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I. 
ABSTRACT 

The development of a new body-mounted antenna for a police officer's 

single-frequency, single-channel, personal radio set is described. The 

multiturn loop antenna is small and compact, rugged, low profile, lightweight, 

and measures 2.9 in. x 2.9 in. x 0.9 in. high. VSWR and radiation patt0rns 

are present,ed for the antenna mounted on a man's shoulder and for the body 

in a standing, stooping, and prone position, with various head and arm move-

ments, and with light and heavy clothing" Ra.diation patterns are also pre-

sented to show the body absorption loss caused by the antenna being mounted 

at waist level as compared with mounting at shoulder level. The radiation 

patterns are referenced to a ,6. 6-in. 'helical whip that is commonly 'used by 

police officers. The instantaneous bandwidth is 1.4 MHz for a VSWR~' 3: 1. 

A dual-frequency model for use in a two-frequency simplex push-to-talk mode 

is also shown to be practical. 
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SUMMARY 

There is a present tendency among police departments to convert to 

multichannel communication operations in both the VHF and UHF bands. In 

multichannel service, the user has the option of switching to one of several 

channels, depending upon traffic congestion or his requirements for specific 

types of service; for example, dis patch coordination, file lookup information, 

vehicle maintenance requests, etc. These various channels may be dispersed 

in frequency over a large se.gmeht of the band assigned for law enforcement. 

Consequently, antennas designed for this type of communication require rela-

tively broad-band characteristics. The input and output networks of the newer 

radio transceivers have also been designed to operate properly over relatively 

wide frequency ranges. Because electrically small antennas are necessarily 

relatively narrow band, these small antennas are generally not suited for 

multichannel operation. 

The technology of electrically small antennas that have been 

developed within the laboratories of The Aerospace Corporation and at other 

laboratories is now at a level where it appears advisable to again recycle the 

requirements. It is important to redetermine just what the requirements are 

for body-mounted antennas and see what specific need exists for narrow-band 

antennas. One should also determine what the actual mechanics of operation 

entail; for example, is the transceiver also to be body mounted or is it hand 

held? If the trans ceiver, or a major part of it, is to be mounted inside a 

helmet, would a helmet-mounted antenna also be suitable? 
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In summary, the Aerospace body-mounted antenna feasibility program 

has contributed important empirical performance and design data relating to 

such small antennas and has defined the capability of the present technology. 

A preliminary examination of the cost factors indicate that the cost of the 

hody-mounted antennas is substantially greater than the cost of the existing 

simple whip a.ntennas. In view of these considerations, it is the recommenda

tion of The Aerospace Corporation that this project be concluded and that a 

re-examination of the requirements be made to determine if, in fact, a need 

exists for the presently developed body-mounted antenna (e. g., two-frequency 

simplex applications) or if a need exists for a broad-band, multichannel .• 

body-mounted antenna. 

For single-frequency, sing~e-channel operation in the 150 to 170 MHz 

band, the development of a new body-mounted antenna for a police officer's 

personal radio set is described. The antenna, which measures 2.9 in. 

x 2.9 in. x 0.9 in. high and weighs less than 3 oz, is a small, compact multi-· 

turn loop designed to be mounted on a man's shoulder. Laboratory measure-

ments demonstrated that the loop provides 3.8 dB (azimuthal average over 

360°) more gain than a shoulder-.mounted, 6.6-in. helical whip. 

The multiturn loop consists of a 3/8-in. copper strip wound on a styro-

foam form 2.7 in. x 2.7 in. x 0.7 in. high. The coaxial cable and capacitors 

are assembled to a metallic "ground" plate, after which the assembly is 

foamed -in.-place to make an integral rn.gged unit. The loop has a bandwidth 

of approximately 1. 4 MHz (VSWR = 3:1). For a two-frequency system where 

the transmitter and receiver frequency separation is greater than the 

-x-

bandwidth, a dual-frequency multiturn loop that uses a push-to-talk mode is 

also demonstrated to be feasible.. In contrast to the loop, the 6. 6-in. whip 

has a bandwidth of 11 MHz. The same whip is often us ed in the UHF band 

(450 to 470 MHz) as the A/4 mode; thus, for the record, VSWR measurements 

were made showing that the whip is poorly matched to SO ohms. 

Experimentation was performed on a variety of multiturn 100Rs before 

finalization of the configuration, size, number of turns, and capacitor sizes. 

Details for making radiation pattern measurements of a body-mounted antenna 

are des cribed. The effects of body positions on a shoulder -mounted loop 

antenna are demonstrated with a series of measurements for a man stc.nding 

at attention, stooping, and kneeling on the ground with his face to the ground. 

lVieasurements are given als 0 for a man standing with his head bent and 

rotated to the left, his left arm raised, his head rocked forward and then 

backward, and with the man lying on his stomach and then on his back. In 

each case, the patterns for the variolls body positions were compared with a 

shoulder-mounted, 6. 6-in helical whip. 

Experiments indicate that the loop antenna must be tuned whe~ it is on 

the man's shoulder. However, the VSWR characteristics do not change from 
I 

person to person nor with the amount of clothing worn underneath the counter

poise. A heavy leather jacket worn over the multiturn loop causes some 

degradation in performance. 

Radiation pattern measurements were made for both the loop and whip 

antennas when they were mounted at waist level. A 10- to 20-dB loss in gain 

exists when the antennas are dropped from the shoulder to waist level, and 
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there is more nonuniformity in the azimuthal directional characteristics. 

The optimum counterpois e size for the shoulder -mounted multiturn loop was 

established. When the counterpoise is made smaller than the selected size 

of 4.5 in. x 6.5 in., a noticeable reduction in antenna gain occurs. Without 

a counterpoise, the antenna gain was lower by several dB. The electrical 

characteristics were also recorded during the various fabrication processes 

to note the effects of foam, epoxy, and paint. Preliminary noise comparison 

studies between the multiturn loop and a whip connected to a transceiver 

revealed nonconclusive results, as the receiver itself was the outstanding 

contributor of the measured noise. 

The report points out that an optimum communication system should be 

designed with an integrated transceiver antenna. In order to provide maxi-

mum power transfer, minimize the battery size, or to prolong the life of the 

battery, both the transmitter and antenna must be properly impedance matched. 

A mismatch loss in either the transceiver or antenna means a reduction in 

transmis sion efficiency, with a corresponding shorter communication range 

and area coverage. 

