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necessary (o ensure that temporary peak loading conditions are identified. Obviously, these
requirements are both time-consuming and expensive.

Due 10 the magnitude of even the task of measuring area-wide compliance, the
obligation of ensuring area-wide compliance should not be imposed absent compeiling

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’s prior policies of encouraging the
consolidation of facilities to limit environmental impacts.

PC1A also does not believe a one percent threshold is necessary to achieve the
Commission’s goals. The likelihood that a transmitter contributing ounly one percent of the
MPE limit for that transmitter type will be "responsibie" for rendering the area non-compliant
is ixcgligible, especially where, as in this case, many of the transmitters under scrutiny were
previously categorically excluded from ary evaluation. In effect, by eliminating the bulk of
the categorical exclusions, the Commissjon is now requiring assessments from a wide range 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 Commission to also clarify its policies with regard to liability
for non-compliant multi-transmitter sites. Given that a carrier may have no control 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 "continuing” 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 transmirter
makes some error, whether intentional or unintentional, that results in the facilities becoming
noncompliant. The Commission 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.
V. THE COMMISSION SHOULD MODIFY THE DEFINITION OF "COVERED

SMR" CONSISTENT WITH OTHER PROCEEDINGS

The Order 2dopts certain presumptions regarding the use of mobile and portable
devices for certain CMRS offerings, including those provided by "covered SMRs."'* PCIA
notes, however, that it has petitioned for reconsideration of the definition of "covered SMR,"
which it believes is over inclusive, in several proceedings where this term has been used
before.”® For reasons describad in those petitions for reconsideration, PCIA believes that
certain small SMRs should not be subject to the same requirements imposed ot other

commercial mobile radio service providers. For consistency, PCIA urges the FCC to ensure

*Order, 465 & n.78.

19See Petition for Reconsideration of PCIA, CC Docket No. 94-54 (filed Aug. 23,
1996); Petition for Reconsideration of PCIA, CC Docket No. 94-102 (filed Sept. 3, 1996) at
15-17.
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that any modification of the "covered SMR" desigration be applied in the present context as

well.
ViI. CONCLUSION

Carriers are sinc;crely attempting to understand and comply with the regulatory scheme
delineated in the Order. Unforrunarely, absent clarifications that have not yet been released,
carriers have not been able to fully comprehend and assess the extent of the obligations
imposed by the Order. PCIA therefore urges the Commission to clarify the Order 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
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R. Michael Senkowski k ] Golden
Eric W. DeSilva Vice President of Industry Affairg
WILEY, REIN & FIELDING PERSONAL COMMUNICATIONS
1776 K Street, N.W. INDUSTRY ASSOCIATION
Washington, D.C. 20006 500 Montgomery Street
(202) 429-7000 Suite 7000
Alexandria, Virginia 22314-1561
(703) 739-0300

Dated: September 6, 1996



Before the
FEDERAL COMMUNICATIONS COMMISSION
Washington, D.C. 20554

In the Matter of

Guidelines for Evaluating the )
Environmental Effects of } ET Docket No. 93-62
Radiofrequency Radiation )

COMMENTS ON PETITIONS FOR RECONSIDERATION

AT&T Wireless Services, Inc. ("AT&T"), by its attorneys, submits these comments
in response to certain Petitions for Reconsideration filed contemporancously with its own
Petition for Reconsideration of the Commission’s Report and Order in the above-captioned
proceeding.”

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

In the Oyder, 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 “an abundance of caution"? and “generally worst-case

assumptions.”” Several parties nevertheless ask the Commission to tighten its regulations

for Ev ing the Enviro ts of iof;
Docket No. 93-62, Report and Order, FCC 96-326 (rel. Aug. 1, 1996) ("Order").

Y Id, at §92.
¥ 14, at $91.



still further. For exampie, the Cellular Phone Taskforce ("Taskforce") requests that the
Commission modify Section 1.1307 to require routine environmental evaluation of gl
transmitters, facilities, and operations that are less than 2,000 feet from any residence.*
Another commenter wants the Commission to require applicants to demonstrate that sach
area.within 1000 meters of a facility will not be out of compliance decause of exposure from
that facility and any other RF source within 1000 meters.” 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
regqlation and, instead, should reinstate its well-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 (*MPE") limits.” This
exclusion also released these licensees from responsibility for evaluating and maintaining
conilpliance at multiple transmitter locations. The Commission’s Qrder, however, eliminated
this categorical exemption for cellular and paging licensees. and instead requires these
entities to utilize Table 1 in Section 1.1307(b)(1) (*Table 1") of the Commission's rules to

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

¢ Ppetition for Reconsideration of the Cellular Phone Taskforce at 7 (Sept. 3, 1996).

