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FOREWORD

Antenna design, construction, orientation, and the merits of one antenna system over
another has been the subject of much discussion among Special Forces radio operators.
Generally speaking, in a group of five radio operators there will normally be five different
opinions on which antenna system is best for a specific operation. Chances are that they will
all be correct to some degree. It would be presumptuous of anyone to make a statement
that this particular antenna system is best and that it will provide the best performance
under any circumstances. Each radio circuit provides a separate set of circumstances and
may require a different solution. Many radio operators have a “FAVORITE” antenna
system which they use over and over again under all circumstances. This can be dangerous
and should be avoided.

This antenna handbook is designed to give you a simple explanation of antenna theory
design and construction which should take any guesswork out of the problem of
determining which antenna system is best suited for a given set of circumstances.

Why a separate handbook on antennas? It must be réalized that the implementation of
a highly efficient antenna system is the only way you as radio operators can influence the
radio circuit. The major influencing factors of any radio net are normally power, frequency,
and antenna construction. Theradio has its own power output which normally cannot be
changed. The frequency which you are to operate on is normally assigned to you so there is
no way to increase the efficiency of your radio net through frequency selection. That leaves
us with antennas alone as the one means of improving the signal strength within a radio
circuit.

This book was not designed for radio engineers. It was designed to give the radio
operator a basic understanding of antennas. Many of the terms and diagrams may appear
oversimplified in order to present a complex subject in such a way so as to be understood by
everyone. Keep in mind that there is only one best antenna system, and that is the one that
works and gets the job done.






INTRODUCTION

Basic antenna design and  construction involves a compromise hetween e o
efficient elecirical design and the most practical mechanical construction for a paii
transmission path lenglh and physical location. A popular story goes like this, “0ases ooy
formula, design, and difference in construction ever taught to provide the desied eto-ono
radiated power and nothing worked. Then [ got mad, threw the wire cver a bush 0o
house, or whatever) and got ‘five-by’ contact. You can talk all the principles of auts
characteristics you want, but I know you are wrong. What worlks is a good antenna.”

If at the point in time radio operator X established the “five-by” contact desc

above, time was suspended temporarily, and an extensive engineeting analysls condueisd. =

factors needed to transmit intelligence superimposed on a given frequency would have &
found.

What are these “‘mysterious’ (sometimes i seems), elusive faclors wilven bt
whether or not communications are established? Whether employed in direct e
unconventional warfare, or stability operalions, the name of the game 1s expertise!

Let’s briefly discuss the reliability factors for voprovement ol any bransioission o
whether a conventional net or a nel using maximum transmission seeurily prosceds,
techniques. buprovement can be made by any one, or a combination of, the Tollowing

(1) Higher power transmitter,
{2) More-efficient transmitting antenna,

{(3) Receiving antenna capable of permitling greater discrimination against b oo o
sources.

(4) Review of frequency selection e insure best chotce for each time of day.

(5) Change of the type of service to one that tolerates a poorer signal Lo ot
) 13 &
(e.g., changing from phone operation to (W)

Improvement by providing more radiated power s extremely dilloull to obus
improve from 48 to 90 percent reliabilily requires approximately 108 Limes s much g
and 100 times again is required for an improvement from 99 to 99 percent reliability.

Equipment used 1 Special Forees operational detachments
developed in a man-carry configuration.

s usually low powered

The handbook you are about to read is designed to familiarize the reader vl
principles which can be used to insure maximum benefit is derived when using detachine
rommunications equipment, The “best” of the combination of fuctors listed above can

applied and still communications may e marginal or unsuccessful, The dilference balw.o
marginal and successful communications in each instance lies with you, the individisd

Special Forces communications supervisor ov assistant, and the degree of professionuis
and competence you possess.
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CHAPTER 1
RADIO WAVE PROPAGATION
1.1 WAVE CHARACTERISTICS.

Communication between persons is the exchange of ideas, opinions, or information by
voice, letler, or code. For two persons to communicate, it is necessary that some form of
energy be transferred from one point to another. The distance between these two points
may vary from a few feet to thousands of miles.

When the two persons are within talking distance, they may communicate by voice
which is a form of sound energy. If the two persons are not within hearing distance, other
means of communication must be used.

Primitive people use drums and hollow logs to create sound energy for communication
through the jungles. Sound energy sent out from logs and drums is coded to carry
information which is understood by the natives.

Sight, or light energy, is also used to communicate between two points. Smoke signals,
signal flags, mirrors, and lamps are used to send coded messages under certain conditions.
Communication by the use of light and sound energy, however, is obviously limited to short
distances.

The discovery of electricity opened the way for establishing the present methods of
communication over long distances. Early experimenters discovered that sound energy could
be changed into electrical energy and carried from one point to another on wires. This
method was a vast improvement over earlier ones, but was expensive and limited to use only
under ideal conditions. Scientists continued their experiments with electricity in an attempt
to discover a system for communicating over long distances without wires.

By the close of the last century, scientists performing experiments with high-voltage
capacitors had found that when they short-circuited a charged capacitor (the transmitter), it
would cause a small spark to fly across a second capacitor (the receiver), located 6 or 7 feet
away. This spark appeared across the second capacitor even though the two capacitors were
not connected by wires,

Shortly after this discovery, Marconi repeated the capacitor experiment and found that
by using high-frequency electrical signals, the distance between the transmitter and the
receiver could be increased from a few feet to several miles. Measurements made by Marconi
during these experiments proved that transmitted signals traveled across the earth at the
speed of light. Of more importance, Marconi discovered that he could send Morse code
between distant points by means of the tiny sparks described above. The energy which
escapes from the short-circuited capacitor into the surrounding air and causes a spark to
appear on the second capacitor is called radiated energy.

The energy escaping from the transmitter is radiated in much the same way as heat
waves are radiated from a fire or sound waves are radiated from a musical instrument. When
radiated energy is used to communicate between distant points, it is called radio radiation.



Anhough there are many kinds

all differ o form sod sehavior., Saee ol
stmdlar o those present wher o pebble s dropped into astill pond, these differences in lomm
and behavior are called “wave chamcteristios.™

Sound waves are or

ated by compression aud oxpansion of air. If o sivinged wmstrumoend
is plucked as showa in figure 11, or o drum is struek, visible vibmbions ave sel dn on the
sirings or drion cover, These viby

expand od onem i
{-’,,"’\Pill’l
the hste:

ations cause the alr around the mstrument to vibrate or
nostep with fhe string or drum vibrations The compressi
St spread outward in all direciions ab the speed of sound and strike
CWhen these waves yeach Lhe ear, vibrstions are crealod in the ear sbruct ure
the sound of the instrument is heard, Sound waves bave Lheir own wove cha
which Aiffer from the wave charac

ons and

eristics of radio wa

VI MOTEON,

tion. heal radiation, and radio radistion produce effects af some disbane WA
souree due to their wave characteristics. As meniioned earlier, these waves fuvg

¢

from the

mation. This motion aote through the aiy Lo procds
present al the source o ranamiiler,

v the same effect at the roceiver 4

odreppei inte a sl pool of water, as shewn in Tievve 124 clreular

around the pomt of impact and spread outward Loward the shore. A close



study of (hese ripples reveals the presence of two types of wave motion.

Figure 1-2

First, we note that little peaks and valleys are formed on the surface of the water and
make ihe wave or ripple visible to our eye, This is the stationary wave characteristic since
the peaks and valleys in any one ring around the poiut of impact have only an up and down
or vertical motion. That only vertical metion is present in any one ripple can be shown by
placing a light wooden chip on one of the ripples and observing the motion of the chip. The
chip will bob up and down in the water, but neither the ripple nor the chip move any
further from the point of impact or any closer tc the shore,

Secondly, we may note that although the first ripple o
the pool remains in the same position, more ripples are fors
they reach the shore line. These new ripples are identical {0 the firsl oo s the pame
wave characteristics. If a chip is now placed on a ripple near the shore, it will have vertiond
motion identical to the chip near the point of impact. The distance helween Lhe first and
second chip and between the second chip and the shoreline will remain constant, Hoere then
we have action transmitted between two peints by wave motion through a water medium.
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figure 1-3A, wave motion may be created by grasping the free end of the rope and moving
the hand vertically, up and down, with a rapid motion. When the free end of the rope is
moved in the vertical plane, a wave pattern made up of peaks and valleys is set up in the
rope, as in figure 1-3B. In electrical terms, the peaks are called *maxima’ and the valleys are
called “minima,” The vertical distance between the maxima and minima is called the
“amplitude” of the wave motion.

Figure 1-3A

Figure 1-3B
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Figure 1-3D

The rate at which the free end of the rope is moved up and down determines the
number of waves present on the rope. The number of times the end of the rope completes
one up and down motion per second determines the frequency of the wave. Each complete
wave, which includes one maximum and one minimum, visible on the rope represents one
cycle of wave frequency. The more waves that exist on the rope, the greater the frequency
of the wave. If we double the rate of vertical molion of the hand, the frequency is doubled,
and we get twice as many peoints of maxima and minima on the rope.

Secondly, the vertical distance the free end of the rope moves determines the
amplitude of the wave motion as shown in figure 1-4. If we move the hand up and down at
the same frequency, but vary the vertical distance traveled, we find that we are changing the
amplitude of the wave motion in the rope by the amount the vertical distance is varied.

AMPLITUCE
_—FOR_INCREASED
VERTICAL DISTANCE

AMF L1 TUDE
- FOR CECREASED
VERTICAL DISTANCE

=,

Figure 1-4
6



As mentioned above, the vertical distance bebween maxima and minima is calied te
amplitude of the wave motion, Another important properiy of waves i {he smpittade
characteristic of ihe wave. The amplitude charactoristic is the verbical distancs rom the
rope, if it were stretehed tightly in a borzontal position, Lo either a maximum or mimnnnm
point of the wave. The amplitude charpcieristic of the wive 18 one hall as large ne e
amutitude of Lhe wave wmotion,

5t

The borizosial position of the rope [roopn which winplitude characterisbic measurenents
are made is calied “reference” point and iz shown as a dastied fine in Qigure -5,

(WAVELENGTH]

b

[ overensr |
|

Higuye 1-0

We have seen that a wave has both an amplitude and s frequency characieristic, These
bwa weave propecties are independent of one another since we can vary the motion of the
froe sod of the rope In two independent ways, speed and amphitude.

A third important characteristic of a wave is the length of one wave which is calied
wavelength. A wavelength is the distance a wave travels along the horizontal reference line in
passing through one maxirmum and one minimum. The wavelength may be measured from
any poinl on one wave to an identical point on an adjacent wave. These measurements may
be made from maximum to adjacent maximumi, or from minimum te adjacent minirnum as
shown in figure 1-5,



Also shown in figure 1-5 is a dashed horizontal reference line along which wavelength
may be measured. The distance between adjacent points at which the wave cuts the line is
equal to one-half wavelength. The distance between every second point where the wave cuts
the dashed line is equal to one wavelength. As shown in figure 1-6, a single wavelength is the
distance the wave travels along the reference line while one cycle of wave frequency is being
traced out.

Figure 1.6

If we again take the 100-footl rope as an example, and move it vertically at a rate which
gives 10 maxims and 10 minima slong the 100-Toot length of rope, we will see 10 waves
having 10-feol wavelengths and a frequency of 10 eveles. If we start at a polni where the
wave cuts the reference lne and twace oul one cvele of wave frequency, we would pass
through one maximum and one, minimum and would have traveled 10 feet, or one
waveleuglh, along the rope.

it should be remembered thal when the wavelength is long, there are only a few waves
present. Long wavelengths occur with slow vertical mation or low frequency. Short
wavelengths occur with rapid vertical motion, or high frequency, The higber the frequency
of a wave, the shorter will be its length.

The relation hetween frequency and wavelength is always true because the wavelenglh
times the frequency must equal the speed at whicl waves travel over the earth. In radio



wave communication, this speed must equal the speed of light. The relationship between
frequency and wavelength for radio waves may be written as follows:

wavelength () X frequency (f) = speed of light
or

speed of light = wavelength
frequency

1.3 WAVERORMS.

In our discussion of wave characteristics, we have seen Lhat a wave may be described as
having three reference points. These points are maxima, minima, and the horizontal
reference line, Tf we inspect the wave along the horizontal reference line at any instant, we
see that it is changing from a maximum lobe to 8 minimum lobe and repeating this cycle.
Sinee the wave keeps changing amplitude above and below the line by the same amount,
that is, it alternately goes above and below the reference line, we refer to it as an alternating
wave, The allemating waveforms described above for the rope experiments are identical to
those used in radio communication.

Another way of picturing alternating waveforms is to imagine a paddle at the center of
a pool of water, and Lo use this paddle to disturb the surface of the water instead of the
stone. If we move the paddle rapidly as in figure 1-7, we will creale waves just as we did by
dropping the stone into the water. The paddle can be said Lo have an alternating motion,
hack and forth, which creates the allernating waveform on the surface of the water.

Figure 1.7



Radio communication uses radio frequency waves wiich have @ frequency of
thousands of cycles per second. The term “Cyeles Per Second” (CPS) has been replaced with
die term “Hertz” (HZ) in honor of Meinrich Hertz who, in 1887, demonstrated that
ewctiomagnetic energy could be rent out inte space in the form of radio waves. Radic waves
have two new properties which we have not considered in our rope and water experiments.
These properties are an electric field and a magnetic field, We saw in the water experiment
thut the wave imparted a vertical motion to a wooden chip placed close Lo the point of
disturbence. The wave motion of the water caused by the dropping of the stone also
imparted similar motion to a chip near the shore line. We may think of the motion imparted
to the chip localed near the point of impact as being caused by an equivalent electric field,
and the motion of the chip near the shore as beliig caused by the equivalent magnetic field.

~Actually, 11 radio wave radiation, the energy is divided equally between the electrie
and magnetic flelds which travel {ogether outward from the antenna. The electric and
magnetic fields are at righl angles to one another.

I we were able to see the wave front formed by the radio wave al a great distance from
the trunsmitter, we would see two sets of parallel lines at right angles to one another. One
set of parallel lines would be magnetic lines of force, and the other set would be the electric
ines of force. The combination of these two sets of lines is called a wave front. The
direction of travel of the wave would be at right angles to the wave front, coming toward us
as we face the transmitter, Figure 1-8 shows this complex wave concept in perspective.

Figure 1-8

10



In radio communication, radio frequency energy is fed into a wire called an aerial, or
antenna, which may be mounted in a number of ways. It can be mounted in a vertical
position, for example, from the ground into a tree as shown in figure 1-9, or it may be
stretched between two trees and made parallel to the surface of the earth as shown in figure
1-10.

VERTICAL

ANTENNA —\

\_ KORIZONTAL

ANTENNA

Figure 1-10

11
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Figure 1-11

Radie frequencies belween 15,000 hertz and 30 megahertz travel at ihe speed of light,
or 186,000 miles per second.” In other words. a radio wave ean travel around the earth, a
distance of 25,000 miles as shown in figure 1-12, in about one-seventh of a second.

If we could ignore the effect of the carth and other factors on the radio wave as it
travels through space, the fleld strength or amplitude of the wave would decrease in
proportion to the distance from the transmitter. Actually, the attenuation, or decrease in
strength of the radio wave is greater than this distance factor would indicate. For one thing,
the earth is a spherical ball, and the radio waves do not go through the ecarth but bend
around it. This causes additional losses that increase the attenuation of the wave with
distance from the (rmnsmitter.

L Of course, radio waves are an electrie phemomena and sound waves are a purely mechanical
series of compressions in air,



Figure 1-12

1.4 THE GROUND WAVE,

Radic waves travel close to the earth at certain frequencies. These waves are called
ground waves. Figure 1-13 shows the way ground waves take a direct or reflected course
from the transmitter to the receiver, or may be conducted by the surface of the earth and
also refracted by the troposphere. The ground wave can be considered as being composed of
one or more of the following components: the direct wave, the ground retlected wave, the
surface wave, and the tropospheric wave,

The frequency characteristics of the ground wave and the conductivity of the earth
determine in large part the particular component that will prevail along any given signal
path. At frequencies below 30 MHz with good earth conductivity the surface wave is
predominant. To be effective, the surface wave musl be vertically polarized, except in
heavily wooded or jungle areas. In such areas, horizontal polorization provides better results.

When considering radiation from a vertical antenna, the conductivity of the earth’s
surface is very important. Conduetivity is a measure of the ability of a medium to conduct
electric current, or the efficiency with which a current is passed. Conductivity of the earth is
a very important consideration at low radio frequencies.

If a sheet of electrical conducting copper, which causes practically no attenuation of
the radio wave. could be laid down upon the surface of the earth between the transmitting
antenna and the receiving antenna, propagation would be exiremely good. However, since
this is impossible with the large distances involved, the earth must be used. Copper may be

13



DIRECY PATH

TRANSMITTER

Figure 1-13

buried in the earth for a short distance from the base of the antenna to reduce the ground
attenuation in the strong signal fields near the antenna.

Beyond the limits of the buried copper, which is called a ground screen, the type of
soil and water in the propagation path will largely determine the attenuation of the radio
wave. For comparison, sand, which is a very poor conductor, may have a conductivity rating
of about 0.5. On the other hand, sea water has a conductivity of about 5,000 and does not
attenuate the wave nearly as much as the sandy soil. Average soils vary in relative
conductivity between 0.5 and 30. The conductivity of fresh water is about 10.

Conductivity can be influenced to some extent by the use of good ground systems and
careful selection of antenna sites. For example, constructing a vertical antenna in the
tidewater area is one way to get a very good ground system since the conductivity of salt
marsh is very high. If we were limited to a sandy location, we could improve the
conductivity by soaking the area periodically with water.

Geographical features, such as those shown in figure 1-14, are also important in
ground-wave propagation.

