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SUMMARY

AT&T supports the proposal in the NPRM to adopt the

1992 ANSI/IEEE standard for exposure to radio frequency

emissions in place of the 1982 standard referred to in the

present Commission rule. The 1992 standard represents the

broadest consensus of experts in the field and is based on the

most recent review of the relevant information. That standard

is in the process of adoption by other expert bodies and has

already been mandated by the Commission in other proceedings,

pending completion of the present docket. Earlier standards

developed by other bodies are not superior to the 1992 ANSI

standard.

Because the evidence shows that radiation from

common carrier microwave stations, cellular base stations and

vehicle-mounted cellular terminals does not exceed the new

limits, Commission action regarding such equipment should

remain categorically excluded from environmental processing.

On the other hand, because emissions from some Part 15 devices

and hand-held terminals of various kinds may exceed the new

limits, categorical exclusion of these types of equipment

would not be appropriate.

The Commission's proposal to apply the new standard

to all applications filed after the effective date of the new

rule should be adopted because it affords the benefits of the

new standard as early as is practical.

- i -
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American Telephone and Telegraph Company ("AT&T")

respectfully submits the following comments in response to the

Notice of Proposed Rulemaking("NPRM") FCC 93-142, released

April 8, 1993.

The NPRM proposes to amend and update the

guidelines and methods for evaluating environmental effects of

radio-frequency ("RF") radiation from FCC regulated

facilities. It proposes the adoption of ANSI/IEEE C95.1-1992,

the new standard for RF exposure issued by the Institute of

Electrical and Electronics Engineers ("IEEE") and adopted by

the American National Standards Institute ("ANSI"). The new

standard would replace the 1982 ANSI guidelines currently
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specified in the Commission's Rules. 1 AT&T supports the

Commission's proposal.

I. THE 1992 ANSI STANDARD SHOULD BE ADOPTED.

The new ANSI standard reflects the view of a large

group of experts in all relevant disciplines working in

government, academia and industry.2 Because the 1992 standard

represents the most recent and comprehensive review of

relevant information and the broadest consensus of the

engineering and scientific community, it should be adopted at

this time. IEEE Subcommittee IV, the developer of the 1992

ANSI standard, regularly reviews the results of new research3

and will revise the standard as needed in light of such

1

2

3

§ 1.1307(b), 47 CFR § 1.1307(b).

Specifically, the 1992 ANSI standard was developed by
Subcommittee IV of IEEE Standards Coordinating
Committee 28, consisting of over 120 scientists and
engineers, over 75% of whom worked in government,
universities, or other non-profit organizations. Only
about 15% can be classified as working in or for industry.
The remaining developers were independent consultants or
from the general public. The approximate distribution of
the principal disciplines of these individuals was physical
sciences - 33%, life sciences - 43%, medicine - 10%,
radiology, pharmacology, toxicology -approximately 3%, and
other (law, medical history, safety, etc.) - 11%.

One such item will be the result of a three-to five-year
research program undertaken by the Cellular
Telecommunications Industry Association.
Telecommunications Reports, July 19, 1993, pp. 28-29.
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research. The Commission should thereafter consider amending

its rules accordingly.4

The IEEE Subcommittee noted that no verified reports

existed of injury or adverse health effects to people caused

by exposure complying with the 1982 standard or any previous

ANSI standards (p. 23). Despite the lack of scientific

support for the need for tighter standards, the 1992 ANSI

standard contains separate and sharply lower Maximum

Permissible Exposure ("MPE") limits for uncontrolled

environments (defined as locations where the exposure is

incurred by persons lacking knowledge or control of the

exposure) in the frequency range where energy absorption by

the human body is an important consideration. 5 The higher MPE

limits for controlled environments (defined as locations where

the exposure is incurred by persons aware of the potential for

exposure or by persons briefly passing through the area) are

based on the available scientific evidence, but nevertheless

contain "multiple conservative assumptions" (p. 29).

4

5

As has been done in the past (e.g., Procedures for
Measuring Electromagnetic Emissions From Digital Devices,
7 FCC Red. 3128 (1992)), the Commission should delegate to
the Chief Engineer authority to modify the rules to
reference future revisions of the 1992 ANSI standard that
do not raise substantive compliance issues and should
commit the staff to consult with Subcommittee IV on major
interpretation issues that may arise.

