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FOREWORD 

The Office of Radiation Programs carries out a National program 
designed to evaluate the exposure of man to ionizing and nonionizing 
radiation, and to promote the development of controls necessary to 
protect the public health and safety and assure environmental quality. 

Within the Office of Radiation Programs, the Field Operations 
Division conducts programs related to sources and levels of environ
mental radiation and the resulting population exposure. Reports of 
the findings are published in Radiation Data and Reports, appropriate 
scientific journals, and special technical reports. 

The technical reports allow comprehensive publication of the 
results of intramural, contract, and sponsored projects. Readers of 
these reports are invited to comment on their contents or to request 
further information. 

ll t"· , 
_.,_..:-,? / ,.~r- ~J /vt.-~ ···.·-- .. 

W. D. Rowe 
Deputy Assistant Administrator 

for Radiation Programs 
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PREFACE 

The session on environmental exposure to nonionizing radiation 
was held to promote an interchange of information, among investigators 
and health personnel, on various problems related to protection against 
possible hazards of such radiation. 

Joint sponsorship by the American Public Health Association and 
the Office of Radiation Programs of the Environmental Protection Agency 
reflects growing concern about the impact of increasing uses and sources 
of nonionizing radiation. It is hoped that the published proceedings 
of this session will serve to stimulate interest and efforts to assure 
that the growth of technology in this field will be consistent with the 
protection of health. 

We acknowledge with appreciation the contributions of the partici
pants and of the editors whose efforts made early publication possible. 
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INTRODUCTORY REMARKS 

W. A. Mills, Session Chairman 

Electromagnetic radiation has, for the sake of convenience in 
assessing environmental and public health implications, been charac
terized into two major categories, namely ionizing and nonionizing 
radiation. The point of differentiation between the two categories has 
been defined in terms of the amount of quantized energy (described in 
terms of wavelength) required to attain the ionization potential of 
atoms. The session on Environmental Exposure to Nonionizing Radiation 
concerns itself with that portion of the electromagnetic radiation 
spectra having energies sufficiently below the atomic ionization poten
tials such that the energy transfer occurring is primarily through 
atomic vibrations and rotations. Included in this spectrum are radi
ation popularly designated as microwaves, television waves, and radio 
waves. 

These forms of nonionizing radiation, particularly microwave 
radiation, have recently become of national concern because of rapid 
increase in their industrial, communication, and consumer applications 
and their potential harm to public health; the latter a major point of 
controversy because of the lack of sufficient biologic data. 

In planning this session, we have attempted, by the mechanism of 
invited papers, to outline a program which will scope the extent of 
nonionizing radiation in the environment, describe some of its appli
cations and growth, including the potential for delivering solar energy 
as an alternative energy source, examine some of the nonbiologic "side 
effects," and conclude with an overview of the Federal activities in 
this area. The program was designed to exclude presentations on the· 
biologic effects of microwaves and radio waves, since this has been the 
topic discussed in many recent scientific meetings. 
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THE MANAGEMENT OF THE RADIO SPECTRUM 
AND ITS RELATIONSHIP TO THE ENVIRONMENT 

Donald M. Jansky, M.S.E., Office of Telecommunications Policy, 
Executive Office of the President, Washington, D.C. 

In addressing this subject, one might first ask what constitutes 

use of radio in the United States such that it requires being managed? 

There has been some form of management of the use of radio in this 

country for over fifty years. Such management has been necessitated 

by the fact that man has learned how to build and design equipments 

which provide controlled radio emissions of various types for the 

transmission of information carrying energy from one point to another. 

These emissions consist of oscillatory radio energy. The specific 

frequency of these oscillations vary from very small, i.e., a few 

cycles per second, to many hundreds of millions of cycles per second. 

The required magnitude of the energy involved in these emissions to 

effectively send a signal to a particular destination is a function 

of the frequency involved, the amount of information to be sent and 

the distance over which that information is to be sent. During these 

fifty years communication system designers have found many needs for 

the use of radio frequencies as a means of communications and in the 

process have created many equipments to accomplish this. Management 

has been required to establish and enforce the boundary conditions which 

will permit the maximum number of such emissions to take place without 

simultaneously causing harmful interference to other systems attempting 

to do similar kinds of information transfer. 

Presented at the Session on Environmental Exposure to Nonionizing 
Radiation, November 14, 1972. 
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The fact that limits must be placed on these emissions indicates 

that there is an upper boundary on the number of a particular kind and 

type of radio emission which may be utilized in a particular geographical 

area without causing such undue interference with other radio equipments 

in the same area. Because of these limitations on the availability 

of radio frequencies, they are often referred to as natural resources 

and are managed in a fashion which has many analogies to other natural 

resources such as water and land. 

Furthermore, as with these other resources, the radio spectrum 

is increasingly being considered part of the environment to which man 

may, or already has done damage, and therefore must be put under 

increasing scrutiny to effectively conserve it. In this connection, 

during the past two years, it has become increasingly necessary for 

radio spectrum managers to be aware of the real and potential harm 

that radio energy could do to the biological environment and, in 

particular, man. It is this latter concern which serves as the nexus 

of this paper. 

Dimensions of Radio Use 

The next several charts and diagrams provide a basis for apprecia

ting the terrific dependence that our society presently has on availa

bility of radio frequencies. In fact, as these charts will illustrate, 

the United States has as much dependence on availability of radio 

frequencies as we do on availability of energy resources. The tele

communication systems that are supported by availability of radio·fre

quencies provide a virtual nervous system of our society. Figure 1 

indicates the vast range of the kinds of services performed by systems 

4 



Vl RADIO SERVICE ev·socIAL FUNCTION 

SOCIAL FUNCTIONS 

.,.,_, 
,_. 

PUBLIC INFORMATION AND ENTERTAINMENT. 

PRIVATE 'coMJNICATION 

PUBLIC SAFETY 

RECREATION AND EXPLORATION 

HEALTH 

RESOURCE MANAGEMENT 

-. 

INDUSTRJAL CONTROL 

Figure 1 

RADIO SERVICE 

CCM!AND AND CONTROL. DETECTION • 
SURVEILL~CE. IDENTIFICATION. 
MISSILE GUIDANCE . 

TV. AM, FM BROADCASTING 

RADIO RELAY OF TELEPHONE. TELE
GRAPH. FACSIMILE. TWO-WAY 
TELETYPE 

POLICE. FIRE. AVIATION. RAILROAD 
MARINE. HIGHWAY. FOREST PROTECTION 

AMATEUR RADIO. CITIZENS BAND. · 
_ RADIO ASTRONOMY, SPACE -

TV. AM. FM BROADCASTING. RADIO 
RELAY OF TELEPHONE. POLICE. FIRE 

_ FORESTRY CONSERVATION. WEATHER 
_REPORTING.FUEL AND ELECTRIC POWER 

SUPPORT. AIR AND WATER POLLUTION. 
WILD LIFE CONTROL 

TAXI, TRUCK, eus. OFFSl«>RE OILRIGS. 
INTRAPLANT COtlUUCATIONS --. 



using the radio spectrum. Figure 2 shows the quantity of assigned 

frequencies to Federal Government systems as of July of this past year. 

These assignments give authorization to various Federal agencies to 

operate radio equipments. The subsequent charts (Figs. 3, 4 and 5) give 

an indication of the way the kinds of systems use these assignments. 

An assignment may represent anywhere from one to several hundreds 

I 

of equipments operating on the same frequency. These numbers are an 
i 

ind:U,cation of how only the Federal Government uses the radio spectrum. 
\ 

Authbrity to get these frequencies is obtained from the Office of 

Telec1onnnunications Policy with advice from the Interdepartment Radio 
\ . 

I 

AdvisdFY Committee. The non-governmental use of radio is managed by 
\ 

the Fed\\

1

ral Communications Commission. Users of radio frequencies 

n~naged 'y this organization are much more widely known. They include 
\ 

your various business radio services, such as taxicabs, all your 
I 

broadcas ti Jg stat ions (AH, FM, television both trnF and VHF) and the 

American Telephone and Telegraph Company (AT&T), which has 

extensive frequencies for microwave syste~s which crisscross the 

United States pioviding great volumes of communication service. Of 
\ 

course, to obtain\an authority to operate under the jurisdiction of 
\ 

I 

the Federal Communi1~ations Commission, one must have a license. A 

license and an assign~ent are roughly equivalent. 

An indication of the economic impact of telecormnunication systems 

which depend upon radio \s indicated in Figure 6. Here, it is evident 

how there has been a tenfo~d .growth in communication-electronic equip
, 

ments and today the net worth of its presently owned communication-

electronic equipment is $50 blllion. 

\ 
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EXAMPLES -
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· Figure- 3 
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As is 'evident, there are·many resources that are inexorably 

' entwined with availability of radio frequencies. As a consequence, · 

any new boundary conditions or lir,1i tat ions imposed upon users of radio 

may have considerable ramifications· in terms of the abilfty of a 

particular system to continue perfortning'its intended informatioti.'

transfer fu·nction, and in doing so severely inhibit the effe·ctive ;, 

accomplishment of numerous national goals~· Therefore~ it is incumbent 

upon the.managers of 'the radio spectrum to ·beparticularly·alert to 

appreciating how radio energy may adversely affect the health ·of the 

people it is intending to serve. 

Nature 'of Enviro~ment Impact 

As alluded to earlier, the users of· the radio spectrum have an 

environmental impact of :two major va::deties. The first co'-b:cerris the 

impact that. a new cominunication..'.elect.ronic system has on the operation. 

of existing com..munication-electronic systems. The second concerns how 

a corrnnunication-electrbnic system' effects may iITI.pact on ·man:n' ' ,, . ,., 

··'The first type· of· environmental· i.r.1pact is termed electromagnetic com..:. 

patibility. •. 1tri this' case the impacted environment consists of 'all 

other communication..'.electronic equipments which may be susceptible to 

functional modHication by the radio e'nergy · of other com...~unic'ation-

electronic equipments.· 'In other words,' the emissions from various 

radio transmitters may be received unintentionally'by coi~ununitation-· 

elec troriic sy'st~ms · which were not intended tci be receptors of such 

radio emissions. These unintended received emissions may be of ... · .. 

sufficient magnitude or character that they prove deleterious·to the 

ability of the receptor to actually receive its intended information 
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carrying signal. Therefore, it is becoming increasingly necessary 

that there be a comprehensive analytical study of the im.pa~t of any 

new radio system before its introduction into the radio environment 

where it intends to operate. Such an analysis may also include a 

determination as to whether the existing coillll'.unicati.on-electronic 

systems in the environment will do harm to the functioning of the 

new system. In the near future it will become a matter of policy 

that a new user of the radio system will not be permitted to operate 

until he has given conc_lusive proof that such compatibility does 

exist. 

Needless to say, t_he ensuring that there are capabilities withi_n 

the Federal Gbvernment to perform _such analyses and that such_ a,nalys~s 

are being performed in the most congested parts of the radio spectrum 

are becom~ng an increasingly large part of the spectrum manage~ent 

process,., 

Another name for·. these· analytical studies preliminary to.. 

implementation.of a new radio system_ is spectrum engineering. Inevitably, 

if it. appears.that a.radio·system cannot satisfactorily operate and 

yet there _is a sufficient demand for its informatio? transfer.function, 

remedial acti?ns, must be taken _to permit the new system to op~rate. 

These remedia~ actions may take the fo_rm of additional fil_te_rs, impr;oved 

antennas and/or .a decrease .in the amount of· enitted power. ,These 
_, I • I ·", 

modifications are _predicated on confor~ing to a set of_boun~ary co~di

tions .between.,t~e new system and the existin,g syste!'IS which will p~rmit 

there mutual coexistence. 