-3 Petition for Reconsideration of the Ad-hoc Association of Parties Concemed About
the Federal Communications Commission’s Radiofrequency Health and Safety Rules at 6
(Sept. 6, 1996).

¢ Petition for Reconsideration of AT&T Wireless Services, Inc. at 2-3 (Sept. 6, 1996)
("AT&T Petition™).



power and height criteria.” Carriers that are not excluded under Table 1 are obligated to
perform a "routine” evaluation to determine if the facility produces power densities
exceeding the MPE limits.

As AirTouch Communicatons ("AirTouch") correctly notes in its petition, the
Commissjon’s decision 10 eliminate the categorical 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 place."
Indeed, the Commission admits that "there is no evidence that typical instaiiations in these
services cause ground-level exposures in excess of {its] limits."”

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 Qrdet’s elimination of the
categorical exemption will do very little 1o further the Commission’s goal of protecting the

public from excessive RF emissions. As the Commission itself stated in the Qrder, requiring

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

N

Cellular and paging facilities operating at power levels above 1000 watts ERP and
PCS facilities operating above 2000 watts ERP that are located on "relatively short towers or
rooftops where access may not be restricted” are subject to “routine evaluations.” Qrder 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
no application is required, through retention of the statement in the operator’s files. AT&T
Petition at n.2.

¥ Petition for Parial Reconsideration of AirTouch Communications at 3 (Sept. 6, 1996)
(*AirTouch Petiton”).

¥ QOrder at 1 92-93.



specified guidelines "wouid place an unnecessary burden on licensees.”'" 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 burdens. "
The Commission accordingly should grant the requests of these petitioners to reinstate the
catcgoﬁcal 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 purposes of categorical exclusion,'” it believes that the Commission should
treat similar services alike. To the extent the Commission 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.

1. Power Density and Field Strength Limits At Multi-Transmitter Sites Should Be
Increased From One Percent to Ten 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-transmitter sites into compliance. Under the

Commission’s new rules, when the MPE guidelines are exceeded in an accessible area as a

" Id. at § 86. AT&T has more than 4,500 existing transmitter sites which will have to
be physically evaluated by trained engineers if categorical exclusion is not reinstated. On-
location measurements or a site visit will be required at all collocated multiple-transmitter
sites. It is AT&T"'s experience that only three or four cell sites can be evaluated by an
engineer in a work day.

W AirTouch Petition at 4; Petition for Reconsideration and Clarification of Paging
Network at 3 (Sept. 6, 1996) ("PageNet Petition").

W w Petition for Reconsideration of the American Mobhile
Telecommunications Association, Inc. (Sept. 6, 1996).

4



result of emissions from multiple collocated facilities, any licensee whose transmitters
produce field strengths or power density 1n excess of one percent must ensure the entire area
ardund its facility is in compliance with the applicable limits.'” As AT&T demonstrated
in its petition, this one percent threshold for MPE guideline compliance is too low." 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 supports the requests of Ameritech Mobile
Communications, Inc. ("Ameritech”) and the Personal Communications Industry Association
("PCIA") to designate a measurement point ten meters from the center of radiation of the
antenna. '

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 wiil

% 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
Services. Qrder at § 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. Se¢ Reply Comments of McCaw
Cellular Communications, Inc. at 8, 11-12 (filed April 25, 1994). Thus, the Commission’s
reliance on the incorrect Doty-Moore study for purposes of establishing its new regulations is
misplaced.

W AT&T Petition at 6-8.

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



be nearly impossible.'® In all likelihood, licensees may only be able to ascertain

compliance through field measurements, an expensive and potentially lengthy process.
Mon;‘toring of at least 24 hours will be necessary to identify temporary peak loading
conditions.'” As PCIA 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 petitioners for
clarification of the compliance obligations of previously authorized stations. While the
Commission states that all licensees are expected to comply with the Qrder, it implies that
existing stations may continue to operate their facilities in compliance with the RF limits
applicable “at the time of licensing and authorization. "' Similarly, as AirTouch states in
its petition, the Order 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 already operate, and that new or modified

facility causes the site to exceed accepiable MPE limits.'” AT&T agrees with AirTouch

19 PCIA Petition at 15.

" 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 Pelition at
6. Absent the establishment of reasonable site boundaries, ensuring site-wide compliance
will be extremely burdensome, if not impossible.

. ™ Qrder at § 119. This implication is supported by the Commission’s statement "that
the new RF guidelines will apply to station applications filed after January 1, 1997." Id, at
{112.

