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1 JtmlaDUCTlON

THE POSSJBJLllY of bioJoIicaI hazards from human
exposure 10 electromapetic: ncliatioa (Bfl.) baa be­

come a public: c:oac:em in I1lCIIlt ,.... 11IiI c:oDc:eI'D baa
impM:ted the c:onstrue:tion of MW earth .teUite communi·
catioa an...... ...,.trial microwave 1iDks, and DeW
broadcast _ ... CODStnaCtioB. Today. with the Iarp
number of vehicular mobile ndioI ia .-vice, and the
expecaed iDcnue of UHF mobile ,........ ill the future,
one CaD expect that this new appIicatioa ~ UHF eMIlY
will Do be affected by the OOIltreMny. The first SlIp in
respaMina 10 ... a~ iIIIpKt is 10 determiae
whether there aN.y ..... IO witbiD
the YiciDity or IUCb systcn. For of ...y
eIecuomapetic source to be ev it iI IIrY. fin"
to detenniDe the amount of IBIIIY afW ill the subjects
from &he IOUI'Ce and, ...." to from the
literature OIl animal raean:Ia dl"U ., ."11IriouI ere
fects have occurnd in .teIt w-els ..- at 1eveII that
produce the same UDOUJlt ., ...,.

ID dIit paper.... prel. our results ill
detcnDinina the IpeCirlC a1lllerpaioll (SAIl) of eMIlY
with UDiu of WIta [lJ ill ....-.l ...-..s human models
exposed to ultra-biab-frequeecy fields. In
brieI. we cIeIermiMd the SAIl by the tempera-
ture rile in mode1I. after a brief biah-Power aposUFe, with
chen80Irapily (2J or with non....... temperature
proML W• .a.o1MUllfed the iaducIId... ftIIds ill ....

MI I.teeeiwd~U. 1..,; ftI'lIiIad DIe II 'u t. 1915.
A. w. 0., .. willa I It u • 00'11 ~,

lJu..=*t oIW !Ie WA••
c.-It. a- is .. die a., 01'" ...... c.•. Radialioa

0MuIIu Di¥iIiGa, n... CA ".o-o»t.
1ED.1.cII N....M07t'7I.

1DOlIII..eIi_.....The latter method baa·becD used
lUG III.'''' by ott. autbon for similar measurements ill
liw I ph (3) aDd pUDtom modeIJ expolCld to various
type [4]. (5~ 1'bI IIIIIIUI'ed JeyeJ of expoIUR andell'" IN~ to the values allowed by
the ANSI ndio-lrequenc:y protection JUide (6] in
or_ to the ufe operatina conditions for the
mot»i1e CDIIUDUDicatioD system.

II. MITBoDs

A. A........k _ Exptmn C".",.,

A 1m Mazda 1200 automobile body wu c:boeeD u the
veIIiIII .. teJtia& the mobile aDteDDL The taIlS w.e
con6J_ iii a 12 It x 12 ft x 24 ft anedaoic dwDber.
1be .Dl'biDI material on the Ooor ill the shielded room
WII •..-wId from the Iteel noor to simulate the most
conMtive around condition.

B. MtIfIl/IaliOll ofAlit.,.,..

n. OIitiaa1reof. aad truIIk·_ted lIlae.ll sboWD
ill ,... 1, U supplied by BeD Laboratories, w.e deli.....
for operation in the frequency ranp of 125-845 MHz with
• Iow-power, 3- to lOeW mobile telephone system. In
........ 1M therJnoInpbic: teebDique, ODe ... _ COD­

.....,... power thaD that 1IIId far apII'IIioD 01 a

.....~e system to belt the model d..u. a vrJ
short apoaure time. SiDce the oripaa1 ...~ oouId ..
.... -.It a hiP power, a denat lit of .....power
__ with die SlIDe radiation pattern II the CJriIiDal
__W to be developed.

1111 ...,.....ted aDteDDa CDBJiJted 01 a W'-.aw­
.... ...-ana approximately 17.5 em 1oD& with ... kID­
~ ... Mil ..ted on ... insulator 4u·... &0 dow
~ Ie be , thrauIb the roof of the .toID01IiIe. The
In con.... oIa __ ra4lator coil
~ IIlOUIlted on a 23-cm-hilh skirt.
.. .......,.. ....tioe, the roof-_1tJd .....

......._... by a W-wawleDada-loaa (1k8l) a·
tl l .... flIthe ceater ODD4uetor ( ill ...2(-"" a IIIAUMIMd EtA, 31 ia-dia couiII ·widl a
~._~ter~~d~toill__ &othe
w.wIIIIidi or the autDmobiJe roof. A slotted Iiae WII
iDiddy CODDected &0 the UlUDltehed anteDDI for de-
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TAILER
E.1.EcTm<:A1. AND I'HYS:ICAL PaoPuna Of... i'lANTOM MUICU

Fia. 6. Erect woman mocle1 exposed 10 tnIDk·lIIOUIlttd antetlD&.
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they were joined and to allow easy ......tion of each half
of the model alonl a smooth plane IS shown in Fig. .5

D. EXJ1tmI" CONlitiOlU

A number of possible CIpOIUft condiliofts were models
in the study. Attempts were made to siftlullte WOrst-CIIe
exposure conditions resulWta from the closest approaches
of buman subjects to the radi_", antennas. These in­
dueled man. woman. and child standina in close proximity
to the side of the automobile ncar the trunk-mounted
antenna a5 shown in Fia- 6. a man Si'li", in the back seat
of the automobile. a woman standina near the rooftop­
mounted antenna. a child held near the rooftop-mounted
antenna and a child peering out the back windo\\.' of the