13 



The second form of environmental impact is biological. This, of 

course, concerns the potential of radio energy to have biologically dele

terious effects. This concern is increasingly being considered as one 

requiring environmental protection. As you may know, the Environmental 

Protection Act of 1970, Section 102, requires that Federal agencies file 

environmental impact statements. Already several such statements have 

been filed in connection with major Government communication-electronic 

systems and considerable research has been undertaken to ascertain the 

nature of these potential impacts. Additionally, the Federal Communications 

Commission has recently issued a Notice of Inquiry to ascertain what form 

of requirement it should place upon its licensees in connection with 

environmental impact, Furthermore, there are increasing instances of public 

concern being raised over the potentially deleterious effects of radio energy, 

and our uncertainty with regard to the nature of these effects is giving 

rise to heighted fears associated with the increasing population of radio 

transmitting equipment. 
·ti:.. V 

Therefore, it has become a matter of some urgency to come to grips 

with the nature of this biological impact in order to establish the 

necessary boundary conditions which on the one hand will be protective 

of health and on the other hand permit the functioning of telecommunica

tion systems. In response to the need to adequately define this problem, 

the Office of Telecommunications Policy (OTP) has advising it the Electro-

'-
magnetic Radiation Management Advisory Council. Almost a year ago, this 

Council recommended a program for coordinating efforts within the Federal 

Government with respect to research dealing with the biological effects 

of nonionizing electromagnetic radiation. The OTP approved this program 

and subsequently forwarded it to the various participating Government 
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agencies and organizations for implementation. You will hear more about 

where we stand on this effort later in this program. 

What boundary condition or conditions will establish the basis for a 

meaningful protection guide in the area of potential and real biological 

effects of nonionizing electromagnetic radiation, particularly those 

emanating from Federal Government radio communication facilities? The 

answer is at present unknown. Today when confronted with the need for 

stating some form of number for protective purposes we fall back on the 

number of 10 µw/cm2 . The fact of the matter is that we are uncertain as 

to the biological effects of electromagnetic energy because we have not 

been systematically looking for the effects, particularly those which may 

occur over long periods of time at low levels. We have not performed the 

adequate experiments; we do not have the necessary dosimetry to know what 

we are measuring, and we have not investigated the low level effects of 

nonionizing radiations in anywhere near a fashion which is commensorate 

with the variety of modulation forms presently employed by communication

electronic equipment. Meanwhile we are continually confronted, particularly 
I 

in highly exposed governmental positions, to an increasing number of 

public incidents and fragmentary evidence that in fact, nonionizing electro

magnetic energy does cause some effects at levels below 10. It is 

incumbent upon the community who is knowledgeable about the various aspects 

of this problem, including both electronic and medical disciplines, to 
' . ; 

initiate the necessary research projects leading towards its resolution. 

Formulation of Protection Guides in Relation to Radio Spectrum Use and Policy 

There is no question that the juxtaposition of public health concerns, 

with the concerns of achieving national goals through the utilization of 

15 



various kinds of radio telecommunication emissions, poses national policy 

problems. There may in fact be a problem of real concern to public 

health. Support for such a view may be found in a recent law of the 

Peoples Republic of Poland where a safe level of exposure to nonionizing 

electromagnetic radiation is considered to be in the order of 10 µw/cm2 

fully one thousand times less than the presently accepted U.S. standard. 

On the other hand, were the United States to follow such a protection 

guide literally, we would probably create an even more hazardous situation 

for passengers on airplanes as the radars used in air traffic control would 

have to be turned off because they would not be able to conform to such 

a standard. Furthermore, our space program would be put into jeopardy and 

we would probably not be able to have broadcasting radio and television 

network systems similar to those we have today. 

Should this disparity in protection guides present you with any great 

concern, let me also point out that in this same public law of the 

Peoples Republic of Poland there is an Article 10 which essentially states 

that the communication-electronic systems under the purview of the Ministry 

of the Interior and Defense need not pay any attention to it. 

Finally, in addressing the relationship between environmental impact 

and management of the radio spectrum, I would like to make a special 

·appeal to the medical people among you to exert particular effort in pro

viding the necessary medical description of the deleterious effects that 

low-level nonionizing electromagnetic radiation may cause. The radio 

spectrum is to a large degree managed by people who have electrical 

engineering or telecommunication engineering backgrounds. And, while 

they and their colleagues are competent in developing techniques for 
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measuring levels of radio energy, they are dependent upon you for 

providing an adequate description of the effects that such energy 

may cause to the human body. At present we are deficient in this 

understanding and therefore I appeal to you to help us solve it. 

Thank you. 

,J 

1Hf, 

I.. •f' ·~ ' ,, 

fl 

'· 
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ELECTROMAGNETIC ENVIRONMENTS IN URBAN AREAS 

1. Introduction 

J. C. Toler 

Engineering Experiment Station 
Georgia Institute of Technology 

Atlanta, Georgia 

From conception until death, man is literally submerged in and 

buffeted by the environment within which he exists. This environment 

tends to be highly variable and the individual components of which it 

is composed are generally complex and innumerable. Many of these com-

ponents are quite visible and are therefore readily recognizable; others 

are equally non-visible, and are recognized only by the technically 

trained and/or scientifically inquisitive. 

Electromagnetic fields provide a good example of a component 

within the environment that is generally unrecognized. Yet these 

fields undoubtedly influence in significant ways the functioning of 

biological systems. At least in part, these influences can be attri

buted to the fact that numerous biological functions are in response to 

electrical stimuli. Many of the electromagnetic fierd influences on 

biological systems have been extensively investigated and are rather 

well understood. Others have been investigated in only a peripheral 

fashion such that the results are somewhat confused and subject to con

siderable controversy. It is also possible that still other electro

magnetic field influences on biological systems have not as yet even 

been scientifically recognized. These influences may then provide chal

lenging research areas in future decades. 
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The matter of electromagnetic radiation protection guides for 

biological systems is representative of areas in-which only periphera~. 

or limited investigations have been conducted to· date. These fnvesti-,, 

gations have resulted in the promulgation of radiation protection 

guides in the form of safe exposure levels as a function of time • . Howr, 

ever, these levels vary drastically depending upon the country within · 

which they were developed and upon the primary effect radJation wap 

assumed to have .on biological systems. The most obvious ,,of these- expo-;-: 

2 
sure level variations is the United Sta_t~s limit of 10 mW/ cm relative 

to the Russian limit of 0.01 mW/cm2. The United Stat~s limit is based 

primarily on thermal stress induced into the biological system while , .. 

the Russian .limit supposedly accounts for thermal as well as ::moxe subtle 

nonthermal. effects of a behavioral .nature. Both lilllits. are specified 

for exposure to average power densities for given time periods, under 

normal environmental conditions, and over particular frequency rang~s. 

In view of the large magnitude .difference in .the exposure limits 

and.the possibility that nonthermal biological effects have not been 

accounted for, it is not difficult ·to understand that the United States 

protection guide is under severe scrutiny. This scrutiny is dire~ted 

to, among other things, (1) the adequacy of the exposure level magni

tude, (2) the applicability of the 10 MHz to 100 _GHz frequency rc!-nge, 

(3) whether power density is a suitable electrical parameter for speci

fying damage to biological systems, and (4) near-field versus far-field 

effects of radiation exposure, etc. A further. probJ,em exi~ts in the 

fact that the United States limits are applicable on,ly over the 10 MHz 

to-100 GHz frequency range. Since there are high power ,electronic 
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systems''ope'rational at frequencies below 10 MHz, there is a tendency to 

as~'unie ''t:h'a:C the· 10· mW/cm
2: limit is equally applicable to these systems. 

This as'sump'tiori. igriore·s technical extrapolat,ions which indicate· the 
" 

relationshfp between wavelength of the radiated field and power depo,

s''ft·fon· itrth~!bi'ologi'cal system.·-

,_ The' uncertainties regarding radiation protection guides are attri

butab'le iri; parf"to the ·facf that· there is a scarcity of· data defining 

th'.e 'a'inb':Fent' electromagnetic· environments to which the public is• con- : 

ti:riua.Tly ex~os'ed. -.. , Because of t-his situa:tion, a Hmi ted 'research 

proJect was' 'utt'derfaken'- to {l) invest{gate ·technically feasible and cost 

effective ·techniques for the' meas·urement of· electromagnetic environ

nients ah'd · (2}: ohfain• -electromignetic: environnient data .over at l_east a 

portion -bf;Zthe 'fre'q'uency: spectrum.' Since most of· the United States 

public :is· ·2onc·en:trated in· urban areas; -the measurements were ,conducted · 

in ·-the Atla:rifa•:nfet·ropolitan--area; This -area wa"' consideted··representa

tivEt ·'df urb'ah a're'as· with populatfons 6£- -app,roxima.tely one million or 

more; : Th·e•'.'f61l'owing; paragraphs 're'port the results of· the research· 

project. . : " i '. . ') '~ : ... 

2. "lJitera:ture \,,Review·.: 

T:h'e :f:nifial -~£forts :c·onsis ted of' compiling technical information 

regar.ding-b·oth'p'·a.st 'a°n·d current:efforts -to determine spectrum conges

tion~> Reports' on 1maj or :work sponscfred by. the Federal Communications 

Gommissidn (FCC)', - thE{·:office ,of Telecommunications Management· (OTM), 

and the· National· Academy of Engineering (NAE) were obtained for review. 

Add-itionaHy r numerous ,articles. and editorials. on .. spectrum management' 

engineeririg;',cind utilization were obtained from· the commonly available 
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technical periodicals. All of these documents and publications were 

reviewed and analyzed in terms of their pertinence to the objecti~e of 

this project.· Of particular interest were the test equipments and 

equipment configurations that have been used to obtain band occupancy 

and ambient noise level data. These equipments and configurations 

directly influence the accuracy of resulting data, dynamic range over 

which data can be obtained, parameters that can be monitored, receiver 

spurious responses that must be accounted for, etc. 

3. Band Occupancy Measurements 

After the review and analysis of relevant literature, efforts were 

directed toward an experimental investigation of methods for determin

ing the occupancy of selected frequency ~ands. The first method inves

tigated consisted of various antennas used with a spectrum analyzer and 

strip chart recorder. The test configuration was as shown in Figure 1. 

Band occupancy data was initially taken over the Oto 1.2 GHz frequency 

range of the spectrum analyzer, and is shown in Figure 2. An analysis 

of this data resulted in the following conclusions: (1) a large per-

centage of the transmissions in some frequency bands were not detected 

because they were intermittent and not intercepted by the spectrum 

analyzer sweep, (2) the frequency range covered was so broad and re

quired so many different test equipments, test configurations, etc., 

that an indepth investigation of measurement methods was difficult, and 

(3) the spectrum analyzer/recorder configuration yields data difficult 

to reduce in terms of band occupancy. 

In view of the above conclusions, it was decided to narrow the 

range of measurement effort to only the 25 to 50 MHz frequency band 
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assigned for land mobile usage. This not only significant 1.y limited 

the frequency range of concern, but assured that attention would be 

devoted to a severely congested range of frequencies within which inter

mittent transmissions are common. It was further decided that an im

proved means of monitoring the land mobile frequency bands· fas necessary 

in order to obtain reliable band occupancy data. Requirements th?,t the 

improved.band monitoring scheme must possess included the ability to 

(1) rapidly scan a frequency range which could be varied· from test-to

test, (2) provide an indication each time a transmission was present 

within the established frequency range, (3) accumulate the data indi

cating transmissions at discrete frequencies within a given band, and 

(4) dump the data after scanning of the frequency range was complete. 

A block diagram of the system developed to fulfill these requirements 

is shown in Figure 3. 

