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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ISTRACT

his thesis investigates the characteristics of current

and developmental broadband antennas used with low and medium

power , frequency modulated radio equipment operating in the

30—76 MHz frequency range in military tactical voice radio

communication nets. The radio communication net structure of

the Airborne and Airmobile In fan t ry  combat units of the

Airborne and Air Assault Divisions are used to display data

on density of equipment , typical communications ranges , and

problems encountered by tactical communications-electronics

personnel in provi ding relia ble , secure , respons ive , and

flexible radio communications within the battle area.

Data for the study were assemble d fr om curren t mili tary

communications—electronics and electronic warfare training

literature , mili tary communica tions engineering references,

standard electrical engineering textbooks on antenna analysis

and desi gn, research and development technical reports sub-

mitted to and by the communications-electronics research and

developmen t agencie s of the Uni ted States A rmy and Marine

Corps , and equipmen t specifica tion shee ts and test repor ts

obtaine d from various manufac turer s of military communica tions-

electronics equipment.~ ifuch of these data is displayed

throu ghou t the thesis in fi gures and tables, and ex tensive

appendices provide basic back groun d material neces sary to an
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LI 
-t understanding of the theory , design , and uti l ization of

• military tactical radio communications equipment and the .

antenna equipment currently available , or in the advanced

- 
\stages of research and development, for use with the various
‘
~~ fferent items of radio equi pment .

~~~~The results of this study, combined with field testing

of various of these items of radio and antenna equipment

1 conducted at military installations throughout the United

States and West Germany, show that use of wideband omni—

directional and , particularly, wideband directiohal antennas

can enhanc e both the communi cations relia bili ty and flexibili ty

of combat uni ts , and at the same time provi de a much greater

[ degree of communications securi ty and defense agains t enemy

electronic countermeasures.

Li Comments and conclusiohs are presen ted in the last

chap ter of the thesis which i~clude recommen dations on

procurement of equipment, updating military communications-

elec tronic eng ineering reference s and trainin g li terature ,

and utiliza tion of newly develope d items of radio and antenna

equipment within combat units.

Ii 



Single channel voice radio is the most widely used means

of electrical communication within combat units of the United

States Army . It can be rapidly installed, and communications

can be established quickly between widely separated elements.

It is particularly adaptable to rapidly changing situations

and is essential for communication over large dis tances or

terrain where it is impossible or impractical to install wire

lines or use other communications means .

In order to be accepted for purchase by the Depar tment

of the Army , a given item of radio equipment must not only

have the particular technical characteristics which are

require d, such as frequency range, type of emission , type of

service , and power output, but it also must be capable of as

many applications as possible. Logis tic s requir ements such

as initial procurement and life cycle maintenance costs, as

well as training considerations , dictate that major items of

radio equipment or components thereof be capable (if possible)

of man-pack , vehicular , and aircraft installation so as to

provide for the least number of major equipment items and

repair parts required in equipment inventory. In addition ,

new items of equipment are usually required to be compatible

• with equipment currently in the Army inventory.

V
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Army combat units (armo r , infan try, mechanized infantry,

airborne infan try, and airmobile infantry) all have different

capabili ties , are employe d differen tly, and thus have sli ghtly

different communications requirements. Items of radio

equipment designed to meet the varied communications require-

ments of all the above ty pe uni ts can , at best, be onl y the

bes t possible solu tion to all such requiremen ts and canno t be

the optimum solu tion to the requiremen ts of each indivi dual

type unit.

The radio communication net structure of the airborne

and airmobile infantry combat units of the Airborne and Air

Assaul t Divi sions are used in thi s study to dis p lay data on

density of equipment, typ ical communica tions ranges , and to

delineate many of the problems encountered in military

tactical radio communications . These units were selected

because of the author ’s famil iarity,  through successive

assi gnmen ts as a si gnal pla toon leader , signal company

comman der , signal battalion opera tions officer , and infantry

battalion and brigade communications-electronics staff

officer , wi th both the structure , and , par ticularly , wi th

the problem areas.

Figure 1 shows the or ganiza tion of the Army Division

Base. Personnel strength figures are not curren t, but are

accura te to wi thin 10 percen t of curr ent operating strength s

in all cases.
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The number of combat maneuver battalions assigned to

both the Airborne and Air Assault (shown on Figure 1 as

Airmobile) Divisions is fixed at 9 each. The organization

of the Airborne Infantry Battalion is shown in Figure 2.. The

Airmobile Infantry Battalion is shown in Figure 3.

The Airborne and Air Assault Divisions are both unique,

one-of—a-kind organizations. Only one of each type division

exists in the Army today. The Airborne Division is the

smallest of the Army ’s type divisions (approximately 14,000

personnel), while the Air Assault Division is th.e largest

(approximately 17,000 personnel). There are approximately

2,000 radio sets provided by the Tables of Organization and

Equipment (TOE) cf the Airborne Division . The Air Assault

Division has over 2,700 radio sets. Fifty—seven percent of

the radio sets of the Airborne Division are low power,

portable, battery—operated sets, while in the Air Assault

Division approximately 71 percent are portable. By com-

parison, the other three type Army Divisions (Armored,

Infantry, and Mechanized Infantry) each have approximately

1,000 radio sets, of which only approximately 12 percent are

portable, the remaining 88 percent being vehicular mounted .

Both the Airborne and Air Assault Divisions, using the

tactics of vertical envelopment , habitually operate at

extended distances. Reliable , effective communications over

the distances frequently encountered in airborne and ,

——.-- —•—------ .—-- ----•---——-

~

-—- . —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .— ————-— —~~~
- ---—-— -——--— - —— —-- ------ --—-- --.-—- - . — -



— ~~~~~~ ~~~~~~~~~~~~~~ —— —

- 
• 

ix

U 
~~~~~~~ ~~~~

; —

;f ~! ~~ ~~~~~ .
~~

t.. ! ~~~~~~~~~~~~~~~~~~~~~~~~~
£ -(4 ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4)

0 ~ ~~~2 .~~~ ~~~~~-.
~~~~~~ ~~~~~~~~~

3 ~~~~~~O G E i . > C O

(4 * ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0
“~ .

~~ ! -~ a °~
~~ 

£ ~~~~~~~~~~~~~~~~~~~
— •

0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

m
Z 

H

Z 0

0 ~ ~cn 0 ~ $4
~, ~~~~~~~~~~~~~~~~~~~~~~ — 0

~ ; 2
2o~~ ~ 

w
.
~ •~ c •~~~~~~~~~~~~~~~~~~~~

c. •~ u_ co — U,

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

(4 ~~~~~~~~~~ I I 
114

C#~ E ~~~~~~~~~~~~~~ _____

~~

~ -~ 
14 .14

£4 — 0 • - - ., -— . * • I. * 
4)

-~ ‘. E 3 ~~~~~~~~~ o~~~0~~ (~j

:~.. ~~‘ . i _ E n
~ ~o

~ 0
~ ‘4

E. ~~ 2Z ~~~ :;.-.. ~~~~ . d~
~~~~ 

.
~
9 -

z ~~~~~ -~ ~~~~~ 
•~~

,
~~~~~~~

0 O ’ ! 0

~ - U — . * E . _ ~~~E
U . ~~ • — C., 1.1

0
U ~ U’

O o~~~~~~~~ 
I

1•~~5 1 .  ~:~~~~~j~~~ — cN N.

- = .•_ O~~

U

a



.~ ~•2~~•~

1. 0 0 . C

.
I I•

~
-~ 

I 0
• 

~~~~~~~ 
I~~ .34

~~~0_~~~~~uJ .34

~~ 

V~~~~~~~(~.)

t 
0’

(U

~~

— 
i j -

~~4 .-
It)

2 E ~~~~ . 
H

(4 ~-~~a ~0 
U,
‘-4

-~ 

.0

2

~ i ~~~ 
.34
$4

cri 
0

- .34

~ ~~~~~~~~~~ 
4)

.2
(4

~ c - ~~~~ -—I

:•f~~~~~~~~ ~~~~~0 . 4  
~~~~~~~~ 

- 
(U

U’

‘ ~~~~~~~~~ 
‘4

E .C *~~~ C
C

1. -i ;~ 
3 .~~

-
~~ -~~~•

f-

£ 3 :  ~~~~~~~ 
r —i°~ 

I

1(3 i i
f 1 .  

Ii ~I’
.2 o .  ~~~ 0~~ Iw 1-4

LI I’I~~—

,~ 

I C LU I_ U’

• , . j ~ 
1 =  0 11 1 .34
L 1.-fr

~~ 
114

0 ~~~~~0 <
m
—
~~ < U

~ 

_ _
~~~~~~__ ~~~_ _ . _~~ ___:_ _ . _

~~~~~~~~~~
.
_ _ _



T a

xi

particularly, airmobile assault operations using low power ,

portable , battery operated radio sets is possible only

through the use of high efficiency antenna systems.

Very few of the Army ’s tactical radio sets provide for

adjustment of output power. All the high-frequency (HF),

amplitude modulated (AM) or AM—single-sideband (AM-SSB) sets

provide such capability , however , none of the low power ,

very-high-frequency (VHF), frequency modulated (FM) sets have

this capability . The medium power , vehicular mounted , VHF

FM sets -provide a low power and a high power output, with no

capability for adjustment of power output between the two.

Thus, the only element in the radio communications system

which the tactical communicator can use to effect changes to

his radiated electromagnetic wave is by adjusting the antenna

system. Usually this involves trying to increase the amount

of radiated or received power in a desired direction so as

to span increased distances. Although radio retransmission

equipments are available , their use is frequently denied due

to enemy forces ’ occupa tion of the intervening terrain , or

in the case of aerial retransmission , lack of air superiority

within the battle area.

The tactical communicator , taking note of the threat of

enemy radio direction finding , jamming , deception, and other

electronic countermeasures (ECM) will  attempt to limit the

radiation of his signals toward the enemy . 

- - - ---- ~~~~~-~~~~~~~ - -- - . —~~ ~~~~-~~~~~~~~~~~~~ --
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In tactical radio communicatiohs nets, radio operating

frequencies and call signs are changed daily,  or as of ten as

necessary , to deny the enemy information regarding identifi—

cation and disposition of tactical units (Electronic Order

of Battle).

Thus , antenna equipment used with tactical radio sets

must necessarily have a broad operating frequency bandwidth

to facilitate the rapid change of frequency without

- deterioration of the transmitted signal.

Tactical radio sets currently under developmeht will

have a frequency—hop capability . Such radio sets would

operate on a given frequency for a given period of time , then

move at regular or irregular intervals to other frequencies

in succession in a random pattern determined by a key which

is changed electronically. These radio sets will require

extremely broadband, high gain antenna systems in order to

operate effectively. One of the purposes of this thesis is

to show the increased communications capabilities provided by

the use of broadband omnidirectional and directional antenna

systems , as well as , in the case of directional antennas , the

increased protection afforded against enemy ECM.

The characteristics of tactical radio communications

equipment currently available in the Army Inventory of

Adopted Items are presented in the context of the echelon in

which it is used . Items of equipment currently in the 

—- .  ~~~~~~~~-~~~~~~~ ——---—..—~~~ — - --.-
~~~~~~~~~~~~~~~~

— - — . - - - -~~~~~~~~~~~~
- - ---  
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- - advanced stages of research and development are presented

following the items they are designed to replace. Particular

attention is paid to the antenna systems available for use

with each item, for the reasons enumerated above. The

technical charac teristics of the equipment presented in this

study were obtained from Department of the Army Technical

Manuals, in the case of currently adopted items , and from

research and development technical reports or manufacturer ’s

equipment specification sheets in the case of developmental

items. -

No classified information is disclosed in this study,

nor were any classified documents or sources used as

references.

Extensive appendices are provided which are intended to

serve two purposes: Appendices A—J are intended to provide

the electrical and electronic engineering community with a

basic reference of military communications-electronics and

electronic warfare  terms , definit ions, operating techniques ,

and military communications engineering symbols. Additionally,

Appendix I and Appendix J show the present level of the

literature used to train military communications-electronics

personnel. Appendices K and L are provided to the military

communications engineer as a basis for the prediction of

radio communications system performance through the use of

radio wave propagation charts (Appendix K), while Appendix L

- -------- — ~- ~ -~~~~ m— - — — .~



- •- provides the basic mathematical equations , terms , and

definitions for the analysis and design of the various types

of antennas presented in this study and used with tactical
-

- radio communications equipment.

.
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- INTRODUCTION

A. COMMUNICATIONS REQUIREMENTS

The US Army has arrived at a point where technology and

reality have outrun our old tactics for fighting. We have

come to the shocking realization that the old way of doing

things will not work any more.

A good example of the change in combat reality facing

today ’s soldier is an often-used statistic from the Arab—

Esraeli War of 1973. In 20 days, over 1,700 tanks were

ft -Iestroyed between the two sides. That is as many tanks as

there are in five US armored divisions. Technology has

improved weapons systems to the point where a tank has a

50—50 chance of being hit by the first round fired at it.

We niust retool our tactics to meet the reality of the next

fight.

The US Army objectives in the next conflict are to win

the first battle, win while outnumbered, and make the most

effective use of powerful weapons and proficient personnel.

To win on the modern battlefield , we must have capab le

leaders who employ our powerful weapons and proficient

personnel to best effect. Because of increased mobility on

the battlefield and the complexity of the fight, much more

responsibility will rest on the individual commander . A

tactical commander requires a reliable , -secure , responsive ,

1
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and flexible signal communications ‘system to adequately

control the f i ghting forces under his command . Today ’s

emphasis on increased dispersion, mobility , and the volume

and strength of firepower increases the scope and complexity

of the communications requirements. There fore , centralized

control and coordinatio”x of widely dispersed , mobile tactical

forces are essential. The controlling headquarters and

subordinate elements must be capable of moving over any type

of terrain, under all kinds of climatic conditions. More

than anything else , this requirement for mobility dis-

tinguishes the tactical communications system from the fixed

military or commercial communications system. Tactical signal

and communications elements must have the capability to move

as rapidly or more rapidly than the combat elements they

support. The signal communications system for any level of

command must be capable of changing its configuration to

support changing requirements. In general, a requirement

exists to interconnect all major headquarters and their

subordinate and lateral units with an integrated and

compatible communications system.

- 

I 
The prerequisite for success in battle cannot be met and

the forces on the battlefield cannot be concentrated or

‘ 

directed without the essential elements of command and

control and communications.
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- -  In addition to command and control , there exists the

requirement to support the fighting or maneuver forces with

artillery fire support , tactical air support, and naval gun-

fire, if available. Air defense units and elements have the

mission of providing defense against hostile air attack ,

which entails air traffic control throughout the battle area.

These combat support missions each have their own unique

communications requirements.

Combat service support elements provide supply ,

maintenance, and administrative support to the fighting units.

These elements require extensive communications facilities in

order to accomplish their mission.

As briefly mentioned above, tactical communications

requirements are determined by various factors, such as

1. Size and type of forces.

2. Tactical deployment (dispersal of forces).

3. Geographical environment.

Each of the above factors is subject to a number of

variables. The type or means of communication employed will

depend on the tactical situation and current or impending

operations (attack , defense , or retrograde movement);

whether special operations such as airborne (parachute),

airmobile (helicopter), or river crossing operations are to

be conducted; and the means available . Coordination of

tactical communications , electronic warfare , and other

- -- -



electronic faci l i t ies  (such as in—country civil communications

facilities , airfield radar , etc. ) is essential to the success

of tactical operations.

B. TACTICAL COMMUNICATIONS DEFINED

The communications system for the Army in the field is

widely dispersed over the entire theater of operations. The

theater of operations is divided into the combat zone and

the communications zone (COMM Z) (when adequate terrain is

available). See Figure 4. 
- 
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1. The combat zone is that part of the theater of

operations that combat forces requir e for operations . The

combat zone includes the ground, air, and sea areas within

which the commander can directly influence the progress or

outcome of operations by maneuvering his ground gaining

elements and through delivery of firepower with fire support

systems under his control or command. The size of the

combat zone depends on the area of interest, mission,

organization, and equipment of the force involved and the

physical environment of the country. For tactical control,

the combat zone may be divided into corps, division, and

separate brigade areas. The commander of the unified command

designates the rear boundary of the combat zone; the boundary

may change as required by displacement of the combat forces.

2. The COMMZ is that part of a theater of operations

behind the combat zone. It contains the lines of communica-

tions, logistic support complexes, and other agencies required

for the immediate combat service support of the field forces.

The COMMZ includes sufficient area for the operation of supply,

evacuation , transportation , and combat service support

installations and for their defense. The COMMZ also includes

any area necessary for the operation or support of Navy or

Air Force elements based outside the combat zone. The rear

boundary of the COMNZ is usually the rear boundary of the

theater.
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Territorial organization of a theater of operations

varies with the type of theater , the type of forces in the

theater , and the nature of the operations planned .

3. Tactical communications are all communications

serving the Army in the f ield.  Normally, tactical communica-

tions employ portable, transportable , or mobile equipment

organic to the operating units in support of combat operations

but may include semifixed or fixed-plant equipment operated

by the US Army Communications Command, functioning in the

COMMZ. 
- 

-

C. TACTICAL COMMUNICATIONS MEANS

The tactical communications means available are radio,

wire, visual, and sound, which are classified as telecom-

munications , and mess enger , which is a physical communications

means. Of these, radio communication is by f ar the most

widely used.

The types of tactical radio communication include :

1. Multichannel radio, using pulse-code-modulation

(PCM) multiplexing . Nultichannel radio provides the “back-

bone” of the Army integrated communication system. Multi—

channel systems are used throughout the theater of

operations down to the headquarters of brigades, with the

number of channels varying from 12 at the lower levels to as

many as 96 at the higher levels. With the introduction of

i i
II - --~~ - —-—-- --f---——--- -~~~~~~~~ -~~~

- -- - -S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



7

tactical tropospheric scatter radio equipment , the line-of—

sight limitation on long-haul multichannel radio communica-

tions systems has been overcome . This high t r a f f i c  capacity

means will pass telephone, teletype (TTY) or telegraph (TG),

data , TV, and facsimile circuits throughout the theater of

operations.

2. Radio teletypewriter (RATT) . RATT is employed in

tactical communications using high power HF AM and AM-SSB

radio equipment with frequency—shift-keying (FSK) and narrow—

shift-keying (NSK) teletypewriter modems and terminal

equipment. Using an ionospheric refraction transmission

path, RATT is normally employed as an alternate or supp lemen-

tary means to the telecommunications center teletypewriter

circuits routed over multichannel radio or wire/cable systems.

At maneuver battalion level, this is the only electrical

means available to provide printed page, hard copy , messages

of record .

3. Radiotelegraph (CW). CW is very seldom used at any

echelon . It has been largely replaced by RATT and tele- -:

communications TTY because of the much faster transmission

speeds available with those means.

4. Tactical satellite (radio) communications (TACSATCOM) .

The communications satelli te acts as a repeater station in

the sky. Newly developed radio sets with advanced antenna

equipment have brought us to the stage ~here we now have man-

pack portable equipment for TACSATCOM. This means is being



.L. -
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explored to the fu l les t  as i t  appears to o f f e r  solutions to

many pressing tactical conununications problems. However,

barring international agreements such as inclusion of pro-

tection of communications satellites within the - provisions

of the Hague or Geneva Conventions, it must be remembered

that satellites , just as any other communications facili ty,

can become a target for enemy ECM or other hostile action.*

5. Voice radio. Voice radio, using low , medium, and

high power HF AM and AM—SSB radio sets, and low and medium

power VHF FM radio sets is t~ie most widely used comrnunica-

tions means at Division level and below . VHF FM is preferred

due to its relatively noise free reception characteristics.

Also, VHF FM can be operated in the clear or speech—secure

mode. HF AM—SSB is employed as an alternate means at all - 
—

levels , and is used as the primary means for medium and long

range communications using an ionospheric refraction path.

Near—vertical—incidence refraction of HF AM—SS~ signals is

currently being investigated as a solution to communications

with helicopters engaged in nap—of-the-earth flight over

extended distances. This system has been tested at several

military installations in the United States at distances up

*

“Race Intensifies Between U.S., Russia to Develop
Satellite Killer by 1980,” The Scripps—Howard Newspapers,
Washington , D.C. Reported in The Knoxville News-Sentine l,
July 10 , 1977.
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to 150 miles and o f fe r s  a solution to a very perplexing

communications problem.

6. A type division communications system is shown in

Figure 5. Note that the major i ty  of the communications

services provided are based on one or another type of radio

communication . The radio net structure of the Airborne

Division is shown in Figure 6 , and that of the Air Assault

Division in Figure 7. Figure 8 displays a typical Division

Tactical Area of Operations for the Air Assault Division.

This area, 5400—10 ,800 square kilometers , is th&area which

must be spanned by the division communication system.

D. COMMUNICATIONS DISTANCES

1. In order to meet the tactical communications

requirements imposed by a given tactical situation or scheme

of maneuver , the tactical communicator is concerned with

determining whether he can span or cover the required corn-

munications distances with the particular types of radio

and antenna equipment provided by his unit’s TOE. Detailed

communications planning, and of ten , a great deal of ingenuity,

are required to insure that the means and types of cornmunica-

tions provided to support maneuver elements does not, in

fac t, retard or degrade the .:cheme of maneuver. If TOE

equipment will not span the rI~~ui r ed distances , i.e., the

scheme of maneuver ex ceeds the capabil it ies of organic
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equipment, then this fact must be recognized and appropriate

correc tive action taken. The scheme of maneuver may be

changed to one involving d istances which can be spanned with

organic equipment. Special equipment to support the scheme

of maneuver may be requested from higher headquarters. Or,

use of field expedient means (such as the field expedient

antennas of Appendix 3, designed to increase the comrnunica—

tions range of tactical radio equipment) may be used to meet

the particular tactical communications requirement.

2. The communications planning distance range data

provided in mili tary equipment technical manuals is a nebulous

figure derived from a composite of field tested ranges under

many different conditions of transmission and reception.

Genera lly it is an optimi stic f igure ; however , extremes of

terrain may make this figure high or low.

3. Radio wave propagation in the 30-76 MHz frequency

range is a function of many variables such as siting of the

transmitter and receiver (whether located on an elevated

point , in a depression, etc.), the nature of the intervening

terrain (obstructions, density of vegetation, ground con-

ductivity), the height of the transmit and receive antennas

above ground, the gain and e f f iciency of both the transmit

and receive antennas, and the required field strength

intensity at the receive antennas, plus many other factors.

Generally, for propagation of radio waves in the 30-76 MHz 

~~— —~~- ~~~~~~~- —----—5 -~~~~~~~~~~
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( low VHF) range , therc. is l i t t l e  or no ground wave , and

communication is by the direct or space wave .

4.  For a part icular  communications requirement , the

approximate maximum communications distance may be calculated

using the propagation charts of Appendix K. In order to be

effective these curves require detailed knowledge of radio

and antenna equipment parameters such as :

(a) Gain of transmit and receive antennas , in dB , with

respect to the reference antennas used for the charts

(Figure K—2 , Appendix K) (Gt~
Gr )s (Note that the gain may be

negative.)

(b) Efficiency of transmit and receive antennas, if

known (Et ,  E).

(C) Transmission line loss in dB (if transmission lines

are used) as a function of operating frequency (Appendix I,

Tables 1-4, 1—6 , Figure 1—34) (TL , TL ~~•
t r

(d) Input power to the transmission line or antenna

terminals ( transmitter  power) , in dB with respect to 1 kw.

(From Appendix K, Figure K-l) (P).
input power x EtP lO log 1 k w

(e) Effective length of the receive antenna 
~~e ~~r

(Appendix L , Table L - 2 ) .

(f) Antenna height gain, in dB, for the transmit and

receive antennas (Appendix K , Figure K—6 (b) , ( f ) , (j ) ,  (ri) 1

(r) , or Cv ) ) .  (H t ,  I’h r~~ 

- -- - -~~~~~~~ - -- - - -~~~~ ~~~~~~~
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(I (g) Type of terrain for  the transmission path (from
-. Appendix K , Figure K-5).

(h) Required f ield strength at the receive antenna ,

in dB , with respect to 1 uv/m (F) . When a receiver has the

same input resistance as is- seen across the antenna con-

nection, it is said to be matched to the antenna (Appendix

L, Figure L-2 , and Equations 16— 19).  In such a case , one—

half of the induced voltage appears across the receiver , the

other half across the internal (radiation) resistance of the

antenna. If the receive antenna is in line with 5 the direction

of polarization of the transmitted wave, the total induced

or open circuit voltage , Voc l is the product of the received

field strength (E) (uv/m ) and the antenna ef fective length ,

Le o

E x L  = Ve oc

= 2 x required receiver threshold voltage (Vr)

2 x V r

F Ler

If the receiver and antenna are not matched , less than

- V0~
/2 appears across the receiver and a larger received field

strength, E, is required to provide the required receiver

threshold voltage. Additionally, the receive antenna

-—



- 
- — -

It ~~~~~0., .s  -

I - -

17

S 

- efficiency , given by Eq. (53), Appendix L, should be

multiplied by the efeective length, Le in determining E.
r

Thus -

2 x V
r

E x Lr e

and

F = 20 log

(i) The density of vegetation between the transmitter

and receiver (paragraph 3c , Appendix K ) (V t, Vr ) •

With the above information, the approximate maximum

distance range can be found from

(G t + P + T L + H t + R + V t + V  + H  + T L 
_ F + G

r ) d B
— t r

L 

12 dB/octave

where 1 octave = 0.5-1 mile

2 octaves = 1-2 miles

3 octaves = 2—4 miles, and so on.

R is the starting reference level above 1 )iv/m for each type

of polarity and conductivity (Appendix K, Figure K—6 (a),

— - (e), (i) , (m), (q), and Cu)). For convenience , these values

are shown in Table 1.

5. An example ot~ the use of propagation charts to

determine the approximate maximum communications distance

follows.

- - - —— —- -

-— p  - ,~~-.&~=-~ -) c-r r - ’
‘
~~~~

— _ -
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TABLE 1

REFERENCE LEVEL ABOVE 1 iiv/m FOR THE PROPAGATION
CURVES OF APPENDIX K

Frequency - Vertical. Polarity Horizo~ta1 Polarity
(MH z) poor soil good soil sea water poor soil good soil sea water

( d13) (d3 )

30 72 88 112 73 72 72

10 70 85.8 111 714.3 73.7 714.

50 68 83.7 110 75.? 75.3 76
60 66 - 81.5 109 77 77 78

70 65.1 80.6 108 78 78 78.9

80 6k.2 79.6 - 107 79 79 79.8

Attenuation -

per octave 12 12 — * 12 12 12
30—80 MHz
* Curves for all frequencies are not linear across a wide enough distance
range to permit a linear determination of attenuation.

(a)  Using Transmitting Set , Radio AN/PRT-4 , transmitting

to Receiving Set, Radio, AN/PRR-9 (Chapter 1). The frequency

of operation is 52 MHz. The intervening terrain is poor soil.

There are no obstructions or trees in the path.

Gt = Gr 
= 0; Et 

= 0.3, Er = 0.2; TLt 
= TL 

= 0

0.45w x EP = 10 log 
1 kw 

~ -38.70 dB (from the figure on
page 24)

= 0 .457m Ht = H
r = 2 dE (6 ft-height of a man

r standing)
2 X 0.5 uv

F = 20 log 0.2x 0.457m = 20.78 dE 

f-~~~~~~ -5~~~~~~~~
_ -~~~~~~~—-~ -- -—  ~~~~— - -  55~~~~~~_~~~55~ - - - - ~~~~~~~ ----5--f--- - ’ -  ~~~~~~~~~~~ ~41
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Vt = V = O  R = 6 7 . 6 dB

D — ( 0 — 3 8 . 7 0÷ 0 + 2÷ 6 7 . 6 ÷ 0 +O ÷ 2 ÷ o — 2 0 .7 8 + o )
* 

— 
12 dB/octave

= 1.01 octaves 1 octave is the distance from
0.5  to 1 mile —

0.1 octave = (0.1 x 1 mile)

1.01 octave = 1.0 mile + 0 .l rn ile

D (in miles) = 1.01 miles ( 16 2 5 . 4 4  meters).

This value agrees very closely with the planning -range for the

squad radio set (AN/PRT-4 and AN/PRR-9) which is 1 mile ( 1600

meters) for channel 1, and 0 . 2 9  mile (460 meters) for channel2.

This value also agrees very closely with field tests conducted

at Ft. Campbell, Kentucky , in June, 1977, to provide field

data for this thesis.

6. If elevated antennas are used , or if the transmitter

is located at an elevated site and is transmi tting to a

receiver at an elevated site, with lower elevations in the

transmission path, then a far easier method to determine

whether communication is feasible is to use the Profile Chart

(Appendix H, Figure H—i), or the line—of—sight distance

formula of Table H—3 (Appendix H). Both these methods are

habitually used in multichannel radio path prof iling, yet

have found little acceptance for single channel radio path

determinations , although the underlying theory is the same in

both cases.
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7. Good tactical radio communications does not jus t  happen

because we want  it to happen. Many tactical communicators

have come to grief because they arbitrarily applied the

communications d istance planning range data for -their

equipment to a tactical. situation or to terrain where such

data was overly optimistic, with the result that their corn—

• munications systems did not support tactical maneuver or

operations. The remainder of this thesis is devoted to

providing data on standard items of radio and antenna —

equipment presently employed by the inf antry combat units of

the Airborne and Air Assault Divisions and to developmental

items which are either presently available or in the advanced

stages of research and development and which, if made available

to not only the above type units but elsewhere in the Army,

would greatly enhance the ability of combat units to move,

shoot, and communicate.
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CHAPTER I

RIFLE SQUAD AND PLATOON COMMUNICATION S

A. Figure 9 shows the r i f le  platoon command net ,

infantry r if le company .

I 1 ~ E~ PO~~~~
_  

-

~~~~~~~ o~~~~~~~~~~~~~~~~~~~~~~~~~~~~ o @Io

7

~~~~~~~
o

lIT Ic.T(5)

PRC
‘I

CO COMO g.~t

Figure 9. Rifle platoon command net , airborne or
airmobile infantry r i f le  company .

B. The radio equipment used at squad level is the squad 
-

radio set consisting of Receiving Set , Rad io AN/PRR-9 and

Transmitting Set , Radio AN/PRT—4 (Figure 10).

1. Receiving Set , Radio AN/PRR-9 , is a battery—operated ,

frequency modulated (FM) , crysta 1—contro~ 1ed radio receiver

2].
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which is designed for quick attachment and use on the standard

helmet. It receives voice and tone—modulated signals on a

preset frequency in the band of 47 to 57 megahertz (MHZ).

The operating frequency is determined by the crystal installed

in the receiver. An audio horn transducer is attached to the

side of the receiver and directs sound under the rim of the

helmet toward the operator ’s ear. The receiver also may be

used with reduced range when carried in a shirt pocket or

clipped to a harness. A headset is also supplied .

2. Transmitt ing Set , Radio AN/PRT-4 is a handheld ,

battery—operated, dual-channel , crystal-controlled frequency

modulated transmitter designed for use in the 47 to 57 mega-

hertz band . - It transmits either audio tone or voice communi-

cations on either of two channels. The AN/PRT-4A rf signal,

in addition, is modulated by a 150 cycle per second signal

that is used to disable the squelch circuit of Radio Set

AN/PRC-25 or Radio Set AN/PRC-77. The frequencies of

operation are determined by the crystals installed in the

transmitter.

When used together , Receiving Set, Radio AN/PRR—9 and

Tansmitting Set, Radio AN/PRT-4 provide One-way, short-range, 
-

portable communications.

— 3. Technical characteristics of both these items are

shown on Table 2.

- -5  -- - - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -f-—-——-



-- 
- 

- - L
~ :T: T~~~~~~~ 

-

~~~~~~~~~~~

24

N ~~ ~~~.
—~~~ 

. — •~ o~.,.~ ...,~ 
.g •.~ ~ . 

U N 44
~~~~4 1 4 0  —‘ .- 4

14.1 - v~~~-
~~~ ~ ~ ~~~ -ri ~ 3 ~C- ‘

~~~~~~~ ~~~~~~~~~~~~~ ~~
— 

~~ 
N 04* -.- --. o.

-~~ ~~~ ~~~~~~~~~~~~~~~ ~~1

o -r
1—4 : : : • : : -

~~~~~~~~
‘ 

• L
,~~ . . . ~. . . . .. . ~ : : : :

— : • : • • • 
~~ • S k O u -o • -o

41 • • . : : • •~~~~~~~ o o ~~~~~ •~~~ .U) 
~ :~~~: ~~:: :

~~ : 4 . : :  . .1 0 1 4 0 . 1  0 o •
4 40 ~ . ~ ° $ p. 40 41 u 0 • •I—, 4 0 M O  0 — ~o 4 .4 1-i l~ —.4 ~ 4 • • 0 4 - 0 ~ 4 0 .4 0 .44. 5 4. . • 1-. 0 .—I 04~ k~~~~~~ ~~~— N  ~) 4* ~~~~ 5 p . p .•

~

~~ ~~~~~~~~~~~ ~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~ •

~

~~~~ii m u  ~: Jj f f j  j -

~~~~~~U) -

~~ 1—4 ... .-iu o -

Es •.-I 04 . - b  0 1 4
.40 .00 0 4
01. 5 k~~ . • ~~El 11 44 .  C. 0 •0 .4

~~~~4 #  •0~~~~ O 4 0o Z O O  O~ 4 4 k  • 4
~~ .40 —s. o . 14 .1 4 -

c — u s  0 4)  4 4
W~ I .4 ~~ ~~ 4 I 0 ~~ II 5 0 .4 ~. 4 4

~ 0~ • 4 .. . 1 4 0 0 .4 x = 4 4) O IP. 0 5
‘4 . O - I 4 .. 4 0 4 .. 41. .~ ~~~~~~~~~~~ 4 .041 400 4 .4 0 C- 0 MO — 5 (l\ IA IA

S ~ ‘55 I 4 ~ 0. • IA IA 0 5 0 0 I • • ‘ -O C. .4 1. N 4.4 0 0 .4 0 IA • 0 0 • 0 4 0. N
— .4 0. 4~~b 0 U ~ .-I W \:: :: : : : : : :  : : : : : : :: : : ::

:: :: : : : : : :  : : :: : : :  : : :  ::C) . . .
5—4 .:: :: : : : : : :  : ~~~~~~~~~~~~~~~~~~~~~~ : : :~~ : :

r : :  :: : ::::.~ : :~~ : : : : : : : :~~ :: 5 . . MO • -e)  . 5 ~ 
. -• • ~ • • ~ ..—4 • 4 1* 4 • 0  -

El P. .  .   • • 4  • o S • 0 • a .  • • . . 0 .  • . .
•_. ~~~ 4* 0 .0 1. • 0 • - 

5 p.4 .4 • 0 • fl S .4 . .
4 . • 41 • • • ). 4 41 b. • 0 4. U • S S 14 • • 4 41 4 

1. -fl .4 . . .
0 - • 0 . • • U V 4 — .  a .
.4 . • 4) 34 ~ • • >~ U ~~ • • .4 0 ~ • MOMO . . • 0 • 4 1 4  U . 0 . .-4 m • . • . 4 1 * .~ 0 . 0
4 . • 0 5  • 14 • . 4 U -~ 4 • 4 • .—I 0 41 • 41

. ~ • 0 . 1  O 0 . 0 . .4 1. • •~~~~ • _ 4 •  4 , 4. 4
• • U RI • 41 • 0 4 ’  5 . 5 • 5 0  • •4 1  • 0~~~~~0~~~l O ~~~~~~— ~ • 5 • 0 • 5 S M O 0 .~~~~~

. I S  • • .-4 • P . 4 0 5~~~~~~
..4

4) . . p4 • .4 5 1 . 0 0 0. • . % t% o  • • 0 4 ~~~ •4 )
• 0 •  0 . 4 0  • 0 0 0 . 1 4 4* 1 4 . 1 . .  0 .4  • .4 . S . 4 Q 0 U \ . 4.)
03 40 4 • 4 MO 4 U 4 4.1 • 4 • ) 0 • .0 • 04. 0. 14 • 4

S • .4 0 O 0 — 4 5 . 4  • . 4 4 1, 4 . 4  • 0 0 0 4 •
40 4 • 0 $  0. 1 4 . 4 0 . 1 1 4 0 40 4  p 4 4 1 4 4 . 4 . 0 5  0 0. ,4 . . 4
~ 1, • 0. I-. ~, 4. 4 0 0. 0. 41 Q -U 0 ~~ 0 U 0 0 0 —I MO 4. 0. ~ I)
.;i • ~, 4 4. 4.4 4.4 4.~~~~ 0 . 4  0 . 00  ~. kMO .-4

• -0 0 -‘ ~~ . ~ . 4.. .4 0 .4 0 .4 I ‘~~ 4* >-. 4* 4. 1. ~~ 41 MO 0 5
.4 u • 4. 0 0 O 0 O 4 4 . M O I .~~~~I A 0 U u 5  U ~4 0
• 4 • .-4 p4 5 00 0 0 . 4  k 0 4 O . 4 04~~~~ 4J.0~~~~u 0 4 0  4 4  ~ k h k 4 . h O~~~~0~~. .o .4 ‘~~~0 0 00 14 4 4 0
• 5 4  4 . 4)  1 0 50 0 0 1 . 41 4 4 . 4 4* 0 0  0 I l .-4 . I 0 5 0 0

5 5  • . 4 . 4 . 4 .0 . 0 0 O 0 Q 0 . - 4 4 0 k~~~~~ 0 V O ~~~~~4~~~1 . 4 4 A
• 1) R O M U 5 4 . U 4* U 4 S~~~ 0 5 5 Z 0 4 . 1 4 M O4.

I; U I.) g~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
~~ 

-~~—-— 



——--5

r ~~~~~~~ 
—

~- -

25

4.  The antenna provided with the AN/PRR- 9 is an 18 inch ,

end fed monopole , AS- l99 8/PRI~--9. (The basic analysis and

design of monopole antennas  is covered in Appendix L, para—

graph 3e.) This antenna varies from 0.075—O.091A over the

operating frequency range. The antenna is only approximately

15—22 percent e f f i c i en t .  -

5. The antenna provided with the AN/PRT- 4 is a 24 inch

collapsible (telescoping) end fed monopole, AS—l999/PRT-4.

This antenna varies from 0.l-0.122A over the operating fre-

quency range. The antenna i~ only approximately ’ 30 percent

efficient.

6. Neither of these sets will accept other antennas.

Field attempts to extend the transmission range of the set

by using longer lengths of antenna were fruitless. The

antenna loading coil in each set will not tune down far

enough to allow for the additional inductive reactance

presented by a longer antenna.

7. The squad radio set was designed to permit the

rifle platoon leader to communicate over distances beyond

the range of his own voice . The set provides that  capability,

although it does not have su f f i c ien t  range to provide

effect ive, reliable communications for a r i f l e  squad on an

independent combat or reconnaissance patrol. Additionally,

the separate transmitter and receiver conf igura t ion  is a

negative factor to a squad leader or platoon leader who is

-5 -
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carrying a combat load of equipment. A transceiver with

increased power -output is needed to replace the present squad
— 

- radio.

C. Radio Set AN/PRC—68 (Figure 11). -

1. The AN/PRC-68 Model I Squad Radio Set is a lightweight

(34 ounces with battery), pocket sized , VHF FM single channel

transceiver designed specifically for use within rifle

platoons. The radio set fits into the fatigue jacket pocket

and can be used for short ranges with no visible antenna or

at a range of one mile with a 12 inch telescopin g ‘antenna .. —

The radio set provides short range, two-way voice communica—

tions on any of 1,000 available channels, spaced 50 KHz

apart, within the tactical frequency band of 30-80 MHz. All

communications channels are compatible with standar d field

tactical (FM) equipment. Channels -are set in approximately

3 minutes by removing the cover housing and using a simple

- dial frequency scheme with no external test equipment

needed. The front panel controls consist of a volume

control, squelch switch, earphone jack , a speaker/microphone ,

and antenna mount. The .earphone can serve as an external

speaker/microphone. Technical characteri~ tics of the Model I

are shown in Figure 12.

2. The AN/PRC—68 Model II radio is identical to the

Model I except an audio connector has replaced the earphone

jack on the front panel. This allows use of a standard

handset H—l89 or H-250.
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OUTLINE DRAWING ANCILLA RIES
~MAGNAVOX p N ~ :~~ .-4 ) p I )

__________ Earphone - H 42.l(XN-4), ’P~ C-~3 (2K ohm)
T I— MT P/N 70M6O-~01

Lanyard • FSN 5985-933-2454 -

BATTERIES
(&8.50c..) BA-1588/u (Mervur ic Oxide - consisting

I of eleven RMSO2CMC cells)
I — i%IX P/N 535626-t
I BA-( ) /u (Manganese Alk&l ine -con-
I sisting of eleven M N1SOO

cells ) MX P/N 5386n7-1

— 
BB-( )/ u (Nickel Cadmium-consisting

J_-__ ~~ -_—--4 L’--~° ..J of eleven GCE 45OSB cells)
(9SO~m) • 13.14Ivm) MX P/N 535170-1

SPEC iFICATI ONS
GENERAL -

‘

Frequency 30.00 MHz - 79.95 MHz
Available Channels 1000
Preset Channel 1
Channel Spacing 50 kHz
Modulation FM
Range: Concealed antenna 300 yds (276 meters) minimum

Extended antenna 1 mile (1620 meters) minimum
MTBF 2000 hz-s
MTFR l5 flhin

-J Operating Temperature Range —40 to ±65 C
Weight (including battery ) 34 oz (0.95 kg)
Battery Life (BA-15S8/u—HgO) - .  24 hours under an operating cycle of

one minute transmit , one minute receive, and eight minutes standby.

TRANSMITTER
Power Output 1 watt (minimum)
Frequency Control Built-in synthesizer
Frequency Stability ~~0.00-5 percent
Spurious and Harmonic Radiation 50 dB below RF carrier level
Modulation Limiting 15 kHz deviation (maximum)
Squelch Tone (2-3 kHz deviation) 150 (~~3) Hz

RECEIVER
Adjacent Channel Rejection —60 dB
Image Rejection —40 dB
Sensitivity 0.25 pV for 12 dB SINAD (0.6 pV for 20 dB quieting)
Squelch Sensitivity 0.25 uV
Selectivity: 6 dB down bandwidth > 15 kHz

60 dB down bandwidth < ~~50 kHz
Response to Spurious Signals —60 dB
Frequency Stability ~ 0.005 percent
Audio- Power Output 30 mW at < 10 percent distortion

- 

- Figure 12. Technical characteristics, Radio Set
AN/PRC— 68 (XN-4). (Courtesy of The Magnavox Company , Govern-
ment and Industr ial  Division , Fort Wayne , Indiana . )
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3. The AN/ PRC—68 Model III, Multichannel Radio is

similar to both the Model I and II but has a greater range

and a differently arranged front panel.. This radio set

allows for 10 sequential channels (frequencies) selectable

from the front panel. The preset channel (frequency) spacing

is 200 KHz between channels. The front panel controls consist

of a volume control, a power—off, power—on squelch switch , a

channel selector switch, a speaker/mi crophone , antenna mount,

and an audio connector. The standard handset 11—189 or 11—250

may be used. A range of 3 miles or more can be realized by

use of the AT—892/PRC—25 antenna .

4. A secure voice module (SVM) is being developed for

this radio set. Use of an actual SVM was accomplished. The

radios were coupled to the SVM’ s and operated in the secure

voice mode.

5. The U. S. Marine Corps Development and Education

Command has conducted extensive field tests26 of this radio

set and has recommended that the Model II I radio set be

adopted into the Marine Corps inventory.

6. Adoption of this item into the Army inventory would

alleviate the problem areas discussed in paragraph B7 above,

and, additionally, would provide a secure voice capability

down to rifle squad or fire team level, a capability which

does not now exist.
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7. The antenna provided for use with all three models

of the AN/PRC-68 is a 12 inch telescoping end fed monopole.

This antenna varies from 0 . 0 3 2 — 0 . 0 8 5 X  over the operating

frequency range . This antenna is only 10-15 percent

eff icient .  It is tuned with a series iron core inductor .

8. The Model III AN/PRC—68 with the additional antenna

connector allows for use of the AT—892/PRC-25 (36 inch end

fed monopole) . This antenna varies from 0 . 0 9 6 — 0 . 2 5 6 A  over

the operating frequency range and has an eff iciency

approaching 70 percent at the upper end of the operating

frequency range . This increase in efficiency as well as the

increased antenna effec tive length for reception accounts

for the increase in communications range.

-- -
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- CHAPTER II -

RIFLE COMPANY COMMUNICATIONS

A. Figure 13 shows the type radio nets of - the rifle

company, airborne infantry battalion. The radio nets of the

rifle company , airmobile infantry battalion are similar

except that the airmobile r if le company has no 1/4 ton

vehicles (jeeps) , thus no vehicular mounted radio equipment.

~~~~~~~~~~~~~ W PN9~~~~~~~~~~
J 

AT~~~~~~~~~~~~~ 000
FIRE

— 

* 

f oi~~crio’~

0
50
0 _

~~~

-0 0 0
_______ 

NOTE I: MORTAR FO. AR7IU.ERY P0. AND

SN LOG NET ~~~~~ SN CONO we~ 
LEADERS OP AT1A CHEO OR SUPPORT.

TJ 1MG UNITS MAY ENTER COMMAND NET
WITH RA DIOS FURNISHED 5Y PARENT
UNIT AS REOUIRED.

,Nc S•
NOTE 2: MULTI-USE SETS PROV~DC REQUIRED

O 0 0 rLExIerL rz Y iw COMPANY. POSSIBLE
USER: RECOND RAOIO FOR COMMANDING
OFF’CEP: O~~5ERVATION POST: PATROL:

MIJLT I.IJSE ROADBLOCKS: CHECKPOINTS: COP:
‘SCE NOTE 2~ MAIM E 4ANCE REPLACEME,4T.

