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necessary to ensure that temporary peak loading conditions are identified. Obviously, these

requirements are both time-consuming and expensive.

Due to the magnimde of even the task of measuring area-wide compliance. the

obligation of ensuring area-wide compliance shouLd not be imposed absent compelling

justification. The burden on smaller carriers, for example, may effectively preclude needed

expansion of service and the speed at which new services are rolled out to the public. Indeed,

even for larger carriers, the area-wide compliance obligations create the perverse incentive to

avoid multi-transmitter areas, reversing the Commission' 5 prior policies of encouraging the

consolidation of facilities to limic environmental impacts.

PCIA also does not believe a one percent threshold is necessary to achieve the

Commission's goals. The likelihood that a transmitter contributing only one percent of the

MPE limit for that transmitter type will be "responsible" for rendering the area non-compliam

is negligible, especially where, as in this case, many of the transmitters under scnniny were

previously categorically excluded from arty evaluation. In effect, by elim.inating the bulk of

the categorical exclusions. the Commission is now requiring assessments from a wide rallle of

carriers that, under the old regime, were determined to be "highly unlikely" to exceed the

applicable MPE limits. Given the broader applicability of the compliance regulations. the

Commission should revisit the one percent exemption.

PCIA further urges the Conunission to also clarify its policies with regard to liability

for non-eompliant multi-transmitter sites. Given that a carrier may have no conaol over the

property of the site, the carrier may not be notified, much less consulted, at the time a

subsequent transmitter is added or an existing transmitter modified. If the result of adding a
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new transmitter or modifying a transmitter results in the area exceeding the applicable MPE

limits, the original licensees bear, under the Commission's rules, a t/:ontinuing" obligation to

remain in compliance. This would imply that the pre-existing carriers remain exposed to

potential forfeitures, or are otherwise in noncompliance, if the new entity adding a transmitter

m,kes some error, whether intentional or unintentional, that results in the facilities becoming

noncompliant. The Commis~ion should therefore state that carriers have no obligations with

respect to facilities added or modified after they have conducted their own routine assessments

of the area, unless the carrier is notified of the change.

VI. TIm COMl\.fiSSION SHOULD MODIFY THE DEFL"ilTION OF "COVERED
SMR" CONSISTENT WITH OTHER PROCEEDINGS

The Order adopts certain presumptions regarding the use of mobile and portable

devices for certain CMRS offerings, including those provided by "covered SMRs. "18 PCIA

notes, however I that it has petitioned for reconsideration of the definition of ~covered SMR."

which it believes is over inclusive. in several proceedings where this tenn has been used

before. 19 For reasons described in those petitions for reconsideration, PClA believes that

certain small SMRs should not be subject to the same requirements imposed on other

commercial mobUe radio service: providers. For consistency I PCIA urges the FCC to ensure

ISOrder. 165 & n.78.

19See Petition for Reconsideration of PCIA, CC Docket No. 94-54 (filed Aug. 23,
1996); Petition for Reconsideration ofPCIA, CC Docket No. 94-102 (filed Sept. 3, 1996) at
IS-11.



, .
that any modification of the "covered SMR" desigr.acion be applied in the present context as

well.

VII. CONCLUSION

Carriers are sincerely attempting to understand and comply with the regulatory scheme

delineated in the Order. Unformllately, absent clarifications mat have nOl yet been rc]ease4,

camers have not been able to fully comprehend and assess the e:lttenl of the obligations

imposed by the Order. PCIA therefore urges the Commission to clarify the Ordf!r and to defer

the transition date to a more reasonable one year after the release of OST BUlletin No. 65.

PCIA also urges the FCC to standardized procedures for area-wide EME assessments and to

limit imposing that extraordinary compliance burden except in limited cases.

Respectfully submitted,

PERSONAL COMMUNICATIONS
INDUSTRY ASSOCIATION

By: J.~~~1twtJ
R. MicbJel Senkowski r
Eric W. DeSilva
WILEY. REIN & FIELDING
177t'? K Street, N.W.
Washington, D.C. 20006
(202) 429-7000

By: ~j.G.!kL~
kJ. Golden

Vice President of Industry Affairs
PERSONAL COMMUNICATIONS

INDUSTRY ASSOCIATION
500 Montl0mery Street
Suite 1000
Alexandria, Virginia 22314-1561
(703) 139-0300

Dated: September 6 t 1996



Before the
FEDERAL COMMUNICATIONS COMMISSION

Washington, D.C. 20554

In the Matter of

Guidelines for Evaluating the
Environmental Effects of
Radiofrequency Radiation

)
)
)

ET Docket No. 93-62

COMMENTS ON PETITIONS FOR RECONSIDERATION

AT&T Wireless Services. Inc. (It AT&T"), by its attorneys, submits these comments

in response to certain Petitions for Reconsideration filed contemporaneously with its own

Petition for Reconsideration of the Commission's Re)1Qrt and Order in the above-captioned

proceeding. [I

I. The Commission Should Reject Calls for More Onerous Regulation of
Transmitter Sites

In the~, the Commission eliminated its categorical exclusion for cellular and

paging facilities, thereby significantly expanding the number of wireless facilities subject to

routine evaluation. The Commission ~ s decision to take such action was not based on

scientific evidence that eliminating the categorical exclusion was necessary, but, as the

Commission concedes, on 'Ian abundance of caution 112' and "generally worst-case

assumptions. 1t)1 Several parties nevertheless ask the Commission to tighten its regulations

II Guidelines for l;;va}uatini the Environmwtal Eff£C1S of RadiofteQ\LMcy Radiation, ET
Docket No. 93-62, Report and Order I FCC 96-326 (rel. Aug. 1, 1996) ("~").

21 w... at 192.

31 1fJ.. at 19L



still further. For example, the Cellular Phone Taskforce ("Taskforce") requests that the

Commission modify Section 1.1307 to require routine environmental evaluation of all

transmitters, facilities, and operations that are less than 2,000 feet from any residence. 4/

Another commenter wants the Commission to require applicams to demonstrate that each

area. within 1000 meters of a facility will not be out of compliance because of exposure from

that facility and any other RF source within 1000 meters. Sf Given that the Commission has

conducted its own studies, as well as taken into account the studies and reports provided by

other parties in this proceeding, the Commission should reject the calls for more burdensome

regulation and, instead, should reinstate its wen-founded categorical exclusion for cellular

and paging facilities.

