general term used to denote any resistor in the
grid circuit.

Grid return. The external conducting path for the return of grid
current to the eathode.

Grid suppressor. A resistor occasionally connected between the
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control grid and the tuned cireuit to prevent undesired oscillations.
Not to be confused with suppressor grid.

Ground. A metallic connection with the earth to establish ground
potential. Also, 8 common return to a point of zero r-f potential, such
as the chassis of a receiver or a transmitter.

Ground wave. That portion of the transmitted radio wave that travels
near the surface of the earth.

Half-wave rectification. The process of rectifying an alternating
current wherein only one-half of the input cycle is passed, the other
half being blocked by the action of the rectifier, thus producing pulsat-
ing direct current.

Harmonic. An integral multiple of a fundamental frequency. (The
second harmonie is twice the frequeney of the fundamental.)

Harmonic distortion. Same as amplitude distortion.

Heater. The tube element used to heat an indirectly heated cathode.

Henry. The basic unit of measurement of inductions. Abbreviated h.

Hertz anfenna. An antenna system in which the ground is not an
essential part. Its resonant frequency depends upon its distributed
capacitance and inductance, which are determined by its physical length.
(Compare with Marconi antenna.)

Heterodyne. The action between two alternating currents of differ-
ent frequencies in the same ecircuit; they are alternately additive and
subtractive, thus producing two beat frequencies which are the sum of,
and difference between, the two original frequencies.

Heaviside layer. See Ionosphere.

High fidelity. The ability to reproduce all audio frequencies between
50 and 10,000 eycles per second, without serious distortion.

High-frequency resistance. The resistance presented to the flow of
h-f currents. See Skin effcct and Radio-frequency resistance.

High-level modulation. High-level modulation is modulation pro-
duced at a point in a system where the power level approximates that
at the output of the system. It is also called plate modulation.

Image frequency. The carrier frequency of an undesired signal
which is capable of combining with the frequenecy of the local oseillator
in a superheterodyne, thus forming the intermediate frequency, and
eventually being reproduced together with the desired signal. For ex-
ample, if the intermediate frequency is 500 kilocycles, a locally gen-
erated signal of 5,500 kilocycles, combined with signals of either 5,000
or 6,000 kilocyeles would result in the proper intermediate frequency.
If the 5,000-kilocycle signal is the desired one, the 6,000-kilocycle is the
image frequency.

Impedance. The total opposition offered to the flow of an alternating
current. It may consist of any combination of resistance, inductive
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reactance, or capacitive reactance. It is expressed in ohms, and its
symbol is Z.

Impedance coil. A coil primarily used to impede the flow of alternat-
ing current by its inductive reactance. See Choke coil.

Impedance coupling. The use of a tuned ecircuit or an impedance
coil as the common coupling element between two circuits.

Impulse. Any force acting over a comparatively short period of
time. An example would be a momentary rise in voltage.

Indirectly heated cathode. A cathode which is brought to the tem-
perature necessary for electron emission by a separate heater element.
Compare with directly heated cathode.

Inductance. The property of a circuit which tends to oppose a change
in the existing current and is present only when the current is chang-
ing. Its symbol is L and its unit of measure is the henry (abbre-
viated h).

Induction. The act or process of producing voltage by the relative
motion of a magnetic field and a conduector.

Inductive feedback. The transfer of energy from the plate eircuit to
the grid circuit of a vacuum tube by means of induction.

Inductive reactance. The opposition to the flow of alternating or
pulsating current due to the inductance of a circuit. It is measured in
ohms, and its symbol is X;.

Inductor. A circuit element designed so that its induetance is its
most important eleetrical property; a coil.

In phase. The condition that exists when two waves of the same
frequency pass through their maximum and minimum values of like
polarity at the same instant.

Instantaneous value. The magnitude at any partieular instant when
a value is continually varying with respect to time.

Intelligence. The message or information conveved, as by a modu-
lated radio wave.

Intensity. The relative strength of eleetrie, magnetic, or vibrational
energy.

Interelectrode capacitance. The capacitance existing between the
electrodes in a vacuum tube.

Intermediate frequency. The fixed frequeney to which all r-f earrier
waves are converted in a superheterodyne receiver.

Intermediate-frequency transformer. A transformer designed to re-
spond most efficiently to a wave of a given intermediate frequency.

Interrupter. A device for breaking up a continuous flow of eurrent
into pulses, so that they may be stepped up or down by transformer
action.

Inverse peak voltage. The highest negative voltage reached between
a rectifier-tube plate and its cathode.
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Ion. An atom which has lost one or more electrons and is therefore
positively charged.

Ionization. The breaking up of atoms into ions.

ITonosphere. Highly ionized layers of atmosphere from between 70
and 250 miles above the surface of the earth.

K. A symbol used to denote a constant, as. for example, dielectrie
constant. It is also used to represent a cathode.

Key. A special form of switch capable of rapid operation, used to
form the dots and dashes of code signals.

Kilo. A prefix meaning one thousand.

Kilocycle. One thousand cyecles per second.

Lag. The amount one wave is behind another in time, expressed in
electrical degrees. When two waves are out of phase, the one that
reaches maximum or zero amplitude after the other is said to lag.

LC. The product of the inductance and capacitance in a tuned cir-
cuit. A value which remains constant for a given frequency.

L/C. The ratio of inductance to capacitance.

Lead. The opposite of lag. Also a term given to a wire or connection,

Leakage. The electrical loss due to poor insulation.

Level. Refers to either low-level or high-level modulation.

Limiter. That part of an f-m receiver which eliminates all variations
in carrier amplitude, thus removing all noise present in the carrier as
amplitude modulation.

Lincar. Having an output which varies in direet proportion to its
input.

Load. The output power required, or the impedance through which
energy is being supplied.

Loading coil. A coil inserted in a cireuit to inerease the total induet-
ance without providing coupling with another circuit.

Local oscillator. The oscillator used in a superheterodyne receiver
whose output is heterodyned with the desired r-f carrier to form the in-
termediate frequenecy.

Loop antenna. An antenna consisting of one or more complete turns
of wire, designed for directional transmission or reception.

Loose coupling. Less than optimum coupling. Coupling providing
little transfer of energy.

Loudspeaker. A device which converts a-f electrical impulses to rela-
tively strong sound impulses.

Low-level modulation. Low-level modulation is modulation produced
at a point in a system where the power level is low compared with the
power level at the output of the system.
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Magnet. A magnetic material possessing the property of attracting
other magnetic substances, or of repelling them, if of like polarity.

Magnetic circuit. The complete path of magnetic lines of force.

Magnetic field. The space in which a magnetic force exists.

Marconi antenna. An antenna system of which the ground is an
essential part, as distinguished from a Hertz antenna.

Master-oscillator power amplifier. A transmitter using an oscillator
followed by one or more stages of r-f amplification.

Maiched impedance. The condition which exists when two coupled
circuits are adjusted so that the impedance of one circuit equals the
impedance of the other.

Mazimum undistorted power. The maximum power obtainable with
less than 5 percent mean effective distortion.

Mechanical axis. The Y-axis of a crystal.

Meg. A prefix indicating one million.

Megohm. One million ohms.

Mho. The unit of conductance. It is equal to the reciprocal of resist-
ance.

Micro. A prefix indicating one-millionth.

Microfarad. One-millionth of a farad.

Microphone. A. device for converting sound energy into electrical
energy. '

Milli. A prefix indicating one-thousandth.

Milliampere. One-thousandth of an ampere.

Mizer. A vacuum tube and suitable circuit used to combine the in-
coming and local-oscillator frequencies to produce an intermediate
frequency. See First detector.

Modulated amplifier. The amplifier stage of a transmitter in which
the r-f carrier is electrically varied or modulated in accordance with
another signal such as voice, tone, or visual signals (television).

Modulated carrier. An r-f carrier whose amplitude or frequency has
been varied in accordance with the intelligence to be conveyed.

Modulation. The process of varying the amplitude or the frequeney
of a carrier wave in accordance with other signals in order to convey
intelligence. The modulating signal may be an audio-frequency signal,
video signal (as in television), or even electrical pulses or tones to
operate relays, ete.

Modulator. That part of a transmitter which supplies the modulating
signal to the modulated circuit, where it can act upon the carrier wave.

Molecule. The smallest known particle of any compound or element
which still retains the chemieal and physical properties of that material.

Multi-electrode tube. A vacuum tube containing more than three
electrodes associated with a single electron stream.

Multi-unit tube. A vacuum tube containing within one glass or
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metal envelope two or more groups of electrodes each associated with
separate electron streams.
Mutual conductance. See Control-grid-plate transconductance.
Mutual inductance. A ecircuit property existing when the relative
positions of two inductances cause the magnetic lines of foree from
one inductance to link with the turns of the other inductance.
Mutual-inductive coupling. Coupling of two circuits by means of
their mutual induectance.

Neon bulb. A glass bulb containing two electrodes in neon gas at
low pressure. When a voltage equal to or greater than its breakdown
voltage is applied, ionization takes place and a pink glow appears.

Network. Any electrical circuit containing two or more intercon-
nected elements.

Neutralization. The process of nullifying the voltage fed back
through the interelectrode capacitance of an amplifier tube, by provid-
ing an equal voltage of opposite phase. Generally necessary only with
triode tubes.

Neutralizing voltage. The voltage developed in the plate cireuit (Ha-
zeltine neutralization) or in the grid circuit (Rice neutralization), used
to nullify or cancel the feedback through the tube,

Node. A zero point. Specifically, a current node is a point of zero
current, while a voltege node is a point of zero voltage.

Noninductive capacitor. A capacitor so designed and constructed
that the inductive effects within it are reduced to a minimum.

Noninductive eircuit. A cireuit in which the inductance is reduced
to a minimum or is of negligible value.

Nonlinear. Having an output which does not vary in direet propor-
tion to its input.

Ohm. The unit of electrical resistance.

Ohmic resistance. Resistance to the flow of direct current.

Ohm’s Law. A fundamental law of electricity. It expresses the defi-
nite relationship existing between the voltage E, the current I, and the
resistance B: £ =1 X R.

Open circuit. A circuit which does not provide a complete path for
the flow of current.

Optical axis. The Z-axis of a crystal.

Optimum coupling. See Critical coupling.

Oscillations. See Free oscillations.

Oscillator. A circuit generally using a vacuum tube capable of con-
verting direct current into alternating current of a frequency deter-
mined by the inductive and capacitive constants of the circuit.

Oscillatory current. A current whose direction of flow periodieally
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reverses as a result of a balance between the inductance and capaci-
tance in the circuit through which it flows,

Oscillograph. See Oscilloscope.

Oscilloscope. An instrument for showing visually graphical repre-
sentations of the waveforms encountered in electrical cireuits.

Output. The energy delivered by a device or circuit, such as a radio
receiver or transmitter.

Output transformer. A transformer used to couple the plate circuit
of a power tube, or tubes, to a load, such as a loudspeaker.

Overload. A load greater than the rated load of an electrical device.