From about 1.5 MHz to 15 GHz.
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Another important change from the 1982 version is in

the provisions permitting the MPE limits to be exceeded in

certain circumstances, characterized as exclusions. Both the

1982 and 1992 ANSI standards permit the MPE limits to be

exceeded by low power devices. The 1992 standard

significantly lowers the power level at which the low power

exclusion is available in controlled environments for

frequencies above 450 MHz and lowers it even more in

uncontrolled environments throughout the applicable frequency

range. 6 Moreover, the 1992 ANSI standard makes the low power

exclusion unavailable for devices wherein the radiating

structure is maintained within 2.5 centimeters of the body.7

Both the 1982 and 1992 standards contain exclusions

expressed in terms of specific absorption rates ("SAR"s). SAR

is a measure of the mass-averaged energy absorption rate in

the body and is the physical quantity upon which the MPEs are

6

7

Another illustration of the conservative approach embodied
in the 1992 ANSI standard is that this reduction was made
across the board even though the only new studies involved
the 800-900 MHz range.

Because the low power exclusion is intended to be available
for devices held in the hand, the hand is obviously not a
part of the body requiring 2.5 cm separation from the
device. The substantially higher absorption permitted by
hands, wrists, feet and ankles than by other body parts
(p. 17) supports this obvious reading.
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derived at frequencies between 0.1 MHz and 6 GHza. These

exclusions allow the MPE limits to be exceeded so long as the

SAR limits are not exceeded. The 1992 ANSI standard contains

the same SAR threshold for controlled environments as the 1982

version, but significantly reduces it for uncontrolled

environments. All of the changes from the 1982 ANSI standard

made in the 1992 standard make it appropriate for the

Commission now to reference the new standard in the rules.

The Commission noted that guidelines issued by the

National Council on Radiation Protection and Measurements (NCRP)

in 1986 and by the International Radiation Protection Association

(IRPA) in 1988 contain lower exposure limits at higher

frequencies than the 1992 ANSI standard and asked for comment on

whether exposure limits different than the 1992 ANSI standard

should be adopted (NPRM, ~ 24). Neither the NCRP nor the IRPA

standard establishes that the Commission should not adopt the

1992 ANSI standard. The ANSI standard represents the work of a

broad body of experts and reflects consideration of more recent

data than is the case regarding the NCRP or IRPA

recommendations. 9

a " :it!

8

9

Above 6 GHz energy is absorbed superficially and incident
power density is the meaningful parameter, not SAR.

An additional point supporting the ANSI standard is that
the MPE of 10mW/cm2 beginning at 3 GHz in the controlled,
and at 15 GHz in the uncontrolled environment, and the
averaging time of 10 seconds are the same as the MPE in the
American National Standard for the Safe Use of Lasers, ANSI
2136.1-1993 (unchanged in this regard from its 1986

(footnote continued on following page)
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The fact that the 1992 ANSI standard is already in the

process of adoption by other expert bodies further supports its

adoption by the Commission. Specifically, the American

Conference of Governmental and Industrial Hygienists has recently

announced its intention to adopt Threshold Limit Values and a SAR

exclusion the same as the MPE limits and SAR exclusion for

controlled environments in the 1992 ANSI standard, and a low

power device exclusion not as limited as that in the 1992 ANSI

standard. 10 At a recent NATO Advanced Research Workshop, Working

Group IV (Standards Drafting) recommended using the 1992 ANSI

standard as the basis for a NATO standards agreement. 11 Moreover,

the Commission itself requires that PCS licensees and equipment

(footnote continued from previous page)

predecessor) at 300 GHz, where both standards apply.
Because the depth of penetration into the human body of
radio frequency energy beginning at around 30 GHz is similar
to that of infrared energy at 300 GHz, the biological
effects would be expected to be about the same. Therefore,
the 10mW/cm2 MPE in the ANSI laser safety standard, and
other internationally recognized laser standards such as
IEC Publication 825, support that same limit where
applicable in the 1992 ANSI standard and show that the NCRP
and IRPA standards unjustifiably limit the MPE to ImW/cm2
beginning at 1.5 and 2GHz, respectively.

10 Annual Reports of the Committees on Threshold Limit Values
and Biological Exposure Indices (May, 1993). This
Conference is only concerned with standards for controlled
environments.

