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8UIIIIUY

The American Radio Relay League, Incorporated (the League),
the national non-profit association of a..teur radio operators in
the united states, subaits its reply ca.aents in the captioned
proceedinq. The ccmaents in this proceedinq addressed the proposal
contain.d in the Notice; to adopt, as a guid.line for Commission
use in evaluatillCJ the environmental effects of radio frequency (RF)
enerqy in processinq applications for new facilities utilizinq RF
enerqy, the standard for RF exposure recently adopted by the
American National Standards Institute (ANSI) in association with
the Institute of Electrical and Electronic Enqineers, Inc. (IEEE),
known as ANSI/IEEE C95.1-1992.

The ca.ments filed in this proceedinq reflect a siqnificant
disaqr....nt as to the desirability of Commission adoption of the
DSI/IEEE 1992 standard for RF exposure. There appear to be no
comments in the co.-ission's files, however, which would indicate
that experimental radio services such as the Aaateur Service should
be SUbject to routine environmental proc.ssinq of applications for
new, modified or renewed station licenses, or upqraded operator
licenses in the Allateur Service. Indeed, the comments filed by
aaateur radio operators note the administrative impracticality of
requirinq environmental assessments in the face of ever-chanqinq
station configurations, variable power levels, different modulation
tyPes, and different station locations. Those comments each suqqest
that amateurs should be exempt from regulations which require
routine environmental processinq of applications.

Aasuainq that ANSI/IEEE 1992 or another standard is ulti..tely
adopted, the coaaission should continue the cateqorical exemption
from routine environmental procesainq of all amateur station and
operator license applications. There is no evidence that amateur
stations would, except in rare circuastances, exceed even the 1992
standard, and the variability in aaateur station configuration does
not support the filinq of an environmental assessment for amateur
stations. Amateurs are uniquely sUbject, however, to operator
license examinations, and there are questions in the examination
question pool dedicated to RF safety. At the same time, the League
has in all relevant pUblications siqnificant educational .aterials
for amateurs concerninq RF safety. These .aterials are a qood and
sufficient means of addressinq RF exposure from amateur stations,
and should be the only regulatory approach adopted.
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The Aaerican Radio Relay League, Incorporated (the League),

the national non-profit association of aaateur radio operators in

the united state., by counsel and pursuant to section 1.415(c) of

the co..ission's Rule. [47 C.F.R. 51.415(c)], hereby respectfully

subllits its reply co...nts in the captioned proceeding , relative to

the Notice of Proposed Rule laking (the Notice), FCC 93-142, 58 Fed

Reg. 19393, 8 FCC Red. 2849, released April 8, 1993. These reply

co...nts are ti.ely filed, per the Order Ixtending Ti.. For Reply

Co••ents, DA 94-34, 59 Fed. Reg. 9171, published February 25, 1994.

The cOlDMtnt. in this proceedinq addressed the proposal contained in

the Notice: to adopt, as a guideline for co_is.ion use in

evaluating the environaental effects of radio frequency (RF) energy

in processing applications for new facilities utilizing RF energy,

the standard for RF exposure recently adopted by the AIlerican

National Standards Institute (ANSI) in association with the

Institute of Electrical and Electronic Enqineers, Inc. (IEEE),

known as ANSI/IEEE C95.1-1992. In response to the ca.aents filed to

date, the League state. as follows:

1



I. Illuoduotioll

1. The c~nt. filed in this proceedinq reflect a .iqnificant

di.aqr....nt a. to the desirability of ca.aission adoption of the

ANSI/IEEE 1992 standard for RF exposure l • There appear to be no

ca.aents in the co_ission's file., however, which would indicate

that .xperiaental radio s.rvices .uch as the Allateur s.rvice should

be .ubject to routine environaental processinq of applications for

new, .edified or renewed station licen.es, or upgraded operator

I The Ca..ents of certain broadcast entiti.. , and of consultinq
enqineerinq fir.., reflect objections to the .tandard, but .everal
encouraqe adoption of it, principally because it is a .tandard that
is likely to be adopted by other agencies, havinq been adopted by
the AJlerican National Standards Institute, and by non-Federal
.ource.. Th. League i. not so quick to di••i.. the thouqhtful
c~nts of the EnvirOlDl8lltal Protection Aqency, which pointed up
nuaerous flaws in the USI/IEEE standard as .tated. It i. suqqested
that the record in this proceedinq does not justify the adoption of
the standard 'at this ti.., especially without substantive
consideration of alternatives not mentioned in the Notice.

The sugge.tion that the standard is in exist.nce, and will be
applied, so it should McO•• the de jure .tandard, flaw. and all,
i. not the proper approach for a regulatory aqency. The COII1Ii••ion
sbould not burden the co_unication. industry with an RF eXPOSur•
• tandard that is any acre restrictive than i. neces.ary to protect
huaans fro. occupational and non-occupational .xpo.ure to RF. On
the other hand, the degr.e of nece.sary protection should be
properly ascertained, and it is the cOIIIIission's obligation to
deteraine whether a .tandard adopted by other entities is
.ufficient to do that. The co...nts of EPA .ake it cl.ar to the
Leaque that the 1992 ANSI/IEEE standard is in certain i.POrtant
respects not the proper standard to accollplish either of the
co..i ••ion's obligations. Its deteraination of the proper li.its
for uncontrolled environJIent., for exaaple, i. apparently
coapletely arbitrarily established, ~ the standard for
controlled environaent'-, which is billed by ANSI/IEEE as being
".afe for all". The .tandard should be revi.ited, perhaps in a
.ulti-aqency proceeding. Alt.rnatively, the co_ission should
terainate this proceedinq and rely on an aq.ncy with proper
experti.e in evaluating such standards on a .cientific ba.i. to
cleteraine a proper stanclard, which may, for the cam-unications
inclustry, be a hybrid standard.
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licens_ in ~e AJIa~eur S.rvice. Indeed, the co_n~s fil.d by