Major components of the improved measurement system were a 

Hewlett-Packard Model 8553/8552A Spectrum Analyzer, a Fabri-TEK Model 

1070 Signal Averager, a differential comparator,.a 2.5 secopd trigger 
1 

oscillator, and an X-Y recorder. 
l \ 

In the operational mode of the ··system, 

the spectrum analyzer provided the required frequency scan cap~bility 

and the signal averager provided data processing and storage. the sig
} i_l 

nal averager included a memory capable of storing 1024 18-bit words. 
( 

I 
During these measurements, this memory capability was utilized ,as 1024 

} . -

b'ins within which incoming data was stored. The spectrum analyzer and 
). ,. 

signal averager were both operated in the external sweep mode and syn

chronized by the trigger oscillator. The vertical o~tput of the spec

trum analyzer, which was a DC voltage dire·ctly proportional to the RF 
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input signal, was coupled to the differential comparator. ,T,he compa'-·,,:. 

ra_tor generated a constant amplitude 1::,quare wave, with a time d:uration'' 1 

equal to that of the input signal, whenever the input signal, -exceeded . ,,;• 

the preset bias voltage of the comparator. This output was: -then · <:, 

coupled to the signal averager, digitized, and stored irr the data fin:~q 

corresponding to the measured frequency increment.· This, .p'rbce:dure was 

repeated at the rate of the trigger oscillator and percent us'aget of.' th'e1 

frequency increment was obtained from ·the accumulation of stored :si"g.:.. ~l.L 

nals. The accumulated signals in the, 1024 data bins ·could be displayed 

(1) :i,ndividually in a numerical form or all together in a: compos:ilte ' ,du. 

form on a CRT scope, (2) in a composite form on an X-Y recorder;' or< ·:J 

(3) in a punched paper tape format.. The probe antenna was; a. half-wav~-:

dipole tuned to 37 MHz. Preliminary scans were made to 'de,ter-m.ine 

whether the antenna polarization should be horizontal or ;vert'.icai· .. ,'fife 

resulting data indicated a vertical polarization was' desirahl<e; conse-

quently, this polarization was used during subsequent testirfg., · .,,: 

For the measurements described herein, the spectrum ·analyzer was

operated to scan the 27 to 47. MHz frequency band with a scan time 0£: J: 

2. 0 seconds and an IF bandwidth of 3 kHz. The signal aver-ager, was• O'per'"" 

ated with a scan )::ime of 2.05 seconds, whicl:i gave a dwell• time1 o:fi.,2.0. 

milliseconds for each of the 1024 data bins.· ·Thus, each of th-e·'bins ' 

represented a fi;equency interval of 20 · kHz·. The total scannfng:•p·er-iod·, 

controlled ~y the trigger oscillator, was 2.5 seconds.resulting in a 

lapsed time of 0.5 seconds between scans. The comparator, in conjunc-'· 

tion with the spectrum analyzer, was adjusted to generate_anI'outpu~ fqr 

a receivE,=d signal with an amplitude of -85 dBm or greater: av0-the 
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spect;rtim ~nalyzer- ·input .. The -85 dBm threshold Signal level was used 

because :i,t,was 6 dB above the background noise level. The 6 dB margin 

was con!;iiQ.erted necessary since the band oc-cupancy measurements· were 

concerne:d w;ith · intentional and discrete manmade transmissions as op

pos.ed to sthe•;'ambient noise level. 

; ,, Fo_r ·.~alib,ration purposes, it was des ired to add a discrete fre-

· qJ1ency $igµal :ito ·the input signal. This. added• signal would represent· 

100 •P~.rcent:, ;usage ·of one of the frequencies within the 2 7 to 4 7 MHz 

r~mge, ,.and w.ould :provide an indication that the system was properly 

operat,ing. {f•: P_reliminary scanning of the 27 to 47 MHz 'band indicated no 

transmiss~ons ,at; 4,6 MHz; consequently, this frequency was chosen for 

copt;i.nuoua-ly injected calibration :signal. 

The, r:~sultant t,est data is shown .in Figures 4·, 5, and 6. Scans 

w),;th two;-ho_ur ,,durations were conducted over the following time intervals: 

6:.~0.to 8,:3,Q·a_.m.,• 11:30 a.m. to 1:30 p.m. '.and 41:00 to 6:00' p.m. The 

data indicat:,es, that essentially continuous· transmissions exist at· 2_8, 

30, ,31.9, ,35,A5, 35.5, and 43_.s, MHz. Also, the congestion in'the 27 to 

28 Ml:lz regio);l.:; is obviously serious. In all other 'portions of the 2 7 to 

4.7 MHz-):,.requency range; the band occupancy· is quite low. During 'the 

noon :~mp late afternoon ti)lle intervals, ·the 43.5 to 44.4 MHz frequency 

band appeai::s to he- noticeably more occupied than it was during the 

e~rly_ Jll~rrrLng hours ... · Also, th;e 28 to 29 MHz band. is considerably more 

occupied at~ noon, than ·-it· is at either. the. early morning or late after-

noon. hoµr,s .,:;. f;,: 

4., Bac~gro4nd Electi;-omagnetic Environment Measurements 

At tpis point, ,tlle emphasis. of the, experimental investigati'ons 
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shifted from band. occupancy measurement techniques to determination of 
re' I 

I 

the ambient electromagnetic background or noise level. Such a shift in 

emphasis ~as necessary at this point because only a limited amount of 

time remained before the project had to be completed. The noise level 

measurements were made over a Oto 1.2 GHz frequency range and at three 

locations ,in the metropolitan Atlanta area. These locations were as 
1· · .. 

follows: (1) :a northwest location at 3540 Dunn Street in Smyrna, 
,, i, 

Georgia, (2), a :.northeast loc'ation at the Georgia Tech Field Site near 
. . ' 

S~one Moutita~n, Georgia, and (3) a downtown Atlanta location on the. 

roqf of tb1
~ 'Systems and Techniques Department Building on the Georgia 

Tech campu~ .. · The test equipment consisted of a suitable antenna, spec;_ 
I\ ~ 

trum analyzer, and strip chart recorder configured as shown in Figure 1. 

The video output of the spectrum analyzer was coupled to the recorder 

to provide a plot of spectral components as a function of frequency. 

r It was necessary to divide the Oto 12 GHz frequency range into 13 sepa-

rat~ bands· in order to provide measurement antennas. These bands and 
- ! 

i 
the antenna used for each are shown in the following: 

FrequErncy Band Antenna Antenna Tuned 
(MHz) TyEe Fre9.uency 

o to 0.5 41" monopole 0.15 to 0. 36 MHz band 
0.35 1t0 o. 85 41" monopole 0.36 to 0.75 MHz band 
0.5 to 2.5 41" monopole 0.87 to 2.1 MHz band 

1 to 6 41" monopole 2.1 to 5.2 MHz band 
4 tc 14 41" monopole 5.2 to 12.7 MHz band 

11 to 31 41" monopole 12.7 to 30 MHz band 
3G to 80 Half-wave dipole 55 MHz 
65 to 115 Half-wave dipole 90 MHz 

100 , tp, 200 ·, Half-wave dipole 150 MHz· 
200 .t'a 300· · ··-~- Half-wave dipole 250 MHz 
250 to 350 Half-wave dipole 300 MHz 
350 to 850 Cavity-backed spiral Broadband 
800 to 1300 Cavity..:.backed spiral Broadband 
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The measurement procedure for each frequency band consisted of 

first terminating the 50 ohm spectrum analyzer input with its charac

teristic impedance. The internal noise level of the measurement equip

ment was then recorded. Ambient noise levels were recorded next by 

substituting the appropriate antenna for the 50 ohm impedance at the 

receiver input. 

The resulting data, for each of the 13 frequency bands, taken on 

the Georgia Tech campus is shown in Figure 7. Recorder data for the 

other two locations is not presented because of its volume•and the fact 

that it is nearly identical in appearance to that obtained from the 

campus location. Transmissions from AM radio stations are clearly evi-

dent in the data recorded over the 0.35 to 0.85 MHz and 0.5 to 215 MHz 

frequency bands. Further, FM radio station transmissions are obvious 

on the data recorded over the 65 to 115 MHz frequency band. Television 

audio and video transmissions for channels 2, 5, 11, 17, and 30 appear 

on the data at the following frequencies: 

Video Audio 
Channel Transmission Transmission 

2 55.25 MHz 59.75 MHz 
5 77 .25 MHz 81.75 MHz 

11 199.25 MHz 203.75 MHz 
17 489.25 MHz 493. 75 MHz 
30 567.25 MHz 571. 75 MHz 

Considerable discrete frequency activity not directly relatJd to radio 

or television transmissions appeared in the general frequency range of 

5 to 20 MHz. The specific ambient noise level data extracted from the 

recordings made on the Georgia Tech campus is presented in Table I. 

This table also shows the various factors which must be reflected in 

32 



-3oll----l---l-----lH-+-+-+--+---l----l---HH--+-+-+--+---l---+-+--H-t-t--+--+--t-+-+-H-t-t---t--t----t---t-t--HH------t-----t---J----t--t--t-+-t-

, I 
Instrumentation Noise Calibration over the O to 0.5 MHz Frequency Band 

030
11-· --+-+-+-++-+-+-+-+-+-+-+-HH--+--+-+-++-++++-+-+--l---+-+-H--t--+--+-+-++-++++-+-+--1---t-t-H--t~ 

0 

( -' 

1 

·L 

, .. 

Frequency in MHz 

Figure 7(a). Spectrai Components Measured from Roof of Electronics Resea=ch 
-Building Over the Oto 0.5 MIiz Frequency Band. 

-30 

-130 

Instrumentation Noise Calibration Over the 0.35 MHz to 0,85 MHz Frequency 
Band 

0.5 

-3ol--l--l---l----l--+-+-+---l----l---+-+---l-----l----l----l---+-HH--+----l--+-+-+-+-+-+-+-+-+--l---+-+-l------cH--+--+--+-+-+-+-+++-+-+-+--t-

0.35 
Frequency in MHz 

Figure 7(b). Spectral Components Measured from the Roof of the Electronics Research 
,Building over the 0.35 MIiz to _0.85_ MHz Frequency Band. 

0.85 

33 



0.5 

-30 

-130 

-130 

Instrumentation Noise Calibration Over the 0.5 MHz to 2.5 MHz Frequency 
Band 

Frequency in MHz 

Figure 7(c). Spectral Components Measured from the Roof of the Electronics Research 
Building Over the 0.5 MHz to 2.5 MHz Frequency Band. 

-30 t----t-,t-,--t-t--+-+-+-+-+--+--+-+-+-+--+-l-l--lf-

-l30 

Instrumentation Noise Calibration over the 1 MHz to 6 MHz Frequency Band 

2 .5 

i----1---.-+-+.-l----l--l--l-+---Hl----l-+-l----l--l--l-+-+-l----l-t-+-+-+--l--l-+---Hl----l-+-+-+-++--+--t---H-t-+-+-t----J--t-t-HH-

I 

J 

• 

34 

Ill ~--1111" -••11 , .• I IL • .W I - 1. ,, I 

Frequency in MHz 

Figure 7(d). Spectral Components Measured from the Roof of the Electronics Research 
Building over the 1 MHz to 6 MHz Frequency Band. 

•• 
., 

',. 
I 

6 



, -30 

'e 
"' 'Q i 

,i 

\fr 1 
I -.. 

-130 

4 

-30 

Ji 
'"t) 

-130 

11 

' r 
i 

" 

-30 

-130 

Instrumentation Noise Calibration over, the 4 Milz to 14 Milz Frequency Band 

.I, I II 

111 11 I l 11 ' JI .I I I L II 
,, '. I l L 11 11 I - j--M• .,;;,' ii,,. .. -"" I .....,,_, 

_L-....J...._.L ___ l •... .l. _, 

Frequency in MHz 

Figure 7(e). Spectral Components Measured from Roof of Electronics Research 
Building over the 4 Milz to 14 Milz frequency Band. 

-301--l--'l--l----l--+-+-+-+-+-!--+-+--+--+-+-+-+--l--1r---; 

-130 

Instrumentation Noise Calibration over the 11 MHz to 31 MHz Frequency 
Band 

Frequency in_ MH.z 

Figure 7(f). Spectral Components Measured from Roof of Electronics Research 
, Building over the 11 Milz to 31 Milz Fre_quency Band. 

I 

' 

I 
II d l. 
JI -

. ' I 
14 

31 

35 



E 
"' -0 

-30 

-130 

30 

-30 I 

j 

~ 

-130 

E 
"' -0 

-30 - -

-130 
L...J _I. ••• L_._1 --1--.1 _ . .J •• I •• ! • I 

i 

Instrumentation Noise Calibration over the 30 MIiz fo 80 MHz Frequency 
Band 

Frequency in MIiz 

Figure 7(g). Spectral Components Measured From Roof of Electronics Research 
Building over the 30 MHz to 80 MHz Frequency Band. 

6 

"' -0 

-30 

Instrumentation Noise Calibration over the 65 MHz to 115 MHz Frequency 
Band 

I 
I 

I I I -· lff.\lJ II I 
,I ,I I II I,, I II A 

I I U I ••• I ., ... , I I I I ~ - r 
., ..• 

I I I I I I I I 

_.....1..,__1 .•• ~L-. 1 •••.• 1. .L .•• .I. ,. L.~., .. _,.....J,. __ .._,:_.__..i.__.1 

65 

36 

Frequency in MHz 

Figure 7(h). Spectral Components Measured from Roof of Electronics Research 
Building over the 65 MIiz to 115 MHz Frequency Band. 