USE -

DISPLACEMENT OP FQC

Figure 13. Type radio nets , r i f l e  company , airborne
infantry battalion.
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B. The radio equipment-i used for communications from

platoon to company in both the airborne and airmobile r i f l e

companies is Radio Set AN/P R C—77 (Figure 14). Additionally,

this set is used for communications from company to battalion

in the airmobile r i f le  company . The airborne r i f l e  company

uses Radio Set AN/VRC-46 (Chapter I I I)  to communicate from

company to battalion.

1. Radio Set AN/PRC— 77 is a short—range , man—pack

portable , FM receiver-transmitter used to provide two-way ,

radiotelephone voice communication . -

2. Receiver—Transmitter , Radio RT-841/PRC-77 is also

used as part of Radio Sets AN/VRC-64 and AN/GRC-160.

3. The AN/PRC—77 can also be used in conjunction with

other equipment (a through h below).

(a) Antenna Equipment RC—292 can be used in place of the

whip antennas to extend the communication distance. -

(b) The AN/PRC-77 can be connected to other FM radio sets

for radio relay use by means of the cable in Retransmission

Cable Kit MK—456/GRC. Such radios can be the AN/PRC-77,

AN/PRC—25; the vehicular versions of these radios: Radio

Sets AN/VRC-53, AN/VRC-64, AN/GRC-125, and AN/GRC-160; and

the AN/VRC-l2 s’~ries radios (Chapter III).

(c) Remote control of the AN/PRC-77 can be provided by

Radio Set Control Group AN/GRA_39(*) and Radio Set Control

AN/GRA-6.

~~~~~~~~~ 55 55~~~_~~~55 
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Figure 14. Radio Set AN/PRC-77. Shown here in man—pack
operation with 3—foot .~ntenna AT—892/PRC—25 installed.

(d) Radio/wire integration (RWI) operation with the

AN/PRC-77 and remote telephone facilities can be provided by

Radio Set Control AN/GSA-7 with Oscillator 0-574/GRA . The

AN/GRA_ 39 (*) and AN/GRA-6 can also be used with the

AN/PRC-77 for RWI operation.

I -55-
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(e) The AN/PRC-77 can be used with Antenna , Homing Loop

AT-784/PRC for detection and location of homing beacons or

other FM radios.

(f) The AN/PRC-77 can be used with Antenna AT—984A/G, a

long—wire, multiple wavelength antenna, to extend the trans-

mission and reception ranges.

(g) Loudspeaker , Electromagnetic LS-549/PRC can be used

with the AN/PRC-77 to monitor radio reception .

(h) The AN/PRC-77 can be used with secure voice

equipment and digital data equipment. 
-

4. Technical characteristics of Radio Set AN/PRC—77

are shown on Table 3.

-
- 5. Two antennas are provided for use with Radio Set

AN/PRC-77: ~ one section, 36 inch whip AT-892/PRC-25 which

is used for general short—range service. This antenna varies

from 0.096-O.243X over the operating frequency range.

Because of the built—in antenna matching network of the radio

set, this antenna approaches about 50 percent efficiency.

The other antenna issued with the radio set is a 10 foot,

6 section collapsible whip antenna. This antenna varies

from 0.321—0 .855A over the operating frequency range and

approaches 90 percent efficiency because of the antenna

matching network built into the radio set.

C. The 150 foot, multiple wavelength antenna AT-984A/G

is used with Radio Set AN/PRC-77 to extend the transmission 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ -- - - - -~~~~~~~~~~~~~~~~
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TABLE 3

TECHNICAL CHARACTERISTICS OF RADIO SET AN/PRC-77

Frequency range :
Low ba nd 30.00 to 52.95 mc ±3.5 k c
High band 53.00 to 75.95 mc ±3.5 kc.

Number of channels 920
Channel spacing 50 kc.
Types of transmission and

reception:
Transmission Voice (300.3,500 cps) and

150-cps squelch tone.
Reception Voice (no squelch) or -

voice and 150.cps
squelch tone.

Security or digital Wideband (10 to 20.000
da ta equipment. cpa) without 150-cpa

squelch tone.
Transmission and reception

power requirements :
Transmission 12.5 to 15 volts dc, 780 ma

-- average.
Reception 12.5 to 15 volts dc, 0.06

amp average.
Type of modulation Frequency.
Transmitter output power__ Lb to 4.0 watts.
Type of squelch Tone operated by 150-cpa

signal.
Distance range 6 miles (8 kilometers)

(varies with condi-
tions).

Types of antennas:
Short antenna Antenna AT—892/

PRC—25; 3 feet long.
semirigid steel tape.

Long antenna Antenna AT—271A/PRC;
10 feet long, inultisec-
tion whip.

Power source Battery, Dry BA—4386/U ,
or BA—398/U.

Battery life 60 hours (with a 9:1
receive-transmit ratio).

U -55
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and reception ranges. The radiation patterns and siting

diagram for this antenna are shown on Figure 15. (The basic

analysis and design of long-wire antennas is covered in

Appendix L, paragraph 8.) When the full 150 foot length is

used, this antenna varies from 4.598—ll.602X over the

operating frequency range and gains from 3.7-8.6 dB with

respect to a half—wave dipole are possible. This is an

excellent antenna and, surprisingly , is used habitually by

troops in the field. Whether erected as a straight long

wire , as in Figure 15, as a Beverage antenna , or - as a

vertical half-rhombic, the multiple wavelength of this

antenna provides excellent results with typical increases in

communication ranges by a factor of three or more . This

antenna can only be used with the AN/PRC-77 because of that

set’s intetnal matching network.

D. A commercial long wire , frequency adjustable antenna

designed to be erected as a vertical half-rhombic antenna

has been produced by the Radio Engineering Products Company ,

Montreal, Canada.3 This antenna (Figure 16), type nomencla—

tured F61122, incorporates a 50 ohm matching transformer and

terminating resistor and can be used with the AN/PRC-77 or

any of the AN/VRC-12 series. A typical application is shown

in Figure l7. The mast provided with this antenna system

is the AB—1l20/TRC Mast and is a lightweight sectional 30

foot guyed fiberglass mast which offers possible applications

with not only this, but other antenna systems.
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Figure 17. A typical installation of the F61122 antenna
system. (The AN/MRC-l09 Radio Terminal Set is a Marine Corps
assemblage similar to the Army AN/GRC-163 described in
Chapter IV.) (Courtesy of Radio Enginee’ring Products,
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E. Antenna Equipment  f l C— 292 is used with Radio Set

AN/P~ C—77 to extend the communication range of the set. The

RC—292 (Figure 18) is an elevated ground plane antenna.

(Described in Appendix L , section 4 . )

The technical characterist ics of the R C — 2 9 2  are shown

in Table 4.

1. Within the frequency range 30—76 MHz , the RC—292

is tunable in 3 bands . Band 1: 3 0 — 3 6 . 5  MHz;  Band 2: 36.5— —

50.5 MHz; and Band 3: 50.5-76 MHz. This broadband , elevated

ground plane antenna provides a nominal SWR of 3:1 across

each of the three bands; however , when the antenna is

operated on a frequency outside the band for which the

radiating and ground plane elements have been adjusted , high

SWR results , with attendant loss in transmit power. This

of ten occurs in the field where operating frequencies change

often and radio operators are reluctant to drop the RC-292

and adjust the elements for the correct operating band .

This an tenna has been in the Army inventory since 194 2. For

many years it was the only antenna system available by which

the range of tactical radio equipment could be extended.

2. The above described situation has led the U. S.

Army Electronics Command (U SAECOM) to investigate6 the use

of other antenna models and designs as possible replacements

for the R C—292.  Reference 6 investigated the feasibil i ty of

the Discone (Appendix L , section 6) and the Biconical
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VERTICAL E’.EMENT
(ONE , TwO , OR THRE E MAST SECTIONS

A B—2 1/GR ,AH D ONE EACH OF MAST
SECTIO NS A9— 22/G R ,A B — 2~/GR , ANO
A 9— 24/GR -

AN TENN A BASE MP—M

GROUND PLANE ELEMENTS
- (ONE ,TWO OR THR EE MAST SECTIONS

/ A B—2I /~ R AND ONE EACH OF MAST
SECTIONS Ab—2 2/GR , AB — 2~ /GR ,AND

— A B—24 / G R , PER ELEMENT)

4

- 

- TAPE 

- 
-

i \ MAST ASSE MBLY
/ \ (12 MAST SECTi ONS
I - AB— 35/T ~C— 7) —

PLATE

GUY STAK E—~~~~~~~~

CORD CG — IOT/ U” 
~~~~~~~ TO RADIO

Figure 18. Antenna equipment RC-292 .
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TABLE 4

TECHNICAL CHARACTERISTICS, ANTENNA EQUIPMENT RC-292

Fiequency ra nge, ...20 to 76 MHz
Distanc, range when

used with AN/VRC-.1 2
eerie. radios: -

Between two Antenna
Equipments RC—292:
Average terrain 36 miles.
Difficult terrain.... .30 miles.

Between Antenna
Equipment RC—292
and vehicular whip
antenna: -

Average terraixi....,..25 miles.
Difficult terrajn.....20 miles.

Distance range using the
AN/PRC radio sets:

Between two AntennaEquipments RC—29a.......)2 miles.
Between whip antenna

and Antenna Equipment
RC—292.. .... . .. ... .. .. . .8 miles.

Antenna erection tine(a men).....................i, minutes.
frected height...... ..I#1 + feet

~~x1mum.
37 feet
minimum.

Input ~~~~~~~~~~~~~~~~~~~~~ ohms.
Typ. of radiation pattern....jondjxectjon~~..
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(Appendix L , section 5) ant ennas .  This report followed a

similar e f f o r t  to develop an e f fec t ive  broadband biconical

antenna. 36

F. The result of references 6 and 36 is the type—

nomenclatured AS—3l66 (*)/GRC broadband biconical antenna

(Figure 19) which is pending a production contract and is

due to replace the RC-292 on a one—for—one basis. Some of

the technical characteristics are shown in Figures 20—23.

This antenna has one very obvious disadvantage. From

Figure 19 , it is apparent that , in the dense treks in which

tactical command posts are usually located , the top radials

are going to be broken or bent badly as this antenna is

erected in the vertical erection procedure (i.e., erecting

the antenna from the bottom by adding additional mast sections

to mast sections which are already vertical) .

G. In reference 6 , ECOM eng ineers discarded the discone

antenna as a candidate for replacement of the RC-292 because

of low relative gain performance at the lower end of the

operating frequency band (30-50 M H z ) .  HY—G A IN Electronics

Corporation , Lincoln , Nebraska , has designed and produced

the Model 4213 , 30-88 MHz portable discone antenna system

(Figure 2 4 ) .  This antenna was tested by the 101st Airborne

Division (Air Assault)  on Operation Reforger in the Fall of

1976 and was found to be superior to both the AS_ 3l66 ( * )/ GRC

(paragraph F above) and the RC-292.  The - technical 
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(electrical) characteristics of the Model 4213 are shown on

Figure 25. No relative gain data with respect to the RC—292

was available.

ELECTRICAL:
Pr.qu.iicy Rang. (MHz) 30-U
Pew., Rating (WaIt ,).. 500 Watts Continu ous

PEP 1.000 Witt~Polarizatio n:
V.rtlca i

Input Connector UN,
Input Imp.danca 50 ohm,/unbalanc.d
V.S W.R. (MAX) 3.0 1
Radiat ion Charact erist ics:

PoICSTI% Omnldlr.ct lonal
Circularity 

~~S4dB

3.0:1 

~ ta5:1 .4 
UT

v -
~~ $

W 2~0:t 
A . .

~~~  

1.5: 1 

0 
~o 40 50 60 ~

FREQUENCY MHz

Figure 25. Electrical characteristics of the HY-GAIN
Model 4213 , 30-88 MHz portable discone antenna system.
(Courtesy of HY-GAIN Electronics Corp.,  ~ incoln , Nebraska.) 
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CIIAPTER III

INFANTRY BATTALION AND BRIGADE COMMUNICATIONS

A. Figures 26 and 27 show a type infantry -battalion

command net and administrative/logistics (ADMIN/LOG) net.

Figure 28 shows a type in fan t ry  brigade command net , while

Figure 29 shows an entire type infant ry  brigade radio nets

structure.

B. The principal equipment used for communications

from the in fan t ry  battalion to the inf antry brigade, and

from the infant ry  brigade to division is the AN/VRC-12 series

of radios. Figures 30—32 show the radio and antenna equip-

ment used with the AN/vRC-12 series.

1. Radio sets AN/VRC-l2 and AN/VRC—43 through

AN/VRC-49 , commonly referred to as the AN/VRC-12 series

radios (Figure 33) , are the most commonly used radio sets in
- 

the field army . All configurations of these radio sets con-

sist of various combinations of two basic components: a

receiver-transmitter and an auxiliary receiver . There are

two versions of the receiver-transmitter: one with 10 push-

buttons for presetting channels (RT-246/VRC ) and one with a

built-in loudspeaker (RT—524/VRC). The receiver-transmitter

- 
- with the pushbuttons was designed for use in tracked

vehicles in which the control panel is generally inaccessible

to the operator and noise from the vehicle would require the

51
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Figure 26. A type infantry battalion command net.
Shown are the net structure and types of radio equipment
employed.
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Figure 27. A type infantry battalion administrative!
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Figure 28. A type infantry brigade command net. Shown
are the net structure and types of radio equipment employed .
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• • A N ’ V R C -4 3  
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AN - VRC-46
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j
MT.1029 - MT-1029

- . RADIO SET RADIO SET

ANIVRC-12 AN - VRC.47

L R.442

_Ej 

~~~~
_

RT.246 

~~~ L R.442J [
~ 

RT.524 J
MT-1808 MT-1029 MT-1R98 MT,1OZS

RADIO SET RADIO SET
- A N/VRC-44  AN . VRC.4 0

~~~i~~~~ :JL

RT.24
~~~ LH LHT~

524
~MT.1096 MT-109fl MT-1029 MT-lOOn MT.1098 MT.I020

RADIO SET RADIO SET
AN /VRC-45 

- 
AN/VRC.49LI1. RT.24G J 

~ 

RT-246 RT-524 

L L RT.524

MT-1029 MT.IOV) MT-1029 MT-1029

LEGEND: FM 24 19 20
RT-246—MEDIUM POW(~R r ECEIVER.Tr ~A NSMITTER . (0 PRE-

SET AUTOMATICALLY TUNCO CP-4 $CNNELS.
RT- 524—MEDIUM POWCR fl CCEIVER.r I~ANSMITTER .

MANUALLY TUNUD.
R-442-—AL$X IL IARY RECEIVER .

Figure 33. AN/VRC-12 family radio sets. Radio equipment
components comprising each type set.
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use of a headset. The receiver—transmitter with the built—in

loudspeaker is used in wheeled vehicles in which the operator

has easy access to the control panel and the noise level

permits monitoring wi th  a loudspeaker. The auxiliary receiver

R—442/VRC is manually tuned and can be used in both tracked

and wheeled vehicles with the addition of a headset or an

external loudspeaker. All configurations of rad ios of the

AN/VRC—12 series have as a component at least one antenna

AS-1729/VRC.

2. Technical characteristics of the AN/VRC—1 2 series

radios are shown on Table 5.

3. Figure 34 shows some typical applications of the

AN/VRC—12 series and some compatible radio sets.

4. The AS—1729/VRC antenna (Figure 31) issued with the

AN/VRC—12 series is a center—fed whip (described in

Appendix L, paragraph 3d). It consists of a Matching Unit-

Base , Antenna MX-6707/VRC and a 10 foot center-fed whip

antenna. The MX—6707/VRC matches the impedance of the 10

foot, center-fed whip antenna to the 50-ohm transmitter

output impedance and receiver input impedance over the entire

30-76 MHZ frequency range.

(a )  The center-fed whip antenna consists of a lower

section (AS- 1730/VRC ) and an upper section (AT- 1095/VRC) .

The AS— 1729/VRC is fed at its midpoint through a coaxial

transmis sion line in the lower 5 foot section . The

_ _ _ _ _  - - — - 
~~~~~~ --- --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- TABLE 5 -

TECHNICAL CHARACTERISTICS OF THE
. AN/VRC-12 SERIES RADIOS

lv. R?—?ld(’)/VRC o~ d RT—524(’)/VRc.
(I) Gewe,ul. -

Tyi-e .1 ,noduIat,on Yrrqurs.-y .mdulati,n (fa).Yrequmwy rance Proiuu tO.OA I. 7535 ))1I~ at 0 05—MH. alas-vol..
Frequency atabilily ±3 kIln of arlected frequency.
Pdwnber of frequency ocIli ng. 020 nett ing..
Tunin g faci lity Manual tu atog. And in RT—214(°)’VISC. IS fr uenele,

can be ..-t up (or SVLeI,e.tIc puabbutlo., tuning which
caa ala. be ..-lee(ed automaticall y by C-!742/VRC
colliweled to RT-245( )/VRC .

Ants-on. re.rptocle in.Ie.lanes SO olima; TINC receptacle.
Con trol of matching jiclwerku In antenna Tuning ri-e.-i.er-tr100m itte, ii.. autoaiatically noleelo

- proper matching networks in ante nna I. bet.o-I.
Olurotini C. ..ditioos 1u,h-t.-tsIk and rrlca.e-to.r.-eeive.
Mode, of operakinfi V.ic, (radiotelephone). retraoan.lmioo (radio nIsy). and

X-mode.
X-nsode operation Provides facility for digital data and necur. vs... cam-

,aunle.tian.
Aud io rv.pono. ca pabili ty:

Narrow bend (usual mod, of operation) 500 t~ 3.05)0 )Iz~ 
-

Wide band - 000 to 20.1)511) liz Provided for R-442( )/)~RC Jud In -
Radio Terminal Set AN/GlSC.163 (TM If-3120-7t3-

— Is).
Audi. input and output control facilitim Fier-pin panel receptacles; rear-mounted receptacle far

remote control by radio-Inter..,. ny.tom and C—2233/
VRC; X-.orde operation facIlity.

Operoting power 22 I. 30 volt . dc
in VohicIo. provided ‘n Ih 24-volt battery nystem.
(2 )  Trawsn.üling /caLitres.

Output HF power (into idrol SO-ohm ant±nna) :
Low power o.s to 8 wntta with 2) volts .1. .1-orati ng power ; 0.1 to 20— . 

- watt.. with 3D volt.. de ,pe.-ati.g pow.,.
Hi gh power 35 watts mini,,.,. with 25 volta dc operating power.

TransmIss ion distance (.ni.g whip antenna ) Apprsa,n,atoly $ m ites (5 kilometers 1km) en lice power;
epproxinmately 25 mi.-s (II kom ) on high power.

Carrier deviation Aod:o input of 2.3 millivolt. produce, HF earner doom .
tim. of S ±2 ItHa.

Squelch tone signal 181) la ±3; tronomitted on all netting, sf SQU)1C1(
awitch eserpI Ol.fl 02< lMM4t101

Audi o Input impedance ISO-ohm microphone: 600 ohs, (am- X-n.ode •perali.n (at
- X-IIODE receptacle.

- Duly cycle Capable of operating e.ntinuo.nly in high power in ISO.
degree ambient tempe ratu ro with Input ~..eece .1 22
volts dc; and for one hour with input pow er .1 30 volta

- dc.
Pew-er drain: 

-Uolng low power 3 a,,,loom at 2$ vo lt. de.
Ualflg high power ~o ampere, at 23 volta de.
(3) Rcceipin~ / unctiosa .

NY signal nenvitisity 0.1 Inicrovolt. mi,i,.mulo.
A udio output Impedances (nominal):

EsternsI loudspeaker 180 ibmo.
)lrndphonc SO ohms.
To radIo-Intercom oyat.cm 1.500 ohms.
X-s.od. 500 ohm..

Sque lch type.: 
- - -Carrier (operollve I~ Oi l) SQUEI.ClI) lte.poOnC.r to co rrle r no.5. (npproxims;. -Iy 1.35)0 Ha).

101). Cops-rati o , in NhW SQUELCH) Resp.naree t• ISO-li t .qaelrh tone a goal.
i’eoer drain 0.71 •nm per. at 25 veIls Jr.

b ft—442(°)/I’RC. The tem-hnical c harit c lt r ir t ics giv en in ~ (3) nbove lot (ho rngeit-er-( rlnsmi ttera
are appli cable lo the R -4 -i2( )/VRC.

r. Anfe,sr.os A.S—1122/VflC nod A T—gui VRC.
0 roquvncp range 30.110 to IC.A0 3111..
HF (ransmnl.*ion power rapahility in wal l. mn.i,mmsm,, .
Anlee,a typ e Vertically i.-Ioriz~l, ea.nldlr.cliomiai whip anI.000.
Radio rr.epts.l. Impedance •o ohms : uSC 1)-pr rrerpIa0i~.
YesspIe.cy malchll.5 .wlwor bs Ill peSo ohIrl. or -  nmm t nloulieell y ..lrelm-.i he I..nlng ,..nlrOl.

01 r.-r.tver -Iro m’*mi tle r . In AS—1720 . VISC. then , net-
..rb. ran ho n.-leetel mnaouslly by control .. MX—
6707/VIC.

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _
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transmission line .consist~s of two parts: an upper portion

that has a charac teristic impedance of 125 ohms , and a lower

por tion tha t ha s a characteri stic impedance of 50 ohms . The

125 ohm and 50 ohm sections act as a transformer to provide

a good standing wave ratio (SWR) at the base of the whip

antenna portion of the AS-1729/VRC. The upper 5 foot section,

the radiating element, is an extension of the center con-

ductor of the coaxial transmission line.

(b) The AS-1729/VRC impedance is matched to the receiver-

transmitter by the NX-6707/V?C. Current distribution in the

AS—1729/VRC is controlled at a particular frequency by a

helical inner conductor sleeve choke and a selected shunt

reactance in the MX-6707/VRC. (The shunt reactance is

determined by the narrow frequency band in which the antenna

is working. The MX-6707/VRC has 10 frequency sub-bands

between 30-76 MHz. Each sub—band is from 3-5.5 MHz wide and

is associated with some combination of capacitance and/or

inductance which is used to tune the antenna for operation in

that given sub—band.) These shunt reactances are manually

selected by setting a multiposition switch on the bottom of

the M.X—6707/VRC or are automatically selected by use of control

voltages from a compatible receiver-transmitter . Figure 35

shows the manual f r equency selector swi tch on the bottom of

the AS—1729/VRC. Figure 36 shows the connection of the

antenna to the radio set. -

_ _ _ _ _ _ _ _



~~~~~~~
- -

~~~~~~ - - -I
64

-‘

® c~ 
TUNING
SWITCH

I—’ ______ ~
- SI

475-53 -
2-4± 5 31-42 -)0-33 •33-37
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70.$ 7S

- 
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A N T ENNA
12 AS-t RIIVHC

0

0

SPECIAL PURPOSE PS cAeLc ASSEUBt.Y
cA eu ASSEMSt.Y CG—1713/U
CX-4722/V NC TO ANT CONN ECT OR
TO ANT CONY
CONNECTOR

TM 5555-262—15 .4

Figure 35. Antenna AS-1729/VRC, control and connectors.
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(c) The AS—l729/VRC timLe nna replaced the AT—9l2/VRC

(Figure 37) which was the basic center—fed antenna wi th a

matching un i t .  The AT-9l2/VRC was introduced around 1960 as

an improved an tenna sys tem for vehicular mounted antennas .

It, in turn , replaced the basic end-fed nionopole with a

vehicular ground which is still used with the Receiver ,

R_442(*)/VRC (Figures 30 and 32, pages 56 and 58). The

vehicular grounded end—fed monopole produced radiation

patterns which varied with the geometry of the vehicle and

the location of the antenna on the vehicle. Also, the end--

fed monopole of Figure 32 is only slightly tunable, such

tuning being accomplished by adding or subtracting antenna

elements MS-116A, 117P,., or 118A to vary the length and

approximate a one-quarter wavelength . This antenna system

produced relatively high SWR’s and was not an efficient

antenna. Adoption of the center—fed whip eliminated this

problem. The AS—1729/VRC represents a product improvement

over the AT-912/VRC in that the operating frequency can be

manually as well as automatically selected. This feature

adds versatility to the antenna system in that it can be

mounted on an elevated mast as well as on a vehicle .

Cd) The 7
~3-l729/VRC antenna is scheduled to be replaced

with the AS_273l (*)/GRC,47 which is a 5-1/2 foot center-fed

antenna. The AS_2731(*)/GRC has an average efficiency

within 1 dB of the AS-1729/VRC over ‘-he 30-80 MHz frequency 

~~~~~ --- - --~~~~ -~~- - - ~~~~~
rn- - - -- - - - --
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range. It is designed for an SWR of 3.5:1 over the above

frequency range and in f ie ld  tests performed equally with the

AS—1729 /VRC . It has been accepted as a ‘direct replacement

for the AS- 1729/VRC and is currently in production . The

reduced height will be more readily adaptable to all types

of vehicular applications, part icularly armored vehicles; the

5-1/2 foot whip presents a lower silhouette and so will not

strike telephone lines , tree limbs, or low—clearance

obstructions thus minimizing antenna breakage ; and logistics

is simplified with a one section antenna compares with a two

section antenna. Figure 38 shows a comparison of the sizes

of the AS—1 729/VRC and the AS~ 273 1( *)/ GRC .

C. The AN/VRC-12 series radios and the kN/PRC—77

previously discussed , as well as several other radio sets to

be presented , are capable of secure voice operation (x—mode) ,

i .e . ,  they can be used with auxiliary speech encryption

devices connected to the radio set which provide for secure

(on line encrypted) voice communication. In the narrow-band

mode, i.e., not encrypted or not speech secure , the 50 KHz

operating channel provides a 30 KHz intelligence channel

(±15 kHz maximum signal deviation ) with a 10 kHz guard band

on either side of the intelligence channel to prevent adjacent

channe l interference. In the wide-band mode (digital data or

secure voice communication) , these guard bands are removed

and the in telligence channe l occupies the entire 50 kHz

operating (f requency)  channel.
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Figure 38. AS-1729/VRC and AS_2731(*)/GRC size
comparison. (Courtesy of Cincinnati Electronics Corp.,
Cincinnati, Ohio.)
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1. Tactical communicators hav~
’e long known (from

experience) that there is a reduction in communications

distance range when operating x—mode as opposed to clear

(nonsecure) voice operation . The reasons for this reduction

in distance range may be provided by considering either the

spectral power density of the transmitted signal (the avail-

able output power is spread over a 50 KHz bandwidth as

opposed to a 30 KHz bandwidth , or only 0.6 as much power is

available per frequency component) or in terms of the

required field intensity (Reference 15, p. 2—l3), En at the

receive antenna. Using the second method, and considering

1. the required field intensity in terms of the atmospheric

noise increase due to increased receive bandwidth, we have

kE
E =
r H Y ~~e

where

Er = received field intensity in microvolts per meter
(uv/m)

k = experimentally obtained carrier-to—average noise
ratio for the desired grade of communications per
kflz bandwidth,

E
~ 

= measured average received noise voltage referred to
the antenna terminals,

He = antenna effective height in meters, and

t~f = the effective receiver bandwidth in kffz.

r
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Since we are considering only the effect of a change in
kE

receive bandwidth, let = C, a constant, then

E = C ~~ !_=0.183C for 30 kHz BW,

and

E = C -
~~
- = O.141C for 40 kHz BW,r2

E = 1.29 E or E = 0.77 E.. r~ r2 r2

The above shows that when operating x-mode as opposed to

clear voice operation in tactical radio nets, one can expect

at least a 23 percent reduction in received field strength

at the receive antenna. In practice, this figure is usually

greater due to the fact that most field radio equipment is

not properly aligned for x-mode operation. This factor must

be considered when planning communications distance ranges for

tactical radio nets operating x-mode. In the infantry

battalions and brigades these radio nets are usually command

nets and operations/intelligence nets since voice security

equipment has not been issued in sufficient quantity to

secure all voice radio nets.

D. The only item of antenna equipment provided by the

TOE’s of the airborne and airmobile infantry battalions and

brigades to extend the distance range of the AN/VRC—12 series

is the RC—292 (Chapter II). From Table 4, page 42, the

-~ ~~~—
-

~~~~~~~~~~~~~~
-— --
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[ planning ranges between two AN/VRC-l2 series radios using

RC—292’s (elevated 30 feet) is given as 36 miles (average

I terrain) and 30 miles (difficult terrain). These figures

agree closely with field experience . (Distances are reduced,

1. however, when operating x—mode, as explained in C above.)

E. In the airborne or airmobile assault, troops are

deployed first, vehicles and other heavy equipment follow

I (sometimes much later). The radio equipment deployed in the

assault consists only of portable, man—pack equipment which

can be carried by personnel ~who are also carryi~ig a combat

1 load of ammunition, rations, and other equipment). At

present, the only radio and antenna equipment which can be

j carried in the assault is the AN/PRC—77 and RC-292.

The assaulting forces may be deployed over very wide

areas since one of the distinct advantages of vertical

envelopment techniques is the ability to put assaulting

forces directly on their objectives. This wide area deploy-

ment, together with the present availability of only low

power, short range portable radio equipment, places severe

limitations on the ability of the commander to assemble,

further deploy , and, in fact, command his assaulting forces.

What is required to meet this limitation is a medium power,

portable receiver—transmitter which would extend the distance

range of the radio nets required in the airborne or airmobile

I assault.
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Radio Set AN/PRC-7021 (Figure 39) was initially designed

to meet the requirements of Special Forces detachments. It

has since been recommended for the Ranger battalions. This

writer believes that this radio set can solve the problems

described in the preceding paragraph. Additionally, this

radio set has features not found on any other items of

tactical radio equipment. The technical characteristics of

the set are shown on Table 6. This radio set could provide

a portable , man—pack (two man load with all antenna and

necessary equipment, total weight 68.3 lbs.) radio set with

approximately the same power output as the AN/VRC-12 series.

Additionally, with its AM/SSB/FSK capabilities , the set could

replace the AN/PRC—74 (details not presented in this thesis),

15 watt AM/SSB voice radio set authorized for the airborne and

airmobile infantry battalions, and, used with the Digital

Message Entry Device (DMED) (Chapter IV) would provide a

suitable replacement for the AN/VSC—2 RATT equipment (details

not presented) presently authorized in the above units. The

AN/PRC—70 has been field tested at Ft. Bragg, North Carolina,

and passed all service tests, Five sets were obtained on

loan from the US Army Signal School , Ft. Gordon, Georgia, and

were tested by the 101st Airborne Division (Air Assault) in

early 1976. Those sets met the above communications require-

ments as no other radio set in the inventory c planned for

adoption could do. It was recommended that the AN/PRC-70 be

II. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 6

TECHNICAL CHARACTERISTICS OF RADIO
SET AN/PRC-70

a. Receiver—Transmitter i~T—1 1 33/?RC—10:
Input Voltage 20 to 32 Vdc
Power Requirements

Receive Mod 7 watts maximu m
Low-power Xait Mode 50 watts maximum
High—power Xmit Mode

FSK , CW, FM, and AM 160 watts maximum
SSB 115 watts maximum

Power 0t~tput :
High-power Mode

CW , FM’, FSK 21—42 watts average
‘FM 30.0000 to 75.9999 MHz only (30 watts nominal )

SSB 21—42 watts peak
envelope power
(30 watts nominal )

AN 7.5 watts carrier ,
7.5 watts upper side-
band

Low—power Mode tranaaitte~ Output re-
duced 10 — 1 dB below
high power output in
all modes

Frequency rang 2.000 to 75.9999 MHz
in 100 Hz steps

Duty cycle —9 to 1 receive—to—
transmit ratio. Three
minute maximum trans-
mit tine without cx—
terna]. forced air
cooling.

Modes: U pper sideband voice; 2 kBz Tone—keyed C~~, FSK
burst (Tones 1575 Hz arid 2425 Hz); Compatible AN
(2.000 — 75.9999 MHz) ; FM (30.0000 — 75.9999 MHz )

Receiver Sensitivity:
FM —0.60 uv
SSB, FSK, CW —0.25 to 0.50 uv (var-

ies with frequency)
a AM 2.5O uv

Receiver Sign al—to—noise 10 dB at referenced
Ratio sensitivity

Receiver Selectivity:
FM 32 kHz~~~6 d B

70 kRz ~ 60 dB
SSB , CW , FSK 2.8 MHz ~ 6 dB

4.0 MHz ~ 26 dB
6.0 MHz ~ 60 dB

AM 6.0 kHz ~ 6 dB
14.0 MHz @ 60 dB

b. Doublet Antenna AS—2°75/PRC—70:
Frequency Range 2 to 30 MHz
Input Impedance 72 ohm s

c. Whin Antenna AS—29?I~/PRC—20 :
6 — foot Section 4 to 76 MHz
9 — foot Sectio 3 to 76 MHz
15 — foot Section 2 to 30 MHz

d. Low Radjpti~g Angle Antenna AS—2973/PRC—7O~Frequency Range -6 to 30 MHz

h. - - -—-~~~-~-~~~-,- -~~~.-—
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• included i.n the TOE of the Air Assault Division. This radio

set, as has been mentioned above, also has application to the

Airborne Division and other light infantry units.

F. In addition to a requirement for a medium power,

man-pack receiver—transmitter (paragraph E above), there

exists a requirement for high gain, broadband directional

antenna equipment in order to provide the capability to span

increased distances with x-mode operated voice radio nets and

decrease the vulnerability of tactical units to radio

I . direction finding and other çnemy ECM threats. The

AS—2369/TRC antenna (Radio Engineering Products F61l22

(Figure 16, page 38)) meets the requirement for increased

[ distance range and should be adopted. The AS—2369/TRC, how-

ever, requires an extensive area for erection. Recently

developed Log Periodic Dipole Array antenna systems

(Appendix L, Section 7) of fe r  the best possible solution to

the conflicting requirements for increased communications

distance ranges and increased transmission security. The

excellent front-to—back ratio characteristic of the LPDA

provides the capability to direct a transmitted signal in a

desired direction and away from an undesired direction . This

capability (shared by the AS-2369/TRC above) makes the LPDA

and vertical half—rhombic antenna systems desirable alterna-

tives to the omnidirectional antennas (AS—1729/TRC ,

AS—2731/GRC, and RC—292) presently provided , except when an

omnidirectional capability is required . When this is the

case, an LPDA (vertically polarized) or vertical half-rhombic

-~~~~~ 
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antenna at the out-station , working against an RC—292 or its

projected replacement the AS_3166(*)/GRC (Chapter II) at the

NCS would provide an overall system gain and allow for

increased communications distance ranges. The following

LPDA equipment is currently available and has been tested by

field Units:

1. The 42A—l27’3° (Figure -40) is a broadband

transportable log periodic antenna for receiving and trans-

mitting at all frequencies in the 30- to 80-MHz band . The

antenna can be mounted for either horizontal or vertical

polarization and disassembles into four sections for storage

• - in a 5 foot carrying bag. All parts are captive to the

boom/feeder system and the antenna may be assembled in a rapid

manner without the aid of tools. The technical characteristics

of the 42A-l are shown on Table 7. Figures 41 and 42 give

additional data.

The 42A—l antenna provides 8.5 dBi nominal gain over the

band . The average VSWR is less than 1.5:1 and the front-to-

back ratio is nominally greater than 20 dB over the band.

To assure uniform pattern characteristics when vertically

polarized, a specially choked RF cable is provided .

The 42A—l antenna mounts on a 2.375” O . D .  mast and has

provisions for providing either vertical or horizontal

polarization. The antenna is available with a standard 8 foot

section of dielectric mast for applications involving vertical

polarization . The 42A- 1 antenna weighs less than 50 pounds

- -
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TABLE 7

TECHNICAL CHARACTERISTICS OF THE TYPE 42A-l LPDA ANTENNA*

Model: 42A-1

Past Number: 72-11002-001

• , Frequency Rang.: 30. to 80.MHz

impedance: 50 ohms unbalanced

VSWR: Less th an 2:1

Power: 100 W. (Higher power on special order )

Polari zation: Linear , Vertical or Horizontal

Gain, Free Space: 8 dBl, minimum

Beamw idth :
• E-Plane: 60 degrees, nominal
. H-Plane: 100 degrees, nominal

• - Front.to-Back Ratio: 15dB, minimum

Wind Load: 75 mph
50 mph with V.” radial ice

Dimensions
• Operating: 19’ 1.8” (5.8 m) length. 17’ 2.64” (5.25 m) w idth
• Packaged : 5’ 1W’ (1.56 m) X 2’ 0” (0.61 m) X 1’ 2” (0.356 m)

Weight
• Antenna Array 49.5 lbs (22.4 kg)

• Carrying Case 11.3 lbs (5.1 kg)

Shipping Weig ht: 71.0 lbs (32. 1 kg)

• Shipping Volume: 12.8 cu. ft. (.35 cu. m.)

Anc illary Equipment
e Canvas Storage Bag PIN 72.11014.001
e AF Cable , 60 feet PIN 72.11016.001
• Dielectric Mast P/N 72.00138-001
• Var iable Height Mast ,
Iype 92M.1 PIN 74.51724-00 1

• *Courtesy of Electrospace Systems, Inc., Richardson,
Texas.
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Terrain: Roll i ng Plain s
TX Power:  40 W

OBM Trans. Line Loss: 1 db

— 50 Antenna Gain: 8.1 dbl

-/ Antenna Height: 50 ft.
Polarization: Not critical ——
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Figure 42. Median signal level vs. range between
AN/VRC—12 series radio sets using Type 42A-l antennas.
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• - . and can be erected without special tools or equipment. A

compatible variable height mast is available on special order

to provide quick and easy erection of the 42A-l antenna to any

height between 16 and 40 feet.• -

This antenna was tested by the author while assigned to

the 101st Airborne Division (Air Assault) and proved to be the

only means available to solve problems of the type described

in paragraphs E and F above. The antenna allowed coxmnunica-

tion from an AN/VRC-12 series radio (using the 42A-l) to an

AN/PRC-77 using a 3 foot whip antenna over a distance of 21.6

miles. On another test, ranges of over 100 miles were

achieved using AN/VRC-12 series radios with both stations

using the 42A—l. This antenna is comparatively heavy, and

the mast required to erect the antenna weighs over 100 pounds.

The combination of weight and cubage does not recommend this

antenna to the airborne or airmobile infantry battalions, nor

to the airmobile infantry brigade. It is, however, recom-

mended for employment at division level in both type divisions,

and at brigade level in the airborne division, where the

vehicle density is greater. This antenna could not easily be

carried by foot mobile troops.

2. The HY—GAIN Model LP—1402 (AS-2851/TR) (Figure 43)

is a tactical portable LPDA antenna system designed to operate

in the 30—76 MHz frequency range. The technical characteris—

tics are shown on Table 8. It is supplied complete in a

“‘.4
hIL
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• • • TABLE 8

TECHNICAL CHARACTERISTICS OF THE AS—2851/TR
• ANTENNA SYSTEM*

SPECIFICATION SUMMARY

• NY-GAIN MODEL NUMBER LP-1402 H Plane (Averag e) 12r
Electr ical: Angi . 01 Maximum Radiat ion
Frequency Rang. (In MHz) 30.0 th ru 78.0 30 M hz 22.5
Power HandlIng Capability 76 MHz r

Average P.E.P. (In Wafts) 65/130 Structural:
Polarization Horizontal or Vert ical Dielectric Supp ort Pole Height 20 ft
Forwa rd Gain Over Average Long est Element 16 ft.

Soil Cond ition . (in db) 12 Total Number of Elements 7
Front.to-B.ck Ratio (In db nominal) 10 Boom Length: Assembl ed ir
Maslin um VSW R (with respect to 50 ohms) .. 2:1 Folded 36
Input Impedance (In ohms) 50 Antenna Net Weight .33 lbs.
Input Connector Type “ N” Shipping Weight of Systom 35 lbs.
Halt Power Beam Widths Shipping Volume (In cu. ft.) 3.2

(Free Space) - Wind Loading CapabIlity :
£ Plane (Average) 6O~ No Ice (In MPH) 60

•~ RadIal ice (in MPH) 

*Courtesy of 1ff—GAIN Electronics Corp., Lincoln,
Nebraska.

back—pack and may be used for either vertical or horizontal

polarization at 2-1/2 foot height increments up to 20 feet

phase center heights above ground. The antenna may be

erected by two men in less than 10 minutes. This antenna

has been adopted by the US Marine Corps, and in comparison

tests with the AS—285]./TR, 42A— l, AS—2169/G,25 AS—2236/G

(information on this antenna was not available), and LP—1403

(paragraph 3, following) by the 101st Airborne Division (Air

Assault), the AS—2851/TR was determined to perform best in a

field environment and have the best weight/cubage advantages.

It was recommended that this antenna be adopted and issued

• --~~~~--~~-,-~~~~ -j~~~- •IIl~~ -__-•-- -• — -~-- -~~~ ~~— —•rn —=-
~
,-— •
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for use down to battalion level in the Air Assault Division.

I. Similar studies, if conducted, would prove thi3 antenna

applicable to the Airborne Division and other light infantry

units also. -

3. The HI—GAIN Model LP—l405 (Figure 44) is similar to

the AS—2851/TR, but has an expanded frequency range. The

technical characteristics are shown on Table 9. Figures 45

and 46 show additional technical information on radiation

patterns, gain, and VSWR.

4. Recent studies conducted by the US Army ’ and outlined

in training literature (DA Training Circular 30-22 (Draft),

Battlefield Survival and Electronic Warfare [The Electronic

Direction Finding Threat]) have disclosed that a horizontally

polarized signal, in addition to being attenuated less in

dense woods, as was known, is much harder to RDF than a

• signal which is vertically polarized. Figure 47 shows the

results with Radio Set AN/PRC—77 under various conditions.

• The use of tactical LPDA antenna systems with horizontal

polarization would not only increase the communications

distance range of tactical radio nets but would decrease the

vulnerability of tactical units to RDF.

G. The AN/VRC—12 series radios are due for replacement

in the 1980—85 time frame. New radio equipment incorporating

state—of—the—art electronic and antenna design features is

currently in the advanced stages of research and development.
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TABLE 9

TECHNICAL CHARACTERISTICS OF HY—GAIN MODEL LP—l403
LPDA ANTENNA SYSTEM*

SPECIFICATION SUMMARY

NY-GAIN MODEL NUMBER LP.1403

Electrical:
Frequency Rang. (in MHZ) 30.0 thru 88.0

• Powsi Handling CapabIilty
AveragelPEP (In Wafts) 75/150

PolarIzation Horizontal or Vertical
Forward Gain Over Average Soil

CondItIons (Direct ivi ty In dBi) 6
Front-to -Back Ratio (In dB , nominal) 12
Maximum VSWR (with respect to 50 ohms) - . - 2:1
Input impedance (In ohms) 50

• Input Connector BNC
Hall Power Beam Widths (Free Space)

E Plane (Average) 70•
H Plane (Av.rage) 140

• Structu ral:
Dielectr ic Support Pole Height 30 ft.
Longest Element 15.5 ft.
Tota l Numb., of £l.m.nts 9
Boom Length: Assembled 95 In.

Folded 47 in.
Antenna Net Weight 40 lbs.
Shipping Weight of System 42 lbs.
Shipping Volume (in cu. ft.) 6.25
WInd LoadIng Capability

No Ic. (In MPH) 60
W Radial Ice (In MPH) 50

*Courtesy of HY—GAIN Electronics Corp., Lincoln,
Nebraska.
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Radiation Patterns
E-Ptan. H-Plan.

30 MHz

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_

55 MHz

• -

88 MHz

Figure 45. Radiation patterns for the LP—1403 LPDA• antenna system. (Courtesy of HY—GAIN Electronics Corp.,
Lincoln, Nebraska .)
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antenna system. (Courtesy of HI—GAIN Electronics Corp.,
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This equipment and its associated speech security equipment

will provide the frequency—hop capability mentioned in the

Foreword to this thesis. A prototype family of equipment

has been developed and type—nomenclatured the AN/URC_78(*).

The basic receiver—transmitter (man—pack) is shown in

Figure 48, the vehicular system in Figure 49, and the aircraft

system in Figure 50. The technical characteristics of this

set are shown on Table 10. The important new features which

this new fami ly provides are:

1. Higher power output.on the basic receiver—

transmitter, which will be the man-pack unit (comparable to

the AN/PRC—77).

2. An improved automatic antenna matching network.

3. Provision for 25 kHz channel operation (thu.~
improving frequency spectrum conservation).

4. Total integration of the same receiver—transmitter

in all applications (man—pack, vehicular , and aircraft),

thus easing the logistics required to support the system.

The basic transmit and receive circuitry are shown in block

diagram form in Figure 51.

_______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• • TABLE 10

TECHNICAL CHARACTERISTICS OF RADIO SET
AN/URC_78(*)*

Frequency Range 30 — 79 795 MHz
Modes of Operation 25 h~z Channel Spacing

50 kHz Channel Spacin g
Wideban d
Secure Mode

Receiver—Transmitter:
Weight 10 lbs with battery

and antenna
Size 5”W :1 3.25”H X 5.5”D
Battery 2Z~. hours life for

lk :1 Receive to Trana—
• nit duty cycle.