-xii-

CHAPTER I. INTRODUCTION 

In this report, the results of an investigation to determine the feasibility 

of a body-mounted antenna for use with police transceivers in the 150 to 170 

MHz band a.re described. A survey of the radiators applicable to the Law 

Enforcement Assistance Administration (LEAA) police, personal radio was 

ma.de prior to this feasibility program for the body-mounted anteilna. 1 

The antenna is a small, compact, multiturn loop designed to be mounted 

on a man I s shoulder. 2, 3 It is pr eferable that the antenna for a police officer I s 

personal radio be invisible, noninterfering with the officer's motions, rugged, 

convenient to use, inaccessible to an assailant through grabbing, and yet be 

an efficient radiator. All of the foregoing physical requirements indicate an 

electrically small antenna. However, one cannot have both an efficient radi-

ator and a small antenna; that is, there is a fundamental limitation as to what 

can be expected from an electrically small antenna. 4 

Shepherd and Chaney investigated personal radio antennas and described 

a series of tests under laboratory conditions. Following this, a coverage 

study was made under service conditions in city streets to evaluate the rela-

tive performance of small a.ntennas and to accumulate propagation data for 

system design. 5 The laboratory measurements included a study of the 

properties of ferrite -loop antennas, coils, whips, and short-wire antennas. 

It was concluded that 'A/4 whips, even when working against the radio set 

chassis as a poor ground plane, offered the best performance. Where 

I 



conditions permitted ope,ration of the radio with "A/4 whips held head high, 

radio performance was found to be comparable to vehicular coverage except 

for the antenna los s. Where the antenna is required to be inconspicuous, 

another 5- to lS-dB-average system loss may result. With operation at 

1 SO MHz, the whip length is approximately 17 in., which is too long as a 
::::: 

body-mounted antenna. However, a flexible-helical antenna that is 

approximately 6-in. long i; considered to be areas onable substitute for the 

(,,/4 whip. The 6-in. helical whip is considered to be an acceptable antenna 

as it is reas onably short, mechanically flexible, has wideband VSWR 

characteristics, and is relatively efficient and convenient to use. Because 

of the whip1s attractive features, it was used as a reference antenna for gain 

and pattern measurements of the multiturn loop. 

One objective of this development program is an improved antenna 

design for portable transceivers. It would have the potential benefits of 

allowing operation of the personal radios with free hands, having ;:;n all-body 

position operation, being less awkward, and less easily grabbed by an 

assailant. Selection of the candidate antenna for development was' based on 

many factors that included the us e of recent advancement in loop antenna 

technology developed for aircraft and miss:i.1e~:~* applications. 2, 3 Other technical 

~~ . 
Such as that manufactured by Antenna Specialists, Inc .• Model P-4 series. 

**Harry Diamond Laboratory (HDL) developE;!d a multiturn loop in cooperation 

with Ohio State University (OSU) for a missile that will withstand th~ impact 

of ~trildng the ground. 

\; 

2 

I 
factors that led to the selection of the multiturn loop were: relatively high 

efficiency for its size, small and compact, low silhouette, elliptical polariza-

tion, simple to tune, rugged, less sensitive to nearby objects than a whip, 

use of low-loss tuning capacitors, and sufficient bandwidth for single-channel 

operation. After demonstrating that the shoulder-mounted loop antenna pro-

vided gain performance characteristics comparable to a shoulder -mounted 

helical whip, a dual-frequency antenna was also developed for push-to-talk 

mode operation. 
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CFfAPTER II. DESCRIPTION OF ANTENNA 

The loop antenna is shown schematically in Fig. Z -1. Capacitor C 1 

L1 l1~wd to set the impedance level, and C 2 tunes the loop to the resonant fre-

x' 
qttcllCY, ,. Capacitor Cz can be adjusted to tune over the 150- to 170-MHz band 

without any adjustment of C 1 . Loops with 3, 3. 5, and 4 turns were con

strll,cted with both 1/4-in, diam copper tubing and flat copper tape. The loop 

war; attached to a metallic plate that was used as the "ground" for the capaci-

tor C z and the coaxial cable. 

~ JGROUND 

C~ :k C'm PLANE 

~ 

Cl :: 0.35 TO 3.5 pF 
TO ESTABLISH CORRECT 
IMPEDANCE LEVEL 

INPUT C2 : 0.8 TO !O pF 
FOR TUNiNG TO 
OPERATING FREQUENCY 

Fig. 2-1. Multiturn Loop Schematic. 

*The capacitors: are air dielectric, tubular construction manufactured bY'the 

JFD Elach'onics Co. or the Johanson Manufacturing Corp. 

4 

In Fig. 2-2, photos of three breadboard multiturn loop antennas are 

presented. A 3 -turn loop constructed with 1/4-in. diarn. copper tubing and 

identified as Antenna No. 4 is shown in Fig. 2-2a. The loop dimensions are 

3.45 in. x 2.2 in. x 1. 06 in. high. A 3-1/2 turn loop constructed from 

1/4-in. diam copper tubing and 3/8-in. wide copper foil and identified as 

Antennas No.5 and 5S, respectively, is shown in Figs. 2-2b and c. The 

centerline dimensions of No. 5 are 2.63 x 0.75 in. and an overall loop length 

of 2.5 in. The dimensions of the copper foil model No. 5S are identical to 

those of the No. 5 model. 

Gain and VSWR measurements indicated that comparable results can be 

achieved with either the 1/4:-in. tubing or the flat-strip conductors. Thus, 

the flat-sh'ip loop was e fentually chosen because of the simplicity in con

struction, lighter weight, and smaller volume. The 3/8 -in. copper strip is 

wound on a styrofoam form 2.7 in. x 2.7 in. x 0.7 in. hig~. The coaxial 

cable and capacitors are assembled to the loop and metallic ground plate. 

The assembly is then foamed-in-place ~~ to make an integral rugged unit. An 

epoxy resin compound coats the foam surface. In Fig"2 -3, the 3 -1/2 -turn 

loop is shown before and after being foam'ed -in-place. This antenna is identi

fied as 8F, which is considered the engineering model. It was us ed for many 

of the measureITlents and as a baseline for comparative measurements. Addi-

tional models of 8F were identified with a suffix number (e. g., BF-4), and 

their dimensions are shown in Fig. 2-3. 

!I~ 
Emerson and Cumming, ,Inc.,' Type FPH 
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a. Antenna No. 4 

b. Antenna No. 5 c. Antenna No. 55 

Fig. 2 .... 2. Breadboard Multiturn Loop Antennas. 

6 

./'"'"""CURVED METAL 
, PLATE TO FIT 

SHOULDER 

Fig. 2-3. Engineering Model of Multiturn Loop, Antenna No. 8F. 
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a. Shoulder-Mounted Breadboard 
Model 

b. Engineering Model 

Fig. 2-4. Multiturn Loop With 4.5 -in. 
x 6. 5 -in. Metal Counterpoise .• 
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The antenna dimensions were determined by what was considered to be 

a reasonable size for a shoulder-mounted configuration and the numbel" cf 

turns dictated by the tuning range of the capacitors. The 3 - to 4-·turn loops 

yielded almost identical VSWR characteristics and gain. 

As a body-mounted antenna, the loop must be mounted on a shoulder 

counterpoise (i. e., a metallic surface in the area of the shoulder) as depicted 

3.n Fig. 2-4a. Also, the axis of the loop must be aligned in the fore and aft 

direction (i. e., the axis is not directed toward the head). An engineering 

model of the antenna is shown in Fig. 2-4b. 

