
















































































































































































































































































































































































9. When electromagnetic waves of any fre-
quency encounter an object of different condue-
tivity and/or dielectric constant from that of the
medium in which they are moving, some of the
energy will be reflected.

h. The better the conductivity of the reflecting
object, or the greater the dielectric constant, the
more effectively it will reflect radiation of a given
wavelength,

i. When objects are small in proportion to the
wavelength of the radiation, the effect is to scatter
the reflected energy with nonuniform distribution
over a wide angle approaching 360°.

j- Reflection of radio waves from relatively
sharp discontinuities in the dielectric constant of
the atmosphere can take place at boundaries be-
tween air masses of different characteristics, or
from strongly ionized parts of the aurora borealis,
or of the F layer of the ionosphere.

k. Diffraction is the phenomenon by means of
which waves are bent around obstacles in the path
of their motion.

[. When a radio wave crosses a boundary be-
tween two media having different dielectric con-
stants, the direction of motion of the wave front
is altered unless it strikes the boundary at exactly
a 90¢ angle. This change of direction is called
refraction.

m. The index of refraction of any medium is
defined as the ratio of the velocity of light in the
medium, and its velocity in a vacuum.

n. At and beyond the optical horizon, severe
rapid fading caused by interference between com-
ponents of the received signal arriving over paths
of slightly different length can occur, as well as
small instantaneous variations in refractive index
which result, from atmospheric turbulence.

0. Steady atmospheric noise is low even at the
lower limit of the frequency band, and declines
steadily as the frequency increases.
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p. Because there is a direct relationship between
wavelength and the physical length and spacing
of anitenna elements, multielement antennas of
large, effective, signal-gathering area and high
directivity are physically practicable at the higher
frequencies.

¢. The reciprocity principle, which shows that
the gain and directivity of an antenna are the same
when either transmitting or receiving, applies to
all parts of the frequency spectrum.

87. Review Questions

a. Why may the plane of polarization of the
received radio wave at any given point differ
somewhat from the polarization at the transmit-
ting antenna?

b. What is meant by space wave? By surface
wave ?

¢. What does the degree of reflection of high-
frequency radio waves depend on ?

d. What is the effect of ground reflection ?

¢. How does the directional antenna make use
of the reflection phenomenon ?

/. What is diffraction?

g. What are the effects of diffraction on the
propagated wave?

h. What is refraction?

7. What governs the amount of refractive bend-
ing of the wave path?

4. Define the index of refraction of any medium.

. What are some of the factors affecting the
refractive index?

7. What is meant by duct transmission ?

m. What is a substandard layer?

n. At what time of the year do duct formations
generally occur?

0. What are the advantages of a highly diree-
tional antenna?

p. Why are parabolic reflectors used in the
higher frequency ranges?



CHAPTER 10
HIGH-FREQUENCY RADIO-COMMUNICATIONS SET

88. System Requirements

a. General. Progress in the field of radio com-
munications has reached a point where the equip-
ment is designed with a specific group of per-
formance characteristics in mind. This is partic-
u]:}‘r]y true in military equipment, where many re-
guirements are severe. This tendency toward
specialization leads to some confusion in consider-
ing the many sizes and types of equipment classed
as radio sets. Kach radio set, or group of pieces
classed as such, has as its main function the com-
munication of information from one place to an-
other by means of radio waves. The information
to be transmitted may be human speech, meter
readings, the presence or absence of an object (as
in radar), or any kind of information that can
be converted into equivalent electrical impulses.
Practically any data can be converted directly or
indirectly into electrical impulses. These im-
pulses can be transmitted from place to place by
means of radio waves, and reconverted into a
nearly perfect replica of the original data. The
Find of information to be transmitted affects the
design of the radio-frequency equipment in the
system very little, but the quantity of informa-
tion to be transmitted in a given unit of time is an
important factor. The amount of information or
data to be transmitted through the system in a
given time unit—say 1 second—is limited directly
by the bandwidth of the whole system and the
amplitude range it can handle. The amplitude
range is limited by the maximum power capabil-
ity of the equipment and the unavoidable noise
level. The quantity of information to be carried
during a given time unit is one of the fundamental
considerations that affect all the practical prob-
lems of radio-equipment design. For example, a
bandwidth of 6 me is required to transmit a suffi-
cient quantity of information per unit of time for
a reasonably good television picture. On the
other hand, a bandwidth of 3 ke is suflicient to per-

mit effective speech transmission, and a band-
width of only a few hundred cycles is enough for
high-speed radio telegraphy.

b. Practical Factors. The required bandwidth
affects equipment design, no matter how compo-
nents are improved, or what the propagation con-
ditions may be. The limitations and the large
number of practical performance factors needed
in the many different uses of radio tend to over-
shadow the importance of bandwidth. Some ?f
the more important practi .l considerations In
military applications of radio are as follows:

(1) Maximum range over which reliable
communication must be maintained.