a..~.ur radio opera~or.2 no~e ~he admini.~ra~ive i.prac~icali~y of

requiring environaental asses.ments in the face of ever-changing

.~a~ion confiqura~ions,variable power level., differen~.odula~ion

types, and difflllrent station locations. Tho.. co...nts each sugge.t

that ...teurs should be exempt from regulations which require

routine environaental processing of applica~ions. It is understood

that the co_ission is .pecifically interested in d.termining

whether or not the existing categorical exemptions froa the NEPA

requireaent of routine .valuation for environaental i~ct should

be ..intaina<i. 3

II. fte C~e.t. .upport catevoriaal .....tio. of Allateur
.~tio. Lioea.. Applioatio.. ~oa aouti.e

...lrODaeDtAl Proae••iD9

2. The Leaque wi&bes ~o .-phasize in th... reply c~nts

that, r~ardle.. of the .tandard ultimat.ly cho••n a. the proper

.~andard for RF exposure limitations generally, the coaai••ion

should avoid re.tric~ion of Aaateur Service ca.aunication. or

subj.ct ...~.ur radio lic.n.... ~o .tring.nt regulatory burd.ns

.uch a••ublai.sion of Envirol1ll.ntal As.e....nt., without good cause

therefor. While there are amat.ur station configurations that could

expo.e the licensee, or perhaps aeDbers of hi. or her family ~o

level. of RF .nergy that exc.ed the proPO.ed 1992 ANSI/IEEE

2 see, e.g. the c~nt. of Dr. WaYne OVerbeck, Ph.D, J.D.,
and tho.e of Ivan Shulman, M.D., et ale

See the Botice, at paragraphs 19-21, 8 FCC Red. at 2852.
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standard, the.e confiqurations are indeecl rare ... FurtherJlOr. ,

becau.. aaat.ur station equi~nt i. not .pecifiecl in FCC

applications or in FCC station Lic.ns.. in the Aaat.ur Service, and

becaus. th.r. is no .tandardization to the tran_itters, feed

lin•• , pow.r l.v.ls, frequenci.s or ant.nna. used at a giv.n

location, there i. no point whatsoev.r in requiring an EA with each

Fora 610. The .tation equi,..nt could, and in aany cas.s they do,

chall9. froa day to day. Nor does it lUke any sense at all to

include aaateur equipaant in the equip..nt authorization process

for purPOS.. of d.terainill9 the potential for such equipaent to

exceed what.v.r RF standard i. adoptecl. Thi. i. because the .tation

coaponents do not th....lv•• det.raine wh.th.r or not the station

will .xceed the adopted RF standard. Rather, it i. the location and

confiquration of the station coapon.nt. in situ which deteraine

ov.rall RF l.v.l., as the coaponents ar. as.ellbled by the licens•••

Other factors, .uch as the JIOdulation level and other OPerating

circUlUltance., also affect the level of RF .nerqy _itted froa the

.tation, and the extent to which th. .tation is capable of

exceedill9 the appropriate exposure standard.

3 . The Co_i.sion recoqnized the n.ed to exeapt aaateur

stations froa routine .nvironaental processing in 1987, as

.. The Leaqu. i. aware of studies conducted by the co_i.sion
recently of ...teur station configurations and the extent to which
they aight exceed the 1992 USI/IBBB .tandard for controll.d
.nvironaents. Though the result. of this study have not been
released as yet, the Co_ission 's profe••ional staff has apparently
.tudied a .ignificant nuaber of aaateur stations, and found that
only a saall Percentage would exceed the proposed standard for RF
exposure with respect to the licensee.
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di.cuaaed IIOre fully in the League'. c~nts in this proceedinq.

The COIIIIi.sion· s deci.ion wa. at that ti_ based on a deterJIination

of the extent to which ...teur stations would or could exceed the

1982 ANSI standard for RF exposure. At that time, the co..ission

notedS that:

ReqardiN) aaateur radio facilitie., no specific evidence
has been .uJ:aitted that the•• facilities pre_nt a
si9nificant ri.k to the public that would warrant routine
environaent.al evaluation. While hypothetically, RP
radiation li.its could be exceeded in a few instances,
such .ituations apparently ••lda. occur in actual
operation. FurtherllOre, because _teur station. are not
individually licensed by frequency, .od.ulation, power
output, or location, it would not be adainistratively
feasible to evaluate amateur applications for this
environaental factor. consequently, we find that aaateur
radio operators, at the time of licensin9, should not be
required to routinely submit environmental inforaation
concerninq exposure to RF radiation. Nevertheless, as an
added precaution, we agree with [the League] that
operator education would help to as.ure co~liance with
AIISI guidelines. In that connection, RF radiation .afety
questions are being incorporated into amateur examination
study guides.

2 FCC Rcd at 2066.

The circUJIStance. which led the co_is.ion to this reasonable

conclusion in 1987 still appertain, even if the ca.ai••ion should

adopt the 1992 ANSI/IEEE RF exposure standard, and even if it

ahould con.ider aaateur stations to be in "uncontrolled" RF

envirORllent.' rather than "controlled" enviroruaents. An a.ateur

S $Acon4 Baport ADd Order, Docket 79-144, 2 FCC Red. 2064
(1987); wgdified by trratya, 2 FCC Red. 2526 (1987).

