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power Meter and reflected power Meter.
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Modification of Antennas ~

The original roof- and trunk-mounted .ntennas shown in Fig. 3, as
supplied by Bell Laboratories. were designed for operltion of , low-power,
3- to lO-W mobile telephone system. In lPOlyinq the theMmOgraph1c
technique. one must use considerably grelter powr than that used for

operation of a mobile telephone system to , the IIOdel during I very
short exposure time. Since the origiftll Iftt IS could not handle such ,

high power, an equivalent set of Intennls wit' the .Ime radiation p.ttern
IS the original antennas had to be dlYlloped.

The roof-mounted Intenn, consistld of a half-wlvelength Intenn,
approximately 17.5 cm long with an 8-ea-10ft1 H.t co11 IIOUnted on .n
insulator designed to .11ow power to .. fld thra",h the roof of the
automobile. The trunk-_ounted Intl.,na consisted of • siMilar
radiator-coil-combination MOunted on • 23-c.-high skirt.

For high-power _ration the roof t .. antlnna (shown in F1g. 6)

was s1l11ullted by a half-wlvelentth-lent (18-ca) stub IJct.nston of the
center conductor of a standard EtA, 3·1/'--dh.tlr coaxial 1tn. with a

flange in the outer ,cortduc:ter de.t ...~ to 1.....' •• to the undlrsidl of the
autombile roof. A "otted 11ne .s initially connected to the ....tch.d

antennl for dlte..tMtion of itl t""" nc.. On thl HSts of the
antenna input f..,.dancI, I qu,rtlr-_.e tra fo,.r was fabricated as shown

in the sketch Ind plw)toqr.ph in Fig. 7 to .atch the .fttlnn. to the
~- 3-1/8-1nch-di.aetlr. 50-ohm EtA cOlxial cable.

Upon c.'eUon of the dlsft" of the .ntenna, its perfoN.nce in

comparison to the origin.' Bell L.boratorfes .ntenn. was ev.luated. For
this IYlluat1on, the rec.iving antenn••• te""inat.d wfth a 50-. load

and the tr.nsmitting antenna WIS energfzed with 2·5 Wof 83S~Hz DOwer with
the incident Ind r.fl.cted pow.rs ....sured by Hewlett.Plckard 4308 power
meters. A Nationa1 Bureau of Stand.rds (NBS) EOM·1e meter WIS set up as
shown in Fig. 8. with its sensor placed at 57.5 em from the transmHt i ng
antenna. The probe of the NBS meter was mounted on a styrofoam hall ow
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HIGH POWER ROOF ANTENNA

Fig. 7a. Sketch of high-power, 835-MHz, roof-mounted mobile antenna.
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fOMi. whtch WI.S dls1gned to hold thl synthettc tissue for simulattng the
wOIUn ••,. .......,......ts of power .Ifty werl don. for both the high­
POW" ant~n. and the low-,..r ..11 .......tor1.s antlftnasi the rlsults Ire
shown in Tabl. 1. The ••surld vilues 1nd1cltl th:lt the pe,.forllllnce
charactlristics in tM IfItlnnls were s1.111r.

Thl skltch aM '-'09r.,h of ttll hi"'..-rld trunk-llOuntlcl Intennl
Ire shown in Ffg. I. ". .ntlftn. 0,.1,1 "y conshtld of In 18-.1ong
hilfwavi stub section. si:an.,. to ,til ,.., rtted Intlftna. p,.otrud1ng from

I 3·1/S-·d1'••lt.,. cHx111 11ne cont.t"tng • qu.rter.wav.·short.d
tr"'l8fssfOft-l1ne sttrt for dec...,U", t... tr.lt.tllton 11nl ,,.. the
IftUnM. The querter..YI t,..nl'o tiMet to utell thl ,....lftc. of
the ..ten". to 50 oMs. Orf,1nally._ WS desfgt'tICI so tMt the
stub ceuld be c"",,_ tn lMtth; • tel..., IlCtton .nd the qu.rtlr...ve
skirt could be ...... Iftd ... wt""-iCr_peet to the optftfnt of the

~ -;.

trlft".ston 11.... ,.. "'-'Itt••tt..... of ttal Ifttlftn. 1n • ,lane
cont.i"t", the IftteMI and ...,.,.ncltcul to .tII ,i. 0' the .utOllObl1e was

.....ured for • nJIII.•,. 0' dtfflrtftt aflt s1"" .nd c••red wit.. the
,..d1at1on pattlrn of till ortgt"., "" '--Mrator'.s trunk-lllOUftt. antl""l.
The clos,st IUtell ....... thl Ntt.,..., .. obtltned with the d1_n.1ons

s~ 'n "g. tl.