As AT&T indicated in its petition, all cellular and paging licensees had previously

been categorically excluded from routinely demonstrating compliance because these sites are

extremely unlikely to exceed the maximum permissible exposure (NMPE") limits.lil This

exclusion also released these licensees from responsibility for evaluating and maintaining

co~pliance at multiple transmitter locations, The Commisslon's QI!!er. however, eliminated

this categorical e;xemption for cellular and paging licensees. and Instead requires these

entities to utilize Table 1 in Section 1. 1307(b)(1) (NTable 1") of the Commission's rules to

determine whether specific new or modified facilities remain excluded based on certain

41 Petition for Reconsideration of the Cellular Phone Taskforce: at 7 (Sept. 3, 1996).

.'t Petition for Reconsideration of the Ad-hoc Association of Parties Concerned About
the Pederal Communications Commission's Radiofrequency Health and Safety Rules at 6
(Sept. 6, 1996).

61 Petition for Reconsideration of AT&T Wireless Services. Jne. at 2-3 (Sept. 6. 1996)
("AT&T Petition"),
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power and height critena. '1 Carriers that are not excluded under Table I are obligated to

perform a Hroutine" evaluation to determine if the facility produces power densities

exceeding the MPE limits.

As AirTouch Communications (" AirTouch") correctly notes in its petition. the

Commission's decision to eliminate the categorica..t exemption for cellular and paging

licensees disregards the evidence in the record demonstrating that existing facilities in these

services are unlikely to exceed the new MPE limits for RF emissions in the first placeY

Indeed, the Commission admits that "there is no evidence that typical installations in these

services cause ground-level exposures in excess of [its] limits. ,,91

Because there is little chance that a stand-alone cellular or paging facility will exceed

the MPE limits or contribute significantly to overall radio frequency ("RF") emissions at

multiple-transmitter locations, both the Taskforce's proposal to require all licensees to

conduct routine transmitter inspections on every facility and the Q.rder:S elimination of the

categorical exemption will do very little to funher the Commission's goal of protecting me

pUblic from excessive RF emissions. As the Commission itself stated in the~, requiring

routine evaluation of facilities that offer little or no potential for exposure in excess of the

1/ Cellular and paging facilities operating at power levels above 1000 watts ERP and
pes facilities operating above 2000 watts ERP that are located on ,. reiati vely short towers or
rooftops where access may not be restricted" are subject to "routine evaluations." QD:ler at
, 86. In its petition, AT&T asked the Commission to clarify that the certification
requirement may be satisfied by including a statement of compliance in an application and. if
nt! application is required. throuih retention of the statement in the operator's fUes. AT&T
Petition at n. 2.

II Petition for Panial Reconsideration of AirTouch Communications at 3 (Sept. 6, 1996)
(-AirTouch Petition").

91 o.mm: at " 92.93.
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specified guidelines "would place an unnecessary burden on licensees." Ill, AT&T agrees

with ,the petitions of AirTouch and Paging Network ("PageNet") that this requirement

contradicts the Commission's stated goal of reducing unnecessary regulatory burdensyi

The Commission accordingly should grant the requests of these petitioners to reinstate the

categorical exemption for paging and cellular licensees.

Finally, while AT&T does not oppose the request of the American Mobile

Telecommunications Association (AMTA) to narrow the definition of "covered SMR

systems" for purpoSC:5 of categorical exclusion,lll it believes mat the Commission should

treat similar services alike. To the extent the CommissJon agrees that AMTA's facilities

should be excluded, it should also exempt from the RF emissions compliance obligations the

facilities used by AT&T for data-only services.

ll. Power Density and Field Strengtb Lbnits At Multl-Transmitter Sites Should Be
Increased From One Percent to Teo Percent

If the Commission declines to reconsider elimination of the categorical exclusion for

cellular and paging facilities. it should reevaluate the power density and field strength limits

that trigger responsibility for bringing multiple-tran~mitter sites into compliance. Under the

Commission's new roles, wh.en the MPE guidelines are exceeded in an accessible area as a

UY ld.. at 1 86. AT&T has more than 4,500 existing transmitter sites which will have to
be physically evaluated by trained engineers if categoricaJexclusion is not reinstated. On
location measurement! or a site visit will be required at all collocated multiple-transmitter
sites. It is ATaT', experience that only three or four cell sites can be evaluated by an
enaineer in a work day.

111 AirTouch Petition at 4; Petition for Reconsideration and Clarification of Pa&ing
Network at 3 (Sept. 6, 1996) ("PageNet Petition").

1:1/ see &cnemll)' Petition for Reconsideration of the American Mobile
Telecommunications Association, Inc. (Sept. 6, 1996).

4



result of emissions from multiple collocated facilities, any licensee whose transmitters

produce field strengths or power density m excess of one percent must ensure the entire area

aroWId its facility is in compliance with the applicable limitsY' As AT&T demonstrated

in its petition, this one percent threshold for MPE guideline compliance is too low. 14
/ The

Commission, thus, should grant the requests of numerous petitioners to increase the one-

percent trigger for site·wide compliance to ten percent. Similarly. the Commission should

establish a reasonable distance from the antenna's center of radiation at which the threshold

be should be measured. AT&T fully Sllpports the requests of Ameritech Mobile

Communications, Inc. Ct Ameritecn") and the Personal Communications Industry Association

("PCIA") to designate a measurement point ten meters from the center of radiation of the

antenna. lSI

Adopting these proposed modifications will alleviate somewhat the myriad logistical

difficulties for licensees at multiple-facility sites. As PCIA correctly notes, determining the

licensee of nearby facilities will be difficult, and determining their power and frequency will

131 The Commission at least partially justified its new policies on site-wide compliance by
reference to a study of two multiple-transmitter roof tops conducted by Doty-Moore Tower
S~ces. .OUIm: at 1 85, n.112. The Commission Wholly ignores the fact that site surveys
conducted by Hatfield & Dawson on behalf of AT&T (then McCaw Cellular
Communications, Inc.) found that the Doty-Moore conclusions were entirely wrong. Both
sites were found to comply with allowable MPE limits. ~ Reply Comments of McCaw
Cellular Communications. Inc. at 8, 11-12 (filed April 2j, 1994). Thus, the Commission's
reliance on the incorrect Doty-Moore study for purposes of establishing its new regulations is
misplaced.