80 

I 
I •• I 

-
;!. 

. .. 
115 



100 

-30 :j 
a 
"' l I "' 

i 
i i 1. 

t<.i;.•'::'·· 

[, I ' ' -130 

Instrumentation Noise Calibration Over·the 100 MHz to 200 MHz Frequency 
Band 

Frequency In MHz 

Figure 7 h/: .·, S~e~t,.~'i. Comp;nents Measure_d from Roof of Electronic.s Research 
Building over the 100 MHz to 200 MHz Frequency Band. 

-30 ,· .. '· 1 
t----------=-·•-r-+-+--1--+-t--+-f-l-1-t--+--+-+--

--f-+-+-+--+-+-+-l-1--+---f-- - - - -
~-----t--f-·~t-+--t-+--1-+--t-,~-+--+-

==•7i~~-1~ ., 
I. 

--1 T I -130,-JL......JL......Jc......Jc......Jc......Jc......Jc......J__j__j__j__j__j__j__j__j__j__j__j__j! 

-~~~~-'--'..L-'CL--.-.-1---.l......-l-J.--i 

Instrumentation Noise Calibration over the 200 MHz to 300 MHz Frequency 
Barid 

200 

-30 '-' .,...;-+--·, IH-t-+--+I ~· 1-·-tl-1-'+ •+I~. +--'-l-+-1-+-+·-++-,..l+-+--'-l-ri---+:-+-+-' ...JI-+_· -1-1 -li-·t:f-+-+-'-'l, 1_· +--1-1---1-..+--•+f -+-+-+-i-+--1--1*= ... 
r-f--·l--+--+---t-+4+-+-11--1-~t--h-! .. h+-·-t--1-++_"a-'r. .,11-. ,. t--t--+-+.--1--t--l-++-f.~ - -,,.[..,, ~ -1--1--1-~t--,--+--+---i-++-f 
--.r+-,+, ---1-rtc--,+,~. +"-1

1r-r+-+c.;+,+.,+-+---t-f-·f-.•k.,.~ ... --.t :,,..·_-:,1 •~. ~. t--+-+-+-i-.:.._+-+1-t~ ~~ ±t~:~·-- -1-. -1--+---1--1-+-i+-+-+·-+-t 
s . 41--f-!f-+-+--+,.L, hf.I-, :+-,1--1_ -,l-. ~,+-+-+'-t-:..+,-'si-+--1-1--fc''+---t---f'-..+c-l-~·+l;.:..;++,-:,'-i _~ .r;·-J;--; --;r,-~~ ---4.f- 4- -· I: I 
~~- t,. ?,; ~ l~i:E:__d. * v-~ ··?r:s~ , -:~: _.;, .. .-, '1¼· ~•-·· ._· "'~_._·.._: -+' _'•~ .... - _..__,~,.· f-t-•1-+-++~1--+---t--1--1--+-"_tr_,._··, c.......1- -- _,_,- -1-+--1--1----+---+-+--t--+-r--+L.......1_ 

H~+-++T,_+--.~~----~~½--~~-------~-- ~-~---~--~-\--~~~~~~--~-

200 
.-!• .. 

Fi:-equency. in :MHz 

Figure 7(j). Spectral Components Measured from Roof of Electronics Research 
Building over the 200 MHz to 300 MHz Frequency Band 

300 

37 



8 

"' "' 

-30 
hH-t------t--t--t--+--+-t-H-+-++-t--+---l--1-f--

Instrumentation Noise Calibration Over the 250 MHz to 350 MHz Frequency 
Band 

-30,--,----,--..,.---r--r--.---.~-·.--,---.--..,.-· 7 ··- - ·- -

-130 
25LO~~~~~~~~-'--j____J_ ..J.._ 

_j_...L_...,.L..._[ __ ~~~-'--..L-- .1.-.J. _ __J.__L _ _ ._ __ _L __ _ 

-30 

350 

38 

Frequency in MIiz 
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TABLE I. Ambient Electromagnetic Noise Leyel Measured 
on the Georgia Tech Campus 

.i:--
0 

Rcvr. + Adjusted Adjusted Ambient 
Rcvr. Rcvr. + Ambient Noise Frequency Noise Ambient BW Rcvr. Ambient Noise Antenna 

Field Band 
Level 

Noise Factor Noise Noise Level Factor 
Ir:_tensity MHz dBm Level dB Level Level dBm/kHz dB 2 

dBm dBm/kHz dBm/kHz dBm/m /kHz 

0-.5 -116 -111 -4.8 -111.2 -106.2 -108 -35.6 - 72.4 

.35-.85 -122 -112 -4.8 -117 .2 -107.2 -107.7 -30.4 - 77.3 

.5-2.5 -123 -118 -4.8 -118 .2 -113 .2 -114 .8 -26.4 - 87 .4 

1-6 -120 -117 0 -120 -117 -120 -22.4 - 97.6 

4-14 -120 -117 0 -120 -117 -120 -17.4 -102.6 

11-31 -118 -116 0 -118 -116 -120.3 -14.4 -105.9 

30-80 -114 -112 4.8 -118 .4 -116 .4 -120.7 + 6.72 -127.4 

65-115 -113 -108 4.8 -117 .8 -112 .8 -114.5 + 1.64 -115 .1 

100-200 -110 -110 4.8 -114.8 -114 .8 <-120 - 3.0 <-117 

200-300 -110 -110 4.8 -114.8 -114 .8 <-120 - 7.3 <-113 

250-350 -110 -110 4.8 -114.8 -114 .8 <-120 - 8.8 <-111 

350-850 -106 -106 10 -116 -116 <-122 -10 <-112 

800-1300 -106 -106 10 -116 -116 <-122. -12 <-110 



the raw data before arriving at a final value for the ambient noise 

level._ Corresponding ambient noise level data for the other two test 

locations is presented in Table II. As was expected, the highest ambi

ent noise levels were recorded at the lowest frequencies. Another 

expected result was revealed in the fact that the ambient noise level 

was higher at the downtown location than either of the suburban loca

tions. At frequencies above approximately 100 MHz, the measurement 

equipment was not sensitive enough to determine ambient noise levels. 

Only discrete frequency transmissions were measured above this 100 MHz 

frequency. A comparison of ambient noise levels in the Atlanta area 

relative to typical metropolitan areas can be made by referring to 

Table III. Data in this table is a compilation of typical noise levels 

in both suburban and urban areas as a function of frequency. For ex

ample, the typical urban noise level at 20 MHz is -95 dBm/m2/kHz. In 

the Atlanta area, the corresponding level measured was approximately 

2 -127.4 dBm/m /kHz. The considerably lower level in the Atlanta area 

could be attributed to such possibilities as (1) the Atlanta area does 

not have many of the heavy industries which contribute significantly to 

the ambient noise level in many typical cities or (2) the single measure

ment location in Atlanta was not representative of the total urban area. 

5. Conclusions 

The research efforts undertaken were limited and consequently, the 

resulting data is correspondingly limited. Therefore, caution must be 

exercised in drawing firm conclusions from the measured results. 
\ 

In terms of the review of literature available on spectrum monitor

,ing, surveys, congestion, etc., it is concluded that an appreciable 

41 



42 · 

TABLE IL Ambient Electromagnetic Noise Level Measured ; 
At Two Metropolitan Locations. 

Frequency Ambient Noise Field Intensity dBm/m2/kHz 
Band 
MHz Field Site Smyrna Site 

0-.5 - 78.7 - 80.7 

.35- .85 - 77.0 - 69.8 

.5-2.5 - 89.1 - 93.1 

1-6 <-100 - 96 .1 

4-14 -101. 6 -100.9 

11-31 <-107 -107.6 

.30-80 -113 .4 <-120 

65-115 - 87.6 <-120 

100-200 <-110 <-117 

200-300 <-105 <-112 

250-350 <-105 <-112 

350-850 <-105 <-110 

800-1300 <-103 <-107 



-!: 
TABLE III, Typical Urban and Suburban Field Intensities. 

URBAN SUBURBAN 
. 

.. Frequency Field Field :Field Field 
MHz Intensity Intensity Intensity · Jntensity 

In In In In 
µV /m/10 kHz 2 µV/m/10 kHz ' 2 

(Graph) 
dBm/m /kHz (Graph) dBm/m /kHz 

1 170 - 81.2 50 - 91.8 

2 103 85.5 23 98.-5 

4 80 - 87.8 17 -101.2 

8 53 - 91.3 13 -103 .5 
I 

10 50 - 91.8 12 . -104'.2 

20 35 - 95.0 11 :..105.2 

40 26 - 97.5 10.1 -105.7 

80 20 -100 9.8 -106 
!, 

100 18 -100.7 9.6 -106.1 

200 14 -103 9.4 -106.3 

300 12.5 -103.8 9.2 -106.5 
.. 

400 11.4 -104.7 9.1 -106.6 

500 10.6 -105.3 9.1 -106.6 

* "Reference Data Engineer," 4th NOTE: Taken from Graphs in for Radio 
Edition, 1962. 
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amount of literature is available on the broad subject of ambient elec·

tromagnetic environments. Very 1i ttlc of .. this-' data is concerned. with 

the possible influence of these environments on public· health.• t• 

As for the investigation of feasible measurement techniques, it is 

concluded that the configuration involving signal averaging equipment · 

is a significant improvement over that reported in the available liter

ature. The extent to which a selected frequency band is utilized by 

either continuous or intermittent transmissions can be precisely deter

mined with the signal averager. In fact, the occupancy of the 27 to 

47 MHz frequency band was shown by the measured data to be considerably 

less severe than anticipated. The signal averaging measurement tech

nique is considered to be worthy of further investigation. 

The major conclusion drawn from the ambient noise level data was 

that the measure techniques, resulting data, and data usefulness are 

comparable to similar data obtained during other investigations. The 

ambient noise level in the Atlanta urban location appeared to be below 

published typical levels; however, firm conclusions to this effect would 

be difficult to draw without more data. 

6. Future Efforts 

44 

Future efforts will be directed along three lines as follows: 

a) The measurements will be repeated periodically to determine if 

increases in the magnitude of the electromagnetic environment 

are apparent. 

b) The frequency bands over which the measurements are made will 

be expanded to include a significantly increased frequency 

coverage. 



. c) Antennas. which are applicable over broader frequency ranges 

h w:U'1 be us~d in futQi:e measurements to reduce the number of 

equiprqe11t ~han~es necessary between 0-12 GHz. 

! ., 
.• L:. 

. I 
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ENVIRONMENTAL NONIONIZING RADIATION EXPOSURE: 
A PRELIMINARY ANALYSIS OF THE PROBLEM AND CONTINUING WORK WITHIN EPA 

The fact that electromagnetic energy in the radiofrequency 
and microwave portions of the spectrum can induce dangerous effects 
on human tissues when applied with sufficiently high intensity has 
been known for many years. With the invention of radar in 1935 and 
its rapid development and deployment during World War II, it became 
common knowledge among radar workers that microwave frequencies 
could interact with tissue leading to significant heating, depending 
upon the relative heat dissipation capabilities of the particular 
part of the anatomy exposed. Warnings about the possible induction, 
from over exposure, of cataracts of the eye and temporary sterility 
became commonplace. 

Since those early days of microwave hazard concern, the 
expanded use of radiofrequency, or RF, and microwave energy for 
various applications such as widespread communications systems and 
industrial operations has elicited a new and more critical concern 
over the possible health implications of this form of nonionizing 
radiation (1, 2, 3). This new concern is with low level exposure 
and it has arisen because (a) the environmental levels are unknown, 
(b) the number of sources is increasing, and (c) the controversy 
over nonthermal effects which is illustrated by the discrepancy 
between human exposure standards used in the United States and in 
the Soviet Union. The purpose of this presentation is to share 
some of our thoughts and planned activities within the Office of 
Radiation Programs and to discuss quantification of the population 
exposure to RF and microwave fields in our environment. 

Table 1 illustrates some of the different maximum permissible 
exposure standards around the world. The most striking aspect of 
this listing is the apparent difference in recommended levels 
between the U.S.A. and the U.S.S.R., Czechoslovakia, and Poland. 
In general, this discrepancy can be summarized by simply stating 
that the United States's standard is 1,000 times higher than those 
in these other countries. For example, a difference between 
10 mW/cm2 power density in the U.S. and 10 µW/cm2 power density in 
the U.S.S.R. 