11 NATO Advanced Research Workshop, Developing a New
Standardization Agreement (STANAG) for Radio-Frequency
Radiation, Rome, Italy (May, 1993).
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manufacturers comply with the 1992 ANSI standard pending

completion of this docket. 12

II. COMMON CARRIER MICROWAVE STATIONS, CELLULAR BASE
STATIONS AND VEHICLE-MOUNTED CELLULAR TERMINALS,
BUT NOT PART 15 DEVICES AND HAND-HELD TERMINALS,
SHOULD BE CATEGORICALLY EXCLUDED.

The Commission (NPRM, ~ 20) also asked for comment

on the propriety of the existing categorical exclusions in

light of the new ANSI standard. 13 The Commission's current

rules provide that the 1982 ANSI standard applies to

Commission actions granting construction permits, licenses to

transmit or renewals thereof, or Commission actions

authorizing modifications in existing facilities, under

specified rule parts, and that actions under other rule parts

are categorically excluded from consideration of the need to

comply with the ANSI standard. 14 Part 21(L) of the Rules,

governing common carrier microwave, is not now on the list of

rule parts subject to the 1982 ANSI standard. That

categorical exclusion exists because the data showed exposure

12 New Personal Communications Services, Second Report and
Order, FCC 93-451, released October 22, 1993 at ~ 191; New
Narrowband Personal Communications Services, 8 FCC Red.
7162, 7171 (1993).

13 AT&T comments only on certain categorical exclusions and
takes no position on the others.

14 § 1.1307(b) and Note 1, 47 CFR § 1.1307(b) and Note 1.
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well below those limits. 1s The same is true regarding even

the uncontrolled environment MPE limits in the 1992 standard

and therefore the present categorical exclusion should be

maintained. Appendix A to these Comments contains supporting

data.

Commission actions under Part 15 are also not

subject to the 1982 ANSI standard. 16 Categorical exclusion

for all Par,t 15 devices is, however, no longer appropriate

because some such devices may exceed the MPE for the

uncontrolled environment17 and the low power exclusion may be

unavailable. 18 Such devices would then comply with the 1992

J. L *

IS

16

17

18

Responsibility of the Federal Communications Commission to
Consider Biological Effects of Radiofrequency Radiation,
2 FCC Rcd. 2064, 2065 (1987).

Section 1.1307(b) of the Commission's Rules, 47 CFR
§ 1.1307(b}, does not apply at all to equipment
authorizations and Part 15 is not listed in Note 1 to that
section as being subject to the ANSI standard.

Part 15 devices will often be used by people lacking
knowledge or control of the exposure, or could cause
exposure to non-users. There is no practical way to ensure
that Part 15 devices will only be used in a controlled
environment. Therefore, the uncontrolled environment
limits should apply in the authorization process. While it
might be appropriate in some circumstances to apply the
controlled environment limits to some hand-held devices and
amateur facilities (NPRM, fn. 16), this is not the case
regarding Part 15 devices.

The low power exclusion may be unavailable for several
reasons: the device may operate outside of the 0.1 MHz to
1.5 GHz range in which that exclusion is available, or may
radiate too much power, or may have a radiating element
maintained within 2.5 cm of the body.
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ANSI standard only if compliance with the uncontrolled

environment SAR exclusion can be demonstrated. 19 categorical

exclusion for devices operating between 0.1 MHz and 1.5 GHz,

meeting the uncontrolled environment limit for the low power

device exclusion, and not having the radiated element

maintained within 2.5 cm of the body20 would, however, be

appropriate because these devices comply with the 1992

standard. But, applicants for authorizations of devices

operating outside that frequency range, or with too much

power, or with a radiating element maintained within 2.5 cm of

the body, should not be freed by means of categorical

exclusion from the requirement to satisfy the 1992 ANSI

standard by meeting the uncontrolled environment SAR limit. 21

19 The Commission recognized as much by asking (NPRM, i 17)
for comments on whether proof of SAR measurements should be
required as part of the equipment authorization process.
AT&T sees no reason to impose a data submission requirement
only in this limited circumstance. Rather, as discussed
below, the Commission should consider what information it
should require in light of its resources to evaluate such
data.

20 As discussed in footnote 7, supra, 2.5 cm separation is not
required between the hand and the device.

i 1... ..