161 AT&T Petition at 6-8.

1S1 Petition for Reconsideration and Clarification of Ameritech Mobile Communications,
Inc. at 7 (Sept. 6. 1996) (" Ameritech Petition"); Petition for Reconsideration and
Clarifi4;ation of the Personal Communications Industry Association at 15 (Sept. 6. 1996)
("PCIA Petition").

5
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be nearly impossible. 16/ In all likelihood, licensees may only be able to ascertain

compliance through field measurements, an expensive and potentially lengthy process.

Monitoring of at least 24 hours will be necessary to identify temporary peak loading

conditionsY' As PCfA and AT&T explained, raising the threshold to ten percent and

establishing a reasonable measurement radius will help ensure that the Commission's rules

regarding multiple-transmitter responsibility do not create the perverse incentive for licensees

to avoid co-location with other facilities.

The Commission should also grant the request of AT&T and other petitionet'~ for

clarification of the compliance obligations of previously authorized stations. While the

Commission states that all licensees are expected to comply with the Qn!sa:, it implies that

exiStina stations may continue to operate their facilities in compliance with the RF limits

applicable "at the time of licensing and authoritarion. "IAI Similarly, as AirTouch states in

its petition, the Q.n.k.[ could be read to subject existing licensees to enforcement measures if a

new licensee adds a facility at an existing site, or if an existing licensee adds or modifies a

facility at a site where one or more licensees alrudy operate, and that new or modified

facility causes the site to exceed acceptable MPE limits. 19/ AT&T agrees with AirTouch

151 PCIA Petition at 15.

171 Because of these logistical difficulties, AT&T renews its request that the Commission
define "site- as a limited radius around an antenna or group of antennas. AT&T Petition at
6... Absent the establishment of reasonable site boundaries, ensuring site-wide compliance
wiU be extremely burdensome, if not impossible.

. 1" Older at , 119. This implication is supported by the Commission's statement "that
the new RF guidelines will apply to station awlications filed after January 1, 1997. It I!1.. at
, 112.

\91 AitTouch Petition at 7,
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and U S WEST that, at the very least, any incumbent already complying wilh the standards

should be able to expect the burden of site-wide compliance to fall upon newcomers or

modifying incumbents who precipitate the excessive emissions. lUI

ID. The January 1, 1997 Compliance Date Should Be EJi.1ended

If the Commission decide.s not to reinstate the cellular and paging categorical

exclusion or increase the field strength and power density threshold at multiple-transmitter

locations, it is essential that licensees be given more time to comply with new regime.

AT&T supports the numerous petitioners who request that the Commission extend the

compliance deadline. which is now set at January 1, 1997. to one year after the release of

the updated OST Bulletin No. 65. 21f As AT&T and other petitioners made clear, there are

nUmerous justifications for such an extension of the compliance deadline. The new rules

imnn.....1gniflrant r~~mn~lhilitic~ on 1icen~s, ~$pecially those -- like AT&T .- who operate
thousands of transmitters across the country. It IS unrea ISllC to expect lllat 1!U:I1~~ ~iJl

ensure compliance with a new and complicated regulatory regime within such a short time

frame. 12/ The Commission recognizes that "applicants may need to undertake significant

analysis and study in order to comply with the new guidelines ...U/ After determining what

20/ !d.; U S WEST Petition at 7.

Z1I S= Ameriteeh Pe'tition at 5; PageNet Petition at 4~5; PCIA Petition at 5, 10; Petition
for ReconsidetationlClaritication of U S WEST at 5 (Sept. 6. 1996) ("U S WEST Petition").
B.d1South aha ftlCluests an extension of the transition period to six months after the release of
the revised Bulletin. Petition for Reconsideration and Clarification of BellSouth at 5-6 (Sept.
o~ 19",,") C:Dcl1~uuLh :r~~&.iVII"). hTaT bClli......o thg yoar lone p.ri.od i&: nP.r".nl:II'I·Y rn

complete the process adequately.

721 ~. PageNet Petition at 4~5.

23/ lil.
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the obligations are and how to meet them, licensees must then evaluate every transmitter

facility to ascertain exemption or compliance. Because this is impossible within the given

time period, failure to extend the transition period w1l1 require the tiling of waiver requests

by essentially every carrier. This clearly is not a result intended or desired by the

Commission. 141

AT&T further agrees with PCIA's proposal that, if the Commission declines to

reinstate the categorical exemption for cellular and paging facilities, it should, at a minimum,

institute a presumption that individual requests for waivers of the new compliance

requirements are deemed granted unless affirmatively denied by the Commission.
151

Any

waiver process, however, is unnecessary and wasteful. overburdening the Commission and

carriers without achieving any positive outcome. 261 Because so many licensees will be

unable to comply with the rules, it would make more sense to allow carners adequate time

for transition to the new rules.

UI s.cc PageNet Petition at 4-5; PCIA Petition at 10.

25/ s.= PCIA Petition at 14. AT&T also shares the concern of Ameritech that waivers
will offer little help to overwhelmed licensees unless the absence of OST Bulletin No. 6S or
lack of time to comply equals the ~good cause showing" that will justify a waiver.
Amerirech Petition at 6.

261 s= U 5 WEST Petition at 9.
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CONCLUSION

For lhe foregoing reasons, the Commission should reconsider certain aspects of the

RF Radiation ~, as detailed above.

Respectfully submitted,

AT&T Wireless Services t Inc.

£~j~/ft6
Vice President· External Affairs
Candy Castle
Director - External Affairs
11SO Connecticut Avenue, N, W.
Suite 400
Washington. D.C. 20036
202/223 ·9222

Howard Symons
Sara F. Seidman
Gina M. Spade
Mintz, Levin, Cohn, Ferris,
Olovsky &:. Popeo

701 Pennsylvania Avenue, N.W.
Suite 900
Washington, D.C. 20004
2C12/434G-7300

Of Counsel

October 8, 1996
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3 kay papers th8t will help assure that exposure is properly cuul.tcd for workers servicing
wir~lfi' tnanomitton.

;

#1 .. on eyegluses, emphasizes how exposure can be more than 10 fold ifmetal' frame eyegl8l1el
arewom.