Preset Frequenc L~. preset frequencies
Capability

Manpack Antezuaa Telescoping 1’ to 1.’
whip -

!ieceiver Sensitivity 25 kHz Channels — 118 d3m
lO d B S + N . D / N . D  SO kfiz Ch a n n e l a — 1 I 6 dBn

Wideband — 105 dBm

Audio Output:
• Headphone 50 uw into 600 ohms

Wideband .10 dBm into 600 ohms
3rd Order Intermodulations 80 dB above 1 uv
Desensitization +32 d.Bn at ~ 10% f0 for6 dB degradation ~f 26

dB S + N + D/N • D
Receive Power Consumption 900 mw ma~d.mumRF Power Output 10 watts into 50 ohms
Transmitter Noise Floor 125 dB for 30 kliz B.V
with respect to 10 watt ~1O% removed from fcarrier 0

Vehicular Applique:
- PP Power Output i~.0 (+15, —5) watts

Size 250 cu. in. na~d.mum( includes R/T)
Aircraft Applique:

(Inclu des guard band
receiver , homing cir—
cuitry 5 and power
supply)
Size: Aircraft Applique 5.75”W X L,.125”ff

and R/T X 6.5” D maxinum
Weight: Aircraft Applique— — —  -6.0 lbs ma~d.mun

and R/T

*Courtesy of Cincinnati Electronics Corp., Cincinnati,
Ohio.
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Figure 51. Block diagram of transmit and receive
circuitry, Radio Set A N / U R C _ 7 8 ( * ) .  (Courtesy of Cincinnati
Electronics Corp. ,  Cincinnati , Ohio.)
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CHAPTER IV

DIVISION LEVEL COMMUNICATIONS

A. An example of a type division communications sytem
• was shown on Figure 5, page 10.

B. The “backbone” of the division level communications

system is the multichannel radio network established to

provide direct and area support throughout the division area.

An example of that network is shown in Appendix D, page 167.

The types of traffic routed over multichannel radio systems

is discussed in the introduction to this thesis , pages 6—7.

C. Radio Set AN/GRC—103 (Figure 52) is a compact,

transportable multichannel radio set used with various com-

binations of time division multiplexing , pulse—code modu-

lation (TDM--PCM) equipment to provide 12 channel service

between major commands within the division and area communi—

cations support on a limited basis.

1. The technical characteristics of the AN/GRC-103

are shown on Table 11.

2. The different configurations of the AN/GRC-103 and

its associated carrier (multiplexing) equipment are shown

on Table 12. The configuration used in the Airborne and Air

Assault Divisions is the AN/MRC-l27.
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Figure 52. Radio Set AN/GRC-103.
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• - TABLE 11

• 1. TECHNICAL CHARACTERISTICS OF RADIO SET
• AN/GRC-103

• Type of service: 500F9
Carrie:-: TD-660 (PCM only) -

Baseband: 240 kHz
Frequency range: Band I, 220-404 . 5 MHz

• Band i l, 394.5-705 MHz
- Band III, 695-1000 MHz

Planning range : 40-48 km
• Power-output: 25 w -• Antenna: Corner reflector (AS-1852).

Power source: PU-625
SPECIAL FEATURES

• t Automati c frequency control.
Frequency separation: 16. 5 ~lHz transmit to

rece ive.
l~ plexer in receive tuning head.
Weight : 150 lbs (GRC-103).

TABLE 12

DIFFERENT CONFIGURATIONS OF MULTICHANNEL
• RADIO EQUIPMENT USING RADIO SET

AN/GRC-103

CONFIGURATIONS

MRC-115 MRC-126 MRC-127 TRC-113 
- 

TRC-145
Description TML TML TML RELAY TML
GRC-103 2 1 2 3 2
TD— 660 2 1 2 2
TD-754 

_____________ 
3 2

CV-1548 
• 

2 1 
— ___________ 

2
Vehicle 1/4-ton tlr Pallet Pallet 1-1/4-ton 1-1/4-ton

• 1/4-ton tlr 1/4-ton tir

Weight 1, 900 lbs 1, 550 lbs 2 , 050 lbs 1, 945 lbs 2, 150 lbs

I
~•I

_ _ _
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3. The antenna used with the AN/GRC-103 is a corner

reflector (described in Appendix I, paragraphs h f  and h g )

AS—l852/GRC—103.

D. A related item of tactical multicharinel radio

equipment is Radio Set AN/GRC-l63 (Figures 53 and 54). This

equipment was introduced on a limited production basis during

the Vietnam War and proved to be very successful from the

standpoint of communications, although there appear to have

been problems in maintaining the system. This author used

this equipment to great advantage in the 173d Airborne

Brigade, where the equipment was used to provide telephone

trunking and sole—user circuits from brigade headquarters

down to the headquarters of assigned and attached infantry

and artillery battalions. This system was apparently dropped

from the inventory following the close-out from Vietnam.

This assemblage, when used for communication between an

infantry battalion headquarters and an infantry brigade head—

• quarters can provide increased flexibility to the overall

• communications system by providing the battalion access to

the division multichannel and wire/cable system. It must be

remembered that an infantry brigade headquarters is a

tactical headquarters only and not an administrative or

logistical h~ dquarters. All administrative and logistical

support for the infantry battalion comes from elements of the

• Division Support Command , usually locate,d in the Brigade

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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area, well to the • rear of the brigade headquarters.• 
Usually,

the infantry battalion does not even have direct communica-

tions to those support elements.

1. The antenna systems used with the AN/GRC-163 include

a LPDA AS—2169/G which provides a gain of -2 dB to +2 dB

across the 30—76 MHz operating frequency band, and the

AS—l729/VRC (Chapter III), which is used as a vehicle mounted

antenna or as an elevated ground plane antenna with a special

counterpoise attachment which was developed for this system.

(Figures 55 and 56). -

2. Technical characteristics of the AN/GRC-l63 are

• shown on Table 13.

• 3. The Marine Corps equivalent of the AN/GRC-163 is

the Terminal Set, Telegraph—Telephone AN/VCC-l (Figure 57).

Additionally, the Marine Corps has developed, adopted, and

• deployed a 12 channel assemblage using the same basic com-

ponents as the AN/GRC—163//AN/VCC-l. This item is nomen-

clatured AN/VCC-3 (Figure 58). (They also have an 8 channel

assemblage, the AN/VCC-2, which is not shown.) Note that

• the AN/VCC— 3 provides the same 12 channel capability as one

half of the AN/MRC-127 (paragraphs C and D above) (the

AN/MRC-127 contains two 12 channel terminals) but uses less

expensive radio, carrier , and antenna components, and has a

• greater single hop communications range (40-48 km for the

AN/MRC-l27 versus up to 80 km for the AN./GRC-16 3//AN/VCC-l, 3).

• ~~•
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Figure 55. AN/GRC-163, shown with antennas, AS-2169/G.
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TABLE 13

TECHNICAL CHARACTERISTICS OF RADIO SET
AN/GRC-l63

Frequency range (RT—524
(i/V1tC and R—442 -

(t) / V R C )  30.00 to 75.95 MHz.
Radio operating range

(nomi nal)
Using vehicle-mounted

whip antennas 8 to 12 miles (~3 to -

- 
20 kilometern
(km), (approx)) .

Using mast-mounted
whip antennas Up to 30 miles (up

to 50 km
(approx)).

Using mast-mounted
LP antennas Up to 50 miles (up

to 80 km
(app rox)).

‘ri-aiismission and reception - Simultaneous voice
and radiotele-
graph trans.
mission and
reception.

Num ber of channels:
Voice (telephone) Four plus one order

wire for radio
operator.

Vf telegraph Two.
Power required :

U At 115 volts ac 50 to 60 Hz , or 400
lIz; 4 amperes.

At 230 volts ac 50 to 60 Hz;
U 2 amperes.

~
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4. Additionally, the Marine Corps has a 4 channel,

man-pack multichannel radio capability in the AN/PCC-l

(Figure 59). This assemblage uses Radio Set AN/PRC—77

(Chapter II) to provide the same 4 channel capability as the

AN/GRC-163//AN/VCC-1 over reduced distances. This assemblage

would have particular application to the assault elements of

the airborne and airxnobile infantry battalions if the concept

of extending multichannel radio down to battalion level were

adopted -

E. At brigade level there are approximatel~j (Figure 29,

page 55) 10-12 VHF FM radio nets (or stations in nets)

operating out of an area no more than 100 meters in diameter.

At division level the number doubles or triples. At present

each radio set requires its own separate antenna, which of ten

makes our higher headquarters look like antenna forests.

Figure 60 shows an extreme example from a major radio relay

site located on a mountain top in South Vietnam. While this

example overstates the case , nonetheless our higher head-

quarters are extremely easy RDF targets because of the large

number of electromagnetic emissions which can be detected,

located, and determined to be coming from a central area.

One of the current areas of research and development is the

design and construction of multichannel VHF antenna multi-

couplers in order to eliminate these large numbers of

antennas around headquarters . These items would allow two

or more receiver—transmitters to operate from the same broad—

band antenna, with isolation between the receiver—transmitters.
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Figure 60. Nui Ba Den, South Vietnam. In the photo
above there are 29 RC-292 VHF antennas , 2 HF whip antennas ,
and 1 multichannel radio antenna (VHF/UHF) within a radius
of 50 feet.

1. The Marine Corps has already adopted a 2 channel

Antenna Coupler CU—1857/TRC (Figure 61). Note that the

isolation provided by the coupler is greater than can be

obtained with separate antennas.

2. Collins Radio Company has submitted a proposal for

a VHF Multicoupler of 2, 5, and 10 channels (Figure 62).

Technical data on the method of operation and construction

are provided in Figures 63 and 64 , while the insertion loss

for different numbers of communication channels is shown on

Figure 65.

F. An area which has not been covered in this thesis

but which bears mentioning is the subject of Radioteletype—

writer (RATT) communications within the Airborne and Air

-- -
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This antenna dup lexer is intended for use with the .‘*X/P RC—2 5 ,
AZ4/PRC—77 and AN/V RC—12 series Radio Sets and other radio sets operati ng
in the 30 to 76 PQIz band. It permits operating a transmitter and a re—

- - - ceiver, or two receivers , or two receive r— transmitters simultaneously
with a singi. constant—impedance antenna, such as the AS—2369/TRC , a
constant impedance whip, or a log—periodic array . It permits operation
on frequency pairs spaced at only 1.5 P0hz, and provides isola tion between
transmitter and ceceiver of about 45 dB . This figure ie ouch better than
can be obtained with separate antennas. It also provides about 45 dZ
suppression of transmitter hash at the receiver , The transmitter to an—
teals loss is about L.5 dB at 1.5 lUtz spacing.

Dimensions 3— 1/2 inch. . h x 8 inches 4 x 8—1 / 8  inches w, weigh t 1—1/2 pounds.

Figure 61. Antenna Coupler CU-l857/TRC. (Courtesy of
Radio Engineering Products, Montreal , Canada.)
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Figure 64. Matching network schematic (lumped elements).
Ten channel VHF multicoupler . (Courtesy of Collins Radio
Company, Cedar Rapids, Iowa.)

I

-

~~~~~~~~ ~~~~~~.



_ _  ~~
- —

~~~~
-

~~
——-~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _  - - _ _ _

116

e.I 
- - 

-

a.o —

~~~ 

;.
~~~~~~~~

/53 -.-~~~~~~
- 

~~~~ 
4~— i O  Cb...qels

/2 
3 C)u..’meLSI., —.—----—- ——- U-—......_.~.. ~ — 2 CJ.-s.mlS

/.O 

4-0 50

Figure 65. Insertion loss for 1, 2, 5, and 10
communication channels. (Courtesy of Collins Radio Company ,
Cedar Rapids, Iowa.)
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Assault Divisions ,, As mentioned in the introduction, RATT is

normally a supplementary or alternate means of communications;

its full capabilities only being realized when long distance

communications via ionospheric refraction are required.

Telecommunications center teletypewriter circuits extend down

to brigade level. The only means of page print, hard copy

communication available to the infantry battalion, however ,

is a RATT set, the AN/VSC-2 (picture not available). The

infantry battalion uses this set in an ADMIN/LOG , OP/ INTEL ,

or General Purpose Net with the brigade headquarters. These

nets receive very little traffic , however , due to the fact

that the AN/VSC— 2 has no tape transmit or receive capability,

therefore the speed of transmission is limited to the speed

at which the operator can type. Additionally, the radio

component of the AN/VSC-2 is a high power AM/SSB transceiver,

which is subject to the atmospheric noise characteristic of

AM. Often, static crashes or other noise or signal inter—

ference cause the on—line encryption equipment to lose

synchronization, thereby causing message garble at the

receive station. The message, or at least the garbled

portion of the message, must then be retransmitted at the

same slow speed as before.

A device currently being developed by Cincinnati

Electronics Corporation offers the possibility of hard copy

message traffic down to the lowest tactical levels. The

L _ ~._ . _ _ .t
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Digital Message Device (DMED) (Figure 66) provides a means to

enter and retrieve digital alphanumeric information in a free

forma t style over many types of communications systems .

Weighing just  over 2 pounds (0.9 1 kg) , the DMED - occupies a

volume of only 51 cubic inches (835 .7  Cu cm) . It is a hand-

held , self-contained unit.  The DME D is flexible and versatile,

and has total software control. -

-~~ 

- - ~z5mm

Figure 66. Digital Message Entry  Device ( DMED ) .
(Courtesy of Cincinnati Electronics Corp., Cincinnati , Ohio.~

The digital display consists of 16 alphanumeric LED

characters, presenting the message in scroll form The status

display consists of 6 LED indicators, 5 of which are under 

-- -
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software control. - The keyboard includes 32 keys, each being

assigned an alphanumeric value or functional meaning by

software tables. A wide range of interface requirements may

be met through the use of internal switch and strap options

which alter the control and electrical data forms available

on the 10 pins of the external connector. The DMED may be

supplied with charger, carrying case and cables. A printer

for the DME D is being developed .

The technical characteristics of the DME D are shown on

Table 14. -

Two of the outstanding features of this piece of

equipment are that it has burst (very high speed) transmit

and receive capability which would solve the problem of noise

disruption of signal , and the device is being developed to

interface with almost all tactical radio equipment which

would allow its use on not only AM/SSB but also FM equipment .

These capabilities would provide printed message communica-

tion by electrical means to any tactical level.

- -~~~—~~~~~~~~~~~~~~ — -~
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TABLE 14

TECHNICAL CHARACTERISTICS OF THE DMED*

Specifications

Dup~y *6 .*PbIII.mUiC LED dwacim. pr8,eecu,~
*1IS in iota)) (cnn

Mei~~e 14..i.oiy • *020 chaincteta
• 510 .10010Mm - Tnnwut 
U SIOchitictmi - Rccen.

E.ybamd 32 keyt on 0~$ .id. amu~ tanun
Statue Dipley 6 LEO Idic**an

tuchnoloty 040$ M,otuprocamet bee.4

Ii*put/Output .
• SerW (di1iti11
• FSK modem .mAIchte ..-co*w)
• Spaud (bIns,nut and rican,)

U With Mode~ISO S
300 
600
I :x bp.

• Sueb.nd
ISO -
300
600
*200
2400
4500
9600

Typa a(Cods S ASCII-Ibii
• 04d panty
• Ons .tanbit and ri.o seap b,n

Type o( Miami. Envy Fonnat. Fri. Fo~ina1 (ram annIabi. chit, 10k

leybemid Enuy Sit type14flter alphueumenc. and pirnonsaliom

System Link Interfaca Meet, NII..SPEC-IdS.I00 interfac. ruqwA,iie*t

Packupeg Hand *e)d iII(CCOtainnd 

5* CubiC UlCftei - - $3S.7 Cii CM (.ppiaouuet.)

pound,(0.91 k44)

• Pug Edit S Acknnol.dgei boc. onuct and incoarect
11 0*1.441 1it~ charlatan ii Output 1111114$ lIieOuØl liwsich 091100): ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ be cl..,,d

• Duplay cIw.d wpeeit.Iy
• Reread input aroulput liwouge in many

o iwed,d. S Edit Caner can be poutsened a,dei.ed
• Me~~~~ may be Sme~ud .110,. duplay at • Statue Display Option,

samoa) eyes). stuck ii. iiCects) en key. • I,..-. E~tt.s-p
bees) aid amp be tiopped any tUne. Iben S Me,uo,y Onerfier. output)
II ~~~tIi. 0e~~~~ . cleared, a, rIamie • Edit Mod, ci Achnos4ed~U SMt Mod.

• — — ~~ em ~ ,neu~, : ~~~~~~~~~~~

*Courtesy of the Cincinnati Electronics Corp., Cincinnati,
Ohio.
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Ch APTER V

CONCLUSIONS , COMMENTS , AND RECOMMENDATIONS

A. Tactical communications is the most critically

important area in all the vast mi l i t a ry  communications

system. People, quite literally, live or die depending upon

whether or not a reliable communications system exists whereby —

they have access to the command and support elements which

direct, assist, or maintain their activities.

The most important single means of tactical communication

is the single channel voice radio, and the heart of that

system is, as has been demonstrated , the antenna equipment

used to radiate and receive the electromagnetic energy out-

put of the radio set. Proper choice and installation of that

antenna equipment allows the radio communications system to

span the increased distances created by tactical maneuver ,

and, if properly sited, provides some measure of security

against hostile ECM.

B. The conclusions, comments, and recommendations that

follow are divided into two categories: equipment, to

include radio , antenna , and peripheral items; and technical

literature.

1. Equi pment:

(a) Radio Set AN/PRC-68 should be adopted into the Army

inventory without further test. Reference 26 provides the

121
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details of service tests performed by the Marine Corps and

includes their recommendations . Adoption of this radio set

will provide the capability for the rifle squad to maintain

communications with command and supporting elements while on

extended independent operations such as short range recon—

naissance or combat patrols. The present squad radio does

not provide that capability .

(b) The AS-2369/TRC vertical half-rhombic antenna system

should be adopted into the Army inventory and issued down to

maneuver battalion level as an optional antenna system for

extending the range of portable or vehicular mounted radio

equipment.

(c) Comparison tests should be made between the AS—3166

(*)/ GRC broadband biconical antenna and the HY—GAIN Model

4213 before a production contract is let for either antenna

by any of the services. It is obvious that a broadband omni—

directional antenna is required , however neither of these

antenna systems appear to have su f f i c i en t  gain with respect

to the RC—292 to warrant replacing it.

Cd) Radio Set AN/PRC-70 should be adopted as a Standard A

item and incorporated into the TOE ’s of airborne and airmobilL

in fan t ry  battalions and brigades , as well as other uni ts  in

the Airborne and Air Assault Divisions , for the reasons given
- 

- in Chapter III, paragraph E .

- --- -
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C e)  Log periodic dipole array (LPDA) antenna systems

should be added to the TOE ’s of tactical units to supplement

existing equipment . Virtually every medium , and selected

low power , radio set should have a high gain , broadband

directional antenna system to meet tactical situations where

a broadband , omnidir ectional system is not required or will

not provide the required communications range.

1. The 42A-l is an excellent antenna system and

could readily enhance communications over extended distances.

It is recommended that this antenna be employed at division

level in the Air Assault Division , at brigade and above in the

Airborne Division , and possibly lower in the AIM Division .

2. The AS-2851/TR appears to be the best tactical

LPDA based on the tests reported in Chapter III , paragraph F2 .

This antenna is type classified, has been assigned a Federal

Stock Number, and could be produced immediately. It should

be issued as supplementary antenna equipment down to battalion

level in all tactical units. Further usage and employment

tests may warrant issuing this item down to company level or

below.

(f) The Combat Development Agencies of the various

branches of the Army should reexamine the AN/GRC-l63 system.

Liaison with the Marine Corps would determine how effectively

their items are being utilized (refer to Chapter IV , para-

graphs D3—4), and whether the cos ts involved are warranted

~~~~~~~~~~~~~~ .
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by the enhanced capabili ty of maneuver units to utilize the

Division multichannel radio and telephone system.

(g) The VHF antenna multicouplers should be purchased

and deployed. Use of these items would not only enhance

communications at major headquar ter s by reducing mutual

coupling between adjacent antennas and- improve transmission

security by reducing the number of electromagnetic emitters

within a given area, but would reduce installation time

because fewer antennas would need to be erected .

(h) The Digital Message Entry Device should be

investigated as a solution to the problems of tactical RATT

equipment. The potential dollar savings involved by

replacing the present expensive, complicated , unreliable

and slow AN/VSC—2 with a simple, comparatively inexpensive

digital read-in, read-out burst transmission device which

interfaces with most types of tactical radio equipment are

enormous .

2. Military Communications-Electronics and

Communications Eng ineering Literature:

(a) Reference 15 , which is one of the basic reference

books for the mil i tary communications engineer , is sadly out

of date and due for revision. Most of the equipment items

referenced therein are long obsolete. A revised edition of

this text would greatly assist the communications engineer

in planning tactical communications systems .
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(b) Reference 16, a basic Bible for all communications—
- .  electronics personnel, is also out of date and needs

revision. This text does not cover the LPDA because that

antenna had not been invented when the text was written.

I 
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- - A. Equipment Indicators -

The type designation for a major equipment consists of
an AN , a slant bar , a series of three letters , a dash , and a
number. The AN indicates a major equipment; the first letter

- - in the series of three letters indicates where it is used
(installation); the second letter indicates what it is (type
equipment); the third letter indicates what it does (purpose);
and the number indicates the model number of the specific
type . For example , AN/MRC-2 indicates model 2 of a mobile
radio communications set. The AN indicates that it is a
major equipment.

1. A COMPLETE SET AN/GRC-1 06 A (X. Y OR Z) (V)
Indicates “JETDS” system - -

Installation -

Type of Equipment
Purpose - ‘ - 

-Model Number - - -
Modification Letter - 

- 
-

Changes in Vo ltage , Phase of Frequency
Variable Grouping - -

2. SAMPLE OF A COMPONENT USED
WiTH A PARTICULA R SET: RT-662/GRC-106A

3. SAMPLE OF A COMPONEN T NOT
USED WITH A PARTICULA R SET: S-69’GRC

4. TABLE OF SET OR EQUIPMENT INDICATOR LETItRS:

INSTALLAT ION TYPE PURPOSE

A - Piloted aircraft A - Invisible light, B - Bombing
B - Underwater n’obite, heat radiation C Communications

— submarine C - Carrier D - Direction inder
D - Pilotless carr ier 0 - Radiac reconnaissance
F - Fixed ground C - Telegrap h or tote- ~nd’or Sur,e IIunc~0 - Generat ground use type E Ejection at-id/or
K - Amphibiou s I - Interp l-r o rre and pub- release
M - Mobile Igroun d) lic address G - Fire conirc i or
P - Portable J - Electr o mechanical se3rchligPi l di-
S - Waler or inertia) wire reeli ng
T - Transport able (ground) Covered H - Riscoro ’ng ana ’or
U . Gencra l utility K - Telennet er irig reprOduc ~ng -:
V - Vehicular (d round ) L - Countermeasures K - Computing
W - Wat er surlace and M - Meteorolog ical M - Maintenanc e anr l ’or

underw ater comb. N - Sound in a r  tes t oss em u lies
Z - Pslolc d -p,locl ~ss P - Radar N - N. - -- - E,c,nSl aids

• - airbo rne vehicle 0 - Sonar and under- 0 - Spe~ al or comb in-
• combination waler sound ati on of purp oses

P - Radio P . Receiving . pass ive
S - Special or Comb in- detecting

•lio ns of types $ Dctecl ng and ’ or
T - Telep hone (w ire) range and nearing,
V - Visu al and visible search

ligNl T - Transmitting
W - Armament W - Automatic flight or
K . Facsimi le or Id e- remote contr ol

vision K - Iden~il cat ion sod
V - Data Proces si ng • recogn iti on
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B. Component Indicators 
-

The type designation of a component consists of one or
two letters (see chart below) , a da sh , and a number . The
letter or letters indicate the component, and the number
indicates the model number. For example, RT-196 indicates
the 196th model in the field of radio receivers.and trans-
mitters. If the Component ~~S part of , or is used with , a
major equipment, you will have a longer type designation.
For example , RT- 196/PRC-6 indicates model 196 of a radio
receiver and transmitter that is used with, or is a part of ,
model 6 of a portable radio communications set.

Indic~1o~ Meaei,.g 1xdicatø ~ .~I Cnniis ~:
AB Supports, Antenna CX Cornpensators
AM Amplifiers C? Computers
AS Antenna Assemblies CR Crystals -
AT Antennas CU Coupling Devices
BA Bat tery , Pr imary Type - CV Converters
BB Battery, Secondary Type (electronic)
BZ Signal Devices , Audible CW Covers
C Control Articles CX Cords
CA Commuta tor Assembl ies, CY Cases

Sonar - DA Antenna , Dumm y
CR Capacitor Rank DT Detecting Heati s
CG Cables and Transmission DY Dynamotors

Line , RF E Hoist Assembly
CK Crystal Kits F Filters
CM Comparators

_
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Iniiic,stoe Meani’ig Indicator -- Sic. s t ing
FN Furni ture  RF Radio Frequency Component -

• FR Frequency Measuring RG Cables and Transmission
Devices Line Bulk, RF

0 Generators EL Reel Assemblies
GO Goniometers RP Rope and Twine
GP Ground Rods RE Reflectors
H Head. Hand , and Chest Sets ET Receiver and Transthitter
HC Crystal Holder S Shelters
HD Air Conditioning Apparatus SA Switching Devices
ID Indicating Devices SR Switchboards
IL Insulators - SG Signal Generator
IM In tensity Measuring Devices SM Si mulato rs
I? Indicators , Cathode SN Synchronizers

Ray Tube ST Straps
.1 Junction Devices T Transmitters
KY Keying Devices TA Telephone Apparatu s
LC Tools, Line Construction TD Timing Devices
LS Loudspeakers TF Transfot -mars
M Microphones TG Positioning Devices
MD Modulators TH Telegraph A ppara tu~ME Meters , Portab le 

- TK Tool Kits or Equi pmen ts
MK Maintenance Kits or TL Tools

Equi pmen ts TN Tuning Un its
ML Meteorological Devices TS Test Equi pment
MT Mountings TT Teletypewriter and
MX M iscellaneous Facsimile A ppa ratus
o Osci l lators TV Tester , Tube
OA Operating Assemblies U Connectors , Audio and -

OC Oceanographic Devices Power
OS Oscilloscope, Test UG Connectors , RF
PD Prime Drivers V Vehicles
PF Fittings , Pole VS Signaling Equipment
PH Photographic Articles Visual
PP Power Supplies WD Cables , Two Conducto r
PT Plotting Equipments WF Cables. Four Conductor
P13 Power Equi pments WM Cables, Multiple Conductor
R Receivers \VS Cables , Single Conduc tor
RD Recorders and WT Cables , Thtee Conductor

Reproducers ZM Impedance Measuring
RE Relay AssembIie~i - Devices

____________ - _~~~~~
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1. Types of Service : -. 30 F 3

Indicates bandwidth in kilohertz I
Indicates type of modulation
Indicates type of intelligence 

-

Types of Service Indicators: -

Modulation Intelligence (par t ia l  l is t ing)
A-Amplitude 0 - None
F—Frequency 1 - Telegraphy (CW , FSK , NSK)

or phase 2 - Modulated CW (MCS )
P-Pulse 3 - Telephone (voice)

3a— Sing le sideband , reduced carrier
3b- Two independent sidebands, reduced

carrier —

3h— Sing le sideband , fu l l  carrier
3j- Single sideband , suppressed carrier
4 — Facsimile -
5 - Television
9 — Composite , or not otherwise covered

2. Types of Operation :
a. Duplex (radio), full duplex or FDX (cable):

Simultaneous operation in opposite directions.
Transmitting and receiving over two frequencies.

b. One half dup lex , half duplex or HDX :
System arranged to permit operation in either direction but

- - not simultaneously, with a break-in capability.
- - c. One way reversible: Operation in one direction at a

time without a break—in capability . Utilizes one radio
frequency .

3. Bandwidth Factors . The factors used in the terms
expressing the necessary bandwidths in Tables B—i , B — 2 , and

— B—3 are defined as follows :
B~ = Necessary bandwidth in cycles per second .

B = Telegraph speed in bands.
N = Maximum possible number of black plus white elements

to be t ransmit ted per second , in facs imile  and
televi sion .

M = Maximum modulation frequency in cycles per second .
C = Subcarrier frequency in cycles per second.
D = Half the difference between the maximum and minimum

values of the instantaneous frequency. Instantaneous
frequency is the rate of change of phase. -

t = Pulse duration in seconds.
K = An overall numerical fac tor which varies according to

the emission and depends upon the allowable signal
distortion .
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4. Frequency Tolerances -

a. Frequency tolerance is the maximum permissible- . departure by the center frequency band occupied by an emission
- from the assigned frequency or by the characteristic frequency

- 
of an emission from the reference fre9uency . The frequency

u - .  tolerance is expressed in parts in 100 or in cycles per
second. -

Note: Certain services may need tighter tolerances for
4 .  technical and operational reasons.

b. The power shown for the various categories of stations
is the mean power. Mean power is defined as the power supplied- - to the antenna transmission line by a transmitter during normal
operation , averaged over a time suff ic ient ly  long , compared
with the period of the lowest frequency encountered in the

- modulation. A time of 1/10 second, during which the mean
power is greatest , will normally be selected .
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TABLE B- 4 ‘u- 

-

FREQUENCY TOLERANCES

- Frequency Bands -

(Lower Limit Exclusive , Upper Limit Inclusive) -
and Categories of Stations Tolerances

• BAND: 10 to 535 kc/s:
1. Fixed Stations:

—10 to 50 kc/s 1000
- —50 to 535 kc/s 200

2. Land Stations:
(a) Coast Stations:

—200 W or less 200
—above 200 W 200

(b) Aeronautical Stations 100 200*
3. Mobile Stations: -

(a) Ship Stations 
- 

- 500
(b) Ship Emergency Transmitters 500
Cc) Survival Craf t  500
(d) Ai rc ra f t  Stations 200
Ce) Land Mobile Stations 100

4. Radionavigation Stations 100
- - 1 5. Radiolocation Stations 100

- BAND: 1605 to 4000 kc/s:
- - 1. Fixed Stations:

—200 W or less 100
- - -above 200W 50

2. Land Stations:
- -  —200 W or less 100
- - —above 200 W 50

3. Mobile Stations:
- (a) Ship Stations 200

(b) Survival Craft 200- .  (c) Aircraft Stations 100 200*
Cd) Land Mobile Stations 200

4. Rad ionavigation Stations:
—under 200 W 100
—200 W and above 50

5. Radiolocation Stat ions 50
BAND: 4 to 2 9 . 7  Mc/s:
1. Fixed Stations:

—500 W or less 50
• —above 500W 15 

- --
~~~~~~~~~~ ~~~~~~~
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- TABLE B— 4 (continued)

Frequency Bands
(Lower Limit Exclusive, Upper Limit Inclusive)

and Categories of Stations - Tolerances
BAND : 4 to 29.7 Mc/s (continued) -

2. Land Stations:
(a) Coast Stations:

— 500 W or less 50
—500 W to 5 kW 30 50*
—above 5 kW . - 15

(b) Aeronautical Stations:
—500 W or less 100
— 5 0 0 W t o 5 k W  50
-above 5 kW - 50

(c) Base Stations:
— 500 W or less - - 100
-above 500 W - 

- 50
3. Mobile Stations:

(a) Ship Stations:
(1) Class Al emission 200
(2 )  Other than Al:

— 500 W or less 50
—above 50 W 50

(b) Survival Craft  200
(c) Aircraft Stations 100 200*
(d) Land Mobile Stations 100

4. Broadcasting Stations 15
BAND: 29.7 to 100 Mc/sa:
1. Fixed Stations:

—200 W or less 50 200*
-above 200 W 30

- 2. Land Stations:
(a) Coast and Aeronautical Stations:

—15 W or less 50
-above 15 W 20

(b) Base Stations:
—15 W or less 20
-above 15 W 20

3. Mobile Stations ;
— 5 W or less 100
-above 5 W 50

4. Radionavigation Stations 100
5. Broadcasting Stations (Other than TV) :

— 10 W or less 3000 c/s
-above 10 w 2000 c/s

6. Broadcasting Stations (TV sound and vision) 1000 c/s 

-- ~~~~~~~~~~~~~~~~~
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TABLE 11—4 (contihued)

Frequency Bands
(Lower Limit Exclusive, Upper Limit Inclusive)

and Categories of Stations - Tolerances

BAND: 100 to 470 MC/Sb: -

1. Fixed Stations:
—50 W or less 50 100*
—above 50 W 20 100*

2. Land Stations:
(a) Coast Stations 20
(b) Aeronautical Stations
Cc) Base Stations :

—5 W or less 50
-above 5 W 20

3. Mobile Stations:
(a) Ship Stations in: - -

- —band 156—174 Mc/s - 
- 20

—outside band 50 c
(b) Survival Craf t  Stations:

—in band 156—174 20
-outside band

Cc ) Ai rcraf t  Stations 50
C d) Land Mobile Stations:

—5 W o r  less 50
— — a b o v e 5 W  20

4. Radionavigation Stations 50c,d
200*c ,d

5. Radiolocation Stations 50c,d
200 *c ,d

6. Broadcasting Stations (Other than TV) :
—10 W or less 2000 c/s
—above 10 W 2000 c/s

7. Broadcasting Stat ions  (TV sound and v i ~~.;ion)  1000 c/s
BAND: 470 to 960 Mc/ s:
1. Fixed Stations:

—100 W or less 300 e
—above 100 W loo f

2. Land Stations 300
3. Mobile Stations 300
4. Radiolocation Stations

(a)  High power crystal or high s tab i l i ty  50g
mul t i s tage  radars

(b) Lower power non—crystal single stage or 250g
high power non-crystal  controlled mul t i—
stage radars

5. Broadcasting Stations 1000 c/s
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TABLE B 4 (continued)

Frequency Bands
(Lower Limit Exclusive , Upper Limit Inclusive)

and Categories of Stations Tolerances
BAND : 960 to 1215 Mc/s: 

-

- - 
1. Aeronautical Radionavigation Stations 20
2. 1FF Stations 500 d
BAND : 1215 to 2450 Mc/s :
1. Fixed Stations:

—100 W or less 300e
—above 100 W loof

2. Land Stations 300
3. Mobile Stations 300
4. Radionavigation Stations 500d

High power crystal or high stability multi- iOog
stage radars - 

-

5. Radiolocation Stations - 500 d

High power crystal or high stability multi— 100g
stage radars

- 
- BAND: 2450 to 4000 Mc/s:

1. Fixed Stations:
—100 W or less 300 e
—above 100 w ioo f

- - 2. Land Stations 300
3. Mobile Stations 300
4. Radionavigation Stations 2000

(a) High power crystal or high stability 100f
multistage radars

(b) Lower power non—crystal single stage or 500g
high power non—crystal  controlled
multistage radars

5. Radiolocation Stations 2000
(a) High power crystal or high stability 100g

— multistage radars
(b) Lower power non-crystal single stage or 500 g

high power non—crystal ,  control led multi-
stage radars

BAND: 4000 to 105000 Mc/s
(4000 to 10000 Mc/s for radars)

1. Fixed Stations:
—100 W or less 300e
—above 100 W 100

2. Land Stations 300
3. Mobile Stations 300
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TABLE B-4 ( continued )

Frequency Bands
(Lower Limit Exclusive, Upper Limit Inclusive)

and Categories of Stations Tolerances

BAND: 4000 to 105000 Mc/s 
-

(4000 to 10000 Mc/s for radars)
(continued)

4. Radionavigation Stations 2000
(a) High power crystal or high stabili ty 25O~Jmultistage radars -

(b) Lower power non—crystal single stage or 1250g
high power non—crystal controlled multi-
stage radars

5. Radiolocation Stations 2000
(a~ High power crystal or high stability 250g

multistage radars - 
-

(b) Lower power non-crystal single stage or
high power non-crystal controlled multi—
stage radars

BAND: 10500 to 3000 Mc/S
( 10000 to 30000 Mc/s for radars )

1. Fixed Stations 500
2. Radionavigation Stations 7500

(a) High power crystal or high stability 500g
multistage radars

(b ) Lower power non-crystal single stage or 2500g
high power non-crystal controlled mul t i -
stage radars

3. Radiolocation Stations 7500
(a)  High power crystal or high- s tabil i ty

multistage radars
(b) Lower power non-crystal. single stage or - 2500 g

high power non—crys ta l  control led m u l t i —
stage radars

BAND : 30000 to 40000 Mc/s:
1. Fixed Stations 500
2. Radionavigation Stations 7500

(a )  H igh power c rys ta l  or hi gh -a~:-:Ji ty 1000g
multistage radars

(b) Lower power non—crystal  single stage or 5000 g
high power non-crystal  controlled mu l t i -
stage radars

3. Radiolocation Stations 7500
(a)  Hig h power crystal  oi high s t a b i l i t y  1000g

multistage radars
(b) Lower power non—crystal single stage or 5000g -

high power non—crystal controlled’ multi-
stage radars

~~~~
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TABLE B-4 (continued)
*Tolerances applicable unt i l  January 1, 1970 to all

— transmitters installed before January 1, 1964.

aFor all, equipments meeting the narrow—band technical
standards for FM radiotelephony, the f requency stability in
the band 30—42 Mc/s is:

(1) 20 parts per million for  all fixed and base
stations, and for mobile stations with power over
3 watts , and

(2)  50 parts per million for all mobile stations with
power of 3 watts or less.

bFor all equipments meeting the narrow-band technical
standards for FM radiotelephony, the frequency stability in
the bands 162—174 and 4 0 6 — 4 2 0  Mc/s is:

(1) 5 parts per million for all fixed and base
stations, and for all mobile stations with power
over 3 watts , and -

(2 )  50 parts per mill ion for all mobile stations with
power of 3 watts  or less.

CThj s tolerance is not applicable to survival  c ra f t
stations operating on the frequency 243  Mc/s.

dWhere specific frequencies are not assigned to radar
stations the bandwidth occupied by the emissions of such
stations shall be maintained wholly within the band allocated
to the service and the indicated tolerance does not apply.

eFor transmitters using time division mul tiplex the
tolerance of 300 may b-e increased to 500.