At frequencies greater than 30 MHz, the losses suffered by the surface wave become so

excessive that transmission is usually possible only by means of the direct wave. Where the
direct wave is the predomiant component, the difference between vertical and horizontal

14
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Figure 1-14

polarization is negligible. The direct wave s limited only by the distance to the horizon, or
line of sight. The direct wave range, therefore, can be extended greatly by increasing the
height of receiver and transmitter antennas. Thus, it should be noted that whereas the
distance range of the ground wave at low frequencies can be effectively increased only by
increasing radiation power, the distance range of frequencies of 30 MHz and higher can be
effectively increased by increasing antnna heights as well as increasing radiation power,

The ground reflected wave suffers a phase shift caused by the wave being reflected by
the earth and the longer path it travels to reach the receiving antenna. There are variables in
both of these factors, and the phase shift will not always be the same. If the direct and
reflected waves arrive at the receiving antenna in phase there will be an increase in signal
strength; however, if they arrive out of phase there will be a decrease in signal strength. A
decrease in signal sirength caused by this phase shift can be overcome to a certain degree by
increasing or decreasing the height of either or both the transmitting or receiving antennas,

The tropospheric wave is that component which is refracted in the lower atmosphere
by rapid changes (in respect to height) in atmospheric humidity. Such conditions are pregent
almost continuously in the tropics and over large bodies of water, particularly at heights
from 100 to 500 feet. The amount of refraction of the tropospheric wave increases as the
frequency increases, providing interesting communication possibilities at 50 MHz and above.

1.5 THE SKY WAVE.
The sky wave is a radio wave which has been radiated into the atmosphere and which

has been bent or reflected back toward the earth by ianized layers in the upper atmosphere
as shown in figure 1-22.

15



Certain atmospienc condiiions cewse small pardicles of oy 1o breome clecuondly
charged and forme

radio waves Lo bend, and under certain conditions will reflect the wave back to the earth,™

thle jonized avers above the surface of the carlh, tonized lavers couse
~ -~ 9]

Upon ts relurn to earth, the shy wave may be detected by a rocetver jocated wl o point
SR as shown in figure 1290 or it may be reflecied back to the jonesphere and again
reflocted back & earsh and be detected au point “B7 as shown in figure 30, This we see

! £

Lhal ghy-wave propagation depends on two bowndaries, the carth and the lonosphere.,

EOONOSPHERE ANT RADIO WAVE PROPUGATION,

The roncephere s formed by the action of e san on the upper atmusphers of Lhe
carth. The degree of Jopization depends apon the e of day, the fine of the vear, and
upon the 1l-year sorspot cycle. The fonization cadsed by sunlight decroases vapidly after
sundown, and reaches mbmum aboul midnight, After sunrise, Jomation nereases
rapidly, and the fonized layers become stronger reflectors of wadio waves, (See figures 1-15
through 1.20)
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Figure 1-15

21t is found that all frequencies below about 30 MHz (the exact upper limit depends on the
angle of radiation and time of day and varies over a large range) are bent back {o earth.
Above this frequency, the energy goes through the ionosphere and into cuter space.
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IONOSPHER £ STORMS

e fzﬂl}rxt i
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Pennditions of heighi or frequency.

wis Any marked or sudden devintion from nerm
Mormally reliable frequency may hecome useloss, Signal may weaken or “blackout”

Duraticon:  Several minutes Lo sevoral weeks, Tendency to repeat every 27 duys.

Tonosphere storms usually oviginale in Northoand South Folar Kogions,

Figure 1-20

14



font Lo wiiel o sebesv b fhe fonaged] I

und upon the jent

VO GUPeiTus
ater Lhe ioni:

b Pent back To oarlh (Roe

wpon the dooree

of ot
iomos)

Pguros 1200 fhrongi 120

b . b . " .
Th od vre st e Phe o

crev e P

et B2 A7 v 1

20



AR R L SR A A

i
{
1
£

g crovan

AT

Figure 1.7

20



IN THE HF BAND -- Higher frequencies are bent less, that is, higher frequencies have more

penetrating power.

eQ MHz

‘_{;;
pX

Figure 1-24

There s usually o eritical path and  critical  frequency Invoived in sky-wave
communication, In some cases, the bending in the ionosphere 1s not sufficient to return the
radio wave o the carth. in these cases, the wave escapes through the lonosphere and 1s not
useful for carth radio communication

Other factors which influence the jonizaticn over various portions of the carth are
seasonal, and depend upon the angle of arrival of the sun roys over the particadar area. Since
all factors alfecting sky-wave  transmission must be  considered  when planning a
communication system, the problem of selecting the proper transmitling frequency beconies
guite complex. 14 s a procedure in which daily, seasonal, and sunspot cyele variations must
be taken into account. (See figures 1-25 through 1-26.)
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MAXIMUM USABLE FREQUENCY {MUF)

15Mliz s the highest Trequency that will return to earth at point B; that is, 15 MHz is
the MUF for distance AB.

Figure 1-26

LOWEST USEFUL HIGH FREQUENCY (LUHF -- OR LUF)

For any given radio link, LUHF is that frequency helow which signals will be unreadable,
due to noise and weak signal intensity.

LUHF is determined by
Badiated power of transmitter.
Length of transmission path.
fonosphere absorption.
Noise level at receiving point,
Antennas used.
Type of service (emission ).
Time of day and season.
OPTIMUM TRAFFIC FREQUENCY (FOT)

To provide a safety factor, and to increase reliability, we choose an QPTIMUM TRAFFIC
FREQUENCY (FOT) slightly below the MUF.

F2 layer FOT = MUF x 0.85
F1 & E layers FOT = MUF x 0.97.



The region between the transmitting antenna and the point at which the reflected radio
wave returns to earth is called the skip distance. The sky-wave signal will not be heard
within this region. Skip distance depends on the angle of depariure of the radio wave from
the antenna, and the height of the reflecting ionosphere layer. The angle of departure of the
signal from the antenna is called the *‘vertical angle.”” The lower the vertical angle, the
greater the skip distance. Since higher frequencies undergo less hending in the ionosphere
than lower frequencies, the skip distance increases as higher and higher frequencies are used,
(See figures 1-27 through 1-28.)

SKIP DISTANCE AND SKIP ZONE

AC is the skip distance. BC is the skip zone.

SKY WAVE
COVERAGE

Figure 1-27
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Figure 1-28

The wigle al which the radio wave reaches the earlh on its retum from the ionosphere
aepends on the angle at which it left the transmitting antenna. Under certain conditions,
communication between two points may be established via an earth reflection. The smaller
the angle between the radiated wave and the earth, the preater will be the distance covered
when the radio wave is reflected by the ionosphere. Similarly, the greater the angle made
with the earth by the radiated wave, the shorter will be the transmission distance. (See
figures 1-28 through 1-3i).)
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When Lhe veflecied wave reaches the starting end, 1L will again be reflecied, The wave
wiil continue to be reflecied first from one end and then the other untit all of its evergy is
dissipated in the resisfance of the wire. The repeated travel of the wave from one end of the
wire (o the other s lermed “oscillation.” I only one wave is fed inin the wire, these
oscillations will die out rather rapidly as mentioned above. However, if another wave is fed
into the wire to replace ithe cnergy dissipated each time the reflected wave reaches ihe
starting point, a conbiinous oscillalion of energy will be mainfained along the wire and
radiation will occur.

3

The speed of fravel of a radiv frequency wave of any Iroquency is constant
{approximately 186,000 miles or 300,000,000 melers per second). The length of one cycle
of a radio frequency wave depends upon the speed and the frequency of the wave. Since we
xnow Lhe speed of any radio wave, we can find 16s frequency i the wavelength is known, or
we can find its wavelength if the frequercy 1s known, For example, if we use a frequency of
300,000,000 hertz, as portrayed in figure 2.2, the length of one eycle {or its wavelengih)
would be 1 meter. In effect, we have delermined the wavelength of the frequency in
question by dividing the distance traveled by the wave in 1 second by the number of cycles
occeurring in that second.
jol e 300, 000,000 METERS DISTAMCE ————— s

ONE

300,000,000
HERTZ

S

ONE CYCLE

peth—

300,000,000 CYCLES IN ONE SECOND ——¥m
Figure 2-2

To avoid cumbersome figures in the millions, a factor of one million (mega) can be
used to calculate the frequency or wavelength. Using this factor in the foregoing example,
we will have 300 megameters divided by 300 megahertz which is equal to 1 meter in
wavelength (1 meter 1s equal to approximately 3.28 feet).

The frequencies used in short-wave communication are 3 million hertz (3 megahertz),

to 30 million hertz (30 megahertz). The wavelengths at these frequencies are obtained as
follows:
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300 megameters -~ 3 megahertz = 100 meters or 328 feet
300 megameters — 30 megahertz = 10 meters or 32.8 feet

Figore 2-3 represents the frequencies between those we can hear, and the highest radio
frequencies in \\111(,11 we are interested, At audible frequencies, below 15,000 hertz maxima
and minima in the waveform are a great distance apart, and the wave is said to have a long
wavelength, Under an imaginary magniifying glass, any one cycle has a waveform as shown,
but the actual wavelength becomes shorter and shorter as the frequency goes higher and
higher.

| ALSIBLE CAp
FRECUENC FES o= RALIO FREQUENCIES ————tp]

i&,00C 30,GCC.000
HERT7, HERTZ

Figure 2-3

For an antenna to be an effective radiator, its length must be such that energy impulses
fed to it will arrive at the proper time 1o reinforce the oscillating currents in the antenna
element. The alternating radio frequency (r-f) voltage applied at one end of the wire anlenna
causes an alternating radio frequency current to flow along the wire at a rate determined by
the frequency of the (r-f} voltage. Since the waves travel along the wire at 300 megameters
per sccond, the length of the antenna wire must be such that a wave will travel from one end
to the other and be reflected back to the starting point during the period of one cycle of
(r-f) voltage. For convenicnce, this might be pictured as shown in figure 2-4,
I ONE-HALF WAVELENGTH e

~—
7 \

/ DIRECTION op INSULATOR

ONSULA\TOR / /; CURRENT FLOW "\ fﬂE#ENSi)
A B\ /

N\ -q.-...-- - s

POINT OF ~w -
EXCITATION ~ -

- -
TN e

Figure 2-4
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In the first or maximum half of the aliernaiing cycle, Lhe energy will travel in the
direetion shown, Since the wite stops at poinl ©B,” tiwe wave will be reflected in the reverse
direction s indicated. By the time the second half of the alternaiing cycle reaches point
“B 7 the reflected portion of the first half-cycle will have returned Lo the stariing poimnt. The
returning enesgy will arrive just in time to add up in a maximum direction with & new wave
of v energy cntering the wire al that instant. Thus, if the antenna is of proper lengih,
oscillatins will build up along the wire, and that part of the energy which is not dissipated in
the wire resistance will be radiated as discussed in chapter 1

When the reflected wave arrives back sl the source in tinie to reinforce a new half-cvele
which is just beginning, the antenna is said to be resonant. If an r-f voltage is applied to one
and of a half-wave resonant wire as at point “A” in figure 2-4, electrons will move along the
wire away from point “A” toward the end “B during one alternation of the appiied
valtage. At point “B,” no further flow of current can occur slong the wive since the wire
comes 1o an end. As more and more electrons reach point “ B, we may say that a crowding
of electrons ceeurs at this point. This point is a high-voltage point.

These same electrons are then reflected back toward point A, As they approach the
source or slarting point, there will also be a crowding of electrons ab this end of the wire. In
4 resonant wire, newly supplied electrons from the transmitter arrive in Lime to add to the
reflected eleetrons, and a high vollage is also created at this pouind.

We have defined current as the movement of electrons along a conductor, and have
defined voltage as a gathering of electons at a point. Since there is very little electron
movement at the end points of the hall-wavelength resonator, they will be points of
minimum current and maximum voltage. Electron flow at the center of the resonator, due
to the movement of direct and reflected electrons, however, will be large, and maximum
curreni energy will be present at the cenler point. The voltage or potential energy at Lhe
center of the wire will be a minimum since electron crowding does not veeur al this point.
The distribution of vollage and current energy along a half-wavelength antenna or resonator
can be illustrated by standing waves as shown in figure 2-5. The vertical distance from the
antenna wire to the wave marked “current” or “vollage” represents the amplitude of either
current or voltage at any point along the wire.
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As shown in figure 2-5, each standing wave is one-half wavelength. One is called a
current wave, and the other a voltage wave. The axis of the wire may be considered the
reference or zero plane. As illustrated, the current wave is zero at the ends, and a maximum
in the center, The voltage wave, on the other hand, is a minimum at the center and a
maximum at each end.

The standing-wave illustration describes the condition of resonance in a
half-wavelength transmitting antenna. Since at resonance, the waves traveling back and forth
along the anienna reinforce each other, maximum energy is radiated into space. If the
antenna is not resonant, there will be little reinforcement of the reflected wave since the
direct and reflected waves will arrive back at the source at different times, and will tend to
cancel each other. When this condition exists, the energy fed into the antenna is lost
through cancellation of direct and refiected waves, and the radiation efficiency will be much
lower than at resonance,

Electrical currents set up in an antenna by a voltage applied across the antenna
terminals always encounter some degree of resistance in the antenna circuit. Certain
materials such as porcelain, offer very high resistance to electrical current flow and are used
as insulators on the ends of transmitting antennas. Insulators prevent energy leakage into
trees or other types of antenna supports.

Certain types of wire, particularly copper or aluminum wire, offer very little resistance
to current flow, and are, therefore, good electrical conductors.

As we have seen in our discussion of standing-wave patterns on antennas, the
transmitting antenna presents a resistance, or more properly an impedance, to the passage of
I-[ energy at every point along its length. At the ends, the impedance becomnes high due (o
the crowding of electrons. Minimum impedance oceurs at the center of the wire where the
current is the highest, and where the electrons or electrical charges are most free to move
about. Figure 2-6 illustrates the way in which this condition can be portrayed graphically

along the half-wavelength antenna,
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Figure 2-6
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The impedance of {he antenna is highest al the ends and lowest in the mddle. As
HHugteared wn Ggure 2.6, the antenna impedance varies from point to point along the length
of the antenna. This npedance must be thought of as a complex quantity involving
radiiion resistanee together with capacitive and inductive reactances. The capacitive and
cpdduetive reactances ure undesirable in an aolenna, snd we try Lo minimize or tune them out
when we resonabe the antenna syslem,

Capacitive or inductive reactance may be pictured as introducing losses in the antenna
cireuit since they cause the encrgy to be stored rather than radiated. Even when reduced to
a mintmum, the inductive and capacitive reactaoces canse some of the cnergy supplied Lo
the antenna to be ret

amed fo the transmitter tnstesd of Lemng radiated,

Where a grounded antenna is used, there may be losses in the ground connection which
will waste some of the cnergy supplied to the anterna circuit. Ground losses must be hod 1
a mimimum by making the best ground connections possibie. Poorly grounded aateas will
digsipate large amounts of power in the ground vonnection, thereby reducing the umount of
energy radiated for communication purposas,

The energy radiated [rom an antenna creales clectrical charges in the space around the
antenna which {ravel away from il in all directions. The strength of these charges, or the
signat strength, 1n any direction {anlenna directivity will be discussed in a later section)
depends upon a number of factors such as antenna height above ground, vertical angle of the
anienna with rospect to ground, and the influence of surcounding objects. As an example,
imagine an antenna mounted inside of a large, sheet metal building. Since the wetal building
sides are good conductors of electrical charges, most of our radiated energy will be absorbed
i the walls and very little, if any, will be propagated out through space. (See figure 2-7.)
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Most of the antenna length should be free and in the clear, and should be separated
from other wires such as telephone and power lines by at least Lhe length of the antenna, A
wood ssulator should be used between the far end of the antenna and the tree connection as

shown, Another piece of or preferably a length of twine or rope. should be used
botween tie ~unnoringg ord de insiiator and the oo,

[T
pbod

Cwinetow of the voom oo whye resitter s located, 1t
e from metal objects such as window seecons, eurtain rods, or

Where i YeroITH
should be Kept as far as possil
metal Blinds, The wire shouid be run divectly from ihe window 1o the bonsmitier. An

additional insulator may be necessary al the transae
from sagging.

A& vertically polarized antenna is one in which the anfenna is perpendicaian
surface of the earth. A typical vertical installation is shown w figure 2-00 This type ani
roquires a ground connection which may be secured by lying to a waler pipe
dwelling, 1 metal vod driven into the ground, or 1o buried metal vla

INSULATOR——

VERTICAL
ANTENNA

Figure 2-9

Il is important to realize that when a grounded vertical antenna is employed, the
ground acts as one-half of the half-wave anienna. In other words, the physical resonunt
length for this type ol antenna, known as the “Marconi™ antenna, s o quartee wavelength.
The length of a Marconi antenna for [{megabertz operation would be 174 of 300
megameters divided by 10 megahertz, or 7.0 meters (25 feet)
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Ad fregquencies in the 3 to 30-megahertz range, ATLTETIRUS {on
sponnd-wave communication over distances of 10 Lo 20 miles. A good ground svetem b

necessary (oo owsure satisfectory  ground-wave  transmission. Moy uedium disiance
communication, {from 20 Lo several hundred miles on the 3 Lo 3meegaherts vange of
{requencies, horizontal polarizazion will give the best results.