Prior to the concerted effort on the body-tn-ounted antenna, a multiturn 

loop waf) installed on a 36-in. diam ground plane and the patterns in the three 

principal planes were measured, as shown in Fig. 2-5. These patterns 

provide a qualitative demonstration of the radiation and polarization character

istics of the multiturn loop. For reference, the pattern of a 'A/4 mon'?pole 

mounted on the same ground plane is shown. These patterns were not intended 

to provide a measure of the loop efficiency, but to indicate that the loop does 

radiate effectively and with elliptical polarization, which is a feature desired 

for the body-mounted antenna. 

8 



Alllm;~; 
f.ttt"~t :p.l.,n-

",114 AO'I" 
MTY(fWliol,7 
~.t$.1l 170' lBO' 

PA TTERN IN PLANE OF LOOP AXIS 

PATTERNS IN PLANE NORMAL TO LOOP AXIS 

AI,.,RUN" 
PAnfRN2 
1oH·1~ 

100' 

o· 

ISO' 

PA TTERNS IN PLANE OF GROUND PLANE 

Fig. 2-5. P:rinc~pal Plane Patterns (164 MHz) of Multiturn 
Loop ¥ounted on a 36-in. Diam Ground Plane. 
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CHAPTER III. MEASURED ELECTRICAL CHARACTERISTICS 

A. Reference Antenna, 6-Inch Whip 

A relative reference level for the multiturn loop gain and pattern 

measurements was provided by a helical wound monopole (nominally 6 in. 

long). This monopole was selected because the whip is widely used for the 

present personal transceivers. Thus, it appears to be a reasonable choice 

to compare the loop pattern levels with that of the 6-in. whip. 

An indication of the efficiency of the 6-in. whip was determined by mounting 

the whip on a 36-in. diam ground plane and comparing its measured pattern 

level with that of a 'A/4 monopole mounted on the 36-in. ground plane, as illus-

trated in Fig. 3-1. From three such pattern measurements, the average dif

ference in level between the two monopoles was 5 ± 0.5 dB. The A/4 whip 

(17.75 in. from the ground plane to the monopole tip at 164 MHz) has a VSWR 

of 1.65: 1. The helical monopole length :Ls 6.7 in., and its VSWR = 4.2: 1 

(] 2-ohms resistance). 

As a shoulder-rnounted reference antenna, 'the whip was mounted on a 

metal counterpoise as shown in Fig. 3- 2. A solid metal counterpoise was 

selected over a flexible one to provide constant and repeatable mechanical 

conditions. The VSWR s of the shoulder-mounted whip at the VHF and UHF 

frequencies are shown in Fig. 3-3. The UHF data were recorded, as the 

6-in. whip is often simultaneously used Lor both the VHF (150 to 170 MHz) 

and UHF (450 to 470 MHz) bands. The whip is approximately A/4long in the 

UHF band. The VSWR curve s indicate that several lengths of whips may be 
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Fig. 3-2. Shoulder-Mounted 6. 6-in. Length Whip with Metal Counterpoise. 
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Fig. 3-3. VSWR Chcl.1'acteristics of a 6. 6-in. 1 Shoulder-Mounted Whip. 
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Fig. 3-1, Measured Radiation Patterns of a 6. 6-in. Length Whip and 
(,,/4 Monopole Mounted on a 36-in. DiamGround Plane. 
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Fig. 3-4. Va~'7ious Forms of Multiturn Loops~ 
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r'equired for opti'm.um performance in the VHF band. Simultaneous use of 

the whip in the UHF band will cause considerable reduction in communication 

range because of the high VSWR that results in a large mismatch loss. In the 

rem.ainder of Chapter III, patterns of the shoulder-mounted whip will be shown 

with the pattern mea.surements d the loop. 

B. Characteristics of Body-Mounted Antennas 

1. Effects of body positions on shoulder-mounted multiturn 10<2E' 

Experimentation wa'.s performed on a variety of multiturn loops (Fig. 3-4) 

before finalization of the configuration, size, number of turns, and capacitor 

sizes. Because of the police requirements for a small and compact antenna, 

the loop was made, in so far as possible, with a low profile and small in size 

commensurate with efficient radiation characteristics. It was found that 

3 to 4 turns were required, with the input capacitor (C 1) and frequency-tuning 

capacitor (C
2

) havi.ng values of 0.35 to 3.5 pF and 0.8 to 10 pF, respectively. 

Generally, the VSWR and pattern characteristics did not change significantly 

for the 3-, 3.5-, and 4··turn loops. The antenna heights were chosen to be 

approximately 3/4 in., and, for mechanical convenience .• the 3. 5-turn loop 

was chosen because of the location of the input cable at the front of a man's 

body and t.he convenient side location of the frequency-tuning G9,.pacitor. Thus, 

configuration No.5 (3.5 turns, with 1/4-in. diam copper cubing) and its 

corresponding flat copper strip version with the same centerline dimensions, 

No. 58, was selected for more detailed development. 

The VSWR characteristics of the two shoulder-mounted, 3-1/2-

turn loops (No.5 and 55) are shown in Fig. 3- 5. Each of the curves required 

l~ 
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Fig. 3 -5. VSWR Characteristics of a Shoulder-Mounted, 
3 -liZ-Turn Multiturn Loop 

l'etuning of capacitor C
Z

' but with C I fixed. The curves indicate that the 

loop can be tuned over the 150- to 170-MHz frequency band with a single 

capacitor CZ ' ,For a VSWR 53:1, the instantaneous bandwidth is 520 to 

7Z0 }-Hz and 780 to 950 1rEz for the flat strip and round conductor loops, 

respectively. 

The dimensions of antenna No. 8F, the engineering model, are 

based on antenna No. 55. The loop dimensions are approximately the same, 

except that antenna 8F does not have the extra 1. Z-in. lead length at the input 

cable (Fig. Z-Z). Subsequent mode'ls of antenna 8F were made slightly 

smaller in height, as shown in Fig. Z-3: 

16 

O:rientation of the loop axis was found to be important, as shown 

in the measured radiation patterns (164 MHz, vertical polarization) of 

Fig. 3-6. The patterns indicate that a loop with the axis fore and aft pro-

vides substantially more gain than a loop with a sideways axis. With the loop 

axis at 45 deg, it was found that the pattern was in between those of Fig. 3-6. 

Thus, all future data were taken wit~1 the loop axis along the forward direction. 
) ,I .. 

'the VSWR and radiation patterns"- for a shoulder-mounted No. 8F 

antenna with the man standing erect are plotted in Fig. 3-7. The loop radia-

tion pattern is compared with that of a shoulder-mounted whip antenna 

(Fig. 3- Z). The top of the polar chart repre sents the front of the man, and 

the left side of the chart repre sent s the man's left side. Integration of the 

pattern over 360 deg shows that, as an average, the multiturn loop is 3.8 dB 

bette r than the whip antenna. For a V5WR ::; 3: I, the bandwidth is 1.4 MH z. 

VSWR and pattern data were recorded for many conditions to allow' 

for the head, arm, and body positions of the police officer during operation. 