(2) Radiation pattern desired : directional or
nondirectional.

(8) Permissible size, weight, and power drain
of equipment.

(4) Service conditions, such as fixed or mobile
station, and climatic conditions expected.

(5) Operational life expectancy required.

(6) Reliability.

¢. Effects of Practical Factors.
these widely varying requirements make neces-
Consider, for

The effects of

sary a wide variety of radio sets.
example, two widely different applications of
radio quipment, such as a proximity fuse and a
radio-telegraph transmitter for long-distance,
point-to-point communication. The size, weight,
and power drain of a proximity fuse are obviously
limited, and the service life need be only seconds,
whereas the large transmitter will be expected to
function for many years with normal maintenance.

89. Basic Units and Functions

. Transmitter-Equipment Functions. The in.
formation to be transmitted through the system
shown in figure 117 is applied first to the trans-
ducer unit, which translates the information into
an electrical impulse that is proportional in some
way to the data. Ina radio-telephone transmitter,
for example, the transducer is a microphone which
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converts the sound waves produced by the voice
of the operator into an electrical signal. 1In a
radio set used for telemetering, the transducer
might be a temperature or strain gage mounted in
a guided missile which converts a temperature
change or mechanical strain into an electrical sig-
nal. Whatever the transducing device used, its
electrical output is applied to another part of the
transmitter where it is caused to vary the radio-
frequency output with the variations of the data.
This process actually takes place in one of the
radio-frequency amplifying stages of the trans-
mitter. IHowever, the actual power produced by
the transducer is seldom great enough fully to
modulate the radio-frequency output of the trans-
mitter. For this reason, the transducer output is
amplified first to the required power level, and
the output is applied to an r-f amplifier stage,
where the modulation process takes place. The
power amplifier that actually supplies the ampli-
fied signal from the transducer to the r-f ampli-
fier is called the modulator. The modulation
method may vary the amplitude or frequency of
the r-f output power of the transmitter with the
variations of the data applied to the transducer,
or it may be a form of pulse modulation, in which
the spacing or amplitude of a series of pulses is
saused to vary with the applied data. The essen-
tial part of the process is the variation of the r-f
output in accordance with the data to be trans-
mitted. The source of the radio frequency (the
oscillator) may be modulated dirvectly. However,
the oscillator frequency usually is amplified fur-
ther and/or multiplied several times, and then
applied to a power amplifier. The modulating
signal actually may be with the carrier in any
r-f stage, depending on the system of modulation
chosen. The function of the transmitting anten-
na is to radiate the modulated r-f power to the de-
sived receiving points.

b. Receiver-Kquipment Functions. In the re-
ceiver, the opposite process takes place. The an-
tenna collects some of the energy radiated from
the distant transmitting antenna, and produces
a radio-frequency current in the antenna that ex-
actly resembles the vastly stronger current flowing
i the transmitting antenna. The relatively fee-
ble r-f current from the receiving antenna is
amplified in suitable amplifying stages that are
also selective. It then is demodulated in a stage
that reverses the process of the transmitter, and
vields an electrical signal similar to the output
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igure 117. Block diagram of « basic transmitter
and receiver.

of the transducer at the transmitter. This data-
bearing signal then is applied to a suitable trans-
ducer, either directly or after further amplifica-
tion, and the original data are reproduced in some
desired form. In a radio-telephone circuit, the
transducer at the receiver may be a loudspeaker
or headphones, which recreate the sounds entering
the microphone at the transmitting end. The
data-bearing signal can just as easily operate some
other sort of transducer, such as a recording-
machine cutting head. This great flexibility is
one of the many reasons that radio communication
is such a powerful aid to military operations.