In order to better appreciate some of these quantities in 
the different exposure standards, several RF and microwave 
definitions are necessary. When I refer to the electromagnetic 
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Maximum 
Country and Radiation Recommended 
Source Frequency Level Condition or Remarks 

USA (USASI) 10 MHz to 100 GHz 10 mW/cm2 Periods of 0,1 hr, 
l mW hr/cm2 Averaged over any 

O.l hr. period 

US Army and 10 mW/cm2 Continuous exposure 
Air Force 10 to 100 mW/cm2 Maximum exposure 

time in minutes at2 W(mW/cm2) = 6000W-
100 mW/cm2 No occupancy 

Great Britain 30 MHz to 30 GHz 10 mW/cm2 Continuous 8-hr. 
(Post Office exposure, average 
Regulation) power density 

NATO (1956) 0,5 mW/cm2 

Canada 10 MHz to 100 GHz l 1!111 hr/cm= Averagea over any 

10 mW/cm2 
0,1 hr, period 

Periods of 0.1 hr. 

Poland 300 MHz 10 µW/cm2 8 hr. exposure/day 
100 µW/cm~ 2 to 3 hr/day 

l mW/cm 15 to 20 min/day 

German Soc. 10 mW/cm2 
Republic 

u.s.s.R. 0 , l to 1. 5 MHz 20 V/m Alternating magne~ic 
5 amp/m fields 

1. 5 to 30 MHz 20 V/m 
30 to 300 MHz S V/m 

300 MHz 10 µW/cm2 6 hr/day 
100 µW/cm2 2 hr/day 

l mW/cm2 15 min/day 

Czech. Soc, Rep. 0, 01 tc• 300 MHz 10 V/m 8 hr/day 
300 MHz 25 µW/cm2 8 hr/day, CW operation 

10 µW/cm2 8 hr/day, pulsed (for 
shorter ~xposures 
see Figures 11 and 
12) 

Table 1. Maximum Recommended RF Levels for Human Exposure 

spectrum, I am encompassing all frequencies from zero Hertz, or 
the point at which an alternating current becomes a direct current, 
to the highest frequency emanations known. In this enormous frequency 
region, of course, lie the ultraviolet, visible, and infrared spectra, 
as well as the ionizing radiation spectrum. Generally, the radio
frequency spectrum is taken to cover the 30 kHz to 30 MHz region, 
the microwave spectrum from 30 MHz to 300 GHz, and an area not 
before mentioned, the ELF, or extremely low frequency area, between 
de and 30 kHz. -Table 2 gives the designations for the various 
nonionizing frequency bands. 
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FREQUENCY BAND NOMENCLATURE 

.,· ::, ~· ' 'j 

FREQUENCY RANGE BAND DESIGNATION 

3 - 30 KHZ VLF VERY-LOW FREQUENCY 
... n,_ 

30 - 300 KHZ LF low FREQUENCY 

300 - 3,000 KHZ MF MEDIUM FREQUENCY ', •:"."". 

3,000 - 30,000 KHZ HF HIGH FREQUE,NCY 

30 - 300 MHz VHF VERY-HIGH FREQUENCY 

300 - 3,000 MHz UHF ULTRA-HIGH FREQUENCY 

3,000 - 30,000 MHz SHF SuPER-H IGH FREQUENCY 

30 - 300 GHz EHF EXTREMELY-HIGH FREQUENCY 

300 - 3,000 GHz 

Table 2. Nonionizing Radiation Frequency Band Nomenclature 

When an electromagnetic wave is propagated through some 
medium, such as space, there are two methods of describing the 
amplitude ot this wave intensity. One approach usually employed 
in the microwave region is to specify the power density of the 
exposure field in terms of power flow per unit area in the wave. 
At lower frequencies in the RF spectrum, it is common practice to 
specify the field strength of the incident waves in units of 
volts per meter. Though this partition in the units of field 
specification is attributed to a basic difference in the 
instrumentation normally employed for. these two different. 
frequency ranges, fields specified in terms of one unit may 
readily be specified in terms of the other by a simple conversion. 
For plane waves in free space, this conversion is illustrated in 
Figure 1. From this graph, it is apparent that a field density 
of 10 mW/cm2 is equivalent to a field strength of 194 V/m, while 
a field density of 1 mW/cm2 corresp?nds to about 67 V/m. 

Generally, we will be interested in two different forms of ,·. 
signals, those which are continuous wave, or CW, and those which ·1 

are pulsed. Examples of CW signals, for our purpose include 
broadcast stations, both radio and television~ two-way ,radio 
services, and satellite communications stations. An·ikample of 
a pulsed source is radar where signals are sent in ~a series of 
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pulses. In a radar, the peak transmitted power may be many times 
the average power because the average power depends upon the pulse 
duration and how often the pulse is repeated. 

Finally, it is important to understand the meaning of 
effective radiated power, or as it is abbreviated--ERP. The ERP 
of a source refers to an effective power which takes into account 
the focusing effect of the source's transmitting antenna. This 
concentrating effect of the antenna upon the emitted radiation 
pattern is measured by the gain of the antenna, the higher the 

.001 .01 10 100 

POWER DENSITY ( milliwatts centimeters 1 ) 

'. 
Figure 1. Relationship Between Field Strength and Power Density 

in Free Space 

gain of the antenna, the greater its focusing effect. In short, 
rather than letting the transmitter's power be radiated uniformly 
in all directions, it limits the angular divergence df the power 
in order to concentrate it in some preferred direction. Thus, 
when viewing the source antenna from that particular orientation, 
it appears that the source has an effective radiated power of 
something gre?ter than the actual transmitter power. The concept 
of ERP; is impqrtan~ in estimating the distant exposure field from 
a particular source. 
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With these ideas in mind, let us take a quick look at the 
extent of some of the RF sources in our electromagnetic environment 
and then examine some of these sources in more detail. 

Table 3 offers an introduction to the number of sources within 
the United States which are involved in creating the radiobackground 
in which we live. This chart indicates total numbers of some of 
the various sources by class. Keep in mind that this table does not 
take into account many sources, including mobile radio authorizations, 
amateur radio stations, microwave oven installations, and others, 
nor any type of classified source. Figures 2-6 give as examples, 
the geographical display for AM standard broadcast, FM, television, 
radar, and microwave sources revealing their quite widespread and 
homogeneous nature (4). 
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AM STANDARD BROADCAST* 

FM BROADCAST* 

TV BROADCAST* 

UNCLASSIFIED RADAR** 

M1cROWAVE Po1NT-To-Po1NT** 

* AS OF JULY 17, 1972 
** AS OF JUNE 1970 

4,384 

2,859 

918 

~2 ,900 

~ 72,000 

Table 3. Some Types and Numbers of Radiofrequency and 
Microwave Sources 

,.-: \ 
Figure 2. Geographical Distribution of AM Broadcast' Stations 

in United States 



L, 

Figure 3. Geographical Distribution of FM Broadcast Stations 
in United States 

MH!HMII 

. I 

.Figure 4. Geogtaphical Distribution of TV Broadcast Stations 
in•United States 

F,igure 5. 
\,,,-, "" ,_, 

iitHliM .. 

Geographical Distribution of Radar Facilities 
in United States'(unclassified) 
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Figure 6. Geographical Distribution of.Microwave Point-to-Point 
Installations in United States 

A recent computer search by the Electromagnetic Compatibility 
Analysis Center, Annapolis, Maryland, has identified the most 
powerful sources in the United States. Figure 7 illustrates the 
distribution of the 20 most powerful nonpulsed, unclassified 
emitters found. The highest effective radiated power of this 
collection is 32 x 109 W or 32 GW produced by source number 1. 
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LOt:ATION AND HANK IN ORDER Of' Dt:C.Rt:ASl,\I; El'f'l:C'rll'I: 

RADIATED POWER OF TOP 20 NONPULSED t;;"llCLASSIFIEI) E.\IITT~:ns 

Figure 7. Location and Rank in Order of Decreasing Effective 
Radiated Power of Top 20 Nonpulsed Unclassified Emitters 



Table 4 indicates that these s911r<::_es descend in power to 
f;.'~.;; ___ ~;it /"t; .. ""i 

5 GW for the 20th ranked source~c'!'i.¢<The,tlnteresting aspect to this 
collection is that all are utilized for, various satellite purposes. 
Since this original search was accomplished in August of this 
year, a new much higher powered source located in California has 
very recently initiated experimental operation. This new source 
has an effective radiated power of approximately 3.2 x 1012 or 
3. 2 TW average effective :•radi~ ted power, placing it well above 
even the highest source on this display. Figure 8 illustrates a 
similar distribution for the 20 most ,powerful unclassified pulsed, 
or radar sources. Here we find that the number one source, again 
located in the Boston vicinity 1 has a peak effective radiated 
power, during its pulse, of 2.8 TW while the lowest one in this 
set has a peak power of 35 GW. rable 5 gives more details on 
these.'reinitters';, "These ,presentations ·are. ill.ustrative of a 
practical type of indicator for, us as to where to make field 
measurements. Assuming that .an individual could get into the 
main beam of one of these satellite communications stations, a 
power density of 10 mW/cm2 could be found at a distance from the 
source or •.three miles assuming it had an- average effective power of 
32 GW, orat 'a.distance of about 32 miles for the new source ;in 
California~. Distances with possible exposures this high imply the_ 
need for a? caireful look at the, particular characteristics: of the 
source to, ca:scerUlin .the. possibility of· a hazard. 

·.:. q i,l f i 

Frequency Average 
Rank City/State (MHz) Use ERP (GW) 

Satellite 
Westford, Mass. 7748 . Communication 31.6 

2· Lakehurst, N,J, 8004 20.0 
3 Roberts, Calif. 7985 20.0 
4 Rosman, N .. C. 592 5 11. 3 
5 Paum"alu, Hawaii 592 5 7.9 
6 Jamesburg, Calif. 5925 7.9 
7 Etam, W. Va. 592 5 7.9 
8 :,-. Brewster, wa·s·h. 5925 7.9 
9 An.dover, Maine 5925 7.9 

10 ~artlett, Alaska 5925 7.9 
11 Archer City, Texas 217 6.4 
12 Mojave Desert, Calif. 5985 6.4 
13 Pt,. Loma, Calif. 7997 5.0 
14 HE!lemano, Hawaii 7990 5.0 
15 Ft. Monmouth, N.J. 7990 5.0 ·: 
16 , Brandywine, Md. 7986 5.0 
17 Camp Parks, Calif. 7990 5.0 
18 Wildwood, Alaska 7986 5.0 
19 Floyd Test Annex, N. y. 7986 5.0 
20 Elgin, Ill. 8004 5.0 

_ 144 nonpulsed, unclassif.ied s_ourc~~- have average ERP's of 1 MW or grea.ter. _ 

Of 79 nonpulsed, classified emitters, none had an ERP greater than the 
20th ranked emitter in the unclassified group. 