A c.,.rhon of the pattlrns 0' t" "'1 Laboratories and the hi",­
POWr t,.unk anteMas fs shown 1" F11. 10. The power 1ntensities were
...uNd over d1.tMeft 0' 15-45 CII ,,.. the antenna by means of the .5
EDM.1C energy dens1ty ..ter. To 1I1n1l11. t .. 1n" uence of 1nstrumentat10n
Ind the oper.tor on t ... f1.,ds, we "lid .....rbing IIIterial s to shield the

'* _ter and ".. e.bl, with ttJrt ,.... f••rt.. through the absorbing
matertal. Thl ...r density was ....... in S.cll ·fncr_nts verttcallv
(1/7 Wlv,.leftlths).

Phantom Models

The full-sell. phantom models used in this research were of a man, a

woman, Ind I child Ind consisted of hollow foam or fiberglass shells of

21
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TABLE 1. COMPARISON OF PERFORMANCE OF BELL LABORATORIES LOW-POWER,
ROOF-"OUNTED ANTENNA WITH THAT OF HIGH-POWER ANTENNA

Antenna Frwd. Refl. Net NBS Meter Normal
Pwr. Pwr. Pwr. Reading Pwr. Dens.
(W) (W) (W) (nJ/m ) (mW/cm

per Watt)

8ell 2.51 0.123 2.39 1 0.088
Lab 4.83 0.242 4.59 2 0.091

High 2.53 0.022 2.51 1 0.084
Pwr. 4.96 0.042 4.92 2 0.084

Location· Side of car, 2 em below Ind 57.5 em away from antenna tip
Frequency • 835-MHz
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HIGH POWER TRUNK ANTENNA

Fig. 9a. Schematic of high-power. 83S-MHz. trunk mounted antenna.
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t Fig. 9b. Photograph of high-power, trunk-mounted antenna and EDM-1C
energy-density probe for measurinq antenna fields.
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human shipe filled with I synth.tic 9111 hiving the slme dielectric
propertf.s as ....n .,scle. 10 Itt..t .1 ... to ItllUlat. sktn. fat,
bon., or internll oropnl. The st,N'" 11 uHd in thl rel"rch Wire
prevfously dlv,',,*, for a .tcrChMv.-l study (Iu, .t al •• 197")•

. The WOllIn mod., ....... in Fig. 11 (wftll _sence of ..sel. ..,1valtnt

Nt.rial) WIS des1tMd to seplrate al.... a ulittll plane and also Ilong a
horizont.l plane through the torso. The .elel corresponded to an Idult
femal. 1.13 .. tall. weighing 59 kg. In Fig. 12 fs I ",otogrlph of a hllf­
s.ction of the chfld -.d.l filled with synthetic ~.cl, and s",rated along
a slgfttll plln•• This , 111U1ated I ch11d .94. tall, .,1gh1ng 15 kg.
The lIIodel s could l1so sectfOMCf tr...' ......,' through the level of the
ey.s ....... hi,h SM lev.1I ..... -JICUd for factll .xposures. These
tIOdels were us.d for ..Isurfng thl SM ,.tt.rns in an adult f.lle Ind a
child exposed to the roof...unted a,ntt""l fitldS. in addition to • child
exposed to the trunt...unted antenna f1,lds.