90. Typical Radio Set

A transmitter and receiver housed in separate
weatherproof cabinets, together with their power
supplies and spares, are shown in figure 118, The
basic function of this equipment is to transmit
and receive voice and tone-modulated signals
across stretches of terrain where the st ringing of
wire telephone lines is not feasible. In such serv-
ice, the equipment is required to be in continuous
operation for long periods with relatively little
attention. Because of this, the transmitter and
receiver are of rugged design, both electrically
and mechanically, to insure stability and depend-
ability. The weatherproof cabinets provide good
mechanical protection, and a heating unit is in-



cluded in each, to keep the interiors warm and dry.
In the type of service for which this equipment
is designed, the signal coming in through the re-
ceiver is amplified, demodulated, and applied to
the transmitter as a modulating signal. The
power output of the transmitter is radiated from
the transmitting antenna toward the next relay
point, where a similar set rvepeats the process.
Thus the whole set functions essentially like a
repeater amplifier in a telephone line, to reamplify
and pass on whatever information is supplied to
it in the received signal. Unlike an actual re-
peater, however, it can handle a signal in only one
direction. To permit operation in both direc-
tions, a second unit is needed at each relay point.
This principle is illustrated in figure 119, which
is a block diagram of a two-way system with two
relay stations operating between terminals sepa-
rated by approximately 200 miles. The actual
distance spanned in a given relay depends on the
tery:lin. noise, interference, propagation charac-
teristics, and similar factors that must be deter-
mined by trial and ervor in the field. In general,
satisfactory operation over a distance between
relay points of line-of-sight distance plus about
].() percent can be expected under average condi-
t1ons. '

91. Transmitter Characteristics

a. Electrical Features. The transmitter, A of
figure 118, is an amplitude-modulated unit capable
of 25 watts of r-f power output on any one of sev-
eral frequencies between 132 and l:’).(i me. It s
C{')'s(‘:l]-(-()lll rolled by an oscillator operating at one-
eighteenth of the output frequency. The third
harmonic output of the oscillator stage is amplified
and multiplied in frequency by a tripler stage, and
applied to a push-push doubler stage, the output
of which drives the final amplifier. The oscillator
and following multiplier stages use 5763 miniature
pentodes, and the final amplifier is an 829B, as
shown in the block diagram of figure 120. The
fm(lio amplifier and modulator, as a result of us-
ing inverse feedback, are capable of fully modu-
lating the transmitter output with very low dis-
tortion. This is necessary in this equipment, be-
cause a band of audio frequencies from 250 to 12,-
000 eycles per second must be handled. This audio
bandwidth is required because, at maximum ca-
pacity, four actual speech channels are carried by
the system. The components forming the tuned
circuits in all stages of the transmitter are of the

lumped-property type: their efliciency at the high-
?S[ frequency involved is adequate, and stnbi]?ty
is assured by the use of crystal control and the
temperature and humidity control provided by the
closed cabinet and heating unit.

b. Mechanical Features. The various chassis of
the transmitter (A of fig. 118) are mounted ver-
tically on a supporting rack, which can be rotated
about a vertical axis on supporting bearings to
give access to power and control connectors in the
rear. The vertical position of the rack reduces
the floor space needed for the unit in indoor -
stallations, and supports the parts in a position
that makes maintenance and repair relatively easy.
It also permits good circulation of air within the
cabinet. This minimizes the danger of developing
local hot spots in the equipment during long
periods of continuous operation.  Cables for
power-supply voltages and input and output sig-
nals arve cut to lengths that permit turning the
rack for inspection and adjustment without shut-
ting down the equipment. The power output is
fed to the antenna through a coaxial-cable trans-
line, which passes through a weather-

mission
tieht packing gland in the top of the cabinet.

The transmitting antenna is mechanically rugged,
and can withstand wind pressures up to at least
100 miles an hour, and ice loading up to at least
14-inch thickness. The mechanical arrangement
of the antenna mounting brackets permits orient-
ing the unit for either horizontally or vertically
polarized radiation. The choice of the polariza-
tion plane usually is influenced by terrain and
propagation conditions, and the kind and amount
of noise and interference experienced.