% AirTouch Petition at 7.



and U S WEST that, at the very least, any incumbent already complying with 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. ™
UI. The January 1, 1997 Compliance Date Shouid Be Extended

If the Commiission decides not to reinstate the cellular and paging categorical
exclusion or increase the field strength and power density threshold at muitiple-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 exténd the
coﬁpliance deadline, which is now set at January 1, 1997, to one year after the release of
the updated OST Bulletin No. 65.2Y As AT&T and other petitioners made clear, there are
numerous justifications for such an extension of the compliance deadline. The new rules

imnnse significant resnonsihilities on liCGng@S e¢specially those -- like AT&T -- who operate
thousands of transmitters across the country. 115 unrealiSic [0 eXpect tal Lrensees Ll

ensure compliance with a new and complicated regulatory regime within such a short time
frame.? The Commission recognizes that “applicants may need to undertake significant

analysis and study in order to comply with the new guidelines.”™ After determining what

2 1d.: U S WEST Petition at 7.

2/ See Ameritech Petition at 5; PageNet Petition at 4-5; PCIA Petition at S, 10; Petition
for Reconsideration/Clarification of U S WEST at § (Sept. 6, 1996) ("U S WEST Petition").
BellSouth also requests 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.
0, 1930) ("Dell3uull Politivu"), AT&T believes the yoar long period i nerestary tn

complete the process adequately.
2/ See PageNet Petition at 4-5.

leld.



the obligations are and how to meet them, licensees must then evaluate every transmitier
facility to ascertain exemption or compliance. Because this is impossible within the given
time period, failure to extend the transition period will require the filing of waiver requests
by essentially every carrier. This clearly is not a result intended or desired by the
Commission.*

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, ata minimum,
institute a presumption that individual requests for waivers of the new compliance
requirements are deemed granted unless affirmatively denied by the Commission.’” Any
waiver process, however, 13 unnecessary and wasteful, overburdening the Commission and
carriers without achieving any positive outcome.” Because so many licensees wiil be
unable to comply with the rules, it would make more sense tO allow carriers adequate time

for transition to the new rules.

% See PageNet Petition at 4-5; PCIA Petition at 10.

' 2/ See 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. 65 or

lack of time to comply equals the "good cause showing” that will justify a waiver.
Ameritech Petition at 6.

% gee {J § WEST Petition at 9.



For the foregoing reasons,

CONCLUSION

the Commission should reconsider certain aspects of the

RF Radiation Order, as detailed above.
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2 Shows that due to reflections, especially corner reflections, that exposure can mcteue 16
fold or more . :
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hxglscr, since as a group the men act as an anteana.
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Fig 2 Simplified block diagram of the automaced antenna radi-
ation pattern meanwement 1ystem based or @ computer-
coneralled microwave network analyser, sthe HP 84094

The main advantage of using an image, or earth, plane
for stuctying the effect of metal-framed spectacies an twr=
wave radiationiear the eyes of humans cag be expisined
as follmwe. A ol of & human subject has a plauc of
bilateral symmetry that divides the bead into halves
though :the centre of the forehead, nose and chin. [atro-
duction of & highly conducting image plane into that plane
of symumetry provides a shieided half-space that, among
other things, allows a probe to be placed through a smail
hale into the region near the surface of the eye. The trans.
mission line that transmits the probe signsl to the measur-
ing amembly can be entirely shieldad from mcident and
swcattered waves by the image plane, in which case it will
not gffect the quantity to be messured.

The wse of an image plaae for experimentally testing
sntennay that have a plane of symmatry over which the
tangeutial electric field ip zero is well known and estab-
lished as a standard test procedure (The Institute of £lec-
srical & ‘Electronic Engineers, 1979). In the case of certain
‘gimple structores, such as ccatre-fed resonant thig-wire
antennas, it is well known that tests on one balf of the
structure with an earth plane in the plaae of bilateral sym-
metry will yield results that are directly and simply retated
to those for the complete structure,

Idcally an infinitely lecgs, flat, highly conducting sheot is
required: for & perfact image to be created. lu peactice a
finite size shest of some chosen shape must be used and.
wheveas specific circumstances will tend to dictate the size

of sheet that may be usad, the shape may be more open to -

choice. A circular shaped image plan -8 m in diameter was
- -~chosen because the effects of its size on the reception char-
sctaristics of certain types of antennas can be sccurately
modelied and aiso modified by treatment of the edge with
microwave-absorbent material (GRIFIN, 1982)

3.t Fied probe

A thin straight wire of length { projecting at right angles
from the image plane through a channel at the top of the
nose will respond 10 the olectric field near the inner coener
of the eye that is polarised normal o the image plane. Tle
wirc can be the inner conductor of a coaxial transmigsion
line and can be regarded as a monopols antenna with an
dectricul length of (//1) wavelengths, where 4 is th¢ wave-
tength of the incident electromagnetic wave. Its respooase to
the magnetic ficld is negligible comparod with that to the
electric field.