#2:;; Shows that due to reflections, especiaUy comer reflections, that exposure can iiloreuo 16
fol~. or more

1#3 ~ Shows that when men work in pairs, or a group of 3 close together that the ,exp,oSW"e .level is
hi~cr, since ~ a group the men act as an antenna.
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imately 30.

orltnlalion for horlzonlal Cfitnl4tlOll .. ~telCIl

s~tQc:14I WingS tflH\ttete ......
1.=O.IIIOl (.dO,2'1O'

Fit- 3 SpJrniaI co-a'~. S)II"", IBM tD .... 1M.~
II'iIftIHI'H rllCtMIIQfMnt WdleS aM .,.~ ofelM!mod., for aPI, JIl ofn",""'.,.......... :

3.2 EXII."""",Gl (lGl'UJbI.s
The cqJari~ql nril* 1&Ud rnr thlt nud\J· ~.. i_

ro~.. ,,-""in. pluae uailDrm reM w... ilddllu Qft

U11luhiKt. 111ft lIiwrinn nfi~::",~;i..
Slttlmcal CQoOJdmatl ten'D1,l, the . of tIIo ilKli·
dan ..aWl (., ADd •• coaaponmci of elecIric bI4 IlJ ,lid
ita rrequency are tb. variabJea UIOCiaIed witll die 108rOC,
u shown iD Fi.. 3. KaowIedp or Chit IOIUW paw« it dDt
lIIlCCIury because it I'll cIDll'imel".1 Ylria~ .~ bpt
oooitant between tile dar. sets ofIII~ die. a
direct c::omparisoa o( the three "tI 01 -.Ita wm )'iekl tbe
UJuUU.WII l.qulRld.

'MtlIAUrelDollb laY!: "-n mrricted Nt "1Wl .,r t ....,
ordlOIDW poIari.aliOlll ol the incidlftl TEM '"~. two
ortbolOtW polar planes Ihrouib tbe complttll three·
dimcasioaal respollle pattcm It II pallit... loideWI'y Ioiu
dildnd meatllRlMftt modea' cot'flllPOtldiwl ~ eM clloiec
between oithcr horizoatal, H, polarilatiGa or 'mticaJ. V.
potsrisatiol\., and the choica between I IWPOJ1II pUti'm in

I
llandGrtl 'I,..qI

,:::::1.---

~P-t8

tiP lltaIA

'iNl9mQtlC t*_.
QAGlywr "\lII~

MPtl4!a ~
.,.~n ,-WIII1.y.~

C:Ol'/'lClU~ .-_'. l.-~_-..J

..... 2 'Sim,nUift "lode Ji.- of ,,,, ft'~ GIIICIUI/I I'Mi
·.,iOfl jIlIIU'''' _..v/l, ~)IIIt.'" Ntr. olt /I eoIlIploftr
e-,.ol/n ..icro_IWf.....A"'f'$II', ,III HI' '409A

The .•aiD advantap or lIIial an imal'. or canb, plane
lor Ituctyin~ 'bt eftft:t ot'mDuHrllllllG ftlCCtadr., nn 11I.-n..
wave ~tiOlt'bear the e)'eS or bmans c:&Q ~ a.i~
a. (et.-. A muoJ..l <A a hwnaD aUbjoct bu .. pllUltil ul
bilaleral symmcuy tblt diYides the: bcId iDtD haJves
tboup :tho IZDtre ot tU foreflcad, 110M aDd chin. latro
dw:doll'of. hilhl, c::onduc:tiq -ac plue iDeo that ptue
or~ provides a lbieidcd half...... that, amolll
otbcr tlMp, allow, • probe to be p_d throuab a maO
bole into tbe rqioll near tbe lllrfam ol dUI 'Yc. TIle ttau·
miuioa.liae chat tralWaitl ebe probe danal to the mcasur
lq IIIIClInbly call be ftlirefy ,~ rrOlll. incideat a.od
ICllttm4 waves by the imqe ,"sac., in ..hich cue it will
DOt d'ect the qWlAlity to be measured.

The we 0( aD imaac plalte ror n.perimeatally lelriDg
IUItUIIU that have • plane of symmetry OYer ...hidl the
taD...ti81 e*tric field , zero is well known &ad atab
....... U' ltaadard tal prac.dun (T'" lrudtute of £1«•
tlieal4 :!IIettonic~, 1919). In the caM of eataia
limple ftnactarw. lUCIa as CC'atre-fed fUOIWl&thiIa-wiR
antednU. It is MIl bawn thai tIIIU OQ ou'lIaJf of lbe
stnac:tuni wltb aD earth pi.. en tbe piau or bilateral~
dlett)' will yield e-dta that .... dinedy aad limply related
to thaee tor dae complete Ilructure.

IdcaDt ... ildbUtely lat... flat, bilhly ClQftclllC:tiq .... is
NquincUor a I*fecc ilDap to be c:raMd. III pncdce a
fiaire sill sheet 0I1Oa111 cbOllll lhape mlJlt be u.d aDd.
wbetal !&pecific QrcaIDlta.aWl will tend to dbar.e 1M liD
of sheet Itw may be UMd, dsc Ibape may be fDOl"C open to .
c:hoioe. A circular ....ped imap pin 1·8 lSI ill ~tf!rwas

·-c:fl.0IIII becawe tile eft'oc1s 01 ita .. 011 tbe ~J'&" dw'
ICt.riIticI 01 certain tyPel of eUlaDU' ean be acnrac.ly
~ aad aIIo modiAed by t~tment of the edp with
microwue-absorbcm materia! (OllmN. 1982~

3.1 '1Il4:",-
A tJUD ~lraitbt wire ot' leqcb , projecdol at rillat ....

ftoaL ....Uaatt ..... tbto...... c:hJIMI at die lOp o( the
llOIC .m .fOIIIODl,i 10 till: oI8ctric field IIW' the iGnCr comer
of the eye Cbae is IM*ritcdllOnnal to the imaao ptaae. T1Sc
wire c:aa be the inner coDdUC1or 01 a COlIldal ttaumiPioa
Iiu lad Craft be rqudecl as •m~ IIltnDa witb 10
~ ....ta 0( (1/..) wawl_1tJM, whe,. A ia lbe __
Ialp ol &be iJlcideat clIctrDmapttic wl'Ve. Ita relpoaIC to
the ID&petic field is nealilibla compal'Od with that to tile
electric: fieJd.
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4.1 HH ~11S1U'f'1V'" mo4~

.._~_.r~~"~ ~U~ !~t9:.!1J.'."\trlql. !MJICll1n~A.!..
016000 MHz.