tolerance applies  only to such emissions for
which the necessary bandwidth  does not exceed 3000 kc/s; for
larger bandwidth emissions a tolerance of 300 applies.

~~~~~~~~ i s a desi gn objective .

L —



— -

~ --~

-

~

-——

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX C

KEY WORDS AND PHRASES 
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In this section , you are provided w i t h  an explanation of key words and phrases used in the
C-E field, Although some terms may have been explained withifl the text , this list will give you a
compact, reat ly re ference aa a point of departure on each subject.

acknowledgement  - A message from the addresses inforn’,ir.g the originator that his
communication has been received and is understood.
addressee - The activity or individual to whom a message is directed by the originator.
Addressees arc indicated as either ACTION or INFORMAT ION .
address indicating group (AIG) - An address group which represents a specific set of action
or information addressees.
AIM Division - Armored , Infantry and Infantry (Mechanized) Division.
airhead - A designated area in a hostile or threatened territory which , when seized and held .
insures the co ntinuous air landing of troops and materiel , and provides maneuver space
necessary for projected operations.
antenna polarization - The orientation of the antenna elements in either a vertical or
horizontal position.
area signal center - This signal center provides communications to units within its assigned
geographical area of responsibility. This ties the units into the area communicatio ns system
and supplements their organic means for communications with higher , subordinate , or
adja cent headquarters.
attenuation - Decrease in strengt h of a signal , beam , or wave as a result of absorption of
energy and of scattering out of the path of a receiver, -

audio frequency - A frequency which can be detected as a sound by the human ear, The range
of audio frequencies extends from approxi m ately 20 to 20 000 hertz.

authent ica t ion  - A security measure designed to protect a communica t ions  system against
fradulent transmissions,

automatic  central office - A switch at which communica t ions between subscribers in
effected wi thout  the intervention of an operator. The electronic switches are controlled by the
operation of a keysender on the originating subscriber ’s i n s t r u m e n t .

automatic data processing system (ADPS) - Automatic d a la  processing equipm ent linked
together by communication and data transmission equipment to form an integrated system for
the processing and conveyance of data .

bandwidth - Necessary. For a given class of emission , t he m i n i m u m  value of the occupied
band wi dth sufficient to insure the transmission of information, at the r ate and with the quality
required , for the system employed under  specified condition. Emiss ions  necessary for the proper
function ing of the receiving equipment , such as the emission of a carrier in a reduced carrier
system, wi ll be included in the necessary bandwidth. Occupied. The bend width occupied by an
emissIon is the ban d of frequencies comprisin g 99 percent of th e rota l ra~ iat rd  power , extende d
to inc lude  a n y  di~ crt- t c  frequency on which  the power is i t l e ~ st O  C5 perce~~;c~f the total radiated
power.
brevity code - A code which provides no security but which has as its sole purpose the
shorte ning of messages rather than the concealment of their cont ents
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call sign - Any combination of characters /numbers or pronounceable words , which ide ntifies
a communication facility, command , a uthority, activity, oruni t ;  used p r imar i ly  for establishing
and maintaining communications ,
carrier wav e - A wave , usually sinusoidal , which is modulate d to transm it signals, The
frequency of the wave is called the carrier frequency. The carrier wave is not transmitted in some
types of mo lu lation , -

centra l office - A room , building or vehicle equipped so that telephone lines terminating there
may be interconnected as required. The equipment may include a manual or automatic switch ,

chaff - Radar confusion reflectors , which consist of thi n , narrow metallic strips of various
lengths and frequency responses , used to reflect echoes for con!usion purposes,

chain of command - Th e succession of commanding officers from a super ior to a subordinate
throug h which command is ezerciaed.

channel - A facili ty for telecommunications on a system or circuit. Th~ number of independent
channels on a system or circ uit (derived by frequency or time divi sion) is measured by the
number of separate communication facilities that can be provi ded by it.

ciphe r , off-line - A method of encryption wh)ch is not associated with a particular
transmission system and in which the resulting cryptogram can be transmitted by any means ,

cip her , on-line - An automatic method of encryption associated with a particular
t ransmission system , whereby signals are encrjp ted and passed directly through - the line to
operate the reci proca l equipment at the distant station,
cip her system - Any cryptosystem which , by means of a key, co nverts p lain orencoded text or
signals into unintell ig ible form , and vice versa.

circuit - Communicat ions term, An electronic path between two or more points capable of
providing a number ofchannels . Engineering term. A number ofcondu ct or s connected together
for th e purpose of carrying an electrical Current .
code - Any system of communicat ions in which arbi t rar :-  groups  of svr , hols represent uni t s  of
plain text of vary ing l ength. Codes are provided primarily for olie of three purposes: U) li~ the
broade st sense , coding is a means  of conver t ing in to rn ra t io r i  in:o a fo rm suitable for
communication a nd encryption; (2) I3 r evity codes are used to reduce the  .~i~ th of time neces~ary
to transmit information; (3) Security codes are used to pr avid e some degr ee of cryptographic
protec tion (or the information being tr a namitted.

code word t i )  A word which conveys a m e a n i n g  other  th a~i it s cnn v entio na one ,
prearranged by the coriesço. tents. Its ai m is to incre a se secun ty . ‘2 -  ~‘. ~ryp tunyni used to
identify sensit ive inte lligence dat .i.

collective training - The preparat ion ot’suld iers  to p er f -rm t h o r e t e an ,  ~r u r i t t 3  ;k-~ -~sser ,cmal
to the accomplishment of a unit ’s TOE or operational mi ,sion .

command and control - An arrangement of personn el , f a c i l i t i e s , m d  the means for
infor mat , - ) n  a c q u m s in o i m . pro~.-sslng,  an i  d i — ~t- m m n a t , on eznp T - , v e d  1-v :, ~~n .and, .r
direc t ing  .~n I  con ro !hri g t .’~.i ’ion5

command post - A un it ’s headqu arter s from which  c o mm an d  .~n d contr ,.l is centrally
exercised.

_ _  
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command signal center - This sign al  center provides communications for command and
contro l at divisio n and corps headquarters and to units located in the immediate area as
facilities permit.
command sy stem - A communicat ions  network which connec ts an echelon o(commnand with
some or all of its subordinate echelons for the purpose of command and control ,
common-user circuit - A circuit allocated to furnish communication s paths between
switching Centers to prov ide communication s service on a common basis to all Connected
stations or subscribers, 

-

communications-elect ronics (C-E) - Embraces the design , development , insta llation ,
operation , and maintenance of electronics and electromechanical systems associated with the
collecting, transmitting, storing, processing, recording, and displaying of data and information
associated with all forms of military communications. -

Communications-Electronics Operation Instructions (CEOI) - A series of orders issued
for the technical control and coordination of thesigrial communication activities of a command,
Communications-Electronics Standing Instruction (CESI) - A series of instructions
explaining the use of items included in the CEOI . The CESI may also include other technical
instructions required to coordinate and control the communications-elecrronicg operations of
the command,
Communications Equi pment Support Element (CESEI - Individual elements of the C-Esystem—radio , switch , multip lex, wire teams, maintenance , etc .

Communications Nodal Control Element (CNCE) - A dual function facility that
incorporates both Facilities Control and Technical Control requirements .  The technical control
element of the CNCE contains patching . test ing .  cond i t i on in g ,  and moni tor ing  e qu i p m e n t  and
provides technical control of circuits in and through the faci l i ty .  The m a n a ge m e n t  c lement  of
the CNCE provides m a n a g e m e n t  and control of C-E funct ions wi th in  the node,

Coatniunications System Control Element (CSCE) - Provides actual focal point  for
dynamic control , acts as Operations cente r for command system , and direct s organic and
subordinate C-E systems, Mainta ins  the data base. Replaces the  term SYSCON.

Communicat ions Security (COMSEC~ Measures taken by you to prevent unauthori t ed
persona from gaining information of value from your communications. It includes
cryptosecurity, ph ysical security, t ransmi ss ion , and emission security,

Communica t ions  System P l an n i n g  Element (CSPE) - Consists of the staff amid
operational planners at each element and provides all the long-range planning.
Cont inuous  wave (C~V) - Morse code transmiss ions achieved by on and off keying of an
unmodulated carrier wave , or by the keying of a modulat ing subca m-ri er wave with the carrier
suppressed.
crossing area commander - The officer responsible for controlling the flow of troops.
equ ipm ent , and supplies to be moved across the river by sur~ace means.
cryptography - The ar t  or science ~ hich t iea t5  the  various am~~,ns ~i~d mm.et h om j e for rcr.osri,-~gplain text  unin t e l l ig ib le , and reconverting cipher text into m n t e l m i g i b t e  form.
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cryptomater ial - All mater ia l , inc lud ing  documents , devices , equipments , and apparatus
essential to the encryption , decryptio n , or aut hentication of telecommunicat ions. Whe n
classified, it is designated CRYPTO and subject to special safeguards.

data link - A communication link suitable for transmission of data,

date/time group (DTG) - Depending upon national requirements , the DTG may indicate
either the date and time when the message was officially released by the releasing officer , orthe
date and time when the message was handed into a communication facility for transmiasion.
The DTG is expressed as six digits. The first two indicate the day of the month and the last four
indicate the time of day. The six digits are followed by the zone suffix and the month expressed
by the first three letters (e.g., 010900Z SEP represents 0900 hours on the first day o(September) .
The last two digi ts of the year of origin may be added if required by national authorities.
dial central office - A switch at which communications between subscriber s is effected
without the intervention of an operator , by means of relays set in motion by the operation of a
dial on the originating subscriber’s instrument .
digital signal - A transmission in which information is represented by a series of discrete
signal elements or digits (binary or other).

direct wave - A wave that travels directly between the transmitter and receiver antenna
without reflections from any object ,
di.play - The orderly presentation of information by communications-electronics means.

distortion - An undesired change in th~ waveform of the origi na l  s ignal . Distortion may exist
in the amplitude , frequency, or phase of the waveform .
d ivers i ty  sys tem - A system of communicat ions in which a single rec eived signa l is derived
from a combination of , or selections from , a plurali ty of t ran smissio i i  channels  or paths.

DRAGON - The M47 Dragon is a comnmnand-to .l ine .of-sight -guided , medium , ant iarmor
assault weapon system. Fired from a recoilleas, disposable l auncher , the  missile is tracked
optically and guided automatically through a wire l ink.

DRYAD - The unclassified term used to describe the numerical cipher / authentication system.
dual-hatted position - One officer assi gned to serve in two separat e areas of responsibili ty.
(In this manual , it is used to refer to an individual serving as a C~E staff  officer and si gna l unit
commander.)
duplex Operation - Dup lex (or full Duplex) operati on refers to communicat ion between two
points in both direct ions simultaneou sly.

Electromagnetic Compatib i l i ty (EMC) ‘ The abil ity of communications-e lectronic
equi pm en t s , ~uh~yst em~ , and systems to operate in their  in ten de d  oper at ional  environment ,
without  suffering or causing unacceptable degradat ion because of u n i n t e n t i o n a l
electromagneti c radi ati on or respon
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electromagnetic emission control - The control of friendly electronic emissions (e.g., radio ,
radar , and sonar transmissions) for the purpose of preventing or minimizing their use by
unintended recipients.
electromagnetic environment - This is the environment in which communications and
noncommunications emitters operate.
electromagnetic interference - Any electromagnetic disturbance which interrupt.,
obstructs or otherwise degrades or limits the effective performance of communications or
noncommunications equipments. It can be induced intentionally, as in some forms of electronic
warfare, or unintentionally, as a result of spurious emissions or responses, interm odulation
products, etc.

Electronic Counter-Countermeasures (ECCM) . That division of EW involving actions
taken to insure friendly effective use of the electromagnetic spectrum.
Electronic Countermeasures (ECM) - That major aubdivision of electronic warfare
involving actions token to prevent or reduce the effectiveness of enemy equipment and tactics
employing or affected by electromagnetic radiations, and to exploit the enemy’s use of such
radiations. -

electronic deception - The deliberate radiation , reradiation , al teratio n , absorption or
reflection of electromagnetic energy in a manner intended to mislead an enemy in the
interpretation of use of information received by his electronic systems. There are two categories
of deception: manipulative and imitative.
elect roni c emi ssion security - Those measures taken to protect all transmissions from
interception and electronic analysis.
electronic intelligence - The inte llig~nce information product of activities engaged in the
col lec t ion an d process ing ,  for subsequen t  i n t e l l i gence  purpose s , of fore ig n ,
noncommunications, electromagnetic radiations emanat ing from other than nuclear
detonations and radioactive sources.
electronic ja m ming - The deliberate radiation , rera diat ion , or reflection of electromagnetic
energy with the object of impairing the use of electronic devices , equipment or systems being
used by an enemy.
electronic search - A search of the electromagnetic spectrum , or portio ns thereof , in order to
determine the existence, sources an d pertinent characteristics of electromagnetic radiations.
Electronic Security (ELSEC) - The protection resulting from all measures designed to deny
unauthorized persons information of value which might be derived from their interception and
study of noncommunic ation e electromagnetic radiation.
Electronic Warfare (EW) - That division of the military use of electronics involving actions
taken to prevent or reduce art enemy ’s effective use of radiated electromagnetic energy, and
actions taken to insure our own effective use of radiated electromagnetic energy.
Electronic Warfare Support Measures (ESM) That division of EW involving actions
taken to search for , intercept , locate , recor d and analyze radiated electromagnetic energy, for
the purpose of exploi t ing such radiations in suppo rt of military operot ion s.Th us , ESM provides
a source of EW information required to conduct electronic countermeasures (ECM ) . electronic
co tm nte r -r ounter rr e~iaurea (ECCM ), threat detecti on . war ning,  mv ~ id~~ s’s, target acquisi t io n and
homing. 
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encode - To convert a plain tex t message into unintellig ible language by means of a cipher
system. -

engineering - The establishment , operation , maintenance and control of a Communications
system.
engi neering circuit . An auxiliary circu it, or channel for use by operating and maintenance
personnel for communications incid ent to the establishment , operation , mainte n ance, and- - control of communications facilitie s. (An eneineerine circuit includes the function, of an
ordel’w&r~.)

facsimile . A system of telecommunication for the transmission of fixed images with a view to
their reception in a perman ent form.
fading . A variation in strength of received signals due to variation s , with time , in the
conditions of propagation .
fixed plant - A permanently emplaced C.E facility.
four-wire circuit - A circuit using two pairs of conductors.
frequei~cy - The number of recurrences of a periodic phenomenon in a unit of time. In
speci fying electrical frequency, the unit of time is the second , the frequency is expressed in hertz
(Hz) (meaning cycle(s) per second). Radio frequencies are normally expressed kilohertz 1kHz) at
and below 999 kilohertz , and in megahertz (MHz) above this frequency. , -
frequency assignment . The process of designating a radio frequency for use at a specifi c
station or by a specific military unit under specified conditions of operation.

frequency division multiplex (FDM) - A multi plex system in which the available
transmission frequency range is divided into narrower bands , each used for a separate channel.

ground (earth) - The term app lied to any conductorco mmon to a numberof circuits and which
serves to maintain a constant potential , or to provide a bond of very low impedance between the
poi n ts of conn ecti on to it. In m any cases, the earth itself is used as the conductor.
ground wave - In propagation , tha t portion of the transmitted radio wave that travels near
the eurface of the earth.
gun ship . An unofficial term for the armed helicopter.

half-duplex operation - A telegraph system capable of opera ting in either direction , but not
in both directions simultaneously. ’ ft’s also called sim plex.
hertz - A unit of frequency eqivalent to une cycle per second.
homing - A process whereby a mobile station is directed toe direc ts itself) towards a source of
radio , radar , or other electr omagnetic energy.
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Imitative electronic deception - The intrusion on the enemy ’s channels and the
introduction of matter in imitation of his own for the purpose of deceiving or confusing him.
intercept ion - The act of searching for and listening to and/or recording communication.
an d electronic transmissions for the purpose of obtaining intelligence.
intercom - A telephone apparatus by means of which personnel can talk to each other within a
signal center , an aircratt , tank , ship or activity.
interface - A point common to two or more systems or other entities across which useful
info rmation flow takes place.
interference - Any electrical disturbance which causes undesirable responses in electronic
equipment.

Internal Defense’ And Development (IDAD) - Any direct operation undertaken by a host
govern ment or its allies to stren gthen the locai government polit’icsily, economically, socially,
or milita rily, or make more viable its national life.
Ionosphere - The region of the atmosphere, extending from roughly 40 to 250 miles altitude , in
which there is appreciable ionization. The presence of charged particles in this region
profoundly affects the propagation of electromagnetic radiations of long wavelength..
ionospheric scatter - The propagation of radio waves by scattering as a result of
irregularities or discontinuities in the ionization of the ionosphere.

J amming - See electronic jamming.
joint - Connotes activities , operati ons , organization s, etc., in w hich elements of more than one
service of the same nation participate.
Jul ian Time - A 7-figure group, in which the first 3 figures indicate the dayof theyear and the
last 4 figures the time in hours and minutes.

Examples: 0900 bra on 1 Jan is 0010900. 2200 h~s on 31 Dec is 3652200.
Note: Julian time is always GMT (ZULU time).
The time zone suffix is not used.

key list - A publication containing the key for a particular cryptosystem in a given
cryptop eriod.

LASER - Light Am plification by Stimulated Emission of Radiation. A device that utilizes the
natural oscillations of atoms for amplifying or generating electromagnet ic ~ ayes in the region
of the epectrum from the ultraviolet to the far-infrared , including the visible region.
LAW - The M72A2 iLight Antiarmor Weapon ) is a close-in, l ightweight , sm oothbore ,
percussion-fired antiarmor weapon which is designed to give the individual infantryman the
capability of defeating armored vehicles. 
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link - A general term used to indicate the existence of communications facilities between two
points.

local loop - A circuit connecting an end instrument to a switching facility or distribution
point.
log, circuit - A chronologica l record of events Telating to the operation of a particular circuit.

log, station - A chronological record of station events; i.e.. entries relating to message
handling, equipment difficulties, personnel, etc.
long lines - Long lines include all forms of physical conductors used for communication
purposes such as open wire systems, underground and overhead cables, and submarine cables,
but do not include local circuits. They may also contain radio relay systems when they are
integrated with the wire system.

manipulative electronic deception - The use of friendly electromagnetic radiations so as to
falsify the information which a foreign nation can obtain from their analysis.
manual central office - A switch in which the lines are connected to a switchboard and
interconnections are controlled by an operator.
message . Any thought or idea expressed briefly in a plain , coded or secret la nguage, prepared
in a form suitable for transmission by any means of communication.
message, service - A brief, concise message between operating or supervisory person n el at
telecommunications centers or relay stations pertaining to any phaseof traffic handling, status
of commu n ication facilities , circuit con di tion s, or other matters affecting communication
operations.

MLII Report (M eaconing, lntru sion,Jamming , Interference) - A report to a higher
headquarters of an incident of interference in the reception of radio signals.

minimize . A condition wherein normal messages and telephone traffi c is drastically reduced ,
in order that messages connected with an actual or simulated emergency will not be delayed,
mobilization - The process by which the armed forces or part  of them are brought  to a state of
readiness for war or other national emergency . This includes asaembling and organizing
person nel , supplies and materiel for active military service,
modulation - The process in which the am p li tude , frequency or phase of a carrier wave is
varied with time in accordance with the waveform of a superimposed intell igence.

moni tor ing - The act of listening to , reviewing, and/or recording one ’s own or (by special
agreement) other friendly forces ’ communicat ions  for the purpose of m a i n t a i n i n g  and
improving standards of communications security or efficiency, or for reference.

MOS (Mili tary Occupational Speciality) - A term used to identify a grouping of duty
positions possessing such close occupational or funct ional  r e l a t ionsh ip  t h a t  an optimal degree
of in terchangeabi l i ty  among persona so cI ,~ssified exists at a r v  given level of skil l .

multi-axis - More than one line along which communications takes place. 

— -
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multi-means More than one method or system over which a message can be transmitted.
multiplex - Denotes the simultaneous use of a number of channels on a single circuit,

net - An organization of stations capable of direct communications with each other using a
common frequency or channel,

net call sign - A call sign which represents all stations within a net.
Net Control Station (NCS) - A station designated to control traffic and enforce circuit
diecipline within a given net.
network - Communica t ion  term. - An organ iza t i on  of s tat ione capable of
intercommunication but not necessarily on the same channel. Engineering term. Two or more
interrelated circuit..
noise - Any undesired sound. By extension, noise is any unwanted disturbance , such as
undesired electromagnetic waves in any transmission channel or device. Cross talk, distortion
products and intermodulation products are sometimes classed as noise.

on-the-job training - A training process whereby students or trainees acquire knowledge
and ikills through actual performance of duties under competent supervision , in accordance

— with an approved , planned program.
operational readiness training - That phase of training undertaken by units which have
completed the formal phases of training and which are assigned the responsibility for
maintaining the highest possible state of combat proficiency in order to accomplish operational
missions.
operation order - A directive , usually formal , issued by a commander to subordinate
comma nders for the purpose of effecting the coordinated execution of an operation.

originator - The command by whose authority a message is sent. The originator is
responsible for the functions of the drafter and releasing officer.

page copy - A message in page form which is the result of a transmission.
panel code - A prearranged code designed for visual communications betwoen ground units
and friendly aircraft.
phantom Circuit - A telephone or telegraph circuit obtained by superimposing an additional
circuit on two existing physical circuits by means of repeating coils.
plain text - Intelligible text or signals which have meaning and wirich can be read or acted
upon without the application of any decryption. -

POL - Petroleum , oil and lubricants.
precedence . A designation , assigned to a message by the originator , to indicate to
communications personne l the relative order of handling,  ,~nd to the addressee the order in
which the message is to be noted. a —
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preventive maintenance (PM) - The care and servicing by personnel for the purpose of
maintaining equi pment and facilities in satisfactory operating condition by providing for
systematic insoection , detectio n , and correction of failures either before they occur or before
they develop into major defects.
procedure sign (PROSIGN) - One or more letters or characters or combination thereof used
to facilitate communications by conveying, in a condensed standard form , certain frequently
used orders, instructions, requests and information related to communications.
procedure word (PRO WORD) - A word or phrase limited to radio telephone procedure and
used in lieu of a prosign.
pulse code modulation - Pulsed modulation in which the signal is sampled periodically and
each samp le is quantized and transmitted as a digitai binary code.
pyrotechnics - Ammunition containing chemicals that produce a smoke or brilliant light in
burning, used for signaling or for lighting up an area at night.

quantization - A process in which the range of values of a wave is divided into a finite number
of distinct aubranges (called quanta), not necessarily equal , each of which is represented by an
assigned or “quantized” va lue within the subrange.

radio direction finding (RDF) - Radio location in which only the direction of a Station is
determined by means of its emission. Since this technique can be used aga ins t  all electronic
emitter., it is sometimes simply referred to as direction finding (DF).
radio listening silence - Designated radio stations are instructed to monitor their receivers
for incoming traffic but not to transmit for a specified period or unt i l  further ordered.
radio relay system - A radio transmission system in which the signals are received and
transmitted from point to point by intermediate radio stations. This system , normally used in
conjunction with carrier equipment , provides channels for both voice and teletypewriter
Operations.
radio silence - A period during which all or certain radio equipment capable of radiation is
kept inoperative.
radio teletypewriter (RAil’) . The system of communication by teletypewriter over radio
circuits.

radio wire integration (RWI) - The interconnection of wire circuits with radio facilities.

readability - The ability to be understood , i.e., the readability of signals sent by any means of
telecommunications.
recep ti on - Listening to . copying, recording or viewing any form of emission.
REDEYE - A man-transportable guided missile, fired from the shoulder , designed to provide
combat troops with the capability of destroying low-flying aircraft. Desigr.aced as XM-4 1.
releasing officer - The person who may authorize the transmi ss ion of a messagc for , and in
the name of , the originator.

requirements density overlay . A transparent sheet bearing uni t  loestior,, and C-E
requirements , designed to emphasize the geographic a l dcns ity of C.E requireme nts when
superimposed on a map.

_ _ _ _ _ _ _ _ _ _ _ _ _  
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retransmission - Employment of a radio communication set for the purpose of
rebroadcasting a message on a different frequency simultaneousl y with the original broadcast
by means of an electrically operated link oge device between the receiver ~nd tr ansmitter of the
set.

ringing frequency - A signal of proper frequency sent Out fro m a switchboard or other —

instrument to notify a distant terminal of a call. -

routing - The process of determining and prescribing the path or method ~o be used in
forwarding messages.
routing indicator - A group of letters assigned to identify a Station within a tape relay
network to facilitate routing of traffic. It indicates the status of the station and may indicateits
geographical area. Routing indicators are composed in accordance with the routing indicator
pla n described in the ACP 121 series.

sampling - Of a signal. A process in which a continuous signal is approximately represented
- by a series of discrete values , usually regularly spaced.

sideband - The frequency band , above or below the ca rrier , pro duced by the process of
modulation. Double sideband (DSB) . - That method ofcommunicati on in which the frequencies
produced by the process of modulation are symmetrically spaced both above and below tht
carrier frequency and are all transmitted. Single sideband (SSB) . . That system of carrier
transmission in which one sideband ia transmitted and the other suppressed . The carrier wave
may be either transmitted or suppressed. Independe nt sideba nd (twin sideban d) (ISA). - That
method of communication in which the frequencies on oppoSite sides o(the carrier , produced by
the process of modulation , a re notrelated to each other but arc relocated separately to two setsof
modulating signals. The carrier frequency may be transmit ted , suppressed or partially
suppressed.
signal center - See area and command signal centers.
eig,ial intelligence (SIGINT) - The final product resul t ing from collection , evaluat ion ,
analysis . ~riteg-ration , a nd interpretation of inforrn a~ion ga thered  from hostile electronic
e nitters. It includes communications intelligence (COMINT) and electronic intelligence
(ELINT) and is used in determining enemy order of battle and planning futu re operat ions.
sim p lex Operation - The operation of a circuit permitting communicatio n s in only one
direction at a time; half duplex.
sole-user circuit (point-to-point) . A circuit from one subscriber to another  subscriber on a
fixed path.
apace (spacing signal) - One of the two types of impulses used in teletypewri ter transmission :
normally that impulse during which no current flows through the teletypewriter selector
magnet ,
spot j a m m in g  - The jamming of a specifi c channel or frequency.

squelch . The redu Ct i on or elimination of the noi eeothcrw ise heard in a rad o receiver w) c  a no
carrier s igna l  is pre sent .

sta nding operating procedure (SOP) - A set of instructions covering those features of
operation s which lend themsehee to a definite or standardized pt ocedure witho ”t loss of
effectiveness.

_ _ _ _  ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
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strat egic telecommunications - Continental , interco n t inen ta l  and intercommand
telecommunications facilities and services that are owned , leased , operated or contro l led by the
Depa rtment of the Army, which provide a means for the exercise of command and control , and
logistic and administrative support of elements of the Depar tment normally assigned down to
the Army component commander within the theater of operations, and other Department of
Defense and Governmenta l  agencies as directed.

str ip map - A map showing only a narrow geographical area between one point and another.

switchboard - /tn apparatus on which the various circuits from subscribers and other
switchboards are terminated to enable communications either between two subscribers on the
same switchboard or between su bscribers on different switchboards.
synchronization - Identity in frequency (or time) and correspondence in phase between like
processes at two or more points in a system.
system control - An engineering center within a telecommunications system at which
technical control of facilities is exercised, See also Communications Systeci Control Element.
system controller - An individual at a technical system control point who is responsible f or
maintaining quality control and channel switching of telecommunication s.

Table of Organization and Equi pment (TOE) - A table which prescribes the normal
mission , organizatio nal structure , person nel , and equi pment req uirements for a military unit
and is the basis for an authorizations document. -

. 
-

tactical communications - Communications provided by, or under the operat ional  contr ~ i
of, commanders of combat forces , combat troops , combat support troops , or forces assigned a
combat service support mission.

Tactical Operations Center (TOC) - A facility from which selected special or general staff
inember8 asaist in the direction , coordination , and control of current combat operations.

tandem switch . A switch used primar i ly as a switching point for teaffic between other
switches.

tape relay - A method of receiving and retransmitting messages in tape form.
te lecommunicat ions  . Any transmission , emission or reception of s ignals .  s igns , wri t ings ,
images , sounds , or information of any nature by wire , radio , visual , or other electromagnetic
systems.
te lecommunica t ions  center . An agency charged with the r esponsibil i ty for acceptance,
preparation for transmission , rece i pt , d u p licat ion and del iv er y of rncssages.
text  - That part of a message which contains the thought  or idea which the originator desires to
be communicated .

time division m u l t i p lex (TDM) - A mul t ip lex system in which the total  availab lecircu it  time
is divided between the number of channels  to be t ransmi t ted .

TOW (Tube l aunched , Optica lly tracked , Wire c om i n & t n d  l i n k )  guided miss i l e  - The
heavy an t iu r rn o r  weapon system.

traf fic (communication) - All transmitted and received messages.
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traffic control point - A poin t where military police personnel regulate the flow of traffic to
insure the orderly flow of traffic into and out of an area.
tropospheric scatter - The propagation of radio was-es by scattering as a result of
irregularities or diacontinuities in the physical properties of the troposphere.

trunk circuit - A circuit directly connecting two distant central offices.

two-wire circuit - A circuit formed of two conductors.

verify - ‘I’o insure that the meaning and phraseology of the transmitted message conveys the
exact intention of the originator.

voice frequency - Any frequency within the part of the audio frequency range essential for
the transmission of speech of commercial quality. i.e., 300-3000 Hz.
voice frequency telegraphy (VFTG) - Telegrap hy using one or more carrier frequencies
within the voice frequency range.

wave guide A hollow structure , us ually of rectangular cross section , use d to transmit radio
frequency energy over limited distances; e.g., from radar transmitter to antenna.

wavelength - A wavelength is the distance traveled in one period or cycle by- a periodic
disturbance. It is the distance between points of corresponding phase of two conSecutive cycles.

- - Wavelength is equal to the velocity divided by the frequency.

t~
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APPENDIX D

SAMPLE COMMUNICATIONS-ELECTRONICS DIAGRAMS
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CLAS SU ICA TION

DIVISION COMMAND/OPERATIONS NET (FM)

r -1x~* TAC 152 NOTE: SEE CEOI FOR CALL SIGNS

I~~~~~~~t I /‘ \ \. J I \ I1...fl I 2-23
52

I I J 152

~~~~~ 152

I SPI I~~2\  \ ~ ~ J / / / (

NCS
152

• MAIN

AC KNOWI LOGE:

COPY NO. 01: COPIES POSITIVE

1S2d SiG 8N I C

LOCATION OFFICIAL
DATE fl~.1E / s/AcflOfl
APPE~I0IX I ACTION

• TO ANNEX K
TO OPORD 12 —(yea ’I CLASSIFICATION DISTRIBUTION A

Figure D-1. Division corninand/oner~it ions  net (FM) .
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• CLASSIFICATION

DIVISION ADMIN-LOG NET (RATV)

1 1XX
TAC 1152

X NOTE: SEE CEOI FOR CALL SIGNS

152 

2!~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MAIN

• XX
SPI 152

NCS

ACKNO WI F DOE
COPY NO OF COPIES POSITIVE
152d SIG EN LIC

LOCATION OFFICIAL;
DATE TIME /I/Acl:ofl
APPENDIX 2 ACTION
TO AFINEX E
TO OPORD 12 —(yaa’I CLASS~F)CATION DISTRIBUTIoN A

Figure D -2 .  Division aclminis t ra t ion/ l og istics net (RATT) .
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• CLASSIFICATION

j MULTICHANNEL SYSTEMS DIAGRAM
* 0 2~~~~~~~~~II2hI~~~Itu J~~~I£5211110

£1341010 11)11110

TAC 132 rI~ :II32
722* ACTIVI 722 2 Fi~~

0.Y 7~33

£1310170

12$?

H / I
xx I

1*2 xx I
I CON 132 ‘12

IA) SIC CII / 3 3:~ CON

• 1 lAP

7201 I
7202 7203 1025)510

1020364$

g 

:~ ~ £13 21 3$0• 1210

xx /
• 163 /
• MAIN C

16310310

101 05202475 7206
7255

0*

.2 SPT 102

7206 ACKNOWILOGE
COPY NO. OF COPIES Al POSITIVE

IB2d SIG BN LIE
LOCATION • 7265 

OFFICIAL:
DATE TIME /./Ac lle~APP ENDIX 3 ACTION
TO ANNEX E
TO OPORD 12 —1*0.91 CLASSIFICATION DISTRIBUTION A

Figure D— 3.  Mult ichannel  sy stems d iagra m .
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MULTICHANNEL SYSTEMS DIAGRAM FORMAT

SIG4CEN~~~~~~

Dover

®EI.v 600

®E624G135 
XX 0

SPT 152
SIG CEN

(A)

0
0 7264

I1~’ ®
152

MAIN

NOTES: o
• 7266 Unit Symbol W/Center type

0 Multichenn.I radio
terminal symbol. 7260

• Communications 
4

COPY NO OF COPIES DexignaIor.
152d SIG SN Si te  Elevation. (~)LOCATION
DATE TIME Site Coordinates
APPENDIX 4
TC ANNEX 8 Magnet ic Azimuth.
TO OPORO 12 —(vOSrI Radio System Designetor.

® Fr~qu.xncy & Polarity of Antenna.
• ACKNOWLEDGE

POSITIVE ® Radio Relay Symbol & Communications
LTC Designator.

OFFICIAL Sample of two or more sYstems
~S/ACIi~i7
ACTION Cable xyxtem designator.

OISTRIBUTION A Number 0112 channel gr~ upn on sys t em.

Figure D— 4. Mu1tichar~ne1 systems diagram format.
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• CIRCUIT DIAGRAM FORMAT

MULTICI-IANNEL 152

,~~\ 
sto CEN I

• ( r OOCTOR 7266 — MULTICIIANNEL
‘N—’ 

NOTE1I 
CABLE
LINK

• 2 2
£ — N O T E I 2  ________ —

3 
• 

487667266 .18 3 NOTE I

4 _J_ 4 NOTE2

_ _ _  

; N0183

B 6 NOT E4

• 7 7 NOTES

• 

— 

4 NOTE6 

•

- —  G 3Q  -
9 08766726657 9 NOTE7

— —  0 1 0  -
10 

— - 

10 N OT E S

11 T’ — •i 11 NOTE9
• — G2 1 FX 1__.

1 12 ~~~~ )12
G3

~~T~~
CH A N N E LMULTIPLEXER DESIGNATION

CIR CUIT N U M B E R  CO L U M N  COLUMN

COPY NO OF COPIES
I52d SIQ BillNote 1: Common-user telephone with sample Circuit number. LOCATION

Note 2: Common-user teletypewriter. DATE TIME
Note 3: Spare channel. APPENDIX S

• Note 4: Speech plus half dupI~* circuit. TO ANNEX E
Note 5: Point-to-point (Sole-user teletypewrit.rI within th. ICC. TO OPORO 12 —ty.arl
Note 8: Point-to-point (sole-user telephnne) 

ACKNOWLEDGENote 7: Poirt-to-point (sole—user data Circuit) with Circuit number. POSITIVE• Note 8: Strap.thru channel. LTC
Note 9: Point-to -point (Facsi mi lel.
Not. 10: Point-to-point (sole- use, teletypewriter). OFFiCIAL 

~Not. 11: Outer rectang le e dge represents a telephone switchboard. ‘
T~~~

”
Noti 12: Inner rectang le edge represe nts a tele typiwritpr sw itchboard

within a telecommunicalpons center (TCC). DISTRIBUTI ON A

Figure D—5. Circuit diagram format.
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• CLASSIFICATION

TAPE RELAY TRAFFIC DIAGRAM

[ UUFPA G [ UUFPA F [ UUFPAE

X~~~~~~~~~~~ ~~~~~~~~~~~~XX

[
~~~U FPA B ~ 

[

UFPAJ 

~ 

UU FPAD j
_ _  

_ 
/ .

[ 
~

•‘

~~\ \‘~
‘[ SPT J XX I

UUFPAA ______

__________ 

xx

~ M AI N

UUFPA UUFPS

COS

M A I N

UUFP UUFPB

COPY NO ØF COPIES AC KNOW LEDGE
*6205 10 6*4 POSI1IVE
LOCATION LTC

DATE TIME
APPENDIX • 

OFFICIAL

TO ANNEX B 
Is/Act ion

TO OP000 ti —tynri ACTION
CLASSIFICATION DISTRIBUTION: A

Figure D-6.  Tape relay traffic diaqram.
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APPENDIX E

COMMUNICATIONS—ELECTRONICS SYMBOLS
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• Thia appendix has inco rporated the C-E symbols approved for use by the Standard izationAgreement (STANAG) of the member nations of NATO, CENTO and SEATO. The STANAGsymbols are presented here for the purpose of recognition and use as appropriate.

SYMBOL- - 
SERIAL EXPLANATION OF SYMBOL U.S. STANAG

RADIO:

1 General symbol for radio equipment. (I) same

2 Single channel transmitter or receiver
(May be used to indicate a Single Channel
Radio Access (SCRA) terminal (aub- same
scriber. station where appropriate.)

3 Single channel transmitter or receive~ same
of the Combat Net Radio type.

4 Single channel transmitter or receiver
telephony operation (May be used to same
indicate a single channel SCRA radio
central station where appropriate.)

5 Multichannel transmitter or receiver
(May be used to indicate a multichannel same
SCRA radio central station where appro-- - priate.

172
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- • 
• • SYMBOL

SERIAL EXPLANATION OF SYMBOL U.S. STANAG

6 Multichannel Line of Sight (LOS) Radio same
• Relay equipment or station.

7 Multichannel. ~~opoapheric (Fo~~ard) same
Scatter equipment or station.

8 Multichannel Satellite Earth station, same 

($

4..

9 Radio relay station. - same (:II:~
c”
~
’

10 Radio direction ending station. same

‘4’
11 Radio intercept or monitoring station. same

12 Dummy Radio station.

1.
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• 
• SYMBOL

SERIAL EXPLANATION OF SYMBOL U.S. STANAG

13 Radio-wire integration sta tion. AM/

• 14 Communications ja mming station. same

15 Multipurpose jaminer.

16 Radar station. E
17 Autornatteally switched simplex rebroad’ 

(I)——

~I)

18 Manually switched simplex rebroadcast M
station.

S 
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SYMBOL
SERIAL EXPLANATION OF SYMBOL U.S. STANAG

19 Duplex rebroadcast station.

20 Interface box.

21 InLet-face between an SCRA terminal IM)
stat ion and a net radio equipment with
manual switching.

- 

22 C42 and B45~ adio equjpmepstco.1ocated

same as US-  cr
23 Radio net systems. U U U

24 Mobi le radio relay station with standby
equipment.

• • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • - ••—L - - —  —~-~~~ - -~--—
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• ~ SYMBOL
SERIAL EXPLANATION OF SYMBOL 

• 
U.S. STANAG

H ( ( (
25 Remote control equipment. I I 1 1

one two

‘26 Antenna equipment for FM Voice
(RC.292) Three or more indicate
number.

one two

27 A radio equipment type Dii mounted in
• vehicle. 

(non-armored) wheeled

28 A radio station under national control.

29 Co-located equipment. (I))
Symbols used in Field Manual diagrams
(radio systems).

30 FM Voice see 434

31 AM/SSB Voice >>  > >
32 AM/SSB RA1’r

33 External Net 
• ,~~~t__ 

—

I r •
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SYMBOL
SERIAL EXPLANATION OF SYMBOL U.S. STANAG

34 Combat radio net link ‘vV

t 35 Radio relay link

36 Tropospheric link

37 Satellite link

38 Communications diagram (STANAG): -
x

s. Shows only point to point facilities.

b Dotted line shows ‘scrap-thru ’ circuit
from 151 Arty to COMCEN.

39 Span.
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• SYMBOL
SERIAL EXPLANATION OF SYMBOL U.S. STANAG

WIRE:

40 Two-wire circuit, duplex tran.nsiaeions. —

41 Four’wire ci~~ j L same

42 Electrical connection between wire, or _____________

cables. f same

43 Cables or wires crossing on diagram but sam~not connecting. -

44 Field wire line on ground , U.S. numeral 
F’indicate. number of field wire pair.; 8 N 4Q

STANAG: numeral indicate, number of
quads. One quad - 2 pair.

45 Field wire and cable on ground. U.S.:
number of field wire pairs and coaxial 1 6FW 4lcoaxl 2e 4O~4C)
cables; STANAG: two ground cables,
each containing 8 pair, laid up aa 4 quads

• and 4 coaxial tubes.

46 Underground oreubmazirte wire orcable. same

47 Overhead wir, or cable. J 1 I I same

_ _ _ _ _ _ _ _ _ _  ~~~~~ --~~-~~~~~~~~~ .-~~~~~~~
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • - -—
~~~~~~~~
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Cable on ground. U.S.: Number and type
~~ indicat ed above symbol (e.g. type: 2(coasisl) 3xQ

coaxial. SP4, etch STANAG: three qua d p
cable,.

49 Loaded cable (lumped loading). Example prs 1 -10
•how. a 14 pr cable (laid up in quads) with 70first 10 pair, only losdsd with 6mH coils
spaced at 400 meter interval,.

6m}I 400m

I FW  1FW

50 Field wire line spliced into another.

1FW 2PN
51 Two field wires joining together

(not spliced). 
1

• 52 General symbol for terminal equipment, same [ ]

l4 pr lOpr
53 Cable junction box.

54 Cable test point (pair numbers 8-14 pr s8-14
inclusive are terminated on the teat

-~-•---—~~~ ---- —.-~~
.-- • - • ----- - •—-
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33KV

— 

55 High voltage cable, (Overhe,d aaeumed) 
A A A

56 Physical eart h connection. ______ same

— 

57 Attended repeater.

58 Unattended repeater. 
~_1>~~’—  same

59 Amplifier. same

60 Regenerative repeater (“Tg’~ or “D ’ for
telegraph or data).

Tg61 Duplex telegraph repenter.

~2 Duplex telegraph circuit with regenera-
tion in one direction only.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

~~~~~~~~~
• • 

~~~~~~~ 
_•_ 

-•  ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
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63 Converter _
~~~~~~~~~~~~~~~~~~~~~~

where 
eq y g n g

tone and 20Hz ringing frequency.

b. Voice frequency signaling unit 530/
transmitting 500Hz tone chopped at 17Hz • 17
on receipt of 17Hz ringing cigna!.

c. Voice frequency ton, dialing upit.

• - 1 — (  
~~~~64 Multtp le,ung eqwpment.’

• 
12~~~1 2 C H A 9

a. STANAG: 12 traffic channels, 1 — ______________
service channel and 4 wire connection to 1 98766736600
the multiplexed input/output . 2 

— —3 _____________________
• 4 OSd66~i7h$M

5 
___________

6 
_ _ _ _ _ _ _

b. U.S.: 24 channel camer system ! __________________

with sample circuit number de.ignations 8
on channels 1, 4, and 9. 

~~~~ 876673~~~D5 _

_ _   
* ~~~•—•- -•-~~~~~III. — — ---— — — - — — ~~~ —— - -  — —
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$5 Facsimile instrument. same(Alao see I~8i)

~~ Ø~ 4j~~ csyptographic m.chin.. 
- 

[j~ J
67 General method of showing what corn-

municatlone facilities sLit between two
location.;

“a.” speech circuit.

\ b .
- telegraph circuit, -

C

facsimile circuite d

- data circuit.

68 Spare

TELEPHONE:

69 Telephone instrument.

70 Telephone concentrator.
(An instrument that permits several

- - local subscriber, to be connected to
a SWBD via a smaller number of
exchan ge line.. Subs would be con-
nested only when originating or
receiving a call.)

k. • • • - . ,------—-• ~~~~~ •—-~-.-—-—-- ----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.—

~~~~~~
- -— .— - -

~~
--
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11 Telephone teat point.
• 

• 
(name) -

12 Telephone center or telephone switching
central not at a headquarters or
echelon. An “A” or “51” indicates auto-
matic or manual aw itch ing capab ility. (A orM) (A or M)
STANAG: The “a” and “b” indicate the
maximum number of trunka and local
circuit. respectively.

73 Telephone awitching central at a head-
quarters or HQ echelon. An “A” or “M”
indicates automatic or manual switching 

_________capability.
(A O rM )

74 A telephone exchange installed in a
container body.

~~‘ Circuit or system ground. 

/ ) /
SIGNAL CENT ERS

76 Command signal center. The “C” and
“A” or ‘ 51” will he added to indicate the _________

use of either an aut .,rnatj c or manual  SI (  CEN
telephone switch. 14,,

l~~ orM)

•~~~~~~~~~~~~~~ ff ~~~~~~~~~~~~~~~ - -

_ 

~~~~~~~~~~

.- 
~~~~~~~~~
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xx
77 Area signal center not at a command post I 52

orheadquarter.. sizeofunittaplacedoy~~ SIGIcEN
the symbol. The unit ’. number is on the (I (A orM)right of the staff and the “C” and “A” or
“51” will be added to indicate the use of
either an automatic or manual telephone
switch.

• [ 
78 Signal center (Type not specified).

SIGICEN

• 
~~ Message center (Tue not apecifled). 

-

MSGj CEN

80 Spars •

• TELETYPEWRITER and FACSI?~j ILE:

81 Teletypewriter (TrY), page printing, K •

• • manual , operating half-duplex , Note: I ) FChange the doubtle “F’ to the letter ‘F’ to
Indicate facsimile equipment on numbers
81, 82. 83, & 89.

82 ~11, page printing, manual operating
full-duplex. 

__________

I
I

• • • 
—

~~~

- •- 
- 

~~~~~~~~~~~~ 
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83 a. TFY, page printing, receive only. __
~~

. I
b. Transmit only. IT ~

84 TrY, tape printing, receive only. [).
~~

‘ I
‘flY , tape printing, operating half.

• duplex.

86 T’l’Y, tape prin ting, operating full-dup lex. 
~
) ~EI~E’ 

~

87 L I z , tape transmitting only. I ~
88 Teleprinter or teletypewriter 

“.“

~

‘‘

89 Teletypewriter switching center. The “A”
or “M” des~gnutrs either automatic or
manual  operation and the “a” •
indicates the gnaj urnum trunk and local (A or Mj  (A or Ml
circuita connected to the awitob .

—— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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90 Telegraph traffic retransmission centers,
The “A” ind icate , a computer controlled
ators and forward relay and the “51”
shows it is a manual tape relay center, lAo, Mp

91 Spare

AUDIO.VISIJAL

92 Television. I.I
~AI “ {Ii~E.~II]

93 Visual station 
- (II) L v

94 Spare.

AUTOMATIC DATA
PROCESSING SYSTEM:

95 Automatic Data Processing Center. I

96 Computer

• ~
_

~~__s_~—~ ~~~~~~~~~~~~~~~~~~~~~~ 
—
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~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~ ~~~~~~~~ ,J~~~
98 Spa re

xxx
99 Command signal center, 3d Corp. MAIN ,

identified by ite communication. 3 Ideaignator. I
I MA IN

SIGI CEN
• CRY18366

XX

- SIGf~~~~~~
100 52d Infantry Division area signal center )M )

identified by its communications
designator. DELVE

x
101 Telephone switching central at Pd

Brigade Headquarters , 52d Infantry 2 52Division, identited by ita communications
desigantor, 

(M)

WAR 7222

xx
1Q2 Command signal center at 52d Infantry 52 f”>’c~1Division MAI N identified by its V NJcommunication , designator, I MAIN

SIG 1 CEN

(A)

WART 786 6

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • ,
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• I xx
103 Telephone switching central at 52d G 52 

-
- Infantry Division Artillery. I ><

. 1.
WAR 17265

l°’I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~1~I ite commun icationa desig nator. I• t - SIGJCEN(

~
- 

WART7264 
•

I.

I-

____________ - • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I S

E L E C T R O N I C  V FARFAR E
(EW)

MILITARY ACTIONS IAKEN TO PREVENT OF.
REDUCE AN ENEMY’S EFFECT IVE USE OF
RADIATED ELECTROMAGNETIC ENERGY, AND
ACTIONS TAKEN 10 ENSURE OUR OWN
EFFECTIV E USE OF RADIATED ELECTRO-
MAGNETIC ENERGY.

_ _  - r-
~~~~~~ELECT tON IC

COUNTERMEASURES

-- 
((CM)

ACTIONS TAKEN TO PEE VENT OR REDUCE THE
EFFE CT IVENESS OF ENEMY EQUIPMENT AND
TACTICS EMN.OYING OR ATF ECTED BY

• ELECT ROM&GNET%C Pf~cH&RicJNS M-40 TO
EXPLOIT THE ENEMY’S USE OF SUCH RAD IA—

• TIONS.

ELECTRONIC ELECTRONIC
WARFA RE COUNTER-
SUPpORT COUNIERMEASUP.IS

MEASUR ES (ECCM)
((SM)

ACTIONS TAKEN TO SEARCH FOR,
I N T E R CEP T, IOCAT F , R ECORD , ACTIONS TAKEN TO ENSURE OUR OWN

• ANt) ANALY?[ RADlJ~1FD FIJCT R O— UFLCT(v r U~1 OF ELECTROMAGNE TIC
MAGNET IC ENERGY FOR TUE PURI’OSE RADIAT IONS D E SPIT E T IlE ENtI.~Y’S
OF EXPLOITING SUCH RA DIATIONS USE OF COUNTERMtASU RES.
IN SUPPORT OF MILITARY OPERATIONS .

Figure F—i . Electronic warfare relationships. 
-
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ELECTRONIC WARFAR E suP~o~ r MEASURES 
-(ESM)

ACTIONS TAKEN TO SEARCH FOR,
INTERCEPT , LOCATE , RECORD,
AND ANALYZE RADIATED ELECTRO-
MAGNETIC ENERGY FOR THE PURPOSE
OF EXPLOITING SUCH RADIATIONS
IN SUPPORT OF MILITARY OPERATIONS,

SIGNAL INTELLIGENCE
(SIGINT)

GENERIC TERM WHICH INCLUDES
BOTH COMMUNICATIONS INTELLI-
GENCE AND ELECTRONIC INTELLI-
GENCE.

‘

~~ ‘ T ~~~’
ELECT RON1C ’INTELLIGENCE COMM’JNICATIONS INT ELUGENCE

-~~~~~~
THE INTELLIGENCE INFORMAl ION PRODUCT
OF ACTIVITIES ENGAGED N THE COLLEC— TEC ~I:1icA1 AND IUTELLIGENCElION AND PROCESSING , FOR SUB SE Q U E N T  I N I  OTM’~ 1lQN DErIV E D FR OMINFE ILIGENCE PURPOSES , OF FOREI GN, FO rEIGN ) ‘ -“ NICAT IONS BYNONCOMMUNICATIONS ELECTROMA GNETIC OT HER THA N THE INTENDEDRA DIAT IONS EMANATING FROM OTHER THAN RE CIPIENTS.• NUCLEAR DETONATIONS AND RADIOACTIVE
SOURCES .

Figure F—2. ESM rel~i Lionships.

— -~ — — —-- — —— -- -~- — —- -—--—- - p —
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ELECTRONIC COUNTERMEAS URES
(ECM)

ACTIONS TAKEN TO PREVENT OR REDUCE THE
EFF ECTIVENESS OF ENEMY EQUIPMENT AND TACTICS
EMPLOYING OR AFFECTED BY ELECT ROMAGNET IC
RADIATIONS ANt) TO EXPLOIT THE ENEMY’S USE
OF SUCH RADIATIONS.

- T—-
~~

._ 
-

~~~ 

-

JAMMING ELECTRONIC DECEPTION

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _

THE DELIBERATE RADIATION THE DE.I,IB ERA T U RADIATI ON, RI RADIATI ON,
REP,AOI/~TIOI.1, OR REFLE CTI ON ALTERA T I ON, ABSORPTI ON, OR R E F L E C TI ON
OF E L E C T R OMA GNET I C S I G N A L S  OF ELECTROMAGNETIC RADIATIONS IN A
WITH THE ORJE C1 OF IMPAIRING MANNER INTENDLi) T O MISLEAD AN (NEMY INs
THE RISE 01 ELECT RONIC DEVICES TIlE INT FRI ’REIAT ION 01 DATA RECE IVII) BY
BY THE ENEMY . HI S ELI CIRONIC EQUIPMENT Ot 10 PRSLNT

FALSE INDICATIONS TO ELECTRONIC SYSIEMS.
---

~

---

I 
ii-.-- 

~
-1

~
•
~IMITATIVE DECEPTION MANIPULATIVE DECEPTION

I __ _
~~~~~~~~~~~~~ 

_fl~~w~~~~~~~~ L__~~~~~~__ flrr~~-r,

Till INTRUS ION ON TI lE INIMY S CHANN ELS AND Till 1151 O~ FRIEND LY FIE CTROMAGNI TIC PAD—
THE INTR ODUCTION OF MAT h t IN IW)TAI ION OF AlIGNS IN SUCH A MA NNER AS 10 FALSIFY T Iff
HIS OWN EIECIP.OMAGN[T IC RADIATIONS [OR TIII INFORMATION V ’ I UCII  A FQR(I(;N NATION CAN
PURPOSE OF DECEIVING OR CONFUSING fIlM, OBtAIN FROM ANA lYSIS OF THESE ELICTRO-

MAGNET IC RADIA 1IONS .

Figure F-3. ECM relationships .
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ELECTRONIC COUNTE R-COUNTE RMEASURES
(ECCM)

ACTIONS TAKEN TO ENSU RE OUR OWN
EFFECTIVE USE OF ELECTROMAGNETIC
RADIATIONS DESPITE THE ENEMY’S USE
OF COUNTERMEASURES .

~1

.