92. Receiver Characteristics

a. Flectrical Features. The receiver is a single-
rheterodyne, similar in design to

conversion supe
frequencies below

communications receivers for
30 me. Its principal features can be seen in the
block diagram of figure 121. The signals inter-

cepted by the receiving antenna enter the cabinet

through ¢
coupled inductive
the r-f amplifier stage.
and other stages of the receiver are o f the lumped-
component, coil-and-capacitor type common at
30 me and below. At the highest operating fre-
quency of this radio set, such circuits are suffi-
ciently stable and efficient to justify their use.
The amplified signal from the r-f stage is mixed

. coaxial transmission line, and are
ly to the tuned-grid circuit of
The tuned circuits of this
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in the following stage with the local oscillator
signal, and converted to the intermediate fre-
quency, which is 6.8 me. The excellent frequency
stability of the receiver is due in large part to the
use of a relatively low-frequency ecrystal-con-
trolled oscillator, followed by ll'.ll)](“l' and doubler
stages. The i-f amplifier stages that follow the

TM 667-1004

Block diagram of radio relay systen.

mixer are similar to those found in any communi-
cations receiver. Remote cut-off pentode ampli-
fier tubes are used so that ave (automatic velume
control) can be applied effectively to all stages.
In equipment designed for long periods of opera-
tion with a minimum of attenuation, good ave ac-
tion is particularly important because of the large
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Block diagram of
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changes in level of the incoming signal produced
by changing propagation conditions and other
auses.  The only unusual feature of the ave cir-
cuit is the use of one triode unit of a 12A X7 tube
as a vacuum-tube voltmeter to indicate the
strength of the incoming signal.  Since the output
of the receiver is applied to modulate the trans-
mitter, it is necessary that the level of the modu-
lating signal be controlled carefully so that the
transmitter power will be fully modulated, but
not overmodulated. The detector and
amplifier stages of the receiver are similar to those
used in conventional receivers, except that some
extra steps have been taken to minimize distortion
by the use of negative feedback.

b. Mechamical Features. The receiver chassis
and power supply are mounted on a vertical rack
inside the cabinet. B of figure 118, shows the
location of the various units. This mounting
offers the same general advantages for mainte-
hance and adjustment as that of the transmitter.
The antenna and t -ansmission line arve also of the
same type used for the transmitter, and the same
mechanical considerations apply.

audio-

93. Over-all Design and Operating Con-
siderations

At the operating frequencies of the equipment,
maximum range is limited more by line-of-sight
propagation than by atmospheric noise and similar
factors. Since the sets are for point-to-point relay
operation rather than general coverage, corner-
reflector antennas, which are highly directional,
arve used. These provide adequate signals to the
receiving point, and eliminate the noise and in-
terference from other directions. The size, weight,
and power drain permissible are much greater
than for airborne equipment capable of the same
power. Because of this, the mechanical and elec-
trical design is rugged, and all units are operated
well below their maximum ratings. This is desir-
able, because service conditions may vary widely,
and the operational life should be reasonably long.
Since the equipment is required to operate for
relatively long periods with a minimum of atten-
tion, reliability based on stability and conserva-
tive operating voltages and currents has been
given careful attention.
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94. Summary

a. The main function of any radio set 1s the
transmission or reception of information by radio
waves. ‘

b. Since any information capable of being con-
verted into equival i i .

] uivalent electrical impulses can be
gransmitted and received, radio communication is
extremely flexible and versatile

I)l(xJ;_rn of practical radio equipment is gov-
e?ned by bandwidth, maximun range, permissible
70 v It ¢ - 3 1
size, \\.olghl, and power drain, service conditions,
l'd('ll;ll.l(.)ll pattern, operational life expectancy, and
reliability.

The basic units of a typical transmitter are:

(1) .A transducer unit, which converts the

Jn‘l(n'nml ion to be transmitted to an elec-
trical impulse which is in some way pro-
portional to the information itself.

(2) An amplifi

An amplifier-modulator s i i
nr stage vhie
the radio-frequenc r() o i “bf(h
] ' [uency energy is amplified
d]ll( varied by the output of the trans-
0 e LI P o0
ucer I a way that corresponds closely
to the variations of the data
3 Veril i o 4
(3) An oscillator, the source of the r-f power.

radiates the mod-

(4) An antenna, which
to the

ulated and amplified r-f energy
receiving point or points.

e. A typical receiver consists of

perform the same processes, but in reverse. The

basic units are—

(1) Selecting and amplifying circuits, which
amplify the r-f current received by t‘he
antenna and reject signals of frequencies
other than the desired one.

(2) A demodulator, which produces a
like that of the output of the tran
at the transmitting station.

3) A transducer, which reproduces the
transmitted information in the desired

stages which

s gnal
gducer

form.

95. Review Questions
. What is the main function of a radio set.?
b. What are some of the more important prac-

tical considerations in military applications of

radio?

¢. What is me

d. Explain the operatic
from antenna to transducer.

e. Explain the operation of
from transducer to antenna.

ant by the term transducer?
o of a vhi radio receiver

a vhf transmitter
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