.II~I (II 6000 Io4Mt for OtH) ,,",00.

[umlutaon of the l"CIpoaae of the IUOIIOpcM ....1UlIl
mounted by illelf on Ihe earth plane revaIod tile expected
COlI 8 form of tlSPOnJl! at frcqlXllCia dOlI 10 till resoa.nl
frcquenc;y oeapproUmately 2 GHz (ftot abo... Dn), while
It roEher rrcquc::~iC5 minor Iobel bqiD to dlyeJop u
upeeled (as sbown in Fi~ ~) (STtlTZIIAJI lid TIlE..&,
198n Minor departures wilicb ~ur ill Idditio.. lO cbe:
expected response are mun1y due to edle eI'ecu occurrin.
due to the finite siu I)f tbe earth plane. However. these
minor departurQ fruID theory Irc o( no rC&1 CODOCi'll here.
where the monopole aateua rapoDie is UIId _Iially
U I reference: by which to determine the efl'eet of inuo
ducinl the phantom and tb. apec:taC_.

When the phantom II iatrodUCleCi on to lbe e.ttb p......
IheD for ocptive yalues of f) tbe pAutom is ....... blhiad
the 1Il0000poie antenna, whe. IoGlda. from 1M trauait"r,
and :10 lIboutd haye little etrcct 01 tbc avenl -Pt of tbc
relponfC pattern. bUI for positive values of' the p!lucom
is directly in tbe palh between tM lrallllllliticr IDd ,be
monopole ucenna. and 10 woWd be ell.... 10 i.uodlllll
I llpificanl amount of annuation '0 lhe .paIs received
by the monopole.

1'be bcr details uf the s-ttem sIlowe ift FI.. , .,.
typtCal of the mults obw" for tbe (req...., rup con
sidered and are due to a aumber ol.lI'eota. n. pbantom i,
composed of a dUD shell lUia' wltb a material ..tile fot
simulatana the microwave propertiol oC dMl IaDlU. body
and therefore acts as a lo..y ClIVlty resoulor wlUch WIll
rewnllc at differeDI freq\lCfteies dcpeadiol G1I ill nata
tion relallve II) the incicicat ftclcb. We mipt 'berefore
elpect 10 find dramatIC dlCll dl rclpoI\IC &,~
wlUc:b callie the phantolD to teIODIIle and ,hac tM PQIi_
0( 'hese dip' would sll.ift u the frequency VIIiII. A ......
ina WIve: pattern will .110 be formed aro_nd tilt phantom
and any dip' In rcspoftIC eould be d_ to t!w .oaapole
beln. plac:ed an the position of a Illlll in tbc seuu.-wave
paUem. Dift'racuon eKectI may &JIO aa:ollnt ror IOIIle of
the ocktllila an l"QpunK ~ttl;rr'l. lila c;:C)111d dcpo..riMlion.

couphnl and scallmng etrcc:ts.
However, It IS the third sct of rcaul". 'bole obtaiMd

wbea tbe spectacles are illtroduCied onlo tbe pftantonl., IMl
arc of IlQtell intm::at .nd ~\U... a lDOrC tborDUP
eumination. It II thew raults whic:h delenmDC tile e«eel

1M

nr." N'r&lllrtlllfllU ","11 '1Je1l 0{ I'NO J04l1nSa1flHU (.1:011I111.
H. Of' ucrrtall. V) III rDC" of 1__ pcIitIr I'I4IMa IIIUlIf /Ion.
rOllIIll. H. ar IIlWlicrW.. V) 'lor IIw 1_~rrrttJG~~

HH. HI'. ~·H .... VY At IlllUmu_1Ibow

a polar plane paraJlcl to the WlDa structure 01 the specta
cles, referred to as H. or DQnnaJ to the willi stnJc:tW'e.
tefCITod to u V fia. 4 illustrates the orientations o( the
potaNation oC the lnadenl TEM wave And tbe phantom
relative 10 the floor o( the .nechol<: chamber. The mono
p<* utendi alOlla tbc: z·alOl from the anpD 0( die eo
ordinate sysccm. aoct It 1'lIft111ftl parallel to the loar otlhe
chamber. the horizoDtal. H. u does the propapliOn "ector
.. altha inadent TEM wave.

.. A....lts

nc results for each lDCuurelDCl1t mode are prcxnted
ia. 0tW oltbe (on~o.manners_ Reapollle patteru at one
panicular ••cilalioll Crequency IIId for each of tile thnle
l)'ICemS--4he monopole b)' itself (referred to U aloDOpolel.
the plaucom ia place ODlk earth pi&DI (I'IIerred to u alld
pbantam). and !be spect&c" sublequeatly 1II0ual. on tbe
pbantom (reCetted to as aftd spectlda~re plOlted on
the aame tet of ues. The respoue of the system IS plotted
apiDlt the orientation 01 the earth pi.... where the nep
tive values of ariml1tb ancIC 8 are those that correspond
to nluca DC • equal to either 0" (horizontal wi.l) or 270"
(verUc:aJ wiD.,. ..bile poaitlve yalues ~"",poll4 to VaJlICS
of 110" tholizonl&1 w'DII and 90" CYertical wiD&). The
maaimum level of RlIpoltle (or the 1II0nopole mouatad by
itlell' on tbe eartb plane II ...1PJlId an arbitrary I8tO level.
IUd .U odIcr rapoDIC paUCI1ll are pIoct«I rwlatiw to thil.
II should be cteu that the diff.,ence in rapon_ bItw.n
lhe cue ..hen the phIDlom il placed 011 the earth plane
ud tbat wbcG th. spe.;lKJea arc mOllnted OD the pbaDtom
willgiye the effect that the melal-framed lpoctac:lca intro
dllaJ. Tbcn:ronl, a IeCOIIIi -=1 g( l'Qulu ,"u &lao be ~l·
• when lbe difference in rapoDJe at panic:ular frequeftdes
bet~D tbcsc nro systems IS piotted lpiut tbe direction
of incideace. Therefore. a positiVI! rapoDJe iaaplia thai the
spectades c;a\I.M all increue in the hid lurrouDdiaC the
eye.. while a neptiye raponlC implies l decrcue.