Table 4; Sour~e .Parameters for Top. 20 Nonpulsed Emitters , .• . 
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LOCATION AND RANK IN ORDER OF DECREASING EFFECTIVE 
RADIATED POWER OF TOP 20 PULSED UNCLASSIFIED EMITTERS --=::;,;,:__:_- --- - --- ·,' 

... 

t.! ..... r. ~ 

Figure 8, Location and Rank in Order of Decreasing Effective 
Radiated Power of Top 20 Pulsed Unclassified Emitters 

Rank City/State 

l Tyngsboro, Mass, 
2 Newstead, N,Y, 
3 Wallops, Va, 
4 Wallops, Va, 
5 Wallops, Va, 
6 Wallops, Va, 
7 Pillar Pt,, Calif, 
8 Vandenburg AFB, Calif. 
9 Lakeside, Utah 

10 Westford, Mass, 
11 Soron AFS, Calif, 
12 Savannah AFS, Ga, 
13 Elgin AFB, Fla. 
14 White Sands, N, Mex, 
15 White Sands, N. Mex, 
16 North Dakota 
17 Grover, Colo, 
18 Ft, Morgan, Colo, 
19 Greeley, Colo, 
20 Gibbsboro AFS, N,J, 

Frequency 
(MHz) 

7840 
2850 
93 78 
2820 
2840 
5400 
5555 
5840 
2900 
12 95 
5400 
5400 
5480 
5490 
5600 
3100 
2700 
2700 
2730 
2700 

Average 
ERP 

840 MW 
605 MW 
640 MIi' 
608 MW 
608 MW 

25,2 MW 
94, 3 MW 
20,8 MW 

115 MW 
9,6 GW 

149 MW 
147 MW 
12, 7 MW 
8. 7 MW 
8, 7 MW 

23,6 MW 

Peak ERP 

2.8 TW 
2,2 TW 
l.0 TW 
0,95 TW 
0,95 TW 
0, 63 TW 
0,59 TW 
0, 52 TW 
0, 35 TW 
0, 32 TW 

99,8 GW 
99,8 GW 
79,2 GW 
47.5 GW 
47,5 GW 
39,8 GW 
39,8 GW 
39,8 GW 
39, 7 GW 
35 ,4 GW 

229 pulsed, unclassified sources have peak ERP's of 10 GW or greater, 

Of 146 pulsed, classified emitters, none had an ERP greater than the 
6th ranked emitter in the unclassified group, 

Table 5, Source Parameters for Top 20 Pulsed Emitters 



The number and variety of RF sources which produce emanations 
in the publicly accessible environment is large. Considering the 
divergent types and uses of RF and microwave energy which carry 
the potential of environmental electromagnetic pollution, I have 
selected two different categorie~ of sources to focus our attention 
on this. af terno.on for examining possible exposure levels. One 
category includes the high power radar and satellite stations which 
employ very intense, focused beams. Though the chances of a person 
getting into a very directive antenna beam are small, because of 
the high powers involved, the greatest hazard may lie within this 
category of sources. The other category consists of the large 
number of lower power broadcast sources which purposely illuminate 
the population with their energy. Though small segments of the 
population may be exposed to the intense sources, all of the 
population is exposed to these lower powered sources. 

A theoretical analysis of the radiation fields from broadcast 
stations can be divided among the different types of transmitting 
antennas utilized by the stations (3). AM broadcast stations 
occupying the 535 to 1605 kHz frequency band normally always use 
vertically polarized transmitting towers in order to propagate a 
ground wave signal to their primary audience in the surrounding 
area. In the United States, AM standard broadcast stations may use 
authorized maximum transmitter powers of 50 kW and when coupled 
with the low gain antenna towers that they use (low gain because 
a single tower will not concentrate the emitted wave into a 
particular direction) do not normally produce adversely high field 
intensities in their vicinity except, perhaps, at distances 
extremely close to the transmitting tower itself. Figure 9 
graphically illustrates the field strength of a maximum powered 
AM station of ?0 kW using a single vertical monopole antenna as 
a function of distance from the tower. Though the field strength 
varies according to the conductivity of the ground over which the 
wave passes, normally as an'upper limit, a field strength on the 
order of 4 V/m may be expected at a distance of about 1/2 mile 
from the tower. This would correspond to an equivalent power 
density of about 4 µW/cm2 • 

In some cases, AM stations will employ a series of towers in 
order to radiate their signal in some preferred direction, either to 
serve a selected audience or to minimize interference with som~ 
other station operating on the samG frequency but in a distant 
town. In this case, the antenna system as a whole exhibit~ a 
higher gain, in some direction, than just a single tower. Consequently, 
the field intensity from a station of this sort will be higher than 
before according to the number and configuration of the towers. In 
practical instances, such tower combinations will account for a 
field density increase of only two to four times in the maxilllum 
direction. This would change our previous es~imate to something 
on the order of 8 V/m, or 16 µW/crri2 at 1/2 mile. And still, in 
terms of a thermal hazard level of 10 mW/cm2 this seems to be well 
on the safe side. 57 
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Figure 9. Groundwave Field Strength of 50 kW AM s.~~~dard 
Broadcast Station 

Connnercial FM and television broadcast stations may be analyzed 
as another type due to the similarity in the antennas used for 
transmitting. Due to the nature of propagation of waves in the 
VHF and UHF frequency bands used in FM and TV, most ·stations employ 
high gain antennas atop very tall supporting tower~: Before one 
can accurately estimate the exposure from such.a source, however, 
the radiation pattern of the particular station must be incorporated 
into the calculation to account for distance from the antenna 
supporting tower. With the antennas used in the VHF and UHF region, 
the tower is acting merely as a supporting member rather than 
radiating itself as is the case with AM stations. From the vertical 
gain pattern for a specific antenna as shown in Figure 10 and 
knowledge of the tower height, the field density at any given 
distance from the tower at ground level may be computed. Obviously, 
as one goes up in elevation along side one of these towers, the 
field density will increase since you are apprbaching the primary 
radia.tion beam which is normally ai:Iiled at the horizon. For the 
various authorized effective radiated powers for commercial FM and 
TV stations, Figure 11 illustrates field strength vs. exposure 
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distance -from the• source, assuming that one is in the main b_eain -·' , _ 
of the transmitting antenna. Obviously, for this to be applicable,' ·: 
a person would have to be in a tall building adjacent to one of · :·\ 
these transmitting towers; however, such situations. are very possiole 
in certain metropolitan instances. Under many practical circumstance~, 
the ground level intensities from most FM and TV emitters are found .; 
not. to exceed about 1 V /m; see Table 6. In the case of UHF TV ;, 
allocations with maximum effective radiated powers of 5 MW, a 
distance of 212 feet corresponds to an exposure of 10 mW/cm2 in the 
main beam while if we relax the exposure level to the Russian standard 
of 10 µW/cm2 we find that the distance has increased to 1.2 miles. 
In crowded metropolitan areas such an increase in the effective :-:: . 

exposure area from something less than a square city block to · · 
4 1/2 square miles could indicate that in some cases certain portidns' 
of the general population are routinely exposed to levels exceeding ·· 
the Russian exposure standards. 

In the other category, radar stations represent sources""·tthat 
operate in the microwave frequency range, use pulsed power_s which " ·u 

are often extremely high, and usually utilize very high gain or ,. " 
directive antennas. In general, this means that radar stations may 
yield high exposure fields at relatively great distances if one is · '"· 
ever struck by the radar beam. In other words, because the antennas·· J 

used are so directive, the probability of being in the mai1_1 'beam of "' ' 
a radar at any given time is generally- quite low. Also, th.ere is ., 

. , l the rotational factor of many radars· which further reduces· the 
chances· of prolonged exposure. Nevertheless, careful analysis of 
the radar exposure situation is warranted since there are cases in 
which the radar beam is intentionally swept near ground level for 
specific navigational purposes. 
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MAXIMUM 'TOWER FIELD 
SERVICE ALLOWABLE HEIGHT, INTENSITY, 

ERP, KW METERS MV/M 
_l.f 

FM RADIO 100 152,4 1023 

VHF TELEVISION 
CHANNELS 2-6 100 304,8 807 
CHANNELS 7-13 316 304,8 191 

UHF TELEVISION 
CHANNELS 14-83 5000 304,8 380 

Table 6. Maximum Powers, Typical Tower Heights, and Ground 
Level Field Intensities for Various Broadcast Services 

Estimated at One-Mile Upper Limits 
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The )J?,_,~t ,P:~}:1:erf1.1,l sou:rces;,irr, the U. S,.-y :however·, ,turi-r out' ·tcVbif> Jc::l.b 
the sa,~e __ ;Llite communications statio.ns with average effective · · 
radi'.'1ted p!)wers as high as ,3.2 TW. An important comment is in 
or,d~r a~?utJ average .VS. peak power. Thci:ugh a radar may have a much 
.~i&per pe.?~ power, it is the time-averaged, or effective heating 
po~~r to wh~ch the present U .. S. standard of 10 mW/cm2 applies. 
Considerable .• i;:omment on the relative hazards of pulsed vs. continuous 
wave exposure._has been_made by foreign-scientists;. Yet, at •this titne, 
the~e haye ,noP,,.peen any demonstrations by American scientists that· a 
pul,se.d fie~d cap be any more dangerous than a continuously applied 
field_ ?f: the same average power density (5). Thus, for present 
hazard .a~9-l¥:§is p_1;1rposes, we w:i,.11 consider only the level of a field 
from its average power density standpoint. It is possible, however, 
thaJ pulseq•, emissions, can cause detrimental interference with cardiac 
pac\~ina!<,~Fs -,~n~, other .l).ealth related·. electronic· devices (6). 

The _crµx of the problem in defining the RF exposure to humans· in 
our environrqent lies in the relationship .between potential exposure 
as calculat,tcl, from technical data on a particular source, and the 
actual human3 .exposure which takes place when individuals are living ur 
working in t9e true exposure area of a source. It is a relatively easy 
task to determine the potential exposure level to which a person might 
become expos

1
ed but another much more difficult task to ·map a truly 

reliable, c~lculated exposure pattern into a population distribution 
in the source Is area. A primary reason for this difficulty lies in 
the nonavail~bility or difficulty in obtaining accurate source antenna 
information ~nd analytical solutions to complex environments filled 
with buildings, P?W~r lines, and other obstacles, and-the highly 
dynamic nature of man-made RF levels, i.e., on-off times. In many cases, 
this information may be totally absent for the source or sources in 
question or be exceedingly laborious to obtain and utilize. Conse
quently, there does not exist any known source of information from 
which a very detailE;d, and accu.~a~e computation of exposure can be 
quickly made on a multiple source basis. Antenna information will 
usually be dug out ,and calculations made ca a specific individual 
source basis using simplifying assumptions about the exposure environ
ment. As a result, any attemp~- to map the total exposure levels in 
a given geographical area frorr/the totalfry of sources which exist 
in that general region will necessarily be only an approximation to 
what may really be the case. Any more sophisticated attempt, trying 
to take into account transmitte_r on-off times, actua_l radiation 
patterns, and building and terrain effects which can easily account for 
differences of several orders of magnitude in the actual levels as 
compared to calculated levels·(?, 8), appears to be excessively 
prohibitive in cost in terms of the usefulness of the output data. 
Because of this rapidly fluctuating exposure environment (i.e., daily 
activity of the general population and mobility of many RF sources) the 
only possible, meap.ingful a.pproach to mathematically describing non-:.. 
ionizing exposure, woul,? ~ppear to be statistical in. nature. 

+·,, 
. ·. ~ 
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Nevertheless, if properly interpreted, exposure maps using the 
utmost in simplistic assumptions can be useful as indicators of poi11-ts 
where actual field measurements should be made to determine the true 
hazard potential. Representative maps, showing simply the location 
of fixed sources are being prepared by us as guides to finding loca
tions where the largest numbers of people are exposed. I must repeat 
my caution on interpretation of this type of display for purposes of 
estimating population exposure. If we ask from what class, type, or 
frequency range of sources do most people receive the greatest amount 
of nonionizing radiation exposure, we can see that it is no.t necessar
ily the housewife who stays at home all day in her house which is a few 
blocks away from the local radio or TV station that receives the 
greatest total RF exposure (i.e., a measure of radiation intensity and 
the duration of exposure), It may well be her husband who drives 
himself to work being radiated with the relatively intense ·ignition 
system for a short period of time, or the passengers in cabs who get_ 
periodic pulses of relatively intense exposure from the two-way radio 
system in the taxi. Thus, the questions of who receives the most 
radiation from what, where are the highest exposure environments in 
a city, and what is the daily average human RF dose, averaged over 
the whole population are very complex and difficult questions to 
accurately answer. 

As interesting as these exposure maps which I have mentioned 
may be, because of the potentially wide variation between the actual 
environmental levels of RF and what one may theoretically predict 
from the best information available in large computer data files, 
actual field measurements are necessary in many cases to verify model 
predictions and indicate the real exposure level. 

To this end, I will describe one of our forthcoming field studies 
and the instrumentation which goes into making RF field measurements. 