Maedical & Biological Enginsering & Computing

March 1989

However, becauss tho probe staris at the image piane
and extends some distance out to the position of the eye, it
will therefore give some waighted averages of the flelds that
exist in the region near the probe. This weighted nverage
ran he dotermined using 188 deed EMP ihenry
(Junuan, 125u), BUT B¢ Joimls will not be gven here. ©

The total leagth of the wnmmpuic prusrucing trom the
carth pisne is choscn 30 as to allow thet monopole: to
extsnd out from the sarth planc with its end situsted
directly in {ront of and in the centrs of, the eye. The ratio
of manamwle lengih £ in monopole diamerer D is appivas
unately 30, :

3.2 Experimental variables :

The experimental variables used for this. sudy are iao
follows, Assuwisty plunc uniform TEM waves incident on
the suhiect the diractinn of incidence (6 aud & values:in
spherical co-ofdmate terme), the jon of the inci-
dent waves (¥, and ¥, components of electric fleld £ and
it frequency are the variables associated with the souroe,
as shown in Fig 3. Knowiedge ofmcnumhﬁwcrhdm
necrasary because if all cxperimental varishles sre kopt
constant betwoen the three sets of measurements, thew a
direct comparison of the three sett of resultx will yicld the
iufus msiiun 1eyquired.

Mensuremiculs bLave besn restricted to ane of two
orthogonal polarisations of the incideat TEM wave, two
orthogonal polar planes through the compiete three-
dimensional response pattern. It is possible to ideatily four
distinct measurement modes corresponding 1o the choice
between either horizontal, H, polarisation or vertical, V,
polarisation, and the choice between a response pattarn in

*=27C
1]
Vi sphencai
earth piane ¢coordingle
system
the co-ordinate ongin
18 4t the centre of
the earth plane
¥ in
0290 Ve icident v.:ovo
o= 180

/

v .
+=90 rotate 10 sl ¢

- N

* | -~ rotate to set ¢ i y
3 4 '

=0

ﬁ: incident a— ingwtent
-1 wave = wave
orientation for horizontal arientation jar vertical
spectacie wings spactacie wings
(9=0. 180) (§=80,270)

Fig. 3 Spherial co-ordinate sysiem wsed 10 describe the incidemz
. transoerss elsctromagnetic woves and the ovientation of the
model for any set of experimental meansements :
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Measurements with eack of (wo polarisations (Rorizomtal,
H. or vertical, V') in each of iwo puiar planes (using hon-

zontal, H, or vertical, V) give (he four measurement modes
HH. HV, VH and V'V as illustrated above

Fig. 4

s polar planc parallel to the wing structure of the specta-
cles, referred to as H. or normal to the wing structure,
referred to as V. Fig. 4 illustrates the orientations of the
polansation of the incident TEM wave and the phantom
relative to the floor of the ancchoic chamber. The mono-
pole extends along the z-sxs from the ongin of the co-
ordinaic system. and it remains parallel to the Acor of the
chamber, the horizontal, H. as does the propagaton vector
& of the incident TEM wave

4 Results

The ceaults for each measurement mode arc presented
in one of the followiog manners. Response patteras at onc
parucular excitation frequency and for each of the three
systems-—ihe monopoie by itself (referred to as monopoie),
the phantom in place on the earth plane (referred 1o as and
phantom), and the spectacies subsequently mounted on the
phantom (referred to as and spectacies)—are plotted on
the same et of axes. The response of the system 13 plotted
against the orientation of the earth plans, where the nega-
tive values of azimuth angie & are those that cotrespond
to values of ¢ equat to cither 0° (horizontal wing) or 270°
(vertical wing), while positive vaiues correspond (o values
of 180° thorzontal wing) and 90° (vertical wing) The
maximum level of response for the monopole mounted by
itselfl on the earth plane is astigned an arbitrary 2ero level,
and all other respoase patterns are plotted relative to this.
1t shouid be clear that the difference in response between
the case when Lhe phantom is placed on the earth piane
aad that when the spectacles are mounted on the phantom
will give the cffect that the metal-framed spectacles intro-
ducs. Therefore, a second sct of results will also be present-
ed when the difference in response at particular frequencies
between (hese two systems s plotted against the direction
of incidence. Therefore, a potitive response implies that the
spectacies cause an increase in the feld surrounding the
eye. while & negative responsc implies 2 decrease.
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4.1 HH measurement mode
..The responsc of the field-mepaining manapnia, at.,