Fil- 7. KneeJina chilcl model iacerior 01 aulOmObiJt npoKd 10 IlUg
IIIOUftted anterma. .

lutomobile (FiJ. 7). In most instlnces, the subjects w_
exposed under conditions where 5- to lo-ltW power was
fed into the antennas from the travelin,-wave-tube ampli­
fier for periods of 20 to 90 s. In aU exposure conditions. a
hip-powered load was pllced at a reedpoint of the rec:eiv­
ina Intenna to absorb any of the power coupled to it from
the transmiuinl antenna.

E. Mftasurement 01 Electromapetic Fitltll 1" and Out
of Automobile

In order to characterize the exposure field conditions, a
number of electromaanetic field measurements using the
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A. FIftII MtIpPIIt,

The electric fields in the vicinity of each aD'" were
IDIUlIred by means of u NBS EOM-IC lIIctric-raeid
..., dcDIity meter and converted to equivaleDt pIaDe-
waw power deDsity. F... 9 inaua. tbe 15
wiIb respect to the roof-JDOWlted uteua ia tM ..ttal
plane of u exposed model. fi&- 10 illustrates similar

..... element for meuurina the weaker electric field
within tile model. An antenna was formed by encapsulat­
ina the diode in a conductina. bisec:tina piDbox (shown in
fia- I) such that the bisected pillbox formed the poles of
the receMna dipole. The diode was used to ret' uCy the
radiolrequency eDIIlY. HiJb-raistuee, smaD-diameter
wires were used to carry the resultina rectified sipal back
to a meter. Hip sensitivity was obtained by modulation of
the Ilf-source at 1000 Hz and Ule of a Hewlett-Packard
415£ standina wave detector for semina the 100G-Hz sipal
from the diode. The pillbox delian shielded me loop formed
by the hip-resiltance wire conaectionJ. preventina aDy
induced volt... caused by mapetic r.....

The diode ulld was u Aertecb AZS810. The hiJboresis­
tane:e, twisted-pair, .OO1-iIl-diameter, .7-O-per-ft, nylon­
coaled resistaDCI wire was protected from straiD aDd me­
chanical damaIe by a i in »cm-lona acrylic tube. The
hilh-nsiltanee leads continued MyODd the acrylic tube
lhrouP a 9Ooc:m-JoDI. f1aib1c plutic tubiJta. The twisted
pair of leacls were wrapped apiraI1y.~ a f.-in nylon
catheter tube to take up uy mechanical .train multin.
from a.sion OIl the small twisted leads. At the end of the
...... die twisted 1eIda were coaaected to a standard
ROSa IbieJcIed cable, wbidl iD tum was c:onnected to the
HP ..15£ _ .. WlW ......

The diode IIDIOI' was calibrated ill a wavepidc with its
2tt.1- X 12.4-cm croll section was loaded with a 11.6-an-
dIict 01 '-SOID mulde tissue. ,.... .... ia !be'.2.' ~ted by studIrd wavepide
............ OIl the iDput power.

ilL ItDuLTi

National Burea1I of StaDdards EOM-IC ener&Y-deDlity
meter were made. Meuuremeau outlicJe 01 abe automobile
were made at the saaittal plane of the model exposed to
both the roof- aDd 1rUDk-lDOUIlted uteDDIL

F. M~loJU.l

TMmtIJfIrtIP/Iy: 1be 1bIrIqi'-method provides the
most effICient way Cor establisbiDl SAil aver a two-dimeD­
sional iDtemal pllDe withia die .... model. This
method. described iD cIetail eIIewhere by Guy (2) aDd Guy
~t tJI. (7). is a valid lor both ru- aDd "'-ZDDe fields ud
inw1vel the use of a tIaernaoIrapIIi cuaera lor recordi.Da
the temperature clistributiolls produeId by IDeI'IY absorp­
tion in phantom mod. after~ to radiatioD rlelcls.
TIle model was first diuuembled a pIaDe wbIre
SAR was to be determiDed. A temperature
scan was then made over the pIIM. 11Ie IDOdeI was tbeD
reassembled. exposed Cor a ...... to IMP power dea­
sity and then apin disassembled. aDd aDOtber thermo­
araphic Jean was made.

The thennop'aphic method UIId iD tIiIe palt was rust
used Cor cletel'lRi.-tioD of the SAIl ia tile 10IIII WOIIWl aDd
child models exposed to the roof-1DOUDted aa&eDDU. A
two-dimensional ltIy scale ICD was hnnwtiate1y~
Vaphed after apoeure of the ...... aDd IiPa1e B-scaas
with ....Ii.. propaotionIl to ....,...aure were made
before aad after ..,....e. Tbe two ..... were photo­
Jl'aphed ......., OD the .... ftbD 10 that they were
superimpoMCl ODe ... the 0'" as __ ill fia- 14 in
Sectioa IlL

For later thennoIraphic wort with die tnmk-mouated
antenna. however, aa improved~ tee:baique
was employed wi dilital ... ,. • 1M iBtlRCtive-com-
puter ....aysiL Ia wbaI. '.11)" .......... were
first au. OM' die far idlatilcatioa of
TqiOns 01 mui SAIl 'J"I.- a of tbcrmo-
lI'aphi were ill wbicb .... C2 m ..1ICMd closer
to the object for better resolution of .... "lions where hip
SAR occurred.