Not all of the data are presented herein, however, as the results were not 

unusual compared with what has alr~ady been presented. Various body posi

tions with the corre sponding figure number for VSWR and pattern data are 

given in Table 3-1. Measurements were made for such positions as the head 

. ~~The majority of the radiation patterns were tak€m at 160.15 MHz, which is 

the transmit frequency of the. Motorola transceiver, Model HT ZOO/HZ3DCN-

11 OOAW. The receiving antenna is a vertically polarized corner reflector with 

a Hewlett-Packard V~ctor Voltmeter, Model 8405A, as a detector • 

. -
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Fig. 3-6. Characteristics of a Shoulder-Mounted Mult't L 
with its Axis in Two Orientations. 1 urn oop 

18 

ATTENTION 

3 

2 

1~--~--~~~--~--L-~ 

A124·RUN 16 
PATIE'AN28 
6-1507l 

159.5 160.0 160.5 
FREQUENCY, MHz 

a. VSWR 

160 MHz •• VERTIC~L POLARIZ ~TION 

lBO' 

b. Radiation patterns 

161.0 

STANQING 
HEAD ERECT 

BO' 

100' 

Fig. 3-7, Measured VSWR and Radiati.9.n Patte.rns of a Shoulder-Mounted 
Multiturn Loop (Antenna 8F) with a Man Standing at Attention. 

-19-



• 

• 

Table 3 ... 1. YSWR and Pattern Data for Body at Different Positions. 

~ 

Figure 
Condition 

VSWR Pattern 
li''::~o/.I'''~.011<~''----___________ +-___ - __ -+-__ --------i 

Head forward and bent to right 

Head :rotated to left half way 
and l'otated to right 

Head bent to left 

Head rotated to left, extreme 
position 

l-left arn'l raised 

Stooping (crouched) and on 
knees with face to ground 

3-8 

3-8 

3-9 

-

3-10 

3-11 

3-12 

-
-

3-9 

3-9 

3-10 

3-11 

3-12 " I.dying on. back al'l.d on stomach 

l"",,,,,",,,.."" .•• ,, .. "' ____________ ,.--_--,-l. _____ ----,-l.---------' 

tUtcd back l the head rotated to the right, and the right arm raised; however., 

the l:CH1ults were essentially the same as those for the man standing at 

att('lltiOl'l. 

Changesin the characteristics of the shoulder-mounted antenna for 

dif!(~l'ent body'positions as compared with the VSWR and radiation patterns of a 

lllan standing at attention (,F.ig. 3-7) are shown in Figs. 3-8 through 3-12. 

The antem'l.!l. '!-'as l~ot retuned for the data of Figs. 3-7 through 3-12; i.e., it 

was tuned for resonance at 160.15 MHz. All of the radiation patterns were 

moasured relative to a vertically polarized wave., The scales for the patterns 

of lrigs. 3-7 through 3-1.2 al:e a1l relative to each othe!'"; thus, one can make a 

direct comparison of the antenna gain for different positions. The nmltiturn 
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F = HEAD FORWARD 
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2 
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a. Head forward and bent to right 

4 

L = HEAD ROTATED 
LEFT 1/2 WAY 

E • 
E HEAD RIGHT • = • 

3 EXTREME L 
• . . . . • 

'L 
. . 

• • . • E . . . . . 
2 

. . L . ' t..' 'L 
• . 

160.0 160.5 16LO 
FREQUENCY, MHz 

b. Head rotated to the left, 1/2 way; 
and rotated extremely to the right 

Fig. 3-8. VSWR of a Shoulder-Mounted Antenna with the Man Standing 
and his Head in Various Positions. 
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b. Radiat;l.on patte:rn with head 
bent extreme left 

c. Radiation pattern with head 
rotated to extr~lUe left 

Fig. 3 ... 9. VSWR and Radiation Patterns of Shoulder-Mo.unted Antennas for 
a Man Standing and with his Head Bent or Ro'ta.ted to the Left. 
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Fig. 3-10. VSWR and Radiation Patterns of Shoul~r-Mounted Antennas 
for a Man Standing and with his Left Arm Raised. 
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a. VSWR of multi turn loop with 
man in a crouch position and 
on his knees, face to ground 

AlJUllJ"lU 
,. ... nclvuo 
.. 1.)1 

180' 

b.. Radiation patterns in a 
stQOpingpo sitton 

c;. Radiation patterns with rrlan 
on his knees 

Fig. 3-11. VSWR and Radiation Patterns of Shoulder-Mounted 
Antennas for a Man in a. Stooped (Crouched) 
Position and also on his Knees. 
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Fig. 3-12. VSWR and Radiation Patterns of Shou1der-Mount~d Antennas 
for a Man Lying on his Stomach and on his Ba~k. 
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loop n'lcaSUren1ents we:re compared with a shoulder-mounted whip for the 

corresponding body positions . For example) when the m.an is lying down, the 

whipia essentially horizontaL 

The VSWR data £or the multiturn loop with the head rotated to the 

axtrem.e left position was not included. It was found that, when the m.an l s chin 

tOUChed the loop, the VSWR would have severe fluctuations, as high as 20: 1 , 

depending upon how much pressure was applied to the antenna. 

z. Body and clothing effects on a shoulder-mounted multiturn loop. 

Ai)tcmna tuning is susceptible to the presence of the bodYi however, the VSWR 

responSe dOQS not change as the antenna is transferred from one person to 

a.nothor. That is, the antenna must be uned in the presence of the body. The 

VSWR c)£ the antenna mounted on a shoulder counterpoise and placed on a 

Inbo:I:al:ory bench is shown in Fig. 3-13. The figure also shows the antenna

(~()\mtcl:poige aSsembly placed on the shoulder and with clothing underneath the 

countcn'polse. The effect of clothing (shirt or a jacket) on the VSWR character-

istit'S al<O abo shown in E'ig. 3-13. The curves, which pertain to a laboratory 

t110del of a 3,..tUl'n loop (identified as No. 4 in Fig. 2-2a), were recorded 

saql1.~nHally and likewise identified in the following order: 

• The loop and shoulder counterpoise assembly on a laboratory 

benoh (j::ree space). 

The same antenna, without retuning, mounted on the shoulder of 

a person wea~ing a light shirt. 

• Shoulder-mounted antenna and with the antenna retuned from 

above. 
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® I~ . / 
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/" (3) BODY ~MOUNTEO, 
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./ ,/ FROM (2) 

®/ 
".@ 
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1.0 ~~---'---;;::~--l--~~_..J-_~ __ -L-_-L __ L-_-L.....J 

ANTENNA NO.4, 3 TURN LOOP 
SHOULDER MOUNTED 
METAL SHOULDER COUNTERPOISE 

FREQUENCY, MHz 

164.4 164.6 

Fig. 3-13. Effects of Body and Clothing Upon the VSWR Characteristics 
of a Shoulder-Mounted Multiturn Loop. 
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• Same as above except the person is wearing a heavy jacket. The 

antenna was not retuned. 