Over-modulation. More than 100-percent modulation. In amplitude
modulation, over-modulation produces positive peaks of more than
twice the ecarrier’s original amplitude and brings about complete
stoppage of the carrier on negative peaks, thus causing distortion.

Padder capacitor. An adjustable eapacitor used in conjunetion with
a main tuning capacitor when ganged tuning of several stages is em-
ployed. Its purpose is to permit adjustments for proper tracking of a
local oscillator.

Parallel circutt. Two or more electrical deviees so connected that the
line current may divide between them. Also called a shunt cireuit.

Parallel feed. Application of the d-e¢ voltage to the plate or grid of
a tube in parallel with the a-c circuit, so that the d-¢ and the a-¢ com-
ponents flow in separate paths. Also called shunt feed.

Parallel-resonant circuit. A resonant circuit in which the applied
voltage is connected across a parallel circuit formed by a capaecitor and
an induector.

Peak plate current. The maximum instantaneous plate current pass-
ing through a tube.

Peak value. The maximum instantaneous value of a varying current,
voltage, or power. It is equal to 1.414 times the effective value of a sine
wave.

Pentode. A five-electrode vacuum tube containing a cathode, control
grid, screen grid, suppressor grid, and plate.

Percentage modulation. A measure of the degree of change in a
carrier wave caused by the modulating signal, expressed as a percentage.

Phasing capacitor. A small capacitor used in a crystal-filter cireuit
to neutralize the capacity of the ervstal holder.

Phase difference. The time electrical degrees one wave leads or lags
another.

Piezo-electric effect. Effect of producing a voltage by placing a stress,
either by compression and expansion, or by twisting, on a crystal; and
conversely, producing a stress in a crystal by applying a voltage to it.

Plate. The principal electrode in a tube to which the electron stream
is attracted. See Anode.
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Plate circuit. All the circuit elements connected externally between
the plate and the eathode of a vacuum tube.

Plate current. Current flowing in the plate circuit between the plate
and the cathode of a vacuum tube.

Plate dctection. The operation of a vacuum-tube detector at or near
plate current cut-off, so that rectification of the input signal is
accomplished in the plate eircuit.

Plate dissipation. Power in watts used up at the plate in the form
of heat.

Plate efficiency. The ratio of the a-¢ power output from a tube to
the average d-c¢ power supplied te the plate circuit.

Plate impedance. See Plate resistance.

Plate keying. Keyving a radiotelegraph transmitter by interrupting
the flow of plate current in the plate circuit.

Plate-load impedance. The impedance in the plate cirecuit across
which the output-signal voltage is developed by the alternating com-
ponent of the plate current.

Plate modulation. Modulation of a elass C r-f amplifier by varying
the plate voltage in accordance with the audio signal.

Plate resistance. The internal resistance to the flow of alternating
current between the cathode and plate of a tube. It is equal to a small
change in plate voltage divided by the corresponding change in plate
current, and is expressed in ohms. It is also called a-c resistance,
internal impedance, plate impedance, and dynamic plate impedance.
Its symbol is rp,.

Plate voltage. The d-c potential applied between the plate and cathode
of a tube.

Potential difference. The voltage existing between two points. An
example would be a voltage drop across an impedance from one end
to another.

Potentiometer. A variable voltage divider. A resistor which has a
variable contact arm so that any portion of the potential applied
between its ends may be obtained.

Power. The rate of doing work or the rate of expending energy.
The basic unit of electrical power is the watt.

Power amplification. The process of amplifying a signal to produce
a gain in power as distinguished from voltage amplification. The gain
is the ratio of the alternating power output to the alternating power
input of an amplifier.

Power amplifier. An amplifier designed to produce a gain in signal
power, as distinguished from a voltage amplifier.

Power detector. Any detector tube operating with plate voltage
sufficiently high to allow handling of strong input signals without
appreciable distortion.
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Power factor. In alternating or pulsating current the ratio of the
actual power as measured by a wattmeter, to the apparent power as
indicated by ammeter and voltmeter readings. For an induetor,
capaeitor, or insulator, it is an expression of the losses.

Power pack. An apparatus which adapts the available power to the
needs of vacuum-tube plate, grid, and heater ecireuits in receivers
and transmitters.

Power transformer. A transformer used to change a supply voltage
to the various higher and lower values required for vacuum-tube
plate, heater, and bias cireuits.

Power tube. A vacuum tube designed to handle a greater amount
of power than the ordinary voltage-amplifying tube,

Power unit. See Power pack.

Primary circuit. The first, in electrical order, of two or more coupled
circuits, wherein a change in current flow will induce a voltage in the
other, or secondary, circuits.

Primary emission. The emission of electrons due to primary causes,
such as the heating of a cathode, and not to secondary effects, such
a8 electron bombardment.

Propagation. See Wave propagation.

Proton. The positive particles of an atom. The smallest quantity
of positive electricity which can exist in a free state; associated with
electrons, it makes up the atom.

Pulsating current. A direct current which increases and decreases
in value.

Push-pull amplifier. Two vacuum tubes whose grids are excited with
equal voltages 180° out of phase, and whose plate outputs are combined
by means of a center-tapped output cireuit.

Push-push doubler. An amplifier used for frequency doubling,
consisting of two vacuum tubes with their grids (input) connected
in push-pull and their plates (output) in push-push, or parallel.

Q. The symbol of merit or efficiency of a circuit or a coil. Numerieally,
it is equal to the inductive reactance divided by the resistance of a
cireuit or coil.

Quartz-crystal oscillator. A crystal-controlled oscillator in which the
crystal is a plate of quartz. See Crystal oscillator.

Quench frequency. The number of times per second that a circuit is
caused to go in and out of oscillation. See Superregeneration.

Radar. An electronic radio detection and ranging system employing
microwaves and ultra-high frequencies for determining the azimuth
location, height, speed and number of aircraft, and/or the location,
speed, and number of water vessels.

Radiate. To send out energy into space; as iu the case of r-f waves,
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Badiation rcsistance. An arbitrary term used to express the power
radiated by an antenna. It is that amount of resistance which, if
inserted in the antenna at a point of maximum current, will consume
the same amount of power that is radiated by the antenna.

Radio. The science of communication in which r-f waves are used
to carry intelligence through space.

Radio channel. A band of adjacent frequencies of a width sufficient
to permit its use for radio communieation.

Radio frequency. Any frequency of electrical energy capable of
propagation into space; r-f frequencies are normally much higher than
those associated with sound waves.

Radio-frequency amplification. The amplification of a radio wave
by a receiver before detection, or by a transmitter before radiation.

Radio-frequency choke. An air-core coil used to impede the flow
of r-f currents.

Radio-frequency component. That portion of a signal or wave which
consists of only the r-f alternations, and not including its audio rate
of change in amplitude or frequency.

Radio-frequency resistance. The resistance offered by a conductor
to the flow of a r-f current. (A conductor offers more resistance to h-f
currents than to i-f or direet currents.) See Skin effect.

Radio-frequency transformer. A transformer designed to transfer
r-f energy from one circuit to another. It may have either an air or
small iron core, depending on the frequencies to be handled.

Ratio. The value obtained by dividing one number by another,
indicating their relative proportions.

Reactance. The opposition offered to the flow of an alternating
current due to the induetance, capacitance, or combination of both in
any circuit. Its symbol is X.

Reactance cod. An inductive reactance used to oppose the flow of an
alternating current. A choke coil.

Reactance-tube modulator. A modulator used in the Crosby system
of frequency modulation, in which the modulator tube is made to act
as a varying reactance in the oscillator circuit.

Reciprocal. The reciprocal of a quantity is 1 divided by that quantity.

Rectifier. A device used to change alternating current to unidirec-
tional current (direct current).

Reflected impedance. See Coupled impedance.

Reflection. The turning back of a radio wave from the surface
of the earth or the ionosphere.

Refraction. The bending, or change in the direction of a radio
wave in passing into the ionosphere. This effect will turn the wave
back to earth if the angle of attack is not too great.

Regeneration. The process whereby a part of the output power of
an amplifying device is returned to its input cireuit in such a manner
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that it reinforces the grid excitation, thereby increasing the total
amplifieation.

Reluctance. The opposition to magnetic flux.

Resistance. The opposition to the flow of current as determined
by the nature and physical dimensions of a conduetor.

Resistance coupling. A method of transferring energy from one
cireuit to another by means of resistance common to both circuits.

Resister. A circuit element whose chief characteristic is resistance
and which is used to oppose the flow of current.

Resonance. The condition existing in a circuit when the values of
inductance, capacitance, and the applied frequency are such that the
inductive reactance and capacitive reactance cancel each other.

Resonance curve. A graphical representation illustrating the manner
in which a tuned circuit responds to the various frequencies in and
near the resonant frequency.

Resting frequency. The initial frequeney of the carrier wave of
an f-m transmitter before modulation. Also called the center frequency.

Rheostat. A variable resistor.

Ripple voltage. The fluctuations in the output voltage of a rectifier,
filter, or generator.

RMS. Abbreviation of root mean square. The effective value. In
a sine wave, it is 0.707 times the maximum value.

Saturation. That condition in any circuit which exists when an
increase in the actuating component produces no further change in
the resultant effect.

Saturation current. The current produced in the plate circuit of
a tube when all of the electrons emitted by the cathode pass to the plate,
It is sometimes referred to as the emission current.

Saturation point. That point beyond which an increase in either the
grid voltage, plate voltage, or both, produces no increase in the existing
plate current. '

Screen dissipation. Power given off in the form of heat by the sereen
grid as a result of bombardment by the electron stream.

Secreen grid. An electrode placed between the control grid and the
plate of a vacuum tube to reduce the interelectrode eapacitance,

Screen-grid modulation. Modulation accomplished by introducing an
audio voltage on the screen grid of the modulated tube.

Second detector. That portion of a superheterodyne receiver that
separates the audio component from the modulated intermediate
frequency.

Secondary. The output coil of a transformer. See Primary.

Secondary emission. Emission of electrons knocked loose from the
plate or grid of a vacuum tube by the impact or bombardment of
electrons arriving from the cathode.
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Selectivity. The degree to which a receiver is capable of diseriminat-
ing between signals of different carrier frequencies:

Self-bias. Biasing a tube by utilizing the voltage drop developed
across a resistor through which either its plate or grid current flows.

Self-excited oscillator. An oscillator depending on its resonant eir-
cuits for frequency determination. See Crystal oscillator.

Self-induction. The action in which a counter electromotive force
is produced in a conductor when the conductor’s own magnetic field
collapses and expands with a change in current flow.

Sensttivity. The degree of response of a radio circuit to signals of the
frequency to which it is tuned.

Series circuit. The arrangement where two or more electrical devices
are connected so that the total current must flow through each of them
in turn.

Series feed. Application of the d-e¢ voltage to the plate or grid of
a tube through the same impedance in which the alternating current
flows. See Parallel feed.

Series-resonant circuit. A resonant circuit in which the capacitor
and the inductor are in series with the applied voltage.

Sertes resonance. The condition existing in a circuit when the source
of emf is in series with an inductance and capacitance whose reactances
cancel each other at the applied frequency, reducing the impedance
to minimum.