, The cla.sification of ...teur stations a. beinq in
uncontrolled environaents has no ju.tification with respect to the
eXPO.ure of the licens.. of an _teur station or hi. or her
f_ily: he or ahe i. in full control of the tran••i tters and
antennas of such stations, and is caPable of regulating the level

5



station is stil~ unlikely, in typical configurations, to exceed the

1992 ANSI/IEEE llP exposure standard. AlIateur stations are operated

interaittently by their very nature, with low, most often extreaely

low duty cycles; and the stations use relatively low power levels.

As was deterained in the Second Report and Order in Docket 79-144,

supra, footnote 4, typical a.ateur station confiCJUrations are such

that, even using the 1992 ANSI standard for uncontrolled

environaents, RP ..issions would not exceed aaximua reca.aended

levels. Those stations which would, such as Earth-Moon-Earth

stations with high-gain antenna arrays and high ERPs, are

invariably in reacte locations, due to the size of the antenna

arrays; and high-powered, high-duty cycle aobile installations are

rare.

III. ~e Aaateur 8erYiae .rovi4.s Opportuaities for
.auoatioDal .fforts ID Lieu of ODDeaes.ary aegulatioD

4. The better approach, and indeed a good opportunity for

broad-based education of licensees, as discussed in the LeaCJUe's

ca.aents, is to rely on the aaateur operator license exa.ination

process, and the technical self-training characteristics of the

Aaateur Service as a ..ans of insuring safety in the operation of

of RF energy ..i tted therefrom. Neither i. the radio .-teur
unaware of the possible consequences of exposure to high levels of
RP energy, as educational JUlterials on the subject. are included in
LeaCJUe publicationa, and que.tions on the Subject are in the
syllabus for ...teur examination.. As to the possibility of
exposure of neighbors of aaateurs to RP energy near the antenna,
that i. not uncontrolled .ither, since the antenna. are on private
residential property, and not, generally, in industrial or business
areas. Neighbors are therefore kept away fro. clos. contact with
amateur antennas.
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aaateur stations. This educational process begins with the

exaainations for the aost popular entry-level aaateur licenses, the

Novice and Technician Class licenses. Attached hereto as Exhibit A

are excerpts fro. the Leaque's pUblication "Now You're Talking",

which is widely used as a preparatory text for those studying for

the Novice or ~echnician Class amateur radio exa.ination. Attached

to the se9Jl8nt of that text dedicated to RF safety are the

questions, answers and distractors included in the qualifying

exa.ination question pool for all beginning amateur examinations,

related to RF exposure and RF safety.

5. Exhibit B is an excerpt from the curr.nt ARRL Antenna Book,

which is a thorough encyclopedia of antenna theory for radio

aaateurs. It is widely read, and in the subchapter on RF safety, it

discuss.s both the 1982 ANSI standard and the then-proposed 1991

ANSI/IEEI standard for RF exposure. Exhibit C is the section on RF

Radiation Safety from the 1994 ARRL Handbook, the standard

reference for radio amateurs. The extensive section on RF safety

includes a list of specific RF Awareness Guidelines, and a table of

typical RF field strengths near bateur Radio antennas, ..asured as

saaples by the co_ission and by the Environaental Protection

Agency in 1990. It is understood that the results of the

co_ission's s-.ple ..asurements has shown that aaateur stations

noraally do not exceed the limits of the proposed RF exposure

standard.

6. Exhibit D is a sagaent of the League's current VHF/UHF

Experi..nter's Manual, which is intended for those radio aaateurs

7



who design and construct equip_nt for the VHF and UHF bands. The

entire second chapter of that book is dedicated to RF safety

practices, in the fora of an article by the late Dr. David

Davidson, a radio a..teur and a fonaer ...mer of the ARRL's

Ca.aittee on the Biological Effects of RF Energy. Because the book

is intended for the .ost technically inclined radio ..ateurs, the

article contains a detailed analysis of calculation of near and far

field power densities, includinq foraulas, and RF protection

paraa-ters. It includes also a series of protection rules and RF

awarene.s procedure••

7. Exhibit E is a seqaent of the Laaque's Satellite

Experiaenter's Handbook, which e.phasizes the power density levels

in the aaateur bands .cst often used for satellite coaaunicationa.

It also contains a seqaent on esti..tinq power densities,

quid.lines for RF awareness, and an extensive bibliography. Exhibit

F is a copy of an article by Dr. Ivan Shul..n, a aeaber of the

Laaque's Co.-ittee on the Biological Effects of RF Energy, which

appeared in the october, 1989 issue of QST, the Leaque' s technical

journal, which is a co.prehensive discussion of the history of RF

exposure conc.rna and studies, and their relationship to the

Aaateur Radio Service. It too contains an extensive bibliography.

The article .-phasizes the concept of "prudent avoidance" of RF

expo.ure, and list. co..on sense precautions in dealinq with RF

enerqy.

8. The conclusion to be drawn fro. these docuaents is that RF

safety is a basic al_ent of the infor.-tion iaparted reqularly and

8



thoroughly to radio aaateur•• In section 97.1 of the ca.ai••ion'.

Rule., the basis and purpo.e .ection, technical self-training i. an

iaportant goal of licen.ing radio ...teurs in the first place. Part

of that technical self-training include. training in the safe use

of the a..teur frequency band., .afe operation of electrical and

electronic equip..nt, and due con.ideration for the effects of the

RF generated during the ca.aunication.. The League .ugge.t. that

the ongoing educational effort. it conduct., and tho•• conducted in

.x..ination preparation training cla•••• , together with the

pUblication. that include .ections on RF Safety, are a .ufficient

..an. of insuring .afe operation of ...teur .tations, regardle•• of

the .tandard adopted by the co..i.sion. The co_i.sion has full

regulatory control over the .xaaination syllabi and the qu.stion

pool. used in adJIini.tration of ...teur ex..ination. for each class

of aaateur licen.e, and can dete~in. the proper amount of ..pha.i.

to be given this subject in operator license exaainations. Thi. is

the proper ..ans of addressing is.ue. of RF exposure in the AJlateur

service.