The curves of: Fig. 3-13 indicate that the body Cd-uses the VSWR 

btmc.1width to widen, which indicates some body absorption. With the heavy 

jacket, the VSWR bandwidth was slightly less as compared with the case with 

tho shirt. 

The radiation pattern change s of a multiturn loop when the man is 

W(HL'l'ing a heavy leather motorcycle jacket over the antenna is shown in 

1,"115' 3-14. It was noted that the VSWR fluctuated, depending upon how n~uch 

r>l'CS6Uro was applied to the antenna by the weight of the jacket. Less VSWR 

fluct'llations were noted with a man wearing a lightweight laboratory coat. 

'rhe VSWR responses of an antenna that was measured on seven 

different persons of varying sizes, both male and female, are shown in Fig. 

'~ ... l '5. The l'c£cl'ence curve is shown, and the shaded a"!"ea indicates the range: 

of VRWR fOl' the seven people. This curve indicates that the antenna can be 

tuned on any pc.'l.l'son, and it should stay tuned for use by others. 

A countcl'poise is necessary for optimum gain, as illustrated in the 

data of Fig. 3-16. Various counterpoise sizes (ground screen) ranging from 

:r~t·o Co 7 x. 20 in. were used in a series of measurelnents. A counterpoise 

'1.5 X 6 • .5 in. was selected because it yielded almost identical gain as com-

po,:I:ed with the large cOUl'}.terpoise. Furtherrnore I minimal retuning of the 

antenna was reqUired £01' the la.rge counterpoises down to the 4.5 x 6. 5-in. 

size. With no counterpoise, a d:t:op in gain of 2. to 3 dB occurred and retun.-

iug of tho antelma was neceSsary. The amount of detuning was not recorded. 
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Fig. 3-14. Radiation Patterns of Shoulder-Mounted Antenna (SF) 
With and Without Heavy Leather Jacket. 
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Fig. 3-16. VSWR and Radiation Pattern Characteristics of Multitrirn' 
Loop (Antenna No. 8F) With Various Size Counterpoises. 
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• 
Without thecounterpoise, the bandwidth is 2 MHz (VSWR = 3: 1) as compared 

with 1.45 MHz for the 4.5 x 6-in. counterpoise. Th;e selected counterpoise 

ip shown in the photo graph of Fig. 2- 3 . 

Hea,d, and arm movement effects on the electrical characteristics 

of .shollldel''''moun1:cd antennas have been described previously. Prelitninary 

mtH1.8Urements were also made to show how the proximity of nearby objects 

afie ct the VSWR characteristics. Proximity of a metal wall within 5 in. of 

the loop has no effect on the VSWR; but, within 3 in., spacing the VSWR 

detm:HH3 to approximately 3:1. It should be noted, however, that the shoulder-

mounted 6-in. helical whip antenna is more sensitive to the proximity of nearby 

C)\)jocts as compared with the'loop antenna. The whip will show a change in 

e VSWR when a metal wall is within 9 in •. of the antenna, and it detunes to 

appl'oximat.eIy 19:1 when the whip is within 3 in. of a metal wall. 

3. Othel: body ... mounted antenna locations. With the multiturn loop 

installed o.1.1:ectly on tr;>p of the Motorola transceiver and with the transceiver 

l'l').oo.u1:co. at: waist level,Lwo patterns were recorded, as shown in Fig. 3 -17. 

'l'he pattcl'ns are for the loop axis either in the horizontal or vertical direction. 

The patterll scale i.s relative to the patterns of Figs. 3-7 through 3-12; thus, a 

dh'oct compal'isoll Of the gain levels can be acquired. The waist-level, multi

tUl.<nloopshows a significant drop in antenna gainas compared with the shoulder-

Pattel:n measurements for the 6-in. helical whip mounted at waist l 

stomach. chest, and shoulder levels are shown in Fig. 3-18. Whf!:n the antenna 

is raised higher) there is a distinct enhancement: in signal level. For the 
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Fig. 3-17. Radiation Patterns of Waist-Mounted Transceiver 
with Attached Multiturn Loop. 
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I;'ig. 3 .. 18. Measured Radiation Patterns of Whip Located at Waist, 
Stomach, Chest, and Shoulder Levels. 
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shoulder-level antenna, the whip was connected to the transceiver (mounted 

at the waist) with a coaxial cable, while the whip was attached directly to the 

t::ansceiver for the other three positions. 

C. Dual Frequency Antenna 

With the completion of the single-frequency antenna de scribed thus far, 

a dual-frequency loop antenna was constructed and tested. The schematic is 

shown in' Fig. 3-19. Capacitor C 3 is adjusted for the receive frequency for 

the normally closed switch position. C z is tuned to the transmit frequency, 

and the switch would be activated with the push-to-talk button of the tl'ansceiver. 

Two models were constructed, one with PIN diodes and the second with a relay 

switch. 

..... 

C
3

: ADJUSTED FOR 
RECEIVE FREQUENCY 

C
2

: ADJUSTED F0R TRANSMIT 
FREQUENCY. 
PUSH-TO-TALK MODE. 

Fig. 3-19. Dual~Frequency Multiturn Loop Schematic. 
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A aMtch ot th~ multiturn loop, plus a schematic, and a photograph of 

a dual .. ;6:equency antenna with a relay switch are shown in Fig. 3 ... 20. The 

V$WR charact~ristics are shown in Fig. 3 ... 21, Capacitors C 3 and C2 are 

able to tune over the 150- to l70-MHz band without readjustment of Cl. Addi

tional VSWR curves indicate that the antenna can also be tuned over the mid-

_. b.nnd l'eglon without noticeable intera~tion between the two capacitors, The 

bandwidth (VSWR ::;; 3: 1) varie s from 1. 45 to 2, 50 MHz. 

The pattern of the dual~£requency antenna recorded at 160 MHz is shown 

in Fig. 3 .. 2.2, andU is compal'ed with the pattern. ofa single-frequency antenna 

(aJ5'). LeBa gain exists in the dual-frequency antenna as compared with the 

s5:nglc,...!rcq.uency unit; however, for all practical purposes, the dual-frequency 

loop i6 usable. 

J .. OWOl' antenna gain was achieved by the use of a PIN diode as a switch, 

as shown in Fig. 3-203. 'the two dual-frequency patterns represent the cases 

where either Cz 01' C
3 

we):e tuned to the transceiver frequency 160,15 MHz. 

'rh~ lower gain is e:x:pecteci, as the PIN di.odes have a forward resistance of 

0.8 olun I which is ptohably appreciable to the radiation re sietance, The 

VSWR C\lt'VOS a,:r.eshown in Fig. 3-2.3, and the physical ~ayout of the capacitors 

u.ncl diodes is presented in Fig. 3 ... 2.4. The capacitor arrangement shown in 

If\Sg. 3 .. 2·1- was also t-ded. for the relay switch with results ve-ry similar to that 
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STAND UP POSITION 
160 MHz 
VERTICAL POLARIZATION 
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SINGLE FREQUENCY 

Fig. 3-22. Radiation Pattern of Shoulder-Mounted, Dual.,Frequency 
Loop with Relay Switch. 
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fJ. Ef£.:;cts oi Materials U sed in Fabrication 

(;ondtruc:tion of the nat copper strip, multiturn loop is shown in Fig. 2-3. 