Sharp tuning. Very high selectivity.

Shielding. DMetallic covering used to prevent magnetic or electro-
static eoupling between adjacent circuits.

Short circuit. A low impedance or zero impedance path between
two points.

Short wave. Refers to radio operation on frequencies higher than
those used for commercial broadeasting at the present time. The range
of frequencies extending from 1,500 kilocyeles to 30,000 kilocyeles.

Shunt. Same as parallel. A parallel resistor placed in an ammeter
to inerease its range.

Shunt feed. Application of the d-¢ plate or grid voltage without
passing through the a-c load impedance. See Parallel feed.

Side bands. The new frequencies, both above and below the carrier
frequency, produced as a result of modulation of a earrier.

Side-band power. The power contained in the side bands. It is this
power to which a receiver responds, not to the carrier power, when re-
ceiving a modulated wave.

Sine wave. A wave in which the amplitude varies as the sine of the
angle ; the waveform of a normal alternating eurrent or voltage.

Sinusoidal. Having the form of a sine wave.

Skin effect. The tendency of h-f currents to flow near the surface of
a conductor, thus being restricted to a small part of the total cross-
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sectional area and producing the effect of increasing the resistance. See
Radio-frequency resistance.

Skip distance. The distances on the earth’s surface between the points
where a radio sky wave is successively reflected between the earth and
the ionosphere.

Skip zone. The spaee or region within the transmission range wherein
signals from a transmitter are not received. It is the distance between
the farthest point reached by the ground wave and the nearest point
at which the refracted sky waves come back to earth.

Sky wave. That portion of a radiated wave which travels in space
and is returned to earth by refraction in the ionosphere.

Soft tube. A vacuum tube whose characteristics have been adversely
affected by the presence of gas in the tube. Not to be confused with
those tubes designed to operate with some gas present within them.

Solenotd. An inductor wound in a manner to give high magnetic
density. A coil with closely wound turns of many layers.

Space charge. The negative charge due to the cloud of electrons ex-
isting in the space between the cathode and plate in a vacuum tube,
formed by the electrons emitted from the cathode in excess of those
immediately attracted to the plate.

Space current. The total current flowing between the eathode and
all the other electrodes in a tube. This includes the plate current, grid
current, screen-grid current, and any other electrode current which
may be present.

Speech amplifier. An a-f voltage amplifier for amplifying signals
from a mierophone.

Stability. Freedom from undesired variation.

Standing wave. The current and voltage waves present on a trans-
mitting antenna, or on resonant feeders.

Static. Any electrical disturbance caused by atmospheric conditions.
Also, a fixed, nonvarying condition; without motion.

Static characteristics. The characteristics of a tube taken with no
output load and with d-c potentials applied to the grid and plate.

Superheterodyne. A receiver in which the incoming signal is mixed
with a locally generated signal to produce an intermediate frequency
which is then amplified and detected a second time to produce the audio
frequency.

Superregeneration. A method used to produce greater regeneration
than otherwise possible without the harmful effects of oscillation. See
Quench frequency.

Suppressor. A resistor in the grid ecircuit used to reduce or prevent
oscillation or the generation of unwanted r-f signals, such as those
radiated from the spark plugs of a gasoline engine.

Suppressor grid. An electrode used in a vacuum tube to minimize
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the harmful effects of secondary emission from the plate. Not to be
confused with grid suppressor.

Surges. Sudden inereases of current or voltage in a circuit.

Surge impedance. The characteristic impedance of a transmission
line. When a transmission line is terminated in a load equal to its surge
impedance, no reflection will oceur and no standing waves will appear.

Sweep circuit. That part of a cathode-ray oscilloscope which pro-
vides a time-reference base.

Swing. The periodic variation in frequeney or amplitude of an elee-
trical quantity.

Swinging choke. A choke coil so designed that its effective inductance
varies with the amount of current passing through it. It is used in
power-supply filter circuits.

Switch. A device used to open or close an electrieal circuit.

Symbol. A sign, mark, letter, or diagram used to represent a device
or quantity.

Synchronous. Happening at the same time; having the same period
and phase.

Tank circuit. A tuned circuit used in connection with a vacuum
tube. It is so called because of its ability to store energy temporarily.

Temperature coefficient. A factor used to calculate the change in the
characteristies of a substance, device, or cireuit element, with changes
in its temperature. Examples: the shift in frequency of a crystal per
degree change in temperature; and the change in the resistance of a
resistor per degree change in temperature.

Tetrode. A four-electrode vacuum tube containing a cathode, control
grid, screen grid, and plate.

Thermionic emission. Electron emission obtained by heating an
emitter.

Thermocouple ammeter. An ammeter which operates by means of a
voltage produced by the heating effect of a current passed through the
junction of two dissimilar metals. It is used for r-f measurements.

Thoriated filament. A vacuum-tube filament coated with thorium
for better emission.

Thyratron. A trade name for a certain type of grid-econtrolled triode
tube which contains gas.

Tight coupling. More than enough coupling to give maximum trans-
fer of energy at the resonant frequency. Greater than optimum
coupling.

Tone control. A method of emphasizing either low or high tones at
will in an a-f amplifier.

Tone modulation. A type of code-signal transmission obtained by
causing the r-f carrier amplitude to vary at a fixed audio frequency.

Tracking. The process of adjusting the individual tuning aection of
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each of several stages which are gang-tuned so that a given tuning
change in the central control will result in an equal frequency change
in each stage at any point over the tuning range.

Transconductance. See Control-grid-plate transconductance.

Transformer. Two or more coils, linked by magnetic lines of foree,
used to transfer energy from one eircuit to another.

Transformer coupling. Coupling of circuits by means of a trans-
former.

Transmission line. Any conductor or system of conductors used to
carry electrical energy from 1ts source to a load.

Transposition blocks. Spreaders used to space and reverse at fixed
intervals the relative position of two conductors.

Trimmer capacitor. A small variable capaecitor used to adjust main
tuning capacitors so that they will track properly.

Triode. A three-electrode vacuum tube, containing a cathode, eontrol
grid, and plate.

Tuned circuit. A resonant cireuit,

Tuned feeders. A resonant feeder system. The length is critical.

Tuned filter. A resonant circuit connected between two circuits to
prevent the passage of signals of its own resonant frequency.

Tuned-plate tuned-grid oscillator. A vacuum-tube oscillator which
has resonant ecircuits in both its grid and plate circuits, with no in-
ductive coupling between them.

Tuned radio-frequency amplifier. A tuned amplifier designed to
operate at radio frequencies, and using resonant-circuit coupling,

Tuned radio-frequency transformer. A transformer used for selee-
tive coupling in r-f stages.

Tunming. The process of adjusting a radio eircuit to resonance with
the desired frequency.

Ultra-high frequency. Any frequency above 300 megacyecles.

Undamped wave. A wave which has an unchanging amplitude.

Under-modulation, Insufficient modulation.

Unidirectional. Flowing in one direction only. A unidirectional cur-
rent is direet current.

Unit. The measurement reference; one.

Vacuum. From a practical viewpoint, a condition where sufficient
air has been removed from a container so that any remaining air will
not affect the characteristics of the device beyond an allowable amount.
Theoretically, a perfeet vacuum is space from which all the air and
gases have been removed ; this is never attained in actual practice.

Vacuum tube. A device which consists of several electrodes in an
evacuated enclosure, which operates on electronic principles.
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Vacuum-tube characteristics. Data that show how a vacuum tube
will operate under various electrical conditions.

Vacuum-tube rectifier. A tube which changes an alternating current
to a unidirectional pulsating direct current.

YVacuum-tube voltmeter. A vacuum-tube system that uses either or
both the amplifier and rectified characteristics of a vacuum tube to
measure either d-c¢ or a-¢ voltages. Its input impedance is very high,
and the eurrent used to actuate the meter movement is not taken from
the circuit being measured. It can be used to obtain accurate measure-
ments in sensitive eireuits.

Variable capacitor. A capacitor whose capacitance may be continu-
ously varied from maximum to minimum by mechanical means.

Variable-mu tube. A vacuum tube whose control grid is irregularly
spaced, so that at different points within its operating range the grid
exercises a different amount of control on the electron stream. This
shifts the operating point from one seetion of its characteristic curve
to another, thus changing the amplification factor.

Variable resistor. A resistor whose electrical value can be changed
mechanically.

Variocoupler. Two independent inductors, so arranged mechanically
that their mutual induetance (coupling) can be varied.

Variometer. A varioeoupler having its two coils connected in series,
and so mounted that the movable coil may be rotated within the fixed
coil, thus changing the total inductance of the unit.

Vectors. Two or more lines whose relative length and direction are
used in calculating the relations between their corresponding guantities.

Very high frequency. Generally, those frequencies from 30 to 300
megacycles.

Vibrator. A mechanical-electrical device used to change a continuous
steady current into a pulsating current.

Vibrator power supply. A power supply using a vibrator to produce
the varying current necessary to actuate a step-up transformer, the
output of which is then rectified and filtered.

Volt. The basic unit of electrical pressure.

Voltage. A term used to signify electrical pressure.

Voltage amplification. The process of obtaining an inerease in output
voltage over the input-voltage value.

Voltage divider. A resistor which is connected across the output of
a power source with mechanical provision for connecting the local
load cireuits in parallel across part or all of the resistor, thereby obtain-
ing the desired voltage.

Voltage doubler. A method of increasing the voltage through rectifi-
cation of both halves of a eyele and causing the outputs of each to be
additive.

Voltage drop. The difference in voltage between two points. It is the
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result of the loss of electrieal pressure as a current flows through an
impedance.

Voltage regulation. A measure of the degree to which a power source
maintains its output-voltage stability under varying load conditions.

Volume. A term used to denote the sound intensity (amount of audio
output) of a receiver or audio amplifier.

Volume control, A device for controlling the output volume.

Watt. The basic unit of electrical power.

Wave. When used loosely, it means an electrical impulse period-
ically changing in intensity and travelling through space. More accu-
rately, it is the graphical representation of the intensity of that impulse
over a period of time.

Waveform. The shape of the wave obtained when instantaneous
valuer of a-¢ quantities are plotted against time in rectangular co-
ordinates.

Wavelength. The distance in meters traveled by a wave during the
time interval of one complete cyele. It is equal to the veloeity divided
by the frequency.

Wavemeter. A device which is ecalibrated to indicate the length in
meters of the wave to which it is tuned.

Wave propagation. The radiation, as from an antenna, of r-f energy
into space.

X. The symbol for reactance.

X¢. The symbol for capacitive reactance.

X ;. The symbol for inductive reactance.

X-cut crystal. A crystal so cut that its major flat surfaces are per-
pendicular to an electrical (X) axis of the original quartz crystal.

XY-cut crystal. A erystal so cut that its characteristics are between
those of the X-cut and the Y-cut crystals. It has a very low tempera-
ture coefficient,.

Y-cut crystal. A erystal so cut that its major flat surfaces are per-
pendicular to a mechanical (Y) axis of the original quartz erystal,

Z. The symbol for impedance.

Zero beat. The condition where two frequencies are exactly the same,
and therefore produce no beat note.