ettect Gl 6000 M2 for (MM) moge

monapoie
10 /
s -2
2 and sorciactes
<
S 30}
" )
€
¢ oo}
g \
.o \
g o \

.w’,

-70 N
90 60 -0 0 0 80 e
azmuth angle. *

Fig. 8 Response patterns for the monopoie probe at 6000 MH

Jor the HH mode thowing the monopole by itself, then wii

the phantom in place, and finaily with metal-framed spectu
¢cles on the phantom

Cxaminanon of the respoase of the monopole aatenna
mounted by itseif on the earth plane revealed the expected
cos 6 form of response at frequencies close to the resonant
frequency of approximately 2 GHz (not showo here), while
at higher frequencics minor lobes begin to develop as
expected (as shown in Fig 3) (STutzman and Thmx
1981). Minor departures which occur in addition to the
expected respoase are mainly due to edge effects occurring
due 10 the finite size of the earth piane. However, these
minor departures {ror theory arc of no real concern here,
where the monopol¢ antenna response is used sssentially
as a reference by which to determine the effect of intro-
ducing the phantom and the spectacies.

When the phantom is intraduced on to the earth plane,
then for aegative values of 6 the tom is placed behind
the monopole antenna, when looking from the transmittar,
and 30 shouid have little effect oo the overall shape of the
response pattern, but for positive values of 8 the phantom
is directly in the path between the transmitier and the
monopole antenns, and 3o would be expected to introd uce
a significant amount of attenuation to the sigaals received
by the monopole.

The finer detalls of the pattern shown in Fig § are
typical of the resuits obtaned for the frequency rsage con-
sidered and are due to a aumber of sffects. The phantosm is
composed of a thin shell filter with a material suitable for
simulating the microwave properties of the human body
and thereiore acts as a lossy cawity resonator which wil
resonate at different frequencies depending om its orienta-
tion relative to the inodent ficlds. We might therefore
expect (o find dramatc dips m response &t frequencies
which cause the phantom to resonats and that the position
of these dips would shift as the froquency varies. A stand-
ing wave pattern will aiso be (ormed around the phantom
and any dips 1n response could be due to the monopole
being pilaced in the position of a null in the standiag-wave
pattern. Diffraction effects may aiso account for some of
the dctails in response pattern, as could depolarisstion,
coupling and scattenng cffects

However, it 1s the thied set of resvils, those obtained
when the spectacies are introduced onto the phantom, that
are of greatest interest and require a more (horough
examination. [t is these results which determine the effect
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that metal-framed spectacies have on incident flelds.
Assuming that souros power i3 kapt constant and that ail
other factors concerned with the study are unchanged
between all three sets of resuits, then a simple compacison
of this set of results with the previous one shouid yield the
information we require.

A detailed discussion of the results obtained for this
third case will not be presented here, but instead the differ-
ance berween the madisdun pavierms vbiained fi U
phantom with and without spectacies has been determined
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ind is presented in Fig. 6. The differonce between the two
results is plotied against orientation for frequencies of
2000 MHz to 12000 MHz in 2000 MHz steps. Fig. 6 illus-
trates the fact that there is & consistent inorease of up to
$dB over the frequency range 4000 to 10000 MHz for
angles of incidence in the range —30° < 8 < 60°. :

This result is consistent with what we expect, as the
incident TEM wave has & component of slectric field
paallcl o the wing ol s sgidlbclin R all uiicutdtivia
except those close to 6 w £50° and & componsot parafiel




19 1b¢ i of the spectacies for aif orientations except those
close to 8 = 0°. However, inc mouopoie prvbe ls ac R
angles to the wing structurs and also 10 the equivaient of
the loop antenna, the casguetic linear wire antenna. There-
fore oanly. a very small amount of re-radisted clectnc fiaid
will be parallel to the monopoie probe. But the presence of
the pbantom and the fact that the monopole probe is in
the near.field of the spectacics will increasc the parallel
component of re-radiated electric field somewhat.

4.2 HV measurement mode

The response of the mosopole probe is given in Fig. 7.
Reaults for the monopole mounted by itselfl on the carth
planc (or this mode sre identical to those obtained for the
mode discussed in the previous section, and iliustrate the
precision and repeatability of measurements.

The phantom forms an obstruction between the mono-
pole and the transmmitter for all values of 8, except those
close 10 zero, dnd 30 would be sxpected 10 introduce sig-
mficant -atteauation to the levels reaching the monopolie.
This is confirmed by the resuits where we find that the
overail shape of the response patteen when the phantom is
introduced is similar 10 that for the monopole by itsell, but
with & corresponding decrease in levels. This is particulasly
trus for frequencies above approximately 6000 MHz

When the are introduced onto the earth
plane, it is found that the basic shape of the results remains
fairly comstant for frequencies above approximstely

eoftect at $000 MKz for (MV ) maode

-dfA {ranswussion loss]

A

Ao sl PN NS

90 -60 -3 ° 0 60 ‘jo
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Fig. 7 Response parterns for tha monopole probe a1 6000 MH:
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6000 MHz, but accompanied by;‘lhix‘t in :evcl. The basic
sisapn nf tha rudintinl NA1erG i fajr}y symmetri-
cal around 8 = 0°, and this gm%'ml&w% that
the orientation of the incident electric field with respect o
the spectacies 15.more or {€ss symmsirical about 6 = @°, ic.
the electric fisld is in the piaoe of the rims for sl orienta:
tions but normal 0 th¢ wing. Any deperture from this
symmoetry is due.to the pressnce of the phantom.