Ibal mctai·fnmcd IpICU~ICI ban oa iaddont ftdda.
AMIlmin8 thAt toUrCII powlf ia kapt t=Oftltallt and thaI III
other (actors co1lCCl"1led with tbe atuciy arc WlChanpd
_twan all tbRc lIeU of raults, tMD • limplc comparilOll
01 tbis let of t'tI\IltI with the prC'rioua oae ,boule yield the
Information we require.

A detailld dilcuaion 0( tho n::IUIts obtaiDed for this
tbird cue will Got be present_ bcte, buc weead the dJI."
,AeI be~a dw nadI.dun pau"nJ. ubwi...l lV, UIO

pbaatorn with anc1 Without spectacles Iw been clctmniaod

Old ill prmenled in Fis- 6. The ditt.......... til. twO
reI11ltl is plotted apialt orieIlWion for &ellueadel 01
2000MHz to 12 000 MHz iD 2000MB, F", 6 ill.
tnm tIw '-* thaa tbIro if • ClOGlIUteM of up &0 '
SdB over chi fnIq~y ranp 4000 to IOOOOMHJfor
&III!_ ofincidcllce in tbe rup -10- ,,' <6Cr.

Tbia rcralt it eoaau1aIt witb 'Nut we apoac. u 1M
iacidea& TEM wa~ his. a colllpoDnt of ... tokI
......lld lu ll.. ..~ ur Ll...~l~ tVI ..u WMw,Ul:':Uia
except thOllll clo. to (J - ::90·, ud • compGIlIOt panDel

40 ~s ntaDV. 10 pftanIDm ("H) 4000","z
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~vI. nil! of the speet'" (or all o'lientation, except t~ose
clole to j) .. 0". Howcver. InC: lD.JUUPUIC pl\lL"s I••••·ea,
IDIlcs to tbe WIRI .tructure: and allo 10 tbo ~uiVaW:n1 of
the loop aaClmDa, the mapetic: lioeu wjfe .ntanD&. There
fore olLly a~ will amollDl or re-radiatld clBctnc field
will be .,-ralW to lb. tnmlopolc probe. But tbe presence ~
the pbantom and the raa that the mooopoic probe 1$ tn
the Ilw.6dd of the spccta~1ct will increate tU pIIrallei
component of re·rUiatcci electric field somtwhat.

4.2 HV ""'lU'nwnt '"DIU
The nspon.. 01 tbe monopole probe is Ii",n ill FiS- '7.

R.ulb for the monopole moumtcd by hscJ( OD the .nb
pla= (or thia mDde &fC ideaticaJ to the_ obtaUMd (Of tile
IIlOCW~ in the ptevtoul secnon, and iUuatrace the
preciIknlaDCi rlpeatabilit, of me&suremnts.

Tbe pbaacom lOnlll aD obftruetioll betwlll1 tit. OlOno
pole ua4 tile cnuumittor for aU vaJUft o( I. except thnM
dole to:='D. and so woukt be txpclCUld to inttod1ull: sia'
ai6c:aat'Ueauatioo to lbe levels reacbi1ll the monopole.
This it ClDIIftrrDed by the resu1ta when \tie DDd tbat the
overall llIape of tile rapoDlC pattern whea the phaatosn is
iDtrod\&Clld is UIilar to Usac ror tbe monopole by itsel!. but
witb I corrapondi:q decrease in levels. Tbia is particular!y
trutI forfnqv.cDcia above approltimately 6000 MHz.

Wbna the~ ant illtrod\IQ:CI onro the .r1b
pj&1lC, ir iliouad Chat the b&lic shape or the result, renlaiaJ
ramy collstanr for (requancies above approximately

.'teCI Qt toOCl "'Hz fQr (Mil I ""Olil.

I -10,
-70

~IO.,="",""'-=-"--"~_"""_-'-"""''''''-'''''''''''''''-to -eo -30 0 JO 10 to
QZlmutn angt«.•

..... ' ....".,. pauM,.. {or (lui mollOpo(. "robe AI 6OtJO MH:
{MtlwHV",.

6000 MHz.. but aa:omPfonieci by I' .nut in levet. The buiciii.,. n{ thl rnriilrinn MltInJ gllllhli& i. (~lr~Y symllSllri
cal around 8 ". 0·, a. tl\is iA coMlt,-m with the fact that
the orientation of the incident elet:tric ftelcl with ra,.at to
tbe 1~1es lUll~ or lea lymmtUical about' .. (Y'. IA.
the elllddc fWld iJ' ill tbe plaDe of the rima f. til orieftC&!.
lions blltftOrmalto <btl wlDl· An, dc\»rtUft (rom dliI
symmetry i, due.to tile preseDCe 01 the ph..Uoaa.

The dilf'etCDCC betWClllQ tlIIUlti obtained for tt. pbaDrom
with and witbout t1*tacla are plotted AI .. ftuIcdod of
orientation ror freq~. of 1(lQ() to l1QOOMHz ill
2000 MHz step. and presented ill Fit- 8. ThilIboWl dial
tbere is IJl itlC:reue in racti.tioR IevIII *Ii", to the
phantom of up to 20 dB for (feqMQQII belaw 6000 MHz,
and {or most values of O.

The electric field of the ilK:ident TEM wa•• baa • ClDm
ponatt para.ll.1 to tbe rim 01 tbe .poc:tacJos for &It oricac.a··
tiona. and thill may ClUM • lipUft;ual amowat or
rNadi&uon to oowr. willi. a c:ompo....t ~ aIal:tric leid
P8fallel to the JDonopole probe. 2KCitatioD '01. tilt wiD'
structure may ,110 occur due to ICItreriq UId de~·

. iulion occurrml (rom the pbantam.