'l'hc copper ia wound on a styrofoam block, and the cables and capacitor s are 

itttarhcd. In order to make a rugged, strong affienna, the foam block is foamed-

* ~~ in .. plar{~ to the l"11etal ground plate. This is followed by an epoxy coating'''''' to 

Pl!tlvide a ha.r'l:l SUl.'!a.ce I which is th 'painted, VSWR and pattern measure-

tl'wnt!:l werre made during the fabricaLH.m procedure to determine the effects of 

tlu' {oa:nl1 cpox~rl and p.aint. Except for the £:inal painted surface, noticeable 

(:han~~nH aNl observed in each of the fabrication stt~pS I as seen in the VSWR 

i.t,nd pattcrnD or 15~:l.g. 3 .. 25. The after-painting pattern was not plotted, as it 

\1J;Ul ahunst identical to the previous step. 

Noiec and Operational Measurements 

Prolimirw .. ry t)oise measurements were made with the multiturn loop and 

I:lw (), (1 .. 1n. whip connected to the Motorola transceiver to determine if there 

WiLO a. dif£(ll't~m:{ .. in nois(~ l<~1.!els between the two antennas. The test set up is 

Hlwwlt in Fig. , .. 26. It was found that, in an open area or directly adjacent to 

}W~lVY i),i.t' .. con.ciitioning machinerYl the output noise level was the same whether 

tlw whip J loop t Ct' l\{) a.ntenna was connected to the Motorola unit. 

(u:-t 
l~"'Ul'tUt~ Plastics Inc .• Hardener No. 9816. Epoxy EPOGAST 202 • 
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" ADJACENT TO AIR-CONDITIONING MACHINERY 

Fig. 3 .. 2.6. N6ise Comparison Studies for the Multiturn 
Loop and Whip. 
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In order to obtain preliminary user I s reports and semiquantitative data 

on the shoulder-mounted loop antenna, tests were carried out by the security 

force of The Aerospace Corporation in EI Segundo, California. The tests, 

which were performed over a period of several days, included comparative 

performance of transceivers with body-mounted antennas and those with exist-

ing whip antennas. These tests were carried out both inside and outside build-

ings, by officers on foot, in automobiles, and on patrol scooters. During his 

regular rounds, each Aerospace security officer in the test carried two inde-

pendent transceivers: one unit with a whip and the other with a shoulder-

mounted loop antenna. At various locations, the officer would use each trans-

ceiver to make number-count, verbal transmissions to the dispatcher. In 

turn, the dispatcher would return a number count for each trans ceiver. Both 

the security officer and the dispatcher evaluated the quality of their trans-

mission and reception by use of a scale of 1 through 5 for loudness and a 

similar scale for clarity. Comparable performance was achieved even with 

this limited testing. 
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GHAP1'I,;n. IV. SIGNIFICANCE OF BODY -MOUNTED ANTENNA 
!'ATA APPL!CABLE TO POLICE OPERATIONS 

(Jxw t,[ the goals of Hils feasibility program was to design an effective 

,,,wi imprn ..... (!r! ilntl'.mna for a policy of!icer's personal radio. Amultiturn loop 

w.w Odf!4 t(.~d au til(,! antenna to be developed because of its many attractive 

ft'.lbU'(tlS, {Hidl alii tlw relatively high ef£iciency for its s1.ze; small and com

tM~ t, }0'.1; Hilhcw,ette
j 

r\lt~ged, lUBS sensitive to nearby objects as compared 

WIUI a wh.ip, lItH! vf 1{)w-loH6 tuning capacitors, al\d with the requirement for a 

lJhtj.~l{> •• h'NIU~tlWY (Jr)(~rati(ln. DI'.~tai1ed electrical characteristics of body

twumtf-d il-nt(HlHtlJ.I (whir) and the multiturn loop) have been presented in 

(a~'iph'l' UI, whirh provides tho antenna and communication systems engineer 

wit 11 f.u: tUill data. to t)ptimiz,~ a system. 

In 0):<1('1' tn px,<ovide conformity in antenna measurements I the body-

UHHmtr.d Mllr-un;:u W~'),'(! matched to a 50-ohm generator with VSWRs of 

One might wonder why 

tht< tMinoti\ldn~'1 Inatl:hhl)~ t~£[Ol:t was required when it is known that the 

H'~HHJ.t"t'tjvel'f.l Op(~t'\lh~ into 11 (>-in. whip with an unknown t11atch or when a 
/~ 

h"lNH'opin.g whip is \19Cd that has an almost infinite variation in impedance. 

Tht> .Hww~n'l ~,)r (~mu:S(.l.1 is that this pl'ogram was a scientific development for 

th,,' l~lu'pnn{~ of optit'ni:dnl~ {\1"l antonna system that required $ ystematic 

";;:oo"i';::;:;:;~W~IJl~';::';-~~~ 

~Tht~ length of tht" whip Is the ority means for matching. 

• 
Present-day transceivers are made to operate into almost any type of 

antenna load impedance (e. g., a telescoping whip antenna of arbitrary length) 

without damaging the power amplifier circuit. Furthermore, it appears that 

a radio will operate satisfactorily for any length of whip antenna. FrOlU basic 

circuit theory, it is known that the transrn-itter (or receiver) must be conju

gate matched to the antenna to obtain maximum power transfer to the antenna. 

Thus, when the radios a.re operated with variable whip lengths, there must be 

a significant los s in efficiency. If propagation loss es are accounted for in 

the metropolitan area (shadow losses of 20 to 25 dB) and in the suburban 

areas (20 to 4? dB .over the free space loss for distances of 6 mi. caused by 

irregular terrain and 20 to 30 dB in wooded areas), 1 the police communication 

system must be designed for a very- high signal-to-noise ratio region. There

fore, when operating in a signal-rich environment, a loss of a few dBs in the 

antenna and transceiver will probably not cause a noticeable: loss in communi

cations effectiveness. 

In a fringe area communication system, a loss of a few dBs could make or 

break the link. Under this environment, optimization of the antenna

transceiver interface is important. That is, in order to have an efficient 

system, the trans ceiver output and antenna impedances should be matched to 

50 ohms and to the antenna.· In Table 4-1, note that a 6-dB loss would mean 

a 50-percent reduction in communication range and a 25-percent reduction in 

area coverage as compared with a no-loss, system. Thus, a loss of a few dBs 

could be a very significant factor for the communication systems engineer. 

dne should also recognize that a 3 -dB saving in efficiency would mean a 
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'!.!blc 4. 1., Communication Coverage vs System Losses 

LOBS 
(dn) 

10 

20 

;30 

-, 
Area 

Coverage 

LO 

0.5 

0.25 

O. 1 

0.01 

0.001 

Range 
(Distance) 

1.0 

0.707 

0.5 

0.316 

o. 1 

0.0316 

,'Hud,ur!,u of 2.: 1 in the transmitto:!.' powel', which in tu.rn could reduce the battery 

W't·~Hht. ;wd powel' by the same factor. For example, a 2 -Watt transmitter 

fwl1d lH~ uf:l.(~d instead of a 4 .. Watt unit with a corr(:sponding lighter weight 

haUN'Y 01' a. hmgt!;r .. .u!o battery. 