On the higher frequencies between 6 and 30 megahertz, either type of polarization
may be used {or sky-wave communication over distances up {o several thousand milex,
Transmilling {requencies are chosen in accordance with the technigues developed for
determining the maximum usable frequency. After the max room usable Crequeney is foind
allowances are made for daytime and nighttuime conditions, che season of the year) wad 4o
sunspot cvele,

2.5 RADIATION AND DIRECTIVITY.

The waves front an antenna we nol of eqgual sirengtl

1 i sl directions from the
radiating wirc. Fhe radiation falls into definite pattorns in boch the vertical and horizontal
plaries. 1 we had a small antenna mside a very large hollow ball as (Hustrated an figure 22711,
and removed from the influence of ¢
strenglh would be radialed sl divections,

carth andgd surrotnchng objects, waves of oqual

Figare 2-11

Actually, in {ie presewce of the earth and surround:
ured as belyg

g objects, the antenna can be
e within the upper half of a hollow ball-type structure which is cut
i b the earth’s surface, Using this concept, we will now examine the antenna radiation
oG determine the variation inosignal strength for all! dwections within the

homisphere.

Our examination will include radiation upward toward the dome of the hemisphere,
and outward toward the circular edge in all directions of the compass as shown in figure
2-12. The amount of signal radiated in a given direction depends upon the angle at which
the waves leave the earth and their direction along the ground from the antenna.

Q
o



HEMISPHERE

Figure 2-12

The shape of the radiation pattern for a particular type of antenna is deternmned by
the way the electrical charges are distributed along the resonant wire. For a half-wave
resonant wire antenna, the radiated signal is at a minimum off the ends of the wire, and a
maximum at right angles to the length of Lthe wire.

The shape of the radiation pattern for a horizontally mounted hall-wave antenna is
shown in figure 2-13. In this illustration, the lengths of the arrows indicate the relative
power radiated in each direction from the antenna. It will be noted that the longest arrows,
and therefore the strongest radiation, are in the vertical or upward direction. The shortest
arrows, representing minimum radiated power, are in the outward or horizontal direction.
Since the most effeclive radiation from a horizontal half-wave anlenna occurs at a high
verlical angle, this type of antenna is useful for relatively short distance sky-wave
communication on frequencies below b megahertz,

ANTENNA

Figure 2-13

The radiation pattern for a grounded vertical antenna is shown in figure 2-14. For this
type of antenna, the maximum and minimum radiation directions are exactly opposite those
of the horizontal half-wave antenna. Maximum radiation oceurs at low angles of radiation
with respect to the earth, and minimum radiation oceurs in the upward direction.
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Figure 2-15 shows a wire with a stonding wave of fundamental frogquency. and the same
fength wire resonating at double the fundamental frequency, This s oalled second hare

G

operation. Antennas operated at harmornic frequencies have directional rudinton pattern



which are more complex than those for a simple half-wave antenna. These prove useful for
special applications. In general, the directivity of multiple half-wavelength antennas is such
that maximum radiation occurs off the end of the wire rather than at right angles to it. In
some cases, as will be discussed later, very long wires mounted close to the ground may be
uged to receive or transmit signals in the direction they are run.
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Figure 2-15

Figute 2-16 shows horizontal radiation patterns for one wavelength, one and one-half
wavelength, two wave length and four wavelength antennas. In contrast to the half-wave
antenna pattem shown in figure 2-13, these patterns have directional lobes which increase in
number as the length of the antenna is increased. It is also important to note that the
radiation along the wire axis increases with length while that at right angles decreases. The
diréctional characteristics of multiple half-wavelength antennas are extremely important to
remember when orienting the antenna to provide the best results over a desired
communication path.

As discussed earlier, radio waves are reflected from the ground. Since all antennas are
related to the surface of the earth in terms of spacing from it, these reflections have an
important effect upon the antenna directivity.

Just as the standing-wave pattern is created by reflection from the discontinuity at the
end of the antenna, so are the electrical characteristics of the antenna modified by the waves
reflected from the ground near the antenna. Figure 2-17 shows the effect of height on the
radiation resistance of a horizontal center-fed antenna (dipole) suspended above gound.
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The height of either a horizontal or a vertical antenna above the surface of the earth
affects the radiation characteristics of the antenna. Antenna height above ground determines
the way in which the direct energy from the antenna, and the reflected energy from the
ground, combine to form various directional pattems. Figure 2-18 shows typical vertical
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HEothe groad wete o perfect vellector of radio waves, the field slrength in some
divections could be iwice thal of the direct wave. This would represent complete
veinforcemsnt o olhor directions, the field strength could be zero. This would represent
«f”mi'h"w cancellation. Pur the directicns bebween these Lwo extremes, values of field
ko twiee the direct ray could exist, This would represent wil degrees of
ceinforcement aod cancellation lying between the two extremes.

strenglh rowm «

Sincs the growad reflecied waves are always upward, they affect the radiation patlern
wi e verdeal plane ondy, and are not a factor in the diveclivity along the surface of the
vastin Actusily, as previously discussed, the conductivity or reflecting property of the
ground Is not pertect. This imperfection prevents both complete reinforcement and
conuplete vancellation Trom occurring in actual antenna systers. These conditions can,
nowever, be approached very closely under ideal operating conditions.

The oifeet of height above ground on the vertical radiation characteristics of &
horizontal half-wave antenna is shown in figure 2-19. Several vertical pattems are shown fur
varying heights above ground in terms of wavelength. It can be seen that, depending on the
vertical angle of radiation reouired {or the communication path, height above ground is an

nportant facior. Thus if the path is a velatively short one, say 200 miles, and the freauency
nmd is 4 me thpm the pattern for one-cighth wavc]ungth height will be quite good.
However, for a 2,000-nile path, low angle radiation will be reguired. In this case, a
half-wavelength hmght above ground and a frecuency of approximately 15 megahertz will
be much more effective.
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Figure 2-19

Fortunately, for practical applications, these physical heights are relatively easy to
obtain. Although the height in fractions of wavelength above ground increases for low-angle
radiation at higher freouencies, the wave-length becomes physically shorter as the frequency
is increased. For example, at 4 megahertz and one-eighth wave-length above ground,

one wavelength { X ) = 300 = 75 meters = 246 feet

and 1/8 X = 9.37 meters = 31 feet.
While at 15 megahertz, a half-~wavelength above ground would be more effective and,

A = 300 = 20 meters = 66 feet.

15

1/2 X = 10 meters = 33 feet.

Horizontal anterna radiation at various vertical angles is also influenced by the length
of the wire employed. Figure 2-20 shows how radiation tends to move toward the lower
vertical angles as the antenna length becomes greater. Figure 2-19 shows the effects of
height above ground on radiation characterstics. All of these factors must be considered
together when selecting the best design for a particular communication problem.
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It must be appreciated that while horizontal and vertical antenna directivity
charzcteristics have been treated separately for the sake of emphasis and clarity, 1n reality, a
three-dimensional problem ig involved. Tigure 2-21 illustrates a radiation from a vertical
antenna such as that shown in figure 2-18B. For communication over a specific
communication path, the operator need not be concerned with the total radiation pattem,
but he should know enough about antenna design to be reasonably certain of sufficient
radiation in the desired direction.

ANTENNA

Figure 2-21
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CHAPTER 3
GROUNDS
3.1 THE EARTH AS ONEF BOUNDARY OF THE TRANSMISSION MEDIUM.

Radio-wave characteristics and the manner in which radio-wave fields may be set up by
an antenna system have been discussed in chapters 1 and 2. When the radiated tield is used
for communication, it must be {ransmitted to the point where reception is desired, by either
ground-wave or sky-wave propagation. The surface conditions of the carth affect the
transmission of signals by both sky wave and ground wave.

The term ground wave includes the surface wave, the direct wave, the ground-reflected
wave, and the tropospheric wave. One characteristic common to all components of the
ground wave is that they travel over or near the surface of the earth and are affeeted by the
conductivity and terrain of the the earth’s surface. The effectiveness of ground-wave
transmission to remote points will depend upon whether water, mountainous terrain,
deserts, or tropical areas lie in the path of propagation.

The surface of the earth also forms one boundary for sky-wave transmission, but its
effect is not so direct as in the case of ground-wave propagation. Ionization in the upper
regions of the earth’s atmosphere caused by radiation from the sun results in ionized layers
which we have seen, are capable of reflecting radio waves which strike them. Radio waves
reflected by the ionosphere are termed sky waves. Sky waves may travel directly to a
receiving location over a one-hop path, or may be propagated to more distant receiving
locations over a multiple-hop path. Multiple-hop paths are caused by repeated reflection of
the waves between the ionized layer and the earth’s surface. Typical multiple-hop
propagation is illustrated in figure 1-30 of chapter 1.

3.2 INFLUENCE OF GROUND ON ANTENNA RADIATION AND DIRECTIVITY.

We normally refer to the radiating wire and the surface over which it is erected as the
antenna system. When considering general propagation problems, we will extend the
antenna system concept to include the receiving antenna and the entire path between
transmitting and receiving locations. We will also refer to the area around the antenna,
extending out to a distance of several wave-lengths, as the “near zone.” The area beyond the
near zone will be termed the “far zone.”

The lines of force existing in the near zones of two tlypical antenna systems are
illustrated in figure 3-1A and B. The radio transmitter power fed into either type of system
encounters some resistance. This resistance may be broken down into three parts, two of
which are wasteful, and one of which is useful for communication purposes.

A portion of the power fed into an antenna systen. is absorbed in the ohmic resistances
encountered in the antenna wire and the lead-in wire. Where a grounded vertical antenna is
used, additional power is absorbed by the resistance of the ground connection. Another loss
resistance factor encountered in the near zone is caused by undesirable coupling of radio
frequency energy into surrounding trees, buildings, and the ground. These losses are referred
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to as dielectric losses since they are caused by wireless coupling instead of a direct-wire
connection as illustrated in figure 3-2. Power absorbed by these resistances is wasted since it

reduces the amount of power available for radiation.

The third, and useful type of resistance, is that termed radiation resistance. Radiation
resistance causes a loss of power by the antenna in the form of radiated energy. In erecting

antenna systems, the main object is to make the radiation resistance as high as possible with
respuct to the various loss resistances present in the system.

When a portion of the radiating systen: is formed by the earth, as in the case of a
vertical antenna, a considerable loss of energy occurs when the ground system is too small.
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This loss occurs because of the high resistance paths followed by the radio-wave currents as

they travel through the earth. Figure 3-3 shows an improved ground scheme for one of the

cases illustrated.
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Figure 3-3



Antenna radiation pattems are determined by the antenna location with respect to the
earth, and the influence of reflections from the earth’s surface. Figure 3-4 illustrates
radiation from a vertical antenna of length A-B. A direct wave will be radiated from the wire
and propagated directly toward a distant point “F.”” An identical component of the signal
will also reach “P”" along the ground-reflected path marked “QEP.”
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Tigure 3-4

Since the radiation along path “OEP” travels a greater distance, a partial reinforcement
or cancellation may occur at point “P” if the two waves do not arrive in exact time phase.
When point “P” is close to the ground, the paths traveled by the two waves are nearly equal.
In this case, waves from the vertical antenna reinforce one another and the signal strength at
“P” is almost doubled.

At angles high above the ground, the reflected wave has traveled further than the direct
wave, and the waves tend to cancel at the distant point. In this case, the radiation directly
above the wire, A-B, is a minimum. These factors are important when planning antenna
systems for particular cases to be outlined later.

3.3 THE GROUND AS AN ELEMENT OF THE ANTENNA CIRCUIT.

In a vertical radiating system, the radiation characteristics illustrated in figure 3-4 may
be simplified by supposing that an “image” antenna exists just below the surface of the
ground. As illustrated by figure 3-5, the geometrical dimensions of the image antenna are
identical to the one-guarter wavelength Marconi antenna installed on the surface. The
ground connection may be regarded as making the system. egual to a half-wavelength
antenna because of the “image’” portion of the system..

48



ANTENNA - b4

GROUND REFLECTEQ WhV{
IMAGE

i
!
l
l
!
Ve APPARENT SOURCE OF
ANTENNA 1
|
!
l

Figure 3-5

The ground for the Marconi anfenna should be constructed of wires or metal plates
buried deep enough to reach moist soil. In city locations, reasonably good grounds can
usually be made to water pipes at the point where they enter the house. If there are no
water pipes available, a ground system may be formed by driving a number of 6 to 8-foot
lengths of metal rods into the ground. These rods should he spaced several feet apart and
connected together at a common point to form a ground system. Figure 3-6 shows a typical

ground rod arrangement.
‘///—-VERTICAL ANTENNA

INSULATOR

METAL RODS
EYENLY SPACED

-~ EQUAL LENGTH WIRES

IFigure 3-6
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A more effective ground sysiem than the one formed by metal rods is shown in figure
37, In this system, wires huried 2 te 4 inches in the ground and connected to buried metal
plates al the end points provide an excedent veturi path through the earth. Thoe plates may
he omitted if they are not readily available. The buried wires should be as fang as or longer
Lhan the radiating wire,
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34 INFLUBNCE OF TYPLES OF GROUND.

i rany or the prwi<_sus examples, the carth has been assumed to be a perfect
comluctor. Actaally, % mast be viewed as something between a good conductor such as
copuer wire, and an insuleior such as a piece of porcelain, Since the earth is less than a
perfect conductor of rvadio waves, it may he regarded as a leaky insulator or a leaky
dielectric which exhibits capacitive properties ol its own,

The earth influences radio propagation as though it contained both resistance and
capacitance. The conductivity of the earth plavs an fmportant part in 'r(\mu"w\'
propagation, while propagation al higher frequencies s mostly affecied earth’s
dielectric or capacitive characteristics.

The use of the earth for part of the propa ration medium may be judged by the
f propag Y Jueg )
1‘()“0\\'“’1;}, characteristics:

1. The wave reflected from the ground may not be as strong as the wave striking the
ground from the antenpa. The difference in power of the radiated and reflected waves
tepresents a loss of power. This power loss is due to the less than perfeet conductivity of the
sotl, and its relatively poor capacitive dielectric properties.

2. The wave reflected from the ground may differ in characteristic shape from that of
a wave reflected from a perfect conducting surface.

3. For less than perfect conductivity, reflection deoes nol fake place at the exact
surface and an “image” antenna below the surface will not provide a frue picture.

There are many different types of soil found throughout the world. In general, those
having the poorest conductivity “and diele clric constants are the dry, sandy soils. Many areas
are oxtwmoiv rocky, and these tao bave poor conductivity and dielectric constants. The
highest conductivity and dielectric constants are enceuntered in good farm soil and black
loam arcas where ground vegetation flourishes.

The presence of moisture causes wide variations in ground characteristics. The
conductivity and dielectric constant for any type soil can usually be improved by wetting
the soil, as shown in figure 3-9.

LEARS SHORY
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A chemical treatment method of improving the connection to ground s shown 1n
figure 3-10. Where a permanent instalintion is possible, the chemical treatment illustroted
will be very worthwhile. 'The chemicals used should be salt or some ol the sulphates such as
magnesium or copper. Several large buckets of the material should be poured into the trench
and thoroughly wet down with water.
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It is very important that a pood electrical connection be obtained when making the
ground connection. To obtain a good electrical connection, the metal to which the ground
terminal of the transmitter is to be connected should be thoroughly cleaned by scraping or
sandpapering. The wire from the transmitier ground terminal to ground should be kept as
short as possible. If available, a pressure-type ground clamp should be used to make the
ground connection.

Where the use of a ground clamp is not feasible, the ground connection may be
soldered. If neither of these methods can be used, the contact resistance can be reduced by
binding the joint with twine or clectrical tape to increase the contact pressure. Before
making the ground connection, the end of the connecting wire should be thoroughly
cleaned of insulation, enamel, and oxidized films. Several turns of the cleaned wire should
then be wrapped around the metal grounding object. Where possible, the end of the wire
should be terminated In a twist loop as shown in figure 3-12, A lever may be used to
increase the contact pressure of the joint as illustrated. Extreme care should be taken,
however, to avoid kinking or otherwise damaging the wire since such damage increases the
wire resistance,

_SCRAPE CLEAN BE-
FORE WRAPPING WIKE

l#—— . COLD WATER PIPE
OR GROUND STAKE

Figure 3-12

Grounds may at times be obtained by tapping to existing ground systems. Lightning
rod installations are usually well-grounded. Quite frequently, the supporting structures for
high frequency receiving antenna installations have heen grounded to protect the receiving
elements from lightning. House electrical systems are usually grounded near the power
metering terminals, but extreme caution should be used in conmnecting to a powerline
ground. Sometimes this ground is connected to the nearest cold water pipe, in which case
the operator can employ the same technique.

3.6 IMPORTANCE OF GROUNDS.
Ground systems are particularly important where a Marconi antenna is employed. With

this antenna, the actual length of the resonant wire is a quarter-wavelength since the carth
acts as an additional quarter-wavelength,
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CHAPTER 4
SIMPLE ANTENNAS
4,1 RESONANCE.

Any length of wire connected to a radio frequency transmitter will radiate transmitter
power, but certain lengths of wire radiate more efficiently than others. Figure 4-1A shows
the distribution of r-f energy along lengths of wire, A-B, A-C, and A-D. In each case
illustrated, the initial wave of radio frequency energy (AXC) resulls in a reflected wave
(CYA) when the original current reaches the end insulator and can go no further, The
distance (OX) represents ihe amplitude of the direct wave, and (OYY represents the
amplitude of the reflected wave. The difference between the direct and reflected waves
represents the energy radiated,
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Figure 4-1 A

In a half-wave antenna, the wire length is the same as a half. wavelength of the radio
frequency energy, and the reflected wave arrives back at the transmitter terminal just in
time to reinforce the next power cycle. In practice, it is not advisable to directly feed a
half-wave anteona al the end. due to its very high impedance at that point. Figure 4-1A
illustrates the fact that as wavelength decreases, frequency increases.