The difference betwoen resuits obtained for the phaniom
with and without spectacies are plotted as u function of
orientation for frequencies of 2000 1o 12000MHZ in
2000 MHz steps and presented in Fig. 8. Thia shows that
there is an igcrease in radiation leweis relative to the
phantom of up to 20dB for ftequencies below 6000 MHz,
and for most values of 0.

The electric field of the incident TEM wave has » com-
poneat parallel to the rim of the spoctacies for il orients-
tions, and this may cause a significant amount of
re-tadiation to occur, with a componenat of elactric Seld
parallel to the monopole probe. Excitation of the wibg
structure may also occur dus to scatiering and depolar-
- isation oveurring from the phantom, : :

4.3 VH and V'V measurement modes :

Polarisation of the incident electric fisld is normal to the
monopole and so one would expect zer0 reaponse for sll
orientations. The absolute level of radiation sxperienced
by the monopole for vertical polarisation of the electric
field compared with horizontal polarisation is reduced by
as much a8 J0dB, which puts ail rocasurements very close
to the limits of the dynamic range of the network analyser.
When an item is introduced onto the earth plane along
with the monopoic one would expect there to bs an
increase in the level of radiation. at the monopole due o
scattering and subsequent depolarisation eoccurring from
the new item, and this is confirmed by the results.

A detailed discussion of resuits is not possible here.
Suffice it to say that there is a consistent increass of up to
404dB in radiation levels at the monopole site for the VH
mode, but & consistent decrease for the YV mode.

§ Conciusion

A measuremont tochnique hus been proposed that
allows a large number of accurate messurcments to :be
performed in 3 relatively short space of time, It has been
shown that the introduction of a pair of metsal-framed
spoctacies causes an increase in the signal recaived by the

m!- levels reiative 10 phantom (HV) 4000 MMz
Jor
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monopoie probe by up to*s dB for the HH mode and by
up o 20dB for the HV mode. Measurements obtained for
the cass of vertical polarisation exhibit similar results.

We can therefore conclude that the introduction of &
pair of wetal-framed spectacies, or for that matter any
metallic object, does significantly alter the incident micro-
wave field, aad that this effect must be accounted for in the
setting of safety standards reialing to acceptabie laveils of
incident powec. '

References .
American Notional Standards Institute (1982) Safety levels with
respect to human exposure to radio frequency elactromagnetic
Sields, 300G Hz. ANST C95.1-1982.
C::n‘\;- gs F. (19%0) Microwave citaractogenesis. Proc. [EBE,
GRomiy, D, W. (1982) Moaopole antenna. method of diagaosing
the effectiveness of ground plase udge scattering elimigation
techeiques. In Papers presented ot the IEEE Artennas and Pro-
pagation Society Intermational Anteamas Symposium, Albu
querque, USA, 223-226. .
J’Am- E. Jv.i (198)) Radioftcquency envirounmensts in the
States. In Slological sffects of electromagnatic
. O-qwl.e. C{'l%mm New York, 352-356 .
ORDAN, netic wapes and radias yStems.
. Q:::nm, liﬂ-HJlll. New York, s
. M. (Ed) (1983) Biologteal lectr ke
rediation. LERE PnL Nu! \«w‘:_"L fects of clectromaguac
Standards - Association of Australia (198S) Maximum expomare
m:io Jrequancy radlation—300kHs 10 J00GHs. AS-

Medics! & Biologics! Engineering & Computing  March 1989

subsaquent measuretment, antonna and probs design, -

LO‘- iovels retalive to phantam (RY) 3000 MMz

::::‘A\Nawg

0/ PO T SO v PR

-dB (wonseission loss)
[}

-0 -0  -30 ) 0 @ %0
ammuih angie. *
¢ levele relative to phantam (MV) 12 000 MMz

[l
g {13
g
i A
2 .‘o./\/-j
[ ]
i -20}

-30}

.‘0 nnnnnn I P

20 -80 30 ] 30 0 ]

axtmuth angie. *

Patternsar 2, 4. 6,8, 10 and 12 GHz showing 1he effoct of adding metal-framed spectacies to the phantom for the H V mode

STUTZMAN, W. L. and Tumes, G. A. (1981) Axtemns theory arid
dasign. Jotm Wiley & Sons, New York, - .
The Institute of Electrical and Eloctronic Engineers {1979) I1EEE

standard test procedures for antennas. IEEE Std. 1491979

Authors’ biographiss
Nicholas Davias gradusied with s
the Electrical & Elestronic

(Hoeu)

scatting -

EE
i

puter simulation of antenna and scattoring structures.

|
:
i
i

" of Adalaida {or the past 22 ye
Resder and Chairman of the Department of &
tronic Enginsering. His tanching and ressarch jntarssts lis
in the mictownve and sntenas engineering Qelds.