Vii. 101T~ "*: tile tbeJ'lllOlf8Phic
mcasUraneDts pnMded .., IAIl at die biItCtId
surf~ the SA.... It"laa.... of the model bad to
be measured by odaIr-."-V.. 101 temperature
probes were used to•••_"'" oI .....ture rite at
four locations simultaneeully. To lllillimiJc beat diffulioD,
the same hiP-power ..-.....s·......1 was UMd ill
the 1hcraqrapbic metMd wu ..,Ii•• wi1ll u apoeu.re
period 01 abGut 1 miJL 'I'M ..... aI ......... rile was
recorded and theoreticaIJy convened to BAR at various
points. ID bach IDa1l aDd the SAR'. at the
heart. IdcIDey, liver, aDd •••et wwe .........
Since tile .,..... of abe WCC'RS vet'J.. to
abe tip of ... 1nIDl:-JnOUIItId.1I a. die SAIl ill tbecea_ be oldie bnuCI .. 2.1 _ .... die ceawliDe
also were ...........s. Por die dIId aodIl, reaiOlll ia 1Ile
eyes, braiD. ucllDOUtb were .......

EJ«trk-FNIII ".: It .. _1••&1 to _. Scbot*y
diode of the type .... for s&aactant surwy meters as a

F"... t.

HOM ....

1I4"",.,.T.
••4 ..... QD.

1.2 """ 11).

:202
\ Mrtech.uS
" '10 DIode

C1GOI" ClIp '----- 80IdIr NId ....
... wilt fpoay wilt DIode L.-d

Wr~wIIt
0.001" wn

5dlemauc of C'OIIItruetioIl 01 .. proM for musuriDa
eIcIric·rllld JU'IIIIIh.
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B-B'
W• 21.1 mWlk;
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A-A'
W· 10.9 mWlk;

0 10 10 ao .......
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• + +
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• + +ao 17.2

• +
JU

10 +
13.1
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14.7

ftI + +
11.1 11.1

r:-II. 11. Power deuitics due 10 .35-MHz ndiatioD 11'01II tnmk'lIIOUIIted
Ultama (l.w input powa. outliDc to cbild model).

f • 835 MHz Input Pwr. • I.OW

A-~.. Ii.B:R ::tB'
C"t" . !...+c-

c-c'
W• 9.9 rrtNIlI9

,... 12. 'J1IermoIr.,...,.......s SAil patlems ia WOIDUI model
apclIId 63 em IroaI roof'lIIOUDted anleMa (SilittaJ plane).

F... 12. The thermo&ram was taken of a saaittal scan
throulb the head. The inteDsity scan (bri&htnas propor­
tional to temperature or SAil) is shown in the upper left of
each fJlUre. A profile scaD with multiple scans with venical
deIIeetions proportioul to temperature of SAil is shown
in the upper right of the fipre. The lower three thermo­
arams iUustrated in the fipre consists of B-scans taken
before and after exposure alon. the lines~. B - B',

u ....... :..:..:. • .:."",.,.. . .. . . . . .. . ...... ,. ..

Fit- 10. Power ..tics I as-MHz (I.W
iDput power, outIiM 01 1S1aDdi1119.7 cm fraID ).

• • •.., .....
.1a':'':''
+ • •.., ....

.:. .:. .:4 .r. .i. .t. ;. fill""· .. . . . . .......... ". IU"....
•

Fit. 9. Power cleasitics due 10 135-MHz ndialioD fraID roof'lDOUDted
MInDa (iaput l·W. oudille lorWCllllaD at 43.5 em fraID ID....)•

... + .. ...a' •• _.

• • •., ......

.......-.nen.. for the tnIDk-GOUlllld ..... ad F... 11
illustrates typicailDelSUl'ellllDt .... in 1M interior or the
car near the rear window. 1'IIe _ .. are bued OD

1-W input to the transmittiD& aDteuu. The outline of the
subj_ are superimpoIed oa the values of power density
meuured '!ithout the presence of the subject at the poiDti
desipated by a + sip.•.~
E~ of SIIbj«tJ to IttIo/.N-* A"ter,.,,: A typi­

cal thennoaraph scan lor the apoIUn of the adult woman
-taneIiD& 63 em from the roof·mouated aDtInDa is shown in
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Fi&. 13.~ 01 SAIl distribubOO in sqitlal plane of child
model, (I·W input, Illlerior espoaurc 15 em from trunk·mounted ID­
tenDI).

exposed with the had 15 em from the trunk-mounted
antenna. The flpre at the upper-left-hand corner of the
filure is a prof. ICan in which the horizontal scale corre­
sponds to horizootal position and the left-haftd scale corre­
sponds to the wrtic:a1 position. The vertical defleelion of
each scan is proportional to SAR with the values liven by
the SAil tcale at the ript of the figure. The display at the
upper ript-hand CCJI"Mr of the 'lIVre is an intensity rcan in
which the dark... is proportional to the SAR. The outline
of the dIi1d issuptrinlpoled on the intensity scan. SinaJe
horizon.., scans 01 SAlt. are shown at the lower hall 01 the
'.re~ to the ICID lines liven in the upper
rip' 01 tile~. n.e mu.i.lnum SAil was fouad to be .23
W/k&IW UIput to the IIIICClnDa. For the ,.;on of the eyes
this COIftlIII_S to .64 'W/kl per mW/crrJ incident power
denlity. '-I on tile IXposure levels in Fia. 10. Faa. 14
shows the c:IoIe-up d1ennaIrams 01 the man modei exposed
to the tnank-lIIOunted antenna at a 12-em distance. The
primary ... dlpalition was at the abdominal ana at a
maximum SAR of 0.12 W/ka/lW input at the surface.
The SAlt decreued exponentially as expected on a nat
aJabol .....