SIGNAL SECURITY ANTI-JAM OPERATING PROCEDURES
(SIGSEC) CIRCUITRY AND DESIGN

rGEN(RIC TERM ‘NHICH I ACTION TAKEN TO INCORPORATE rF~~~\IULATION OF POLICIES, PP.OCE-
INCLUDES BOTH COM- F EATURE S IN COMMUNICATIONS- DURES , AND PLANS ESPECIALLY IN-
MUNICATIONS ELECTRONICS EQUIPMENT TO CORPORAT ING FEATURES DESIGNED
SE CURITY AND MINIMIZE SUCCESS OF ENEMY’S • TO MINIMIZE SUCCESS OF ENEMY’S
ELECTRONIC SECURITY. 1CM EFFORT. ~CM AND (SM EFF ORTS , 

-

p I
— ELECTRONIC SECURITY COMMUNICATIONS SECURILY

(ELSEC) (COMSEC)
— ~~~~~~~~~~~~~~~~ -—

I’I’) IICFIc,N RI: SUITiNG FROM ALL
PROTECTION RISIJITING FROM All MEASUPES DESIGNED TO DE NY TO
MEASURES DESIGNED TO DENY TO tJt ’ I&UTIIORIZ EO PERSONS INFORMATION
UNAUTHORI Z ED P1 RSONS INIORMAT ION OF ‘/AIUE V!IIIC II MIGHT BE DERIVED
OF VAL U E Wh ICh MIGHT CE DERIV ED FP~ M T IlL POSSESSI ON ANt) STUDY
FROM THEIR INTERCEPTION AND STUDY OF TELECOMMUNICATIONS, OR TO MIS—
OF FRIENDLY NONCOMMUNICAIIONS LEAf ) UNAUTHORIZED PERSONS IN THEIR
Et(CTROMAGNET IC RADIATIONS . Hilt TPRETAII ONS OF TI lE RESULTS

____________________________________________ 
1)1 ~~ICII S T u D Y .

• Figure F—4. ECCM relationships.
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A

authentication syste m (c ryI~tograp Isic) — A Sys tem desi gned for I)tttPO5( of authentication, that is to
serve as a secure means of establishing the authenticity of a transmission or message or of
challeng ing the identity of a station, Authent ication systems may take the form of equIpment,

• devices , or ducuimients,

B

barrage j amming  - Simultaneous elect ron ic  jammin g over a broad band of frequencies.  
-

brevi ty code - A code which  pr ovides no securi ty but  which has as its solo purpose th e shortening of
unclass ified phrase s , se nten ces or group s of sentence S f requent l y employed, rather than conceai-
meat of t hei r content. The vocabular y may remain in effect for an indefi ni te pc riod of time.
This type of code must be used in conjunction wit la a means of ex~cipherment to provide security,

C

chaff - I~adar confusion reflectors , which consist of thin, narrow metallic s t r ips of va r ious Lengths
and frequency responses , used to ref lect ec h oes for confus ion purposes.

combat intelligence - That knowledge of the enemy, weather and geographical features requIred by a
commander in the planning and conduct of tactical operations . - -

comnnmications intelligence - Tec h nical and ifatelli gence information derived from foreign communica-
tion by other than the intended recipients. Alao called COMINT.

com,n,uaications security - The protection resulting from alt measures desi gned to deny to unauthior-
L ized persons information of value wh ich ia, t t I,~ be derived from t ime nosscss ion  and stud y o( teic—

co,nmuni,:ations , or to mislead wsauthorized persons in their interpretations of the results of such
• study. Communications security includes cryptosecur ity , phys feat security, and transmission

security. Also called COMSEC .

com pro m ise - The knovm or suspected exposure of clandestine personnel , insta llations, or o ther
assets , or of classif ied information or material to an unauthorized person.

countermeasures - That form of military science which by the  etuptoyrnent of devices and/or techniques
has as its objective the impairment of the operational effect iv~- i ,c-m s of enemy activity.

• crypttm n.il ysis — The stud y of eml cry ~ ted texts .  The steps or p roccs se i  inv,,lved i t t  converting encrypted
tex t into plain text without initial knowledge of the key employed in the encryption.

cryptoequi pment - Any CommuniCations sec ur ity equipment which converts informat ion for trans miss ion
to a form which is unintelligible to an unaut l to r iced in terce pto r , or which reconverl~; such informa—
tion to its orig inal form for authorized reci pients.

cry lt lon iater ial — Alt , , . i ler iat , in~: l ’ e ! i e r  ,ho, u,,,, i,t~ ~I i i ’  , , ~~q L i  ‘ ‘  - - in t l  appara tus esse nt ia l  to
tIae encryption, decrypt ion , or atithc ist ieatiom, of tclc~ omnau,,ic.atio,,~ . V/hen classified, it is

• desj ~ natcd CJIYPTO and subject to s peci al sa(ej ,’ ua r ds .

c ryptosecur i ty  — That colnpOn( I,t of conmr ,ltulic.it ior ,~ . i t~ ir ily ~‘.I,icI~ r -  nit am the provision of
technica lly sound c ryp tosystem s and their proper use.

r
_ _  - • rn~~~~ - -~~~~~~~- - - ~~~~ -,—-- -— - -~~~~~~~- -~~~ -~~~~~ --—-•
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E

electronic counter -co umslu rnseas urcs - That maj or ~ubdisision of clcclronic war (arc involving actions
taken to ensure our own effective use of c’ lect romagnctic radiations d e sp i t e  the enemy ’ s us e of
co,intcrmeasures.

electronic countermeasures - That major subdivision of electronic w a r fare  invo’.ving actions take,’ to
prevent or reduce the effectiveness of cncn,y equipment and tact ics emp loy ing or affected by
electromagnetic radiations and to exp loit the enemy ’s use of suc h radiation5. 

-

electronic deception - The deliberate radiation, rcradiatiot , , alteration, absorption , or reflection of
electroma gn etic radiations in a manner intended to mislea d an enemy in tIme interpretauinn of
data received by his electronic equipment or to present fal~ c indications to clectronic systems.

electronic Intelligence - The intelligence information product of act iv i t ies engaged in the collection
and processing, for subsequent intelligence purposes , of foreign , noncommunications , electro-
magnetic radiations emanating from other than nuclear detonations and radioactive sources .
Also called ELINT.

electronic jamming - The del iberate radiation, reradiation , or reflection of electroma gnetic si gnal s
with the object of impairimig lIme usc of electronic dev ices by the enemy.

electronic secur i ty - The protection resulting from all measures desi gned to deny to unauthorized
persons information of value which, migh t  be dcrivcd from their interception and stud y of friendly
noncomnrnunications electromnagnetic radiations. -

• electronic v ia rfare - That division of the military use of electronics involving actions taken to prevent
or reduce an enenty ’s effective usc of radiated e lectromagnetic cnr rgy , and actions taken to ensure
our own effective use of radiated electromagnetic energy.

electronic warfare support mneasurcs (ESM) - That division of EV~ involving act ions  taken to search,
for , intercept , locate , record , and anal yze radiated electromagnetic energy for the purpose of
exploiting such radiation in support of military operations . Thus . ESM pros- ides a source of

• EW information required to conduct electronic co untcr mncasures (ECM), electronic counter-counter-
measures (ECCM). threat detection, warning, avoidance , target acquisition , and homing.

encode - That scctto n of a code book In which time plain text CquivalC um(s of the code groups are in
alphabotical, numerical, or other systematic order.

1

imitative electronic deception - The intrusion on the enemy ’s ch annels aumi the h~,lroduction of matter  in
imitation of his own electromagnetic radiations for time purpose of deceiving or confusing him.

intelligence — The product resulting from the collection, evaluation, anal ys is , integration, and inter-
pretation of all infor,nation concerning one or niome aspects of l u r e  igim cu u,mim ies or at eas , wl,icl,
Is immediatel y or potential ly si gimificant to the development and execution of plans , policies , and
Operations. 

-

intelligence requirements - Aimy subject , general or specific , upon ~-.imicI, there is a need for t he
collection of infor,,,at ioim or t h e  production of intelligence.

intercept ion — Time act of listening ii, on and! nm r eco rd  i~mg c o n , m a m t m m i r a l ions hut c-t ided fur anoth,- r p5 rty for
the purpose of cmb hait t i ng intelligence.

3

jam,ninc - See cI.-c tr cm nic j a m ming. 
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L

low gr ade c ry p to s y s t e m - A s y s t em  designed to provide tem ltoram’ y security, e.g., combat or Operations
codes.

M

manipu lative electron ic deception - ‘rho use of fr iendly electromagnetic radi at ion s in such a manner
as to falsif y the information which a foreign nation can obtain fro m analysis of these electro-
magnetic radiat ions.

0

off line operation - A method of operation in svhich the processes of either encryption and transmissio n
or reception and decryption are performed in separate ste ps , rather than automatically and
s~ nsultaneotc st y .

on line operat ion - A method of operation whereby messages arc encrypted and ~imultancously Iran,-
to itted from one stSt ion to one or more stations where reciproca l equipment is automatically
operated to permit reception and simultaneous decryption of tIme messages.

op erations code - A code capable of being used for general communications within divisions or compar-
able organizations or by ,,,mits opcr.tting separately. It is com posed largel y, thoug h not exc lus ive ly .of sing le words or phmra s e~ and permits spelling. It is not to be confuse,h with .bre~ctty codes.

P

padding - Words or pt s r ases , unre lated to time text of a message , added prior to encryption a,md dul~ tedupon decryption.

physica l  security - TIm-at part of secu i-ity concerned svitlm ph ysical m easures desi gned to safeguardF personnel , to prevent unauthorized access to equipment , faci l i t ies, mater ial  and documents , andto safeguard them against espionage , sabotage , damage and theft ,

pulse r.-petition (requl-ncy - In radar , the number of pulses th,mt occur each •- econd. Not to be confused
with , transmiss ion f requency which , is deter mined by the ra t e  at  which cycle s are repeated wi~ltIts
the tr .amis m itted pulse. 

-

a
radar - Radio detect ion .i,mmh rang ing equipment that dle t a rm n i mm c s thc distance and usually the direction

of olmj .-cts by tr ansna issm on ammd return of electromagnetic energy.

radio direction finding - Radio location in which, only the direction of a station is determined by me a n s
of its emissions.

ra dio fix — The location ut a f t  i~- m m ~lly or enemy radio tr m c - ~ m e i t t  a t  - m le te t mmm inm -d by finding the direction
of thy radio t rans m i t te r  f r o m i m  tw~ or mnorc d irect ion finding stations,

radio hmrocedure — Sttsnclarcl izetl methods of t ,’ansmissio,, used by radio ope rators to save time and
Imrevvnt confusion. 

~ y immsmm r i n g  uniformity, rad io proce l - t re  inc reases sce mir i ty.

ra m h,rj si lence — A per itt,! rhu r imag s’,hich, alt or certain radio cq tipmnenl capahml t~ of radiat ion is kept
• ino~ t -rO t ivn . In Cot mit ,jn • -d or U.S . joint or i nt ra —S m- ,-  v ie,- Conmnhm,,, i cat io ,, i , the f requemicy binds

~ nth/or types of ec lt t i p m m m t - I m t  a( fem : t m tI svihl lie s 1u-C i ( iaml .

rope — Am , e le m ent of ch maff Co mi s is  t ing of a lmmti g roll of mnet .mt l ie to i l  or svire v— lmia h is designed for
• broad, low frequency rm -spntise. See also ch a f f .
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S

signal Comna unit St ioi,s — Any m eans of trai,s nu tting messages , in plain or encrypted text other than
by direct conversation or mail.

signal intelligence - A gemmeric tc’rmn which inchud~~, both, curn m r.unications irt .~lhi gence ~nd electronic
intelli gence. Also called SIGINT

si gnal op eratiom u instructions (SO!) — A s c - m i e s  of o r de rs  issued for technica l control and coor mhim,a t ion
of thc si gnal co ,lmm u,mica ti o m , act iv i t ies of a co mniand. -

signal security — A gc’ml er ic tern , w h ich includes both com munic ations s e c u r i t y  and electronic secur i t y .

spot jamming - The jamming of a specific cha mmno l or f re quency.

standing si gnal instructions - A ser ies of instructions explain ing the use of i t ems includ ed ii, t h e  s i gnal
operatiomm instructions. Time standbtg s gnal instructions may also inclut - i c oth er technic al i t m s t ru c—
tions required to coordinate .umul control (Ito comnminmi cat ions c lec tr or , ics operations of a command.

T

target acquisition - Time detect ion , identif ication and location of a target  in ~~f !icicnt detail to per m it
the effect ive emnp loyn acnt of we apons.

tar get analysis — Am , ex amn lm mation of pot emmi iii ta r ge ts  to determine m Ih i t ~~- -,- i~~ uu rtance ,. prior i ty of
attack , and we apons required to obtain a des i red levu l of dama ge or casua l t ies . -

tra ns m ission secur i ty  — That comnpnnt nt of co m mu n icatj cm mm s sec ur i ty  sshirh resul ts  from,, all ,,mea-uu rcs
designed to protect transn m issl na ,s Iron, un.,-j t l to r i-tcd int t - rc t - 1t t otl , teai f i~ analysis and i rs , it a t ivc
deception.

two p a r t  code — hi.and omm ,iz c d code , consist ing etC an eim c u ditm g s ( - c t i e t n  in s, tm i c i ~ tI,e plain text groups
arc arranged in alphabetical or nt lme r si gnificant orde r , a e co m pamm im - ~ by their code gm-o ups

• arranged in a nona lp habctic al or ranelo,,, order , ,imtd a decodin-  s c c t ~~ n in wh~c I, the codi- groups
are arran ged it , alplma betic a l or im umer hal  orde r and are ac comm mpamm i. -d iu~ the ir meanings as
given In the encoding Section.

V

variants (communications) - Two or more cipher or code groups w lmic i, ‘ u s e  the same pla i mi  lammguage
equivalent; or two or more plain equivalents or desi 1~nato rs  used its bit, is for encryption.

w

windo’s- - Strips of frequency cut mnctal Ic-il , wir c , or bars usuall y ~lrnp;m~d i ro m ai rcra f t  or ex pelled
• fro m shells or rockets  as it r.sdar coun te rnmeas urc .  5cc a lso - af t .

L _________
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APPENDIX G

TECHNICAL AND TACTICAL CONSIDERATIONS IN

FIELD RADIO COMMUNICATIONS
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1. General -

There are a number of technical arid tactical
characteristics of radio sets that must be considered in field
radio communications. Some of these characteristics that
determine the use of particular sets in military communication
are—distance range , frequency range , type of emission (voice
or continuous-wave) , installation (man-carried or vehicular) ,
and capability of communication with other types of radio sets.

2. Di~’tance Range

The transmission range of field radio sets normally is
based on ground-wave distance. For any given radio set , this
distance will vary with changes in operating frequency,
location of radio station and antenna , type of terrain, me thod
of emission , type of antenna , and power output.  The operator
can increase the ground-wave range of the set by using the
lower operating frequencies,, which are not attenuated as
rapidly as higher frequencies; by changing from voice to
continuous—wave operation ; or by subst i tu t ing a long-wire
antenna for the short—range whip antenna.  Because of the
ef fec t  of these variables, it is impossible to specify an
exact distance range for any set. The rated ranges are based
on average ground conditions for a specific type of operation ,
such as CW versus voice or fixed versus mobile.

3. Frequency Range

In some sets , such as the AN/PRC-77 or AN/VRC- 12 , the
frequency range of the receiver is exactly the same as the
frequency range of the t ransmit ter .  In other sets , such as
the AN ,’GRC — l9 , the frequency ranges of the transmitter and
the receiver are d i f f e r e n t .  If d i f f e r e n t  type radio sets are
to be used for intercommunication , their frequency ranges
must be considered before an operating f r e quency is assigned.

4. Methods of Communication

Most AM field sets have provisions for transmitting
and receiving voice or CW signals and some have radio teletype-
writer (RATT) capability. In addition , some sets are capable
of tone transmission , known as modulated continuous wave
(MCW ) . This method of telegraph transmission sometimes
improves the readabil i ty of signals under certain conditions
of noise or interf erence . When MCW is employed , the bea t
frequency osci llator (BFO) circuit us ed for CW reception is
not required .

199
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a. Radiotelegraph, which includes both CW and MCW ,
provides comparatively slow transmission speeds and, in
addition , requires specially trained opera tors who achieve
proficiency only after lengthy training periods. In a CW
net, the speed of operation is normally no faster than the
speed of the slowest operator in the net. However, CW will
provide greater distance range and more reliable communication
under adverse conditions than any other method of radio
communication.

b. The use of CW has been replaced largely by
frequency—shift—keyed (FSK) radio teletypewriter (RATT) cir-
cuits. These circuits are capable of handling a greater
number of messages than radiotelegraph.

5. Installation

Field radio sets can be fur ther  classified as portable,
vehicular, transportable, and mobile. Portable sets are low-
powered and operate from dry cells installed within the case
of the radio set or from hand-driven generators. Vehicular
sets usually are of the medium—power class and operate from
an electromechanical power supply which , in turn , is energized
by the vehicular bat tery.  For example , the AN/GRC—87 or
AN/VRC—34 may use a vibrator and the AN/GRC-19 uses an
alternator—both powered by the vehicular battery. Trans—
portable and mobile radio sets may be either medium- or
high—powered . These sets usually are powered by gasoline
engine—driven generators which may be man—carried or mounted
in a trailer . To permi t operation from a protected position,
remote control equipments are f requent ly  used wi th  f ield
radio sets . -

6. Capabili ty of Intercommunication

a. Generally, communication between different types of
radio sets is possible only if the sets can t ransmi t  over the
required distance , and if they possess overlapp ing f requency
ranges , use the same method of communication (voice or CW),

• and use the same type of modula t ion (1\M or FM). A l ow—
powered radio set wi th a r a t e d  d i .s t anr t  ran-je of aimproxima tely
1.6 KM cannot be used to communicate with a radio set 8 KM
away, even though both sets are operating on the same
f requency wi th the same type 0 F modulat~ion and emission .

b. Because of technical f f e r en ’-s in operation , FM
equipment cannot be used to communicate with AM equi pment
even though the distance ranges and operat rig frequencies may
be similar .

—- 
- -

_
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c. If two radio sets use different methods of emission
(one set uses voice , and the other set uses CW), they may
not be able to communicate . CW signals are not audible in a
receiver that is adjusted for voice reception . A separate
circuit, the BFO, is provided with most communication-type
receivers and must be switched on for reception of CW. If
the receiver is not equipped with a BFO circuit , or if the
circuit is not turned on or properly adjusted , CW reception
is impossible unless the transmi tter is capable of MCW
operation .

d. In summary, several factors affect the ability of
radio sets to intercommunicate. When a new or unfamiliar
radio set is used, these factors must be considered by the
communication of f icer in classif ying the set and in deter-
mining its limitations and capabilities.
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- TABLE H-i

RF TRANSMISSION CHARACTERISTICS

Range (Note ) Power Antenna
Band Day Night z’eqd length

VLF Long Long Ex- Very long
tre rnely
hi gh

LF Long Long Very Long
hi gh

MF Medium Long Hig h to Long-
medium

HF Short to Medium Medium Medium
(3-10 MHz long to long
HF

(10-30 Long Mediur mi Low Short
MHz) to long
VHF Short Short Low Very short
UHF , SHF , Line of Line of Low Very hhort
and EHF sight sight
________ 

(RLOs) (RLO~~ ______ _________

Note: Long range: Over 1, 500 miles. Medium
range: 200 to 1, 500 miles. Short range :
Under 200 miles. Line of sight: Under
50 miles.

TABLE H — 2

THE RADIO FREQUENCY SPECTRUM

3000 kHz 3000 MHz
Frequency 3 kflz 30 kHz 300 kHz (3MHz) 30 MHz 300 MHz (3GHz) 30 0Hz 300 0Hz

i_~___ ~_ J L — I _
~~~L__ —

length 30km 3km 300m 30m 3m 30cm 3cm .3cm

Band
designatioi VLF LF MF HF VHF UHF SHF EHF

Band no. 4 5 6 7 8 9 10 11

kHz - Kilohertz GlEz - Gigahertz in - Meters
MHz- Megahertz km - Kilometers  cm-  Centimeters

Legend: VLF - Very Low frequency VHF - Very high frequency
LF - Low frequency UH F - Ultra  hi gh frequency
MF - Medium frequency SHF - Super hi gh frequency
HF - High frequency E H F - Extremely  high frequency
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TABLE H—3

HORIZON AND LINE—OF-SIGHT DISTANCES
FOR VHF ANTENNAS

S (vhf distance to horizon) = 4. 12 ..~,/Ws is in kilometers, H is ía meters. -

Line-of-sight distance between two antennas:
S1+ S 2 = 4 . 12 (— /R 1÷ ~.Jii~~)

H 1 = H 2 S1 S2 S1 + S2
(Note 1) (Note 2) (Note 3)
Meters Kilometers Kilometers

1 4 . 12 8 . 24
2 5 . 85 11. 7
5 9.23 18.5

10 13 . 0 26 . 0
50 29 . 1 58 . 2

100 41.2 82. 4
500 92.3  185

1, 000 130 260

Notes: 1. In the chart above , the heights of
the antenn as above ground are assumed to be equal
(H i 113 ); however , Hi and H2 may v a r y  at a c t wi l
antenna sites.

2. }Iorizonta l distance.
3. Line -of-sight di s tance.  
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APPENDIX I

TACTICAL ANTENNAS

I:
I
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I. GENERAL

1. INTRODUCTION

Tactical antennas are specially designed to provide
mobility with the least possible sacrifice of efficiency.
They are also designed to take abuse. Some are mounted on
the sides of vehicles that will move over rough terrain;
others are mounted on top of single masts or suspended
between sets of masts. The smallest ones are mounted on the
helmets of the men who use the radio sets. All tactical
antennas must be easy to install. Large ones must be easy
to take apar t and pack and they must be easy to transpor t
when packed.

2. FREQUENCY AND WAVELENGTH 
-

There are basic rela tianships between velocity,
wavelength , and frequency of radiated RF energy tha t determine
the physical and electrical lengths of antennas.

a. Velocity . The velocity of RF energy as it travels
through space is the same as the speed of light. Thus, the
velocity (v) of RF energy is 300,000,000 meters per second,
or 186,000 miles (982,000,000 feet) per second.

b. Wavelength. The wavelength of RF energy, at any
given f requency (f ), is the distance in space from the
beginning of one cycle to the beginning of the next cycle.
The symbol for wavelength is the Greek letter, lambda ~~) .
Wavelength is determined from the basic formula: X=v/f.

(1) To determine the wavelength in meters :

A in meters = 300,000,000/f in Hertz (Hz); or,

= 300,000/f in kiloHertz (kHz); or,

300/f in megaHertz ( M H z )

If , for example , f = 60 MHz , then :

A = 300/60 = 5 meters.

(2) To determine the wavelength in feet:
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A in feet = 984,000,000/f (Hz); or,

= 984,000/f (kHz); or,

= 984/f (MHz).

If , for example , f = 60 MHz , then:-

A = 16.4 feet.

c. The Half-Wavelength. The half—wavelength (A/2) is
an important factor in antenna calculations and measurements.
The half—wavelength or half—wave antenna is used as the
standard of comparison in many antenna measurements.

(1) To determine the half—wavelength in meters:

A/2 in meters = 150,000,000/f (Hz); or,

150,000/f (kHz); or

150/f (MHz).

If , for example, f = 60 MHz, then:

A/2 = 150/60 = 2.5 meters.
(2) To determine the half—wavelength in feet:

A/2 in feet = 492,000,000/f (Hz); or,

= 492,000/f (kHz); or,

= 492/f (MHz)

If, for example, f = 60 MHz , then:

A/2 = 491/60 = 8.18 feet.
(3) In the upper portion of the very-high frequency

(VHF) band and in the ultra-high frequency (UHF) band , it is
often convenient to calculate the half—wavelength in inches,
as follows :

X/2 in inches = 5544/f (MHz).

d. The Quarter—Wavelength. The quarter-wavelength
(A/4) is another important factor in antenna calculations .

_ _ _ _ _  —• --~~~-~~~~~~~— —
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(1) To determine quarter—wavelength in meters:

A/ 4 in meters = 75,000,000/f (Hz); or

= 75,000/f (kHz); or

- 
= 75/f (MHZ). -

If , for example , f = 60 MHz , then :

= 75/60 = 1.25 meters.

(2) To determine the quarter—wavelength in feet:

- 
~

- 

A/4 in feet = 29 6,0 00,000/f (Hz); or,

= 296,000/f (kHz); or

= 296/f (MHZ). 
-
.

If , for example, f = 60 MHz, then:

A/4 296/60 = 4.9 feet.

(3) The quarter-wavelength in inches is determined
by:

A/4 = 2272/f (MHz).

II. ANTENNA CHARACTERISTICS

3. ANTENNA LENGTH

The length of an antenna must be considered in two ways.
It has a physical length and an electr ical length , and the two
are never the same. The physical length of a half—wave , non—
loaded antenna will  vary from 92 percent to 97 percent of the
electrical length of a half—wave in space. The reduced
velocity of the wave on the antenna, and a capacitive effect
(known as end effect) make the antenna seem longer than it
is. The contributing factors are the ratio of the diameter
of the antenna to its length; the capacitance between the
ends of the antenna; and the capacitive effect of terminal
equi pment (insulators , clamps, etc.) used to support the
antenna.

- -  --rn-—- - - -—- -------- - - -~~~~ --
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a. To calculate the physical length of an antenna, use
a correction of 0.95 for frequencies between 3.0 and 50.0
MHz. The figures given below are for a half—wave antenna.

492 x 0.95Length ( fee t )  = Frequency in MHz

= 
468

Frequency in MHz

150 x 0.95Length (meters) = 

~iequency in MHz

— 142.5 -
— Frequency in MHz

b. For frequencies above 50.0 MHz, the end effect is
more pronounced. To calculate the physical length of an
antenna for frequencies above 50.0 MHz use a correction of
0.94. The figures given below are for a half-wave antenna.

492 x 0.94 462Length (feet) = Freq MHz = Freq MHz

C. The length of a long-wire antenna (one wavelength or
longer) for harmonic operation is calcula ted by using the
fo llowing formula:

492 (N—0.05)Length (feet) Freq MHz

Where N = Number of half—wavelengths in the total length of
the antenna .

4. RECIPROCITY THEORY

Reciprocity means that an antenna has the same gain , the
same impedance, and the same directivi ty wh en it is receiving
as it does when it is transmitting .

a. Many tactical radios are transceivers which use the
same antenna for transmitting and receiving. The reciprocity
characteristic makes it unnecessary to tune the antenna for
both transmitting and receiving. If the antenna has been
tuned accura tely for receiving , it wil l  perf orm well while
transmitting .

b. Sometimes security requirements make it necessary
to impose radio silence, and you will not be permitted to
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TABLE I-i 

-.

ELECTRICAL WAVELENGTH AND PHYSICAL FULL-, HALF-,
AND QUARTER-WAVELENGTH IN FEET AND INCHES
FOR SELECTED FREQUENCIES IN THE 30-80 MHz

FREQUENCY RANGE

Frequency A (Note 1) 1 (Note 2) 1/2 (Note 3) A /i+ (Note z~.)(}-Jiz) (Electrical) (Physical) P
ft in ft in ft in ft in

30 32 10 31 2 15 .7 7 10

33 29 10 2 8 k  111 2 7 1

35 2 8 1  26 10 1 3 5  6 9
37 2 6 7  2 5 2  1 2 7  6 1 4
40 24 7 23 1

~
. 1 1 8 -

. 5 10

1~.3 22 11 21 8 10 10 s
L~5 - 21 10 20 10 10 5 5 2

47 20 11 19 11 9 11 5 0
50 1 9 8  18 10 9 5  11 9

53 1 8 7  - 1 7 8 8 1 0  4 5
55 17 11 17 0 8 6 4 3
57 17 3 16 Z

~
. 8 2 4 1

60 16 5 15 8 7 10 3 11

63 1 5 7  14 10 7 5  3 9
65 15 2 u i .  1- 7 2 3 7
68 1 4 6  1 5 8  6 1 0  3 5
70 14 1 13 2 6 7 3 4
73 1 3 6  12 10 6 5  3 2
75 13 1 12 4 6 2 3 1
78 12 7 12 0 6 0 3 0
80 12 4 11 8 5 10 2 11

--
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- TABLE 1—1 (continued)

Note 1. Reference paragraph 2b, this appendix.

Note 2. Reference paragraph 2b and 3, this appendix

— 984 X 0.95 
_________________

p — Frequency in MHz Frequency in MHz

The correction factor of 0.95 is used for all frequencies
30—80 MHZ due to the number of unknown factors such as the
exact h/a ratio, capacitive values , etc. This is standard
field practice. -

Note 3. Reference paragraph 2c(2) and 3, this appendix.

A ‘2 — 984 ~ 0.95 x 0.5 468
p’ 

- 
Frequency in )~1Hz 

- Frequency in MHz

Note 4. Reference paragraph 2d(2) and 3, this appendix.

984 x 0.95 x 0.25 234A~ /4 = Frequency in MHz Frequency in MHz

Ii 
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transmit. Under these circumstances , you can tune the
antenna while receiving signals from stations that are f r ee
to transmit.

5. THE RESONANT ANTENNA

Most of our tactical antennas are either half—wave
antennas , or quarter—wave antennas that perform like half—
wave antennas. The mobility requirements sometimes force
us to use the shortest antenna that will provide reliable
communication. And because most tactical radio equipment
is small, it is necessarily limited in power. Therefore, the
antennas used must radiate at the highest possible efficiency.
The half—wave antenna is one of the most effective antennas
that suits tactical requirements.

a. The half—wave antenna is tue shortest resonant
antenna. The RF energy fed to a half—wave antenna travels
from the feed point to the erids of the antenna and is
reflected back again in one cycle . Thus, it is constantly
reinforced by the applied energy.

b. Four components of RF energy are present on a
resonant antenna. They are:

(1) Applied voltage.
(2) Applied current.
(3) Reflected voltage.
(4) Reflected current.

C. The four components of energy react on each other
to produce standing waves (Figure 1—2). The standing waves
in the figure represent a center—fed (current-fed ) antenna.
However , the same standing waves exist along an end-fed
(voltage—fed) antenna

Figure 1-2. Voltage and current standing waves.
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(1) The half—waves of applied voltage move from the
feed point toward the ends of the antenna , and the reflected
half—waves of voltage move from the ends toward the feed point.
They add to produce the voltage standing wave, E.

(2) The app lied current and the reflected current
add to produce the current standing wave, I. 

-

(3) If you made voltage and current measurements
along a half-wave antenna, and plotted your readings, the
resultant curves would like those in Figure 1—2.

d. You can determine the impedanceS of an antenna from
the antenna current and the antenna voltage.

(1) At the ends of the antenna, the voltage is
maximum and the current i,s zero. Dividing the voltage by
the current should theoretically produce infinite impedance.
In practical antennas, however , the impedance at the ends is
actually a high, finite value (Figure 1—3).

—

~~~~~~~~~~~~

---

-
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i1— - -÷ -- - - - 
-H

Figure 1-3. Impedance standing wave.

(2) At the center of the antenna the voltage is zero
and the current  is maximum . The impedance should be zero ,
according to theory , bu t actually it is about 72 ohms.

(3) The difference between the actual impedance and
the theore tical impedance exists because we cannot assemble
perfect antennas and perfect antenna feeders. The materials

— --5 - ~- 
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we use have defects which cause end leakage so that the
current at the ends of the antenna does not fall to zero.
Also , some reactance exists because of the thickness of the
antenna material. In addition , the impedance match between
the feeders and the antenna cannot be made perfect . So there
will always be a difference between the actual impedance and
the theoretical impedance of an antenna . 

-

6. RF RADIATION

Figures 1—4 and I—5 show a transmitter coupled through
a transmission line to an antenna. Although the antenna is
made up of two elements placed end to end, its action is the
same as if it were one continuous element .
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Figure 1—4. Electron distri— Figure 1—5. Electron distri—
bution with positive half— bution with negative
wave , half—wave .

a. A positive half—wave of energy applied to the
antenna (Figure 1-4) (curve a—b), causes point X to be
positive and point Y to be negative. This causes a flow of
free electrons toward point X~.’,

b. During the next half—cycle (Figure 1—5), the
negative half—wave of energy (curve c—cl) is applied to the
antenna . Point Y becomes positive, so the free electrons
crowd toward point Y.

c. The RF voltage and current in the antenna produce
two frelds: an induction field and a radiation field. Each
f ield, in turn , is made up of two components: a magnetic (H)
field and an electric CE) field.
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(1) The I-I field consists of circular lines of force
that surround the antenna at right angles to the axis of
the antenna element (Figure 1—6). The amplitude of the H
field varies sinusoidally from end to end, with the greatest
magnitude located at the center of the antenna. The direction
of the lines alternates as the current alternates.

4

3 I % 5

Figure 1— 6. Magnetic field about an antenna.

(2) The lines of the E f ield surround the antenna
as shown in Figure 1—7. They originate at the end of the
antenna that is positive and terminate in the negative end.
Figure 1—7 is a cross section of the field , the actual field
completely surrounds the antenna like a sphere.

Figure 1—7 . Electric field about an antenna.

(3) The E and H lines of the induction f ie ld  are 90
degrees Out of phase with each other in time and space. But
the E lines and the H lines of the radiation field are in
phase with each other in time , and 90 degrees out of phase
in space. 
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d The radiation field is produced by the building and
collapsing of the E and H fields about the antenna They
build up—collapse—build up with reversed polarity—and
collapse again. The step—by—step action is described below.

(1) As the applied voltage and current increase, the
E field and H field are produced and expand to maximum size.

(2) When the voltage and current decrease, the
fields attempt to collapse back into the antenna. Because of
the repulsion between lines of like polari ty, a considerable
portion of each field is prevented from returning to the
antenna before the next half—cycle begins.

(3) The expansion of the fields produced by the
succeeding half—cycle drives the residual fields farther
away from the antenna and the f ields travel outward from the
antenna at the speed of light (300,000,000 meters .per
second) . -

7. ANTENNA POLARIZATION

a. The radiated field (Figure 1-7) will arrive at the
receiving point in a plane that is perpendicular to the
direction of travel. The E lines and H lines lie in this
plane and are perpendicular to each other. If the E lines
are vertical (A, Figure 1—8), the field is vertically
polarized ; if they are horizontal (B, Figure 1—8), the f i eld
is horizontally polarized.

b. Ground-wave transmission is widely used at medium
and low frequencies, and requires vertical polarization.
The E lines are perpendicular to the ground and can travel a
considerable distance over the groun d wi th a minimum of
attenuation. Horizontal polarization cannot be used under
these conditions because the earth acts as a fairly good
conductor at low and med ium frequencies and horizontally
polarized E lines are shorted out.

c. Tactical communications systems sometimes use sky—
wave ~Eransmission because obstructions between the stations
make it impossible to transmit directly . The transmitted
energy is reflected off  the ionospher e to make it reach the
receiving station. The ionosphere causes the energy to be
e1lipti~ ally polarized because the E and H lines rotate in a
plane that is perpendicular to the line of travel. Thus, a
wave tha t has been transmi tted from a ver tically polarized
an tenn a could arrive at the receiving poin t with its
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Figure 1—8. Wave polarization.

polarization changed to horizontal. The polarization could
be changed in the same way to any f ixed angle between
vertical or horizontal polarization , or it could be con-
stantly changing. Any of these situations might require the
use of polarization diversity using one horizon tally and one
vertically polarized antenna, both feeding signals through
diversity equipment to the receiver.

d. Horizontally polarized antennas are preferred for use
in the high frequency range for the following reasons.

(1) Less interference is received from man-made noise
sources because vehicular ignition systems, rotating
machinery, and many electrical appliances produce vertically
polarized interference. The response to such interference is
minimized by using horizontal polarization. 
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- (2) Surrounding buildings and their interior wiring
absorb less of the transmitted energy when horizontal
polarization is used.

(3) At high frequencies, supports for horizontally
polarized an tennas are smaller than those required for
vertically polarized antennas. -

e. Either horizontal or vertical polarization is
satisfactory with very—high frequencies (VHF) or ultra-high
frequencies (UHF). The VHF or UHF radio waves travel directly
from the transmitting antenna to the receiving antenna
without reaching the ionosphere. The polarization produced
by the transmitting antenna is maintained while the energy
travels to the receiving antenna. The only restriction is
that if a horizontally polarized antenna is used to transmit,
a horizontal antenna must be used to receive ; and , if the
transmitting antenna is vertical the receiving antenna must
be vertical , 

- 

-

8. ANTENNA RADIATION PATTERNS

The radi ation pattern of an antenna depends upon the
current distr ibution throughout its length and its height
above ground. Since the current distribution along an
an tenna is uneven , the resul ting electromagnetic wave dis-
tribution in space is also uneven. Electromagnetic energy
is radiated wi th the greatest intensity where the current
is greatest , thus producing the characteristic radiation
pattern for each type of single—element antenna. For
example, the current in the single—element half—wave
antenna is grea test at the center of the antenna and most of
the energy is radia ted from the center (A, Figure 1—9).
Practically no energy radiates from the ends of the antenna
in the direction in which the antenna is extended; the
radiation is broad—side to the antenna (B, Figure 1—9). The
pa tterns in Figure 1—9 do not show ground effects.
Figure 1—10 shows the effect of ground on the vertical
patterns of half—wave antennas at different heights.

III. ANTENNA TYPES

9. THE HALF-WAVE ANTENNA

a. The Doublet. The half—wave antenna is commonly
used in the horizontal position and is fed at the center. 
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Figure 1—9. Radiation pattern of a horizonta1~ doublet.
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Figure j — ].o.. Ground effects upon a radiation pattern .

_ _ _ _  -5 - — -~~~~~~ -— - -- --~~~~~~~ -~~~~~~~~~~ -- -5— - — - - - —~~~~~~~~



-- i
~ 

- i - -  —‘- --,-—---- ---- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

224

This arrangement , 
- 
called the doubl~ t , consists of two quarter—

wave elements placed end—to—end, with one conductor of the
transmission line connected to each of the two adjoining ends

— 
of the elements. The impedance at the center of the doublet
is 72 ohms, so the transmission line that feeds it is usually
either a coaxial cable or 72.-ohm open-wire line or ribbon.
Figure I—li shows the construction of the doublet (also called
a Hertz antenna, or a dipole), and Figure 1—12 shows a field
expedient doublet made of field wire. The transmission line
to the field—wire antenna must be kept short because of leak-
age through the insulation and because of the high resistance
of the wire. 

.
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Figure I—li. Coaxial cable connected to a doublet.
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Figure 1— 12. Field wire doublet.
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b. The Folded Dipole. The single folded dipole is a
one—wavelength conductor with a quarter—wave portion at each
end folded back to the center to provide a second conductor
and feeder connections (Figure 1—13). The result is a half—
wave antenna with two parallel conductors, closely spaced.
The following are some of the important characteristics of the
folded dipole. -

H 
U

Figure 1— 13. A single—folded dipole.

I-
(1) By proper selection of the ratio of the

conductor diameters to the conductor spacing , the anterna
can be designed to match impedances at ratios from 2 to 16
times the impedance of a single—conductor antenna.

(2) A third conductor (Figure 1-14) can be added
to the antenna to increase the impedance matching range from
f to 25 times the impedance of a single conductor antenna.

F
_-

Figure 1-14. A double—folded dipole.

(3) The folded dipole has the broad tuning, relatively
stable impedance, and radiation resistance of a thick antenna.
Once the impedance has been established by the construction 
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of the antenna, it is possible to ‘~ary the operatingfrequency over a comparatively wide range without a detri-
mental mismatch or serious loss of radiation resistance.
This antenna behaves as though it were a metal sheet or
ribbon as wide as the overall width across the conductors.

c. Construction of a Folded Dipole. The normal
impedance of the two-conductor folded dipole with closely
spaced, equal size conductors is about 300 ohms. A very
serviceable low-cost folded dipole can be made from 300—ohm
line (“TV ribbon”), as shown in Figure 1—15 .
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HO LE S WE A T H E R P R OOF SEA L - C O N D U C T O RS
FO R R OPE ( V U L C A N I Z E D  T A P E , TRANSMISSION TWISTED AND
OR CORD MOLDED PLASTIC , ETC.) LINE SOLD ERED

Figure 1—15. Method of constructing a folded dipole from
300—ohm line. -

(1) Det’~rmine the physical length of a half—wavein the line being used.
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(2 )  Cut the ribbon to size , plus two or three inches
for splicing . Leave enough at each end to insure that the
half—wavelength is left intact after splicing.

(3) Twist the ends of the bare conductor together
at each end, and solder. No insulation is required.

(4) Cut one conductor at the quarter-wave point.
Leave enough bare wire on each side of the cut to permit
splicing of another piece of 300—ohm line to the ends.

(5) After the connection is spliced and soldered ,
make a weatherproof seal over the joint. Tape the joint, and
then use a soldering iron to vulcanize the tape. (Scraps of
plastic insul ation from the ribbon can be molded around the
joint with a soldering iron to form a permanent seal.) The
result is an impedance—matched , 300-ohm, folded dipole with
a built—in transmission line. .

(6) In an emergency, f ield wire can be used in the
same way and its impedance will be very close to 300 ohms.

10. WHIP ANTENNAS

At the lower frequencies where wavelengths are long , it
is impractical to use resonant—length tactical antennas with
portable radio equipment—especially with vehicular-mounted
radio sets. Tactical whip antennas are electrically short,
vertical, base—loaded types, fed with a non-resonant coaxial
cable of about 36 ohms impedance.

a. If the tactical antenna is to attain an efficiency
comparable to that of a half—wave antenna , the height of the
vertical radiator should be a quarter wavelength . However ,
this is not always possible, so the loaded whip is used
instead. The missing quarter-wavelength of the antenna is
supplied by the ground , a counterpoise , or any conducting
surface that is big enough.

b. The whip antenna supplied with  military radio sets
is usually 4.5 meters (15 ft) long for the high-frequency
tactical radio sets, and shorter for tactical FM sets. It is
made shorter than a quarter—wavelength to keep it a practical
length. (A quarter—wavelength antenna for 5.0 MHz would be
over 14 meters (46 feet) long.) A tuning unit, either built
into the radio set or supplied with it, compensates for the
missing length of antenna. The tuning unit varies the
electrical length of the antennas to accommodate a range of
frequencies.  

- ---5 --
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C. Whip antennas are employed with tactical radio sets,
because they radiate in the horizontal plane (Figure 1—16).
Since stations in a radio net lie in random directions , and
change their positions frequently, the radiation pattern of
the whip is ideal for tactical net communications.
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Figure 1-16. Radiation pattern of a whip antenna.

d. The physical leflgth of a tactical whip an tenna is
modified by inserting a lumped reactance at some point along
the radiator . A series-lumped inductance is commonly
inserted into a short antenna to increase its effective
length. This is called base loading (Figure 1-17) or center
loading (Figure 1-18) depending upon the placement of the
loading coil. Because of the IR loss in the coil , whi ch is
determined by its Q and the poin t in the radiator where it is
inserted, this method of resonating the antenna is less -

efficient than that of top loading (Figure 1-19). It is
impractical , however , to top-load tactical antennas because
of the mechanical difficulties involved . Figures 1-17
through 1—19 show the current distribution for short vertical
antennas employing base loading , center loading , and top
loading. The solid curve shows the current distribution in
the loaded whipi the dashed lines show how the current would
be distributed on a full quarter—wave antenna.

e. When a whip antenna is installed at a height above
the ground that is more than a small par t of its length , its
efficiency decreases and its directivity changes. Therefore ,
when we use a whip antenna at the top of a mast, we must supply
an elevated substi tute for the ground . 
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Figure 1—17. Base-loaded whip.
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Figure 1—18. Center-loaded whip.
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Figure 1-19. Top-loaded whip.

(1) The ground—plane antenna (Figure 1—20 ) solves the
problem very ef fec t ive ly .  It is a whip antenna tha t includes

- - radial elements to serve as the ground . The coaxial feeder is
connected with the inner conductor feeding the vertical
element (whip) , and the braid of the coaxial cable connected= to the radials (the ground-plane) to keep them at ground
potential.

(2) Using a metal disc to fill in the gaps between the
radials does not improve the performance enough to mak e it
worthwhile. Three or four radials are just as effective , cost
less , and offer less wind resistance .

(3) When the radials arc at rig h L  angles to the whip,
the energy is reflected upwards, and a great portion of it is
lost.. If the ground plane is dropped to 50 degrees below the
horizontal (Figure 1—20), the maximum ra diation from the
an tenna is brought down into the horizon tal plane.

(4) The grot~nd plane antenna is a broad—band type. It
radiates efficiently over a wide range of frequencies.

f. The RC-292 (Figure 1-21) is a ground plane antenna
presently used with tactical FM sets. It can be tuned by
using the proper length of antenna sections in the vertical
element and in the ground plane.

---5 - - - - — -5 - - - ----
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WHIP

INSULATOR

- .\~ COAXIAL
- TRANSMISSIO;~GROUND PLANE LINE

RODS

Figure 1—20. Construction of a ground plane antenna .
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Figure 1—21. RC—292 ground plane antenna.
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11. DIRECTIVE ANTENNAS

The half—wave antenna (Figure 1—22) is not directive; it
radiates its energy in a f u l l  circle around itse l f .  Only a
small part of the energy is radiated in any given direction .
If the antenna is made directive, the amount of RF energy that
can be delivered in a given direction can be increased many
times with no increase in transmitter output. -

RADIAIO R

Figure 1—22. A simple half-wave radiator.

a. Terminology . The direction in which we radiate the
energy is the forward direction and the opposite direction
is the backward direction. The element of the antenna that
radiates the energy is called the radiator, and the elements
that lie in the direction of radiation are the front of the
antenna , and are the directors. The element behind the
radiator is the reflector which intercepts the backward
radiation and reflects it forward. The whole assembly is an
array, and if a driven element (radiator) excites the other
elements, it is called a parasitic array.

b. The Parasitic Reflector. A parasitic reflector is
similar to the radiator. It is usually made of the same
material, but approximately 5 percent longer (Figure I—23).