You have seen that, from a gross, high power level analysis, 
the most potential for selected site hazardous exposure may occur 
at the superpower satellite communications stations about our 
country. We, in the Electromagnetic Radiation Analysis Branch, are 
in the process of selecting a few of these sources for detailed 
investigation including field density surveys to begin in the near 
future. Measurements will be made of field levels at locations, 
about each of the selected sources, at which unrestricted individuals 
might occupy from time-to-time. The exact subset of these sources 
which we will be surveying is being selected primarily on the basis 
of antenna orientation 'procedures for tracking of the various 
satellites which they service. Some satellite orbits require that 
tracking antennas use elevation angles approaching the horizon. In 
such cases, high fields may be observed at ground levels in the 
source vicinity. Results of these initial measurements. will aid 
in determining the potential hazard from this class of sources. 
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C,. J, 1\.t 'thl1(r 'drµe' our br~nch"is in the ·proce'ss' ~f est~bli,shi'rrn' 1an 
rd{Vistrdrtiet'ft\i't:1b'n "i'abd:tatbtf '_;,hfth 1wt1FS'J \:lsi1d as the' 'ba'.sis' fdr 'J '.': flL}i' 

r"\ ~ ,.,, ., .. , ('\ ·t . . ;· ", t .. , . , , I' ' .. , . , • 

d~v¢ldp'in.g measure!l).erit systems to be applied to the environmental· 
n8r1'ior'1:i.'z':i:.ng radia:ti6n. problem area and to support various field. 
st\:ldies'~-, The present measurement capability of the branch consists 
t/fc\:/ideb'.irrtd; re iatively high level, frequency i'ntegra tive ·'devices 
si:i'ch af-\.;tH be used for our satellite station survey and tincali
frrated ·s'pectru.rti signature instruments which allow us to determine 

.:fh~'',•relat':i:v~ field fntehsities 'of signals in the el'ectromagnetic 
· )i6'kgroutia:· Figure '12 illustrates what just the FM broadcast band: 

' ,:'s pee trt1'lti 's'igna 1:·ure fooks like i11 the Washington, D. C. , area. . 
. Relat'ive 1~~·1d-intensity is presented as a function of frequency. 
:•1we 'ate· ptelent'ly developing a system whereby such spectra as this 

one dai:f :Y>'e a!ccurateli· collec.ted, instrumentally'; in terms of the 
tr{ie-'sigriaf :amplitude and then subsequently integrated over any· .... 
ci\fsliiecl' ffie7qhen'.cy bahd' to ascertain the true tqtal integrated 

('s'p'ectr,fF"p'6~er''density;·i.e.; the surrnnatfoh of the field"intensity 
of ea'ch cf:E:'the 'individual 'signals comprising this composife spectrum • 
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Figure· 12~ FM Broadcast ~pectrum in Washington, D.C., Area 
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One of the ·inos·t 'important· ·aspects to making meaningful field 
measurements -iri the environment is to have a ·sensing antenna which 
is responsl.v'e to all s·patial · polarization components of the impinging 
waves at.eachlfrequency •of measurement interest. This implies the· 
use of isot:iropic. receiving antennas· such that, regardless, of the 
nature of the mfxed polarization of the incoming waves, for example; 
depolar:i;.za ttorr caused .by· propagation, effects~- the output 6f the .,,, r 

antenna system will be proportional to the total isotropically 
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induced antenna power, We are currently working with orthogonal 
dipole systems to approximate such an antenna, This concept is 
diagrammatically illustrated in Figure 13. It is envisioned that 
several such orthogonal antenna systems will be employed to cover 
the wide frequency spectrum of interest, Our system depicted in 
Figure 14 is being configured around a spectrum analyzer, an 
instrument which produced the spectral display of the FM broadcast 
band, calibrated, equivalently isotropic reception antennas, and a 
data acquisition and processing system which will allow rapid 
acquisition and analysis of the incoming spectral data, 

As a closing note, I would like to leave in your mind a feel for 
the potential magnitude of this nonionizing radiation pollution problem 
in our environment, Figure 15 shows the total number of sources within 
the U.S. which are capable of producing an exposure power density of 
10 mW/cm2 as a function of distance from the source. As you can 
readily see, as we increase the exposure distance, the number of 
emitters decreases, simply indicating that, as you might have suspected, 
there are fewer high powered sources than lower powered sources, 
However, look at the actual numbers of sources involved, Remember 
that this is for the currently accepted U.S. guide level of'.10 mW/cm2

, 

Figure 13. Total Power Density Measurement with Orthogonal Dipoles 
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Now let's reduce this allowable level to 1 mW/cm2
, see Figure. 16. 

. 2· 
Obviously, more emitters are capable now of producing 1 mW/cm in 
each given distance interval. Now let's reduce our allowabl~'~level 
to 0.1 mW/cm2

, see Figure 17. The numbers continue to growo ]inally 
let's look at what happens if we accept the Russian standard ~f 
0.01 mW/cm2 or 10 µW/cm2

, see Figure 18. Quite clearly, the dimensions 
of our problem have increas~d hundreds of times from what was the case 
utilizing the present U.S. guide. Thus, the controversy over thermal 
vs. nonthermal effects has serious implications in terms of U.S. 
environmental RF fields, should nonthermal effects be proven to exist 
artd to be hazardous. 

Through some of these ideas I have discussed today and the field 
measurements EPA will soon be implementing, we hope and expect to 
better define the actual RF levels to which we are exposed each day 
and, subsequently, to better understand any possible health impli
cations of our electromagnetic environment. 
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ABSTRACT 

This paper presents a review of cooperative work of the 

Bureau of Radiological Health with the U.S.A.F. School of 

Aerospace Medicine and the Society of Automotive Engineers 

in determining cardiac pacemaker susceptibility to electro

magnetic interference. The preliminary results of surveys 

conducted in the hospital environment, directed at determining 

EMI levels present and their possible effect on medical 

electronic equipment, are also discussed. 



ELECTROMAGNETIC COMPATIBILITY, ELECTROMAGNETIC 
INTERFERENCE AND SUSCEPTIBILITY AS RELATED TO 

MEDICAL DEVICES 

The purpose of the Radiation Control for Health and Safety Act 

of 1968, Public Law 90-602, is to protect the publ_ic from hazardous 
1 "'i. 1 it~,, 

exposure·~~ ~~diation from electro~ic p~oducts. To accomplish this 
,,.,: .... ::.: ',,... ;,i 

purpose, an efectronic product radiation control program including 

the development and administration of performance standards has 
,,·, . 
.J' . '·f 

been established by the Secretary of the Department of Health, 

Education; and Weifare. The Food and Drug Ad~inistration' s Bureau· 
.to,,-.; 

of Radiological.Health has been made responsible for conduct of the 

program. As a part of the program, the Bureau is instructed by the 

Act to "study and evaluate emissions of, and conditions of exposure 

to, electronic product radiation and intense magnetic fields." 

The concept of protecting the public health from excessive 

electromagnetic radiation has long been based on evidence of 

adverse biological effects. In the hospital environment, where 

sensitive electronic instrumentation is utilized to monitor 

physiological function, and maintain life function, the conditions 

of exposure to a patient may well be different from those assumed 

by the groups who have recommended human exposure control standards, 

In such an environment, the interaction of electromagnetic 

radiation with sensitive electronic instrumentation, rather than 

directly with the biological systems, may be the primary factor in 
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determining if a specific level of radiation is hazardous. The 

Division of Electronic Products of the Bureau of Radiological Health 

has undertaken a program to examine the basis of present exposure

limit criteria, and determine if new standards or legislation are 

necessary. 

For the past two years, interference to a specific product, 

the cardiac pacemaker, was of primary concern. More recently, this 

effort has been directed to critical hospital areas which utilize 

instrumentation for monitoring or aiding patients. This discussion 

summarizes the past activity of the Bureau concerning an affected 

device, the cardiac pacemaker, and the present program aimed at 

determining what levels of potential interference exist in 

hospitals and elsewhere, and to pinpoint the sources of these 

interferences. 

Implanted cardiac pacemaker dysfunction due to external 

electromagnetic interference (EMI) has been reported in the 

literature for several years. Most of the literature about sources 

of EMI concerns those products and frequency ranges that a person 

would most likely encounter in a normal existence. Pacemaker 

dysfunction has been reported to occur near electrocautery (!., ~_) 

and diathermy apparatus (!., ]_,~),electric shavers (,2), and 

internal combustionengine ignition systems (1, !±_). In recent 

years, incidents of interference caused by radar (_§_), communication 

systems (]_,]_),and microwave ovens (§.) have been reported in the 
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literature. Because a pacemaker wearer could unknowingly expose 

h~mself to these high frequency sources, it was considered necessary 

to evaluate the interference potential of these sources •. 

. After a series of meetings with representatives of the 

scientific, medical and manufacturing communities, it was surmised 

that the possibility of interference to some models·did exist. 

With the cooperation of the Association for the Advancement of. ~,., . . . 

Medical Ins~rumentation, warning letters were distributed through 

professional channels in the fall of 1970. These letters were 

mailed to hospital administrators for general distribution .to their 

st~ffs, and ;o physical therapists who daily utilize equipment 

known to be potential sources of interference. These letters· 

mentioned several potential sources of interferenc~., one of which 

was the microwave oven. 

In April 1971, the Bureau published a report (2) which dis

cussed the electromagnetic interference to cardiac pacemakers. 

This report, written in layman's language, was widely distributed 

and is available from the Bureau's Information Office. 

Through the voluntary cooperation of pacemaker manufacturers 

and the Society of Automotive Engineers, AE-4 Committee, pacemaker 

models available in June 1971 were subjected to one set of prototype 

open-air test procedures. The results of this testing were given 

to the manufacturers for their individual evaluation of their 

product, as well as the suitability of the test .procedure. A .. ~i•• 

73 



representative of the Bureau of Radiologic.al Health formally presgBted 

the results of this test procedure development, to the Working·. GrQ\lP on 

Environmental• Interference of the Associ!ltion for the Advancement of 

Medical Instrumentation in November 1971. · 

Concurrent with these activities, the Division of_ Electronic 1 "f:i 

Products had been <;:ooperating. with the U .• S. Air Force Schoql· ot :, , , o -

Aerospace Medicine, in its studies utiliz.ing pacemaker:-i~p.J,.anted . -, ··11· 

canines. In the spring of 1972, these canines:Jwere exposed·1 to con"'.";~! 

trolled sources of electromagnetic energy which simulated radar and'.'b

microwave oven emissions. The complete results of these. studies 

were published in the IEEE International Electromagnetic Compati- ,· :_.;.[ 

bility Symposium Record (10) in July 1972. In general, both studies:;: 

showed that the most easily determined effect of EMI, that of no · '. :,: 

pacemaker output, occurred· under- varied conditions of frequency, .. ,.ua 

amplitude, and modulation. All pacemakers· resumed normal operation' .llJ 

after exposure. 

The signal utilized to simulate microwave ovens was,a•half- i:t 

wave,modulated carrier with· additional modulation to simulate the ,, ,1 

mode stirrer. Under these conditions t:he·most sensitive implanted- 1 

pacemaker produced no output at calculated ,average power.~densities ._ h 

of about 15 microwatts/cm2• Assuming an inverse square relationshipi~ 

with distance, for, a microwave oven leaking 5 milliwatts/cm2 at 1:£1 

5 cm, an average power density of about 15 microwatts/cm?_ will exist ·d 

at three feet. Under-higher exposure-, six other pacemakers 
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displayed some rate alterations, while two of the units appeared to 

be unaffected under these conditions of testing. 

These findings indicate that a person wearing ,one of ,the more 

sensitive models tested might experience arrhythmia within a three 

foot radius of a microwave oven leaking at 5 milliwatts/cm2• This 

could include ovens of all types manufactured both prior to and 

after the effective date of the recent DREW microwave oven radiation 

emission standard, because the standard was not designed to restrict 

radiation leakage to the low levels found to affect pacemakers. 