IV. ft. co-l••ioa 81&ou14 ft...t 8KO•••i .....- 1
... -.po.are 8taa4.r4...10. Are Arbitrarily ••tabli ..

9. A proble. that the League ha. perceiVed to be on the

incr.... in the past f.w y.ar. i. the illpOsition by state, county

and oth.r aunicipal qovernaental authoriti.. of RF exposure

standard. that are acre re.trictive, often .ignificantly, than the

quidelines adopted for environaental processing by the co_ission.

An ancillary probl_ i. the _tabli.h-.nt of procedure. on the

state or local level for RF power den.ity ..asur.aent. even when

9



calcul.tion. show that there is no real po••ibility of a proposed

new .tation exceeding the FCC-adopted guidelines. The .ast co..on

case involve. ,oellular towers in residential areas, or broadcast

antennas'. While few of these local regulations have been applied

thus far dire(~tly to aJlateur antennas, aaateurs suffer a acre

insidious form of unreasonable local involveaent in RF exposure

issues, when building permits or conditional use peraits are sought

by aaateurs for antennas in residential areas. Routinely,

unquantified, vaguely stated concerns over RF safety are raised in

the form of objections to particular amateur antenna installations.

These objections are most often raised by neighbors of amateurs,

who.e real concern is the aesthetic iapact of an antenna

installation, or a new antenna ordinance. In any case, the ca.aents

in this proceeding reveal a strong senti..nt that, assuming that

so.. revised RF standard is adopted in this or a successor

proceeding, it should be determined to be the pree.ptive standard.

10. At several ti... in the past, the co..ission has been

a.ked by co..unications industry representatives to preeapt

stringent local regulation of RF eaissions. The National

Association of Broadcasters aade such a request in 1986. The League

ha., in a nUllber of instances, made siailar reque.ts. The

Co..i ••ion has heretofore refused to preeapt .tate or local

regulation of RF ..i ••ions because of a claiaed lack of experti.e

, For exaaple, in Multnoaah County, Oregon, Ordinance
NCC. 7035(F) (4) (b) require.....ur_nt. to be taken by a regi.tered
profe••ional engineer, over long period. of ti.., if tho.e
....ur...nts show RF level. greater than one-fifth of the RF power
densities permitted by the ordinance.

10



in the .ubject ..tter. That rationale, however, is di.coafortinq

for a nUllber of rea.ons. Fir.t, if the ca.ai••ion i. not

.ufficiently expert in the ar.a of RF eXPO.ur. a. to be able to

det.rain. what l.v.l. of RF it. lic.n•••••hould be able to ..it,

th.n it has no bu.in.ss adopting any standard at all. It should

d.l.gate th. ta.k to a F.deral agency with pri..ry juri.diction,

such as the EPA. How.v.r, if, as the co_i.sion stat.s in the

Notice in this proceedinq, it has an obligation to adopt a .tandard

that is acceptable in the industry, then that standard should be

the standard by which the Commi.sion· s lic.n•••• are deterJIined to

be operating safely and in the public interest. Furthermore, even

if the co_ission does not have the expertise to deteraine the

biological .ffects of RF on humans, it i. certain that virtually

all local gov.rnaent., .cst counties and a large nUllber of .tate

regulatory agencie. also lack such experti.e.

11. The co_i••ion, if it should adopt a Fed.ral .tandard

applicabl. to it. lic.n•••• for ..ximum RF .XPO.ur., .hould at the

.... ti...pecifically state that existing RF eXPO.ure regulations

that are aore strinqent than those adopted by the ca.ai••ion are

pr.e1lPted, unl... the state, county or local goverlUMnt agency

subait. a showing that it has conducted specific studies of the

..tter and that tho.e studies have established a coapellinq need

for .or. strinqent r.gulations. The burd.n .hould be plac.d on the

stat. or local gov.rnaent to justify with .pecific findinq. the

aore restrictive standard. Without such, this indirect and

in.idiou. contl."ol over co_unications licensee. will continue. Mo.t

11
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recently, for exaaple, the state of New Jer.ey Depart..nt of

Environaental Protection and Energy has proaulgated proposed rules'

which would p,rovide for r.gular ..a.ur_.nt of RF from all

..itt.rs, whether licensed by the Commission or not. Th.se rules

would require the registration of all RF emitters with the state,

and the paYa8ntof significant fees, both initially and annually,

for the privileg. of annual inspections for RF ..ission cOJlPliance.

Tentatively, New Jer.ey has proposed to ex..pt aaateur radio

.tation., but that issue is not concluded. The League views the New

Jer.ey proposal as a state licensing and taxation ..asure, which i.

on it. face pre..pted by the Communications Act. The proposal is

one in.tance of a aore widespread problea, however, the principal

adver.e effect of which is to preclUde or significantly inhibit

amateur station operation by precluding the installation of

reasonable antennas. Long ago, it was held that a patchwork of

state and local regulations on the operation of radio facilities

would not be satisfactory. Unified, national regulation has been

found by the United states Supreme Court to be nece.sary.'

, DEPE Docket 60-93-11/142, 25 N.J.R. 5422 et seq.