21 The NPRM states (i 16) that compliance with the SAR
standard "can be demonstrated through appropriate
laboratory measurements." The 1992 ANSI standard does not
require laboratory measurements but rather permits
establishing compliance "by appropriate techniques"
(p. 17). The Commission should make it clear that use of
numerical methods such as the High-Resolution Finite
Difference Time Domain technique is also permitted.
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The existing categorical exclusion for cellular base

stations should not be eliminated. The evidence gathered by

AT&T indicates that the overwhelming number of cellular base

stations produce potential exposures that comply with the new

limits for the uncontrolled environment. 22 While it is

possible to envision a cellular base station that may not meet

the new limits for the uncontrolled environment, e.g.,

antennas mounted on a roof in such manner that people may

remain within a few feet of the antenna's main beam for a

period of time exceeding the applicable averaging time

(30 minutes), such cases would be anomalies. The expansion

of cellular systems by subdivision of cells and the resulting

reduction in effective radiated power, together with the

relative ease of configuring a base station to ensure the new

standard is met, e.g., elevating roof-mounted antennas, will

effectively preclude such anomalous sites.

The present categorical exclusion for vehicle-

mounted cellular mobile stations should be maintained. Such

stations do not pose any threat of exceeding the uncontrolled

environment limits. Appendix B to these Comments contains

supporting data. As is the case for Part 15 devices, hand-

held cellular mobile terminals and pes handsets could exceed

'" L

22 R.C. Petersen and P.A. Testagrossa, Radiofrequency
Electromagnetic Fields Associated With Cellular-Radio Cell­
Site Antennas, 13 Bioelectromagnetics 527-42 (1992).



II

- 11 -

the applicable MPE limit,23 and the low power exclusion might

not be available because the unit operates outside of the

0.1 MHz to 1.5 GHz range, radiates too much power, or has a

radiating element maintained within 2.5 cm of the body. In

such cases, compliance with the applicable SAR limit would be

required. Accordingly, such units should not be categorically

excluded. If the Commission establishes categorical exclusion

for some Part 15 devices, a similarly limited categorical

exclusion would be appropriate for hand-held cellular mobile

terminals and PCS handsets.

III. THE 1992 STANDARD SHOULD APPLY TO APPLICATIONS FILED
AFTER THE EFFECTIVE DATE OF THE NEW RULE.

The Commission asked for comments on its proposal to

apply the 1992 ANSI standard to all applications filed after

the effective date of the new rule so as to implement that

standard as rapidly as possible while minimizing impact on the

applicants. (NPRM ~ 26) .24 Because there are no verified

reports of injury or adverse health effects to people caused

by exposure to equipment that complied with prior ANSI

23 Because use of some PCS systems might be confined to people
aware of the potential for exposure, the controlled
environment limits might sometimes apply.

i L •

24 The Commission does not indicate any intention to establish
an effective date either more or less than the 30-day
period in § 1.427 of the Commission's Rules, 47 C.F.R.
§ 1.427.
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standards,25 applying the new rule to applications being

processed when the rule becomes effective would not produce

benefits outweighing the resulting administrative burdens and

costs on Commission staff and applicants, and the delayed

availability of new services and equipment. On the other

hand, a long transition period would deny the public the

benefits of the new rule. The Commission's proposal to apply

the 1992 ANSI standard to all applications filed after the

effective date of the new rule should be adopted.

The Commission also asked for comment on the related

issue of how to address equipment and facilities in use that

do not comply with the 1992 ANSI standard, suggesting the

possibility of requiring re-submission of certain

applications. (Id.) For the same reasons that the 1992

standard should not be applied to pending applications, there

is no need for Commission action addressed to equipment

presently in use.

The fact that an entire category of equipment is not

categorically excluded does not mean that environmental

processing is required under the present Commission Rules.