Zero bias. A condition in which there is no potential difference be-
tween the control grid and the eathode.

Zero-bias tube, A vacuum tube which is so designed that it may be
operated as a class B amplifier without applying a negative bias to its
control grid. Examples of these are the VT-63 (commercial type 46)
and the commercial types 838 and ZB-120.
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APPENDIX Il

SUMMARY OF FORMULAS

. D Circuits

Ohms
Volts =AmperesXohms (E=IXR)
__Volts E
Obms = Amperes ( k= 7)
b. Power. Watts = Volts Xamperes (P=EX]I).

a. OaM’s Law. Amperes = —V—Ol—ti (] =%)

¢. RESISTANCE IN SERIES, Rrotar=Ri+Rs+Rs+.....

d. RESISTANCES IN PARALLEL. 1 1,1 _1.+l+_1_+

Reqeiv R, ' Rs Ry ' Ry
or: 1

Requiv = +—-' + +

e. Two RESISTORS IN PARALLEL. Rpquiv =g‘+g"
114t

2. A-c Circuits

&y
&y

a. CURRENT, VOLTAGE, IMPEDANCE. E=]IXZ; =7 =7

N

b. InpvcTive REACTANCE. X, (ohms)=2xfL.

¢. CaraciTive REACTANCE. X, (ohms)_z—f—c

d. IMPEDANCE. Z (ohms)= \[R2+( 2xfL— 3 fC)
e. INDUCTORS IN SERIES. Lrortar=L;+Ly+Ls+......

J. INDUCTORS IN PARALLEL. LEQL’Iv=I_];-+l_+_1_+
1

g. Capacrrons 1N Series. Cpquiv= C. +—-+ e
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h. CaraciTors IN PARALLEL. Crorar=C1+Cs+Cs+...

. ConNDrITION OF REsoNaNceE. X =Xc

2nfL=

2 fC
j. REsONANT FREQUENCY OF A TTNED CIrCUIT.
f (cps) = 27r Ve

3. Radio Frequency

Frequency and wavelength relations:

300,000,000
Frequency (in cyveles)
N 300,000,000
" Wavelength (in meters)

Wavelength (in meters) =

Frequency (in cycles)

4. Horizon Distance

a. Horizon distance can be calculated from the formula:
S=142V[

where S is the distance in miles and IT is the height of observer’s eyes
in feet.

b. The table which follows gives the horizon distance for various
heights of antenna above ground level.

“anfemna. Timit gt
abo range
ground (miles)
D 3.2

20 6.4

20 10.0

100 14.2
3500 32.0
1,000 45.0
2.000 63.5
3.000 78.0
5,000 100.0
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APPENDIX IV

RMA RADIO COLOR CODES

. General

Standard color codes have been adopted by the American Radio
Manufacturers Association, and this accepted system of color coding
makes easy the identification of the values and connections of standard
components.

2. Resistors and Capacitors
a. For identification of small, carbon type resistors and midget mica
capacitors, value numbers are represented by the following colors:

0 black 5 green
1 brown 6 blue
2 red 7 violet
3 orange 8 gray
4 yollow 9 white

Three colors are used on each resistor to identify its value. The body
color represents the first figure of the resistance value; one end (or tip)
is colored to represent the second figure, and a colored band or dot
near the center of the resistor gives the number of zeros following the
first two figures.

b. Small mica capacitors are similarly marked with three colored
dots, with an arrow or other symbol indicating the sequence of eolors.
Readings are in micromicrofarads.

3. If Transformers
Leads on i-f (superheterodyne) transformers are colored as follows:

Blue .........cc0nnntn late lead to tube.
Red ................. + lead (to power).
Green .....coveveiunnn grid (or diode) lead.
Black ................ grid (or diode) return.

4. A-f Transformers
Leads on a-f transformers (including also line-to-grid and tube-to-
Iine transformers) are colored as follows:

Blue .......co0vivnnnn %late (finish) lead of primary.
Red veeeevenrnneannns + lead.

Brown ............... plate (start) lead of primary.
Green ..........co000n- grid (finish) lead to secondary.
Black .........coc00nn grid-return lead.

Yellow ......covivvene grid (start) lead to secondary.
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5. Loudspeaker Coils

a. Leads to voice coils are colored:

b. Leads to field coils are colored:

Black and red ........ start.
Yellow and red ....... finish,
Slate and red ......... tap (if any is used).

6. Power Transformers
Leads on power transformers are colored:

a. Primary leads ...... black.
If tapped: Common ...black.

b. Secondary leads:

Tap «.oovveriinininnnnn black and yellow, striped.
Finish ............... black and red, striped.
High-voltage plate
winding ........... .red.
Center tap ....... red and yellow, striped.
Rectifier filament
winding ............ yellow.
Center tap ....... yellow and blue, striped.

Filament winding 1....green.
Filament winding 2....brown.
Filament winding 3....slate.
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APPENDIX V

MULTIPLES AND

SUBMULTIPLES

[=9

(=7
B

Ampere
Am{)ere
Cycle
Cycle
Farad

i

Farad

Farad

Henry

Henry
Kilocycle
Kilovolt
Kilowatt
Megacycle
Megohm

Mho

Mho
Microampere
Mierofarad
Microhenry
Micromho
Micro-ohm
Microvolt
Microwatt
Micromicrofarad
Mieromiero-ohm

IR R T T T T I R T R N T R (TR T TR T (N T T

1,000,000 microamperes
1,000 milliamperes
0.000,001 megacycle
0.001 kilocyele
1,000,000,000,000 micro-
microfarads
1,000,000 microfarads
1,000 millifarads
1,000,000 microhenrys
1,000 millihenrys
1,000 cycles
1,000 volts
1,000 watts
1,000,000 cycles
1,000,000 ohms
1,000,000 micromhos
1,000 millimhos
0.000,001 ampere
0,000,001 farad
0.000,001 henry
0.000,001 mho
0.000,001 ohm
0.000,001 volt
0.000,001 watt
0.000,000,000,001 farad
0.000,000,000,001 ohm

Milliampere 0.001 ampere
Millihenry 0.001 henry
Millimho 0.001 mho
Millohm 0.001 ohm
Millivolt 0.001 volt
Milliwatt 0.001 watt
Volt 1,000,000 microvolts
Volt 1,000 millivolts
Watt 1,000,000 microwatts
Watt 1,000 milliwatts
Watt 0.001 kilowatt
METRIC PREFIXES
1
1,000,000 One-millionth miero-
1
1,000 One-thousandth milli-
1
100 One-hundredth centi-
1
10 One-tenth deci-
1 One uni-
10 Ten deka-
100 One hundred hekto-
1,000 One thousand kilo-
1,000,000 One million mega-
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APPENDIX VI

KILOCYCLE-METER CONVERSION

1. General

a. There is an increasing tendency in radio practice to think and deal
with radio waves in terms of frequencies in kilocyeles, rather than in
terms of wavelengths in meters. “Kilo” means a thousand, and “cyecle”
means one complete alternation. The number of kilocycles indicates the
number of thousands of times that the rapidly alternating current in
the antenna repeats its flow in either direction in one second.

b. The numerical relation between frequency and wavelength is
given by the following rule (for approximate calculations):

300,000,000
Wavelength (in meters)’

Frequency (in cycles per second)—=

But for very accurate conversion, the factor 299,820,000 is used instead
of 300,000,000; this rule is based on the fact that the velocity of radio
waves In space has been very accurately computed to be 299,820,000
meters per second.

2. Table VIl

Table VIII gives accurate values of kilocycles (not cycles) cor-
responding to any number of meters, and vice versa. It is based on
the factor 299,820,000, and gives values for every 10 kilocyeles or
every 10 meters. It should be particularly noticed that the table is
entirely reversible; thus 50 kiloeycles are equal to 5,996 meters, and
vice versa. It is suggested that the student make frequent use of the
table to accustom himself as quickly as possible to use of the term
kilocycles in referring to frequencies of radio sets. Although wave-
lengths or corresponding frequencies can be calculated by the formulas
given elsewhere in this manual, the use of this table eliminates laborious
calculations and insures accuracy of results.
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Table VITI. Kiloeycles (ke) to Meters (m), or Meters to Kilocycles

[Columns are interchangeable]

kcorm morkc | kcorm morke| kcorm wmorkc| kcorm morke|l kcorm mor ke
10 29,982 510 587.9 [1,010 296.9 |1,510 198.6 | 2,010 149.2
20 14,991 520 576.6 |1,020 293.9 |1,520 197.2 | 2,020 148.4
30 9,994 530 565.7 1,030 291.1 |1,530 1686.0 | 2,030 147.7
40 7,496 540 555.2 (1,040 288.3 | 1,540 194.7 | 2,040 147.0
50 5,996 550 545.1 11,050 285.5 1,550 193.4 | 2,050 146.3

60 4,997 560 535.4 |1,060 282.8 | 1,560 192.2 | 2,080 145.5
70 4,283 570 526.0 11,070 280.2 11,570 191.0 | 2,070 1448
80 3,748 580 516.9 |1,080 277.6 11,580 189.8 | 2,080 1441
90 3,331 590 508.2 1,090 275.1 {1,590 188.6 | 2,090 143.5
100 2,998 600 499.7 11,100 272,6 {1,600 187.4 | 2,100 142.8

110 2,726 610 491.5 1,110 270.1 1,610 186.2 | 2,110 1421
120 3,499 620 483.6 |1,120 267.7 |1,620 185.1 | 2,120 141.4
130 2,306 630 475.9 11,130 265.3 |1,630 183.9 | 2,130 140.8
140 2,142 640 468.5 |1,140 263.0 11,640 182.8 | 2,140 140.1
150 1,999 650 461.3 |1,150 260.7 11,650 181.7 | 2,150 139.5

160 1,874 | 660 454.3 1,160 258.5 11,660 180.6 | 2,160 138.8
170 1,764 670 447.5 |1,170 256.3 11,670 179.5 | 2,170 138.1
180 1,666 680 440.9 1,180 254.1 |1,680 178.5 | 2,180 137.5
190 1,578 690 434.5 1,190 252.0 11,690 177.4 | 2,190 136.9
200 1,499 700 428.3 11,200 249.9 11,700 176.4 | 2,200 136.3

210 1,428 710 422.3 11,210 247.8 11,710 176.3 | 2,210 135.7
220 1,363 720 416.4 [1,220 245.8 | 1,720 174.3 | 2,220 135.1
230 1,304 730 410.7 11,230 243.8 11,730 173.3 | 2,230 134.4
240 1,249 740 405.2 11,240 241.8 |1,740 1723 | 2,240 133.8
250 1,199 750 399.8 11,250 239.9 11,750 171.3 | 2,250 133.3

260 1,153 760 394.5 11,260 238.0
270 1,110 770 389.4 11,270 236.1

1,760 170.4 | 2,260 132.7
1
280 1,071 780 384.4 1,280 234.2 |1
1
1

70 169.4 | 2,270 1321
80  168.4 | 2,280 1315
90  167.5 | 2,290 1309
,800 1666 | 2,300  130.4