9 The power of the Federal Governaent to regulate radio
c~nications exclu.ively on a nationwide basi. was determined a.
early as 1933, in rlderal Badio COmmission v Nelson Brothers Bond
i Mortgage Co., 289 U.8. 266, 279; 53 S. ct. 627, 634 (1933) ("No
state lines divide the radio waves, and national regulation is not
only appropriate but ••••ntial to the .fficient u•• of radio
facilitie."). S.e al.o Whiteburst y. GriMa, 21 F.2d 787 (E.D. :Ky.
1927); risher's Blend station V Tax cgaai••ion of state of
WAabington, 297 U.S. 650 (1936). To eliminate any doubt about the
exclu.ive Fedel.al authority to regulate radio co_unications, the
Congress in 1982 modified Section 301 of the Communications Act of
1934 to delete the words "interstate or foreign" from the phrase
"to ..intain the control of the united states over all the channels

12
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Assuainq that there is some specific Federal standard for RF

exposure ultiaately to be adopted, either in this proceedinq or,

.are appropriately, in a separate, more coaprehensive review of

alternative RF safety standards, the standard ultimately adopted by

the ca.ai.sion should be stated to be pree~tive of .are strinqent

standards by non-Federal authorities.

V. COnclusions

12. The ccmai••ion has in this proceedinq no consensus on the

advisability of the adoption of the ANSI/IEEE 1992 standard for RF

exposure. Certain comments, principally from broadcasters, urge

adoption of the standard, though this is done apparently without

consideration of alternative standards. In this respect, the

inadequacy of the Notice in this proceeding i. apparent: the record

i8 devoid of consideration of reasonable alternative standards for

RF exposure. The co...nts of the Environmental Protection Agency

note that certain alternatives are preferable. This proceeding

should be recast as a Notice of Inquiry, to consider alternatives

to the 1992 ANSI/IEEE standard.

13. Assuaing for the moment, however, that ANSI/IEEE 1992 or

another standard is ultimately adopted, the co_ission should

continue the categorical exemption froa routine environaental

of interstate or foreign radio trans.ission••• ". See, the 1982
U.S. Code Conq. , Ad. Nevs 2237, 2275-76. The Coaaunications Act of
193~ gave the FCC "unified jurisdiction", "broad authority" and a
"coaprahensive ..ndate" with "not niggardly but expansive powers".
Uni1;tKI Sta1;e. Y. loMt;bya'1;vn Cable Cg., 392 U.S. 157 at 172
(19~3); See also 'a1;ignal Iroadgas1;inq Cg. Y. uni1;ed S1;a1;e., 319
U.S. 190 (1943). Section 2 of the ccmaunioationa Act confers on the
FCC regulatory authority over all caamunications by wire or radio.
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proc•••inq of all aaateur .tation and oPerator licen••

application.. ''l'bere is no evid.nce that aaateur stations would,

except in rare circuastance., exceed even the 1992 standard, and

the variability in aaateur .tation configuration doe. not support

the filing of an environaental a nt for aJlateur .tation•.

AJlateurs are uniquely Subject, howev.r, to operator license

exaainations, and there are que.tion. in the exaaination question

pool dedicated to RP .afety. At the aa.. ti.., the League haa in

all relevant publications .ignificant educational aaterial. for

aaateurs concerning RF .afety. These ..terials are a good and

sufficient ••an. of addressing RF exposure from amateur stations.

!'berefore, the foregoing considered, the AJlerican Radio Relay

League, Inco~rated re.pectfully reque.t. that the Co_i••ion

terainate this proceeding without action, and revi.it the aatter in

a separate proceeding incorporating a aore comprehen.ive analy.i.

of available alternative•. Alternatively, .hould the co_i••ion

adopt a .tandard in this proceeding, it sbould continue to exempt

aaateur station application. from routine environaental processing.

14
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Finally, any standard adopted in this or any successor proceedinq

should be deeaed to be the preeaptive standard for co..unications

facilities licen.ed by the co..i.sion.

Respectfully subaitted,

'rb. a-arioaa "4io ••lay
L.aqua, IDoorpora~a4

225 Main street
Newinqton, err 06111

BOOTH, FRERET , IMLAY
1233 20th street, N. W.
suite 204
Washington, D. C. 20036
(202) 296-9100

April 25, 1994
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RFSAFETY

We all kp.ow basic safety precautions to follow in the
ham shack. We know to pull the plug before taking the covers
off a transceiver or power supply, for example. Another
important concern, one often overlooked, is RF safety. This
involves minimizing human exposure to strong radio-

Figure 8-6-A heavy-duty knife switch can be used
to connect the wires In your antenna feed line to
ground. A clip lead to a ground wire can be used
Inat.ad of the switch. This will prevent a large
static build-Up on your antenna. It will alao prevent
equipment damage caused by voltage on your
antenna prodUced by a nearby lightning strike.
There is no sure way to prevent a direct hit by
lightning, however.

RF Safety Guideline.

Take the time to study and follow these general guide
lines to minimize your exposure to RF fields. Most of these
guidelines are justcommon sense and good amateur practice.

• Confine RF radiation to the antenna, where it belongs.
Provide a good earth ground for your equipment. Particularly
at VHF and UHF, poor-quality feed line and improperly in
stalled connectors can be a source of unwanted RF radiation.
Use only good-quality coaxial cable. Be sure the connectors
are of good quality and are properly installed. Good-quality
coaxial cable and connectors will also help reduce RF loses
in your system.

• Don't operate RF power amplifiers or transmitters with
the covers or shielding removed. This practice helps you
avoid both electric shock hazards and RF safety hazards. A
safety interlock prevents the gear from being turned on acci
dentally while the shielding is off. This is especially impor
tant for VHF and UHF equipment. When reassembling trans
mitting equipment, replace all the screws that hold the RF
compartment shielding in place. Tighten all the screws se
curely before applying power to the equipment.