REnICTON RADIATOR

Figure 1-23. A radiator with a reflector . 
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A parasitic reflector is excited by energy from the radiator
and requires no energy source of its own . When the parasi tic
reflector is placed about 0.15 to 0.25 wavelength behind the
radiator , its reradiated energy will be projected forward.
All of the backward radiation , except that lost in the
ref lector , will be projected forward to reinforce the forward
radiation. The half-wave antenna radiates its energy over a
reduced area , and the power projected in the forward direction
is increased. -

c. Parasitic Directors. A parasitic director
(Figure 1—24) is 5 percent shorter than the radiator and is
placed about 0.15 to 0.25 wavelength ahead of the radiator.
One or more directors may be used in a yagi array . The
radiator supplies the energy to excite the directors , which
in turn project the RF energy forward in a beam . The
directors produce a result that is simi lar to the action of
an optical lens. -

.

K ~~~~~~
N

~~~RECTOR
RtflC CTOR RADIATOR

Figure 1—24. A radiator with a reflector and a director.

d. Yagi Array . A yagi array uses two or more parasitic
elements; it consists of one driven element, one reflector ,
and one or more directors (Figure 1—24). Yagi arr ays usually
have an increased power gain of approximately 7 db (five
times) over a half—wave antenna. Precise adjustment of
element length and spacing can concentra te the signal in the
forward direction , so that it can provide a gain of 9 db
(eight times) over a half—wave antenna . However , such
precise adjus tments cannot always be made in tactical
situations. Therefore , the array is modi f ied by increasing
the spacing between the elements making the adjustmen ts less
cri tical , and the array provides a reasonable impedance match
to 52-ohm coaxial cable.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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e. Impedance Matchi.~~~ Impedance matching is a problem
when a convent ional dipole is used as the driven element or
radiator in parasitic arrays. As the number of parasitic
elements in the array is increased , the input impedance of the
driven element is lowered . When a conventional dipole is used
as the driven element in the three-element yagi array , the
input impedance is approximately 8 ohms as compared to its
original 73 ohms . A fol ded dipole used as the driven element
will raise the input impedance without using a complex
impedance-transformation device. The radiation resistance
will be increased by a factor of four or more , varying with
the design of the fol ded dipole .

f. Reflector Antennas. Reflectors are generally used
to modify the radiation pattern of antennas for radio-relay
applications. They increase the forward gain and directivity
and reduce backward radiation . Reflectors intercept radio
energy and reradiate it in another direction the same as a
mirror reflects a light beam. -

(1) The common types of reflectors are (Figures 1—25
through 1—28) the plane reflector, the corner reflector , and
the parabolic reflector. Other types can be used , depending
upon the desired directivity pattern.

(2) Most antenna reflectors are exposed to the
wea ther , so there is a definite advantage in using a screen,
a grill, or a perforated sheet. All three types of fe r  low
wind resistance, but they still reflect radio energy as well
as a solid sheet. The simplest reflector , other than thin
parasitic elements, consists of a f l a t sheet of perforated
metal or a screen (Figure 1—26), such as that used with Radio

U Relay Set AN/TRC—24. The gain obtained with this reflector
can be increased by using several properly spaced elements.

(3) A f l a t  reflector conver ts the normal bidirectional
pattern into a large unidirectional pattern by reflecting back—
ward radiation and project ing it forward . It  increases
forward gain but does not produce a beam.

g. Directivity and Gain. The forward gain in f ield
intensity is a funct ion of the spacing between the dipole
element and the reflector, the number of dipole elements used.,
the size of the re f lector , and its shape .

(1) A corner ref lector consists of two f la t
ref lecting sheets in tersecting at ri ght angles , forming a
square corner (Figure 1—27) . Corner angles greater or less
than 90 degrees can be used , but rio net advantage is gained at
angles less than 60 degrees. 
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REFLE CIOR SIIE E T

Figure 1—25. A plane reflector.

rnfta~~~11 1 I ~ 
-
~~

LI
Figure 1—26. A typical form of plane reflector.
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Figure 1—27. A corner Figure 1-28. A parabolic
reflector. reflector.

(2) -If a dipole rad-iator is located within the plane
bisecting the corner angle and parallel to the intersection
of the two sheets, gain figures from 10 to 15 db over an
isotropic dipole can be obtained . One disadvantage of plane
and corner reflector antennas is that they concentrate energy
in one plane only. -

(3) The antenna systems used in radar and radio—relay
opera tions must have high directivity in both horizontal and
vertical planes , to transfer a maximum amoun t of energy from
one point to another. The reflector-type antenna most
commonly used to accomplish this is the paraboloid or para-
bolic reflector shown in Figure 1—28 . If a half-wave dipole
is placed at the focus of the reflector , nearly perfect beam—
focusing takes place . The major factor contributing to the
gain and beam—focusing is the total area of the reflecting
surface . The included angle of the reflected beam is pro-
portional to the wavelength of the RF energy,  and inversely
proportional to the diameter (aperture) of the reflector.
The parabolic antenna provides the greatest forward gain of
all the reflector antennas. Gains in excess of 60 db have
been achieved with large antennas .

12. HORN ANTENNAS

The horn antenna shown in Figure 1-29 is another highly
directional antenna. 

~~~~~~~~~~~~~~~~~~~ -
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Figure 1—29. A horn antenna .

a. Energy is transferred from the transmission line to
a resonant cavity in the rear of the horn. The tapered
portion of the horn provides - an impedance match between the
cavity and free space .

b The taper of the horn determines the size of the
aperture , and the size of the aperture determines the distri—
bution of the energy field in the aperture . The radiation
pattern of the horn is determined by a combination of the
distribution of the field wi thin the aperture , and the
aperture size. Thus, the taper of the horn determines the
radiation pattern.

IV. TRANSMISSION LINES -

13. TRANSMISSION LINE IMPEDANCE

a. One requirement for efficient power transmission
from the source to the load is that their impedances must
match. When the impedance of the load equals the impedance
of the source , the load is receiving the greatest amount of
power that can be delivered to it by the source.

b. To obtain adequate antenna efficiency the antenna ’s
impedance mus t be matched to that of the transmi tter ’s output
circui t .  When impedances are ma tched , the eff ic iency of the
antenna will be high because it will be han dling the maximum
current that the transmi tter can supply to it.

_ _ _ _ _ _  _ _  
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c. Since the antenna usually cannot be attached
directly to the transmitter it is necessary to transmit the
power to the antenna through a transmission line. Each type
of transmission line has a characteristic impedance ; common
values are 52 ohms, 75 ohms , 300 ohms, and 600 ohms.

d. When the output impedance of the transmitter matches
the characteristic impedance of the transmission line , the
transfer of power from transmitter to line occurs with a
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 burn—out.

e. 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 to be flat—it is non-resonant, 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 .

f. 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 a common antenna frequently eliminates the
receiving problems when the line and the antenna are matched
for efficient transmissions.

~~. Resonant transmission lines are not used as antenna
feed lines 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 .

h. Tables 1—3 , 1-4, and 1-6 show the characteristic
impedances of typical transmission lines and typical coaxial
cables. This information is useful when it is necessary to
fabricate an emergency antenna from the line or cable on
hand . Transmission lines used in mi litary communications
usually have characteristic impedances in the range from 36
ohms to 600 ohms.

14. TYPES OF TRANSMISSION LINES

a. Coaxial Line. Coaxial transmission line consists of
a conductor inside ano ther conductor , arranged so that the
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- 
TABLE 1—3 

--

CHARACTERISTICS OF COAXIAL CABLES. WEIGHT DATA

T e Velocity Capacitance We ight
(ohms) factor por foot ( 100. fL)

RG-8/U 52 0. 66 28.5 p1 11 lbs

RG-58/U 53 0. 66 28. Sp f  3 lhs

RG- 17/U 52 0. 66 29.5 p1 46 lbs

RG—19/IJ 52 0. 66 29. 5 pf 74 lbs

RG- 55/U 53 
- 

0. 66 28. 5 P 1 4 lbs

RG -5/U 52 .0. 66 28. 5 p1 9 lbs

RG-14/U 52 0. 66 29 .5  Pf 22 lbs

RG-59/U 73 - 0. 66 2 1 pf 3 lbs

RG-1l/U 75 0. 66 21 p1 10 lbs

RG-6/U 76 0. 66 20 P1 8 lbs

ltG-13/IJ 74 0. 66 21 pf 13 lbs

R G-22/U 95 0. 66 16 i 1  12 lbs

RG-62/U 93 0. 66 14 P1 4 lbs

RG-63/U 125 0. 66 11 ~ f 8 lbs

RG-71/U 93 0. 66 14 p1 5 lbs

RG-4 1/U 66 0.66 2? pf 15 lbs

—5--- —--
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TABLE 1-4

CHARACTERISTICS OF COMMONLY USED TRANSMISSION LINES.
ATTENUATION IN dB PER 100 FEET AS A FUNCTION

OF FREQUENCY

Characteristics ol Commonly-Used Transm~.sioa Linet

Type of Line Z0 Vcl. pP OD ,llle,zuation in dIJ per 100 feet
Ohms % per ft .  3.5 7 / 4  21 28 50 / 44 420

RGS8/A-AU 
- 

53 66 28.5 0.195 0.68 LO 1.5 19 2.2 3.1 5.7 10.4
RGS S Foam D~cl. 50 79 25.4 0.195 0.52 0.8 1. 1 1.4 - 1.7 2.2 4.1 7.l
RG59/A-AU 73 66 2 1.0 0.242 0.64 0.90 1.3 1.6 1.8 2.4 4.2 7.2
RG59 Foam Did . 75 79 16.9 0.242 0.48 0.70 1.0 1.2 1. 4 2.0 3.4 6.1
RGS/A-AU 52 66 29.5 0.405 0.30 0.45 0.66 0.83 0.98 l.35 2 5  4.8
RG8 Foa m Di~I. 50 80 25.4 0.405 0.27 0.44 0.62 036 0.90 1.2 2.2 3.9
RGI 1/A-AU 75 66 20.5 0.405 0.38 0.55 0.80 0.98 1.15 1.55 2.8 4.9
Aluminum Jacket ,

Foarit Dj cI. 1
3/8 in.. h 50 81 25.0 — — — 0.36 048 0.54 0.75 1.3 2.5
1/2 inch 50 81 25.0 — — — 0.27 0.35 0.40 0.55 1.0 1.8
3/ 8tn ch 75 8 1 16.7 — 

- 
— — 0.43 0.5 1 0.60 08 0  1.4 2.6

1~’2 inch 75 SI 16.7 — — — 0.34 040 0.4 8 0.60 1.2 1.9
Open-wire 2 — 97 — 0.03 0.05 0.07 0.08 0. 10 0.13 0.25 —
300-ohm Twin- lead 300 82 5.8 0.18 0.28 0.41 0.52 0.60 0.85 1.55 2.8
300-oh m tubu l ar 300 80 4.6 0.07 0.23 0.39 0.48 0.53 0.75 1.3 1.9
Opcn.wire, TV type -

l/2 inch 400 95 0.028 0.05 0.09 0.13 0 .17 0.30 0.7 5 —

l inch 450 95 0.028 0.05 0.09 0. 11 0. 17 0.30 0.75 —

I Polyf o-am diclcctr :c type line in format i on  cour tesy of Times Wire and Cable Co.
2 Attenuation of o~ en-wirc line based on No. 12 conductor s , neglecting radiation.

TABLE 1-5

POWER HANDLING CAPABILITIES OF SELECTED
TYPES OF COAXIAL CABLE

Type of Line Power RCt iIi K in Wctis
20-Mh z 30- 60- 200.

R GS8/ A-A (j  550 430 290 14
~G5T Foaiii DIeL1
RG59/~-Au 860 680 440 208

RG 8/ A-AtJ 2000 1720 1250 680

k G th / A-AU 1 800 1400 900 400
I Powe r h;iiidling capabiIsLie ~ of 15lam-ty pe coaxi a l
lines is app ro xi, nat c-jy 30 percent gr eater th an the
paIyethylen~ dit-li-ct r ic ty pes .

_ _ _ _
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inner conductor coincides with the axis of the outer
conductor . Fixed coaxial lines consist of a conductor held in
place inside a metal tube by means of plastic spacers.

b. Coaxial Cable. Coaxial cable was developed from
coaxial line for use with mobile or transportable stations
(Figure 1-30). Coaxial cable consists of a single-strand inner
conductor for small cables or a multistrand inner conductor for
medium and large cables; a solid , but f lexible, dielectric
around the center conductor ; a flexible metal braid around

- -b. the dielectric; and, a vinyl jacket over the entire coaxial
assembly. You may lay this cable on the ground or bury it
for long periods with no undesirable effects on its
performance.

C (NTE R VIUYI. JAC KEt

CONDUCt OR - 

-

f L E X I B LE 
•
_—~~~ 

— .  —-

SOLID

DIRICT RIC 
METALLIC BRAID

Figure 1—30. Typical coaxial cable .

c. Oyen Wire Line (Figure 1-31). Open wire lines are
parallel wires held in position by insulated spacers. The
characteristic impedance varies with changes in the spacing
and in the diameter of the wire .

CONDUCTO RS

I/I /

~~~ w ’~~ç~~ ma%.= —5- 5-=’-- -- - -
~

— nsr! ~~~~~~~~~~~~~~~~~

IN~ ULA T INQ SPA CER S

Figure 1-31. Open wire transmission line.

(1) The most common form of open wire transmission
line used in mili tary communication has a char acteristic
impedance of 600 ohms.
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(2)  Ribbon transmission 1~ne (Figure 1—32) is a
modification of the open wire transmission line. It is
available in various impedances , the most common being the
75—ohm, 150-ohm, and 300-ohm types.

MOLDfD INSULAT ING MAURAL

Figure 1-32. Ribbon transmission line.

d. Twisted Pair (Figure 1-33). Insulated wires may
be twisted in pairs for use as a transmission line. 

-

Figure 1—33. Twisted pair.

(1) There are twisted pairs available for general
use , but they can only be used to a limited extent as antenna
feeders. -

(2) Field wire can be used , but its high ohmic
resistance requires that it be used only in short lengths.
Otherwise, losses in the line are too hi gh. In addition , the
leakage between conductors becomes excessive above 15 t4j1z and
makes the twisted-pair transmission line inefficient. The
leakage can be great enough to cause overheating and burning
of the insulation. - 
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TABLE 1-6

- CHARACTERISTIC IMPEDANCE OF PARALLEL CONDUCTOR
TRANSMISSION LINES

(ohms)

Wire~ ’\ 1~~~
,

1.5 2 2.5 3 4 5 6 7 8 9 10 12 15

22 530 580 610 640 660 690 715 735 750 . 765 780 790 825 850

20 490 540 575 605 625 670 685 710 730 750 765 780 795 810

18 465 520 560 580 600 630 660 685 700 710 725 735 750 765

16 440 485 520 550 570 605 635 665 (180 695 705 715 730 760

14 4t0  465 495 525 540 580 605 625 645 660 675 685 710 740

12 385 435 465 495 520 550 575 600 620 635 650 665 680 705

10 360 405 440 475 495 525 550 575 595 510 520 530 560 580

8 335 380 415 435 460 500 525 545 565 585 600 610 630 655

Tubing
S Z Q  (i n ) 

________ ________________________________________

0. 25 250 300 330 360 380 415 445 465

0. 375 200 240 280 310 330 365 390 405

0. 500 165 210 255 280 300 330 360 380
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Figure 1—34 . Graph for calculating losses in.
transmission lines with an SWR of 1.
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Figure I—3S. The effect of standing-wave ratio on line
loss. The ordinates give the additional loss in decibels for
the loss , under perfectly matched conditions , shown on the
horizontal scale.
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15. LOSSES IN TRANSMISSION LINES

a. There are three ways by which power may be lost in
a transmi s~ ion line : by radiation , by heating of the con-
ductors (I’R), and by heating of the dielectric , if any.
Radiation losses are in general the resul t from undesired
coupling to the radiating antenna . They cannot -readily be
estimated or measured , so the following discussion is based
only on conductor and dielectric losses.

Heat losses in both the conductor and the dielectric
increase with frequency . Conduc tor losses also are greater
the lower the characteristic impedance of the line , because
a higher current flows in a low-impedance line for a given
power input. The converse is true of dielectric losses
because these increase with the voltage, which is greater
on high-impedance lines. The dielectric loss in air—insulated
lines is negligible (the only loss is in the insulating
spacers) and such lines operate at hi gh e f f iciency . when
radiation losses are low . 

-

It is convenient to express the loss in a transmission
line in decibels per unit length , since the- loss in dB is
directly proportional to the line length. Losses in various
types of lines operated without standing waves (that is,
terminated in a resistive load equal to the characteristic
impedance of the line) are given in Table 1—4 , page 240.

When there are standing waves on the line the power loss
increases as shown in Figure 1—35 , page 244. Whether or not
the increase in loss is serious depends on what the original
loss would have been if the line were perfectly matched. If
the loss with perfect matching is very low , a large SWR will
not greatly affect the efficiency of the line—i.e., the
ratio of the power delivered to the load to the power put
into the line.

EXAMPLE: An RC-292 antenna with its elements adjusted
for Band 1 (30—36.5 MHz) is used to operate on a frequency of
50 MHz. The coaxial cable issued with the antenna equipment
is 68 feet, 3 inches long and is type RG-8/A. Additionally,
the voltage standing—wave ratio is determined through forward
and reflected power readings using Rad io Frequency Power Test
Set TS—2609/tJ to be 4.6:1. If perfectly matched , the loss from
Table 1—4 would be 0.6825 x 1.35 = 0 . 9 2  dB. From Fi gure 1—35
the additional loss because of the high SWR is 0.9 dB. The
total loss is therefore 0.92 + 0.9 = 1.82 dB. The efficiency
of the line has decreased from approxi mately 81 percent (if
the line were perfectly matched) to approximately 66 percent
(VSWR of 4.6:1) because of the high VSWR.

b. Testing old coaxial cable. Unknown coaxial cable
that has been exposed to the weather may .have losses above 

- - - -~~~~~
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the published f igures for the cable type . A simple method
for checking the losses in a cable is to use an rf ammeter.
Connect one end of the cable to a nonreactive dummy load of
the same impedance as the coax. At the other end of the
line insert the rf ammeter and connect it to a transmitter .
Tune up the rig and make a note of the exact amount of
current. Without touching the transmitter tuning , move the
ammeter to the other end of the lin e, at the dummy load, and
note the meter reading. Compare the readings to Figure 1—34 ,
page 2L~4, and this will give you the decibel loss that is
present in the line . Keep in mind that the cable must be
terminated in its characteristic impedance (SWR of 1);
otherwise, the f i gures in Figure 1-34 will not be accurate .
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This appendix disc usses the basic types of tactica l ante nnas , and gives some field expedient
solutions to their being broken or damaged. These solutions are only temporary, but they will
help you get the message through.

Field expedient antennas sometimes provide a way to beat the enemy’s Electronic Warfare
efforts. A field expedient bi- or uni’directional antenna ca~ be used to prevent the enemy from
intercepting transmissions. If you use a whip antenna, you cars expect the enemy to intercept
and locate your transmitter 73%of the time. If you use a horizontal/directional antenna, you can
eliminate his ability to locate you and reduce his probability of intercept to only S”cs of the time:
(These Figures apply to the PRC-77 radio, however , the same basic facts apply to all radios.)

When you fabricate an antenna, there is one important fact that you hare to keep in mind—
the location of the station(s) you need to communicate with. Why? Because the direction and
distance are critical factors and the selection of the right type of antenna is important.
Basically, there are three types of antennas according to their directional characteristics. They

are—
OMNI-Directiona l A lldire ctions
Hi-Directional Any two oppos ite directions
UNI-Directiona l Any one direct ion
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- OMNI-DIRECTIONAL ANTENNAS
The vertical whip antenna is the most widely used omni-directional antenna found in the

military. The tactical communicator is most familiar with the whip antenna used on vehicles.
and the ground plane antenna which is usually mounted on masts or other structures.

The vertical whip is omni (all) .directiona l , and its efficiency is related to the transmitting
frequency and antenna height. At lower frequencies its efficiency is very low, but as the
frequency is increased , its efficiency also increases. The problem with height can be helped by
plac ing the antenna on top of a hill or by fastening it to a pole or tree to increase its height above
surrounding structures.

If your whip antenna is damaged or missing, here are some quick solutions to your problem.

Whip Antennas

Here’s how to put up some quarter-wave vertical antennae. These are used to replace regular
whip antennas.

Step 1. Using the quick reference chart at the end of this appendix or the formula for a
quarter wave, cut a wire to the required length.

Step 2. Attach an insulator to one end and attach the other end to the antenna connector on
your radio.

Step 3. Tie a rope to the insulator end and throw the rope over a limb,

Step 4, Pull it up till it’s vertical and it’s ready to go. Don’t forget to ground your radio.

L -rn- - - -  
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- - The verticals shown here are const ructed the same way , but each has a different mean, of
suppo rt, They are all simple and quicac to fabricate.

If you ’re using insulated wire, be sues to loop the w ire around the handle of the radio before
attaching it to the antenna connector. If your antenna is made of bare wi ’,, use a stake and
insulator to keep the antenna wire from pulling out of the antenna conn ect or on the tadjo,

.1!
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RC -292 -

The RC.292 is a highly effective, omni-direct ional antenna. It is usuaily much more effecti ve
than a whip antenna, and is particularily effective in the VHF frequency range.

When this antenna is damaged or not available, there are several ~eld expedient versions
that can easily be fabricated.

Three ways of replacing an RC-292 antenna for emergency operation.
The first method is useful in heavily wooded areas where tree limbs can be used to raise the

antenna.

Step I. Using the quick reference chart at the end of this appendix (or the formula, if you
have it), cut all four wires for a quarter wave antenna. Connect them as shown ,

Step 2. You’ll need two insulators; one at each end to separate the vertical elements. You can
attach a rope with a rock tied to it to throw the rope over a tree limb,

SteP 3. Connect the WD.l as shown, before you pull the antønna up in the air,

Step 4. At the radio, connect one wire of the WD-t to the antenna connector and one wire to
the radio chassis.

-
t 

-
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Here is a ground plane antenna f o ra’eas
- with no trees or mast substitutes. Compute

and cut the four wires for a quarter wave. You
can use a sing le pole in the middle to suppo rt

~~ the wh ole thing. The ground plane elements
/7 double as the guy wires. Use insulators to
// separate the ground plane elements from

ground. The vertical element must also be
insulated from the ground planes. Connect

This ground plane antenna is a regular
RC.292 without a mast or guys. Attach an -
insulator to the vertical element , add a p iece
of rope, tie on a weight, and throw the rope
over a handy tree limb. Pull the antenna up - 

-

as high as possible. With this arrangement .
you can raise and lower the antenna to -

change element lengths e3ch tim e you
change frequency. The coaxia l lead-in
attach es to your radio conn ector as before . If
you expe ct strong winds , add a rope from the
bottom of the head to a stake in the ground
below. This will prevent sw aying ~nd a
signal that fades in and nut. C

I 4. 
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rn -DIRECTIONAL ANTENNA S - 
—

The typ ical military half ’wave antenna is a highly effective bi-directional antenna. It is
normally used in the high frequency range.

HF Doublet

When a doublet isn’t available, you can easily fabricate a replacement which will do a very
good job. The antenna we’ll show can replace your doublet when necessary. You ’ll need these
items: -

-Two supports , 19-to 30-feet high.
‘W ire , any type that ’s long enough,
‘Ro pe or wire for halyards. —

‘Three insulators.
-A water can or similar heavy object.

Now build it!
Step 1. Cut the wire to your operating frequency using the chart or formula to compute the

length needed for a half-wave antenna.
Step 2. Determine your direction of transmission , beca use the doublet antenna is Bi-

Direc tional and shoots strai ght out from both sides of the wire.

Step 3. Cut the wire in half and put an insulator on each wire en d.
Step 4. Locate and erect the two supports. Be certain they are 3 or 4 feet further apart than

the antenna’s actual length, and broadside to the direction of communication: 
- 

‘

Step 5. Separate the two wires of the WD-l far enough to attach one wire to each end of the
center insulator. Be sure it is long enough to drop nearly to the ground and then to your radio a
position.

Step 6. Tie rope or wire to the two end insulators, then using whatever method is easiest,
hang the antenna up between the supports, keeping it as level as possible.

Step 7. Connect one wire of the WD.l to the antenna connector of the radio set and the other
wire of the WD-t to a ground point on theradio,The ground point should be as close as poss ible to
the antenna connector.

In this example , we ’ve used a can tied to one end to demonstrate counterweight. This is tied
to the tree end halyard, and prevents the antenna from breaking in case of high winds blowing
the support tree around.
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Coaxial Antenna
So you ’ve got to rep lace your double t and don ’t have any wire , just a long piece ofcoax cable.

‘ Figure the length of antenna you need using the formula or the quick reference chart . Let’s say
you need a 14’ antenna: just measure off ? ’ of coax and mark the spot. Using a knife or sharp
object, carefully cut through the rubber outer insulation, don’t cutintothe braid shield. Afteryou
cut it evenly all the way around , you ’ll be able to pull off the insulation leaving the braid shield
exposed. Bend the coax in a loop and hold it in one hand. Using a nail or pencil carefully
separa te the braided shield from the insulated center conductor. Now gradually work the pencil
in between the coax and the center conducto r as shown, Keep the loop formed and stick a finger
in the hole you ’ve made with the pencil. Slowly pull on the center conductor and you ’ll be able to
pull it out of the braided shield.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

In th is illustration , you see a coaxial antenna consisting of 7 feet of braided shield and 7 feet
of insulated center conductor. Both are firmly attached to the remainder of the coax which is
your ‘ead-in cable. All you need to do now is tie an insulator on each end , atta ch ropes , fi nd
something to use as supports and put it up as flat as possible across the top. Now you have a good
14-foot doublet antenna.
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UNI-DIRECT I ONAL ANTEN NAS
Vertical Half Rhombic

You say t his antenna looks like the end of a big pup tent? Good! That means it’s put up
correctly. Use it to work out of a bad spot when your manpack’s whip won’t do the job. Tie
insulators on both ends of 100 feet of any kind of wire. Run one end in the direction of the people
you have to talk to , tie some wire to theother s ide of that insulator and stake it down with a metal
stake. You need to support the center of the wire with a mast tree, pole or whatever ’s handy that
is 20-30 feet high. Keeping the direction line straight, extend the near end till it ’s tight, attach
more wire to the other side of the insulator and stake it down, again using a metal stake. Attach
WD-1 lead-in wire as shown, and you’re on the air. Here are a couple of tricks if you have the
materiel and time Run a length of WD-1 from the ground side of both insulators, stretc hed so
it’s right under the antenna and about a foot high, then attach another piece from the near end
ground sta ke to a screw on your radio setcase. Why? Because it’ll improve your signal. It’s ca lled
a counterpoise. When you wire a 600-ohm, 1. or 2-watt carbon resistor across the insulator at the
far end, you really improve your radio ’s punch in that direction. It’s BI-Directional without the
resistor and UNI.Directional with it

_ _  5- - -— --—-~~~~~ - - - - - -5 - -  -
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Long-Wire Antennas
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This long wire is a quick fix fo r a broken vehicle antenna . Pick a sup port at least 15 feet
high , in t he direction you have to communicate. Move your vehicle so the support is on a line
with the statio n you need to reach and 100 feet from you. Run a piece of %S’D- l to the tree or pole
you have selected as a su ppo rt . Attach an insulator too rope or wire and ne it to th e support.
Conne ct the 100-foot WD-1 to the insulator. Pull the slack out of the ant eraa. Wrap the WD.i
around the lower part of the broken whip and conne ct it :o the .-~NT (conr.ector) on the radio.
Make sure yo u remove the control cable and antenna cable connected be~’Meen the matching
unit and radio. Now you ’re rea dy to operate. Remember to point your antenna in the right
direction, and keep in mind that you should not tie the antenna close to the tree’s foliage. By
fol!owing the above step s , you have converted the original oroni-directional antenna into a hi.
directional antenna. If you add a 600-ohm-carbon resistor to the end of the wire by the tree , you
will convert the antenna to a IJNI-Directional antenna. The wat tage rating of the restetor
MUST be at least half the output ratin g of the transmitter.
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Here’s another way of erecting a long wire antenna. Its overall length must be 3-7
wavelengths. Use the chart or formula to get the correct wire length. It’s LJNI’Directional with
the 600 ohm resistor and SI-Directional without the resistor. The wattage rating of the resistor
must be at least half the poweroutputof the transmitter. You’ll need to put some sid e guys on the
9-10’ lance poles to hold them up. The antenna is erected as shown, use insulators wire, stakesdc , same as the others. You’ll be able to communicate with increased range.

VNP ’UNI

/~~~~~-\

s’oe
- -

This 100-foot long wire antenna will
work when you are operat ing in the 30-80
MHz frequency range. For HF operation , the
antenna wire must be longer. This type of
antenna will improve therongeofyourradio 

- -in both directions (BI-Directional) extending -~from t heendso f thewi re if it ’eus edwit houta /
resistor, If a resistor is used the antenna -becomes UNI-Directional, - - ~? 
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HOW TO DO IT .WITH FORMULAS
N To figure a quarter wave length in feet: Divide 234 (constant) by your operating frequencyin
MHz. Example: 234 ÷ 44.8 5.22’ or 5’3”.
• To figure a half wave length in feet: Divide 468 (constant) by your operating frequency in
MHz. Example 468 ‘~- 56 8.36’ or 8’5”. -

N To figure a full wave length in feet: Divide 936 (constant) by your operating frequency in
MHz. Example: 936 ÷ 45 20.8’ or 20’tO”. - -

• To convert feet to meters, mul tiply by.3048 (constant). Exam ple: 110’ x .3048 = 33.5 meters.
• To convert meters to feet multiply by 3.28 (constant). Example: lOt) (meters ) x 3.28 = 328
feet. -

- - 
QUICK R E F E R E N C E  CHART 

-

High Frequency (HF) Very High Frequency (VHF)
Antenna Length in Feet & Inches Antenna Length in Feet & Inches

Op Freq Op Freq
in MHZ 1/4 Wave 1/2 Wave I Wav e in MHZ 1,4 Wave 1 2 Wave 1 Wave
2 11 7’ 234’ 468’ 30 7’l O” 1 5 7 ’  31-2”
3 78’ 156’ 312’ 33 7 1 ’  1 4 2 ’  284”
4 58 6” 111’ 234’ 35 69  1 3 5 ’  26’10~5 46’9” 93,7” 187 4” 37 6’4 ’ 127 ”  25’2”
6 39’ 78’ 156’ - 40 510” 1 1 8 ’  23’4”
7 33 5” 66’ lO” 133-8” 43 5 5 ~’ 1010’ 2)’$ ’
8 29’3” 58’6” 117’ 45 5’3 105” 20-10”
9 26’ 52’ 104’ 48 4 10 ’  9 3 ’  194 ”
10 23 5” 4810” 93 8” 50 4 9 ’  9 5  1810”
II 21’3” 42’6” 85’ 55 4 3 ’  85 ”  17’
12 19’6 39’ 78’ 57 4 1 ”  82 ”  164”
13 18’ 36’ 72’ 6(’ 3 1 1 ”  710 ’  15-8-’
14 169” 33 5” 66 10” 65 3 7 ’  7 2 ’  144”
15 15’7” 31’2” 62 4” 68 35”  6 10 ’  138” _
16 14’7” 2 9 2 ’  5 8 4 ’  70 3 4 ’  6 7  132 ’
17 13’9 27’6” 55’ 75 3 1 ”  6 2 ’  124”
18 13’ 26’ 52’ 80 3 5 11”  1110’

REFERENCE LIST
There are many other antennas that can be constructed. If you ’d care to become an expert ,

we recommend the following reading material .

• TM 11.666 Antennas and Radio Propagation

• FM 24.18 Field Radio Techniques

• FM 24’21 Tactical Multichannel Radio Communications Techniques

• FM 31.20 Special Forces Operational Techniques

• FM 31.73 Advisor Hand Book For Stability Operations

• TM 11’486’6 Electrical Communications Systems Engineering-Radio
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The radio propagation charts.given in this appendix can
be used to estimate the received field intensity of ground
wave signals when transmitting (1) between an airplane and
ground station, (2) from one plane to another, and (3) from
one ground station to another ground station. This infor-
mation covers plane elevations as high as 40,000 feet and
distances up to 500 (statute) miles for both horizontal and
vertical polarization and for three types of ground con-
ditions, namely, sea water, good soil, and poor soil. Good
soil means land of relatively high conductivity and high
dielectric constant, land such as clay, loam, and alkali
soil. Poor soil means land of relatively low conductivity
and low dielectric constant, such as land consisting largely
of rock, gravel, or sand.

The propagation charts assume a smooth spherical earth
with an effective radius of 4/3 of the true earth radius.
Some information is also included for estimating the effects
of intervening hills and of trees in the vicinity Df the
antennas.

1. DESCRIPTION OF CHARTS

a. Propagation Charts. The propagation charts are
divided into two groups, one for vertical polarization, and
the other for horizontal polarization. Each of these two
groups is divided into three sections of 4 charts each, one
section for each type of ground condition.

The first chart in each section indicates the field
intensity at various distances when both antennas are at
reference height. The reference height is ground level (0
feet) for vertical polarization and 10 feet above ground
level for horizontal polarization . This chart presents a
family of curves, one curve for each frequency.

The second chart in each section indicates the gain in
decibels that results when the antenna at a ground station
is raised from reference height to any other height up to
200 feet.

The 2 remaining charts in each section cover the case
when one antenna is elevated to considerable heights above the
ground and the other antenna is at reference height. Each of
these charts is for one specific frequency and presents a
family of curves showing the field intensity when one antenna
is elevated to various heights above the ground .

b. Power Correction. The propagation charts indicate
the received field intensity in decibels above one microvolt
per meter when the radiated power is oneS kilowatt. When the

260
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radiated power is less or greater ehan this value it is
necessary to apply the correction shown in Figure K—i to the
field intensity shown on the chart. In estimating the
radiated power , the losses in the ground and in the trans-
mission line or in other coupling units should be subtracted
from the rated power output of the transmitter.
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Figure K—i. Power correction factor.

c. Antenna Correction. The charts for horizontal
polarization and the charts for vertical polarization with
one antenna elevated assume that the transmitting antenna is
a dipole whose length is one—half wavelength or less.* The

*The computations are actually based on an ideal doublet
but the difference between a half-wave dipole and the doublet
is neglected since it amounts to only 0.4 db for the same
radiated power. The change in input impedance which occurs
when the height of a horizontal dipole is appreciably less

- 

- 

than a quarter wavelength has also been neglected .

—44 
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charts for vertical polarization with both antennas at
ground level assume a vertical whip (one-quarter wavelength
or less) working against a perfect counterpoise. In each
case the field intensity shown on the charts is for a
direction perpendicular to the radiating elements. In
directions such that the angle is considerably less than 90
degrees, the field intensity is lower.

When a directional transmitting antenna is used, a
correction should be made for its gain or loss, in decibels,
relative to the reference antenna. The gain of a directional
antenna is usually given in terms of its radiation compared
to that from a half-wave dipole in the direction for which
the field intensity for each antenna is a maximum.

For a given power, the field intensity from a whip
antenna (connected to a perfectly conducting counterpoise)
is 3 decibels or less than that from a dipole elevated more
than a quarter wavelength above the ground . This difference,
which is in addition to the values shown on the height gain
charts, may be taken into account by the corrections shown in
Figure K-2. -

AN IFNNA COitIt ~ CTIO~i EACTOI%

WII~~U flIA ~~SMITTINC ANTI~~~ A b

• 
I)III~ cT1OT~A L

WIII~N USING CUI~Vk~S FOil VEIITICAL . DIPOLE 
ANTENNA

“ -‘li p

Vertical polarization wit), both 0 +3 dl, 3 db plus directivit y gain re~
• - antennas on ground (erred to dipol e

Vertical polarization with one an— —3 db 

— 

0 db direeti~ity gain referred to

tenna eleented d~po)c

HoriAontal polarization — 

— 

0 dh directivity gain referred to
dipole

Figure K-2. Antenna correction factor .

2. HOW TO USE THE CHARTS

a. Plane—to-Ground or Ground-to-Plane Transmission. In
plane-to-ground or ground-to-plane transmission , the received
field intensity can be determined by referring to the chart
which corresponds to the given type of polarization, type of
ground , and frequency . When one antenna is at reference
height, the received field intensity is obtained directly
from the curve corresponding to the height of the plane, 
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provided the radiated power is 1 kilowatt and the transmitting
antenna is a dipole. For other values of radiated power, the
power correction indicated on Figure K-i should be made.
When the transmitting antenna is other than a dipole , the
antenna correction is as indicated in Figure 2.

At frequencies above 20 to 30 megacycles, the antenna at
the ground station is ordinarily mounted on a mast and there-
fore is considerably higher than reference height. This
causes an increase in the field intensity by an amount
corresponding to the height gain correction shown on the
second chart in each section. However, when the sum of the
field intensity shown on the chart plus the height gain factor
is greater than the “free space” value shown on the chart,
the free space value should be used .*
EXAMPLE: A transmitter in a plane flying at 10,000 feet
radiates 10 watts at a frequency of 60 megahertz , using a
vertical half—wave dipole antenna . The receiving antenna is
100 miles from the plane and is mounted on a 30-foot mast.
The intervening terrain is assumed to be good soil. The
estimated received field for this example is:

42 + 7 — 20 + 0 = 29 decibels above 1 microvolt per
meter.

The first factor (42 decibels) is obtained from the
chart on page 278 for vertical polarization , good soil and
60 megahertz for a distance of 100 miles and a height of
10,000 feet. The second factor (7 decibels) is the gain due
to raising the antenna at the ground station from reference
height (0 feet) to 30 feet above ground level, and is
obtained from the height gain curve on page 277 for vertical
polarization over good soil. The third factor (-20 decibels)

• is the power correction factor obtained from Figure K—i. The
fourth factor (0 decibel) is the antenna correction factor
indicated in Figure K-2.

When transmitting to a plane from a ground station with
a half—wave dipole antenna radiating 10 watts, tAle received
field intensity at the plane is the same as that shown above
for the same combination of heights and distance. However,

*The ray reflected from the ground may reenforce or
weaken the direct ray, depending on the distance , antenna
heights, frequency and other factors. Thus the field
intensity may be as high as 6 db above the free space field,
and it may be 20 or 30 db below free space. The nulls are
reasonably sharp, however , and in most conditions the field
is equal to or greater than the free space value .
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when the transmitting antenna is a grounded whip, the
estimated field at a plane which is at an elevation of 10,000
feet and at a distance of 100 miles is 42 + 0 — 20 — 3 19
decibels above 1 microvolt per meter. In this case the
height gain factor is 0 decibel and the antenna correction
factor is —3 decibels as shown in Figure K-2

b. Plane-to—Plane Transmission. When transmitting
between planes, both antennas are elevated to considerable
heights above the ground, and it is usually assumed that the
received field intensity is equal to the free space field as
long as the planes are well within line of sight. For
greater distances, the field intensity decreases more rapidly
and the assumption of free space transmission is no longer
accurate. The maximum distance for which a line-of—sight
path exists over a smooth spherical earth can be obtained
from Figure K~3.* In this chart the left—hand scale
represents the height of one plane, the right-hand scale
represents the height of the other plane, and the ‘middle
line represents the line—of—sight distance. The line—of—
sight distance is obtained by laying a straight edge
between the proper points on the left—hand and right—hand
scales and by reading the distance at the intersection of the
straight edge with the center line.
EXAMPLE: Two planes are separated by a distance of 100
miles. The first plane is at an elevation of 10,000 feet and
the second is at an elevation of 5,000 feet. The field
intensity at one plane produced by a transmitter on the
other plane radiating 20 watts from a dipole is obtained as
follows:

A straight lin e on Figure K—3 from 10,000 feet on the
left—hand scale to 5,000 on the right—hand scale indicates a
line—of—sight distance of 240 miles; so the planes are well
within the line of sight at 100 miles. On any of the charts• showing the free space field, the value for 100 miles is
about 62 decibels above 1 microvolt per meter for 1 kilowatt
radiated . The estimated field is 62 — 17 = 45 decibels above
1 microvolt per meter, where —17 decibels is the power
correction factor for 20 watts from Figure K—i , page 261.

*The distances shown are slightly greater than the true
optical line of sight, s nce an effective earth ’s radius of
4/3 of the true earth ’s radius is assumed to account for[ . some refraction in the lower atmosphere.

_ _ _
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Figure K—3. Maximum distance for line-of-sight path.

c. Ground-to—Ground Transmission. The field intensity
for ground—to—ground transmission for antenna heights of less
than 200 feet can be determined by the following procedure.
The field intensity at reference height (0 feet for vertical
polarization and 10 feet for horizontal polarization) is
obtained from the first chart in each section. Add to this
value the height gain factor for the transmitting antenna
and the height gain factor for the receiving antenna as
shown on the second sheet in each section. Finally , the
power correction shown on Figure K-i, page 261, and the
antenna correction shown on Figure K-2, page 262, should be
added.

When one antenna is higher than 200 feet, the field
intensity for ground-to-ground transmission can be determined
in the same manner as discussed above for plane-to-ground
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transmission. When the lower antenna is at reference
height , the field intensity is obtained directly from the
chart for the desired polarization, type of ground, and
frequency from the curve for the height of the higher
antenna. When the lower antenna is above reference height
this value should be increased by the height gain correction
factor.
EXAMPLE: A ground station operating on 30 megacycles
radiates 50 watts from a 3—element vertical directive array
located at a height of 100 feet. The gain of the 3—element
antenna is assumed to be about 6 decibel-s referred to a
dipole. The receiving antenna is mounted on a 50—foot mast
and is 50 miles from the transmitter . The intervening
terrain is assumed to be good soil. The estimated field
intensity is

0 + 1 0 + 5 -  13+ (6 + 3) = l l decibels above l
rnicrovolt per meter. 

-

The first factor is the- field intensity at 50 miles for
both antennas at ground level. The next two factors are the
height gain values for the 100—foot antenna and the 50-foot
antenna, respectively . The fourth factor (—13 decibels) is
the power correction for 50 watts from Figure K-i, page 261.
The last factor is the gain of the 3—element array over the
reference antenna and consists of two terms: (1) a
6—decibel gain of the array over a half-wave dipole and
(2) a 3—decibel gain of a half—wave dipole over the reference
antenna (whip at ground level) as indicated in Figure K—2 ,
page 262.

In the alternate method the received field intensity is

13 + 5 - 13 + 6 = 11 decibels above 1 microvolt
per meter.

The first factor (13 decibels) is obtained from the
chart for vertical polarization, good soil, and 30 rnegacycles
for a height of 100 feet at a distance of 50 miles. The
second factor (5 decibels) is the height gain due to raising
the lower antenna from reference height to 50 feet. The third
factor (—13 decibels) is the power correction factor for 50
watts. The fourth factor is the gain of the 3—element array
over the reference antenna (dipole). 
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3. EFFECTS OF HILLS, TREES, AND JUNGLE

a. Effect of Hills. The effect of hills can be
divided into two parts, (1) the effect of placing antennas
on hills, which is discussed in a later paragraph, and (2) the
effect of hills and other obstacles in the transmission path.

Under certain conditions the field intensity behind a
hill may be greater than would be obtained if the terrain
between the antennas were level ground, but, in general, it —

may be assumed that intervening hills cause a loss in field
intensity. This loss in decibels should be subtracted from
the field intensity over a smc~ th spherical earth as obtained
from the charts in this handbook. This additional loss,
called shadow loss, is ordinarily small at frequencies below
a few megacycles but it may be 20 to 30 decibels or more at
the higher frequencies.

An estimate of the probable magnitude of the shadow
loss can be obtained from Figure K-4 by the following
procedure:* -

1. Draw an approximate profile of the straight line
path between the proposed locations of the two radio terminals,
using the elevations obtained from contour maps.

2. On this profile, draw a triangle similar to the one
shown at the top of Figure K—4 . This triangle is formed by
a line joining the base of the transmitting antenna with the
base of the receiving antenna and a line from each antenna
tangent to the hill that blocks the line of sight from that
location.

3. From this triangle note: (1) the height H from the
base of the triangle to the apex and (2) the distance D1 along
the base of the triangle from the nearer terminal to the foot
of the perpendicular line H.

4. On Figure K—4 draw a straight line from the point
representing D1 on scale 1 through the point representing H
on scale 2 and extend this line until it crosses scale 3.

5. Draw a second straight line from the intersection
of the first line with scale 3 through the point representing
the frequency on scale 4. Extend this line until it crosses
scale 5 and read the shadow loss at this intersection .

The example shown in Figure K-4 indicates a shadow loss
of nearly 10 decibels at 30 megacycles due to an “equivalent”
1000—foot hill located 10 miles from the nearer terminal.
For a 1000-foot hill only one mile from the nearer terminal
the expected shadow loss at 30 megacycles is about 19 decibels.

*This method is based on the theory of diffraction of
plane waves over a knife edge.

-- ,---~~~~~~~~~~ -~~~~~~~~~~ - -.-
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Figure K-4. Shadow loss.

The above method considers only the straight line path
between the transmitter and the receiver. In practice,
reflections from hills near the straight line path may have
an appreciable effect. In some cases a stronger signal is
obtained by way of devious routes such as river valleys or
mountain passes than can be expected by diffraction over the
straight line path.

b. Effective Antenna Height. The effective height of
a dipole or other type of balanced antenna located above
ground which is level for the first half mile or so in the
direction of the other antenna is the height of the center
of the antenna above the ground level at the base; that is,
it is usually about equal to the height of the mast. The
effective height of an antenna on the edge of a precipice
(falling off in the direction of the other terminal) can
usually be taken as the difference in elevation between the

-~~~~~ -- ---— - -~~~~~~~~ 
-. ----
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center of the antenna and the bottom of the precipice. In
the intermediate case where the antenna is placed on a hill
sloping downward in the direction of the distant terminal,
the effective height of the antenna depends on the steepness
and uniformity of this slope. In general, the effective
height of an antenna placed on a hill is greater than the
mast height but is ordinarily less than the mast height plus
the height of the hill.

c. Effect of Trees and Jungle Conditions. The
attenuation due to trees is less for horizontal polarization
than for vertical polarization, except at frequencies above
300 to 500 megacycles where it tends to be independent of
the type of polarization. For horizontal polarization the
average loss due to moderately thick trees is negligible at
30 megacycles and may be 1 or 2 decibels at 100 megacycles .
For vertical polarization the corresponding loss is 2 to 3
decibels on the average at 30 megacycles and 5 to 10 decibels
at 100 megacycles. These losses are doubled when both
antennas are located in woods.

With both antennas in clearings so that each is more
than 200 or 300 feet from the edge of the woods, the
attenuation due to trees is small for vertical polarization
as well as for horizontal polarization. With vertical
polarization, there may be large and rapid variations in
field intensity within a small area, due to reflections
from nearby trees and buildings. These fluctuations may
occur even over line—of—sight paths when trees or buildings
are within a few hundred feet of the direct transmission
path.

In jungles or in swamp land with heavy undergrowth,
considerable attenuation for ground wave transmission is to
be expected with horizontal as well as with vertical
polarization. The attenuation due to the jungle can be
minimized by locating the antennas in clearings and by
raising the antennas near or above the top of the jungle.
An alternate method of jungle communication is to use sky—
wave transmission. In this case, half-wave horizontal
antennas are best for distances up to 100 or 200 miles, and
a frequency in the range of about 2 to 8 megacycles should
be used, the optimum operating frequency depending upon the
time of day and the season of the year.

L - ~~~~~ • _ 
~~~~~~~~~~

•—- - -
~~~~~~~~~~~

-- -
~~~~~~
-----
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4. LIMITATIONS 
-

The field intensities estimated by the above—described
methods are for the “ground wave” and do not include compo-
nents of the signal that may be reflected from the ionosphere.
In the frequency range of about 2 to 20 megacycles, which is
frequently called the “short—wave range,” there are
reflections from the ionosphere which provide sky—wave
transmission over greater distances than are feasible with
ground waves. The sky—wave field intensities vary con-
siderably , depending on the frequency , time of day, latitude,
and season of the year. Information on the maximum and
minimum frequencies to use for sky—wave transmissions can be
obtained from the monthly bu1letin5~ prepared by the Inter-
service Radio Propagation Laboratory of the National Bureau
of Stanth’rds.