I the preceding chapters, it has been assumed that the speed of radio energy along a
wire is identical to that in frec space. Actually, the speed at which radio waves travel along a
wire Is slightly less than 300 megameters per second. Because of this differcnee in speed and
other effects, the antenna lengths used in practice are approximately b percent less than
those computed for free space waves. To compensate for the offects mentioned above, the
formula for computing antenna length must be modified by inserting a correclion factor:

The modified formula which is used in all practical half-wave or multiple half-wave
antenna design computations is as follows:

Antenna length (in meters) = (N-.05} 150 megameters

frequensy (in megaheriz)
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Antenna length (in feet) = (N-.05) 492
frequency (in megahertz)

Where N = the number of half-wavelengths desired and .05 = the correction factor.

For example, if a half-wave antenna were selected for 10 megahertz operation, the wire
length would be

(1-.05) 150 megameters = 14.2 meters or 46.8 feel
10 megahertz

A three hall-wavelength antenna for 10 megahertz would be

(3-.05) 150 megameters = 44.3 meters or 145 fect.
160 megahertz

As seen from the above formula, when a multiple half-wavelength antenna is used, the
correction factor remains the same as for a single half-wavelength. This is due Lo the fact
that the correction must be made for only one of the half-wavelength sections.

Figure 4-1B is a graph showing the relation between a half-wavelength and frequency.
This graph may be used to determine the corrected length of a half-wave antenna for any
frequency from 3 to 30 megahertz. In addition, the figure shows wavelength and
quarter-wavelength dimensions in both meters and feet,
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Figure 4-2A shows a convenient way to analyze the Marconi antenna. A guarter-cycle
of energy is illustrated with zero current at the top end of the wire and maximum current at
the top end of the wire and maximum current at the point of feed near ground. The
Marconi antenna may also be bent in the forms illustrated in figures 4-2B and 4-2C. In these
cases, its polarization may be either mostly horizontal or mostly vertical, depending upon
the direction of the wire seetion in which most of the current flows.
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The antenna shown in figure 4-2D is commonly called the Hertz antenna. With this
antenna the ground does not act as one-half of the radiating system since the antenna itsell
is one or more half-wavelengths long. The transmitter ground in this case insures a static or
lightning discharge path to the earth. Various methods of feeding power to a Hertz antenna
are illustrated in figures following 4-2D.

INSULATOR

Figure 4-2D
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If this wire 15 bent into a square with right angles at "B, 21,7 G, and L7 it will
take the form shown in parl (B) of the figure. The distribution of the current about the loop
is indicated by the dashed lines, and the direction of the current is indicated by the arrows.
The cwrrent maximum oeeurring at the center of the wire between points =D and (37
causes Lthe field strength to be a maximun in the plane of the loop, and in the direction
looking from the low current side toward the high-current side. This is shown by the arrow
{maximum field) in the center of the loop.

Unlortunately, the characteristic impedance across points “A” and “J”7 is too high for
a feed point since they are actually the ends of the hall-wave antenna. However, if the side
opposite the feed terminal Is open-circuited as shown in part (C), the impedance ai points
YA and 47 will drop to approximately 30 ohms, a value which can be more readily
matched to the transmitter. The current maximum will then occur at the feed terminals “A7
and “J7 rather than on the side opposite them, as is the case with a closed loop. The
direction of maximum f{ield will be reversed as indicated.,



Strictly speaking, this latter configuration is no longer a loop since it is not completely
closed. However, its square form is maintained. If the development of the loop is examined
it will become apparent that each side of the loop is one-eighth wavelength long. Whereas
the space required for a half-wavelength straight wire at 15 megahertz would be 3l feet, (9.5
meters), a square area aboul 8 feet on a side {2 1/2 meters) will accommodate a loop for this
frequency.

If this type loop is mounted vertically on the wall of a room its radiation will be
vertically polarized. If the loop is installed parallel to the floor (under a rug or on the
ceiling) its polarization will be horizontal. The directivity in either case will be as indicated
in the figures. This Lype loop will not be as efficient as a straight half-wave dipole, but it will
be more directive. It will be Tound when receiving, for example, that a signal from the
favored direction of the loop will be somewhat stronger than a similar signal received off the
back side of the loop.

The development of a larger loop, where space is available, is illustrated in figures 4-4A,
4-4B, and 4-4C. llere we can imagine a piece of wire one wavelength long at the operating
frequency, and with the current distribution shown in part (A) of the ligure. We recall from
our study of radio frequency waveforms that the direction of the current reverses in each
successive half-wavelength. This is indicated by placing the dashed current waveform to the
left of the wire on one half-wavelength, and to the right of the wire in the next
half-wavelength,

As shown in the square loop developed in the figure, the direction of the current
reverses at a point halfway around the length of the loop. Such current reversals always
occur at the junction of half-wave sections of wire. The directional characteristics of this
type loop are opposite to those in the small loops of figure 4-3. The radiation from the
larger loop is maximum perpendicular to the plane of the loop (broadside), and minimum in
any direction within the plane containing the loop.

If the loop shown is mounted vertically with the feed terminals at a vertical side as
shown in part (B), its polarization is mostly vertical. If the feed terminals are moved to the
center of one of the horizontal sides of the loop as in part (C), the polarization becomes
mostly horizontal. Thus, the point of feed provides a convenient method of remembering
the polarization factor.

In constructing any of the foregoing antenna loops, care should be exercised to avoid
sharp corners, which are used in the drawings for convenience only. The wire should be
shaped to provide rounded corners.

It is permissible to use frequencies which are approximately 10 percent above or below
the optimum frequency for which an antenna is designed. While the efficiency of a
well-designed antenna will be somewhat lower when it is operated at other than ifs resonant
frequency, interference from other stations or the desire to avoid detection sometimes make
a small frequency change necessary.

When it is necessary to make slight changes in frequency, the loading of the transmitter
to the antenna, i.e., the antenna matching network, should be carefully trimmed so that the
antenna is always resonated to the frequency of operation. The radiation efficiency of a
resonant system is many times that of a nonresonant wire. Thus, a grounded antenna
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(Marconi) should always be some odd multiple of a quarter-wavelength (1/4A, 3/4n, 1
1/4A) while an ungrounded antenna should always be an even multiple of a
guarter-wavelength such as A /2,ior 1 1/2R. See figures 4-5A and 4-5B. This arrangement
provides for a low-impedance, (high-current) feed point in the case of the Marcon1 antenna,
and helps to insure a near resonant condition for the ungrounded antenna.

Antenna lengths discussed in the preceding examples refer to the electrical length. It is
sometimes important to be able to change the electrical length of a wire by the insertion of
a coil of wire. For example, where space does not permit the erection of a half-wavelength
of wire which would be fed off-center (as in figure 4-2G), the additional wire may be coiled
into a series inductance which will be the electrical equivalent of the required length given in
figure 4-1B.
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Wires which are too long cun be shortened electrically by us much as one-eighth of a
dength by means of a {ixed condenser (such as might be ohtained from a broadcast
cocivir oeated near a poind of maximum current. Figure 4-6 illustrates three antennas, all
af wieh have the same electrical length although their physical lengths differ appreciably.
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Figure 4-7 shows how correct electrical length may be simulated by the use of
inductance or capacitance.
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A very important requirement is 1o seciie proper travsfer of radio frequency power
from the transmilter to the radiating syster. Whis problern may be pictured as illustrald
figure 4-8. If we are interested in {illing the glizs within the shortest poscibie time without
spilling any water, we must match the flow of w v of the glase. Using this

analogy, our transmitter might be likened to the pited (nd our antenna to the glass.

fey (4 the s17

MATCH NG QUTPJT OF PATCHER Y0 GLASS
Pon

(0
¢

¢
(.
.

.,

LOW EFFICIENCY ¢

WAL TEFUL

K ‘ .
£ s

ANTENNA TOO SMORT

- B e, - -
. e -~ - R
g T ’ ~
P ~ y P
. . N\ / i ",
LAY, o) U Lt v s v . i ‘L o
COTL TO ITHCREASE Uik

ARTEWKRA LENCTH CONDERSER

FEYSICAL o

oo grumphie llast
sPclenoy ot cpe avrenna 1s too short o

ms o show what may be done w0 increase
: teo long, Retuning the fransmitter output i
csportant earh dime any change is made m the anterma, or when fthe antenri sys
mcvedd b b fferent location. 'This should be done even though the antenns may look the
same phvsicaily to the operator. The transmitter should he checked from time (o time in
accordance with methods given in the instruction hook to insure proper functioning,

4.8 METHGDS OF FRET.

Figure 2-6 in chapter 2 shovws thy
any polot along an antenna. The imyj
currert to the
ol try to

wire.

approximate impedance presented to a tra
reddance is expressed as the ratio of the in
instantaneous voltuge s any point along the antenna. The opora
=l Lhe snienna at a high-impedancn point, sueh as the end! of

a bicifovayedengll



[f a half-wavelength radiator is employed it may be fed as shown in fipure 4-2G. Wires
which are multiples of a half-wavelength should always be fed near a point of current
maximum as lustrated in figure 4-9. Thus, the antenna operates on one of ils harmonic
maodies, when a wire longer than a half-wavelength is used.

LT e HERTZ ANTENNA LT T
. FARMONICALLY OPERATED 7 ~
L 9 ~ / ~
A ~ s~
~ rd
~ -
~ -

JPEN AT HIGH TURRENT POINT
- (X} AND FEED AS SROWN BELOW e

Flgure 4-4

Sometimes, as in figure 4-2G, a half-wavelength antenna may be fed by a single- wire
transmission line to aliow operation at a distance from the antenna. The actual ground
connection to the transmitter in this case may have a relatively high resistance without
causing appreciable loss of radio frequency energy. This 15 duc 1o the small amount of
current flow in the relatively high-impedance feed (500-600 ohms as compared to about 35
ohms for a Marconi antenna).

A single-wire feeder connects to either side of the current maximum in the antenna. To
maleh the single wire feeder impedance of about 600 ohms, the feeder is connected a small
distance 17 away from the exact center of the antenna, The distance “1)7 15 14 percent of
the Ltotal length of the antenna as previously explained. Antennas fed in this manncr
however, cannol he operated on their harmonic [requencies.

The feeder should come away from the antenna at a right angle for as great a distance
as possible. Sharp bends in the feeded should be wvoided. and good clearance from
surrounding objects maintained.

4.4 VERTICAL ANGLE OF RADIATION.

As outlined in chapter 1 on Radio Wave Propagation and chapter 2 on Radio Antennas.
the optimum vertical angle of radiation for sky-wave propagation depends upon the
frequency used and 1onovspheric conditions. Energy radiated at angles higher than the
optimum angle 1s largely lost in space. Radiation at angles lower than the optimum provides
wealer signals at the receiving station. For this reason, horizontal directivity along the
ground is less impoertant than the horizontal pattern measured at the desired vertical angle of
radiation. For example, the horizontal radiation pattern as measured on the ground is
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exercised to see that the wire is not deformed or stressed, and that good ground connections
are made to provide the lowest resistance possible, (NOTE: When Tng:h current feed is being

used, an incandescent bulb such as a [lashlight bulb, in series with the antenna lead is a
useful resonance indjcator. Tt will glow brightly when the anteana is properly loaded).

While bent antennas radiate both vertically and horizontwally polarized waves, the
predominant polarization s determined by the longest section of the wire, For example, in
figure 4-12A, the antenna will have a strong horizontally polarized component, while the
antenna shown in figure 4-12B will have predominantly vertically pularized racdiation. If the
amount of bending is kept Lo a minimum, the efficiency of the antenna will not be
decreased appreciably. This is illustrated in figure 4-12C which shows that the current
toward the ends of the wire is small compared to the curreni along the center portion of the
antenna. This knowledge is useful in concealing antennas and in ulilizing trees or other
supports which are not quite as far apart as they should be for the most efficient type of
installation,

4.5 COUPLING THE ANTENNA TO THE TRANSMITTER.

The antenna is the last link in the chain of transmission over which the operalor has
control. The purpose of the anlenna is to effectively radiate the signal to the receiving
location. To function properly, the antenna should draw the maximum possible energy from
the transmitter, This can be achieved by proper coupling and matching of the antenna to the
transmitter.

To obtain adequate antenna efficiency, the antenna’s impedance nmust be matched to
that of the transmitler’s output cirenit, When impedances are matched, the efficiency of the
antenna will be high because it will be handling the masimum current that the {ransmitter
can supply to it.

Sinee the antenna usually cannotl be attached directiy to the wransmitter, it is necessary

to transimil the power to the antenna through a transmission line. lKach type of transmission
line has a characleristic impedance; common values are 52, 75, 300, 600 ohms.

When the output impedance of the transmitter matehes the characteristic impedance of
the transmission line, the transfer of power from transmitter to line occurs with & minimum
of loss. A mismatch of impedance at this point causes poor transfer of power into the line,
and causes reflection of power back into the transmitter that can often cause overheating
and burnout.

When the transmission line has been matched to the transmitter and is terminated in an
antenna that matches the line’s characteristic impedance, the line transfers maximum power
into the antenna Under these conditions the line is said (o be flat-it is nonresonant, There
are no reflections and no standing waves, When it is fed by a flat transmission line, the
antenna is receiving maximum current and radiating very efficiently-—-the transmission line is
not radiating.
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When receiving, the proper transfer of signal energy from the antenna to the receiver
requires the same careful attention to impedance matching. In the case of transceivers, the
use of a4 common antenna froguently eliminates the recelving problem when the line and the
antenna arc matched for eflicient transmission.

Resonant transmission lines are nol used as antenna feedlines with tactical equipment.
They sometimes radiate energy that should be radiated only from the antenna. Reflection of
energy within the line can cause serious losses and destroy the efficiency of the system.

The impedance ol a half-wave antenna varies from approximately 73 ohms at the
eenter to approximately 2500 ohms on each end. The output impedance of the transmitter
is variable between certain limits by the use of a matching network within the transmitter
heing used. Transmission lines have different characteristic impedances according lo the
type being used. Three basic types of transmission lines are coaxial cable, twisted pair, and
single wire,

Coaxial cable (concentric) consists of one conductor inside another conductor
separated by an insulating material (dialectric). (See figure 4-13.) Flexible coaxial lines are
made of a solid or stranded inner conductor surrounded by by a braided outer conductor
{(shield). The two conductors ave separated by a dialectric and the entire cable covered by
some type of insulation. The ralio belween the inside diameter of the outer conductor and
the outside diameter of the inner conductor determines the characteristic impedance of the
line, and the conduclors are manufactured to meet specific requirements. Coaxial lines are
generally used [or connection at low-impedance feed points on the antenna such as the
center of a half-wave antenna. Before using coaxial cable, insure the impedance is known
and that it matches the transmitter output impedance and the impedance al the point of
fecd on the antenna. When hooking up coaxial cable to a transmitter, the center conductor
is connected to the antenna terminal, and the outer conductor is connected to the ground
terminal. No counterpoise or ground is required to complete the antenna circuitl. The main
advantage of coaxial cahle is its shield, which prevents radiation and insures maximum
transfer of power to the antenna. The shield also prevents the transmission line from picking
up stray interference. The main disadvantages are its weight, availability, and difficulty to
repair in the feld.
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4,6 TWO WIDE-RANGE ANTENNAS.

If we measure the input impedance at the end of a 35 ft. slant-wire antenna, we find
that the resistance and reactance vary widely at different frequencies. An example of such
an antenna is shown in figure 4-15.

INSULATOR
~~ SHORT LEAD
- GROUND STAKE

POST OR BUSH

Figure 4-15

Whenever the values can be transformed by the coupling and matching networks, the
antenna can be efficiently matched to the transmitter. However, there are certain
frequencies at which a network ceases to function properly since too great an impedance
transformation is required. As this limit is approached, the network absorbs power and is
critical to use. However, an antenna of this type can be used over a wide range of
frequencies, as long as operation near the critical half-wave and full-wave points is avoided.

Figure 4-16 shows another type of antenna known as an “L.” This particular example
has two 25-foot legs. This antenna can also be fed satisfactorily over a wide frequency range
and has unusable frequencies different from the slant-wire antenna.

The usable and unusable frequency ranges for the two antennas discussed above are
plotted in figure 4-17. A comparison shows that in most cases where one antenna ceases Lo
function properly the other can be used successfully.

Thus a mateh can be achieved for almost any frequency by using the proper type
antenna. The antennas treated in this section can be viewed as simple compromise antennas
which may be used under a wide variety of conditions. The burden of achieving a resonant
system is placed upon the transmitter-matching unit which tends to involve greater losses.
However, tuese antennas are guite good on the higher frequencies above 7 megahertz when
their lengths are greater than a quarter-wavelength.
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Tl cpermior maist owdways rerpember Lo nelune e transmitier cutpul coeuwil for
Man i elicalion cach Ume o new setup s wmde, Bven o this volves a change in
frequency of Lhe tansmiter only, and no change in the antenna itsell, this final step must

never e il

[
g

FaMPLE ANTENNAS

e anlennas provioy

diseirssed hove been made up of one-fourth, one-hall, or one
wioetenre b swiress Toere L, group of end-fed antennas which deserve
e ful conaideration. Those are toymed lorg wire ainlonnas and have dimensions greater than
e wavelonglh, Where space permils, long-wire antennas bave several advantages over
oot antennny, Beeause of thely greatey length, they have a power gain compared to the

i addibion, a

o wavelonglh antlennas.

A sbaengin of the rbo signal produced of a distanee s influenced by the effecuve
¢ oaren of the ransmitting source. Wheve this effective radiating area is increased by
e nse of lonper wires, o givern Uransaoilier provides sbronger sigoals at grealer distances.
Puariee 116 shows how Uho gain of an antenna increases with the length of the radiating wire
mowavedengths, [Ualso indicaws how the direcdon of the maximum power lobe changes as
he antenna is lengthened,

o

Tod

For examiple, @ four-wavelength  anterna doubles  the effective power of the
Lransmitier, Similarly, for a four-wavelvnglh wire, the angle of the radialion with respect to
the wire is about 25 degrees. As has been stressed, this is of greal imporlance in orlenting
the antenra 1 the proper divection. Te provide oplimun communication in the desired
divectivn, correct orlentation must e observed.