Putting It All Together 8-7

frequency fields. These potentially dangerous fields occur
near or around antennas.

Biological effects ofRF exposure have been studied for
severaldecades. We know that body tissues subjected to large
amounts of RF energy may suffer heat damage. It is possible
to receive an RF bum from touching an antenna that is being
used for transmitting. You don't have to come into direct
contact with an antenna to damage body tissues, however.
Just being present in a strong RF field can cause problems.

Taken to extremes, we could compare the effects of RF
exposure to the way a microwave oven cooks food. A typical
microwave oven uses a 500-W RF source operating at
2450 MHz. The Novice 1270-MHz band is about half this
frequency. and so can have similar effects. Of course, the
microwave oven is designed to concentrate its RF power for
heating food and is not directly comparable to Amateur
Radio operations. Some studies have shown that persons who
are exposed to strong RF fields over a period of time may be
at increased risk to develop certain kinds of cancer.

There is no cause for alarm in most amateur installa
tions. But be aware that exposure to strong RF fields-which
we cannot see, smell, hear or touch-can cause health risks.

The amount ofRF energy that the body absorbs depends
on the radio frequency. The body absorbs RF energy most
efficiently in the VHF range (30 to 300 MHz). Absorption is
greatest if the antenna orientation is parallel to the body (ver
tically polarized). Sensitive parts of the body, such as the
eyes, are particularly prone to damage from RF energy.

Most amateur operation is with relatively low RF power
and is intennittent-the transmitter is not operating continu
ously. Hams spend more time listening than transmitting. If
you use modes such as RTIY and PM, in which the RF carrier
is present continuously at full power, you'll need to pay more
attention to RF safety.

PARALLEL
LINE

GROUND

EARTH
GROUND

COAX LINE

station (with the switch open, of course!) if the lead from the
feed line to the switch is no more than a couple of inches long.
An alligator clip can be used instead of the switch. Whatever
you use, don't forget to disconnect the ground when you trans
mit. This precaution is useful only on the HF bands. The
switch will cause high SWR if used at VHF and UHF.

Another device that can help protect your equipment in
an electrical stonn is a lightning arrestor. This device con
nects pennanently between your feed line and the ground.
When the charge on your antenna builds up to a large enough
potential, the lightning arrestor will "fire." This shorts the
charge to ground-not through your station. A lightning ar
restor can help prevent serious damage to your equipment.
Most, however, don't work fast enough to protect your sta
tion completely. Lightning arrestors are liseful for commer
cial stations and public service (fire and police) stations that
must remain on the air regardless of the weather. Unless you
are actually handling emergency communications, you
shouldn't rely on them alone to protect your equipment, home
or life.

[Now turn to Chapter 12 and study questions N4A06,
N4A07 and N4B07. Review this section if you have any dif
ficulty with these questions.]
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• In high-power operation in the HF and VHF region,
keep the antenna away from people. Humans should not be
allowed within 10 to 15 feet of vertical antennas. This is
especially important with higher power, high-duty-cycle op
eration (such as FM or RTTY). Amateur antennas that are
mounted on towers and masts, away from people, pose no
exposure problem.

• Always install your antennas where people and ani
mals cannot touch them.

• When using mobile equipment with 10-W RF power
output or more, do not transmit if anyone is standing within
2 feet of the antenna.

• The best location for a VHFIUHF mobile antenna
from an RF safety standpoint and for the best radiated-signal
pattern-is in the middle of the automobile roof. This posi
tion best protects the car's occupants.

• When using a hand-held transceiver with RF power
output ofseveral watts or more, maintain at least I to 2 inches
separation between the antenna and your forehead to protect
your eyes. It is recommended that hand-held radios have a
power of no more than 7 watts.

• Never touch an antenna that has RF power applied. Be
sure RF power is off and stays off before working on or ad
justing an antenna. Also, make sure any nearby antennas are
deactivated. Never have someone else transmit into the an
tenna and monitor the SWR while you are making adjust
ments. When matching an antenna, you should tum the trans
mitter offand make the adjustment. Then, back away to a safe
distance before turning the transmitter on again to check your
work.

• During transmissions, never point a high-gain UHF or
microwave antenna (such as a parabolic dish) toward people
or animals.

• Never look into the open end of a UHF or microwave
waveguide feed line that is carrying RF power. Never point
the open end of a UHF waveguide that is carrying RF power
toward people or animals. Make sure that all waveguide con
nections are tightly secured.

The following additional safety guidelines were devel
oped in response to scientific studies done in the mid to late
1980s. (From the October 1989 QST article, "Is Amateur
Radio Hazardous to Our Health?" by Ivan A. Shulman, MD,
WC2S.)

• Do not stand or sit close to your power supplies or
linear amplifiers while operating, even when they are in
standby mode.

• Stay at least 24 inches away from any power trans
former, electrical fans or other source of high level 60-Hz
magnetic fields while in operation.

• Do not tune up oroperate a high-powered linear ampli
fier while the shields or covers are off.

• Run your transmission lines away from where you or

8·8 Chapter 8

other people sit in or near your shack.
• Properly terminated coaxial transmission feed lines

should be used in preference to open-wire orend-fed antenna
installations that come directly into the transmitter, as the RF
radiated from a coaxial feed line is much lower.

• Use common sense about placing all antennas well
away from yourselfand others, especially for VHF, UHF and
particularly microwave application. No one should be in the
near field of an antenna.

• No person should be near any transmitting antenna
while it is operating. This is especially true for mobile or
ground-mounted vertical antennas. The use of indoor trans
mitting antennas that are close to people in a house or apart
ment should be reconsidered.

• Use the minimum power needed to make a QSO,
especially if the antenna is less than 35 feet above the ground.