L
bpid

g



Radio Science Volume 14, Number §S, pages 23:29, November-December 1979

Numerical calculation of electromagnetic energy deposition in medels of man with
grounding and reflector effects o

M. J. Hagmann and O, P. Gandhi

Departments of Electrical Engineering and Bioengineering, University of Utah. Sait Lake Ciiy, Uiah 84112
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Image theory has becn used to oblain moment-method salutions of the deposition of electromagnetic
energy in standard man as a function of groundiog and reflector effects, The calculated vaiues are In good

agreement with experimental data. For the Eil

arientation, the resomant frequency of standard man

shifts from 77 MHz in free space to 47 MH2 when standing on a ground plane. The dependence of reflec-
tor effects on spacing and frequency are in agreement with the gain enhancemenc calcylated for dipoles by

antenna theory,

1. INTRODUCTION

Experimental observations of grounding and reflector ef-
fecis have been reported previousty, but numerical methods
have not been available to confirm the observations [Gan-
dhiet al., 1977b]. We have used imnage theory 10 reduce the
problem of man either grounded or in front of reflectors to
that of & multibody Larget in free space. Moment-methoad
solutions of the electrie-field integral equation have a pulse.
function basis and delta functions for testing. A 180-cell
model of the 50th-percentile standard man was used in the
calculations (Hagmann et gi., 1977].

2. APPLICATION OF IMAGE THEORY
WITH COMPRESSION

If all seflectors and ground planes are assumed to be
perfect conductors and infinite in extent, then they may be
removed if suitable images of the scattering body are in-
cluded. Since polarization currents in the images contribute
10 the scatlering, it is necessary 1o treat all parts of the scat-
iering body and the images as discrote cells. If puise fune-
tions are used as a basis, it is necessary that each subvolume
be small enough that the electric field that it contsins may
be assumed constant.

A moment-method solution with pulse functions wili
relate the column matrix £, which contains the unknown
clectric-fleld values in each cell, to the column mainix £,
which coatsins values of the incident electric field in each
cell, through a square matrix 4 by the equation

AE = E' 8}
Equation | may be solved directly, but a reduction of
matrix size will allow the solution 10 be found with greater

Cepyright < 1979 by the Amenican Geophyncal Unlon.
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economy; or alternately, more cells may be ysed for greater
accuracy. A reduction in matrix size is pnasible by the use
of *‘compression,”’ which is described next.

The geometry involved when images are used causes the
fields to have symmetry. Let m be the number of unique
values of E that are repeajed 2 times with possible sign
changes. We may order the rells so that the indices from |
to m correspond to the uniyus £ valutd, aid FOT ANy iNteger
1 =t =< m, then Ete,, Etsny ooy Eloraanim COTTESPONd tO
valueg related to £¢ by symmetry.

The relationship of all m X 7 of the £ values 10 the
m-unique E values may be expressed in matrix form:

E| [( E!
E, A L

= )
é‘-l. 'I-. E.n

where [, /,, ..., 1. are. m by m matrices with = 1 on the
diagonal and zero clsewhere, and /, is the m by /m identity
matrix.

Compressicn may be obtained by noting that only the
first m simultaneous equations need to be used in equation
(1); substituting (2) io (1) will give a series of m
simultaneous cquations in the m-unknown unique values of
E.

I, E,
[l El :

A = »
L) |k t
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E,
E,
A’ = (4)

E.

where A° is an m by m tyirix (ormally defined by 4 =
first m rows of:

A )

In‘ 1mplgmenting compression, the computation of
matrix 4" 15 made by making # modified passes through
the Iuo_ps that would normally be used to accumulate the
scattering matrix.

We l'{avc used compression with image theory to treat a
!)ody with onie plane of synunetry above a ground plane, as
i .5h0wn in Figure 1. The ficid relationships used for a body
with one plane of symmetry in front of a flat reflector are
sh_ow_n in Figure 2. 1t is also possible 10 use comprassion
with image theory 10 treat 2 body in a corner reflector, if
the corner reflector has a dihedral angle equal to 180°/N
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Fig. 1. Field reiationships for « hody with one plane of symmetry
abave 1 ground plane; Ela, W IR, x-y plane is the ground piane.