The~ child model was the only model in which
SAlt. diIIriIudoa from exposure inside of the car was
...~ .., hy. For this series the model was
...... 10 in the saaittaJ ptau of the head ud
neck GIlly. A SAlt in the vicinity of the orbital
reaion of die eyes of .012 W/kaJW input to the antenna
or te.y O.32-W;q per mW/arr exposure '-vel
wu I. Table IV are iUu$trated the muimum
SAlt.jW "'t to the aaICDna and malLimum SAR per
mW/crtr dial ..-c obtained thermoarapbic:aJly for the
various expotures Irom the irunk-mounted antennas.

... - -...-.. .......... :;o.:::rtol.'l:l Itlit: "...... IJ
&'11•• •- - - -......., ..- :=::'.:::r:J~:l ,...,_ I.' ........ IL•• I.' .... I.',..,! •.• ···t ...• _!t., ... ! 1.1

... - -~''''''''''.4IlI''''1 =:,.:::rrJ-:.r ........ "., .... ,LI ....
••1! Ll "'1'" '1.11'"- - - -....,....... :;,.-.:=.....i' .... 1.' "'1'" ~1:&.1 IU:'.'.... ••• 'M

TABLE~)
SAR's IN WOMAN MODEL ExI'oIED 10 ROOf-MouNTED AN'l'PINA

(raW/k&IW)

c - C' • Doted on the int_ty ICID. The exposure time
for these models was approximately 60 .. We determined
the maximum SAR from the maximum temperature dif­
ferences before and after exposure obtained from the dou­
ble B-sans and the specific heat of the phantom tissue
liven in Table II. Since the SAIl is propartionaI to the
temperature differeac:es denoted by the .-acans. one can
easily visualize the SAR distribution from the vertical
distance between these 1CUlI.

For the 63-cm-distaDce exposures the model was placed
ill a standina positiOll, wbereu for a clola' position of 43.5
em the model was allowed to'" toward the antenna at
the closest possible distance. The maxim. SARts of 48.9
mW/ka!W for the leanina woman ...1 and 22.7
mW/kg!W for the standing WOlDlD n.-. occurred at the
nose, as expected since it is the doIest poiat of the body to
the radiatina anteRnaand it consisu of wedlc-shaped
tissue. which allows &reater eneraY disposition. Sipificant
absorption was also found ill the fonheld. mouth, eye,
temple, and MCk.. .... on &he apoIIIII levels liven in
Fi&- 9, the muimum SAR varied from .3 to .~ W/kl per
mW/Cf'Iil incident to the subject

A series of thermosraphs were taken for a child model
orien&ed 39 and 63 em from the redi'" utenna. At 39
em, 1M child was assumed to be MId by • adult as closely
as ,..able to the antenna. n.e....._ were lakeD for
both the salittal plane and the transvene plane cut throuah
the orbital (eye) area of the child. The patterns for the
child were similar to~ of the WOIIWI, with maximum
SAlt levels reachinl as hiab as 51.7 mW/ka,IW input into
the antenna of .35 W/ka per mW/ar incident to the
.... '" the child. Table III ......... tIM maximum
MR', (M...:tSD) in mW/kIIW illpullor both the child
and .... adult wcaan model cxpoIId &0 Ibe roof-mounted
...... for different reaions 01 die body.

£..,n .,Subj«u 10 r"""'-Mt1fIIIMIl Mobi. AilIMII4:

..... 1MrmtlIfllplay relatina to the expcIIUIII of the models
to &he trunk-naounted antenna were r....dId dilitlily and
~ by a compuler. In Fia. 13 are iUutrated lhermo­
gIlDS taken for the standina O.94-m taU child model
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TAlLEVJ
SAlt... SrANDlNO WOMAN MoDa EuoIID 10

~-Mot1JmDANnHNA (WIk&/W)

TAILEV
SAlt... SrAMNNG NAN..... IDODD 10 T'aUMI:·MOUNDD

AN'IINNA (W.AI/W)

_It
lIHrt It41lt¥ Live,. St...cll

(.)

I ..- .. lDli 0.1010 0.1320
I ..OUt ..0141 .... O.lII3Z
J ...11 ..-. ..OMO O.aus
• o••u 0.0lMI 0.01. .....
5 0.01123 0.01123 0.0lIII 0._
I 0.0013 0.1013 0....7 0.0037

0.1"
0.135
0.0727
0.0311
O.01a
0.0014
O.OIMO

0.117
O.UO
O.lII4O0._
O.CII"
0.0071
0."

0.07"
0.OM2
..1D07
..0171........
..0ltK

0••7.._
..an...........­....

t::,1t
0.5
1
Z
3•I
I

TAlUI\'
MADIMI SAlt.. (W/ka) IN .cc.uI!.XPoIID10

"u.·MouNno AN'nNNA

TA.IL8VD
SAlt', IN~or SrANlllNO WOMAN NOIlG. E.xJoE) 10

"UM&-MouNnD ANI'INMA (WJk&IW)

C Vi'. 101 T....", ",....