• Hand-held radios should be used on the lowest power
setting needed to carry out communications.

• Hand-helds should be kept as far from the head as
possible when operating. The use of a separate microphone
or similar device is recommended.

• Transmissions using a hand-held radio should be kept
as short as possible.

• Power density measurements should be made before
running more than 25 watts in a VHF mobile installation,
particularly if the antenna is rear-deck mounted and passen
gers may ride in the back seat. The safest mobile antenna
location is in the center of the metal roof.

• The development of an accurate inexpensive power
density meter would be of major benefit to the Amateur
Radio community so that RF power-density measurements
could be taken in all radio installations. Because of the cur
rent high cost of such devices, groups of amateurs or clubs
may wish to purchase one and share in its use.

• Soldering should only be done in a well ventilated area.
A small fan should be used to blow away toxic fumes.

• When using toxic chemicals, such as when etching PC
boards or repairing fiberglass, wear gloves and goggles, use
proper tools, and avoid contact with any of the chemicals. If
accidentally contaminated, wash offthe compounds immedi
ately with lots of water. Again, the importance of always
working in a well ventilated area with personal protective
covering cannot be overemphasized.

• Hazardous chemicals, such as those in the PCB class,
are used in some capacitors and dummy loads. Use extreme
care in handling these materials, and consult with the appro
priate local authorities to determine the proper means ofdis
posing of these chemicals in an environmentally responsible
way.

[It's time to study questions N4BOI through N4B06 in
Chapter 12. Review this section if you have difficulty an
swering any of these questions.]



THE N7BH WORLD TIME FINDER
You can eliminate errors in local-to-UTC time and date

conversion by keeping a two-function clock set to local time
and UTC. That solution, however, doesn't help determine the
date and time in time zones other than local and UTC. The
circular slide rule shown here works simultaneously for all
time zones. (Within certain limits; many localities deviate from
the system of Time Zones.)

The outer scale shows hours in the 24-hour format with
plus and minus signs to show the gain or loss of a day at
midnight. The inner scale is labeled with a letter and longitude
to identify each Time Zone, UTC, the International Date Line
and abbreviations for Time Zones in the US. For example,
2100T indicates 9 PM Mountain Standard Time or Pacific
Daylight Time. (Note that adopting daylight time has the same
effect as shifting one time zone to the east, and thus one hour
closer to UTC.)

Time Zones

The system of Time Zones is based on a few facts about
our planet. Because it takes 24 hours for the earth to rotate
360°, there is one hour of time change for every 15° of
longitude. (There are 24 Time Zones, each 1 hour different
from those adjacent.) The Prime Meridian (0° longitude)
passes through Greenwich, England, and serves as a
location for UTC. The International Date Line is 180° longi
tude and directly opposite the Prime Meridian. While this all
forms a mathematical foundation for the Time Zone system,
there are many deviations from a strict 10ngitudeiTime Zone
correspondence for local convenience. For example, portions
of Alaska and Hawaii share the same longitude, yet they are
in different Time Zones.

Construction

You can assemble your own World Time Finder by
making two photocopies of this page. Cut one copy on the
line of the inner circle, and other on the line of the outer
circle. Put each circle between two pieces of clear plastic, or
laminate them between sheets of clear Con-Tact paper (a
sticky-backed plastic material sold in many department
stores). Punch a hole in the center of each disk and use a
Va·inch rivet with washers for the center pin.

10 times increase in signal strength to make the meter read
20 dB over 59.

S meters on modem transceivers mayor may not re
spond in this manner. 5-meter operation is based on the out
putofthe automatic gain-control (AGC) circuitry; the S meter
measures the AGe voltage. As a result. every S meter re
sponds differently; no two 5 meters will give the same read-

Use
Operate the World Time Finder by aligning the Time

Zone letter for your areas with the current hour. In the
example shown, it is 2000 hours (8 PM) at Zone U (PST).
Zone U is 120° W longitude, or 8 hours earlier than UTC.
If the zone-U date is July 1, then the UTC time and date is
0400 (4 AM) July 2. In Japan (Zone I), which is 135° E
longitude and 9 hours later than UTC, it would be 1300
hours (1 PM) on July 2.

Note that this time conversion can be done by
traveling either clockwise or counterclockwise around the
chart. Going in a counterclockwise direction from Zone U
to UTe, you pass midnight (in the direction of the arrow
pointing to the plus sign) on the outer scale, thus gaining a
day. If traveling in a clockwise direction, you pass the
International Date Line (with the arrow to plus), again
gaining a day. The gain or loss of date is established
easily by the + or - signs next to the arrows.

ing. The 5 meter is useful for giving relative signal-strength
indications, however. You can see changes in signal levels on
an S meter that you may not be able to detect just by listening
to the audio output level.

[Now tum to Chapter 13 and study questions T4DOI
through T4D08. Review the material in this section if you
have any difficulty with these questions.]

SAFETY WITH RF POWER

Amateur Radio is basically a safe activity but accidents
can always occur if we don't use common sense. Most of us
know enough not to place an antenna where it can fall on a

power line. We don' t insert our hand into an energized linear
amplifier. or climb a tower on a windy day. We also should
not overexpose ourselves to RF energy. Large amounts ofRF
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Figure 8-18-American National Standards Institute
Radio Frequency Protection Guide for whole-body
exposure of human beings.

range for the most stringent (lowest) permissible exposure
level. Figure 8-18 shows that the lowest maximum exposure
level is 1mWIcm2 for frequencies between 30 and 300 MHz.
The frequencies in this range cause the greatest potential risk
for human beings. RF energy at these frequencies is most
easily absorbed by the human body. For this reason, it's
important to reattach all shielding to a VHF amplifier after
you've adjusted it. If it' s turned on before all the shielding is
in place, you could be exposed to dangerous amounts of RF
energy.