290 1,034 790 379.5 1,290 232.4
300 999.4 | 800 374.8 11,300 230.6

310 967.2 | 810 370.2 11,310 8.9 |1,810 165.6 | 2,310 129.8
820 967.9 | 820 365.6 1,320 7.1 |1,820 164.7 | 2,320 129.2
830 908.6 | 830 361.2 1,330 225.4 11,830 163.8 | 2,330 128.7
340 881.8 | 840 356.9 1,340 223.7 11,840 162.9 | 2,340 128.1
350 836.6 | 850 352.7 {1,350 222.1 |1,850 162.1 | 2,350 127.6

360 832.8 | 860 318.6 |1,360 220.4 |1,860 161.2 | 2,360 127.0
370 810.3 | 870 344.6 1,370 218.8 {1,870 160.3 | 2,370 126.5
380 789.0 | 880 340.7 |1,380 217.3 11,880 159.5 | 2,380 126.0
390 768.8 | 890 336.9 11,390 215.7 11,890 158.6 | 2,390 1254
400 749.6 | 900 333.1 |1,400 214.2 11,900 157.8 | 2,400 124.9

410 731.3 | 910 329.5 11,410 21
420 713.9 | 920 325.9 11,420 21
430 697.3 | 930 322.4 1,430 20 1,930 155.3 | 2,430 123.4
440 681.4 | 940 319.0 1,440 208.2 11,940 154.5 | 2,440 122.9
150 666.3 | 950 315.6 [1,450 206.8 11,950 153.8 | 2,450 122.4

6 /1,910 157.0 | 2,410 1244
d 01920 1562 | 2420 1239
7
)

460 651.8 | 960 312.3 [1,460 205.4 1,960 153.0 | 2,460 121.9
470 637.9 | 970 300.1 1,470 204.0 11,970 152.2 | 2,470 121.4
480 624.6 | 980 303.9 1,480 202.6 |1,980 151.4 | 2,480 120.9
490 611.9 | 990 302.8 11,490 201.2 (1,990 150.7 | 2,490 120.4
500 599.6 11,000 299.8 11,500 199.9 2,000 149.9 | 2,500 119.9
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Table VIII. Kilocycles (ke) to Meters (m), or Meters to Kilocycles

(Cont’d) [Columns are interchangeable]

kcorm morkc|kcorm morkec|kcorm morkecjkcorm morkelkcorm mor ke
2,510 119.5 {3,010 99.61|3,510 85.42(4,010 74.77] 4,510 66.48
2,520 119.0 13,020 99.2813,520 85.18/4,020 74.58| 4,520 66.33
2,530 118.5 {3,030 98.95]3,530 84.94(4,030 74.40( 4,530 66.19
2,540 118.0 |3,040 98.62| 3,540 84.70|4,040 74.21] 4,540 66.04
2,550 117.6 |3,050 98.30(3,550 84.46| 4,050 74.03] 4,550 65.89
2,560 117.1 |3,060 97.98/3,560 84.2214,060 73.85| 4,560 65.75
2,570 116.7 (3,070 97.6613,570 83.9814,070 73.67| 4,570 65.61
2,580 116.2 {3,080 97.3413,580 83.7514,080 73.49( 4,580 65.46
2,590 115.8 3,090 97.03] 3,590 83.5214,090 73.31| 4,590 65.32
2,600 115.3 13,100 96.72]3,600 83.28(4,100 73.13| 4,600 65.18
2,610 114.9 |3,110 96.41(3,610 83.05{4,110 72.95] 1,610 63.04
2,620 1144 3,120 96.10(3,620 82.824,120 72.77] 4,620 64.90
2,830 114.0 |3,130 95.79]3,630 82.60(4,130 72.60( 4,630 64.76
2,640 113.6 |3,140 95.4813,640 82.37|4,140 72.42( 4,640 64.62
2,850 113.1 3,150 95.18(3,650 82.1414,150 72.25] 4,650 64.48
2,660 112.7 13,160 94.8813,660 81.92|4,160 72.07| 4,660 64.34
2,670 112.3 |3,170 94.58(3,670 81.7014,170 71.90| 4,670 64.20
2,680 111.9 3,180 94.2813,680 81.47|4,180 71.73] 4,680 64.06
2,690 111.5 |3,190 93.99)3,690 81.25]4,190 71.56( 4,690 63.93
2,700 111.0 }3,200 93.69(3,700 81.03}4,200 71.30] 4,700 63.79
2,710 110.6 {3,210 93.4013,710 80.8114,210 71.22| 4,710 63.66
2,720 110.2 {3,220 93.11}3,720 80.60]4,220 71.05| 4,720 63.52
2,730 109.8 13,230 92.8213,730 80.38]4,230 70.88| 4,730 63.39
2,740 109.4 13,240 92.5413,740 80.17(4,240 70.71] 4,740 63.25
2,750 109.0 |3,250 92.2513,750 79.9514,250 70.55| 4,750 63.12
2,760 108.6 13,260 91.97}3,760 79.74|4,260 70.38] 4,760 62.99
2,770 108.2 }3,270 91.69|3,770 79.5314,270 70.22| 4,770 62.86
2,780 107.8 {3,280 91.4113,780 79.3214,280 70.05 4,780 62.72
2,790 107.5 |3,290 91.13{3,790 79.11] 4,290 69.89] 4,790 62.59
2,800 107.1 |3,300 90.8613,800 78.90] 4,300 69.73{ 4,800 62.46
2,810 106.7 3,310 90.58] 3,810 78.69|4,310 69.56| 4,810 62.33
2,820 106.3 |3,320 90.31]3,820 78.4914,320 69.40| 4,820 62.20
2,830 105.9 |3,330 90.04| 3,830 78.28]4,330 69.24 4,830 62.07
2,840 105.6 |3,340 89.77]3,840 78.08|4,340 69.08| 4,840 61.95
2.850 105.2 3,350 89.50|3,850 77.88]4,350 68.92{ 4,850 61.82
2,860 104.8 {3,360 89.2313,860 77.67|4,360 68.77| 4,860 61.69
2,870 104.5 13,370 88.9713,870 77.47|4,370 68.61] 4,870 61.56
2,880 104.1 [3,380 88.70]3,880 77.27]4,380 68.45{ 4,880 61.44
2,890 103.7 |3,390 88.44]3,890 77.07]4,390 68.30| 4,890 61.31
2,900 103.4 |3,400 88.1813,900 76.88{4,400 68.14| 4,900 61.19
2,910 103.0 {3,410 87.92(3,910 76.68|4,410 67.99] 4,910 61.06
2,920 102.7 13,420 87.67]3,920 76.48| 4,420 67.83| 4,920 60.94
2,930 102.3 |3,430 87.41]3,930 76.2914,430 67.68| 4,930 60.82
2,940 102.0 | 3,440 87.16}3,940 76.1014,440 67.53] 4,940 60.69
2,950 101.6 3,450 86.90} 3,950 75.90]4,450 67.38] 4,950 60.57
2,960 101.3 3,460 96.6513,960 75.51(4,460 67.23] 4,960 60.45
2,970 100.9 {3,470 86.4013,970 75.5214,470 67.07| 4,970 60.33
2,980 100.6 |3,480 86.16/3,980 75.33]4,480 66.92| 4,980 60.20
2,990 100.3 3,490 85.9113,900 75.14]4,490 66.78| 4,990 60.08
3,000 99.94] 3,500 85.66( 4,000 74.96( 4,500 66.63| 5,000 59.96
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Table VIIL Kiloeyeles (ke) to Meters (m), or Meters to Kiloeycles

(Cont’d) | Columns are interchangeable

kcorm morkel keorm morkc| keorm morke| keorm morke| keorm m or ke
5,010 59.84 15,510 54,41 (6,010 49.89 16,510 46.06 | 7,010 42.77
5,020 59.73 15,520 54.32 6,020 49.80 16,520 4598 | 7,020 42,71
5,030 59.61 15,530 54.22 16,030 49.72 16,530 45.91 | 7,030 42.65
5,040 59.49 15,540 54.12 16,040 49.64 [6,540 45.84 | 7,040 42.59
5,050 59.37 5,550 54.02 16,050 49.56 |6,550 45.77 | 7,050 42.53
5,060 59.25 |5,560 53.92 16,060 49.48 6,560 45.70 | 7,060 42.47
5,070 59.13 |5,570 53.83 16,070 49.39 (6,570 45.63 | 7,070 42.41
5,080 59.02 15,580 53.73 6,080 49.31 |6,580 45.57 | 7,080 42.35
5,090 58.90 {5,590 53.64 6,090 49.23 16,590 45.50 | 7,090 42.29
5,100 58.79 |5,600 53.54 6,100 49.15 [6,600 45.43 | 7,100 42.23
5,110 58.67 5,610 53.44 16,110 49.07 16,610 45.36 | 7,110 42,17
5,120 58.56 15,620 53.35 {6,120 48.99 [6,620 45.29 | 7,120 42.11
5,130 58.44 |5,630 53.25 |6,130 48.91 16,630 45.22 | 7,130 42.05
5,140 58.33 5,640 53.16 6,140 48.83 [6.640 45.13 | 7,140 41.99
5,150 58.22 15,650 53.07 16,150 48,73 [6,650 £5.09 | 7,150 41,93
5,160 58.10 |5,660 52.97 16,160 48.67 {6,660 45.02 | 7,160 41.87
5,170 57.99 |5,670 52.88 6,170 48.59 6,670 4495 | 7,170 41.82
5,180 57.88 15,680 52.79 16,180 +48.51 16,680 44.88 | 7,180 41.76
5,190 57.77 15,690 52.69 16,190 48.44 16,690 44.82 | 7,190 41.70
5,200 57.66 15,700 52.60 16,200 48.36 [6,700 44.75 | 7,200 41.64
5,210 57.55 15,710 52.51 16,210 48.28 [6,710 44,68 | 7,210 41.58
5,220 5744 (5,720 52.42 16,220 48.20 |6,720 44,62 | 7,220 41.53
5,230 57.33 15,730 2.32 (6,230 48.13 16,730 44.55 | 7,230 41.47
5,240 37.22 15,740 . 6,240 48.05 16,740 44,48 | 7,240 41.41
5,250 57.11 |5,750 52.14 16,250 47.97 16,750 44,42 | 7,250 41.35
5,260 57.00 15,760 52.05 6,260 47.89 16,760 44.35 | 7,260 41.30
5,270 56.89 15,770 51.96 6,270 47.82 |6,770 44.29 | 7,270 41,24
5,280 56.78 15,780 51.87 16,280 47.74 |6,780 44,22 | 7,280 41.18
5,290 56.68 15,790 51.78 6,290 47.67 16,790 44.16 | 7,290 41.13
5,300 56.57 |5,800 71.69 16,300 47.59 16,800 44.09 | 7,300 41.07
5,310 56.46 15,810 $1.60 6,310 47.52 (6,810 44.03 | 7,310 41.02
5,320 56.36 {5,820 71.52 16,320 47.14 6,820 43.96 | 7,320 40.96
5,330 36.25 |5,830 51.43 16,330 47.36 {6,830 43.90 | 7,330 40.90
5,340 56.15 15,840 51.34 (6,340 47.29 {6,840 43.83 | 7,340 40.85
5,350 H6.04 15,850 51.25 16,350 47.22 16,850 43.77 | 7,350 40.79
5,360 55.94 15,860 51.16 |6,360 47.14 16,860 43.71 | 7,360 40.74
5,370 55.83 |5,870 51.08 16,370 47.07 (6,870 43.64 | 7,370 40.68
5,380 55.73 (5,880 50.99 16,380 46.99 |6,880 43.58 | 7,380 40.63
5,390 55.63 5,890 50.90 |6,390 46.92 16,890 43.52 | 7,390 40.57
5,400 55.52 15,900 50.82 16,400 46.85 16,900 43.45 | 7,400 40.52
5,410 55.42 15,910 50.73 16,410 46.77 {6,910 43.39 | 7,410 40.46
5,420 55.32 15,920 50.65 16,420 46.70 (6,920 43.33 | 7,420 40.41
5,430 55.22 15,930 50.56 6,430 46.63 (6,930 43.26 | 7,430 40.35
5,440 55.11 |5,940 50.47 {6,440 46.56 6,940 43.20 | 7,440 40.30
5,450 55.01 5,950 50.39 6,450 46.48 {6,950 43.14 | 7,450 40.24
5,460 54.91 |5,960 50.31 |6,460 46.41 |6,950 43.08 | 7,460 40.19
5,470 54.81 |5,970 50.22 16,470 46.34 16,970 43.02 | 7,470 40.14
5,480 54.71 15,980 50.14 6,480 46.27 |6,980 4295 | 7,480 40.08
5,490 54.61 5,990 50.05 16,490 46.20 |6,990 42.89 | 7,490 40.03
5,500 54.51 16,000 49.97 16,500 46.13 | 7,000 42,83 | 7,500 39.98
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Table VIII. Kilocycles (ke) to Meters (m), or Meters to Kilocyeles