Rather, under the present rules if the 1982 ANSI standard

applies and is met, Commission action is deemed not to have a

significant impact on the environment and is categorically

25 See p. 23 of the 1992 ANSI standard.
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excluded from environmental processing. 26 If, however, that

standard is not met, the applicant must submit an

Environmental Assessment to the Commission. 27 Thereafter,

unless any significant environmental impacts found by the

Commission are eliminated, further proceedings involving an

Environmental Impact statement occur. 28

This procedural posture underlies the Commission's

request for comment on what documentation should be required

in order to show compliance with the 1992 ANSI standard (NPRM,

i 27). The Commission stated that its experience is that a

simple "No" answer to the question of significant

environmental impact may not be sufficient (Id.). AT&T does

not object to providing whatever additional information the

Commission needs. The Commission should recognize, however,

that requesting a more elaborate response, such as requiring

the applicant to identify whether the controlled or

uncontrolled environment limits apply, and whether compliance

with the applicable MPE, or reliance on the low power device

exclusion or the SAR exclusion, is the basis for the "No"

answer, does not provide assurance that the 1992 ANSI standard

is indeed met. Only examination of the applicant's underlying

26

27

28

§ 1.1306 (a) and (b) (3), 47 CFR § 1.1306 (a) and (b) (3) .

§ 1.1308(a), 47 CFR § 1.1308(a).

§ 1.1308(c), 47 CFR § 1.1308(c).
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data is sufficient for that purpo... fhe Commission will have

to d.cide if it has the remourcee to evaluate such data

meaninqfully.

Finally, the Commission asks (NPRM, ! 28) tor

Comments on its proposal to adopt the new ANSI recommended

practice tor measurinq potentially ha~ardous electromagnetic

fields. AT&T support5 that proposal. The new practice

represents the best and most up-to-date practices for makinq

such measurements.

CONCLUSION

For the reasons discussed above, the Commission should

adopt the 1992 ANSI standard and modify the present

categorical exclusions as suggested in these Comments.

Respectfully Submitted,

AMERICAN TELEPHONE AND TELEGRAPH COMPANY

j L

:By
Mark C. Rosenblum
Kathleen F. Carroll
Ernest A. Glatt
Its Attorneys

Room 3244Jl
295 North Maple Avenue
Baskinq Ridqe, New Jereey 07920

January 25, 1994
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LEVELS OF ELECTROMAGNETIC ENERGY IN THE IMMEDIATE VICINITY

OF REPRESENTATIVE MICROWAVE RADIO RELAY TOWERS

R. C. Petersen

Bell Laboratories
Murray Hill, N.J. 01914

ABSTRACT

Thi. paper d..criM. the re.ulU of a
••rie. of mea.ure••nt. of the power
den.tty level. in the im.ediat.
vicinity of .everal repre.entative
microw.ve radio r.l.y towet.. The
re.ult. of the.e ••••ur.m.nt.. for
.y.t... operatinl in the 4, 6, and 11
GHz co.mon carrier band., .r. compared
with the corre.pondinl theor.tical
approx imat ion. and wi th ex ht ing
international general population
expo.ure .tandard.. Th. re.ult. of
the.e compari.on. indicate that
theoretical technique., currently
u.ed for e.t i.at inl pow.r d.n,it i.,
at off-axt. pointt in the n.ar field,
are extremely con.ervative, yielding
.n upper bound up to ••v.ral order.
of maanitude areat.r than the mea.ured
con••ponding valu... The me..ured

rower den.ity lev.ls ue .ignificantly
ow.r than the lDO.t .trinAent expo.ure

standard. u.ed by any nation.