On either side of those "corner" frequencies the rise is
gradual. At 3 MHz the maximum permissible exposure level
is 100 mW/cm2; at 1500 MHz and above, 5 mW/cm2.

The valley region includes some active amateur bands
(l0, 6 and 2 meters) as well as all FM and TV broadcasting.
The rationale for specifying a constant 5 mW/cm2 above
1500 MHz takes into consideration that the extremely short
wavelengths don't penetrate very deep into body tissue.

[This completes your study of Chapter 8. Now turn to
Chapter 13 and study questions T4D09 through T4D16. Re
view the material in this section if you have any difficulty
with these questions.]

energy can be hannful to people because itheats body tissues.
The effects depend on the wavelength, energy density of the
incident RF field, and onother.factors SYGh-as polarization.

The most susceptible parts of the body are the tissues of
the eyes. They don't have heat-sensitive receptors to warn us
of the danger before the damage occurs. Symptoms of over
exposure may not appear until after irreversible damage has
been done. Though the problem should be taken seriously,
with reasonable precaution, Amateur Radio operation can be
safe.

SAFE EXPOSURE LEVELS
In recent years scientists have devoted a great deal of

effort to determining safe RF-exposure limits. The problem
is very complex. It's not surprising that some changes in the
recommended levels have occurred as more information has
become available. The American Radio Relay League be
lieves that the 1982 Radio Frequency Protection Guide of
the American National Standards Institute (ANSI) is a
good protection standard; it took nearly five years to formu
late and has undergone repeated critical review by the scien
tific community.

This guide recommends that special precautions be
taken when transmitting with hand-held VHF and UHF
radios. The antenna should be kept at least I to 2 inches away
from the forehead, and power should be limited to no more
than 7 watts.

The ANSI standards recognize the phenomenon of
whole-body or geometric resonance and establishes a fre
quency-dependent maximum permissible RF exposure limit
for humans. Exposure levels are expressed in terms ofpower
density, measured in milliwatts per square centimeter. It is a
measure of the radio-frequency power that strikes a person
per square centimeter of body surface.

Whole-Body R.sonance

Resonance occurs at frequencies for which the human
body's length (height), if parallel to the antenna (vertical), is
about 0.4 wavelength long. Because of the range of human
heights, the resonant region spans a broad range of frequen
cies. This whole-body resonance establishes the frequency

8-20 Chapter 8
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Chapter 13

T4D06
What minimum rating should a dummy antenna have for use with a
loo-watt single-sideband phone transmitter?
A. 100 watts continuous
B. 141 watts continuous
C. 175 watts continuous
D. 200 watts continuous

T4D07
Why might a dummy antenna get warm when in use?
A. Because it stores electric current
B. Because it stores radio waves
C. Because it absorbs static electricity
D. Because it changes RF energy into heat

T4D08
What is used to measure relative signal strength in a receiver?
A. An S meter
B. An RST meter
C. A signal deviation meter
D. An SSB meter

T4D09
How can exposure to a large amount of RF energy affect body tissue?
A. It causes radiation poisoning
B. It heats the tissue
C. It paralyzes the tissue
D. It produces genetic changes in the tissue

T4DIO
Which body organ is the most likely to be damaged from the heating
effects of RF radiation?
A. Eyes
B. Hands
C. Heart
D. Liver

T4Dll
What organization has published safety guidelines for the maximum
limits of RF energy near the human body?
A. The Institute of Electrical and Electronics Engineers (IEEE)
B. The Federal Communications Commission (FCC)
C. The Environmental Protection Agency (EPA)
D. The American National Standards Institute (ANSI)

T4DI2
What is the purpose of the ANSI RF protection guide?
A. It lists all RF frequency allocations for interference protection
B. It gives RF exposure limits for the human body
C. It sets transmitter power limits for interference protection
D. It sets antenna height limits for aircraft protection
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T4013
According to the ANSI RF protection guide, what frequencies cause us
the greatest risk from RF energy?
A. 3 to 30 MHz
B. 300 to 3000 MHz
C. Above 1500 MHz
O. 30 to 300 MHz

T4014
Why is the limit of exposure to RF the lowest in the frequency range of
30 MHz to 300 MHz, according to the ANSI RF protection guide?
A. There are more transmitters operating in this range
B. There are fewer transmitters operating in this range
C. Most transmissions in this range are for a longer time
O. The human body absorbs RF energy the most in this range

T4015
According to the ANSI RF protection guide, what is the maximum safe
power output to the antenna of a hand-held VHF or UHF radio?
A. 125 milliwatts
B. 7 watts
C. 10 watts
O. 25 watts

T4016
After you have opened a VHF power amplifier to make internal tuning
adjustments, what should you do before you tum the amplifier on?
A. Remove all amplifier shielding to ensure maximum cooling
B. Make sure that the power interlock switch is bypassed so you can test

the amplifier
C. Be certain all amplifier shielding is fastened in place
O. Be certain no antenna is attached so that you will not cause any

interference

SUBELEMENT TS-ELECTRICAL PRINCIPLES
[2 exam questions-2 groups]

TSA Definition of resistance, inductance, and capacitance and unit
of measurement, calculation of values in series and parallel.

T5AOl
What does resistance do in an electric circuit?
A. It stores energy in a magnetic field
B. It stores energy in an electric field
C. It provides electrons by a chemical reaction
O. It opposes the flow of electrons

T5A02
What is the ability to store energy in a magnetic field called?
A. Admittance
B. Capacitance
C. Resistance
O. Inductance
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