Sinee Lhe vertical patiern of an antenna is affected by the height of the antenna, it 18
advisable Lo keep long wires al least 235 fect above pround. To achieve best results, the
antenna should be orented at an agle determined by ils length as discussed above, and the
heartng on g great clrcle route o the buse station. For example, il the bearing along the
greal clrele propagation path from the transmitter is 205 degrees, the four-wavelength
antenna wire should be led out from the transmitler at 208 degrees plus or minus 25 degrees
{230 or L8O degrees), (See figure 4-18))
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The slant-wire or tilted antenna is frequently the simplest type of antenna to install
and provides a good combination of vertical and horizontal directivity. Figure 4-19 shows a
slant-wire antenna which may be fed from either the ground or the elevated end.

MAX | MUM

RADIATION V\;\ {

TOWARD HOR | ZON <—§- g T Tagg e

ao”® - //

30° ONE WAVELENGTH WIRE

Figure 419

The wire selected should be approximately one wave-length long, bul differing from
this exact dimension by 10 to 15 percent. The antenna should make an angle of ahout 30
degrees with the earth.

As illustrated in the figure, operation under these conditions provides good, low-angle
radiation. The horizontal directivity will be a maximum in the direction in which the wire
slopes from top to bottom. For example, if the operator were to be located in the upper
floor of a windmill structure, the wire could be excited from the upper floor and run
downward to a fence post or small stake which is in line with the base station. The low end
of the wire could be connected to an insulator which is guyed 6 to 10 feet (2-3 meters)
above ground level.

Opportunities may arise in which the operator can employ a version of the slant-wire
antenna, termed the inverted “V.”” This antenna is arranged as shown in figure 4-20. The
angular dimensions shown should be observed,

The wire length used in the inverted “V” antenna is about two wavelengths. The
antenna is highest above the ground at its center point, and can be excited at one end as
shown. It will tend to be bidirectional in the plane of the wire. Gain is achieved by virtue of
in-phase addition of the radiating lobes.

4.8 CONSTRUCTION OF ANTENNAS — GENERAL.
In later chapters, particular attention will be given to installation of antennas in

specific city and rural locations. However, construction practices common to almost all
antenna systems will be considered in this section.
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The proposed site of the vperation should be examined for possible antenna supports
and transmitter operating tocations. 'Uhe direction of the hase station should be used as the
basis Tor making these selections. Some compromise can be made where necessary by
hending the end of the antenna, although in general, it should never he bent more than 890
degrees, wnd the major length of wire must have the required orientation.

Whoen the bearing toward the base station has been determined, a suilable Lype of
anlens must be selected. Lel us assume that a simple end-fed wire appears to be best for
the particular situation. The length of the wire will depend on the frequency of
transimission. Using the charts and graphs supplied, the operator should select the best
length of wire for the physical conditions and operating frequency. The wire may be
measwred, cut, and the insulators allached before the operator arrives at the transmitter
location if desired. so that the antenna may be erected in a minimum of time.

A slunt-wire may be installed rapidly by using a tree as an end support. The leader or
twine beyond the insulator at the end of an antenna may be tied to a stone and thrown high
into the branches of a convenient tree as in figure <4-21,

The next problem is that of a good ground connection. The grounding techniques
described in chapter 3 should be reviewed and an appropriate system selected. In many
instances, particularly in urban locations. water pipe or other existing grounds may be the
most practical to use.

Anything which rises above the ground to the necessary height can be considered for
an antenna support. Trees, poles, raof eaves, spouts, silos, and even sand dunes in desert
areas can serve Lo hold up one end of an antenna. As a last resort, a 50-foot length of wire
may be laid on the desert sand if the actual ground is at least 5 feet below the blow-sand
surlaer, Sinee such an installation is at best questionable, and would normally be used in an
area containing sand dunes, the sand dune supported antenna will give much better results.
When the problem of concealing an antenna is of primary importance, it is often advisable
to use existing supports rather than put up a new structure which may draw attention.
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Figuare 1-21

There are several devices which may provide a starting point. In many areas buildings
are protected by lghining rods which may be used as vertical radiators when properly
modified. Such antennas are inconspicuous and usually elear of surrounding objects. The
technigque suggested for using a lighthing rod system is to break the ground connection and
insert the transmitter between the ground and the down lead from the chimney or roof top.
This will usually provide a usable vertical or inverted **L.>” antenna.

Another antenna structure available in some arcas is the rainspout or gutter. By
isolating this metal structure from the ground the operator may simulate a vertical,
horizontal, or bent antenna.

Inside houses, room trim or furnishings may scrve to conceal the antenna if cut Lo
proper length. Curtain rods or valances can be used to hide the antenna, or if properly
connected together, may be used as a part of the antenna. As these structures are a small
fraction of a wave-length, loading coils may be necessary Lo construct a workable makeshift
antenna,

In some areas existing antenna structures, normally employed for recciving purposes,
may he transformed into transmitling antennas by a few simple steps. Low frequency, KM,
and TV antennas may be modified to serve well us transmitting antennas.

The windmills found in certain couniries may be converted into antennas or userd as
antenna supports. Some iypes of windmills are suitable for concealing both operator and
antenna.

In some arcas it may be feasible to disgulse an antenna as an ordinary telephone or
power wire, but it is not good practice to place an antenna too close to existing lines. 1L
should be remembered that maintenance by service personnel could result in discovery of a
semipermanent antenna installation.
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The size of wire actually used in the radiating system may vary from lme to time. The
stamdard wive furnished with the transmitter i= of course recommended. Anv o wire from
metal ot relatively fine wive appreaching heavy daming thread in size wili usually
functaen selisctority. The use o very fine copper wire, however, is not recommended since
s fenaile streneth 1= oot very great and 1L may easily patlaparl, When relatively fine wire 1s
employved, considerable attention must be giver to providing adequate support. When aver
50 feer of such wire is used, danger of sap and breakage exists,

Where a4 conneciion between one Jeneth of wive and unothoer, or belween wire and
rounding metals is made, the wires should be soldered if al wll possible. Wires (o be soldered
£ # ,
nust be thoroughly cleaned and shined by seraping with a knile or sandpaper. Bosin cove

solder is recommended to avold oxtdation of the heated surlaces.

Isufficient heat at the junction of the wires may resull in a high-resistancee rosin jeint

Conversely, i too much beat s applied to small diameter wire, its low-resistance property
muy be lost, The soldering ivon tip should be placed on the junction of the two metals Lo be
joined to bring them te vroper soldering temperature before solder is allowed to fTow onto
the sirface. While a small amonunt of soldey may be placed onawell-tinned iron 1o arerease
the efficiency of heat transter to the joint the final ster should he to spply the solder to the
oinl and not 1o the iron itself, At the proper joint temperature. the solder will flow and
replace the preliminary rosin chemical cleanimg aetvon, and a good jomnt will be formed,

Where considerable physical stress is present on the antenna wires, iU is important to
have a vood mechanical as well as electrical joint. Salder s not mechanically strong since it
contaivs so much lead. In making joints, therefore, 10 s best Lo first make the boest
mechanical joint possible without soldering, and then add solder as described above for
eleetrieal contact, Figure 1-22 shows several examples of how to make a good mechanteal
joint and how Lo avold 1 poor enc. 1 must be borme in mind that copper wire is relatively
soft and will break when subjected to continued bending, The joint, however, must not be
made so vigied that all of the stress = concentrated in a very small region.
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Figure .22

Connections 1o walterspouts or metal surfaces may oftern be puede wah the wid of
self-tapping metal screws, The serew and the surface to be tapped should be thoroughly
cleaned. The end of the wire may then be wa
ils head and (e clean metal surface.

sped round the serew and chunped hetween

Fimre 1223 shows several wavs inowhich the end of an antenna wire may be insalated,

Any eturdy, dry, nsulating materia? v he used to support the antena,
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CHAPTER 5

INDOOR ANTENNAS IN CITIES

5.1 INTRODUCTION.

The first four chapters have provided the reader with u general background in
radio-wave propagation and antenna theory. The next four chapters will deal wilh specific
antennas and specific environments. [n each case several possible antennas will be described
to illustrate the technique of applying antenna theory Lo specific situations. These situations
deseribe actions that may be taken by a radio operator establishing communicaticn with his
home or base station.

5.2 INDOOR ANTENNA CONSIDERATIONS.

Certain basic principles govern the operation of indoor antennas. The radiation pattern
of an indoor antenna will be affected by building walls, wiring, and plumbing. Furthermore,
all building materials absorb some of the simal energy which is lost for communication
purposes. Certain types of buildings, we shall see, absorb so much r-f energy that operation
within them 1s impractical.

The operator should always try to put his indoor antenna at the side of the building
toward his base station: i.e., if the base station lies to the south, the operator should use
rooms on the south side of any building in which he may be operating. Similarly, where
multistory structures are involved, the operator should occupy the top floor of the building
whenever possible. Every effort should be made to obtain a room located higher than other
buildings in the immediate vicinity. Locations on alleys, elevator shafts, or small indoor
courts are not. desirable,

Recent studies and measurements have shown that, in the 3 to 30 megahertz frequency
range, wouod, thatch, brick, cement block, tile, and plaster building materials do not
seriously attenuate radio signals. Successful operation in buildings made of these materials is
entirely feasible, although building wiring may distort the normal radiation pattern of the
antenna, On the other hand, the operator should avoid attempting to operate from buildings
constructed with metal walls, reinforced concrete, and plaster with metal tath.

The operator should make a preliminary inspection of any building {rom which he
proposes to operate to see if metal reinforcement is present. This can he dooe i the
basement, or by prying up capstones at the top of a building wall. 1If metal is found, the
building is probably reinforced and should be avoided unless the window openings are very
large.

Metal lath may be detected very rapidly by three methods. The wall can be checked by
sliding a magnet along the plaster. If it pulls toward the wall in certain places the wall
contains metal. If no magnet is available, 2 small hole may be cut in the plaster and the
material beneath examined. The compass used by the operator to find the bearing to his
station can be moved slowly along a wall Lo check for metal reinforcement. If the compass
point deflects from its normal dircetion as it is moved, metal is probably present.

843



it

The operator should Hrnloarrangeroest owhie reeeiving, oo
broadeast stations from variouws countyies ooy ooused as oo relative

{
orientation and efficioncy, This

portant o Livee

heights above ground, combined with the of i TEOWPRTHT tnase v
unprediciable,
DA INSTALUATION OF HNin»OR ANTENN AR

in slecting an antenna site within a bailding o foursiep proceduce muast b folinod

nod construocied of romnlorced conorelo o

(1) Make sure the bukiing
lath.

(2T Determime the bearig e the base stafien
iy Dretovincoe widel dpeeniees wnl Do T e e o e o ,
‘ ‘
ek antonne s paitler s
N A A AT s o Rave fe b [ sies prnhien
N B AR S TR A
L BRI BSNtt i i I
T toy EEAN N : IRP LV CH I TS oihie SRRV
- ] e N -
oraer Lo se t ot ; "y . R
Pl A ’ N : e
s
/m,, 1'
- .
o )
,/'4 i .
!
i
; :
| )
; ;
7 i
i
;
. | 2
7 1 E
. L ‘
'MN"“mm
™

gy

e



e e

teaovery smell reom the snwenna can be ran accend the mokitng, as in louee 500 T
besi solun

i thus room hewever, would ' o ep antonna, wilh proper e o
determmead by the foed point of the wansiittes,

Figure 5.3

The operator shouid Seep in mind that the high-currenti portions of the antenna o
most of the radiating. The {1 fram bending can be made quile minor if direetivity and
radiation are based on the position of the long straight portion of the wire.
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Grounding indoor installations usually presents a problem. However, since most office,
hotel, and residence buildings have running water, the cold water pipe should normally
provide a satisfactory ground. In addition any large mass of metal (with ils inherently high
capacity to the earth) may be used. Typical makeshift grounds include bed springs, file
cabinets, window screens placed on the floor parallel to the earth, air conditioning or
heating ducts, piping, or metal furniture. As a last resort a scrambled wire ground, consisting
of wire spread outl on the floor beneath the ground terminal of the transmitter may be used.
This wire should be at least as long as the antenna.

In many buildings, space between the ceiling of the top floor and the roof may he
available. In a wooden building, an antenna may be concealed between the hourds and
bearing studs or along roof rafters as in figure 5-4. Sometimes the wire can be placed on top
of the roof if color or line contrast which would make the wire obvious is avoided. The
down lead may be brought in behind spoutling, as indicated in figure 5-5, and connected to
the transmitter inside the room.
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is not to operate where the longest dimension of the antenna is less than one-eighth
wavelength at the assigned frequency. Thus, with a frequency of 4 megahertz, the operator
should not try to use a room smaller than 10 meters long. (See figure 4-1B, chapter 4.) In a
room 3 meters on a side, operation below 12 megahertz is not advisable. It should be
remembered that the longest dimension available in any room is the diagonal between
opposite corners of the room at the floor and ceiling level, Maximum antenna length may be
obtained by using this diagonal dimension.

Once a usable room has been found, the operator should determine all possible antenna
runs. End fed wires will be best for small, long reoms, and *“V” and loop antennas, will be
best for square rooms. If the room is large enough, almost any antenna can be erected for all
except the very lowest frequencies.
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If the room opens onto a hallway, the operator has a much wider choice of antennas.
For example, the antenna may be run from a low point in the direction of desired
transmission out through a door and down the hallway to a point near the ceiling. If
possible, the angle of slope should be about 30 degrees to provide the best low-angle
radiation. In such a system, the antenna slopes downward toward the transmitter which
sould be located at the end toward the base station. In office buildings or other structures
having long hallways, the long wire antenna discussed in chapter 4 may be used, providing
the hallway points in the general direction of the base station.

The loop antenna described in chapter 4 could also be uged in the 15 ft. x 15 ft. room.
Since the total length around the loop is 80 feet, it could be used at about 8 megahertz asa
half-wave loop, and at 16 megahertz as a full-wave loop. A loop installed parallel to the
ceiling will be horizontally polarized, and the main radiation will occur at high angles.
Therefore, if a great distace is involved, a vertically mounted loop having a lower radiation
angle should be used.

The directive characteristics of these loops have been discussed in chapter 4. For a
half-wavelength loop, one side of the loop would start at the antenna terminal of the
transmitter, and the other side of the loop would terminate at the ground terminal of the
transmitter. No ground would be necessary in this case. The far side of the loop would be
open, Directivity consideralions as shown in figure 4-3 of chapter 4 would determine the
side of the loop in which the transmitter would be inserted.

In a very small room, about 10 ft. x 10 ft. x 12 ft., the lowest usable frequency would
be about 12 megahe:fz. An antenna for this frequency would be a loop constructed in the
maximum (diagonal) dimension. It should be remembered that a half-wavelength loop
installed perpendicular to the floor will be vertically polarized, an should be fed on one side
as shown in figure 5-9,

5.5 CONCEALMENT OF INDOOR ANTENNAS.

By careful instnllation, indoor clotheslines, drape pualls, and even picture hanging wires
may be made to serve as makeshift antennas,
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Here are 2 few basic rules regarding concealment:

DO NOT run an antenna near a window unless investigations indicate that it cannot be
seen from outside.

DO NOT leave an antenna in an area which is subject to periodic maintenance.

DO try to locate pictures and other wall ornaments so that their hooks can be used for
antenna support.

5.6 MISCELLANEOUS CONSIDERATIONS.

The operator must select indoor locations where noise from public transportation such
as busses and streetcars is not presenl. Also to be avoided are localions near service
cguipment such as elevators, oil bumer motors, and pumps which create electrical sparking
nowse. Where severe noise [rom any source is encountered, difficulty will be experienced in
receiving. Reception may be used as a guide in avoiding poor locations of this sort. In
general, a location which is poor for reception of signals will also be poor for transmitting
signals.

DO’S AND DON'TS FOR INDOOR OPERATION [N CITLES.
DO cheek to be sure building is not reinforced with metal.
DO consider antenna design carefully and select the best antenna for each situation.
DO use all space available to secure a resonant antenna if possible.
DO use loading coils where necessary to increase effective length of antenna.
DO use loop- or center-fed antennas where no ground connection is available.
DO run all power cords at right angles to antenna.
DO NGT end feed a half-wave antenna.
DX NOT make the installation in a noisy location.

DO NOT locate on side of building opposite from the base station.
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CHAPTER 6
OUTDOOR ANTENNAS IN CITIES
6.1 OUTDOOR ANTENNA CONSIDERATIONS.

From the standpoint of signal propagation, outdoor antennas are much more effective
than indoor antennas. Distortions in the radiation pattern are less likely to oceur and there
are no building malerials or wiring to dissipate signal power. The operator using an vutdoor
antenna can be much more confident that he is “getting out” than his indoor counterpart.

Supports for the outdoor antenna can be found almost anywhere, Trees, shrubbery,
utility poles, and nearby buildings can be used to good advantage. In some countries, where
there is no extensive radic broadeasting, distribution lines for government loudspeaker
programs will be found. The poles used to carry these lines may be used to support a
low-power transmitting antenna, although long leader rope should be used to aveid coupling
the radio frequency transmission into these audio lines and causing clicks which may be
heard in nearby loudspeakers, When using utility poles carrying telephone or power lines, it
must be remembered that periodic maintenace inspections on these poles would almost
certainly lead to detection of any permanent antenna. These poles may serve however, as an
antenna support overnight or for a very limited time. A telephone or electric wire which has
been disconnected at the pole, but left hanging between the pole and a house, makes an
1deal transmitting antenna.

Trees are the best antenna supports available in many cases. A nonconducting leader
rope tied to the antenna should be lashed to a high branch of the tree, The antenna should
be kept well clear of the tree. If wire is used as a leader, an msulator should be inserted
between it and the antenna.