III Tables V ad VI r- the SAl. data per I·W
power at various depw 01 die IocatioIls of the bean.
kicIDey, liva', UcI 'tOaIICb 01 tbe ....i.. 1DID aad WOIMD
models expoMd at 12 CIa or ,oS c. ,... the tnmk·8IOUIItId
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posed .,.. TIle 10weIt darCllloldJ for caWICt formatiOn in
laboratory ..unats due to acute exposure to microwave
radi.t. ... more than 10 ti_ above the maximumJoe'" apoIUI'C and SAR IewtII allowed by the ANSI
RFPO (nquirina 50 to 100 min of CltpoNft) It ISO to SOO
raW1_ '*".... lOa Joca1ized SAIl of no to 435
WIta ('HI IJ. AIIo, it bas .... Mmonstnted ..... chronic
exposue 01 nbbhl for up to lib IIIoDtU in duration to 10
mW1_ IMXiaIum (JAR -11 W!ka) failed ao produce
any cataracts (12). It should be IlOted tllM tile above
expera-ti were COIMtucted with rabbits whale eyes pro­
trude trona the ...... ud thus. .. more susceptible to
mic:row.ve climap. SiJDiJIr experiments eft monkeys, which
mote cIoIeIy ,., t the human species, failed to produce
catull&llll hip as 150 to 500 raWIcm2

(13). [141- ne ANSI I.FPG and other forthcomina ex-
POSUN aempI deYices with less IbID '-W input
pow. to the The ......um power ......tics and
SAR.'s for the wont exposure conditions tested with
this .....t power to tile does DOC satisfy abe ANSI
primary ellpOlUl'e critlria;.bowcver. it 40es satilfy the 7-W
and I-WIta adulioa clallla. On the OIlIer hucl. a maxi­
mum inptt power of 3.5 W would satisfy all of the ANSI

au-·
We ...y OOMIude from .. mults that the mobile-

antl8ftl system can beoper.ted safely with all of the ANSI
R.FPO aposure .... iD terms of both power density and
..._ SAIl tor .. powers 01 3.5 W or less and
withia the ...... of the ANSI adusion clause for
i..... ,.... .. 10 35 W. PurdaeratoR. on the basis of
.... pow« ....., f. the brief tranuni.... periods in
wIaidt ,....,.. may be expolld under the conditions studied
ia this raearch. operation of the antenna is not likely to
result in emissions that exceed some of the newly proposed
pncral population standards now beina proposed by vari­
ous pemment laencics for different tissue types and
struetvreI.

It .... Iteen shown that the experimental methods used in
thil ..-n:h can ldequtely qualify both maximum ex­
poewe ... aadSAll's for subjects exposed in the near-
.... of UHF ~Iti. antenna. n.e tech-
....., CM be equdy well to odIer exposure
~.... iDwIYiDI 'axed portable and .... lD.ennas
and nclatiOil devices operat"" .t other ,....acs. It
-1"11II that tile IMthodoIoIY would be ... useful in
........ wMther certain types of r8diaCin& dmc:es
c:DIId _ tile ANSlt.4-WJkl avttap and '.().WIkemui_. SA. acIusiGD cia... The models UMd in this
raearch were simple. homOpneous fiaures, but there Ire
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..
mounted antenna. The values were measured with the
electric-field probe in the same manner as for the child.
Maximum level at the neck of the man was 0.019 WIkgjW
input into the antenna; this value corresponds approxi­
mately to .OS W/ka per mW/crrr- of incident power den­
lity.

IV. DIscussION

Table IX summarizes all of the results of the experimen­
tal measurements for maximu-..power density lAd SAR
per wall into the antenna and ....... SAR per mWIcrtr­
incident to the subject for tile various eJqMlllUl'e con4itiOllS
tried in this research. AppIicatioa 01 the 0." W/ka ANSI
exposure criteria bued on a __UID .....body ex-
posure 01 2.78 mW/eur aIIoMd for US-MHz aposure
would limit the iaput pow« 10 dae to 4.~ W for
the condition resultiq in the apoIUre IewI studied
mdlis raeadl (woman It 9.1 em from antenna). It
is oImous. however. that 08Iy a
fnctioD ot the ".46 W by die _. would be
aINorbed by the apoted .tuIIjct; ~ tbe
apoIIft Ie¥eI is __.. " the ....1
for whoIe-body exposure. TIle aPPO ._ ia10 accouat
IUCh partial-body expoII by .-:i1yiDa an
.asiiOll dau.....t wouIlI IIftIs
provided that the IocaHzed SAIl ill DOt a.eeed
... poIIibIe wilb pJue-wew alll'll at abe rec:GID-

- • .-t1llUiaun power _.1 'nil .......... of
SAl. it 20 ti.. the.~or' wJ'I. Iuid 011 1ab1e
IX, daiJ .... 01 SAR would __ fclr die daiId ....... 15
en frcn the tnaDk-1DOUD18d ...... iAput power
of 35 W applied to the .,.,.

Ia of the r.....t of meuured
local SAR occuned in the 01 .,. 01 an apoIed
child 15 em from the 18 eN •...ts ahouId be
made c::oncemiaa possible microwave effects on the ex-
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Erect child .adel exposed to trunk-.ounted antenna.