".3 V. H lind VV meawr.rrr~ rrroda
Polarisation or tbe iru:lident electric Ileld ,,1OnUl CO the

monopole &Dd so one would~ zero IIIPO- ror .11
oricntariona. 1'be absolute level of radtadon aperienced
by the monopole for vertical polarislcloa cI cbe elec:tric:
6cld compareci with horizonl&1 polarilatioa 11 red1acl by
u mIlCh at 30 dB, which putl aill'DC&ll1Nl8lDtt WI')' dose
to the l.imita of the dyuaftlic ranp 01 the DItWOrt lul)'lCf.
When aft item is introduced onto tile earth pfue alon,
witb lbe mOllopole Olle wouI4 e1poc:t chile to be an
increue in tbe level 01 radiation at tbc IIlODOpoIt clue to
llClltteriq aDd subleqUllJ1t depoUriaadoa 0IlCUI'riIlt Irom
lbe MW item, aad tbis il confiJ'meli brcbe NIUlts.

A detailed discuai.on of raults is. not ,.able hore.
SufTace it to say that <bere il a conJistaU illCl'UR 0' UlI to
..odD in radiation Incls at tb. moaopola lile tor the VH
1l1<ldc, but a eoftsistcot decre.~ for the VV rDDda.

5 Concfu.ion

A ftIIIUUfOlllont tocluuque IaaI ptOpOItd that
allows a lafIe 1llB1lbcr of &ClC.....tetU to:be
pcr(onned in • relatively shon apace or tiIM. Jt ...
shown dlat the inttoduction or • pair or 1IIIfai.tnI1IIId
spectadcl caUICS IIIi~ in the s_ ...a.ed b, the
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aZimuth angl.. • ClZt,"ulh Ql'Igl'. -

,.... P4Il,enq at 1. 4, 6, 8,10 11M J1 GH: wwl... ,IN elflel Dffllli4illf/lI'IIlt(l/..Jr-d sl'fC'«1u 101M phQIttOrfl/M 'Jw·HV"""..
monopole probe by up to'j dB for thI HH mode aDd by
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Numeric:al calculation of electromaluettc ener.y deposition in models of mla with
groundina and reflector effec:ta

M. J. Hagmann and O. P. Gondhi

fRcceivl:d NQ\"ember 4. 1977.)

Iml,e theory has been uaai 10 obtain moment·method solutions of lilt deposllioa or t:lceuolll&pet~

cner,)' in 5tandard min as. funClloD of Irounc1illland r.nt:ctor effects. The calcullttd vllulS Il.la ,OOCl
a,r_en1 ..lib uptrimencal <lata. For the 1:1.1 orieDtation. the resonant fnqlllllCy of .llndud man
,lIir" from~' MHz in free ,pace to 4; MH1",hen 1talldinl on a around 1I1ane. The _ndlncto( rlllle
lor errecu on ,~elnl.nd freqlll:l1CY are in ••reemt:nt with the I.i n enllanumcnt calc:vlllted few cUpola by
Intt:nna theary.

1, INTJWDllCT10N

cxperimCfltal ObSIl!"'.hun~ of IIroundlnl and rd1ector ef
rec~$ have been reported previously, but numerical methods
h.~c not been available to confirm the observatiON IOGII
dll;~' 111.. 1977bl. We han used Irnaae tbeory to reduce the
problem of man either grounded or in front of reflectors to
tllat or. multiboJy litfllet In tree space. Moment.methnd
solutions ot" the electric-field intclralcquation hive a pulse.
function basis and delta (unctiolll for latina. A l80-ceil
mood of the 50th-percentile standard man wu used in the
a1lculation, (Ha,mflnfl r( ai.. )917J.

economy; or alternately, more cdls may be used for Irearer
accuraC'y, A reduction in tnllrix size i.~ pnssiblt by the use
of ·'compression." which iJ described DCltt.

The geometry involved when ima.. arc Wild cau~es the
fields to have &ymmetry. Let m be the Dl&mber of unique
values or E that are repealed n times with pouible siln
chanlell, We may order the: r.rll~ iO tlw the IndiCtS from 1
to _ eo......ponc:t to \he. ..."i,.".. C Y.IUQ, _IN rur any IcnCler

1 :£ t :s m, then Ei_, Et."" • .... £t.,•.".. correspond to
values related to Ei by 5ymmetry.

Tnc relationship of aU m x " of the £ values tQ the
"'-unique E values may be expressed in matrix form:

!. APrLlO.TION OF IMAGE THEORY
WLTH COMPRESSION

Equalion J may be solVed direclly, but a redUClion of
matrix 5iu: wiJI allow the solution to be found Wilh gr.at~r

If all reflectors and around plane. arc Qsumed to be
perfect conductors .lind intinile in extent, then tbey may be
removed if suitable imaaes of lhe scanerin, body arc in
duded. Since polarization currents in the imqcs contribute
\0 t!te sc:actmna. it is necessary to Ireat aU pam of the scat·
:crinc body and the imaacs ... diK~te cells. If pulse func
lioM are u.,c..i as a ba~i5. it is necessary thaI each ~uD"olumc

be sanall enoulh that the electric: field thai it contains may
be auumed censtant.

.~ moment-method solution wilt! pulse functions will
re!ate the column matrix E. ~hich contains the unknown
elettlic-Oeld values in ~ach c~!I. to the column mani" E',
~'hich ~ont.ins value5 Qr tlte Incident electric field in each
"til, throulh a squ.re matrix A. by tile equation

(2)

(3)

[~:] · [::J ~:J
E.... 1. lE..

[1'J I~J [E'J:; C~ ::.

where flo I), .. " I. are m by", matrices ""ith :z: I 011 the
dialonal and LefO elsewhere, and II is the", by m identity
matrix.

Compression may be obtaifted by nOlin. that oni)' the
nm m 5imultancous equations need to be USN in equilion
(\); substltulini (2) in (l) \Ioil! iivc • sIrle! of m
simultaneous ,quationJ in the m·unknown uniq\lIr \·alu.$ of
E.

(I)At: -E'
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Fi•. ) Field relltionship$ for a body wich one plane of symmelry
in franl or a 90" corner reflector; Eli, U'.

Fie. 2. Field ~latio1l5hips ror a body with Gne plane of lymmellY
In front of I nil renector; Eli'. If. Ii.

where N is an inteacr. Field relationships u£ed (or a body
with one plane of symmeuy in from or a 90° corner reflec
lor are shown in Fiaure 3.
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fil· I. Field relllion1hlp5 r~1 I ~t)dy wuh one plOlne of symmttry
above a "round plane; Eh. III,••-y plane is the Iround plane.