Figure 6-1 shows a typical horizontal antenna installation. Note that the insulators at

each end of the antenna are well scparated from the tree and the house. The antenna should
be slack enough so that it will not snap as the tree is moved by the wind.

N\
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Figure 6-1

94



Shrubbery or basbies may Be veed toosecure the tow end of o slani-wire antenna running
o the upper stovy of a badding, A typical sewm 13 shown i figure 6-2, Notice that the

ww ennd of the anienns may b

radsed or lowered by adjusting the lengthv of the supporing

IS
siring or rope, The anfenns iself should be kent at least & feet above the ground, and should

ranhe wnoangle of wbout 30 degrees win dhe carthn This method wouald be suitable {or

¢

feoonds o everbed UV andeann

-

e

ANTEHNA o /

— PN SLLATDF

Nearby bnaldings should he considered when seeling supports for an outdoor antenna.
Tie potnds Lo butlding structures can often be made as indicated in figure 63, A leader may

be looped wround a chimney, or Ued o a hook jnstalled in o roof eave or hole drilled
throngh o rainspoul,

v figure 6-4, a utility pole acts as one end of the antenna support. Extreme care
should be exercised o making such an installation to avoid high-voltage lines. High-voltage
lines may be identified by the large Insulators separaling them from the cross-tie. The pole
shown s typieal of a commurndcation system in which very small insulators are adequate to
handle the low voltage present on the line. In connecting an antenna to a utility pole, it is
imperative that at least 10 feet of nonconducting leader be used to eliminate the possibility
of the anlenna swinging againsi the power or felephone lines.

Ideally, the leader should be at least a quarter-wavelength long and run at right angles
to the utility wires, to prevent electrical coupling to them. Interference to the utility service
wottld be almost certain to result in inspection of the line and discovery of the antenna. For
the most part, such an installation should be limited to a single night’'s use if this is
appropriate for the assigned schedule.
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High-frequency antennas for M and television may also be used for supporting one
end of an antenna as shown in figure 6-5. The receiving and transmitting antennas should be
kept at right angles whenever possible to eliminate coupling between them. In figure 6-6, an
existing antenna installation s used as a support for a temporary antenna. Antenna masts
for two-way radio systems used by trucking or utility companies may permit an installation
such as that shown in part (A) of the figure. This type of installution could be made only
under spectal circumstances, and 1L might have to be vemoved after each transmission,

] ~ ANTENNA

A

i/

/‘/1

/

Figure 6-5

Part (B) of figure 6-6 shows how guy wires for a high frequency antenna may fornm a
part of a slant-wire radiating system. Such guy wires are broken inte shert lengths by

insulators, but these may be bypassed by short jumper wires with battery clips.
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Finding 1 suitable ground in urban locations may present a problem. However, if earth
Is accessibie nground system such as Mustrated in figuve 627 may be buried, for example, in
a garden. A permanent ground system may be installed al a small house by ringing il with a
heavy coppor wire buried a few inches below the surface of the ground. Radials should be
run out adistance of 20 to 30 feet from this wire it that much space is available, The ground
connection is then made to any point along the wire encireling the building. This ground
svstem could be used £ advantage with a quarter-wave vortical
or lightaing rod system.

antenna such as a downspout
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Figure 6-7

A good ground may be obtained by throwing the ground lead {from the transmitter into
a pond, stream or river as shown i fynr }
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TMyure §-8
6.2 INSTALLATION OF OUTDOOR ANTENNAS,

Before seiting up the antenna, the operstor shoois make sure the

e progeed

toward the base station. The antenna feediioe, if used, oo oll msulators ean e Lo nlod i
cochasion. As on figure 6-49, the end of the antenna s
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Figure 6-9

Aleader may be casily thrown into a tree if a slone is tied o its end. I necessary o5
stone may then be lowered to the ground and a heavier rope pulled vy inte position. B
6-10 shows hinw a short, Hghtweight sntenna may be supported at its far end by the s
and limb.
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supported by string to insure that it leaves the antenna at right angles without touching the
ground or other conducting objects. It is important to keep the feeder wire as clear of
surrounding objects as possible.

We may also consider an operator located on one of the upper floors of a tall
apartment building. A slant-wire antenna may be constructed and fixed at its lower end as
shown in figure 6-2. The wire should slope in the direction of the base station. The antenna
should make an angle of about 30 degrees with the earth. This angle will be 30 degrees when
the distance along the (loor between the transmitler and the insulator is exactly twice the
length of the vertical lead. Thus if the height of the insulator is 2 meters above ground, the
height to the fourth floor window ledge location of the transmitter is 12 meters, the vertical

reference height of the transmitter unit above the insulator wilt be 10 meters. A length of
antenna cqual to 20 meters will then make an angle of 30 degrees with the ground and be
optimum for low-angle radiation in the desired direction.

An end-fed, 60-foot wire will be suitable for use at frequencies for which it is
one-eighth to two wavelengths, providing feed points do not fall at half-wave points. Thus if
20 meters are equal to one-cighth wavelength, a wave-length is 160 meters. This corresponds
to a frequency of 300/160 megaheriz or something less than 2 megahertz. Where 20 meters
are equal Lo three-eighths of a wavelength, the wavelength is equal to approximalely 8/3 x
20 = 53 melers. This corresponds to a frequency of 300/53 megahertz or approximately 5.7
megahertz. When 20 meters are equal to two wavelengths, the wavelength is 10 meters. This
corresponds to a frequency of 30 megahertz.

No attempt should be made to end-feed such a wire at 7.5 megahertz, its
half-wavelength [requency, since the end impedance of a half-wave is too high to be
matched without special equipment. To operate this wire at its half-wave frequency, the
operator must revert to off-center feed operation.

The ground terminal of the transmitter should be connected directly to a water pipe
ground, or any large metal mass available.

6.3 SELECTLON OF POSSIBLE ANTENNAS.

The operator searching for antenna supports has considerably more freedom of choice
outdoors than indoors, He should examine his physical surroundings to delermine whether a
slant-wire, vertical, horizontal, or inverled “L” antenna could be used. The amount of space
normally available to the operator within a city would probably not permit the installation
of long-wire or inverted “V’ antennas.

For short communication paths of a few hundred miles, a horizontal antenna is best
because of its high-angle radiation. ‘I'his antenna should be Fed by a single-wire feeder. If
necessary for concealment purposes however, the half-wave anlenna may be cut in the
center and led directly from the transmitter by connccting one side to the antenna terminal
and the other side to the ground terminal. As much of the wire as possible should be in the
clear. For frequencies above 7 megahertz, a horizontal antenna provides good, low-angle
radiation (for long-distance operation} il it 1s placed atl least one-half wavelength above the
varth,
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Where a large wall area is available, a full-wave, closed loop should be considered. It
will be recalled from chapter 4 that the maximum radiation from such a loop occurs
perpendicular to the loop, and therelore it should be placed on the side of the building
toward the base station. If the loop is arranged with disconnect sections (one in the vertical
arm aned one i a horizontal arm), either vertical or horizontal polarization may then be
selected. Vertical polarization is best for long-distance transmission when the hottom of the
loop is not very high above ground. The transmitter may be connected to the side of such a
loop through a second-story window for vertical polarization, or the loop may be fed in the
top or bottom arm from a first floor or third floor window for horizontal polarization.
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CHAPTER 7
INDOOR ANTENNAS IN RURAL AREAS
7.1 INDOOR ANTENNA CONSIDERATIONS IN RURAL AREAS.

In rural areas an indoor antenna is used when sccurity precautions prevent the
construction of an outdoor antenna, While it will not radiate quite as well as 11s ouldoor
counterpart, the losses of an indoor antenna are not too great, cspecially when used in
widely separated wooden structures.

All rural buildings follow roughly the same structural pattern. Steel is not usually used
for reinforcement, and for this reason almost any rural building can be used for indoor radio
work. The operator should be cautious, however, of metal roofs or corrugated metal walls
somelimes encountered.

The rural dwelling offers many possibilities for the concealment of an antenna. It may
be run in hundreds of ways, a few of which are illustrated in figures 7-1A through 7-11. The
best antenna location 15 the attic of the main dwelling, since it is so high above ground.

The operator looking for a suitable antenna stallation should follow the four steps
outlined below:

(1) Determine the bearing to the base station,

(2) Determine what antenna runs, supports, and materials are available.

(3) Determine what possible antennas may he set up.

{4y Select the antenna which looks best and build it.

From the illustrations in figure 7-1, it is seen that an antenna can be set up to produce
a major radiation lobe in any desired direction. However, an indoor antenna, even in a very
large dwelling, will rarely be longer than a hall-wavelength, so it s important Lo remember a

few rules about directivity of short antennas.

(1) An antenna whose major length is horizontal, as in figure 7-1A, will radiate well at
right angles to the direction in which the wire is run.

(2) The slant-wire antenna shown in {igure 7-18 radiates well in the direclion toward
which it is tipped. The transmitter should be directly in line with the base station, and the
wire should make a 30-degree angle with ground if possible.

(8) End-fed, “L”-shaped antennas with sides of cqual length radiate best in the
direction of the bisector of the angle formed by the wire. (See figure 7-1C.) Never end-feed
a half-wave antenna. To use the antenna at its half-wave frequency, cut it in the exact center
and connect the twao halves directly to the antenna and ground posts of the transmitler.
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Figure 7-1C
(4) Hall-wave loops radiate best in the plane of the loop, while Tull-wave loops radiate
best at right angles to the plane of the loop. A hall-wave loop must be fed at one side of the
loop, and the opposite side of the loop must be left open. Maximum directivity will be
toward the side of the loop in which the transmitter is inserted.

The signal polarization of a half-wave loop will be the same as the plane of the loop. In
other words, if the loop lies flat on an attic floor it will have horizontal polarization. 1f it
hangs from the center pole of the roof, it will have vertical polarization.

As shown in figure 7-1D, a full-wave loop should always be mounted vertically. If the
loop is fed on one of its vertical sides, as illustrated, it will have vertically polarized
radiation. If it is fed in onc of the horizontal arms its radiation will be horizontally
polarized. The choice of polarization will depend upon the distance to the base station and
the height above ground. When the bottom of the loop is a half-wavelength above the
ground, horizontal arm feed may be used. 1f it is necessary Lo use the loop when the bollom
of the loop is near the ground, vertical side feed should be used. In cither case maximum
radiation oceurs al right angles to the plane of the loop.

It should not be difficult to secure a good ground system in rural areas. Copper radials
buried beneath the family garden can be carefully placed to provide excellent contact with
the carth. Where a well with a metal easing is available, an excellent ground can be secured
by connueting Lo this casing, as shown in figure 7-2.

Lightning rod grounds may be used as good grounding points, as shown in ligure 7-3A.
The antenna and ground terminals may be inserted directly in the break shown,
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Figure 7-3B illustrates a variation on this installation wherein the break in the lightning
rod systemn 18 made as usual but a separate vertical antenna is run from the antenna terminal
of the transmitter up inside the dwelling. With this method we have a directive parasitic
array as discussed in chapter 9. With proper proportioning of the lenpths of the lighthing rod
system aud the active antenna element, a pronounced directive effect can be produced. As
in all directive arrays, the proper horizonlal spacing between them must be observed. The
lightning tod may be used as either a director or as a refiector, depending upon its length

and spacing from the antenna.

BREAK
LIGHTNING
ROD LiNE

—

IMigure 7-3A
J et

BREAX LIGHTN ING
LIGHTN ING — ARRESTOR
ROD LiNE

Figure 7-3B
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The largest structures in rural areas are usually barns. Their size is normally great
enough lo allow a wide choice ol antenna localions. Several technigues for installing
antennas in bams are shown in figures 7-4A, 7-4B, 7-4C, and 7-4D. In general, the antenna
should be kept as high as possible. By putting the transmitter in the hayloft as shown in
figure 7-1A, the lead from the antenna terminal can be kept mostly horizontal.

LIGHTNING _ -
ROD

T FASTEN TO
LIGHTNING ROD
 GROUND LINE

o e

LIGHTNING
GROUND

ROD

Figure 7-4A

1f horizontal directivity is desired, it would be well to keep the vertical pat of the
antenna shown in figure 7-4B short in proportion to the length of the horizontal portion
running along beneath the barn roof, In all the figures, the bam is assumed to be several
times longer than it 1s wide so that the wires run greater distances than are implied by the
illustrations.

B
078
\KBENT

ANTENNA

LIGHTNING ROD_ i i
GROUND ==

Figure 7-43
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O shows onewavelengtin ooy antenna istadled wound a hayioft opening,
Fe vadimtion s horzontaliv polarizec and is wreaiest o directions at right angles Lo the
opening. e the exinpde showre the loor s sarvounded by velatively cpen spacee. so 10 wildl

tend fo be Dadirectional, 10wl Bave o dobie comme straaeat oot of the barn. and anothe

comng hackointo it

YERT I1C AL
LagP
ANTERNA

The horizontad V7 antenna shown oy flgure 7-100 performs best when al least one
winclenath of wire soran parallel to the carth from cach terminal of the transmtter, The
andle between the wives should he o night avcle (90 degrees), The radiation will be
horizontadly pokrized wnd strongest ot about 30 deerces above the earth. This angle is
sttable tor medinn distanee propagation i the antenna s about o hatl-wavelenglh above
Sron

HOR1ZONTAL
ay®" ANTENNA

Figure 7-10D)
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A good ground can be obtained by connecting to lightning rods or to stakes in the
ground. Piles of animal refuse saturate the ground with nitrates which provide very good
contact for a ground stake.

Figures 7-5A and 7-5B show antenna installations in farm silos. Before making an
installation 1m a silo, the operator should check to be sure the silo sttucture does nol contain
steel reinforcement or hoops. [f metal reinforeing is used, the silo should be avoided.

7 \ VERTICAL
SN ANTENNA

SLANT WIRE
ANTENNA

Figure 7-5B
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I the silo roaf is melal, the operator can attach a vertieal radiator Lo the inside conter
point of the meial roof by extending the antenna as illustrated in figure 7-5A. This
techigue will lengthen the antenna considerably by providing @ much higher capacity to
grovre, A wire 33 fecl (10 meters) long, for example, might have an appuarent electrical
fength of as much as 10 Teet (12 mietess) when connected to such o top loading device,

Sinee the silo s usuadly wotall sirveture, vertical antennas will ordinarily he best.
However, there may be instances when tie halfowave Joop witl he suitable, The amount of
slope available for a slant wire is not very great, as shown in figure 7-5B. I may be well to
experiment with positions hetween those shown in Fioures 7-580 and 7-3B 1o secure the
optimum vertical radiation,

Animal shelters and machinery sheds e normally small straclures buil dow 1o
canserve material, The operator should be careful to get hig antenna as hishom the rsiiding
as possible, Two methods of construction are lustrated in figures 7-6A wat 7651 Shods
which are used for the storage of farm machinery should not be used when the smehibery e

in them since the large metal masses may sericusly affect the radiation patiers of e

antenna. %

-
o ’.‘ —
T HORI1ZONTAL

Y ANTENNA
SHELTER

-
”

AN FMAL

_ GROUND TO
WATER PIPE

Figure

— WATER PIPE

-

i-GA

Grounding in such sheds may present a problen In Jivestock sheds. plumbing
supplying water may be used if available, The next best thing way e vodd driven into
ground under a manure pile,

T2 ANSTALLATION OF INDOOR ANTENNAS IN RURAL AREAS,

The operator should carefully consider the best Jocations available, and wvoid buildings
having metal rools. The operator may increase the space available in the building sclecied by
running his antenna through rooms and hallways of the house. Within rooms. 1t may run
from floor corner to opposite ceiling camer Lo secure maximum lengll,
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Other suitable antennas for rural dwellings or barns would be similar to fhose
previously discussed in the chapter on indoor antennas in cities. The greater size of the

brvldings often found in rural arcas will make possible the efficient use of somewhat lower™
radic frequencies,

7.3 SELECTION OF POSSIBLE ANTIENNAS,

Onee the operator has delermined the direction o the base stalion i might he well for
hit te make o list of possible antennas with their characteristios. The iistin a typical rural
situation could include the following:

(1) Bent wire in attic well concealed, may be oriented to hase station. Some encergy
loss by absorption in roof,

{2) One and one-guarter wavelength horizontal long wire in barn - may be woell
concedlad and has a fair amount of gain,

(31 Inverted V7 anlenna over roof of bam (similar Lo figire 418 of chapter
4) - good radiator assuming barn roof is sufficiently high. Will be bidirectional. One
wavelength long on each leg.

{4} Vertical half-wavelength loop on barn wall — relatively fow gain but easy to feed if
a good ground systenn is not available. Fed on vertical side for best, low-angle radiation.

{5} Smmple vertical antenna-- may be installed in the silo and preferably one-guarter
wavelength long.

{6) Two and three-quarter wavelength slant-wire antenna in barn ~ good gain toward
base stution. Bul requires considerable height at high end, possibly extending outside
through bam roof ventilator.

It it were possible to install each of the above antennas. they may be rated in the
following order of preference. A communication path of 800 miles is assumed. Tt will be
seen from figure 1-17 of chapter 1 that good radiation at a vertical angle of 35 degrees
would be required.

(1) Best ~ *V” antenna — best directivity and gain among possibilities outlined.

{2) Two and three-quarter wavelength slant-wire antenna - simple constretion wwd
good pain,

(3) The quarter-wave vertical antenna - assumes that a good ground system s
available preferably consisting of buried radial copper wires in immediate viemity of vertica!
antenina.

The shorter horizontal antenna and the loop antenna would be rated as less efficient
than the ones disted above. The radiation from the horizonial antennas weuld be
concentrated mainly at vertical angles above those required  for the length of the
communicalion path.