INTRODUCTION

Pri.arily a. a re.ult of a recently
publhhed bookl , a nuaber of uticle.
in the popular pr... , and prolrR. on
network radio and television pertain­
ing to the biololical implie.tiona
•••ociated with e.po.ure to electro­
••gnet ic enerlY .t mtcrowave frequen­
cie., the public i. becoeing incr.a.lng­
1, a.,ar. of the ••flou••icrowave
e.ttter. in the en9iron.ent. One
readtly identifiable e.itter about
whicb there i. a Ifeat deal of concerD:
confu.ton, and .hundeutanding, is the
microwave radio-rela, antenna .upport
tower or a. It i. c..-only referr.a to,
the "microwa"e tower." Thil confu.ion
concern. the me.nitude and the .patial
dhtributton of the .icrowa"a anerlY,
particularly .t off-a.i. point. in the
neat field; Le. at point. neu the
ba.e of a tower where human occupancy
i. a po•• ibility.
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Bec.u.. the points of greate.t concern
are ,.n.rally in the near field region
of the tran'lIitting antenna, (taken
here to m.an di.tance. froll the
antenna 1••• than 2A/~ where A i. the
proJ.cted aperture area of the antenna
and A 11 the wav.length at the fre­
qu.ncy of intere.t), exact calculation.
of the lev.l., in terma of power den.i­
ty, are difficult. Inste.d, one relies
on on. of ••veral techniqu•• 2 ,3,4
th.t are useful for e.tlllatint upp.r
bound. for the power den.ity n this
region. Although each of the various
techniqu•• yi.ld. slightly differ.nt
re.ult., .11 ar. extremely con.ervative,
yielding valu•• gr.ater th.n the
actual or m.a.ured value•.
Theoutical t.chniqu.. and calculated
value. are not .lway. convinc ing to
citizen. concerned about the .afety
of an exi.tine or a proposed tower.
Therefore .ea.urementl h.ve been INde
in the i....di.te vicinity of • number
of repre••ntative .icrowave toweta in
order to cOllpare actual values with
th.oretically predicted e.timates and
to insure that the calcul.ted value.
are indeed greater than the actual
value., i.e., that the calculated
valu.. actually afford a factor of
.afety. The follOWing de.cribe. the
re.ult. of the.e lIea.ure.ents and a
co.pari.on with the predicted v.lues
for four tower height. and for syste••
operating at 4,6. and 11 GHz. In each
ca.e the antenna wa. the ubiquitous
horn reflector.
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INSTRUHENTATIOM

The ••••ur•••nt ...ere ..de u.in,- •
He..lett '.ck.rd (H.P.) 141T/'S528/8~SSA
Spectrum Analyzer .nel • H.P. 844S8
Autom.t ic Tr.ckinl Pte••lector. A
Singer Stoddart Iro.db.ael (l-lOGHz)
Conic.l LOI Spir.l Antenn..... u.ed for
me••ure..nt. in the 4 .nd 6 GRI frequen­
cy band. .nd • Hard. St.nd.rd Gain
Horn .... u.ed .t 11 GHa. Co.xi.l
cable, type RG-214U, w•• u••d to
connect the .nt.nn. .nd pr•••lector for
the me••ureMnu mact. .t 4 GHz. 8 & W
A••oci.te. 55-142-55 ••mi-rilid
coaxi.l cable .... u••d for the M••ur.­
menta at 6 .nd 11 GHa. The over.ll
• en.itivitie. of the above delcrib.d
_y.tem are approxi••t.l, 1 x 10- 9 ,
5 x 10-9 .nd 3 x 10-10 .w/cm2 .t 4. 6
.nd 11 CHz, respectiv.ly.

RESULTS

The towen .nd the f.rticul.r .nt.nn.
typ., the horn r.f .ctor, di.cuI••d
h.r., .re typic.l of tho.e uI.d
for lonl h.ul .icro...v. r.dio ••rvic••
The horn r.fl.ctor .ntenn. w•••el.ct.d
for thb .tudy bec.u••••thod. for
..tim.tinl the off-axil pow.r d.ndty
in the n••r fi.ld relion .r. not ••
r ••dily found in the Ilt.r.tur••••re
the method. .pplic.ble to the 1I0r.
famili.r circul.r p.rabolic r.fl.ctor
antenn.. Fil. 1 Iho.... typic. 1
antenna to...r, .t • microw.ve junction
.t.tion, with .ev.r.l horn refl.ctor
ant.nn•• mounted at v.riou. h.ight ••

Pil. 2 .how. the calcul.tact wor.t c•••
e.t imate of the pow.r ct.n. ity and the
corr ••pondinl ••••ur.ct v.lu•• at
poinu 3 ft. .bove Iround l.vel, under
the .xi. of the .ajor lob. of the
.nt.nn. r.diation p.ttern. The .y.te.
corre.pondinl to the ct.t••hown in Fil.
2 oper.t.. .t frequenci.. in the 4 GRz
cODlmon c.rri.r b.ad utilizinl .ix
tr.n••itt.r., e.ch havial .n output
pow.r of 2 w.tt.. Th. antenna c.nt.r­
lin. height .bov. Ir.d. l.v.l i. 211
ft.