Erect woman model exposed to trunk-mounted antenna.

Erect man model exposed to trunk-.ounted antenna.

Sitting min model in b.ck seat of automobl1e exposed to
trunk-lIOunted antenna.

• L

Fig. 23. leneeli ng chil d model i nteri or of automobil e exposed to
trunk-mounted antenna.

Fig. 24. Measurement of power-density p.ttern in v1c1nit.v of
trunk-mounted antenna with EDM-IC survey meter.

Fig. 25. Arran9l"'lnt of EOM-IC IIIter proM for ..asuring power density
p.ttern in 1nter1 or of autollobl1 e due to emiss1on from
trunk~unted antenna.

Fig. 26. Separation along orbital plane of phantom child model exposed to
roof-mounted antenna.

Fig. 21. Thermograph scanning orbital plane of phantom child model.

Fig. 28. Method of separating parts of kneeling child model for
determination of SAR in sagittal plane of head •

.,.'
Fig. 29. Four Vitek 101 temperature probes for measuring simultaneously

SAR in man model at four locations.

Fig. 30. PhotogrlPh showing Schottky diod., bisected pillbox dipole, and
twisted-pair leads before assembly.

Fig. 31. Scheilitic of construction of diode probe for measuring
electric-field strength.

Fig. 31. (continued) Schematic of construction of diode probe for
measur;nq electric-field strength.
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Fig. 32.

Fig. 33.

Fig. 34.

Fig. 35.

Fig. 36.

Fig. 37.

Fig. 38.

Fig. 39.

Fig. 40.

Fig. 41.

Fi g. 43.

Photograph of diode for measuring electric-field strength.
cable, Ind HP 41SE meter.

Block diagram of equipment used for calibration of probe for
measuring electric-field strength.

POWlr densities exterior of lut.-o~l1e due to 835-MHz rldiation
from roof-MOunted antenna, with I.V input power (outline shows
position of exposed woman MOdel stlnding 43.5 em from antenna).

Power densities exterior of I ...-.bile due to 83S-MHz radiation
from roof-ftlOunted antenna, with 1.'1 input power (outline shows
position of .xposed WOMan .edtl stlnding 63 em from Intenna).

Power densities exterior of autOlllObile due to 83S-MHz radiation
from roof-llOunted antenna, with 1.'1 input power (outl ine shows
position of exposed child ~l held 3' c_ fro- antenna).

Power densities exterior of lut_bile due to 83S-MHz radiation
frOll roof-lIOUnted antenna, with 1-" input power (outline shows
position of exposed child MOdel h.ld 63 em from Intenna).

Power densiti.s exterior of lut_bil. due to 835-MHz radiation
from trunk-tlOunted antenna, wit" I-V input power (outl ine shows
pos'tion of exposed min MOdel standing 12 em from Intenna).

Power densities exterior of luu.obl1e due to 835-MHz radiation
from trunk-lIIOunted antenna with I-V input power (outline shows
position of exposed woman model standing 9.7 em from antenna).

Power densithes exterior of lutGllObl1e due to 835-MHz radiation
from trunk-mounted antlftn. with I-V input power (outline shows
position of exposed child ..del standing 15 em from antenna).

Region in autombl1e (Y-Z I'lin. ) where power densities due to
83S-MHz radiltion from trunk~nted antenna were Me.sured (each
intersection of dashed 11n.s corresponds to measurement point).

Region in lutOllObl1e (X-Y ollne) where Dower density due to
835-MHz radiation from trunk-mounted antenna were Measured (each
intersection of dashed lines corresponds to measurement point).

Position of sitting IIIn lIIOdel interior of automobile exposed to
835-MHz radiation 'rom trunk-mounted antenna with 1-W input
power (Y-Z pl.ne, X. 30cm).
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Fiq. 44.

Fig. 48.

Fig. 45.

Fig. 53.

Fig. 46.

Fig. 47.

Fig. 49.

Fig. 50.

Fig. 51.

fig. 52.

Fig. 54.

Position of sittinCJ min mod.1 interior of automobile exposed to
835-MHz radiation from trunk-mounted antenna with l-W input
power (X-Y plane, Z. 30 em).

Position of kneel ing child '" int.rior of autOlllObile exposed
to 835-MHz radiation fra. trunk-mounted antenn. with l-W input
POWer (Y-Z plane, X· 20 eM).

Position of kn••ling child Mld., 1nt.r1or of automobile exposed
to 835-MHz radiation frCIII trunk-mounted antenn. wit., l-W input
power (I.Y plane, Z. 30 01).

The.-.ographically _asurl'd SAR patterns in womln model exposed
43.5 e- fra. roof-mount.d antenna (sigittil plane).

TheMlO4jraptlically measured SM patterns in WOIIan model exposed
43.5 e- frOi roof--ountld .nt.nnl (transverse plane through
eyes).

TheMlOgraplttcally INlsurld SAR patterns in woman model exposed
63 em frOM roof-MOunted antenna (sagittal plane).

The,...raphtcally measured SM patt.rns in woman model exposed
63 em fro. roof-mounted antenna (transverse pllne).

The".,raptl1cally lIellured SAl patterns in child model exposed
39 Q8 fra. roof-mounted ant.nna (sagittal pllne).