The half-wave antenna would be last cholce since its gain in the most favorable
direction is somewhat less than a half-wave antenua installed at the proper height.

7.4 CONCEALMENT OF 2URAL, INDOOR ANTENNAS,

Any antenna should be built Tor rapid removal i necessiry. Where possible, the
should be woeaker than the

materials used to connect the antenna msulator o the support
antenna so that @ gquick pull will remove the antenna assembly.

Jook iike the normal surroundings. Didy, old siring s p!mc zmm tu cle
antenna support. A special ground rod ¢ ould apuear to be a part of the ligh
svetem.

1OW

Antennas may somelimes be installed o appear as though t wers o part ol

structural reinforeement. A wire, for example, mighl appeny as a toolholding wioo w the
haylaltl, or as part of 2 system for opening or ciosing dof's air vornds,

Cariense toons mav be altached o large burn doers, o enable the operator 1o change
et of e doop, The oplimum bearing to the base station could be deterined by
e

the sddoor for sl veception of the base. Divectivity coudd

y be checked by

op amateny stations, Only fregquiencios near U amigned

i e ben, sosee Lhe

transmitting [reguency ohoild
radiation pattern of o ot

A Tew bowie ru WL

DALMY ey

4 be remembered

(1y The avtenna and gronnd structores should aope s e part of o building element
possibly a veraforeing wire oo lightning rod ground i\\im i

(2) The anwnna should be placesd inonoace of o oo cizibility o make discovery more
difficult,

> he would least expect Lo find an a

(-3 The operabor whoo o7 e de g
1 i | .
1 : EAPE

Vil e wive anay be eamouflaged in the dry hay of a bam ioft, i should be
ot et wel matenal will increase the losses in the antenna system. Burial of a wire
wy fodder material, such as in a silo, s therefore not recommended. A false partition could
boe used 1o sepurate the wive and the fodder.

R I L I S

DO’S AND DONTTS FOR RURRAL INDOOR ANTENNAS

YO daterniine bearing to the base station carelal

A0 use wy antenns wineh hos good mdiation at the proper vertical radiziion angle
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CHAPTER 8
OUTDOOR ANTENNAS IN RURAL AREAS
8.1 OUTDOOR ANTENNA CONSIDERATIONS FOR RURAL AREAS.

Outdoor antennas in rural areas can be made more efficient than any of the other
antenna installations discussed in this text. The number of different antenna arrangements
possible on the average farm, for example, is almost unlimited since most farm structures
provide a suitable end support for an antenna. Where room is available, a minimum of
half-wavelength spacing between the antenna insulator and the supporting structure should
be maintained.

Figure 8-1, part (A), shows how the antenna wire, insulator, and rope or string leader

should be prepared. In this case, a stone has been attached to the end of the leader
preparatory to tossing it over a high tree limb as indicated in part (B) of the figure.

ANTENNA {NSULATOR ROPE OR STRING ROCK

&

ANTENHA

Figure 8-1

Figure 8-2 shows a complete installation of an inverted “L° antenna. If both the
horizontal and vertical portions of the antenna are 25 feet long, this antenna can be used
over the range of frequencies shown in figure 4-13 of chapter 4 for the inverted “L”
antenna, As illustrated, a space has been selected where the radiating portions of the wire
are kept clear of trees and other objects,
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CONYENTENT HEIGHT
FOR LOWERING)

Figure 8-3B

The combination of fence post and tree provide convenient supports for the slant-wire
antenna illustrated in figure 8-4, If the length of the slant wire, including the transmitter
lead-in wire, is made 2b-feet long, this antenna may be ssed over the Trequency ranges
indicated in figure 4-15 of chapter 4.

~SLANT-WIRE ANTENNA

Figure 8-4

The lead between the bottom insulator and the wansmitter antenna terminal should be
kept as short as possible since a short wire is easier to keep clear of surrounding objects. The
lead from the slant wire to the antenna terminal will become a part of the radialing system,
and should be kept well separated from the wire fence.
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The transmitter may be installed at either the high or low end of a slant-wire antenna.
Figure 8-5A shows an installation in the top floor of a windmill from which the slant-wire
runs to a fence post or stake in the direction of the base station. If the angle the wire makes
with the earth is maintained at approximately 30 degrees, this radiating system will be fairly
efficient.

SLANT-WIRE ANTENNA

KEEP THIS
POINT 2 METERS
ABOVE GROUND

Figure 8-bA

If a tree is located at a proper distance and direction from a windmill, the installation
shown in figure 8-5B may be used. Here the transmitter is located inside the building, and
the transmitter lead-in wire becomes a part of the radiating system. In this case, even
multiples of a half-wavelength should be avoided for the overall length of the radiating
system. If a short antenna is used, one which is slightly more or less than a half-wavelength,
it should run at right angles to an imaginary line between the antenna center and the base
station,

\ —_——
HORIZONTAL §

ANTENNA

Figure 8-5B

121



Bwoeore distant drec 0 gvod wiach requives o wire Jength considiraily greater than a
4 the wire s i should be determined Trom Tiurve

wbween the wite 2nd the maxinum lobe of

CLion b ow

palf-waveleroth, the dipe ;
dit ot ol

vaciallon,

W
wipter 4 Phos Hgure gives the anyie

Hesupporied, slant-wire antenna which is fed from the

mp the slope of the wire as in lgure

axirum vadiaiion

o N
Ly

- DUANT-WIRE ANTENKA

o INSLLATIR

Figure 8-5C

Where metal buildings are found, the antenna should be run at right angles to the
bulldisg as shown in figure 8-6. A minimum separation of at least 15 feet should be
mainiained between the side of the building and the insulator at the end of the antenna.

N,
P . ﬂf{/—?4ETAL RUDF
e Q N NOTE: ANTENNA
1 . SHOULD BE AT
RICHT ANCLES

(L) TO EUILCING
~— NONCONCUCTING LEADER

fHNSULATOR —

Figure 8-6
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Figure 8-7A shows a suitable methcd for hooking onto an existing long-wave receiving
antenna such as may be found between a house and a barn. The horizontal portion of the
antenna should be long compared to the vertical lead-in portion. The antenna should be
carefully oriented to make sure that the major lobe radiation is in the desired direction. The
lead-in to the farm receiver should be disconnected at the point shown at the top of the
chimney.

DISCONNECT LEAD
TO RECEIVER ANTENNA

Figure 8-7A

If the existing system does not provide the required orientation, it may be used as one
support for a slant-wire arrangement as shown in figure 8-7B. Figure 8-7C shows another
possible arrangement when the existing antenna has been mounted between the ends of the
farmhouse roof. Here again, the operator musli make certain that his orientation is correct.
It may be possible to use the existing system as one leg of an inverted “L” antenna.
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Figure 8-7B
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Figure 8-7C

Pligh frequency B o lelevision antennas can sometimes be used Lo advantage as
shown in Figure 8-8 Where a vertical ground lead has been used as lightning protection fora
high frequency antenns as shown i part (A), it may be broken and fed from the
fransmitter. The high frequency antenna can also be used to support a stant-wire radintor. In
some cases. the ground lead from the high {reguency antenna may be used to form the
actual slnbwire antenna as shown i part (B). When used as a part of the transmitling
antenia, the high frequency antenm cannot be wsed as a receiving antenna.
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The rain gutters and downspouts of farm buildings can be used wo forn all or a part of
the radiating system as suggested in figures 8-9A and 8-98. The arrangement in figure 8-9A
results oo verlical antenna while that in figure 8-98 forms an ‘L’ antenna. As indicated in
figure 8-YB3, a jumper can be used to provide either type. All orientation considerations
previously discussed apply to this type installation. In addition, the antenna should be
located on the side of the house toward the base station to avoid unnecessary losses in the
building muaterials.

T T T T T
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Figure 8-9A Figure 8-9B

Figure 8-9C shows a rain gutter used as a horizontal antenna, and includes a suggested
method of connecting the wire to the spouting. A self-tapping metal screw should be
inserted into a small pilot hole, and tightened around the wire.

GUTTER AS
HORI1ZONTAL
——  RADIATOR

CONNECTING WIRE
FROM TERMINALS

SHEET METAL SCREW

CLEAN SURFACE
THOROUGHLY

Figure 8-9C
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Figure 8-10 shows how a building lightning rod system can be used 1o form a vertical
antenna, Where time is available, and a long period of operation is planned, the ground
system could be tmproved i accordance with suggestions made in chapter 8.

LIGHTMING ROD

ZDISCONNECT FROM
EXISTING GROUND

Figure 8-10

Figure 8-11 shows several antenna suggestions for use in rural field areas. Where the
antenna is close to earth, tt must be at least six wavelengths long to achieve low-angle
radiation,

The operator planning the antenna installation should again follow the four basic steps:

(1) Determine the bearing to the base station.

{2) Determine what antenna directions, supports, and materials are available.

(3) Determine what possible antennas may be set up.

(4) Select the most desirable antenna and build it.
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SCARECROW AS SUP-
PORT FOR ANTENNA

Iigure 8-11
8.2 INSTALLATION OF OUTDOOR ANTENNAS IN RURAL ARKAS.

When evaluating a typical farm layout, the operator should carefully consider all the
facilities available for the erection of an antenna. Figure 8-12 shows a plan view of a farm
area in which six possible antenna arrangements are illustrated. The direction to the base
station is the same for each arragement and is indicated by the large, shaded arrows. A table
which gives the rating for the various antennas is contained in the figure. The major
radiation lobe for each antenna has been properly oriented with respect to the base station.
It is assumed that the necessary antenna gounds can be made in accordance with suggestions
contained in chapter 3.

The advantages and disadvantages of the various antennas may be summarized as
follows:
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Figure 8-12
] A horizontal quarter-wave wire 7 feet above the ground supperted along a
slothestine — this antenna will have no gain and can only be used when Lhere are no wet
clothes on the line, It is easy to install but will radiate most of its energy at high angles, Tt is
good for a 200- te 400-mile operation,

{B) A quarter-wave bent wire installed between the two trees in the form of an
inverted “L”" — this antenna will have low gain. It will develop some vertically polarized
sigmal if the vertical down lead is of appreciable length. Its radiation angle will be faicly high.

(C) A one and one-guarter wavelength wire run from high up in the teee dowr Loward
ground — this antenna has more gain than the first two and w almost as easy Lo set up If the
angle between the wire and ground is about 30 degrees, it will have good directivily loward
the base station when sloped in that direction.

(D) A two and one-quarter wavelengih wire from a free to the scarecrow in the
field -- if installed as a slant-wire antenna, the wire will have somewhat more gain than that
shown for condition (C), Tts orientation as shown in the drawing, however, is not properly
Lined up to make proper use of the major radiation lobes. Tt should be reoriented, possibly
by moving the scarecrow around m the field so that ene of the major lobes of radiation lies
along the direction to the base station.
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(5} A four and one-puwier wavelength wire installed horizontally at @ height of 23
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. surdoor antennas in rural areas, every possible method should be used
g lengths of wire. Figure 8-11 shows an antenna installation in which A nunpiber
e been used as suppaorts, This antenns will be directive alons the wire
stationn from the iransmifler end, if it is terminated in a 400-0hm
sistor ss shown. The ground system for the terminating resi
equivaient to the ground sysiem provided for the transmitter unit, I the termi
is not used. The antenna will mdiate in two directioes, forward and bae
length of the wire,
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ntenna should Lbe between six vl eight wavelengths long. For this length, the

Wooeoeur al s L angles to the wire in accordance with figure 4-18 of




ilorizontal wires, approximately four wavelengths long, would also provide excellent
msulis if property oriented. Where a rural swelling is primarily of wood construstion, such
sn ond-fed antenna raay be run from a distant iree inte a second story or attic window. A
ground for the fransmitler may be secured by tying directly to a lightning rod down lead.
Cure should be taken Lo prevent the wire from being an even nwnber of wavelengths long.
This is necessary to insure a reasonably low bmpedance at the transmitter terminals,

Yertical antennas may be considered where tall structures are available, For example,
figures 8-13A and 8138 show a vertical antenna installation which utilizes a wooden water
tank as support. If there are metal bands about the wooden tank, the wire should be
brought away from the side of the tank 2s shown in figure 8130 Whovre the steps up the
tank are metal, the ladder may be adapied for use as an antenna if o good conueciion can be

made to it. If the ladder is rusty and the joints are corroded, it will e better to wropd the

structure entirely,
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Figure 8-13A - Figure 8-138

8.4 CONCEALMENT OF OUTDOOR RURAL ANTENNAS.

When necessary. rural areas afford a number of possible sites for antenna concealment.
Figure $-14 shows how an antenna wire might be wrapped around a clothesline to provide
the length of antenna required. If a wire clothesline were used, a connection coulkd be made
directly tc the wire itself. However, if dual metal clothesiines are used as in figure &-150 one
of the lines should be removed, and the other one used for the antenna
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In areas subject to frequent observation and possible close scrutiny or subject to the
explosive effects of weapons an antenna may be placed underground or buried. The degree
of protection desired and the efficiency required of the buried antenna will determine the
depth at which it may be placed benecath the earths surface. Generally speaking, the lower
the operating frequency, the higher the elficiency and effective radiation of the antenna.
For this reason, underground antennas are usually restricted to use with AM or SSB HF
radio sets. The depth of burial will also have an effect on the radiation efficiency, therefore,
a compromise must be reached on the radiation efficiency and the degree of protection
desired. Generally, 15-30 ¢m {6-12 inches) will provide acceptable radiation and protection,
however, the antenna should not be buried any deeper than absolulely necessary. The
radiation pattemn of buried antennas remains practically the same as above ground antennas,
so they should be oriented in the same manner.

Although more elaborate, higher gain antennas may be buried. only the long wire and
doublet will be discussed here because of their simplicity and relative ease of construction,
All buried antennas must be insulated from the ground. This can be accomplished by using
insulated wire and scallig the ends and all connections with some tvpe of sealing malerial
(e.g., rubber tape) or by inserting the wire in an ordinary garden hose or other rubber or
plastic tubing and sealing it before burial.

The doublet is cut to frequency the same as an above ground doublet, sealed, and
buried to the desired depth. It is advisable to bury the transmission line, also, insuring that
all connections are scaled and water proof.

Depending upon the amount of space available, a long wire antenna, preferably 2 or 3
wavelengths, may be used. As with the doublet, the length will be the same as for an above
ground Jong wire tor the same lrequency. Insure that the orientation is correct for the
length of antenna constructed.

Keep in mind, when constructing underground antennas, that any metallic objects
(underground pipes, telephone lines, ete.) which are in close proximity may have an adverse
effect on the radiation efficiency. If at all possible, bury the antenna in dry soil. If buried in
sandy soll, care must be laken to insure that the antenna does not work its way Lo the
surface due to the normal activity in the vicinity.

Underground antennas, when constructed properly, provide an excellent alternate
antenna system which will be protected from weapons effects, or provide excellent
conceabment, il the situation requires.

DOS AND DON'TS FOR RURAL OUTDOOR ANTENNAS

DO use as long an antenna as possible if a clear outdoor area is available.

DO be careful to orient & tong wire antenna carrectly by observing the angle of maximum
radiation from the wire.

DO keep the antenna as high as possible,

DO figure antlenna length 1o avoid end feed at half- wavelenglh points,






CHAPTER 9
DIRFCTIONAL ANTENNAS
9.1 GENERAL DISCUSSION — DIRECTIVE PROPERTIES OF ANTENNAS.

As we have seen, single-wire antennas have directive properties in both the horizontal
and vertical planes. No antenna (with the possible exception of a simple vertical antenna)
radiates its energy equally well in all horizontal directions. The various combinations of
hull-wavelength wires produce maximum radiation at right angles to the wire. However, the
directivity effect is not always pronounced since the antenna is usually influenced by nearby
objects which affect the radiation pattern.

Long wire antennas are made up of a series of half-wavelengths and produce
sienificantly greater radiation in some directions at a sacrifice of radiztion v other
dircctions. The directive pattern ol a long single wire 1s the result of the combinalion of two
or more hall-wave patterns.

Figure 9-1 shows a long wire used to create a pronounced directional pattern with
fransmission or reception gain maxirmum in one direction and minimum in another. In part
(A} of this figure, a single wire 25 meters long is excited at 30 megacycles, a frequency that
results in five half-wavelengths of radio frequency current on the anwnna.

When this wire is supported horizontally above the ground at a height of 5 meters, it
exhibits the directional properties illustrated in part (B) of the figure. This lobe structure is
a rather complicated one because of the half-wave current distribution along the wire, Part
(A) of the figure shows that the direction of the current at each half-wave point on the wire
is opposite to that in the preceding section. We muy, therefore, state that the current in
section 27 of the wire 1s out ol phase with the current in section 1,”” and similarly, that
the currents in section “2” and “4” of the wire are out of phase with the currents in

IETE 7

sections 1,7 3,7 and b,

The 25-meter length of wire can be made more directive at a frequency of 30
megacyeles if it is bent into the shape shown in part (C) of figure 9-1. In this case seciions
“2 7 and “4” of the wire have been doubled back upon themselves. 1f the current
distribution in the various sections of the antenna is analyzed in accordance with the
illustration shiown, there will be three sections of wire spaced closely together in which the
currents are all in the same direction (or inphase).

It is also apparent that the currents m the so-called phasing sections composed of
sections “27 and 47 of the wire are flowing in opposite directions, or are out of phase with
respect to one another. When sections “2" and 4" are close together (about 4 inches),
these curvents will tend to cancel. 'The resulting directivity for this type array is illustrated in
part (13} of the figure.