(Cont’d) [Columns are interchangeable]

kcorm morke| kecorm mor kc‘ keorm mor kc' keorm morkel kcorm mor ke
7,510 39.92 18,010 37.43 18,510 35.23 9,010 33.28 | 9,510 31.53
7,520 39.87 8,020 37.38 18,520 35.19 {9,020 33.24 | 9,520 31.49
7,530 39.82 (8,030 37.34 |8,530 35.15 {9,030 33.20 | 9,530 31.46
7,540 39.76 |8,040 37.29 (8,540 35.11 9,040 33.17 | 9,540 31.43
7,550 39.71 {8,050 37.24 [8,550 35.07 9,050 33.13 | 9,550 31.39
7,560 39.66 |8,060 37.20 18,560 35.03 19,060 33.09 | 9,560 31.36
7,570 39.61 8,070 37.15 |8,570 34.98 19,070 33.06 | 9,570 31.33
7,580 39.55 18,080 37.11 |8,580 34.94 19,080 33.02 | 9,580 31.30
7,580 39.50 18,090 37.06 |8,390 34.90 19,090 32.98 | 9,590 31.26
7,600 39.45 (8,100 37.01 [8,600 34.86 |9,100 32.95 | 9,600 31.23
7,610 39.40 |8,110 36.97 |8,610 34.82 19,110 32.91 | 9,610 31.20
7,620 39.35 |8,120 36.92 |8,620 34.78 19,120 32.88 | 9,620 31.17
7,630 39.29 (8,130 36.88 [8,630 34.74 9,130 32.84 | 9,630 31.13
7,640 39.24 |8,140 36.83 18,640 34.70 19,140 32.80 | 9,610 31.10
7,650 39.19 18,150 36.79 |8,650 34.66 19,150 32.77 | 9,650 31.07
7,660 39.14 |8,160 36.74 18,660 34.62 19,160 32,73 | 9,660 31.04
7,670 39.09 [8,170 36.70 {8,670 34.58 19,170 32.70 | 9,670 31.01
7,680 39.04 [8,180 36.65 18,680 34.54 9,180 32.66 | 9,680 30.97
7,690 38.99 (8,190 36.61 |8,690 34.50 (9,190 32.62 | 9,690 30.94
7,700 38.04 |8,200 36.56 |8,700 34.46 9,200 32.59 1 9,700 30.91
7,710 38.89 18,210 36.52 18,710 34.42 19,210 32,55 | 9,710 30.88
7,720 38.84 {8,220 36.47 |8,720 34.38 19,220 3252 [ 9,720 30.85
7,730 38.79 8,230 36.43 (8,730 . 34.34 {9,230 32,48 | 9,730 30.81
7,740 38.74 (8,240 36.39 |8,740 34.30 {9,240 3245 | 9,740 30.78
7,750 38.69 (8,250 36.34 |8,750 34.27 |9,250 3241 | 9,750 30.75
7,760 38.64 |8,260 36.30 {8,760 34.23 |9,260 32.38 | 9,760 30.72
7,770 38.59 18,270 36.25 |8,770 34.19 9,270 3234 ] 9,770 30.69
7,780 38.54 |8,280 36.21 |8,780 34.15 9,280 32.31 | 9,780 30.66
7,790 38.49 |8,290 36.17 [8,790 34.11 {9,290 32.27 | 9,790 30.63
7,800 38.44 18,300 36.12 8,800 34.07 9,300 32.24 | 9,800 30.59
7,810 38.39 (8,310 36.08 8,810 34.03 {9,310 32.20 | 9,810 30.56
7,820 38.34 {8,320 36.04 [8,820 33.99 19,320 32,17 | 9,820 30.53
7,830 38.29 (8,330 35.99 18,830 33.95 19,330 32.14 | 9,830 30.50
7,840 38.24 (8,340 35.95 |8,840 33.92 19,346 32,10 | 9,840 30.47
7,850 38.19 (8,350 35.91 |8,850 33.88 19,350 32.07 | 9,850 30.44
7,860 38.14 |8,360 35.86 |8,860 33.84 19,360 32.03 | 9,860 30.41
7,870 38.10 |8,370 35.82 18,870 33.80 19,370 32,00 | 9,870 30.38
7,880 38.05 {8,380 35.78 |8,880 33.76 19,380 31.96 | 9,880 30.35
7,890 38.00 (8,390 35.74 8,890 33.73 }9.390 31.93 | 9,890 30.32
7,900 37.95 |8,400 35.69 8,900 33.69 19,100 31.90 | 9,900 30.28
7,910 37.90 18,410 35.65 18,910 33.65 [9,410 31.86 | 9,910 30.25
7,920 37.86 |8,420 35.61 (8,920 33.61 9,420 31.83 | 9,920° 30.22
7,930 37.81 (8,430 35.57 |8,930 33.57 19,430 31.79 | 9,930 30.19
7,940 37.76 |8,440 35.52 [R.940 33.54 9,440 3176 | 9,940 30.16
7,950 37.71 (8,450 35.48 18,950 33.50 [9,450 31.73 | 9,950 30.13
7,960 37.67 [8,460 35.44 |8,960 33.46 19,460 31.69 | 9,960 30.10
7,970 37.62 8,470 35.40 18,970 33.42 19,470 31.66 | 9,970 30.07
7,980 37.57 |8,480 35.36 18,980 33.39 [9,480 31.63 | 9,980 30.04
7,990 37.52 18,490 35.31 [8,990 33.35 |9,490 31.59 | 9,990 30.01
8,000 37.48 8,500 35.27 [9,000 33.31 19,500 31.56 |10,000 29,98
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APPENDIX VI

INDUCTANCE-CAPACITANCE PRODUCT VALUES

. General

a. The formula for determining the frequeney to which any ecireuit
containing inductance and capacitance will tune is—

159,000
~ VIC
where: f is the frequeney in ¢ycles per second,

L is the inductanee of the coil in microhenries,
C is the capacitance of the entire eircuit in microfarads.

b. The product of inductance L and capacitance C of the circuit de-
termines the frequency at which the ecircuit is resonant, or in fune.
For each frequency there is a definite value of this product (called the
inductance-capacitance product, or the LC value) for which resonance
oceurs. If this value is known, it is possible to determine the correct
amount of induectance required for use with any value of capacitance.
and viee versa, in order to produce resonance at a given frequency.
‘When either the inductance or capacitanee is known, the other may be
easily determined by dividing the LC value by the known quantity; in
other words, the LC value is divided by the known capacity, or known
inductance, and the quotient of the division is the required inductance
or capacitance.

Thus:
Indnetance — 2 value Capacitance = —L0Yalle_
nductance — (‘apacitance -ap " Inductance
2. Table IX

Table 1X gives the inductance-capacitance values necessary to pro-
duce resonance at frequencies from 300 to 300,000 kilocycles. This
range may be easily extended, as explained below. The inductance is
given in microhenrys; the capacitance is given in microfarads.

Ezxample: Find the inductance of a coil necessary to tune to a fre-
quency of 600 kiloeycles (500 meters) with a tuning capacitor of
0.00035 microfarads capacitance. From the LC table, the LC value
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for this frequeney is found to be 0.0704. Dividing this value by the
given capacitance (0.00035) gives the result: 201 microhenries.

Ezxample: Find the capacitance of a tuning capacitor necessary to
tune to a frequeney of 1,500 kiloeycles (200 meters) with the above
coil of 201 microhenrys inductance. The LC value for this frequency
is found (from the LC table) to be 0.01126. Dividing this LC value
by the inductance (201) gives a result 0.000055 microfarads (or 55
mieromierofarads).

a. Consulting the LC table it will be noted that, as the frequency
decreases, the LC value increases. If the frequency is divided by 10,
the LC value must be multiplied by 100. This must be kept in mind if
values beyond the range of the table are to be determined.

Ezample: To determine the LC value for 2 kiloeyeles (2,000 cycles),
the LC value for 2,000.000 cycles is taken from the table and the
decimal point is moved six places to the right; 6330 is the correct
LC value.

b. If it is desired to check the results of the use of the LC table, it
should be remembered that resonance oceurs when the inductive react-
ance is equal to the capacitive reactance. The frequency at which this
oceurs is the resonance frequency.

318



Table IX. Relation between wavelength in meters, frequency in kilocycles, and the
product of inductance in microhenries and capacity in mdicrofarads, required to
produce resonance at these corresponding frequencies ovr wavelengths,

(L z C constant).