The ground—wave data given in these charts are limited
by several assumed ideal conditions, since it is. iinpossible
to take into account all factors affecting radio propagation.
The principal assumptions are a smooth spherical earth with
uniform ground constants, and a standard atmosphere in which
the dielectric constant of the air varies uniformly as the
height above the earth increases. The average bending of
radio waves due to refraction in the standard atmosphere is
included by assuming that the effective radius of the earth
is increased to 4/3 of its actual value. Under other
atmospheric conditions the field intensity at distances
beyond the line of sight may be greater or less than the
values shown on these charts. This dependence of radio
propagation on the weather is small at frequencies of less
than 30 megacycles, but its importance increases as the
frequency increases.

The charts may be in error at short distances when the
distance between antennas is less than one or two wavelengths
or when it is appreciably greater than the horizontal distance
along the ground.

The ground constants used in these computations are shown
in Table K—l.

The information on the effects of hills, trees, and
jungle agrees reasonably well with the available experi-
mental evidence. However, the evidence is meager and further
experience may indicate some modifications of these views.

_ —-~~~~~~~~~~~~~—
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- TABLE K--i --

TABLE OF GROUND CONSTANTS

Conductivity Dielectric
Ground Condition MHOS per Meter E.~ 1.U. - Constant
Sea Water 4. 4x10 11 80

Good Soil .02 2x10 13 30

Poor Soil .001 ~~~~~ 4

TABLE K-2

PROPAGATION CHARACTERISTICS OF LOCAL TERRAIN

Relative Dielectric
Type of Surface Conductivity Constant

Sea Water Good 80

Large Bodies of Fresh Water Fair 80

Wet Soil Fair 30

Flat, Loamy Soil Fair 15

Dry, Rocky Terrain Poor 7

Desert Poor 4

Jungle Unusable

I 
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Figure K-6. Propagation charts.

(a) Both antennas at ground level. One kw radiated from
whip. Vertical polarity, poor soil.

(b) Antenna height gain correction factor. Vertical
polarity, poor soil.

(C) One antenna at ground level; other antenna elevated
to height indicated. One kw radiated . Vertical polarity,
poor soil, 30 MHz.

Cd) One antenna at ground level; other antenna elevated
to height indicated . One kw radiated. Vertical polarity ,
poor soil. 60 MHz.

(e) Both antennas at ground level. One kw radiated from
whip. Vertical polarity , good soil.

(f) Antenna height gain correction factor. Vertical
polarity , good soil.

(g) One antenna at ground level; other antenna elevated
to height indicated. One kw radiated. Vertical polarity,
good soil, 30 MHz. 

-

(h) One antenna at ground level; other antenna elevated
to height indicated. One kw radiated. Vertical polarity,
good soil, 60 14Hz.

(i) Both antennas at ground level. One kw radiated from
whip. Vertical polarity , sea water. - 

-

(j) Antenna height gain correction factor. Vertical
polarity, sea water.

(k) One antenna at ground level; other antenna elevated
to height indicated. One kw radiated. Vertical polarity,
sea water, 30 MHz.

(1) One antenna at ground level; other antenna elevated
to height indicated. One kw radiated. Vertical polarity,
sea water, 60 MHz.

Cm) Both antennas ten feet above ground level. One kw
radiated from dipole. Horizontal polarity , poor soil.

(n) Antenna height gain correction factor. Horizontal
polarity, poor soil.

(o) One antenna ten feet above ground level; other
antenna elevated to height indicated . One kw radiated.
Horizontal polarity, poor soil, 30 MHz.

(p) One antenna ten feet above ground level; other
antenna elevated to height indicated . One kw radiated .
Horizontal polarity, poor soil, 60 MHz.

(q) Both antennas ten feet above ground level. One kw
radiated from dipole. Horizontal polarity , good soil.

(r) Antenna height gain correction factor. Horizontal
polarity, good soil.

(s) One antenna ten feet above ground level; other
antenna elevated to height indicated . One kw radiated.
Horizontal polarity , good soil, 30 MHz. - 

~~~———~~~~~~~ ~~~—~~-~~~~ - ~~- ~~~~~~ i_ - -  -~~~~~~~~~~
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• Figure K—6 (continued)

Ct ) One antenna ten feet above ground level; other
antenna elevated to height indicated. One kw radiated.

‘ Horizontal polarity, good soil, 60 MHz.
(u) Both antennas ten feet above ground level. One kw

radiated from dipole. Horizontal polarity , se a - water.
Cv) Antenna height gain correction factor . Horizontal

polarity, sea water.
(w) One antenna ten feet above ground level; other

antenna elevated to height indicated. One kw radiated.
Horizontal polarity, sea water, 30 MHz.

(x) One antenna ten feet above ground level; other
antenna elevated to height indicated . One kw radiated.
Horizontal polarity, sea water, 60 MHz.

•1

______  —~~~~~~ ~~~~- —--- — -—‘---
~~

- - --—- ------ --
~
-------- - -—



275

~~~ ~~~~~~~~~~~~~ L Ji ~~~~~~i~~~~it. .~~:2.- :.-‘ --~ ~~~~~~~~~~~~ ‘~~~~~~~ - - --

~~~~~~~~~ ~~~~~~~~~ 
- 

-~~~- SOT H AN rG~N.s AT G~ O(,(.D LCVCI. — - 
- 

.
~ - 1- r - :_

____________________ 

i - .  ~~~~~~~~~ 
~~~~~~~~~~~~~~~~ r~~- .~~~1

~~~~~~~~~~~~~~~~~~~~~~~~ I i T T t  
I ~~~ ‘ i~~~~ -~~ 

I .Li ’~ ~~ -~~~::- ~ - !-E -~~
...- 

~~~
. ~~~~~ ~~~‘c f l”.. I I i i

______ 1~4~~~J k~’\. 4%\~ ~~~~~~~~~~ -
• 

~~~~~ I -- 

~~~~~~~~~~~ ~~T T T-

- “~~~~~~~ ~~ 

- 

-

~~ ____  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - - ~s (I I’~~~~ ~~~ ‘K: - I ~ I

~~~~~~~~~~~~~~~~~~ ~~J 
- - - - - - - : -

~~~~ - .. - - :~~~~-~ ____

~~ 
~~~~~~~~

-- 
~~~~~~~~~~ 

cç _~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~- -~~

__________ 
- ‘~~~~~~~~\ 

-\---
~ 

L -j

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ :*-~ ~4OI31ANCC IN W IL t S

(a)

‘C _ _ _  _ _ _  

- -

L— z~zi— • - 
~ CA T  pal..

• AP4 T CNPIA I4IIGNT GAIN COS~~CCTION PAC TQ ~ fr~ -l POOR 9O~L :— -—

~~~;E4— J ~~~~~~~ L~~~~~~~~~~~~~~~~~~
.~~~ ~~~~~~~~~ IL

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  

-

; ~~~~~~~~~~~~ • 
___________________

I

_ _

_

______ __________ ___________ 

- :

I ~~~~~~~ 
— F _ ’- —

~~~~ 
‘ - 

- 
—

.,o
s So Jo — 30 500

ANY~ NNA N$ I GN T IN P UT

(b) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~



~~~~~~~~~~~~~~~~~ 
- - 1 -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  -

276

ONC 6 N T C P . N A  £ T  G~ Gv ..3 ~CV ~~L
_______________________ ~~~~ ANT CP.NA ( . ( .*T ( G  TO “~~‘G.l7 INOI CA T CD _____________________

C3 

: ‘I
f ‘a :  _ L

~~

i1.z
- - - --____

_ _ _

_ _ _ _ _ _I 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~~~~

~~~ 
I 

~~Ti~~~~~~ %~ 
\ 4 ~~~~~~~ \\ ~~~~~~~~~~~~ I 1 

i-
~

-’t
~~

-
~~
\

~
-—\—

r\ ~
—
~~~ --r-4-I

L- 1  ~~\ ‘ \ ‘ ~~~~~~~~T
OI ST AN CC IN W It_I S

Cc)

ON C A M T C N N A  AT CI0(~ .G LC~~CL
____________________ 0T)CR A#ITCPINA CL(~ 6 TC3  0 ..C CI.T INOICAT CO

~

—‘

~

--
-.—.,. .. ———‘— 

- I 1* 1ASIAT c O --  - -

- ~~~~~~~~~~ - __________________________________________ vC IT POt_.
— -..-.- - ..~~~—. ~~ - - I ‘°~ • SOIl. I - - 1

. .  
~~~~~~~~~~~~~~~~~~~ 

:.y ~_ . 
- SO WG L

I 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~j—r~ ~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~

-- - - 

~~~~~~~~

- - - - -

~~~~~~~~~

---

~
-

~r-- .--— - r - - --- -- ~~ --~ -----\— \.--v~
_

--

~ 
\ 

-o 60 SON0 , IVA ~~~C 6 MILlS

(d)



277

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~c~
ct—

- 
~~~~~~~~~~~~~~~~ 

— - - -‘ -

~~~~~

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-;~~~

-
~~ _ _

-.
~~ ~~~~~i r  -~~~~~~ -

“N~~~~ 
~~~~~~~~~~~~~~ 

_ _ _  _ _ _ _

~~~~~~~~~~~~~ \
~~~~~~~~~\ - \ ~~~~~~~~~~~~~

i

_____ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

_ _ _  

—~~~r~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~

______ ~~~~ 
N—2~-~-\- \ - .N. ~~~~~ ~\~— - T~~~\~~~~~\ \ - -\ ~ -

:; 
~~~~~

- — r~ r a— ; 
-

_ _ _  ~~1 £ 
- 

- _ _ _ _  
-~~~~~~~~~~~

D, S1A N C C IN M I L l S

Ce)

_____________________________________ F i ~~ i~i~~~~~~~~~~~ 
ANTC NNA NtIGMT G AIN CONN(CTION ‘AGTO ~ 

~— — ________

$01 _____

= 4 -  ~—.- -.±~-- .-— -
~~~~

- - - -  JOL_ _
~~~~~~ L.. -

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

.1: 

~
-

~~~~~~~~~r:- T~~~
______

- 
.—_ —--—---—-,-- ._ .—- . . 

- :-  — - — -  .
~~~~~~~~~

—— -

$ IS *0 ~O SQ .~~~ £00

ANTINN A $11011 5 I N ~~ICT

(f)

~~~~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~ - - - - - -
— 

---— .—- —- -- -—--~-------------~-- - -~~-~---~~~~~~~~~ — --



—‘
I’

278

~~~~~~~~~~~~~~~~~~~~~~~~ G~ OUNO UVCL ]
_________________

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 
_ _ _ _

_ _ _ _ __ _ _  

~~~~~~~~~~~~~~~~ 

_ _

_ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
__________  _ _ _ _ _

I 
_ _  _ _ __ _ _ _ _ _

~~~~~~~~~~~~~ 

_ _ _ _ _  _ _ _ _

- I 
~~~~

4N i ~~~~~~~~~~~~~~~ ~~~‘-7

~~~~~~~~ 
-F- ‘--i--H-H ~ NL N

\X~~~\~
\\

~~~~~ 
‘
~ 

£

I 
‘ 

‘
~~~~~ 1

a

_ _ _ _ _  

~ ~~~~~~~~~~~~~~~~~~~~~~ 
-

- \I

-~ 
— t I ‘~~~~ \ \~—‘. I j~~

‘
-
~ : H_  -

~~~~ 

~~~~~~~~~~ ~~
0151*6CC IN MI t_CS

(g)

ONC AP4TCN ~- A  Al OROI.IP.D LI VII .
_____________________ 

OThCI ANTCTIN A £ LC~ AT C3 TO lICIONT I N O I C A T C O  _____________________lo 
_______ 

- 
- 

I 2W SA S I A T I S  - - - a : . : :

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : - ~1

~~~“ 
- ---i- ------ H S O M C 

_ _ _

_ _ _  _ _  --  -

DISTANCI IN MI L lS

(h)

- - -  



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

- 
~~~~~~~~~~ - - - - -~~ - - - —- --- -.--— ~~~~~~~~~ —‘- - -

279

— 
- 

- ‘T~1 SOTH £NTCPINAS AT CSOIjN D LCVCI.

~~

N

~~~~~~~~~~~~

Z

~~~~~~~~~~~~~~~~~~~~~~

I l I A T C 0  

IE 

-

- 
I ~~~~~~~~~~ _ _ _ _ _ _ _ _ _

N IN~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i
// .  -

~~~~~~~ ~ 

N~~~~4~ N~~~÷~~~~~~~~C 
I ~~

_ _ _  

‘±
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I - ~~~~ 
-- —

________________________________________ \ i  T \_ I~ I . ~~~~~~~~~~~~~

DISTAN CC I N M I L l S

— 
(i)

•~
-
~~4~

- - 1.L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.1 i~~:.z j~~~~~~~~ :~APITCN$ A $(IGHT GAIN GOANICTION FAC T OR (

~
-- — .

— - I -.- —---4-————.-—-— -— ...I. . ;. - - ——
~~~~~~~~ . ...~~~~ ,.. ~~~~~~~~~~~~~~ ~~~~~~~~~
I-d ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -= ~~~~~ 

1 I —----1 : ; - . :~ : :-::.: !::i:.z -
~
- :- i —-z~i

~~~~~~~~~~~~~~~~~~~~~~~~~ 
~_1_~~~ 

I 
_ _ _ _ _ _

I I

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ :. 
- . I _____

off 
_

_ _ _

_  
_

~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
- 

- •0 )0 SO SO 00 £00

ANICNN* 11(1GM? I N PCI?

(j ) 

- -— ~~~~~~~~~~ -~~~~-



—— ~~~- —~~~~ ~~~~ -- ~~
--— -

- -

280

O NC * 1 1 T C N N *  AT GROUND LIVIL - .

I QTSIC * A$TCNPI A C L I V A T I D  TO IICIGHT IND I CATCO 
_____________________- -- I 2W RAOIATC D ‘~.- 

: ~~~~~~~~
-

~~~~~~~
--— ——- - — 

I ~ ::~~~~~ ~~~~ 1

~~- 
~~~~~~~ 

I I = - 3D MC I 
~o0~~~~~~. I ~~~~~~ I -

— 
I . I ~~~~ 1

-: ‘ --  —H4-; ~~~~~~~~~~~~~~~~~~~~~~~~
~~ :~, - 

~~~~ I 

-

~~~~~~~~ 

~~~~~~~~~~~~~~~ T”~r~~C~~~~~~~ r I 
-frj-r 

_ _ _  _ _ _ _ _

!{~~iiT1~
’
~ 1 

L l T ~~~~~~~~~~~~~
’ l

- 

:- ~~~~~~~~~~ _ _ _ _ _ _ _ _ _

-
I _

~~

_

~ 

a-—: --:----
~~~
-- - -  

I

OISTA NC( ‘N M I t _ C S

(k)

OFI C AN TCNNA A ?  GROUND I.C~ CL I
______________________ 

OTS~~R ANT CNNA ((15*110 ro .l(ICII T N D I CA T C O  I
I IN 5A3’ATt S 

I VC ’f OL

- ‘  I \ ~~~~~~~~ I - I

N \ __i-_-j -__ I

I - - N ~~~~~~~~~~~~~~- -- -~~ -—— ~~~~ — - . - ~O s 0 . y’  --- - 

‘ 
_ _ _ _ _ _ _  

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

• . I.. _. _.J .j - — 

__ __1 4O I I :  i ~~~~~~~~~~~~~~ j :~ \ - ~ . \ - 1 .\ r. 
~~~~

— - - . 1 - I . - I - .. ~~~~~~~~ - : 1  - I I :  
~~. - I - -

I Z.~~~ £ 
- —

~
— 

I I - I
- - - 

~~~~ - I 1 _ .._ - — - . I _  . I T ~ - ,  I : S —  I. - ~~~~~~~~~ I~~~ ~3
I I I I r I ~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~ ‘ — ~ \- \ .~ .r ~~~r:-:~~:i
OIS?*I’C C IN MI t_ C S

(1)

- ~~~~~~~~~~~~~~~ - - 
-
-

- 
--- - -~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~



281

l:~~~. — - - .  _______________

I SOYM AN rc~~~.5 0 FL IT ASOVI C~~~ IND LCVCL -- -

- - -~ r - - I 
— 

~ 
I $W  5A 1A110 FROM ~.NOi.I I NOR PCI. I

:

___ _ __ _~Jj L ‘ I I H
~ 

H-- -; L::: ~~~~~~ 
I 

- 
I _~ L 4  _

~~~
LLT..

_ _ _  

I U  
_ _ _

_ _ _ _

- 
~~~~~~~~~~~~~~~~~~~~~ 

‘
~~ - - I

- 

~J- T~~~~~~ 
— - -

~~

---
~~~~~~~ :~~ ~~N-~ -

~~~~~~~~
‘
--- -- -—-

L_L - _~~I~~~~_ ~~IJ- ~~~~~~~ ~~4~ Z —-

- .~. :~i-: :- - .  
- - - - - -  

-
3 I 2 3 IS 23 ). .,3 .. S ~~.3 .C, 0

0I~~T&N C1 IN LIIL. 15

H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~
~~ 

ANT(NNA M(IGMT G A I N  C ORR ( C TION FACTOR -.-- I-.- --~~ ---—

7~L~J~j ::~ 
-

:~~~~~~~
C1

~~~~~~~~~~~
ii

~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~I

I .

~~ I>~~~~~~~~~~~~~ ~~~ -
~~ 4

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~

0
-

~~ 
I I I

3 10 *0 30 SO 00

AN ?CNN A 11(1GM? IFI P1(1

(n)



* — - -r
~~---~~~~~ --- ~~~~~~~~~~~~~~~

a

282

ONC ANTINNA IS • C~~ .SO~( ~ RCUND LIV
OrIICR ANTCNII A CL I - -  t 3 ,~~ .CII~.Ny INOICA 0 ______________________

___  _ _ _ _ _  
- . 1 .  

I

.

NN

.
~~~

A D IA

~~~~~
: 1~~~ I 

_ _ _ _  
P O R ~~~~~ _ _ _ _

I ~~~~~~ ~~~~~~~~~~~~ 

—

~~~~~~~~~~~ 

— 

~~_L~~ -
~~~~~ SO MC

I 

f r— —
~~~~

_ _ _ _ _ _ _ _  

I ‘

~~~~~~~~~~ ‘-~9z ;;:~ I ——

DIS?API CC IN W I L L S

(0)

ONI A N ? E N I I A  0 FCC? ASO VC 050USD LCVII. -

- 1 
Ofl4LR AFITCNPS 5 ILCVAUD ?O NCIG$T INOICATCD -

J
:~~~~~~~~-~~“~~—,-- --—--, “OL POL. ~~~~~~~~~~- 

~~~~~~~~~~~~~~~~~~~~ 
. . - - 

• P005 3011. - - -
~~

-
_ _-~~~~~~~I~~~~~*~~~~_ _  I -- I 

SO MCC , I I I I 

I - .f f  3c~ ~N~~-~--~~ ~~~~ - -~~~~~~~~~~~~~~~ ~~~~~~~~~~~_ - —  - -

~~~~~~~~~~~~~~~~~~~~~ 

_ _  

_ _

~~ 
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

-

~ 
- 

- : 
_ _ _ _ _ _ _ _ _ _ _ _

~ ITmNC& IN M t_j $

(p)

- 

-

- 



283

- - : .  -
. - ~~~~~~~

- ~~~~~~~ 10TH A NTCNNNS 101(11 NSOVC GROUND LCVC I.. :.- I.
I Q I ~~~~~~~~~~~~~~ ”~~~~ - I 11$ R A D I * T 1 3  F R O M  3~~OI. C I~~ I 1 NOR POL

— ~~~~~~
—— — 

- 
_l.. __ 1~~GO0O SOIl.

~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

____ ________________________________

I I -~-:~ - 
- - - - — ‘ fl - . - I -~~~

— . ;  - 
~~~ 

-
~4 - - ~~ ~ - .E

~~~~~~~ ~~~~~~~~ 

— 
J 

_ I 
—— ——  

— I- —

1~I U ~~ 1TT
EEI~I I I  II.~. ~~~~ I I

1 1 _ _ _ _ _ _ _  
I 4

I A S - .-‘~ 1~~~ 300 £000
DISTA NCI IN ~~ I.CS

(q)

~::~ I.;c: :r.1.— I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I I I i L_LJ ~~~~~~~ ‘-:.

~ -
~~~~~ ~~~~~~~ ~~~~~- :: - : !- - -t: I A N F I N N A  N(IGIIT GAIN CQRRCC T ION FACTO R

1I:it:~J—~L - I 
I 

I : : : :~~
1 

~~~~~~~~~~~~~~~~~~~~
EL~~~J I  L i~~ ’ LI I I  ~~~~~~~~~~~~~~~~~~

~::::. :.::. ~~;.. 

~~~~~~~~~~~~~~~~ ~ 3Q~ 
I 

~ I~ O M C  -

~~~
•
~~~~~~~~~~~~~~~~~~

-: :: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

F[ ~~~~Z I I L S O UC I

L:~~ ~~~~~~~~~~~~~~~~
~~~ 

—
~~~~~~~~~~~~~~~~ • • •

:

~

:::: : J:L.

~

: ::z :i~~~~~: : : . .~ : ~~~~~ ;~~::;- I:: _ :_ .  .;::::: ~~~~~~~.
-
~

0 50 £3
AMTCNNA M C I G N T  III FCC?

(r) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— -?-- — _- -—-  ~~~~~~~~~~~~~~~~~~ n—

284

O NC AN T I N N A  0 FlIT 45341  0A3U50 L C V C L  
-

OTNCR A$TCNN A CLC~ AT C3 T i  —C~G,II SOICAT C3
I 11W N A D Ar ID 

1

r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3 0 M G I 

- . .  . 1  

~~~~~~~~~~~~~~~~ . 
. 

________________ 

I
i;

~~~~H~~ ~~~~~~~~~~ 
-- - -

~~~~~~~~~~~~~~ ~~~ I 
~ _ _ _

r - - -—
~
---

1 f~~~~~~N \ \  \\-~~~
-=

~
-
~
--

~~

I ~~~~~~~

OIS TA NCC I N  M I L L S

(s)

I ONE Arl?CNI. A 10 FCC? A IOVC GROUND LIV I.
~~~~:_ - - 

0114CR ANT CFJI A CLC V ATC3 C ON? INDICA ~~C3 __________________ 

- .. KOR .POL

— 
— 4 I 0000 50 I.

~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_______ 

SO MC

-

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5~~~~~~~~~~~~~~~~~~~~~~~ I : I !

1

~~~~~~~~~~~~~~~~ N- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~ ç— N\ _ N~~\ \—~~-——-
~~~~~:

: .. : i . ~~r~~~ j~~r~~r 
_ \~~i~\ \~~~~~~~~~~~

-: - r .--
~

_ _ _ _ _ _ _ _ _ _ _  

I

I 
_ _  

I~~~~~~~~~~

-. ~~~~~~~~~~~~~~ 
I~~~~~~~

_ _ _  : _ _ _  _ _ _

OIS?A$CE I ll M I L L  S

(t)

--,-.

~

---

~

- - - - - .--- _.--- - 



— - 

~~~~~~
- _ - _=~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.

--
~~~~

——
~~ 

- -y -—--

-

285

- — I - - - — — — —I— 
~~~~~~~~~~~~~ - . 

- 1 
-

I I . . - . - 
I BOrN AMI(NTIAS IO~~ CGT ASOVI OSOUNO LCVCL ..~ 

-

I - - - — 1 I 11* RADIATID FROM ~I0OLC :1
~~~~~~~~~~~~ 

I_ :J_ — —  ____________________
c . . : .

~~

i HoR . POL~~~~
- ,

I .  . 1  I I I - I ——— I~~~~~~ 
— ._. L 

~~~~ — — 
~~~~~ I ‘ ‘  _~

_
~
_  — — I

T 1 = 
I I I j ~~~~~~~~~~~~~~~~~~~~~~ J__

~~~~~~~
L L

I
I 

I - 
~~~~ .1 .H • .  .,~~~~~~~~~~ I . . I . . . I I I

~~~~~~~~~~~~~ 

.4 -n fft~ - 

—f rH I

- I ~. I — — I - 1 Li J.~~~...L.,_ _ . _ l _ ~ 
I

- - ~~ —.-— I~ . - - : - I I _ i i : . . .  I .

I _ I I .  — .
I 

~~~~~ - I ________ _________________

~~~~I ~T 
I ~~~~_ I 

r I~~L — -  - ~~~~~~ — 4  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :H~~ I . I .~~~~~~~~ i

l i — I _ I  I 14C ~~I :~~~~~~ _ 
~~ I I  ~

‘J_J J:I u~~_ i. : .  - - — 
\~~~~~~~

-I - !  
~ 

. 
I 

- 

- 

- - 

— -— --

~~H t 2 M C  
I l l  

I 

~~~I
1 1  ~~ I I 1 I I  I — — — — — -I—-— _ — —

£ L

~~~~~~~~ I L 
—— — —

OISTANCL IN W I LL S

(u)

-~ t n::t::: t ~~~~~~~~~~~~~~~~~~~~~~~~
- 

- 
~;r : :~~:~~.::1~:~::I : : ~Y~: 4:::: jj~ ::{. ~:— E --::—~ :~::::::r —

iEt i~ 1—
I :. J ANT CNNA HEIGHT GAIN CORRICTI ON FACTOR : .~~ t::~:::::!::~.:::.

MoR POI.
I . - - . I . I I _ . III.~~1___r_ . _ 

~~~~~~~~~~~~~ ~~~~ ~~~~~~~

~~~~~~~~~~~~~~~~~~~~ 1 I ~~~~~~~~~~~~~~~~~~~~~~~~ I I ~~~~~~~~- , - 

L.i .~~~~ . - . _~~~~~E I 

I _ _  
~ ~~~~~

____ I — 

~ 3 _______

— -~T L  I I 1 7  
____

:~~~:. : ,-L.:~~~:: ::: ::,~~~~~~~~~~~~~ :: ..:
- 4~ 

::;~ :: ~~:::; ::.I~~
-
~:I ;:~ : . . & I ..:. .. I:_.. .:...I_.: . - i_ -: : :- -— 

3 10 10 30 30 00 200

A NT INNA N(IGNT IN ~ C Z T

Cv)



~

286

- ~
- 

- ONC ANT INHA 0 ‘II? A SOV C G:OUNO LIV

~~~~~~~~~~ 

AMrL ~~~* c L ~~~~~c g 1~~~~cIGNT 

~TE~~

3: 

~~~~~~
—

~~~~~~~ 
r - — —

~~~~
-

~~~~~~~~

~

I 
_ _  _ _ _ _

22 

_ _ _ _ _ _ _

j
~~~I~~I H ~~~i I i 1 ~~~~~~~~~~~j~~ \ \ f  H±~I— - i— I I -

~ I I\~~~~~~~ J~j~L~~\~LL\ -i I
-
~4--~

I
~~~~f 1 ~~~~~~~~~~~ I~~~ \ t  fl’~0\ 

i_
\

\1~~ IH H-1
- - OISTAMCC IN MIL lS

(w)

L

ONC ANTENSI 0 FlIT ASOVI CUOUNO L C V C L  -

I - - 
- - 0114CR AN TISNA CL~ VA TC~ T0~~LIGHT I N O I C A T C O  - 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I : ~~~~~~~~~~~~J~:1
- —~-i 

-r- -—
~
- - 

_ _ _ _  H

I i  ~~~~~~~~~~~~~~~
: ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~\ \ ~~~ \ - - 

I

I - - - 
- 

- ~~~~~~~~~~~ ~~~~~ ~~~ . •~~~I — - - --
I I - - . - . - - . - \ - \ ‘~~ O I\’ 4 \ \  S I  I - - I -

g 
___ 

I~~~~ I . !
\

~~~~~~~~~~~~\\~~~~ \~~I ~~~~ . I

_ _ _ _ _ _ _ _  

-i--. 
- 

___________
L_ _ ~~~~~~~ ..L-:4_ 

~..\

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ _ _ _

I I 
~

- I -‘ - \‘-
~
- - - .44

DISTANGI IN MIt_ CS

Cx) 

~~~~ -- -  



—U

APPENDIX L

BASIC ANTENNA ANALYSIS

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~
—--.-— _--*- — —- ~~— -

- 1. GENERAL

This appendix provides the basic mathematical equations ,

terms , and definitions for the analysis and design of the

whip (end—fed monopole or center—fed sleeve) antenna,

elevated ground plane antenna , the discone and biconical

antennas , the log—periodic array , and long—wire antennas used

in military tactical radio communications. T .iis information

was extracted from the technical literature (pr imari ly

References 1, 15, 16, 37, 38, 43, 50, and 51) and provides

the means for a basic understanding of the perf ormance

characteristics of the above antennas.

- - . The problem of antenna analysis is determining the

radiation characteristics of the antenna . Different types

of antennas have d i f f erent current and charge distributions

and different geometries. These differences result in

different approaches to analyzing each antenna type.

Usually , the physical picture is the same , but it is con-

venient to use di f ferent mathematical techniques for the

analysis of different antennas. Therefore in this appendix

we are concerned primarily with the mathematical techniques

which are appropriate for analyzing antenna performance .

The performance of communica tions systems an tennas

can be understood from the one-way propagation equation . If

288
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a transmitter radiates an amount of power “T equally in all

directions, the power densi ty at a distance R from the

transmitter is

w

(1)
4,rR

A receiving antenna wi th an eff ective area AR receives an

amount of power given by

WR 
= 

~~~ 
= 

WTAR 
- (2)

4irR

if there is no loss between the transmitter and the

receiver. The loss between the transmitter and the

receiver due to the intervening medium and any differen ce

in the polarization of the two antennas is denoted by the

constants Cm and C~ . These constants are unity if there is

no loss. Taking these losses into consideration , Eq. (2)

becomes

W A C C
— T R m p

24nR

Antennas do not radiate their power equally in all directions.

The ratio of the power per unit area radiated to a fixed

distance in a given direction , to the power per unit area

which would have been radiated if the transmitter radiated

I

ilIIF_
~ 

____ 
— - — - - —-- -- -- -- - 
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equally in all directions, is called the gain of the

antenna. If the transmitter gain in the direction of the

receiver is denoted by GTI the received power is

W G A C C  
-

— T T R m p
24irR

Antenna gain and effective area are related by

- 

A = ~~~~~~, 
- 

(5)

where A is the operating wavelength. Combining Eqs. (4) and

(5) gives

W G G A 2C C
- T T R  m p  (6)R (4-nR) 2

where the wavelength and the range must be expressed in the

same units. This is the basic one—way radio transmission

I 
- formula. The above received power is usually referenced to

1 microwatt per square meter , and in communications systems

engineering, the decibel is most frequently used to express

- - the ratio of the received power to the reference of 1 vw/m2,

where the decibel is defined as

NdB 
= 10 log(P2/P1) (7)

= 10 lo received powerg power reference

= 10 log (received power/l ,~-2)

~~~~~--~

rr- - - ‘  --—--
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Power (W or P) m a y  also be expressed as P = 12R or P = E2/R,

therefore the change in power level , in terms of changes in

current and voltage, is

p
2 12 R2 

-

NdB = 10 log 
~~~

— = 10 log(1—)
2 

~~~~

- (8)
1 1 1 -

12 R2
= 20 log 

~~

— + 10 log fl—
- , 1 1

R1
= 20 log ~~~

— + 10 log ~~~
—

1 2 - -

The power level change, expressed in decibels , is correctly

given in terms of voltage and current ratios only for the

special case for which R1 = R2 .
The radiation from an antenna or the intensity of an

electromagnetic field is usually obtained by measuring the

electric field intensity in microvolts per meter . The

electric and magnetic field intensities of a plane wave in

free space are related by the intrinsic impedance , r~0, of

free space

(9)
o v c o

where

= permeabili ty of free space

= 4~ l0~~ (kg m/A.S2, or Henry/meter)

__ _ _ _ _ _  _ _  

- • -
~~~~
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C
o 

= permittivity of free space - ,

= -7 2 (Farad/meter) .4itlO c

Therefore -

= = l20~~ 377~ (10)

where c~ = ohms.

LI 
If the received power ra tio (expressed in decibels

(Eq. 7) above 1 uw/m2 is known , one can conver t to electric

field intensity , E, in decibels above 1 jiv/m , by

I
, EdB ~dB 

+ 85.77 - (11)

The gain of an antenna is often referenced to an

electric field intensity value of 186.3 millivolts per meter,

which is the value that a short, lossless , vertical antenna

erected over perfectly conducting earth (an infinite, perfect

ground plane) will produce at 1 mile with 1 kilowatt of

input power when the measuremen ts are made in the ground

plane . (The electric field intensity at 1 kilometer for the

same conditions is 300 millivolts per meter. ) Therefore,

antenna gain under actual opera ting conditions can be

expressed with respect to the short theoretical antenna as
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- field intensity (mv/meter) at 2

1 mile produced in required
direction by actual antenna

G — 
with 1 kw of input power (12)am — 

186.3 mv/meter

The sensitivity of the communication s system is limi ted

by the presence of noise. The receiver available noise power

is given by

= KTB , (13)

where K , Boltzmann 1 s constant, is 1.38 x 1o
23 joule per

degree Kelvin, T is the effective noise temperature in

degrees Kelvin , and B is the receiver bandwidth in cycles

per second (Hertz). The effective noise temperature includes

noise originating in the receiver and all natural and man-

made interference signals. Since man-made interference can

usually be brought under control , the limitations in a

communica tions system are usually the thermally generated

noi se in the receiver and sensor , the antenna temperature , and

galactic noise arriving from space.

The signal—to-noise ratio SN at the receiver output can

be found by combining Eqs. (6) and (13) to give

W G G A 2C CT T R  m p
N ’N 2(4irR) KTB

and

_ _ _  _ _ _ _ _  —~~~~~~~~~
--- - ---— - 
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- W G G A 2C C  1/2
T T R  m p  (15)
(471 ) 2KTBSN

Equation (14) shows that several antenna parameters affect

the communications system performance and some system

parameters must be considered in the antenna design. It is

thus necessary to consider the gain and polarization of the

transmitting and receiving antennas, the bandwidth over which

the antennas must operate , and the antenna temperature. Also

to be considered is the impedance characteristic-of the

antenna which determines the loss due to reflections between

the antenna and its connecting transmission line, since Eq.

(14) does not include terms to account for this loss. In

addition, the antenna temperature to be discussed later

depends on the antenna patterns . Antenna design must take

account of the transmitter power and the operating frequencies

as well as those considerations included in the term accounting

for the propagation medium , Cm• Propagation loss depends on

such factors as the location of the antenna with respect to

the ground , the proper ties of the ground, and the operating

frequency. Additional factors must also be considered for

situa tions in which propagation occurs beyond the line of

sight between the transmitter and receiver.

In the case of frequen cy,  phase , or pulse modulation , the

radio receivers themselves produce quieting effects on noise.
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The received signal strength must be above a threshold value

if the receiver is to produce this quieting effect. When the

noise exceeds the signal, the noise is the controlling

factor in the output—and if it increases greatly, it usually

blankets out the desired signal. Thus, in all systems of

modulation , the signal-to—noise ratio must exceed an improve-

ment threshold value so that the detector can make use of the

signal carrier and its sidebands to improve the signal-to-

noise ratio. In frequency and phase modulation , the signal

pulses must be at least twice as high as the peak noise

fluctuation. For signals greater than the noise threshold ,

the amount of noise reduction depends upon the type of

modulation. The satisfactory carrier—to-noise ratio at the

detector input has been determined to be about 12 decibels

(dB) for frequency modulation .

Many communication systems have other unusual requirements.

For instance, for systems designed to communicate with space- 
—

craft at long distances , it is desirable to have a large

antenna gain which requires a narrow beamwid th. This mean s,

however, that the antenna beam must be accurately steered to

- - follow the spacecraft. The resulting system requirements

L of ten put a greater burden on the mech anical design of the

antenna than on the ra dio frequency design.

For the man-pack portable and vehicular antenna systems

analyzed in this thesis , we shall see that the mechanical

L 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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restrictions requiring electrically short antennas erected

over small , imperfect ground planes severely restrict the

transmission range (radiated electric f i eld intensity) of the

radio communication systems. -

2. ANTENNA PARAMETERS

Several antenna parameters can be used to describe the

characteristics and performance of antennas. These

parameters can be arranged in several groups: antenna

patterns , gain , impedance , miscellaneous electrical parameter s,

and mechanical parameters. Antenna performance also depends on

the manner in which these parameters are affected by the

environment at the antenna.

a. Antenna Patterns

The antenna pattern is a graphical representation in

three dimensions of the radiation of the an tenn a as a func tion

of direction. In practice, the three—dimensional pattern is

measured and recorded in a series of two-dimensional patterns.

Antenna performance is often described in terms of principal

plane patterns. The E—plane pattern measures radiation as a

func tion of direction in a plane con taining a radius vector

from the center of the an tenna to the poin t of maximum

radiation and the electric field intensity vector . The H-

plane pattern is a graphical representation of the radiation

of the an tenna as a fun ction of direction in a plane

~~~~~~~~
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containing the radius vector in the direction of maximum

radiation and the magnetic field intensity vector. The

radiation pattern may be specified in terms of voltage or

power. The radiation pattern provides information on the

antenna beamwidth , antenna sidelobes, and antenna resolution

and, to a large extent, it also determines the antenna noise

temperature.

The antenna power pattern is a measure of the density

of the power flowing through a sphere of large radius. This

power density can be defined as the average Poynting vector:

-5. -5. -5.
P = E x H .

For the steady—state time periodic case, the average

Poynting vector is given by

1 -
~

- -
~E

~av ~ Re(E x H* )

where the asterisk represents the complex conjugate.

An absolute power pattern is one in whi ch the power

density at a given distance from the antenna is expressed

explicitly in wa tts, per square meter. In practice , power

pa tterns are of ten expressed in relative power wi th respect

to the maximum value occurring at the peak of the main beam.

This relative power pattern is termed the normalized power

pattern. In normal practice , a measured power pattern is

obtained by opera ting an antenna in con jun ction wi th another

— ~~~~~~~~~~~~~~~~ 
- -
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antenna in a one—way communication system. For this case the

power pattern depends on the polarization of the second

antenna.

The antenna beamwidth is the angular width-of the

antenna radiation pattern between points where the power

level has decreased to one-half of the maximum value. This

beamwidth is also called the half-power beamwidth . Other

widths of frequent interest are the -10 dB width and the

—20 dB width, representing the angular widths between the

points where the power has decreased to one—tenth and one-

hundredth of its maximum value.

Antenna patterns are often classified according to their

shape. Some common shapes are shown in Figure L-l. An

isotropic pattern is one in which the power per unit solid

angle, the radiation intensity, is equal in all directions .

L This pattern is of ten taken as a reference, although it is

not realizable in practice. An omnidirectional pattern is

one which has equal amplitudes in each direction in a plane

passing through the antenna. This omnidirectional plane is

usually horizontal for communication systems. A pencil beam

pattern is one wi th a relatively narrow main lobe h aving a

circular cross section . A fan beam pattern is one with a

I - highly elliptical cross section , producin g a beam which is

narrow in one direction and broad at right angles.

_ _ _ _ _  
--- -~~~~~~~~~~~~~-- - -  -- - - -—
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(b) OmnicJirec~onaI
(a) Isot ropic

(c) Pencil

4 

;
~~~~~~~~~~

‘

~i:::~~~~~~~

->

-

Figure L-l.. Common antenna patterns.

~1 -
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A special class of fan beams is the shaped beam pattern.

In this pattern the variation in radiated field with angle in

a plane through the broad part of the beam is made to vary

according to a prescribed function . A common pattern is a

cosecant—squared shape which provides an equal received

signal, as a function of angle, for a radar system.

The antenna beamwidth determines the resolution of the

antenna or the minimum angular separation between two sources

which can be distinguished by a receiving antenna .

The radiation patterns of most practical antennas

contain a main lobe and several auxiliary lobes, termed side—

lobes. A sidelobe occurring in space in the direction —

opposite to the main lobe is called the backlobe .

The sidelobe level of an antenna pattern is defined as

the ratio in decibels of the amplitude at the peak of the

main beam to the amplitude at the peak of the sidelobe in

question. The sidelobes are generally counted from the main

beam, with the first sidelobes being adjacent to the main

beam and arranged on either side.

b. Impedance

The impedance of an antenna determines the efficiency

with which it acts as a transducer between the propagation

medium and the transmission line coni~ecting it to the system

with which it operates. In practice it is necessary to con—

sider not only the self—impedance of the antenna but the

—— --- -
~~~~ 

- _ - -—
~~ 
—- - - - — 
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--

~~ 
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mututal impedance between the antenna and other elements.

One must also consider the effect of the ground and the

nearby objects on the antenna impedance . If the antenna

impedance does not match the transmi ssion line , it may be

necessary to insert a matching device. This also affects

the efficienl:y.

The antenna is a two—terminal network , as illustrated

in Figure L—2 which is usually connected to the remainder of

the system by a transmission line. The simple equivalent

circuit for an antenna is shown in Figure L-2. The two-

terminal antenna impedance is denoted by ZA and the system

impedance terminating the transmission line by ZT. The

voltage induced in the receiving antenna by the incoming

electromagnetic wave can be represented by the voltage

generator VR. The transmitter signal (if any) from the

system can be represented by the signal generator VT. In

general, the antenna and terminating impedances will be

complex as illustra ted in Figure L-2(c). Antenna impedance

consists of a radiation resistance Rr~ 
a loss resistance RL,

and a reactance XA . Terminating impedance may have both a

resistive component RT and a reactive component XT.

The antenna current is given by

V
I = , (16)

T

where
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_ _  I
- I Antcn~~] [~~y~Stern I

- I I-
r (a)

+V
T

c~EJ
(b)

vR~~~~~~~
- 

~~~vr

RL~~~

(c)

G~~41JIa
v

_
xrf~~T a r

(d)

Figure L—2. Antenna impedance. (a) Antenna schematic.
(b) Simple equivalent circuit. ( C)  Equivalent circuit showing
impedance components. Cd) Equivalent circuit showing
admittance components. 
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Z~ = ZA + ZT - (17)

The condition for maximum power transfer is

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. 