In effect, the radiation from three hall-waves inphase is maximum at right angles to the
direction ot the wray. Increased radiation [rom the maximum lobes results in reduced
radiation from the minor lobes, As illustrated, the array is bidirectional, and if it can be
properly oriented for the desired direction, will provide considerable gain over the single
half-wave element shown in part (F). ) -

Dircctive antennas are advantageous because they increase the elfective power of the
transimitter by nereasing the energy radiated in the desired directions and reducing it in the
undesired directions. (A reduction of radiation in undesired directions is useful in avoiding
detection by direction-finding stations.)
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In directive systems, the phase relationships of antenna radiating elements are
controlled to increase radiation In the desired direction. Greater signal strength in the
desired direction, at the expense of cancellation in other directions, can be obtained by
proper phasing of the radiating elements.

As in all antennas, the impedance of directive arrays is of major imporiance. We know,
for example, that it is desirable to feed power to an antenna at a point of low impedance.
For this purpose, it is important to visualize the 1-f current and voltage patterns which are
present on the antenna,

As discussed in chapter 2, minimum current and maximum voltage must exist at the
end of a wire antenna, while the reverse is true at the center point. Figure 2-6 of chapter 2
shows that the cenler point impedance, which is defined as the ratio of the instantancous
voltage to the instantaneous current, is a minimum. Thus for a half-wave antenna, the
low-impedance center point is the best feed point.

Parl (A) of figure 9-2, illustrates an antenna similar to that shown in part (C) of figure
9-1, The dotted line represents current distribution along this antenna. The vollage
distribution is represented by the dashed line. Points “*A,” “B,” and “C” of figure 9-2, part
(A), represent points of low impedance, and would therefore be the most appropriate feed
points. Since it is desirable to have equal currents in the various sections of the antcnna,
point “B” would be the preferred feed point as shown in parl (13) of figure 9-2.
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Another type of driven directional system is the loop antenna discussed in chapter 4.
Where some direclivity is desired in a confined space, the loop antenna will provide the most
practical solution.

A parasitic directional array is one in which only one element of the array is directly
coupled to the transmitter and the other elements are energized by the electromagnetic field
of the driven element. A parasitic element may either direct energy from the driven radiator
by reradiation, or reflect energy from the driven radiator.
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Figure 9-5 shows spacing requirements for dircetor and reflector elements, As shown
on the graph, the aray will have maximum gain when the director parasitic clement is
spaced g tenth-wavelength from the driven element.
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Filgure 9-5

Similarly, a reflector parasilic element spaced be spaced about twice this distance from
the driven clement if reflection. When used as 4 reflector, the signal will be reinforced in the
direction awuay from the reflector and toward the driven unit.

More complex beams having a greater gain in the forward direction may be constructed
by utilizing both director and reflector elements as shown in figure 9-6. Where the array
must be portable, Lhe use of this type of beam will he limited. As additional parasitic
elements are added, the radiation resistance of the driven element begins to decrease. The
driven element alone is a simple dipole and has a radiation resistance of about 70 ohms. Its
radiation resistance with either a single director or single reflector drops to approximately
20 ohms,

Figure 9-6

141



fa the three-clement army Hustrawed In figure 946, the duven element has a radiation
eonsi spproximadely T oobimis, As additional parasitic elements are added, the
resisiines continues to decrease. Special feed techniques must then be employed

wiile fov tins low resistance, and match the array to the transmitter.
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When cpesated on harmonics of thelr resonant frequency, long wire radiators exhibit
directional aod g characteristics, although the gain of long wire antennas less than two
wivelenglhs o 1ot ppreciable. Figure 9-7 shows the gain in the main lobes of a long
wire aubenna as o function of i Jeogth.
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If the wire length is greater than four wavelenglhs, the maximum radiation at vertical
angles up to approximately 20 degrees occurs along the direction of the wire rather than at
right angles to it.

With the limiled amount ol power available, wire lengths greater than 10 wavelengths
are not practical, especially at the lower frequencies. In general, the maximum wire length
should be about 200 meters which would correspond to approximately 10 wavelengths at a
frequency of 15 megahertz.

As the length of the antenna is increased beyond a few wavelengths, the tuning of the
antenna matching system becomes quite broad. For frequencies where the long wire exceeds
10 wavelengths it works almost equally well over a wide range of frequencies., The
directional characteristic of such a broad band antenna varies with the operating frequency.
Since the impedance of a long wire antenna is very high at its end, it should be broken and
fed at a point of current maximum. Figure 9-8A indicates how this is accomplished.

Figure 9-8A
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Such a systermn can be made unidirectional i 1 termineted i the characteristic
impedance of the system. The lerminating resistor should be nommductive and have a value
of approximately 400 ohms. It should be capable of dissipating about one-half of the
transmitter output power, This power loss represents the power previously dissipated in the
opposiie direction. The ground points atl each end of the anlenna should be the best possible
to oblain maxinum system efficiency.

Figure 9-9A iHustrates a 10-wavelength antenna terminated in a 400-ohim noninductive
resistance. If this antlerma is operated withoul the 400-obm termination, it will have the
bichrectional radiation pattern shown n figure 9-0B. When terminated, the patlern is the
right half of that shown i Ogure D98, and is directive away from the wansmitter,
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AWAY FROM TRANSMITTER

Figure 4-98

This antenna may be used with some success where the antenna height above ground s
limited to a few meters. If the operator plans to lransmit with such an antenna, he should
compare its efficiency as a receiving system with that of a conventional antenna.

In general, this type antenna requires long lengths of wire which makes concealment

difficult. Plans for installing this type antenna could include arrangements to make the wires
look like telephone, communication, or powerline elements.
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CHAPTER 10
COMMUNICATIONS SECURTTY
10,1 INTRODUCTION,

The previous chapters have dealt with the theovy, design, and construction of antennas.
This chapter will deal with a subject which has @ great deal of bearing on the selection and
siting of antennas used within the UWOA,

The field of communications security {COMBECY includes physieal Lrangnission, and
crvptographic securityv. All three of these components are extremery imporeont io the
Special Forees delachnient in an unconventional war fare environment. Althoush Uhe siting
ad selection of antennas comes under the heading of (ransmission security, the othey two
aspects of conynunications security will be discussed because of their immporionoe and close
relationship to» the subject matter.

10.2 COMMUNICATIONS SECURITY (COMSEC).

Communications security is the protection resulting from all measures destimed to
deny to unauvthorized persons information of value which might be derived from the
possession and study of telecommunications, or to mislead unauthorized persens in thelr
mterpretation of the results of such a study.

Communications security is broken down into three components. These three
components are physical securtty. transmission security, and cryplographic security.

10,3 PHYSICAL SECURITY.

Physical security may be defined as that element of communications security which
results from physical measures taken to safeguard equipment, material, documents, and
personnel.

Although we are just as concerned with this component in an unconventional waclare
environment, it is more difficult to achieve due to the imited amoeunt of equipment taken
in with an operational detachment and the high state of mobility required.

A physical compromise may take place by losz, theft, coplure, salvage, deforiion, o
receiving.

The greatest danger in loss of signal equinment
the Toss itself, but in the fact that the loss Is not roported

Crir s, eoden, wingd ciphiors Hes Nt in

The safest, best, and the only course of action open to you if you cannot lay your
hands on material you are supposed to have, is to immediately report them as lost. To
continue to use CEOTs, codes, and ciphers of which you are not sure is an extremely rash
course of action, Mach commitled detpehment will normally have an alternate CROT and
cryptosystem which s commiliod to miemory Lo be wiilized in the event the primary systen
18 fost or comprormiged,
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Travsmission security may be defined as that component of communicaiions senrily
igned o protect foansmissions from vereoption,
ibative deceplion.

whichh resuls from all measures

. e : .
Povectiog i, B e anod

Let’s ook ot the avieveoption, direction fnding, traffic mdveis, and

imitative deception, snd Dogermymne Whast v voereondion?

v interception we mesn Hsteniag 17 our feansrissions be GUE O
COMSEC units iisten to our ecircuits Lo oheek communications

refer to it as monitoring,

Antins we

A greal deal of our efforts are duected agminst intorcent:on. (1w

interception, we wowldn’t have to worry about any other factore Unforiaouioby, (b
absoite defense agninst interceplion 1y radic silepce, and  sudio sidopee
corununications, Therefore, in Special Foreos we whilize meithods o o
ase of radic sidence: we transiail as mfregquently as possible. Whan e
our fransmission as short as possible, and we vary the {requency

These measures increase the veriod of radio stience, and of couvr oh
freguencies previously used.
The measures we  apply v defense against Gralfic analysis elade th for

mterceplion, since a trassmission Lhat is ool iniereented cannot be analyyzed,

Traific analysis is the study of the extornal ¢h
the purpose of obtaining information concernis
commuicalions systenn Although orypia
analysis s normaliv arcomplished
ciphers used. Now, i we know what the traffic analyst looks for, we ca nrevent the tradfic
analyst from chiaining the information that he wants. Let’s sce what be does look for and
winat can do about it.

wherstics of signal communications for
tre orpanization and operation of
s, traffic

is o beoan aid teo deaflie anabn

W

First of all, the talfic analyst wants to know vwho is ta pbo whom, How can we
deny him this information? The principal method we use i the blind transmission
broadeast, which we abhreviate as “DTB.” The Navy uses this systerm, in which they send
“toxtrot” messages. This is a message for which no ackno wledgement is imade, at the time of
the lransmission, by the recewing station. In fact. it may be sevoral days before o receipt
sent. The Navy uses this system for a very good reasor. When Lhew Broad dast to
from land stations, they don’t want the ships to answer, boesuse if they do their o
sea can be plotted. The disposition atl sea can he piotied :
valuable bit of information for an enemy. Special Porces g
to prevent identification of our detachments with heir :
detachuments can be linked to their base station, an spemy can obiain ]
simply by monitoring the base stalion. The base station. with its high-peonwemed transii for
operating from a fixed position, is much more accessible than the elisive. lovw-powered
detachment radio.

woexisting between o delnehmoent
nontwdie propagation curve can be platked to narrow the

fregueney Dasd that must he sotreiodg for mtorception.

On the techmical side, i an snemy knows the disia
snd s supporting base, th
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Figure 10-1

Over short ranges, the ditection of arrival of the radio signals is usually determined by
some form of rotatable loop antenna, A vertical loop antenna has a highly directive response
pattem similar to that shown in figure 10-2. The sigral is strongest when the loop points
toward the transmitling station, and weakest when the direction of the loop is broadside to
the station. By adjusting the receiving loop on a compass scale, the null, or direction of
minimum response, can be determined within a few degrees, and the direction of the
transmitting station established.

A minimum of two bearings on an unknown transmitter is necessary to determine its
distance from the receiving points, In practice, three or more bearings from different
receivers are made whenever possible. The signal is received at point “A,” as in figure 10-1,
and the bearing is deteymined and plotted on a map. A similar hearing is taken at point “B”
as illustrated. The combination of the two readings and the point of intersection of the two
bearings the approximate area from which the unknown signals originate.

This method of direction finding is successful only if signals are roceived at both fixed
receiving points. For example, in figure 10-3, the location of the transmitting station at
point “X” is unknown to the receiving station at point “A.” If the unknown transmitter
leaves the air before the direction-finding equipment is put Into operation at the second
position, point “B,” the location eannot be satisfactorily established. The use of special
antennas, however, makes it possible to determine the general location of a transmitting
station from data obtained at a single receiving station.
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The bearings obtained from a vertical loop antenna rotated about its axis will be
correci only if the radio waves received from the unknown transmitter are ground waves. If
horizontally polarized signals are present, some portions of the loop will respond to these
signals and the resulting null will be broad. This usually causes some difficulty in the
interpretation of a true bearing. Airborne direction finders are susceptible to errors of this
type, particularly in areas where the terrain is rough or mountainous.

The accuracy of directional loops decreases as the distance from the transmitler
increases. They are more accurate during the day than at night when sky-wave propagation
may be a confusing factor even at very short distances, as shown in figure 10-4. At
frequencies of 3 megahertz and above, loop direction finders become increasingly difficult
to use, Strong intensity sky-wave signals which are present hoth day and night within a few
miles of the (ransmitter, give false indications on the direction-finding equipment,
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Figure 10-4

Most govemments maintain a number of large direction-finding stations. These are
expensive installations covering many acres with as many as 36 antennas to the station. The
best station of this type was designed by the Germans for use in World War 11 and was called
the “Wullenweber,”

The Russians have several such instaliations which they designate “Krug.” Under ideal
conditions these stations can tuke a bearing in less than 30 seconds which is accurate to
within iwo degrees, even on the sky wave.



If three of these stations can be tuned to the unknown transmitter frequency, and each
takes an accurate bearing of the wansmitler, this information can be plotted on a map. The
lines from each direction finding (DF) station to the transmitier will intersect in a six-sided
figure covering approximately 50 square miles as shown in figure 10-5.
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Figure 10-5

It should be noticed at this point that none ol the stations can be in the skip zone, and
all af the stations must, of course, be tuned to the correct frequency. For ihis reason it is
important to change frequencies constantly and to keep transmissions as short as possible.
The base station knows the time and frequency of the scheduled transmission, the DF team
does not.

After the “Krug” stalions locate the transmitter within a 50-mile area, the DF team
sends truck-mounted direction-finding receivers into that area, as shown in figure 10-6.
These truck-mounted DF stations have an accuracy of b degrees at best. They can encounter
greater errors in hilly terrain or if an appreciable amount of energy comes to them by
sky-wave reflection rather than ground wave.
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Figure 10-7

Thus, every lamppost, fence, and pipe in the area can give false indications to the
cruising DF team. When the transmitting antenna is considerably above street level, the
effect on the DF team antenna is just as if it were receiving a sky wave, and the indicator
will point 90 degrees away from the antenna. These are some of the rcasons why it often
takes weeks to find a clandestine transmitter even after several mobile trucks have located
the area to within 10 hlocks.
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AVOLD CHANGINC LIGHTS AY
BECINNING OR END OF TRANSMISEION

frigure 10-8C
105 PRECAUTIONS AGAINST RADIO DIRECTION FINDING,

We can now see the importance of taking the following precautions when detection by
DEF methods 1s a hazard:

{1) Change operating frequencies often,

{21 Change operating time,

{3) Keep transmissions short.

{4) Use honizontal antennas whgre possible.

{5} Operate from thickly populated areas.

(6) Locate antennas well above street level.

(7) Operate from batteries.

(8) Change transmitter location as often as possible.

{9} Avoid long tuneups and distinctive operating characteristics.
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Given sufficient time on the ailr, any fransmitter can be located by direction-finding
methods. However, 1f the transmitter is operated at different times and frequencies, limits
its transmission time, and changes its location every transmission, it is extremely ditficult
for the DF team: Lo locate the transmitter.

In the event that a radio operator were to fail to send his security check, or he omitted
to send his cryptocheck as instructed, this would naturally alert the base personnel. This is
nol to say, however, thal they would automatically sever all contact with this station. A
means must be devised to question the radio operator and get a positive confirmation that
he has been compromised. This is accomplished through the use of a security recheck. A
question is asked of the radio operator which would not arouse the suspicion of his captors,
but in essence would ask the radio operator: ““Are you captured?”” There are numerous
methods of doing this. One method is to the radio operator a simple question such as: “De
you need any radio batteries?”” In the radio operator’s reply, any mention of the batteries
would imply that he had, in fact, been compromised and was operation under duress. The
proper reply for him in the event he was not captured would be something like: “*No, I just
ate a bar of soap.” This is the answer he would give if he had not been compromised.

If you are ever surprised while transmitting, and capture is imminent, there will not be
sufficient time to explain your situation by drafting and sending a message. There is a way,
however, In which you can lel the SFOB know that your capture is imminent. This is
through the use of danger signals. These signals are nothing but very short messages such as
TSTSTS, which would alert the base personnel of your capture. The use of these danger
signals is similar to the use of the international distress signal SOS. All of these techniques
must meet at least three prerequisites. They must be (1) positively recognized, (2) easily
transmitted, and (3) committed to memory.

[mitative deception is an attempt by the enemy to imitate one of our radio stations;
e.g., an operational detachment. In clandestine communications we refer to this as a
playback. Imitative deception may include the use of our own radio equipment, CEOI,
codes, ciphers, and even our own radio operators (under duress). Remember the C-130 that
was shot down for our illustration of salvage? Any enemy intelligence agency worthy of the
name would attempt to use the radio, CEOI, codes, and ciphers aboard and pretend to be
the missing operational detachment.

In Special Forces operations this is a distinct possibility, and we must be alert to it.
There are various measures which can be taken to ensure that the enemy 18 unable to
perform a playback operation without the cooperation of the radio operator.

The first measure we will discuss involves the use of the cryptosystem. At a
predetermined position within the message, a code word is inserter within the message. The
omission of this word from a message would alert the base station of a possible compromise.
There are a number of variations of this system. Another way of doing it would be to always
omit using a certain group of the cryptosystem. Then if you were ever compromised you
would encipher the message in normal fashion. This again would alert the SFOB personnel

of your capture. These crypto checks would not be found within the CEOI but would be
committed to memory.
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The wse of a security cheek s nothing more than an operator authenticating himself by
some preaveanged method whneh agaln must be commitied to memory. One way of doing
this would be alwavs to make a mistake withm the call sign while transmitting. If the call
sign. which s found in the RO were ever ransmitted correctly, it would again alert the
SEOE operators
106 CRYTTOGEAPIUC SECURITY.

Cryptographic security may be defined as that clement of communicalions security
whieh results from the provisions of technically sound cryptosysterns and their proper use.
Sven the most technically secure cryptosystems can be broken if enough clues are available
o the cryptanalyst. These chies are most often provided by violations of the rules of the
systenm. The definition, points out thal the two necessary elements of cryptographic security
are 1} the provision of technically sound cryptosystems, and (2) their propey use. Kither of
these elements Is valueless, unless complemented by the other.

Further discussian of cryptographic security would cause this text Lo be classified,
therelore, additional iInformation must be obtained by the reader from other sources.
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