In implementing I.:Oh\pression. the t:omputalion of
matrix A' is made by making n modified passes throush
the loops that would norn\i1lly be used to accumulate the
scattering miltriA.

We have used c:ompre~Mon with imaae theory to creat a
bod)' with olle plane of ~ynllnetry .bove a cround plane, as
is shown in Fi,ure I. The field relationships used for a body
wilh one pla.ne of symmetry in iront of a t1al reflector are
shown in fiaure 2. It u :ll~o possible 10 use ~ompresslon

with imalle theory 10 tre4! i body In a corner renel;lor, if
the corMr reOector hu a dihedral angle equal 10 180 0 1N

where A' i.~ an nr by m rnalrilt formally defined by A '
rirsc nr tOws of:
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Fis. 4. Local SArt Yllues (W Ill"' per mW em"') )( 100 (or
innomo,cneoll$ model of man lD free lpaCe" iO MHz.

plane at 10M Hz. Figure 6 is l:onsistent with {he experimen
tal observation on models that a smail separation that
breaks electrical contact with the Iround plane is sufficient
to eliminate much or Ihe groundinl dfect (Gandhi It al.,
1975}. Several calculations made for '"e arouDdId tnonant
frequency of 47 MHz show a faU·off In rnapitllOe oj
&fOllndina effecls with increasinl dlnanew from tM ,round
plane. which 1$ similar to the results at 10 MHz (Filpre 6).
A model composed of 292 cells was made by dividlftl ftch
ot' tne six l"l'or;,t cells in each lea of the 180-c:ci1 model into
CI&ht idtntic:al cubtcal cells. Six solutions made: (or the
292·cell mOdel and duplicated with tile llO-c:ctl mocJel SUI

iCStthat the fall-off or the aroundin, effect With il1l;reuin.
dis!anct from the Bround plane may be stl.tuly ,lower than
is found wilh Ihe 180-ccll model.

Figure 7 show~ part. and wltolt·bociy SARI for the model
of man ~t.1ndin8 on a "round plane at varlou$ rrcq~ncies.

The part·body re~onance5 shown in Fil\1re 7 have also been
obs~rv~d in calc:ulalions for the same model of man In (ree
space (Gandhi I!t al.• 197'7al. Tbc enhanCClI\CtU in absorp.
tion of enerlY QUt to the presence of ••round plane i~

.rutest in lhe 1t~1 and least in the 11eId. Fiprf • ,kOW5

whole-bod)' SARs for tile model. of man bDth in fret spacr
~nd when ~tandinl Oil a crouna plane at various frcqu.n·
CiC3. Grounding effe..:t5 a1l: most promineM at low (reque"·

J. GIlOUNO EFfECTS

All calculations of groundine effects have U3umtd that a
man is stlnclinc on or abol/e a perfectly conductin& &round
plalle that is infinite in e:ttent. The: im:idcnt field is vcrti·
,ally po\ari2.ed with II. dirlleled from the vental to tlte dorsal
upect of the man. Internal fields in the model an the same
as those in one-h.l! of a double·man. whicb consists of the
model and its imace in free spa~. A lSO·cell model of the
~Oth·percentile standard man has beell used (or the Qilcuta
lions Ilfurmllnn It ilL. 1977}.

The call:ullce<! resonant frequency of ma.1l nandinl on a
3rounc! plane is 47 MHz as compared to n MHz for man In

frec space. Th~ sp~cific absorptio" rate (SAR) of man on
the ifOunC1 plane Ilt the reduced resonant frequency is 32.5
per~cnl grealer Ihan the SAR for man ill free space II the
free-spa.!;! resonant frequency. At lower frequclI(;ies. the
SAR o( man standinl on a ~round "lane may be increased
I:onsiderably from that Or the same model in free space.
ThIS in,,;reasc results from these frequen,ies bein, closer to
reSonan.:c for the &rounded ~n. For example. at 10 MHt
lhe SAN. of man standing on a around plallc is 0.0163 W
klr' per mW em", which is about se"'en time, Ihat found
lor Ihe same model in free Spl'C.

Figures" and Sillustrate. respccti\,cly, the distribution of
ab'lo:bcd tnerlY in man at 10 MHz in free space and in I:on
t,,1:1 ",jIlt the around plane:. The ~nhancemcnt of 101:31
ener&y deposition due to Ihe Iroundin~ efrecl is approx·
ilTlJltly a faclor of 60 il'l the area of the ht:cl.

Ftiure () 5ho~s the pan· bOdy and whole-bod;' SAR for
tile mCJdel Qf ma" Wl(h chrfereru ~paclngs from rh~ ground

Thert are tWO types of symmetry relationships use<J for E
vlIlues in Ihe three figures: (1) Two points located sym
mctrically in respect to a plane of syrnm~lr'l oC th( body
Inat l;ontaitlS both Ii; and E' WIll neccssan)y have E ,al~es

thai arc mIrror (maae5 50 that the two halves .rc m·
disti"lluishable under rcllectipn. (2) Two points lo~allcl

nrnmclncally in rr:sp~ct to a pla~c of symmetry of the b~Y
thai cOl1tains k ling IS perpendlcular to E' Will ncccuanly
ha,e E values tnat are negated mirror imagcs, 50 that if tke
...alues are e"changed. they will correspond 10 Ihe solution
for oppositel)' dIrected E'. This relaLionship is also found
fOf tWO pointS Ioc;atec! symmetrically in rcspect to a around
plant' Clr to 11 nat n:tl~ctor as required for symmetrical mo
liul\ of a chaflc and ils irnale.

All alternative to the un of imaac tkeory with ~ompres·

~i()n is 10 us~ s~cial Green's fun(tions in place of thc free
$pa~e Green's runl;tion. Spedal Grecn's functions arc
",,,,,ilable that couk.! be u)ed to aCtount for ~altennll ab·
jc:o.:ts locatcd near tarKets having .arious shapes and ev~n

rlnilc c:onduCli\lities ITQi. 19"11; Banos, 1%61. We have not
yet pursued the U5c: of ~uck Gr~en's functions.

The results of calculations for r.roundinr. and reflector
\!ffem arc described In the next sections.

Ie plane o( ~ymmlftry·
t 11.11.

), uSed (or a body
1 90- corner renee- .

ne plane or ~)mrl'ltlry

. Ell. Ill•.
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