W.L. Ww.L. W.L.
in /in ke, LxC in fin ke, LxC in fin ke. LxC
Meters Meters Meters

1} 300,000 | 0.0000003 | 450 667 0.0570 740 403 0.1541

2| 150,000 | 0.0000111 | 460 652 0.05¢6 745 403 0.1562

3 | 100,000 | 0.0000018 | 470 639 0.0622 750 400 0.1583

41 75000 | 0.0000045 | 480 625 0.0649 755 397 0.1604

5| 60,000 | 0.0000057 | 490 612 0.0676 760 395 0.1626

6| 50,000 | 0.0000101 | 500 600 0.0704 765 392 0.1647

71 42,900 | 0.0000138 | 505 594 0.0718 770 390 0.1669

8| 37,500 { 0.0000180 | 510 588 0.0732 775 387 0.1690

9| 33,333 { 0.0000228 515 583 0.0747 780 385 0.1712

10 | 30,000 | 0.0000252 ' 520 577 0.0761 785 382 0.1734

20 | 15,000 | 0.0001129 | 525 572 0.0776 7 380 0.1756

30 | 10,000 | 0.0002530 | 530 566 0.0791 795 377 0.1779

40 7,500 | 0.0004& 535 561 0.0806 | 800 375 0.1801

50 6,000 | 0.0007040 | 540 556 0.0821 805 373 0.1824

60 5,000 | 0.0010140 | 545 551 0.0836 810 370 0.1847

70 4,290 | 0.0013780 | 550 546 0.0852 | 815 368 0.1870

80 3,750 | 0.0018010 | 555 541 0.0867 | 820 366 0.1893

90 3,333 | 0.0022800 | 560 536 0.0883 &25 364 0.1918

100 3,000 | 0.00282 565 531 0.0899 730 361 0.1939

110 2,727 | 0.00341 57 527 0.0915 | 835 359 0.1962

120 2,500 | 0.00405 575 522 0.0931 840 357 0.1986
130 2,308 | 0.00476 580 517 0.0947 845 355 0.201
140 2,143 ! 0.00552 585 513 ! 0.0063 | 850 353 0.203
150 2,000 : 0.00633 590 | 509 0.0980 855 351 0.206
160 1,875 ¢ 0.00721 595 1 504 0.0996 860 349 0.208
170 1,764 | 0.00813 600 | 500 0.1013 865 347 0.211
180 1,667 | 0.00912 605 496 0.1030 870 345 0.213
190 1,579 | 0.01015 610 ; 492 0.1047 875 343 0.216
200 1,500 | 0.01126 615 488 0.1065 880 341 0.218
210 1,429 . 0.01241 620 | 484 0.1082 | 885 339 0.220
220 1,364 | 0.01362 625 480 0.1100 . 880 337 0.223
230 1,304 | 0.01489 630 ' 476 0.1117 I 895 335 0.225
240 1,250 ; 0.01621 635 472 0.1135 | 900 333 0.228
250 1,200 | 0.01759 640 469 0.1153 905 331 0.231
260 1,154 | 0.01903 645 465 0.1171 910 330 0.233
270 1,111 | 0.0205 650 462 0.1189 915 328 0.236
280 1,071 | 0.0221 655 458 0.1208 920 326 0.238
290 1,034 | 0.0237 660 455 0.1226 925 324 0.241
300 1,000 ' 0.0253 665 1 451 0.1245 930 323 0.243
310 968 = 0.0270 670 | 448 0.1264 935 321 0.246
320 938 | 0.0288 675 444 0.1283 940 319 0.249
330 909 | 0.0306 680 411 0.1302 945 317 0.251
340 883 | 0.0325 685 438 0.1321 950 316 0.254
350 857 1 0.0345 690 435 0.1340 955 314 0.257
360 834 ; 0.0365 695 432 0.1360 960 313 0.259
370 811 | 0.0385 K 429 0.1379 965 311 0.262
380 790 | 0.0406 705 426 0.1399 970 309 0.265
390 769 i 0.0428 710 | 423 0.1419 975 308 0.268
400 750 | 0.0450 715 1 420 0.1439 980 306 0.270
410 732 0.0473 720 417 0.1459 985 305 0.273
420 715 1 0.0496 725 414 0.1479 980 303 0.276
430 698 | 0.0520 730 411 0.1500 995 302 0.279
440 682 | 0.0545 735 408 0.1521 1000 300 0.282
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APPENDIX VIl

SQUARES AND SQUARE ROOTS

Mathematical table of squares and square roots

n n? ¥n n n? vn n n? ¥
1 1 1.000 41 1681 6.4031 81 6561 9.0000
2 4 1.414 42 1764 6.4807 82 6724 9.0554
3 9 1.732 43 1849 6.5574 83 6889 9.1104
4 16 2.000 44 1936 6.6332 84 7056 9.1652
5 25 2.236 45 2025 6.7082 85 7225 9.2195
6 36 2.449 46 2116 6.7823 86 7396 9.2736
7 49 2.646 47 2209 6.8557 87 7569 9.3274
8 64 2.828 48 2304 6.9282 88 7744 9.3808
9 81 3.000 49 2401 7.0000 89 7921 9.4340
10 100 3.162 50 2500 7.0711 20 8100 9.4868
11 121 3.3166 51 2601 7.1414 91 8281 .
12 144 3.4641 52 2704 7.2111 92 8464 9.5917
13 169 3.6056 53 2809 7.2801 93 8649 9.6437
14 196 3.7417 54 2916 7.3485 94 8836 9.6954
15 225 3.8730 55 3025 7.4162 95 9025 9.7468
16 256 4.0000 56 3136 7.4833 96 9216 9.7980
17 289 4.1231 57 1 .3249 7.5498 97 9409 9.8489
18 324 4.2426 58 3364 7.6158 98 9604 9.8995
19 361 4.3589 59 3481 7.6811 99 9801 9.9499
20 400 4.4721 60 3600 7.7460 100 10000 { 10.0000
21 441 4.5826 61 3721 7.8102 101 10201 | 10.0499
22 484 4.6904 62 3844 7.8740 102 10404 | 10.0995
23 529 4.7958 63 3969 7.9373 103 10609 | 10.1489
24 576 4.8990 64 4096 8.0000 104 10816 | 10.1980
25 625 5.0000 65 4225 8.0623 105 11025 | 10.2470
26 676 5.0990 66 4356 8.1240 106 11236 | 10.2956
27 7 5.1962 67 4489 8.1854 107 11449 | 10.3441
28 784 5.2915 68 4624 8.2462 108 11664 | 10.3923
29 841 5.3852 69 4761 8.3066 109 11881 | 10.4403
30 900 5.4772 70 4900 8.3666 110 12100 | 10.4881
31 961 5.5678 71 5041 8.4261 111 12321 | 10.5357
32 1024 5.6569 72 5184 8.4853 112 12544 | 10.5830
33 1089 5.7446 73 5329 8.5440 113 12769 { 10.6301
34 1156 5.8310 74 5476 8.6023 114 12996 | 10.6771
35 1225 5.9161 75 5625 8.6603 115 13225 | 10.7238
36 1296 6.0000 76 5776 8.7178 116 13456 | 10.7703
37 1369 6.0828 77 5929 8.7750 117 13689 | 10.8167
38 1444 6.1644 7 6084 8.8318 118 13924 | 10.8628
39 1521 6.2450 7 6241 8.8882 119 14161 | 10.9087
40 1600 6.3246 80 6400 8.9443 120 14400 | 10.9545

320



APPENDIX 1X

BIBLIOGRAPHY

I. Electricity and Magnetism

TM 1-455, Electrical Fundamentals. War Department, Wash-
ington, D. C.

2. Radio Principles

Basic Radio, by J. Barton Hoag. D. Van Nostrand Co., Ine.,
New York, N. Y.

Elements of Radio, by Charles I, lellman. D. Van Nostrand Co.,
Ine.,, New York N. Y.

Fundamentals of Radio, edited by W. L. Everitt. Prentlce-Hall,
Inc., New York, N. Y.

Fundamentals of Radio, by F. E. Terman. MeGraw-Hill Book
Co., Inc., New York, N. Y.

Principles of Radio, by Keith Ilenney. John Wiley and Sons,
Ine., New York, N. Y.

The Radio Amateur’s Handbook. American Radio Relay League,
West Hartford, Conn.

The Radio Handbook. Editors and Engineers, Ltd., Santa
Barbara, Calif,

Radio Physics Course, by Alfred A. Ghirardi. Radio Technieal
Publishing Co., New York, N. Y.

Understanding Radio, by Watson, Welch, and Eby. MeGraw-Hill
Book Co., Ine.,, New York, N. Y.

3. Yacuum-tube Data

Recetving Tube Manual and Transmitting Tube Manual. Both
published by the R.C.A. Manufacturing Gu., Inc.,, Camden, N, J.

4. Advanced Radio Literature

Radio Engineering, by F. E. Terman. McGraw-Hill Book Co.,
Ine.,, New York, N. Y.

Radio Engineering Handbook, edited by Keith Henney. McGraw-
Hill Book Co., Inc., New York, N. Y

321



APPENDIX X

REVIEW QUESTIONS

Section I:

1. In what way can the theory of radio transmission be compared
to the action of a transformer?
2. What is the purpose of the transmitting antenna?
3. What is the velocity of all radio waves?
4. What is the wavelength (in meters) of a radio signal with a
frequency of 300,000 cycles? Of 1,500 kilocycles? Of 300 megacycles?
5. What is the frequency of a radio signal with a wavelength of
5 meterst Of 50 meters?! Of 600 meters?
6. What frequencies are known as radio frequencies? Audio
frequencies?
7. What is the purpose of the receiving antenna?
8. The simplest possible radio transmitter consists of what parts!?
9. Why are amplifiers required in radio transmitters?
10. Why are amplifiers required for radio receivers?

Section II:

1. What is the difference between a series and a parallel circuit?

2. As the frequency is increased what happens to the reactance
of an induector?

3. Will the insertion of an iron core in a coil increase or decrease
its inductance?

4. If two capacitors are placed in series, would the total capaci-
tance be more or less than either one alone?

5. What is meant by a permeability-tuned coil ¢

6. If the distance between two plates is increased, what is the
effect on its capacitance?

7. All electrolytic capacitors are polarized. What does this mean,
and why are they polarized?

8. As the frequency is decreased what happens to the reactance
of a capacitor?

9. What circuit element would be used in one branch of a parallel
circuit to block direct current but allow the passage of alternating
current!

10. What circuit element would be used in one branch of a parallel
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circuit to block alternating current but allow the passage of direct
current ?

Sectton I11:

1. What is selectivity ! What can affect the selectivity of a tuned
eircuit ?

2. What indication can be used to show when a series-tuned eir-
cuit is at resonance! What indication ecan be used to show when a
parallel-tuned circuit is at resonance?

3. When is the impedance of a series-tuned circuit lowest? When
is it highest?

4. What is the phase relation of current and voltage in a ca-
pacitor? In an inductor?

5. Is the voltage very high or very low across either the capacitor
or the inductor in a series-tuned circuit when at resonance? Is the
voltage very high or very low across the entire parallel-tuned circuit
when at resonance?

6. Is the line current through a parallel-resonant circuit maxi-
mum or minimum at resonance?

7. What is a tank circuit and how does it work?

8. What is resistance coupling? What is impedance-capacitive
coupling ¥

9. Why is a blocking capacitor sometimes necessary in resistance
coupling?

10. What is the difference between a single-tuned transformer and
a double-tuned transformer?

Section IV ;

1. What determines the amount of plate-current flow in a vacuum
tube?

2. What action takes place in a diode when an alternating cur-
rent is placed upon its plate! What is the nature of the output wave?