Buy:gy bug:lnn
irgrin 1mactk | Gyeein
fey:-bg byl
Y
..z:‘ ‘.‘.
s00Y [
7oy e
4 i
X

Fig. 2. Field relationships for a body with one plane of symmetry
n front of a fat reflector; E1Z, kIX.

where N is an integer. Field relationships used for a body
with one plane of symmetry in front of a 90° corner reflec-
tor are shown in Figure 3.
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Fig. 3 Field relationships for a body with one plane of symmetry
in front of u 90° corner reflector; EIZ, kIR,
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There are wo types of symmetry relationships used for E
calves in the three figures: (1) Two points located sym-
metcically in respect 10 a plane of symmetry of the body
/pat contains both k and E' will necessarily have E values
(hat are mureor images 5o that the two halves are in-
gistinguishable under reflectipn. (2) Two points located
s,mmemcmy 1D respect tO a plane of symmetry of the bo‘l‘iy
shat contains k and is perpendicular to E' will necessarily
pave E values \hat are negated mirror images, 10 that if the
values are cxchanged, they will correspond 10 the solution
for oppositely directed E'. This relalionship is also found
{or 1wa points located symmnetrically in respect to a ground
plane or (o a flat reflector as required for symmetrical mo-
\ion of 4 charge and its image.

An alternative to the use of image theory with compres-
~ian is Lo use special Green's functions in place of the free-
space Green's funclion. Special Green’s functions are
available that could be used 10 account for scattering ob-
jects located near targets having various shiapes and even
riaite conductivities | Tai, 1971; Banos, 1966). We have not
vel pursued the use of such Green's functions.

The results of caiculations for grounding and teflector
effects are desceibed 1n the next sections.

3. GROUND EFFECTS

All calculations of grounding effects have assumed that a
man is standing on or above a perfectly conducting ground
plane chac is infinite in extent. The incident field is verti.
cally polarized with k directed from the vental to the dorsal
aspect af the man. Internai fields in the model are the same
as those in one-half of a double.man, which consists of the
model and its image in free space. A 180-c¢il model of the
50th-percentife standard man has been used {or the calcula-
tions [Hagmann et al, 1977).

The calculated resonant frequency of man sianding o a
ground plane is 47 MHz as compared to 77 MHz for man in
free space. The specific absorption rate (SAR) of man on
the ground piane at the reduced resonant frequency is 32.5
percent grealer than the SAR for man in free space at the
free-space resonant frequency. At lower frequencies, the
SAR of man standing on 2 ground plane may be increased
considerably from that of the same model in (ree space.
This increase results from these frequencies being closer (o
resonance for the grounded man. For example, at {0 MHz
the SAR of man standing on a ground plane is 0.0163 W
kg™ per mW cm-‘, which 1§ about seven times that found
tor the same mode} in free space.

Figures 4 and § illustrate. respectively, the distribution of
absorbed energy in man a1 10 MHzin Iree space and in con-
et with the ground piane. The enhancement of local
energy deposition due to the grounding effect is approx-
imacely a factor of 60 in the area of the heel.

Figure 6 shows the pari-body and whoule-body SAR for
ihe model of man with dilferenc spacings from the ground
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Fig. 4. Locai SAR values (W kg per mW em-) x 100 for
inhomogeneous mode! of man in [ree space at 10 MHz,

plane at 10 MHaz, Figure 6 is consistent with the experimen-
tal observation on modeis that a smail separation that
breaks electrical contact with the ground plane is sufficient
10 eliminate much of the grounding effect {Gandhi ¢t af.,
1975]. Several calculations made for the grounded resonant
frequency of 47 MHz show a fall-off in magnitude of
grounding effects with increasing distance (rom the ground
plane, which is similar to the results at 10 MHz2 (Figpre 6).
A model composed of 292 ceils was made by dividing each
of the six lowest cells in ench leg of the 180-ceil model into
eight identical cubical cells. Six solutions made for the
292.cell mode! and duplicated with the 180-cell model sug-
gest thai the fail-off of the grounding effect with increaving
distance from the ground plane may be slightly slawer than
is found with the {80-cell model.

Figure 7 shows part. and whole-body SARs for the model
of man standing on 2 ground plane at various frequencies.
The part-body resonances shown in Figure 7 have also been
observed in calculalions for the same model of man in (ree
space [Gandhi e al., 1977a]. The enhancement in absorp-
tian of energy due to the presence of a ground plane is
greatest in the leg and least in the head. Figure 8 shows
whole-body SARs for the model of man both in free space
and when standing on a ground plane at various frequen-
cies, Grounding effects are most prominent at low frequen-