Th. calculated value. .hown in Fil. 2
were obtain.d fro. the free .pac.
tran.mission formula

(1)

31.5.2

and the .ppropriat••nt.nn. input
p.r...t.r.. In the .bov••quation W 1.
th. pow.r d.n.ity, P i. the ant.nna
input pow.r, G i. the .nt.nn. dir.ction­
al ..in alonl the radial of interut,
.nd a i. the p.th t.nlth froa the f.c.
of the .nt.nn. to the point of int.r••t.
Th••bove 1u.tion i. v.lid for point.
in the f.r ield r'lion, t.k.n her. to
be di.t.nc•• Ir.ater than 2A/A wh.r. A
is the froj.ct.d .nt.nD' .p.rtur. .r.a
(I\, 64ft ) .nd A ia the w.v.lenlth
.t the fr.qu.ncy of inter •• t. At
point. in the n•• r fi.ld relion,
equ.tion (1) 10.e••ccur.cy •• on. I.t•
clo••r to the ant.nn. unl••• appropri­
.t. I.in corr.ctlon factor••r••ppli.d.
How.v.r, .ccuracy 1. Dot of pri••
conc.rn a. w. are tryinl to .stia.t. an
upp.r bound of the n••r fi.ld power
d.n.ity. To in.ur. thi •• v.rious
•••uaption••re al.o mad.. For .xaaple,
the power d.n.it ie. calculat.d froll
.quation (1) are multlpll.d by • f.ctor
of 4 to include the pouibUity of
fi.ld reinforce••nt due to in-pha.e
addition of r.fl.ct.d fi.ld ca.ponent.;
..ch tran.mitt.r i ••I.u.ed to b.
polarized in the dir.ction th.t yi.ld.
the l.ra••t ant.nn••id. lobe., and the
lain, G, 11 obtain.d froa the .ntenn.
dir.ctlonal ,ain p.ttern, .DIOothed over
the ..xlaa 0 the .id. lobes •

Fil' 3 show. the ••••ur.d .nd c.lcul.­
t.d v.lu.s for a al.t•• liail.r to that
.hown in Fig. • Tbis va••1.0
• 6 chann.l 4 GHz .y.tem with an
.nt.nn. cent.rline heitbt of 232 ft.
.bov. gr.d. lev.l. n thi. c ••••
bow.ver •••••ur...nt. were mad. in the
f.r field r'Rion.
ri... 4 .nd 5 .r••iail.r d.t. for tvo
differ.nt 6 GHz .y.t.... Fil. 4 i. for
.ix 10 watt chann.l••nd .n .nt.nn.
c.nt.rlln. b.ilht of 298 ft., .nd Fig.
5 1. for •• inale 5 w.tt ch.nn.l and an
.nt.nna c.nt.rline h.ight of 182.5 ft.

ria. 6 .howl the lIe••ur.d .nd c.lcul.­
tact value. for an 11 GHa dlaltal radio
.y.te. oper.tinl witb two 5 w.tt,
on. 3.5 w.tt, .nd two 2.5 w.tt cb.nn.l••
Tb••nt.nn. cent.rlin. h.ilht i. 211 ft.

The particular tow.rs .nd .,st•••
d••cribed abov. reprea.nt typical, not
vorst c.s. inst.llation.. How.v.r, a.
..ill be ,hown below, th. d.t. in Fil"
2-6 c.n b. Ic.l.d to repr..ent the
fully loaded. or vor.t c•••• itu.tion.
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DISCUSSION

A eompari.on of the ....ur.d .nd the
conespondinl calculated pollet' den.ity
for the 4 and 6 GHz IYlt ••• Ihown
in Fil'. 2-5 indic.t•• that the analyti­
cal m.thod u••d her., equation (1), i.
extr.mely con••rvativ.. Thi. h.1
alway. b.en found to .,. the e••e, not
only for the horn r.fl.ctor but for the
circular parabolic reflector antenna
as w.ll. The .ethod de.crlbed above
pred ict. lev.l. low.r tban tho.e
predict.d by various other _thod. of
calculation. The method currently u.ed
by the U.S. Environ.ental Protec-
t ion Ag.ncy2 for c.lculat inl upper
bound. of the pow.r dendty at polnU
In the near field rellon 18 to ealeu­
late the .veral. pow.r d.n.ity, W, in
the main bea. of the antenna pattern
from the equation

(2)

wh.r. P i. the antenna input power, 1'1
i. the ant.nna ap.rture efficiency, and
A i. the phy.ical area of the apertur••
The pow.r denllty .t off-.xil point. in
the near fi.ld i. then a.lu.ed to be
Ie. I th.n one on.-hundredth of the
value pr.d icted by .quat ion (2).
Following this techni1ue, value. of 2,
2, 10 .nd 1 pW/ea are obtained
for the Iy.tema shown in Fi". 2, 3, 4,
.nd 5 reapectively. However, the
r.lult. predict.d u.lnl .quation (1)
and the •••umptionl de.cribed .bove and
the relults predieted by uling equation
(2), al delcribed, converge with
increaaing d iltance froa the antenna.