The".,raphtcal1.y MlSured SAR patterns in ch11 d lftOCIel exposed
to 39 01 from roof-mounted antenna (transverse plane through
eyes).

Thermographica)ly lIIasur.d SAR patterns in child model exposed
63 oa fro- roof-mounted antenna (sagittal plane).

Therrnotraph1cally measured SAR patterns in child model exposed
63 em from roof-mounted Intenna (transverse plane).

Fig. 55. Computer-processed therllOgr...s showing SAR distribution in
",- slgtttll pllne of man mod.l exposed to 835-"Hz in standing

positton exterior of automObile 12 em from trunk-mounted antenna
with 1-'1 input.

Fig. 56. Closeup the"'grams showing SAR distribution in sagittal plane
of man MOdel exposed to 835-MHz in standing position exterior of
lutomobile 12 em from trunk-mounted Intenna with 1-W input.

Fig. 57. Computer-processed thermograms showing SAR distribution in
sagittal phne of woman model exposed to 835-MHz in standing
position exterior of automobile 9.7 em from trunk-mounted
antenna with leW input.

6
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Fig. 58. Closeup thenaograms showing SAR distribution in sagittal plane
of woman model exposed to 835~Hz in standing position exterior
of automobile 9.7 cm from trunk-mounted antenna with l-W input.

Fig. 59. Computer-processed thermograMs showing SAR distribution in
sagittal plane of child model exposed to 83S-MHz in standing
position exterior of automobile 15 em from trunk-mounted antenna
with l-W input.

Fig. 60. Closeup thenaograms showing SAR distribution in sagittal phne
of chi ld MOdel exposed to 835-MHz instlnding position exterior
of autombile 20 cm from trunk-.ounted antenna with l-W input.

Fig. 61. Computer-processed therMogrlM' showing SAR distribution in
sagittal pl.ne of chil d model exposed to 835-MH% in kneeling
position interior of automobile 20 em from trunk-mounted antenna
with l-W input.

Fig. 62. CloseuD thermograms showing SAR distribution in sagittal phne
of child model exposed to 835~Hz in kneeling position interior
of automobile 70 cm from trunk-.ounted antenna with l-W input.

Fi g. 63. Maximum SAR at the surface of the face of chil d model 1n
kneeling' position interior of automobile exposed to 83S-MHz
radiation from trunk-mounted antenna with l-W input power (Y-Z
plane. X. +20 cm).

Fig. 64. Maximum SARs at the surfaces of the eye. neck ••nd forehead of
ehild model in kneeling position interior of .utomobile exposed
to 835-MHz radiation from trunk-mounted antenna with l-W input
power (X-Y plane. Z· 30 em).

Fig. 65. Maximum SAR at the back of he.d surface of min model in sitting
position interior of automobile exposed to 83S-MHz radiation
from trunk-mounted antenna with l-W input power (Y-Z plane. X.
+30 cm).

Fig. 66. Maximum SARs It the back of he.d. and shoulder and neck surfaces
~. of min model in sitting position interior of lutomobile exposed

to 83S-MHz radiation from trunk-mounted antenna with l-W input
power (X.y plane. Z· 30 cm).
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SPECIFIC ABSORPTION RATES OF ENERGY IN MAN MODELS
EXPOSED TO UHf~OBILE-A"TENNA FIELDS

1 INTRODUCTION

Problem

The possibility of biolog1cll hlzlrds from hUllln exposure to
electromagnetic radiation (EMR) hiS bee.. a public concern in recent

years. Today, approx1.ately 160,000 vehicular MObile radios a,..e currently
in service, and with the expected fnc,..ease of UHF ~bfle telephones in the

future, it is illlPortant to dete,...ine __ether there are any hazards to

oersons operating in or fn the vicinfty of such s,'tllfts. For the health

hazards of an.y electrougnetic source to be eVlluated, it is necessary,

first, to determfne the amount of energy absorbed in the subjects from the

source and, secondly, to determine from the literature on animal research..
whether any deleterfous effects have occurred fn test anfmals exposed at

levels that produce the. same amount of absorbed energy. No Measured data
are available in the literature concernfng energy coupling between

nonuniform, near-zone fields of cellular radio mobile antennas and exposed
simulated human subjects.

Solution

There Ire sevenl IPprolches for detennining the amount of energy
absorbed in a subject exposed to mobile UHF Intennas. One method developed

by Guy (1971) enables rapid evaluation of specific absorDtion rite (SAR) of
energy in tissues of arbitrary shapes _n they Ire exposed to various

electromagnetic sources. This .thod, valid for both far- and near-zone
fields, involves the use of an infrared thermograph camera for recording

temperature distribution produced by enerqy absorption in phantom models of

human subjects. The SAR may be obtained anywhere in the model IS a

function of the frequency, the incident power intensity, and the type of

8
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source. The phantom models are constructed of hollow forms consisting of
styrofoam or thin fiberglass walls filled with synthetic tissue with
dielectric properties similar to those of Ictual human tissue. The model
is designed to be separated along an.y internal plane so that the SAR
patterns may be quantified over that region of the model. The intact model
is first exposed to the source for a sufficient period of time so that the
synthetic material can increase in temperature according to the pattern of
energy absorption. The model is then separated. and the two-dimensional
temperature distribution is recorded by melns of a thermograph camera and
compared with that of a similar sCln made before exposure. Difference in
temperatures at each point on the model before and after exposure is used
for ca-putltion of the SAR in Witts per kilogram.