'riw b;ilHlwidth of the mu,ltUurn loop has been chosen at the point where 

tJw VSW It .~ 3d Or that eOl'responds to a 1. 3 dB loss (74 percent efficiency). 

Th~' mimmHth l08s as a fun.etlon of VSWR is plotted in Fig. 4-1. It should be 

t·N'n}~ui.~('d ,thrtt this t'niSl'tHiLteh loss is only one of the many factor?: 'that COn

tl"ihuh-g to th~ 108S of (1. cornnntnication systel'l1. Forrerel'ence, Table 4-1 

UBt8the ~:un)mm~S,cjl.tion tHW01'age 'vs system losses. A VSWR = 10: 1 corre

Itpondu ttHllnltu'nutch loss of 4. 8 dB (33 percent efficiency), which is a VSWR 

t,b~ll. is \ (msidt~l"(i!d \'uHll,.~eeptn.blo to a"ntel1na engineers. ShOllld this criteria be 

u,t'!copted f then n Widol.ib<!.nd\\iidth Is availa,ble :£01' ffillltiple channel or duplex 

Ut,Nh, n this is the el.'iteria1 t;hei"e is nO need for a sophisticated antenna such 
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au Ha~ m1dUturn loop; and the commonly accepted whip antenna should be 

1HH.'fl, 'rhe flhOlJIdcr-rnou.ntcd rnultiturn loop, which is a small and compact 

'int(~mm lor (dn~le ... or dual .. ftequeu<:y operation, can outperform a shoulder-

Arl optimum ('~nununl(!at1on Bystem should be designed with an inte~ated 

~f.UHH !tiw~.r"H,ntmU1u.. That is, the transceiver and antenna should be com-

Imhbl(1 l~) t>'rovitl(~ l''tlaxirnum power b'ansfer. This approach would increase 

Eiw dn~di""(:fH!j]tJ uf tht: ~'()nHtHwica.tions or conserve or use fewer batteries 

lut' .t gi'1.tt'fl O'HIwmiU<H' lww('tr. During this feasibility program, the VSWR of 

'J.hi. h til tlH~ trc.'qnN).t.:y ()[ the Motorola transceiver. It;s necessary that the 

.wtt'mM tH' tUl'H'(l [01' maxinmhl pOWCl.' transfer if it is adsumed that the trans-

'1"0 :tlhlHtrtttl~ th~! loss in (Jfl\~(.:tive radiated power (ERP) of the Motorola 

.~wf rdHHlld(·l' .. moun1t~d loop, the antenna was purposely .retuned to another 

l'I,'Nt.W'wt h't'quNlt:y ~HH'h th.tt it had a VSWR of 6: 1 and 19: 1 at 160.15 MHz, 

V.hl' Ii \\l}nld nm.-umJl, l'CPl't~iH~nt a mismatch loss of 3 dB and 7.2 dB, 

~'t·r.qH'"·t~St·l y. In Fi,,~. 4 .. 2; the l'adiation patterns arc shown with the antenna's 

I.)'~\ (H',h .. 'd {tt 1 hO. 15MHor;< The patterns are also compar(?,d with the matched 

•. mh'nu\l.. 1;'\)1' pattt'rns with resonant :.f;I:equ<;ncies above 160 MHz, the reduc-

thlfl b}l';ttP .LppNU·S to be l'cn.sonable with the increased VSWR of the antenna. 

H~)\V{'\'(~rl tor 1')"1.ttel,"fls with resonant frequencies below 160 MHz, Fig. 4-2b 

huth'atN~ tha.t; wlth. ~ mi.EH):'Hltch of n VSWR ;; 6:1, the luaximum ERP is 
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a. Patt<:rns with resonant frequenc;:y above 160. 15 MHz 
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b. Patterns with resonant frequency below 160.15 MHz 
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Fig. 4-2. Relative ERP of Transceiver and Shoulder-Mounted 
Multiturn Loop "(Antenna No. 8F) Combination at 
160. 1,5 MHz with Antenna Purposely Detuned. 
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CHAPTER V. CONCLUSIONS 

A shoulder-mounted multitu'l."n loop for the 150- to 170-MHz band has 

been demonstrated to provide 3.8 dB (average over 360 deg) more gain than 

a shoulder -mounted, 6.6-in. helical whip. Comparison of the antenna radia-

tion patterns between the loop and whip are als 0 pres ented for othel' head t 

arm, and body positions, including stooped and prone positions. The loop I s 

instantaneous bandwidth is approximately 1.4 MHz for a VSWR::: 3: 1. The 

loop can also operate over a wider bandwidth in a push-to-talk mode by 

switching in a seGond capacitor that tunes the antenna to the transmit fre-

quency. The loop is a small, compact, rugged, lightweight unit with dimen-

sions of 2.9 in. x 2.9 in. x 0.9 in. high and weighs 3 oz. 

Meas urements show the deleterious effects of body abs orption with 

waist-level antenna locar-ions for both the loop and the whip. The shoulder-

mounted, 6.6-in. whip ~as a bandwidth of 11 MHz (VSWR ::: 3:1) in the VHF band 

and a high VSWR for the 450- to 470-MHz (UHF) police communicatiol''l bane]. 
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APPENDIX A. COST ANALYSIS OF DUAL-FREQUENCY ANTENNA 

·./rMa appendix summarizes the principal cost factors relating to the 

. dua.1 ... frcquency hody mounted antenna which The Aerospace Corporation has 

cltw(~l()ped under Law Enforcement Assistance Administration Task 

No. A .. 73 .. COM .. Ol. Detailed below are cost estimates for initial production 

of thia a.n.tonna it'l quantities of 100 and 1,000 pieces. The cost includes the 

doto,ilcd cngincel"ing and production drawings, specifications, initial tooling, 

i(l,bdc'ation and testing of the antenna. 

1.0 .Q!l.(~ '1'11'1'le Start Up Charges (Non-recurring) 

1. 1 ).l";tlgineel'ing and design, preparation of produ.ction 
dl'awings; specifications, bill of material accept
a.nCe tests procedUres, instruction sheets, and 
pl'ocuroment of parts. 

L Z TO()ling charge (plastic case) 

1. 3 'Production set ... up charge for jigs, pro
duction aids, and nonstandard tools. 

t.4 Punch and die £01" simple sheet parts 
(0. g. I counterpoise, gl'ound plane, etc.) 