(18)

The power delivered by the antenna to a receiver is

VR RTw = 1 2R = . (19)

t

The power reradiated or scattered by the receiving antenna is

V 2R
= 12R = 

R r (20)s r 2
t

The power dissipated in the ohmic losses in the antenna is

2 V R L
= I RL = 2 (21)

t

For the transmitting case the power radiated by the antenna is

V 2R
= 12R T r , (22)T r 2

t

and the power dissipated in ohmic losses is

V 2RL
w = 12R = 

T 
- (23)

t

- ~~~~ — - —~~~
~-
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The antenna can also be represented in terms of

admittance as shown in Figure L-2(d). For this case the

voltage across the antenna is given by

— 

Y ‘ 4)
t

where

= 
~A 

+ 1
T ‘ (25)

and and 
~T 

are the antenna and terminating admittance.

The condition for maximum power transfer  is

Gr + GL + jBA 
= GT 

- JBT , (26)

where G and GL are the radiation and loss conductance and

BA is the antenna susceptance. The power delivered by the

antenna to the receiver is

2 I G TW = V G  = 
R 

(27)

t

The power reradiated as scattered power by the receiving

an tenna is

2 I G
-

- W = V G  R r (28)s r 2
t

+

_ _ _ _ _ _ _ _ _ _  ~~~~~—- - —  ~~~ - . - -
~~~~~

-- - - - - ——  - --
~~~~~

—
~~~~~~~~
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The power dissipated in ohmic losses is

i
w = V 2G = 

R L (29)L L 
-

For the transmitting case, the power radiated by the antenna -

is

- 

‘I W
T = V2G = , (30)

and the power dissipated in ohmic losses is

2 1 1
2G

W = V G  = . (31)L L

Both the resistive and reactive components of antenna

impedance are functions of frequency. Usually, the impedance

of the system with which the antenna operates and the inter-

connecting tr ansmi ssion lines have much smaller  va r i a t i ons

with frequency than the antenna . There will therefore be

a restricted frequency band within which the antenna is well

matched to the transmission line . In practice , the antenna

bandwidth is usually defined as a f r equency band in which the

ratio of the antenna impedance to the transmission line

impedance (or vice versa) is less than 2 to i In other

words , the voltage standing wave ratio (VSWR) at the input

- ~~~~~~~~~- - --—----- ------—-—---~~~~— -~~~~ 
- -- ~~ -~~~~~~~~~~~ - - - -- —--
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to the transmission line and terminated by the antenna will

be less than two to one. There is, however , no accepted

definition of antenna bandwidth , so it is desirable to state

the defining VSWR when stating the bandwidth . (VSWR may be

measured on tactical antenna systems using Test Set, RF Power

TS-2609/u (Figure L—3), which is a through-line directional

wattmeter which measures transmi tted RF power (forward power)

and load match (reflected power) in 50 ohm coaxial systems.

It provides no loss to transmitted or received RF signals

between 30 and 76 MHz. To obtain VSWR using this wattmeter ,

use the equa tion

— 

VSWR ~ + ‘
~~~~~ where k = 

reflected power (32)
- 

forward power

The impedance of an antenna depends on many factors

including its geometry ,  its method of manufacture , and its

proximity to surrounding objects. Consequently , only a small

f r action of the antennas which have been invented have been

analyzed thoroughly enough to have obtained theoretical

expressions for an tenna impedance. Even for those simple

antennas for which theoretical expressions do exist , ex ternal

influences generally make it desirable to ver i fy  the predicted

impedance experimentally. 

- -
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Figure L-3. Test Set, RF Power TS-2609/ty connected
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c. Gain

The gain of an antenna is an important measure of its

performance in a system. Antenna gain is the ratio of the

maximum radiation intensity at the peak of the main beam to

the radiation intensity in the same direction which would

be produced by an isotropic radiator having the same input

power .

The gain function describes the variation in radiated

power with angle , and is defined by

G(O ,~~) 
P(O ,~~) 

- 

(33)
T
4~r

where P (O ,+) is the power radiated per unit solid angle in

the direction 0, •, and WT is the total radiated power.

From this def in ition of gain it can be seen tha t a

high-gain antenna has a main beam with a large amplitude and

narrow beamwidth and sidelobes of relatively small amplitude .

If a three—dimensional antenna pattern is measured , and

the pattern is integrated to give the ratio of the normaliz ed

power densi ty at the peak of the main beam to the average

power density, the resulting ratio is the antenn a directivity ,

defined by

D = . (34 )

_ _ _  -- ~---- -~~~~~~~~~~~~~~~~~~~ -~~~~~~
- ----~~~~~~~~

. -  -- -
~~~~~~~
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For a perf-~ctly ef f ic ient antenna , the directivity is

equivalent to the gain. The relationship between the two is

G~~~~D , (35)

where n is the antenna efficiency. Efficiencies of 50 to 75

percent are normally realized in practice .

It is of ten possible to make a rough approximation of

the antenna gain from the antenna bandwidth . If it can be

assumed that the total antenna power pattern can be approxi—

mat-ed by an antenna beam of unit amplitude , and loca ted 
-

entirely within a solid angle equal to the product of the

half-power beamwidths in the 0 and ~ directions, the power

density in the beam is

p 1 
, (36)max 0r~r

where and are the half-power beamwidthc in radians in

the 0 and • directions. For this case the average power

density is

P _L
, (37)av 4-~

so that the directivity of Eq. (34) is

D 0r r  
(38)

_ _ _ _  _ _  - -—-- ,---- --- -- — -~~~~- — - -- 
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If the half—power beamwidths are expressed in degrees and

denoted by °d and ~d’ 
the directivity is approximately

- 41,253 
-

d d  -

Then , if the antenna has an e f f iciency of 70 percent, the

gain is approximately

G 29,000 (40)0d~d -

There is a constant relationship between the gain and

effective area of an antenna. This can be demonstrated by

considering a communications system with the transmitter at

terminal 1 and the receiver at terminal 2. For this

situation Eq. (4) can be rewritten as

- 2 
I

WR (4Tr R)
G1A2 

= WTC C  
(41)

Now, if the transmitter and receiver are interchanged so that

the transmi tter is moved to terminal 2 and the receiver to

terminal 1, Eq. (4) becomes

WR(4~
11 R)

G2A1 
= 

WTC C  
(42)
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if the antenna components and the intervening propagating

medium are reciprocal. Combining Eqs. (41) and (42) gives

G1A2 G2A1 , 

- 

(43)

or

G G
- (4 4 )A1 A2

Equation (44) shows that the ratio between the gain and the

effective area of an antenna is a constant. Since, the type

of antenna used was not specified , this constant must be

identical for all antennas. The value of the constant given

in Eq. (5) is derived rigorously later from the theory of

the short wire antenna.

In Eq. (2), the effective area is defined as the ratio

of the received power to the power densi ty of the incident

wave. This area is a maximum when the received power is a

maximum or when the impedances are matched in accordance with

Eq. (18). The maximum effective area of a lossless antenna

is therefore

WR
A = 

max R
e P 4RPr

The effective area is actually the ratio of the power

dissipated in a matched terminating impedance of a receiving

antenna to the power density of the incident electromagnetic wave. 

~~~~~ ---~~~~~~~——--—--—--~~~~-
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It is sometimes convenient to use the concept of

effective height. If an antenna has an e f f e ctive height h ,

the induced voltage VR due to an incident field in tensity E

is - 
-

VR = Eh . (46)

If the propagating medium has a real intrinsic impedance Z0,

the incident power density is

E2 -

P — . 
-

- 
(47)

- 
z o -

Equations (45), (46), and (47) can be combined to show that

the relationship between the effective area and the effective

height is given by

h2z
A —  0 p4 8’ Ie 4 R  J

r

An antenna scattering area can be defined as the ratio

of the power scattered by the antenna to the power density of

the incident wave. For a matched lossless receiving antenna,

this is

WS VR
2 

9A~ — — 4RP ‘ ~~~~~

which is equal to the maximum effective area. The scattering

- -  -~~~—- - - -- 
—
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ra tio ~ is the ratio of the scattering area to the effective
area. This is given by

A~ Ws/P R -

A
e WR/ P P

~ 
- (50)

The antenna efficiency is defined in Eq. (35) as the

ratio of the gain to the maximum gain (directivity) . From

Eq. (44) it can be seen that a similar definition can be

made in terms of antenna area. This can be written as

= 
~~~/P

,p = 

- 

VR
2RT 

2 
_

~~ 

(51)
R (Rr + RL + RT) VR

or

4RrRT
2 (52)

( R + R L + R T)

For a matched antenna , this becomes -

R
(53)

r L

If the antenna is considered in terms of admittance , the

effective area of Eq. (45) becomes

A - 
max R

e P 4G Pr

~~~~~~~ - - —------ ~~~~~~~~~~~ —~~~~-----
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For this case, if -the antenna has an effective height h, the

induced current due to the incident magne tic field

intensity amplitude H is

IR~~~~
th . (55)

If the propagating medium has the intrinsic impedance Z0, the

incident power density is

P = H2Z0 , (56)

so that Eq. (54) becomes 
- 

-

h2A — 
4GrZO 

‘

the effective height is

h = (4AGZ 0)~~~
2 

, (58)

and the efficiency of Eq. (52) becomes

4GrGT
n = . (59)

(G + GL + GT)

Most antennas are constructed of transmission lines and

other elements that are reciprocal. These antennas obey the

reciprocity theorem , which states that the transmitting and

receiving patterns of an antenna are identical. A schematic

- —
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diagram of a transmitting antenna a’nd a receiving antenna

connected to a four—terminal network representing the propa-

gation medium is shown in Figure L-4. If antenna No. 1 on

— Z,1 — Z~ 
-

~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~

Figure L—4. Schematic of communication antenna arrangement.

the lef t side of the figure (with characteristic impedance

) transmits , and the antenna on the right with impedance
1

ZA receives, then the transmitted voltage is VT , and VT2 1 2
is zero. For this situation the system impedance determinant

is

— Z11 — Z~ 0 0

— z z 22 — z 0
= 

A1 C 
, (60)

0 —Z~ Z33 
_ Z

A

H 
0 0 Z44

using the currents shown in the f i gure .

The ratio of the current in the receiver 14 to the

transmitter voltage VT is
1 
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—z z — zA1 22 C

— 0 —Z
~ 

Z33

I 0 0 _Z
A ZA ZA Z~ -4 

_ _ _ _ _ _ _ _ _ _  = 1 2  (61)VT Iz i  Iz i

Then , if the transmitter and the receiver are interchanged,

so that VT is zero and the transmitted signal is V
T , the

1 2
ratio of the current in the receiver to transmitter voltage

is 

- 

: 

-

- 
-

i 
_Z
C Z33 

_Z
A ZA ZA ZC1 2 = 1 2 (62)VT2 I Z I  I Z I

From Eqs. (61) and (62) it can be seen that if VT = VT ~1 2

14 = 1 1 .  (63)

In other words, the received current due to a given

transmitter voltage is the same regardless of which antennas

* are used as the transmitter and receiver antennas ,

-
~~ respectively . Since Eq . (63) was obtained withou t regard to

the directions in which the an tennas were pointing , the

transmitting and receiving antenna patterns are the same.

-

~~~ 

- -

~~~~~~~~~~

-- -  - -

~~~~~~~~~ 

— ---

~~~~~~~
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d. Polarization -

The polarization of an antenna is defined as the locus

of the tip of the time-varying electric field vector of the

radiation from the antenna in the direction of the main beam.

In practice , polarization of the radiated energy varies with

the direction from the center of the antenna, so that

different parts of the pattern and different sidelobes some-

times have different polarizations .

The polarization of a radiated wave can be linear at any

angle or elliptical with any ellipticity and in either sense

of rotation . The polarization depends on the relative

magnitude and phase of the orthogonal components of the

electric CE) field . Using the geometry and notation of

Figure L—5 , the electric f ield vector is given by

= a0E0 cos ~t ÷ a~E43
cos(wt + a)  (64)

where E0 and E~ are the amplitudes or the components in the

0 and ~ directions and a is the phase difference between the

two components. This can be rewritten for convenience as

~~= a u + a v .  (65)

with a little mani pula tion it can be shown tha t

u2 2uv cos a v2 . 2
2 

- 

E E + —
a 

- sin a = 0 . (66)

- 

0 $ E~
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z
A
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-

Figure L-5. Antenna coordinates.

The general equation of an ellipse is given by

Au2 + Buv + Cv2 +Du + E v + F = 0 , B2 - 4 A C < 0 , (67)

so that for the polarization ellipse

1 —2 cos a 1B =  E E  ‘ ~~~~~~~~ D E = 0 , F = - sin a ,
E 0~~ E0 

(68)

and

B2 — 4AC = 2 2(cos
2cz — 1) < 0, a 

~~~ 
0,-u . (69)

E0 E~

Equa tion (66) therefore represen ts an ellipse in the 0,$

plane , with the center of the ellipse in the center of the

plane and the major axis of the ellipse inclined to the 0

axis by an angle q~, which is given by

_____________ -
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2E8EA Cos a
t a n 2 =  2 - 

(70)
0 4u

For the two components of the electric field which are

exactly in phase or out of phase , Eq. (65) gives

U V _ —— ~~~— — 0, a — 0

+ = 0, a = 

(71)

which represents a line through the origin with a slope,

E
m = ~~~~~~~~~ a = 0

0

E (72)

a = i r
0

For elliptical polarization the electric field vector

•1 rotates at a frequency equal to the frequency of the electro-

magnetic wave , and the locus of the tip of the electric

field vector describes an ellipse. The polarization is

defined as being left handed when the direction of the

rotation of the electric f ie ld vector is coun ter clockwise

when looking toward the departing wave at the transmitter.

For this case

0 ( a < iT . (73)  

-,--~~ -—-‘~~~ -~ ----- ------- ------—------—-—-—- ~ —~ -----~~~~~~ —------- -—-~~~~~~~~ - -—~~~~~ 
— ---- —- — - - - -  — — -  ——- 
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For right—handed polarization, the field vector rotates

clockwise when viewed from the transmitter as a departing

wave and

it < a < 2ir . (74)

If the two orthogonal electric field components have

equal amplitude and a 90 degree phase shift, circular

polarization results. For this case Eq. (66) becomes

2 2
1 - (75)

E0
2 E 2 — 

‘

which is the equation of a circle centered at the origin.

e. Noise Temperature

Antenna noise temperature is a measure of the noise

power which a receiving an tenn a delivers to the receiver at

the antenna terminal. Most of this noise power comes from

noise sources illuminated by the antenna pattern. This

includes galactic noise arising from outer space , noise from

celestial bodies within the antenna beam , and noise from

ground sources in the antenna beam . Since most of these

sources are relatively fixed wi th respect to earth coordinates

at any given time, the antenna noise tempera ture depends on
— the positioning of the antenna and the siz e and location of

the an tenna sidelobes.

— --‘-4
— p -- - ---
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The antenna noise temperature is given by

PnT KB (76)

where P~ is available noise power delivered to the antenna

terminal, K is Boltzmann ’s constant, and B is the bandwidth.

The antenna noise temperature for a given antenna orientation

can be calculated by add ing the contributions of the

individual noise sources. If T ( 0 ,u~) is the source noise

temperature at the angle 8,c~ and G(e ,q) is the antenna gain

function , then the antenna temperature is -

f
T = 

S (77)a f
S

where the integration is performed over the surface S with

the solid angle

dA = sin 0 dO d4u . ( 7 8 )

From Eq. (33)

G(0,qu)dA = ~1
!L J P(0,~~)dA = 4it  , ( 7 9 )

so that the antenna temperature is 

— - - - — --~~~~~~~~~~ -—~~~~~~~ - -  --
~~~~~~~
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-

Ta = ~~L 
I 

T(0,+)G(O ,4u)dA . ( 80)

The relationship between the noise temperature and the

noise f i gure is given by

T
(81)

where F is the noise f i gure and T0 is the reference

temperature of 2900 Kelvin. —

When low—noise operation is desired , it is necessary to

keep the antenna backlobe and sidelobes to a minimum so that

very little of the noisy earth will be illuminated when the

antenna is pointed skyward . It is also desirable to keep —

transmission line losses to a minimum since this loss increases

the antenna noise temperature.

f. Power Handling

The power-handling characteristics of an antenna must

be considered when the antenna is used in conjunc tion with a

high-power transmitter . The power-handling ability of an

— antenna is generally determined by the geometrical configura-

tion of the various conductors. The spacing of conductors is

selected to avoid voltage breakdown at high power. Sharp
— 

- edges and discontinuities should be avoided . If the antenna

operates in a low—pressure environment, it may be desirable

to pressurize the critical areas with air or other gases. It
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is also desirable to avoid impedance mismatches which create

standing waves and points of unnecessarily high voltage.

g. Mechanical Characteristics

Electrical antenna design must take cognizance of the

required mechanical characteristics. For large, ground—based

antennas, adequately positioning the antenna is a pre—

determined direction and insuring that the antenna surface

deviations are kept within specified limits often prescribe

some of the electrical design characteristics. For airborne

and spacecraf t antennas , mechanical problems of integrating

the antenna with the vehicle and designing the antenna to

withstand the expected environment also impose limitations

on the electrical design . The electrical antenna designer

must be aware of the antenna f abrication problems and of the

characteristics of the materials and structures available

for use in antennas. The designer must also be aware of the

size , weight, and tolerance restraints imposed on the

antenna.

h. Environmental Effects

The an tenna designer must consider carefu l ly  the

environment in which the antenna is to operate. Antennas

wi thin the ear th’ s atmosphere have to accommodate such factors

as wind , rain , ice , snow , salt—spray , and the effect of

surrounding objects on the antenna pattern and impedance . 

:--~~
—- - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Other fac tors which have to be considered are operating

temperature and such mechanical forces as shock and vibration.

The use of radomes must be considered for protection against

the environment to obtain the proper performance at the least

cost.

3. WIRE ANTENNAS 
-

One of the simplest antennas is the one-dimensional wire

antenna. Simple wire antennas are well understood both

theoretically and experimentally. They include shbrt and long

wires, monopoles, dipoles , and loops.

a. The Short Electric Dipole

In the simple short wire antenna shown in Figure L—6 , the

wire is oriented along the z axis with its cen ter at the center

of the coordinate system.

The equations for the electric field can be obtained from

the equation of the magnetic field using Maxwell’s equations.

Close to the antenna the fields are given by

I Le Jkr 5jfl 0m 
2 (82a)

4nr

- 2ImLe Jkr cos e
E = 2 , r < ~~~

- , (82b)r jwc4-u r 

~~~~—-- - --~~ ~~~~~~
—-—- - - -

~~~~~
-— - -- — -
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I Le 1~~ sin ~

E0 = 
m 

. (82c)
jwc4ur

where k = phase constant

_ 2ir _ w -

A fA  v~~~

: 1

A8

A-~tenna _______________ ____________________ —_______

Figure L-6. Coordinates for the short wire antenna.

Equation (82a) describes the induction field which extends to

a distance of approximately one—sixth wavelength from the

antenna. In this region electric and magnetic fields are in

phase quadra ture , so tha t there is no aver age outwar d energy

flow.

At large distances from the antenna only those terms

which vary inversely with the distance are important. For

this case the magnetic and electric f ields are

L - - -- 

- 
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-
~~ jkI~Le Jk~ sin e

= 
4 -ur r ‘ (83a)

-jkr .
-B- 

~~~~~~~ 
sin 0 

- 1E0 = 4nr 
— , r > >  . (83b)

Therefore electric and magnetic fields are in time phase and

have the ratio

E
— — Z (84)k o 

-

These are the characteristics of a plane wave approximating

the spherical wave from the small wire at large distances.

The radiation pattern is given as

-
~~ 1 ~ 

+ Zk 2I 2L2sin 2 0

~av = ~ (E x H*) = P ( 0 ) = 
32-,r 2r2 

(85)

— This power pattern is shown in Figures L-7 and L-8.

The total power flowing through a sphere of radius , r,

is given by

-B- -B- 2WT = f  P - d s = f P 2 i t r sjn e do

* 

- Z k21 2L2 it 40n21 2L2

1611 sin 3 
~ do = 

A 2 
(86)

L
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0 = 0~

0r ~~315 0=4 5 ~

- 

~~~~~~~~~~~~~~~
0—270 —— 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

05 

0= 1 35 

>~~‘

Figure L—7. Polar power pattern of a short electric
dipole.
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Figure L-8. Rectangular power pattern of a short
Electric dipole.
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The radiation resistance defined by Eq. (22) is

R = 

lay
2 = 30-uT 2[~ J2 - 

- 

(87)

The directivity of a short wire antenna can be found from the

definition of Eq. (34). The ratio of the maximum to the

average power density at a distance r from the antenna is

Z k 2I 2L2o m 
-

P 2 2  -

— max 
— - 3 2i t  r 

— 
3 -La P 

— 

2 ~~~~~~~~av W
T/4Tr

r

Since the current is uniform over the entire length of

the short wire , the received vol tage is

VR f E d z = EL , (89a)

and the e f fective height of the antenna from Eq. (46) is

h = L . (89b)

- 

- The e f fective area of the short wire can be determined using

Eq. (48) which gives

A — 
l20-u L2 

— 3X 2 
— 3 1A 2 —

e 4R 8-n 
— 

214 (90)

Since the gain of the shor t wire for the lossless case is

given by 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
- - — - -~~~~~~~~ - - ~~~~~~~~
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- 
G = D = ~~~~~~~~, - 

(9 1)

this verifies the relationship of Eq. (5) and

2 -

(92)

The sinusoidal current distribution assumed above for

the electric dipole is shown to be valid for the cylindrical

dipole antenna for cases in which the antenna element is very

thin. 
- -

b. The Dipole Antenna

One of the most commonly used antennas is the dipole

antenna shown in Figure L—9 . It consists of a wire whose

length is an appreciable portion of a wavelength. The wire

is fed by a voltage generator at its center. Since the

antenna is relatively long , the curren t is not constant over

the entire length.

It has been found experimentally that the current

distribution on a wire antenna fed at the center is approxi-

mately sinusoidal with zero current at the ends of the

antenna. That is, there is a standing wave pattern on the

antenna with current nulls at the ends and at every half

wavelength from the ends between the ends and the center .

For the antenna of Figure L—9 , the curren t on the an tenna can

be represented by

_ _ _ _ _ _  
~~~~~~~
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r9

/  

(~)

(b)

Figure L—9. Dipole antenna. (a) Coordinates.
(b) Current distribution for a dipole antenna slightly less
than one wavelength long.

. I L  )
Imsin[k(~ 

— z)j 
z > 0

1(z) = (93)

I sin{k(~ + z)) , z < 0

If the antenna is relatively short so that the electrical

length of each arm is less than six degrees , the sinusoidal

func tions can be replaced by linear functions. Thus, for

shor t dipole antennas , the current distr ibution is approx i-

mately triangular instead of sinusoidal. This current can be

represented by

_ _ _  _ _ _ _ _ _  -- - --- s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~
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~~m{L ~) , ~~~~> 0

1=  ~~~~
< -

~~~
- . (94)

L [2 
+ z} z < 0 

-

Therefore, the triangular current distribution gives a

vector potential whose magnitude is one-half of the magnitude

of a vector potential which would be obtained if the current

distribution were uniform over the same wire length. Thus

the far field of the short antenna is one-half of the field

given by Eq. (83) and -

-B- jkI~ Le ]~~ sine 
-

H~ = 
8-irr r > >  (95a) -

- -jkr .

= 
“m~~ < (95b)

Also, the Poynting vector is

2 2 2Z k I  L
~ (0) 2 2 sin 0 , (96)r l28n r

which shows that the power pattern of the shor t dipole is the

same as the power pattern of the elemental wire. For this

an tenna the total rad iated power is

W
T 

= l01,
2
(~~~)

2 ( 9 7 )

-

~

- - -  
~~~~

- -  — - - —--
~~~~~~~~

— -
~~ 

- -
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and the radiation resistance is

2W 2 2R = —4 = 2 0iT (~ ) . (98)r 
‘in -

Since the small dipole has the same pattern as the small

wire, it also has the same directivity and the same effective

area , given by

3A 2
A -

~~~~~~
- . (99 )

However , the triangular current distribution producing the

lower radiation resistance also reduces the ef fec tive height

of the antenna . Using the definition of Eq. (48), the

effective height of a shor t dipole is

4RA 1/2 -

h = [ 
~~~~~ 

e} = . (100)

In other words , for the same maximum antenna current, the

short dipole produces only one—half the radiated field that

the short wire produces and therefore has only one-half the

effective height.

A long dipole with a sinusoidal current distribution can

be considered to consist of a large number of small elements

of constant current such as that analyzed in Section 3a. The

radiation field of this antenna is therefore a superposition

of the radiation fields of each of the small segments. From

~~~~~~~ -N-
----- 

- ---
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Eq. (83), it can be seen that the electric field at a great

- 

- distance from the antenna due to the small current element

dz is

jkZ 0I(z)dze~~~~ sinO” -

dE0 = 
4ir r~~ 

, (101)

when the geometry in Figure L—9 , page - ,  is used . Since

the fa r  f ield point is at a great distance f rom the antenna ,

the distances r and r are related by

r’ % r — z cosO , 

-

- (lO2a)

~ 8 , ( 102b)

and

~~~~~ ~~~ ~- J  
. (102c)

The total electric field is theref ore
j

jkZ0e
i
~~ sin8 J I(z)eJ~~~

C056 dz , ( 103)nr -L/2

Performin g the in tegra tion gives

jZ0I~e~~~~ cosf~~
± cosO) - cos 

(1042nr sin 0 .

j The Poynting vector is 

_ _  

- - -
~~~~~~~

- -
~~~~~~~~~~~~~

—--—
~~~~~~~

-- - — -
~~
- - -
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E E 2

= E o~~~Y = 
~~
IE e I~~~~ 

= 1
2~~ ~ (105)

and

z i 
2 cos lk ~~~ cosOl — cos k ~ 2

= 
o m  ~ 2 2 ( 106)r 2 2  sin O8w r

and the total power radiated from the dipole is

( -B- -B- (ii ZoIm
2 (Il jcos(k ~ cose) _ cos)~~~

W = I P d s = I P 2irr sinodO = I : - dO.T r 41, sifl O

(107)

If the radiation resistance is defined in terms of the

maximum current, it is

2WT Z (iT{cos(~~ coso) - cos kLJ
2

R =~~~~~~=~~-2 i - dO (108)r i 2 2it J 0 sin G
m

Integrating Eq. (108) gives

R = 60 [C + in kL — C~~(kL) + -
~~~

- sin(kL) [S~~(2kL) - 2S
~~
(kL) ]

+ ~ cos(kL) (C + ln [~~~) + C~~( 2kL ) — 2C i ( k L ) ) J  , (109)

where C, Euler ’s constant, is

C = 0.5772 . . . ,  (110)

and the sine and cosine integral s are , respectively,

-----~~~~~~-~~~~-
- - - -

~~~~~~~~~~ ---~~~~
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S~~(x) = J Sifl X dx , C
~~
(z) = -

~: 
~~~~ X dx . ( i l l )

If the antenna is not fed at the point of current maximum ,

the radiation resistance as seen at the input terminal

d i f fe rs  from the radiation resistance of Eq. (108) . For the

general case the radiation resistance at the input is

2W I 2
R .  T = R  —

~~~
-- . (112)in 2 r I .I .  inin

where ‘in is the amplitude of the input current .

If the current maximum is at a distance d from the

input terminals, the sinusoidal current distribution gives

‘in = ‘m cos kd , (113)

and the radiation resistance seen at the input terminals is

R
R = . (114)

cos kd

The directivity pattern of the dipole is given by

2 cos [k ~ cosO) - cos 
kL 2

F(O) = f ( e )  = 
~~~~~ 

. (115)

If this pattern has a maximum value Fmax~ the directivity is

— p-_- ~~~~~~~~~~~~~~~~~~~ - s---—- - - -
~~~~~~~~~
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— ~max — 

ZoFnax — 

2F 
116D — 

W
T
/41v 

— 
T R  

— 

j F ( o ) s in e de 
(

the effective area is 
-

A 2
A 20 — 

Z F  
117

Ae
= 411 I4it 2R 

‘

r

and the e f fec tive height is -

Af
h =  max 

- 

(118)

where 
~max is the maximum value of f (9 ). —

A special case of interest is that of a dipole antenna -

which is an odd number of half-wavelengths long. For this

case the shape of the far  f ield pattern is given by
- 

cos[[2~~~ 1)1, cos O)
- 

f (O ) =
sin O

(119)

L = { 2 n ; 1)

This pattern has zeros where f(O) is zero or where

cos[{
2
~~; 

~
) - u

~ 
cos e) = 0 , (120)

or

cos O =  ± 
~~ = ~ 

, k = 0,1,..., n . (121)

- -p-- - -— a-,-
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Also, the numerator of the expression for the far  f ield

pattern is a maximum at

~~ ~~~ 
~ ]w  cos O = ± 1  . (122)

or

cos e = ~~ -~~ - 
2k

1 , k = 0,1, . .  ~,n - 1 . (123)

Thus there is a lobe broadside to the antenna (0 = 9 00)  w i t h

unit normalized amplitude. Because of the term in the

denominator of Eq. (119), the lobes given by Eq. (123) are

all tangent to a unit cylinder whose axis coincides with the

antenna. This is illustrated in the patterns of Figure L—10

- 
- for antennas one half-wavelength long and three half-

wavelengths long.

00
(a) Half-wavelength dipole

(b) Thr,. half—wave’sngths dipole

Figure L—lO . Dipole polar patterns.
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For the half-wave dipole , the field given by Eq. (104)

is 

= 

j60I~eJkr [cosfj cos 
0]) 

, L = . (124)

The average power density of Eq. (106) is

151 2 cos
f~
. cos 2

= sin o (125)

The total power radiated is given by

W
T 

= 
J~~

.d~~=J J 2wr
2 
sin e do

(126)

2 t-w/2 fc -~~~ cos o)
= 601 I sin O dOm sin e

Carrying out the integration gives

W
T = 151

2 J~ ~~
COS U d 151 2

C.(2it) = 36.56I
~
2 

. (127)

The radiation resistance is

2W
= —__

~~~ = Rr = 73 .08 73.1 ( 128)
m

L - -
~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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and the directivity given by Eq. (116) is

l2OF
D = R = ____ = 1.64 . (129)

The effective area for a perfectly efficient antenna, from

Eq. (117), is

Ae = 0.l3lA 2 
, (130)

and the effective height of Eq. (118) is —

h = ~~~- = 0.318A . (131)

The self-impedance of the dipole can be found from

= 3OS
~
(2wn) . ( 132)

For the half—wavelength dipole this reactance is

= j42.5 ohms, n = 1 * (133)

c. Cylindrical Antennas

The fields and impedance of the electric dipole are

determined by using the assumption tha t the current distribu-

tion on the antenna is sinusoidal. If the dipole radius is

appreciable , this sinusoidal current assumption is not

• strictly valid.

All of the antennas discussed in this study have high

h/a ratios , where

_ _ _ _ _  _ _ _ _  ~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- -
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h = height (or length) of the antenna element

a = radius of antenna element

therefore a sinusoidal current distribution can be assumed.

d. Center—Fed Sleeve Antenna. The Sleeve Dipole

The sleeve around the dipole serves to alter the

current distribution to make the antenna more broadband. It

also provides a more rugged mechanical structure (Figure I—il).

ii - -F - u -

[ii
Figure L—1l. The sleeve dipole. -

The basic analysis of the sleeve dipole proceeds from

that of the dipole i tself .  The gain (directivity) and

effec t ive  height are given by Eqs. (129) and (131) . The

feedpoint impedance, however , is quite d i f f e r en t .  A typical

sleeve dipole is the AS—l729/VRC (Chapter III). The

AS—l729/VRC is fed at its midpoint through a coaxial trans-

mission line in the lower 5—foot section (which is covered

by the sleeve). The transmission line consists of two parts:

an upper portion that has a characteristic impedance of 125

ohms , and a lower portion that has a characteristic impedance 
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of 50 ohms. The 125 ohms and 50 ohms sections act as a

transformer to provide a gc~d SWR at the base of the whip

— antenna portion of the AS— 1729/VRC . The upper 5—foot section,

the radiating element , is an extension of the center con—

ductor of the coaxial transmission line . The antenna feed—

point impedance is matched to the receiver-transmitter output

impedance (50 ohms ) by a ma tching unit  which consists of a

group of shunt reactance components which are selected by a

rotary switch controlled by the f r equency selector switches

H on the receiver—transmitter.  
- 

‘

e. The Monopole Antenna

1. The monopole antenna is a modi f ication of the

dipole antenna in which a plane conducting screen is placed

at the center of the antenna at right angles to the antenna

axis. Currents flowing on the conduc ting screen simulate

the mi ssing half  of the dipole to create an image in much the

same way as a mirror forms an optical image. A monopole

antenna is of ten  used instead of a dipole antenna for

situations requiring an omnidirectional, vertically polarized

antenna , because the monopole is shorter and cheaper to con-

struct and because the earth can be used as the conducting

ground plane. In practice, the groun d plane radius is not

in f in ite and a per fect image is not formed . A monopole with

a f ini te groun d plane of ra d iu s a is shown in Figure L—l2. 

~- --~~~
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S

Circular conducting sheet
of radius a in z = 0 plane

with center at origin 
- - -

x

Figure L-l2. A monopole antenna .

The current element is aligned with the z axis , has a length

h, anc~ is assumed to be infinitely thin. The curren t is

I = I(z)e~~
t 

. (134)

If the impedance of the antenna over an infinite screen

is denoted by Z~~, then

z — z~ = 
Z0 ej 2

~~~I
1 — cos kh)

2 
(135)j4wka sin kh )

or

Z — Z~ = F a 11 — c o s khl
2 

. (136)A 
~ 

sin kh -J 

- — - - - —
~~~~~

--
~~

•---- --- -- - — ---— --— -—-.-- -
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The variation of the complex value of F(a/X) is shown in

Figure L-l3. For a quarter-wavelength monopole the last

term of Eq. (136) is unity , so that Figure L—13 can be

interpreted as a change of impedance of a quarter—wavelength

monopole antenna with frequency and ground plane diameter.

I I I I

0 8 -  - 6  -

— 1 0  —0.8 —0.6  —0. 4 — 0 2  0 02 04 06 0.8 1.0
R~~ ~F ( r/ A) J

Figure L—13. Graph of F(a/X).

For thick monopole antennas the sinusoidal current

distribution is no longer valid , and solutions to Mallen ’s

integral equations must be found in order to determine the

inonopole impedance .

The pattern of a monopole with a large ground plane is,

to a f i rst approxima tion , the pattern of an equivalen t

dipole radiating into a single hemisphere . For an infinite

k. - - - = .  -
- -- 

- k~
- - - 

~~~~~~~~
-- 

~~~~~~
-- - ----—— —---- 

~~~~~~~
— -- ---- ----- —-
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ground plane the total radiated power is the integration of

the Poynting vector over a hemisphere instead of a sphere ,

so that the monopole has one-half the total radiated power

of a dipole and the radiation resistance of the - monopole is

one-half the radiation resistance of an equivalent dipole.

However , the maximum power density is the same, so the

directivity and the effective area of the monopole are twice

as large as those of the dipole. The lower radiation

resistance and increased effective area of the monopole give

an ef fective height equal to, that of a dipole. -

2. For practical monopole antennas, the plane conducting

screen is created by electrically connecting one end of a

vertical antenna , usually a quarter-wavelength long, to the

ground itself (using a grounding rod) or to an artificial

ground (a counterpoise) consisting of a vehicle chassis or ,

in the case of portable equipment , to the case housing the

transmitter-receiver . The effect is to make the quarter—wave

antenna behave like a half—wave antenna . Here, the ground

takes the place of the missing quarter-wavelength , and the

reflections supply that part of the radiated energy that

normally would be supplied by the lower ha lf of an grounded

half-wave antenna . (Appendix I, paragraph 10 , gives details

on curr ent distributions wi th base , center , and top-loaded

whip antenna s which are grounded ver tica l monopoles. ) 

-~~~~ -- - ~~~~~ —--- ~- - - - - --—- -——~~~ - - --- - - -- - - -- - -- -- - -- - —— ~~~~ _ _~~~~ __ _ _ _ _ _
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Figure L—14 below shows the radiation patterns of a

grounded quarter-wave antenna, while Figure L-15 shows the

patterns of grounded vertical antennas of 1/2, 5/8, 3/4 , and

1 wavelength.

O 

ANT(I~UA
AXIS

I TOP ’ V IEcI I ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~

I I CROuNO— ~~~- “ -
~~~~ :~~~~~~~~~~~~

- - -
~~

Y

I I
I I -

~~~~~~ SOLU) PATTERN
I 

.4_— TRUE
CI RCL C

SIDE VIEW

Figure 14. Radiation pattern produced by a grounded
quarter-wave antenna.

3. From paragraph 3(e) (1) above, the radiation

resistance of a grounded quarter-wave antenna is just half

that of the ungrounded half-wave antenna. For very thin

antennas , the value of the radiation resistance is 36 ohms. If

large-diameter tubing is used for the antenna radiating

element, that value is reduced.
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-

7 / / 2 7 7/ z z Z 7 7 4 2 / 7 7 7 /,4,~’77/7///Z’Z 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A 

- 
B

A?1TEPlH?~ LENGTH 
-

AHTEN~~ LENGTH

- - _ _
97Z’,~~~~~~~~~’7i~~~~///z~ ~~~~~~~~~~~~~~~~~~~C

Figure L-l5. Vertical—plane radiation patterns
produced by grounded vertica~ antennas of various lengths.

When grounded vertical antennas shorter than a quarter

wavelength are used, the radiation resistance is reduced

still more. In general, for short grounded vertical

(monopole) antennas (up to about one—eighth wavelength) the

radiation resistance is given by

R
r 

= 40ir
2
(~ -)

2 ( 137)

Table L-1 below shows the value of radiation resistance

for various lengths of short monopoles.

Figure L-16 displays the same information graphically,

where the antenna height (length) is expressed in electrical

degrees , and A = 360 degrees , A/2 = 180 degrees, A/3 = 120

degrees , and so on.
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TABLE L-l

RADIATION RESISTANCE OF SHORT MONOPOLE
ANTENNAS OF VARIOUS LENGTHS

Radiation - Radiation
Antenna Lengths Resistance Antenna Lengths Resistance
(wavelengths) (ohms) (wavelengths) (ohms)

0.30 60 0.15 8
0.25 36 0.10 2
0.20 20 0.05 1

- 

~~III I:II7 
-

~~~~~ - _ _ _  
~~~~~~~~~~~~~~ ~~I 0 1 — —

L — — —

~~~4 C — —  — ---~~4_  —

20 — — —~~ - —

0 
o 10 20 30 40 50 

~ 50 bO 70 60 90 100 110 120 14AA’TFNN,4 .lE~GMTINDEG*EE$ 
ANrENNA lIE/GIlT IN DEGREES

(a)  (b)

Figure L—l6. Radiation resistance vs. free—space
antenna height in electrical degrees for a vertical antenna
over perfectly conducting ground plane. (a) 0-60 degrees
(0 — A/6), and (b) 50—140 degrees (5A/36 — 7A/ 18) .  (These
curves may also be used for center—fed antennas (in free
space) by multiplying the radiation resistance by two; the
height (length) in this case is half the actual antenna
length.)
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4. From Eq. (53), for a matched antenna , the antenna

ef ficiency, n,  is given by

R
- 

(138)
r L

which is just the ratio of the radiation resistance to the

total resistance of the system. The total resistance includes

radiation resistance, resistance in conductors and dielectrics,

including the resistance of loading coils if used, and the

resistance of the grounding system, usually referred to as

“ground resistance.”

In the case of the grounded antenna the ground resistance

usually is not r~g1igible , and if the antenna is short (com-

pared with a quarter wavelength) the resistance of the

necessary loading coil may become appreciable. To attain an

efficiency comparable with that of a half—wave antenna, in a

grounded antenna having a height of 1/4 wavelength or less,

great care must be used to reduce both ground resistance and

the resistance of any required loading inductors. Without a

fairly elaborate grounding system , the ef f iciency is not

likely to exceed 50 percent and may be much less, particu-

larly at heights below 1/4 wavelength.

For example , the ohmic resistance of the loading coil

used might be several ohms , the resistance of the ground

(coun terpoise) migh t be several ohms , and the resistance of 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the antenna itself might be 1 or 2 ohms, or more. The power

that is dissipated in all these resistances may be con-

siderably greater than the power that is radiated into space.

If an antenna length used is 0.1X , the radiation resistance

is only 2 ohms , and the total ohmic resistance is approxi—

inately 8 ohms. Therefore, the ef f ic iency of the 0.l A

monopole antenna is only approximately 20 percent.

A very approximate curve of reactance vs. height is

given in Figure L-17. The actual reactance will depend on the

height/radius (h/a) ratio, so this curve should be used only —

as a rough guide . It is based on a ratio of about 500 to 1.

Thicker antennas can be expected to show lower reactance at

a given height, and the thinner antennas should show more.

At heights below and above the range covered by the curve,

larger reactance values will be encountered, except for

heights in the vicinity of 1/2 wavelength . In this region

the reactance decreases, becoming zero when the antenna is

resonant.

f. Basic Wire Antenna Parameters

Table L— 2 lists the basic wire antenna parameters. In

Table L-2,

<P r > outward power flow or
radiated power

and

E = antenna effective length where

i r A meter s 

~~~~~~~~~~~~~~ -- ~~~~~~~~~~ - - -~~~~ ~~~~
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•40( 

+3°c — — — ,-- 
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_ 7 _  -

.

,,
+20C — — — — 

7 
— —

~~+I00 — — — — — 4 — — —
~~

— — 4 —

30 60 10 6J 90 100 110 120 ISO 140
AA7ENMA liE/GIlT IN DEGREES

Figure L—17. Approximate reactance of a vertical
antenna over perfectly conducting groun d and having a height/
radius (h/a) ratio of about 500. Actual values will vary
considerably with h/a ratio. The remarks under Figure L-16
also apply to this curve.
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- TABLE L-2

BASIC WIRE ANTENNA PARAMETERS

An ten na 
~~~~~ 

!~. Rr ~ O~~/2 3 6 - Lg I.

- 
~ r

Isotropic ~~~.. --.. o.~oa 1.0

Hertzian .th~_.L_ sm ‘3 2O(kt) 2 0 132 - 

— 

1. 5 1  &

Nert:ian 
~!S~_.L sin ~ 40(kh ) 2 0.186 3 0  2h

Short ~k& I -Dipole — —-.
~

- 
~ in  ‘3 S(kt)2 0.132 1.5 L12

Mono~o1e ~~~~ s~.n ~ cO(Ith)2 - 

0 185 3.0 h

M1’3I1~~~1C 
~(fra) 2 I sin e 20(w) 2 (k a) 4

nag. Dip. -v-(ka)2~i( 
~~~~~~~~ z~çti,~

2
~~~

4

~/2 ~~~~~ Co ‘~‘z cos ‘Sine •~ 
-~~~~~ ‘3 a 73.08 0,138 1.64 2/kCur ren t Sill u

~/4 Mcno. 
~~ c~~ .fl COS 3’L

Current ~~ 3 ~3 36.54 0.195 328 2/k

Folded , , 
~~tfl 0i~ote ~~ C0S~~?,_  C~~ ~ a 292.3 0. 138 1.64 4/k

Sine—Cur. ~ 5 A 3 3

cos (~/2 
~~~~~~~ ~ 146.2 0. 195 3.28 1 4/k-Slnc .cur. S fl a -

~/2 01po~e ‘t t (cos( -./z cos a)
2-term T s in  3 

87.3  0. 138 1.64 2.19.jO Zccurren 
~ 2 

I cos (-(2 c~s
_______ ~—cos 2 ? 

________ _________

2)4 ~ono [It- 

~ _! ~~~~ /2~~cs :l
current 2 s1,i 

~ ~3.3 0.195 3.28 2.19.jO.2.
~~~ 

1 + cos( ’ ,/2 c~s 
~~~

__________ 
4-cos ~ 3 

___________ - __________

Wire rad ius ((11; ~~ h/a • 75; ~•• h/a • 75 ,

• • ~~~ ~ sin ~ • 0.173 . jO.236 

- - -  -~~ - - ~~~~~~~~~~~ A —~~~~~~~~~ 
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4.  GROUND—PLANE ANTENNA

- a. A ground—plane antenna consists of a quarter—wave

vertical radiator which , in effect , carries its own arti f icial

ground. The artificial ground or ground plane consists of a —

flat disk of metal or a number of metal rods or spokes

located at the bottom of the radiator and usually at right

angles to it (A of Figure L—18). Since the metal disk or

spokes are not connected directly to ground , they may be

referred to as a counterpoise. This term is used -rarely,

however , this part of the antenna usually being called simply

an elevated ground plane.

b. The ground—plane antenna is used when nondirectional

horizontal radiation or reception is required . It is

particularly useful in the very-high-frequency range and

higher. At these frequencies , the length of a vertical

quarter—wave antenna is not great. Any desire to operate

such an antenna in conjunction with the actual groun d would

create high ground losses and would prevent efficient

radiation or reception. The ground—plane antenna , on the

other hand, is usually well elevated so that ground losses are

minimized..

c. The elevated ground plane also prevents circulating

currents from flowing in a vertical metal mast that might be

used to support the antenna. These curren ts, if not pre—

vented, would cause the ver tical suppor t itself to radia te

_  ~~~~~~~ —- ---- -- -~~~~~~~~~ -~~~~~~
- , - - 
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Figure L—18. Typical ground-plane antenna.
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in the same manner as a long—wire antenna. As a result,

undesired high—angle radiation would be produced .

d. The radiation produced by a vertical quarter—wave

grounded antenna erected adjacent to the earth itself is

maximum along the surface of the ear th (at a vertical angle

of 0°). The intensity of the radiation falls off at higher

vertical angles until, at a-vertical angle of 90°, no

radiation occurs. A side view of this radiation pattern is

shown dashed in B of Figure L—18. Since this type of

radiation occurs at all horjzontal angles, a top view of the

pattern would be circular. When a ground—plane antenna is

used, the limited size of the elevated ground plane alters

the radiation as shown, and maximum radiation is no longer

along the horizontal plane but occurs at some angle above.

e. When maximum radiation is required in the horizontal

direction, it is common practice to bend down the spokes

forming the elevated ground plane to an angle of about 500

• below the horizontal. When the solid metal construction is

used, the elevated ground plane takes the form of a cone, and
- - the lobes of maximum radiation , shown in B, are pulled down-

ward to a much lower vertical angle.

f .  In almost all cases , coaxial line is used to feed

the ground—plane antenna. The inner conductor of the coaxial

line is connected to the quarter-wave vertical radiator; the

outer conductor is connected to the ele~ated ground plane.
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Figure L—l9. Antenna equipment RC-292. The ground
plane elements are bent downward 50° below the horizontal.
The input impedance of this antenna is approximately 50 ohms.
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