Because of the ... of the .edels Ind th,ir history of long use, the

surfaces of separatton Wire lomewhat worn. so an additionll set of models
were constructed, consfsting of hollow fibergllss shells from off-the-shelf
clothfng store ·.nneqvfns·. The hollow -odels were ffrst f.brfclted as
shown in Fig. 13 for the erect IIIIn Ind F1g. 14 for the sftting .an (hollow
shells). The hollow shelll were bisected along the planes of interest. Ind
flanges were attached to .n.ble rapid IsslMbly or dislssembly of the model
over the selected pllne. The completed ..... woman, and child lIodels are
shown in standing posit tons fn Ffg. 15. We covered the woman model in Fig.
15 with metal foil to dnonstrate the a"lfcab111ty of the models for

~ measuring body curNftts resulting from .xposure to electric fields at

extra-low through ••dium frequency rlnges. For this app1tcation the foil
sections of the -adel, such IS t~e I~, ~IY be insulated from the rest of
the body so th.t In 'lIIlIeter m.y be used to IIIlIure the total current
flOWing across the plrticular cross section. Although such measurements
are of no interest in this study. this ,,-, d'MOnstrate the superiority of
the fibergllss-shell .odel over the 01 der. foa.. lIodel for wi der
applications to nonionizing-radiation dosimetry studies.
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Ftg. 12. '0IIl cMld .,.1 ff11ed wit" synthetic .,sel. and separated
110ng sagittal plane.
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".roliss shell for phantom model of sitting man.
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With the fiberglass-shell models filled with synthetic muscle tissue,
the weights and heights of the models were IS follows: .an 83.4 kg, 178
em; woman 51.7 kg, 166 cm; and child 27.8 kg, 149 em.

The composition .nd the electr1cll Ind physical propertils of the
phantom muscle used to fill the shells of the .cdll arl tlbullted in Table
2. Prior to f111tng each half of I btsected IIIOdll t we cOYlred the oPen
shell at the pllne of the b1seet1on wit~ • lO-threads-per-1nch ..sh, 7N6XX
polyestlr silk screen (NBC Silk, MafOYl, JI,.n) stretchld ttghtly OYlr the
flangls at the pllne of slparation. The IIOdll was then filled with the
synthetic muscll through I hole It the top of the held of Ilch half. The
purpose of the silk screen was to enSUN Ilectrical contlct between the
hllyes of the model when they were joined .nd Illow easy separation of lach
half of thl model Ilong the smooth pl.ne, as shown in Fig. 16.

Exposure Conditions

A number of possible Ixposure conditions werl modilid in thl study.
Attempts were .de to simulate worst-case exposurl conditions resulting
from the closest .pproaches of h.an subjects to thl radiating antennlS.
These included an Idult woman standing in close proximity to the side of
the lutomobile as shown in Fig. 17, Ind a child in close proximity to the
radiating roof-mounted antenna, closest possible approach if carrild by an
adult IS shown in Fig. 18. Other Ixposures included a child (Fig. 19). a

* woman (Fig. 20), and a man (Fig. 21) standing next to the trunk-mounted
antenna; a aan sitting in the back selt of the automobile (Fig. 22); and a
child pe.ring out the back window of the automobile (Fig. 23). In most
instanc.s . the subj.cts were Ixposed undlr conditions wh.re 5- to 10-ItW
power was fed into the antennas from the trav.,ing-way.tube.amp,ifier for
periods of 20 to 90 SIC. In 111 exposure conditions a high-powered load
was placed at the fl.dpoint of the rlceiving antenna to absorb Iny of the
power coupled to it from the transmitting antenna.
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TABLE 2. COMPOSITION AND ELECTRICAL AND PHYSICAL PROPERTIES
OF THE PHANTOM MUSCLE

Composition TXl50 PEP H2O NaCl

(I By Weight) 8.45 15.20 75.44 0.9069

~--_.- « •

•

Dielectric constant Conductivity
E a (S/m)

Electrical properties
(915 MHZ)

51 1.24

Spect ftc b!at Spec1~1c density
(kcll/kg C) (g/clI )

Physical properties

0.86 0.97
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Fig. 16. Erect man model separated along sagittal plane.
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Fig. 17. Wont.n IIOdel (separated .long s.gitt.l

exposed to r..f-MOunted "-11e antenn••

Fig. 18. Child ~del exposed to roof-mounted antenna (carried Dosition).

35



I

•

t

f

Fig. 19. Erect child mode' exposed to trunk-mounted antenna.
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Ertct woman model exposed to trunk-mounted antenna.
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Erect man model eloosed to trun~.mounted antenna.

fig. 21.
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