The mea.ured valuel Ihown in Figl. 2-5
may be Ical.d to yield .Iti•• te. for
the actual pow.r d.nlity for .yate.'
oper.tinl at other power leveh. For
.x_pb, ril" 2 and 5 .ay be u.ed to
eltimate the maxi_ power density at
point I within a diltance of 200 ft.
from the bal. of a 200 ft. tow.r and a
fully loaded .ntenn., i ••• , tw.lv. 5
watt 4 GHz ch.nn.l••nd .iaht 12.5 w.tt
6 GHz chaan.l.. The ... f.,. mealured
v.lue of ",3nW/ c.2 for the I Ix 2
watt ch.nnel., (ril. 2), aay be multi­
plied bJ a .c.lina factor of 5 to
reprelent the 12 channel 5 watt
tranlmitter caae. Simil.rly, the
.easur.d v.lue of '" 2. 5nW/c.2 for the
• ingle 5 watt 'ylte., (Fig_ 5), .ay
be multiplied by a factor of 20 to
represent the 8 channel 12.5 watt cas••
Adding th.s. value. re.ultl in a
maximum power density that i8 lell than
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65 nW/cm2• A. indicated in Fig. 3,
the pow.r d.n.ity at point. aore
diatant would be .bnHicantlY lower.
Th. • •••ur.d v.lue for a 5 eh.nnel 11
GHz digit.l radio .y.tea w•• found to
approach 150 nW/cll2 at diltanc..
cIa•• (60ft.) to the b••• of a 200 ft.
tower. At diatanc.. luater than 200
ft., this level d.cr••••d to Ie•• than
10 nW/c.2• Inter.odul.tion proble••
ll.i t the nu.ber of 11 GHz d ialtal
r.dio ch.nnel. p.r .ntenn. to approxi­
••tely 8, th.refore, the r.lult. for a
fully lo.ded .y.te1ll .r. approxlaate1y
double the .bove value. for a llaUar
litu.tion, i.e., from 10 to 20 nW/c.2
for distance. greater than 200 ft.,
1... th.n 300 nW/c.2 for di.t.nces on
the ord.r of 60 ft.

A cOllpar ison of the .ea.ured power
den.itiel with the corr •• ponding
c.lculated valu•• for 'ylte.. operating
.t 4, 6 and 11 CHz indicate. that the
t heoret ica1 e. t imatel .re .xt re.ely
conlerv.tive at 4 and 6 GHz, i.e.,
there i. a large difference betw.en the
..a.ured and the calculated v.lu•••
Althouah the th.oretical value. at 11
GHz a lw.y. exce.d the eorr.lponding
•••• ur.d value., the difference is
..aller th.n for 4 .nd 6 GHz.
At no lenerally acc••• ible point for
any sy.tem de.cribed in this .tudy did
the power denlltiea appro.ch IIJ w/cm2,
the mo.t stringent general population
e.po.ur. st.ndard u.ed by any nation. 5
Such h•• been the cale for .11 Iystems
inve.tigated by the .uthor durinl the
p'lt .even ye.ra, e.I., .y.t... ulinl
various di.meter eircular p.r.bolie
r.flector antenna••t various heiahta
a. well al paulYe r.fl.ctor .y.t.. ,
i ••• , wh.re .n .ntenna i. mounted. few
feet above around lev.l directed
upw.rd. toward a tower mounted reflec­
tor. Such r••ults .re to be expected
becau•• of the low tran••itter powen
uted (the •• jority .re either 2, 5 or
10 w.tt.) and the exc.llent antenna
ch.racteri.tic. In ter•• of .idelobe
luppre.. ion and n.rrow be'lIlVldth. Such
ch.raet.ri.tic••• rv. to reduce
rout. to route interference and to
li.it expOlure of the gen.r.l public to
l.vel. w.ll below .ny eat.bli.hed
atand.rda.
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