3. How does the grid control the flow of electrons in a triodet

4. Name and describe three types of plate loads, and tell why
it is necessary to have a plate load in an amplifier circuit.

5. What effect will an increase in the negative grid voltage of
a triode have on the amount of plate-current change with a given
input?

6. Name and describe two methods of biasing the grid of a
vacuum tube.

7. What is meant by the term ‘“plate resistance”{

8. What effect does the screen grid have on the plate-current
flow in a tetrode!?

9. What effect does a suppressor grid have upon secondary
emission !
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10. How does the grid of a variable-mu tube differ from that of a
normal sharp cut-off tube?

Section V:

1. When a diode is used as a detector, which component of the
radio signal is removed by the process of detection?

2. Explain why a grid-leak detector is similar to a diode detector
and one stage of amplification.

3. Under what condition would plate current be at maximum in
a grid-leak detector?

4, What would be the result if too strong a signal were applied
to the grid of a grid-leak detector?

5. Why is bias applied to the grid of a plate detector?

6. What advantage does a plate detector have over a grid de-
tector! What advantage does a grid detector have over a plate
detector?

7. What is regeneration?

8. What is the advantage of regeneration in a detector?

9. Explain the difference between a regenerative detector and a
heterodyne detector.

10. What advantage does the vacuum-tube voltmeter have over
other conventional types of meters?

Section VI:

1. What is the difference between the output of a voltage am-
plifier and a power amplifier?

2. Why must the bias of a class A amplifier-tube be such that
the tube operates over the linear portion of its E¢—Ip curve?

3. How is distortion avoided in class B a-f amplifiers?

4., How does the bias for class AB operation compare with that
for class A and class B operation?

5. What are the bias requirements for class C operation?

6. What type of plate load is used in a class C r-f amplifier?

7. What are some of the methods of coupling one amplifier stage
to another?

8. What may be the result of a leaky blocking capacitor?

9. What method of gain control is generally used in r-f amplifier
circuits? What is the usual method of controlling gain in an a-f
amplifier?

10. What stages of a receiver are generally controlled by auto-
matie volume control ?

Section VII:

1. In a tuned r-f receiver, what is the purpose of the r-f stages?
2. Why are pentodes and tetrodes more suitable in r-f amplifiers
than triodes?
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What are two common methods of band spread?

What is meant by decoupling and why is it necessary?
How is decoupling accomplished?

What type of detectors are usually used in t-r-f receivers?
Describe some methods of volume control.

Why is shielding necessary in a receiver?

‘What is meant by band switching ¢

10. How may delayed automatic volume control be obtained?

©PNSoa e

Section VIII:

1. How does the superheterodyne receiver overcome the disad-
vantages of the tuned r-f receiver?

2. How is the intermediate frequency obtained?

3. What are the funections of a frequency converter?

4. Describe three methods of frequency conversion.

5. Describe the normal operation of a pentagrid converter in a
cireuit where no separate local-oscillator tube is used. Explain the
kind of frequency waves likely to be found on each of the grids
of such a pentagrid-converter tube.

6. What is the function of a padder capacitor and where is it
placed in a superheterodyne circuit?

7. What two methods are used to tune i-f transformers?

8. What is the advantage of using a crystal filter?

9. Which of the two types of amplifiers, r-f or i-f, is more efficient ¢
Why?

10. What stage must be added to an ordinary superheterodyne
receiver so that it will detect c-w signals? Why?t

Section IX:

1. Name three classes of power supplies commonly employed to
supply electrode voltages for vacuum tubes.

2. What are the four basic components of any power supply
which is operated by alternating current?

3. Differentiate between a half-wave and a full-wave rectifier, and
explain the advantages of one over the other.

4, Explain the purpose and operation of a power-filter circuit.

5. For a given applied (input) voltage, which type of power filter
gives the higher output voltage, a capacitor-input or choke-input
filter?

6. Explain the purpose of a bleeder.

7. Explain what is meant by the term “ripple voltage.”

8. Why is it necessary that the ripple voltage in the output of
a power supply be as low as possible?

9. What is the funection of the vibrator in a vibrator type power
supply
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10. Name two types of vacuum-tube rectifiers, and explain how
they differ from each other.

Section X :

1. What are the basic requirements of a vacuum-tube oscillator?

2. What tests can be made on an oscillator to determine if it is
oscillating ?

3. How is feedback obtained in a Hartley oscillator? How is
feedback obtained in a Colpitts oscillator? How is feedback obtained
in a tuned-plate tuned-grid oscillator?

4. What is meant by a series-fed oscillator? What is meant by a
shunt-fed oscillator?

5. In what respect does a Colpitts oscillator differ from a Hartley
oscillator?

6. How can frequency multiplication be obtained with an electron-
coupled oscillator?

7. What is the piezo-electric effect? Upon what main factor
does the mechanical resonant frequency of a erystal depend?

8. Why is a crystal-controlled oscillator stable?

9. What is the advantage of an AT-cut crystal over an X- or
Y-cut?

10. What is the chief advantage and disadvantage of the Pierce
oscillatort How is feedback obtained in the Pierce oscillator?

Section XI:

1. For what reasons is an osecillator alone not entirely suited to
serve as a transmitter?

2. How does the tank circuit serve to create a sine-wave output
from plate-current peaks?

3. What are some of the advantages of a master-oscillator, power-
amplifier cireuit?

4. How is self-biased developed across the grid-bias resistor!?

5. What will happen in a grid-resistor-biased amplifier if execita-
tion to it is removed?

6. What indications determine when a stage is properly tuned!?

7. What is the reason for neutralization? What are some of the
methods of neutralization?! How is neutralization accomplished in
each type!?

8. What are parasitic oscillations, and how are they eliminated?!

9. Why is it best to operate a frequency multiplier as a class C
stage?! What three conditions must be present for efficient production
of harmonics?

10. What are some of the keying methods used in transmitters?

Section XII:
1. What is meant by the term “amplitude modulation”?

326



2. What is the purpose of a speech amplifier in a transmitter?
3. Is it necessary for the modulator of a plate-modulated trans-
mitter to be a power amplifier! Why?
4. Between what two values must the instantaneous plate voltage
of a plate-modulated r-f amplifier swing for 100-percent modulation?t
5. Why is the term “constant current” applied to the type of
plate modulation which uses an iron-core choke to develop the audio
voltage?
6. What is meant by the term “percentage of modulation”?
7. When using plate modulation, what class of r-f amplifier is
modulated?! Why?
8. Explain what is meant by the term “side bands.”
9. What are the effects of over-modulation?
10. Why does a plate-modulated class C r-f amplifier require such
a large exciting voltage on the grid?

Section XIII:

1. Explain why the power output of an f-m transmitter is con-
stant when modulated.

2. What is the purpose of a limiter? Why is a limiter not used in
amplitude modulation?

3. What is meant by the term “deviation”? What is the difference
between deviation and carrier swing?

4. In what way is the discriminator in frequeney modulation
similar to the detector in amplitude modulation?

5. What determines the rate of deviation in an f-m transmitter?
What is the separating band between adjacent f-m channels called?

6. Why is a stabilization circuit necessary in the reactance-tube
method of frequency modulation? Is the use of a crystal oscillator
practical in the reactance-tube system of modulation? What is the
basic principle behind the operation of the reactance-tube modulator?

7. How much power must the modulator add to the carrier power?
Explain.

8. Define the term “resting frequency.”

9. Name and explain the circuit which prevents noise from being
heard when no signal is present. Does the use of this circuit offer any
direct technical assistance to the radio operator?

10. In what way is frequency modulation superior to amplitude
modulation for Army communication ¢

Section XIV ;

1. A given antenna is too short for the frequency at which it
is to be used. What can be added to the antenna to make it resonant
to the proper frequency?
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2. What is the approximate impedance at the center of a Hertz
antenna when it i8 resonant! When it is not resonant?

3. Is a Marconi antenna usually fed at a point of high or low
impedance! What is the electrical length of a Marconi antennat

4. What is the advantage gained by the use of a single-wire
resonant feeder over other types of feed? What is the disadvantage
of using a single-wire resonant feeder over other types of feed?! How
may this disadvantage be minimized?

5. What is the advantage of using a Marconi antenna for a mobile
transmitter? If a Mareoni antenna is installed in a scout car, would
a ground or counterpoise be used?

6. - Describe the construction of a section of coaxial cable.

7. Why is it not good practice to connect an antenna directly to
the plate tank circuit of a transmitter? Give two reasons.

8. Which, in general, is more useful for communication over ex-
tremely long distances, the ground wave or the sky wave?

9. What is the difference between a resonant and a nonresonant
feeder system? Describe two examples of each type of feeder system.

10. Give the reasons for properly matching the impedanece of trans-
mission lines both at the transmitter and antenna ends.

Section XV :

1. What are the upper and lower frequency limits of the v-h-f
band? What are these limits in terms of wavelength?

2. Are.sky waves put to any normal practical use in the trans-
mission and reception of v-h-f signals?

3. Describe the path taken by a direct ray in traveling from the
transmitter antenna to the receiver.

4. What is line-of-sight, or optical distance, as applied to v-h-f
radiations?

5. Why does distributed inductance and capacitance in certain
v-h-f components upset the normal operation of the circuit? Is it
necessary to make any change in the circuit to compensate for dis-
tributed inductance and capacitance, or should the faulty com-
ponents be removed?

6. State three distinet uses of transmission lines at very-high-
frequencies.

7. Define and explain what is meant by skin effect.

8. Name and describe briefly three different types of receivers
suitable for operation in the v-h-f band.

9. What is the purpose of the converter stage in a v-h-f super-
heterodyne receiver?

10. Can the direct ray from a v-h-f transmitting antenna be received
beyond the horizon? Explain why this is possible.
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Section XVI:

1. Name all the components of a cathode-ray tube electron gun, and
describe the effect of each element on the stream of electrons. What is
the general purpose of an electron gun?t

2. If all deflection plates were removed from a cathode-ray tube,
would the electron gun continue to emit a narrow beam of
electronst Why?

3. If the same a-c waveform is applied to both the horizontal and
vertieal deflection plates of a normal oscillograph at the same time,
what will be the resultant figure, as viewed on the sereen of the tube?

4. Why is a linear saw-tooth sweep voltage necessary in radio work?

5. What is meant by the trace of an oscillograph cathode-ray tube?

6. Explain briefly the method of generating a saw-tooth sweep
voltage for use with a typical oscillograph unit.

7. What is the fundamental difference between a normal triode
vacuum tube and the triode tube used in a sweep-circuit oscillator?

8. What determines the frequency of a saw-tooth, sweep-circuit
oscillator? How can this frequeney be conveniently varied?

9. Why is it necessary to have two separate amplifiers for the
horizontal and vertical deflection plates of a cathode-ray oscillograph?

10. Explain the electrical operation of the electron-ray, tuning-
indicator tube in a receiver employing automatie volume control when
no signal is being received in the r-f stages; when a strong signal
is being received in the r-f stages; and when the a-v-¢c lead to the
electron-ray tuning indieator is disconnected.
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