In I second ~thod involving point-by-point measurements in the model.
a microwave transparent temperature sensor is used. The temperature sensor
is placed in a particular point in the .adel where the SAR measurement 15
to be made. The model is then exposed and the rate of change in
temperature rise with time is noted and used for calculation of the SAR at
that particular point.

Finally. a third method involves direct measurement of electric fields
1n the tissue with an implantable electric field sensor. From the known
conductivity and the density of the synthetic tissue at that point. the
measured electric field can be used for calculating the SAR.

The first two methods mentioned above require very high exposure
fields, generally several orders of magnitude higher than the levels the
subjects would normally be exposed to. but the third method necessitates
relatively low exposure levels. For this project, however, it was felt
that the first and second methods would provide the most information for
conditions where the eXpOsure fields were high, and the third method would
be necessary where exposure fields were low, such as inside the automobile.
The exposure fields necessary for the fi rst method requi red that the UHF
mobile antennas be redesigned so that they could function with up to 1,000
times more input power level than the mobile antenna normally needs. Then.
a number of tests had to be made for verification of similarity between the

9
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nelr-zone . Ind radiltion fields frOM the Intennas Ind those of actual
antennls used for UHF Mobile communication.

In this work, the SAR was quant1fild for several fOMIIs of humin
subjects, including .n, women, Ind chi1dr.n, exposed to both roof- Ind
trunk-.ounttd MObile Intennas. Becluse the tests were to be perfoMMed in a
laboratory setting, the body of I "71 Mazdl 1200 autOMObile was designed
so that it could be disassembled fnto p.rts that could easl1y be
transported to a ',r", shielded Inechotc cM.r. Th. plrts wr. thus
reassembled into In intlct unit sinullting 1ft actual clr with its body It a
proper distance Ibove the floor of the c~er.

A lO-kW klystron ampH fier provided sufficient energy to the IIIObl1e
antennas for accurat. determi nati on of SAR by the thermograph and
temperlture-probe .ethads. For MOst locations of the -adel inside the car
there WIS not sufficient energy coupling to enlbl. theMllal determinltion of
the SAR, so thet.planted .lectric field sensor' WIS used in these
instances. All of the lIIasured SAR values wre nonaa11zed to l-W input
power to the antennlS. Measurements wert ..de for the IIOdels spaced It
varying distlnces from the antennl both inside and outside of the car.

In the following chapters 111 phas.s of the research are discussed in
d.tail. Chapter 2 discusses the technical approach--the design of the
phantom models, .0diftCltion of the antenn,s, measurement methodology, Ind
calibration techniques. Chlpter 3 describes the experimental r.sults for
the man, womln, and child IIOdels obtained by therllography, tlftlperature

.. probes, Ind the electric-field sensor. This chapter also describes the
Pltterns of the electric field, both inside and outside of the automobile.
Finally, Chapter 4 covers the conclusions arrived at, the significance of
the results in terms of both occup.tional and general-public safety
standards, IS well IS the recommendations for future research.

10



2 TECHNICAL APPROACH

Automobile-Exposure Chamber and Rldio Frequency Source

Since the objective of this research WIS to deterMine the SAR induced
in human models by rldiltion from UHf mobile Intennls. it wls'necessary to
model as closely IS possible the .'ectr.., ...tic fields of a UHF antenna
MOunted on an lutomobile. A 1971 Mlzdl 1200 lut~ile body was chosen as
the vehicle for testing the mobil, IntennlS. The body shown 1n Fig. 1 was
designed 50 that it could be dislss.-blld for transportation and storage.
but quickly reassembled for test requirements. The tests were conducted in
the large anoeeMc ctaillber (12' x 12' x 24') of the Bioelectromagnetics
Research Laboratory (BEMRL), with physfcal constructfon as shown in F1g. 2.
The absorbing material WIS removed fro- the floor 'n the shielded room so
that the automobile body could be placed It the proper distance above a
perfectly conducting ground plane to represent the !lOst conductive ground
condition. The antennas to be tested consisted of a roof-mounted antenna
shown It the left of Fig. 3. and a trunk-.ountld antenna shown It the right
of Fig. 3. For normal operation. the Intennas were designed to functfon
with 3- to 10-W input power in the 825- to 845-MHz frequency band. In Fig_
4 the automobnets shown in the shielded room with the roof-mounted
receiving and trlnSlftftt1ng antennas in place. One of the two identical
antennas is connected to a receiver and the other to a transm1tter. With
the receiving antenna connected to • SO-ohl load, the voltage stand1ng wave
rat10 (VSWR) of the transmi tt1ng antenna was determi ned and the power

., density at I point IP1'roximately 1 II away was measured. We used thi s
infonnation to design I similar antenna c,pable of handling up to lO-kW
input power, necessary for performing the thermogr,p~ic stUdies.

The hi gh-powered transmitt 1n9 antenn,s were fed
Communication Laboratory lO-kW klystron 'mJ)11f1er operating
of 835-MHz. the m1 dfrequency of the automobl1e antenna.
amplifier is shown in Fig. 5.
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Ftg. 1. MDdtf1cltion of avtllebfl1~ for UHF Ifttlnna tests.

!!SlNT Cipw. sw

Fig. 2. Schematic of BEMRL anechoic exposure chamber.
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Fig. 3. Original Bell Laboratories roof-mounted antenna (left) and
trunk-mounted antenna (right).
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