Total non-recurring 

$9,000 

1,000 

1,500 

1,000 

$12,500 

Quantity 
100 1000 

Rolay 
CnpadtOl' (4), CZand C3 
(~apacitor, C 1 
RF Cable 
CO\tntol.'poise 
Metal gro\uld plane 
MQunting/body attaclunent device 
llF Connector 
Cable clam.p 
Strain l'eUeftubing 
Coiliorn1. (e. g., foam) 
Pnckn,ging and Instructions 
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6.00 
4.90 
4. 10 

.50 
• 10 
• 10 

1. 00 
1. 20 
.06 
.06 
.06 
.20 

18.34 

4.20 
4.00 
3.30 

.3.5 

.08 

.08 

.80 
1. 00 
.04 
.04 
• 05 
• 15 

14.13 

3.0 Direct Labor Estimates 

Coil winding 

Mount and solder piece parts 

Fabricate cable and attach 
connector 

Perform final assembly and 
encapsulate 

Final check and adjustment 

Attach counterpoise and body 
mounting means 

Quality assurance inspection 

. Package and ship 

Total direct time, minutes 

Direct Labor Cost @ $3. OO/hr. 

4. a Cost Sum.mary and Final Price Estimate 

4. 1 

4.2 

4.3 

4.4 

4.5 

Tooling and start-up costs ($12,500) 
Bill of Material 

Direct Labor 

Manufacturing Overhead 1100/0 
of Item 4.3 

Sales Expense (+250/0), G&A 
Expense (+120/0) and 
Pre- Tax Profit (+250/0) 

Estimated Unit Price 
(amo::tized for the initial production 
drawmgs and tOOling char.ges) 

5.0 Field Installation and Test Cost 

5. 1 For transceivers with connector 

5.2 For transceivers without connector 
(i. e., modify and put in connector) 
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Time p,er Piece (minutes) 
vs. Quantity 
100 1000 

5 3 
10 6 
20 15 

15 10 

20 15 
10 7 

10 8 
6 4 

96 68 
$4.80 $3.40 

First Production Quantity 
100 1000 

$125.00 

18.34 

4.80 

5.28 

.... 
6.24 

$159.66 

$12.50 

14. 13 

3.40 

3.74 

4.42 

$38. 19 

$ 5.00 

$30.00 



• • AP1;'Xi,;NDIX B. RADIATION PATTERN AND VSWR 
MEASUREMENT TECHNIQUES 

To 'l.id in the tuning of the multiturn loop and the VSWR measurements, 

;1 HHwl(~l..t .. Pitckard (MP) network analyzer was used. The shoulder-mounted 

luop wan LO'IUICc:tcd dir,~ctly to the network analyzer with a length of coaxial 

~ahl(~. 'rh(! cable dill rlOt appear to be RF IIhot. II Becaus e the cable to the 

n('twf)l'}t, analyzer and tl1(~ analY7.er itself is part of the radiating system, it 

'\NUll.t.J hn,v£~ bl!CW diificutt to separate the VSWR instrumentation from the 

anll:mw, undul.' test, In any "OYent: g fairly consistent VSWR measurements were 

nht.,lim,d with thl: man standing at different distances from th~ instrumen.tation. 

Ii'or patt(~:r.n fl1CaSUrements, more consideration was devoted to the 

.. fil'Its of tlw iustrurnentation and the connecting cables. It was felt that, 

v.lwn tlw multiturn loc)p was being tested as a receiving antenna, the cable to 

till' cl('l('('ttH (or tranl:H:eiver), the cable to the VSWR meter, and the meter 

it!~df \Vt'r(' all pa.rt of th~ l'adiatlng system. Thus, it was necessary to 

lit'!Ml'al" tlH' effects of the i1~strunHmtation from the antenna to make the 

!"\tt~·t·n mNt5Ul .. (~m(mts. A ca.l'bon~wil·e system, as shown in Fig. B-1, was 

IHH'd. 'l'Ih~ dt.~t('H·tOl.' and the lOOO-Hz preamplifier would simulate a trans

n~h't·l·. Reradiation from the high"'l'esistance carbon wire is expected to be 

*H'l'U; thuB, th(~meaSllretnent systern would be a true representation of the 

lHHly"'mountCld antenna., the coaxial .feed cable, and the trans ceiver. 

A ,'orner re£1cctoX't vertically polarized, was used as an illuminating 

tHHlr(..'e. lvlensllrcments were made with the corner reflector at various dis-

tn.n\'es nnd fol:' several heights above the ground. It was found that the patterns 
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Fig. B-l. 

R F DETECTOR AND 
PRE.AMPLIFIER 

Carbon-Wire Measuring System for Body
Mounted Antenna Radiation Patterns. 

were ess entially identical when measured under these various circumstances. 

Typical patterns are shown in Fig. B-2 for distances of 10 and 60 ft. 

Patterns from the carbon-wire system measurements were compared 
~~ 

with thos e that us ed a transmit mode, i. e., thos e that us e the transceiver 

as a transmitter. These measurem.ents compared favorably, as shown in 

Fig. B-2. The received signal was detected with a HP vector voltmeter, 

Model No. 8405A. 

As the antenna range facilities were on the roof of the laboratory 

building (Building 125), a question was raised as to the accuracy of 

*Motorola Model HT 200/H23DCN-llOOAW. 
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RANGE = 60 FT 

n.. With carbon-wire system 

RANGE "10 FT RANGE 10 60 FT 

b. With Motorola transceiver as h-ansmitter 

A124·RUN 8 
PATTERNS 
4·17·73 

A124·AUNB 
PATTERN 6 
4·17·73 

Fig. B""'l •. Comparison of Shoulder-Mounted Antenna Radiation 
Patterns 11easured at Different Distances in an 
O,pen Field. 
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measurements made on the roof vs those that would be made in a clear open 

field. It was found that measurements made on the roof, on the lawn in front 

of The Aerospace Corporation Buildings (SAMSO), and in the open fields in 

Palos Verdes (Malaga Cove) yielded the same results within the measurement 

accuracy. The patterns of ]~ig. B-2 are thos e taken in the open fields. 

Repeated body-mounted antenna radiation pattern measurelnents showed that 

the repeatability was approximately ±2 dB in the maximum portion of the 

pattern and could be as bad as 7 to 10 dB in the minimum region. Factors 

that contribute to the statistics of the measurements are: head and arm 

'movements that disturb the patterns, coaxial feed cable and trans ceiver that 

are not necessarily in the same position (which is a portion of the radiating 

system), the operator1s reading error, and the state of the battery charge. 

The conclusion of the measurement technique evaluation indicates that 

the carbon-wire system or the transmit mode, the roof or open fields, and 

the range (distance) were not critical. Because of the simplicity, all sub-

sequent measurements were made using a Motorola transceiver as a trans-

witter and placing a corner reflector approximately 13 it away £loom the SLtb-

ject. 111 this way, an absolute ERP (actually relative, as the transmitter power 

output and gain are unknown) of the transceiver-antenna system can be obtained 

for various antenna types and body conditions. The frequency of the pattern 

measurements was 165 MHz during the evaluation stage (Fig. B-2) and sub-

sequently changed to 160.15 MHz for the majority of the patterns presented in 

this report. 
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