The signal utilized to simulate radar was a square wave modu

lated carrier with varied time interval between pul'ses. Under these 

conditions the most sensitive unit produced no output pulse at 

calculated average power densities of about 0.3 microwatts/cm2• In 

general some effects were noted in all but two of the models tested 

under increased exposure and appropriate pulse repetition rates.• 

On May 17, 1972, as a result of these data, letters summarizing 

these findings were mailed to all known U.S. , and foreign pacemaker 

manufacturers. In addition, questions regarding the·specific steps 

taken to improve interference susceptibility of their products were 

asked. Shortly after the letters were sent, the Commissioner, Food 

and Drug Administration decided that the activities ·concerning the 

susceptibility of implanted cardiac pacemakers to interference could 

be more effectively administered by separating the responsibility 

into two disciplinary areas. The Bureau of Radiological Health is~ 
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• 
currently responsible for investigating the technical ~spects,.of the 

pacemaker problem.in relation:.to the identification and control of".'l · 

the sources emitting radiation which would affect such devices. ?It; 

also provides tec.hnical support to the Office of Medical Devices. ,'J 

The Office of ;Medical Devices has assumed responsibilities concern-:-~· 

ing the pacemaker. itself since the pacemaker is a medical :.device: ; .,1i 

which does. not ·,emit electromagnetic radiation. This includes ,;· ,.•:; 

attempting .to determine the sensitivity of pacemakers tG> :outi:dde , ':i 

interference, developing standardized test procedures, arid dealing~ri 

with manufacturers in order to encourage the development ::of less 1u, .. 

susceptible pacemakers. - 1~1 · 

Since January 1972, the Division of Electronic Products has 

be.en developiµg.: tl).e laboratory capability ·for. generating and· -:ro 

measuring electromagnetic fields, principally for calibrating and-., 

evaluating radiatiQn detecting instruments for field us.e. Because '.tr,· 

of the administrative transfer of the .cardiac pacemaker responsi- .o: 

bility, more time can be devoted to the_se aspects of EMI. , Having .,11 

developed an adequate capability to measure electromagnetic 

radiation levels, the Bureau has recently responded to one request 

to investigate the level of EMI in critical areas inside hospitals. 

Other requests have been received including a municipal airport, 

' ' 

and a Public Health Service Hospital which happens to be the tallest 

Federal building in the area with its roof being used for government 

communication antennas. 
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y! · Electromagnetic field 
1
su,rveys werescondU:cted on Septe111ber 11-15, 

1972; at the University of California Medical Center and at the 

USPHS Hospital in San Francisco, California. The primary purpose 

was to establish base line measurements of electromagnetic radiation 

levels in critical hospit_al locations which will be··compared with 

s;i.n1ilar measurements taken at a later date.. Levels at some 

{requencies are expected to increase as a result of ',the constrt.Jction 

,;>fa large,:multiple-frequency broadcast tower in the vicintty. 

The.data collected at the two hospitals have been stored on two 

analog magnet:i.c tapes. Approximately 400 orthogonal spectrum sweeps 

were recorded for frequenciei;; between 30 hertz and One gigahertz. 

At the ·present time the Bureau personnel are requcing the data 

for analysis and recalibrating checkpoints for the receiving antenna. 

A report will not be available until the return visit to the hospitals 

can be made, after the tower is energized, and these data can then be 

compared. Preliminary results ;indicate at present that the highest 

discrete signal levels in one polarization are approximately 

10 microwatts/cm2• 

J 
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THE GROWTH OF MICROWAVE SYSTEMS AND APPLICATIONS 

Jeffrey Frey; Ph.D. 
School of Electrical Engineering 
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! ' ( 

o:; : ·' :'Th{\~hi "lllicrowave" "describes electromagnetic radiation occupying 
,, .. t .'. :) .~ .T .'7' • ' f - ',~~ Z. J ' 

:, ~ .' 

a particular portion of the spectrum of all such radiation; the micro-

w?':'.:~ ~a1(;'.~~ \~,n~r,a,J/; '~ais·en t.o. ~ean ~he frequens~, range 109 
t~ some

thing over 1011 Hz, comprising radiation in free space with wavelengths 

from 30~i;[·· (a~·: 109 Hz)' ~o und'er 0~3 
. ' . ·l' _1 : , ,,_; \' .~ ; .· ' . . • ' 

cm; The rel£tionship of the 
:: . .. ) ~· ' :. t 

. I< • , ·., • 
microwave portion of the spectrum to other labeled oands is illustrated 

in 'Figure L' 
t· ( \ ,. 

Microwave radiation possesses two particular-advantages over 

, "1:r,adiation'.at lower frequencies, advantages wnichHas.sure ,the application 

of microwaves to certain problems, regardless of the cost involved. 
Jf 

First, microwave radiation covers a very widetpotition.of the frequency 
.(1/r· _.· · ~\0( 

spectrum (note that the abscissa of Figure 1 is logarithmic). The 

large bandwidth available fat microwave .beams·all,ows these beams to 
•.f.. • • ~ ·-1~ •' 

carry more information than beams at lower frequencies. Second, the 

,small wavelength- of microwave, radiation allows microwave beams to be 

focused andipointed relatively easily. While the frequency range 

above 1011. Hz is even more advantageous '.from·• these points of view., 
J . ,!·. ·y3) 

as yet no devices to generate and control energy in this frequency 

Radiological Health Section, 14 November 1972. 
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rang~ are available that match the output power, cost, and reliability 

of analogous devices in the microwave band. In addition, at very high 

frequencies signals are much more subject to attenuation due to mois

ture in the atmosphere than at microwave frequencies. 

The 9a.~dwidth and directionality properties of microwave rad:iation 

have dict~ted the general types of uses to which these systems have 

historically b.een put. The first microwave ~ystem to be developed, 

just before and dur~ng the 1939-45 war, was radar, which utilizes the 

9irectional properties of microwave radiation. The. second major 

application of microwave systems was in relaying network TV programs 
,l 

across the co\ln~;ry; in this case the wide-band capability of microwaves 

was as importan; .a.~. b~am directionality, which enabled precise a~ming 

of the beam from transmitter to receiver. Microwaves, then, are useful 

for guidance and ,control (e.g., radar) and communications: The trend 

of development of microwave systems since their first application has 

been from very expensive systems, purchased by armies and communications 

monopolies, to ~omewhat less expensiv~ ones, purchased by smaller func-
> • ,i 

tional units, such as airlines. Recent technological developments, 
l '· . 

however, indicate that a large proliferation in the numbers of microwave 
,'' . : ' \ ' 

systems in use can be expected, with microwave system ownership reaching 
! . 

the individual level. 

·current Microwave Systems and Applications 
·, 

The least .expensive widespread microwave system now available is 

the microwave oven, ubiquitous in snack bars and increasingly appearing 
'· 
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in homes as the price reaches the $200 level. With prices around $400, 

345,000 of these ovens were sold for home use in 1970.
1 

Most systems currently in use, however, cost several thousands of 

dollars, rather than several hundreds. Radar, of course, is universal.· ., 

on military aircraft and on civilian passenger aircraft costing more' 

than $100~000. 

;: 

.I' 
A very large percentage of the 73,602 (as of 1970) 

,I 

US registered yachts and other vessels exceeding 4.5 tons displacement 
\· 

are also equipped with radar. Microwave connnunication systems in the 

civilian.sector have been operated primarily by A.T.& T. and Western 

Union; cumulative data for FCC authorizations for such stations, to 

1969, is shown in Figure 2. 2 Since the 1969 ,FCC decision to allow 

carriers other than A.T.& T. and Western Union to compete with the 

connnon .carriers in providing wide-band microwave links for data and 

other private connnunications, roughly two thousand applications for 

new microwave stations, from firms not previously involved in the field, 

have been filed with the FCC. 

New Technology and Microwave Proliferation 

Microwave technology has changed considerably over the last 10 years, 

and new developments are now beginning to mature into production units. 

A relative measure of the impact of these developments is _sh_own in 

Figure 3. In the last 10 years the invention of new solid-state micro-'. 

wave generating devices has increased the radio frequency (r.f.) power 

available from low-cost solid state units four orders of magnitude; 

simultaneously, the application of integrated circuit techniques to 
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microwave systems has reduced their size and cost two orders of magni-

tude. Further, through the use of automated analysis and design proce

dures, the engineering costs of microwave systems have also been greatly 

reduced. On an absol_ute scale, r.~li_able microwave sources, adequate 

for use in such syst,,ems as small raq.ars or for communications over a 
.• ·» ·,,~~~ 

distance of several ;_;iles, cari:b~··:p~~chased now for $20 to $50; 
. ·• ·, t'~ \ t, .... . 

klystron sou.fc;es, typ'icc;l of the,, dev'tces that would have had to be used 
' ,.. . ... ;o;· -- ' 

. .,;·1~ I · •• ",,. :• 

in such system~ until recently, sellfor upwards of $500. '.::onsequently, 
' . .',~Li \ • 

•. ' ~- \.. > \"--.,_ • 

micr:owave syst¢ms for u~e Jn ind"ividual homes, autom~biles, boats, and 
.. ~/~ 

1 .• 

pri:yate aircraft;, c·~~ be, exp'~cted to pro1if~rate, and the use of micro-
.. •· ·-, \\· ;'_ '· : i 'I (,, . .- " 

waves by commercial o:rganizations-eari.8;lso·be expected to increase. 
''\.., ~:.. ' '. ·,_ 

,-\ :_, .. 
\,:) . .. t'I.,;. ''. .:,· 

•;:: Developments in <:0Jt1puter 
•. ' -~ # 

te6.hnology, and increases iri computer 

,,,A"'i1 \:l-'- . .. \: ; ' 
usage, will,.-sa]:so \·stimulate th~ gro~t.h'_ qf microwave systems. Transmis-

.; . ; ; ;:: J'iJi,:, . 

. :s1on iof/:1;:ryformat1on between r~mqt~ co~iute_r_ terminals and a central 
, ~: ! .f. 

~' "j 

computer--say, between a branch; ban'.k and its· :c_entral office--can be 
.. ! \ . . . \ ~ i. 

performe'c;Lusing, telephone lines; however, a private microwave system, 
·· __ \ ~,, .... ,;. ·.:~.·•. ~,., .. ~ 

with 'the j:apc;1hility for transmitting k" thousand times as much inforrna-
, ,,. : •... :) . . 

tiori in· tRe\,~~ time as the telephone system, may be more efficient. 
' . : ... ..r.~ 

. ' . ' ,' : . 'i .. 
Fur,tber, ,wideband data links are required in order to hqok computers 

·'· "'-•,'' 

• up·. ,The;e computer-oriented uses of microwave systems can be expected 

to iric:rease'--re"g~\dless of a~y new· deveiopmerits in microwave t~chnology, 
~ .. /·. 

' 
but the microwave developments described above will facilitate the use 

• .~~,. • ,l' 

of computers as; for- example, by enabling the personal data link to 

accompany the_ personal computer, when it becomes available. 
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At1 least one factor may mitigate against great proliferation of 

microwave systems:· crowding of the· electromagnetic spectrum. Unless 

great attention is paid to monitoring and controlling spectrum use, 

and to requiring most-efficient system design, there soon may· not be 

enough spectrum to go around., 

Microwave Applications 

New cost parameters and the development of complementary technology 

will lead, as shown above, to new applications for microwave systems, 

and more widespread use of these systems to perform htstorically 

important tasks. 

In the field of guidance and control, microwave systems should 

soon appear on commercial vehicles, trucks and buses, for collision 

avoidance and automatic braking. There are roughly 20 million such 

connnercial vehicles on American roads today. Eventually, microwave 

systems should appear on private automobiles, for collision avoidance, 

triggering of passive restraint systems, and backup warning; with a 

manufacturing cost of $10 per unit foreseen, the Department of Transpor

tation foresees the entire new car market--10 million.units per year-

equipped with such systems. 

It will soon be possible for light aircraft to c~rry both 

altimeter and collision-avoidance radars at costs comparable to those 

for other general aviation electronic equipment. For exa,nple a small 

radar, which indicates by audible signal the presence o;f another air

craft within a sphere of surveillance surrounding the observing aircraft, 
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has rece~fly been,~nnouI?-ced at a price of abou~ $2000. With~n the decade, 

colli,;don avo;i..dq.nce" radar might be ,required on all aircraft equipped for . ~ . ' . ' , ,. ' 

instr~~e~t,.:fl,:ight-:-a._si,gnif~cant fraction of .the 200,090 private air

craft registered, 
r. , . , l . : , ~-I, 

Radars for small boats will become practical, particularly· for; 

operation at night or in areas where fog is frequent. A hand-held 

unit selli;ng.,for. $695 ;bas ,already be~n. announc,ed. 
J .., • .,,,·,.. • • • -: •• 

'SmallT~radars; cari' be used for any purpose where a process is C • ,, • 

triggered by 'ni'btion: •"Systems are· ort the nrarket which automatically 

open hospital doors or detect when beer bottles have been filled to the 

prope:r level ~U J~~ sapie principles apply to intrusion alarms also; 

microwaye u;i~ts1 ,~9r; _thi,s purpose can alrady be bought at p,rices .b_elow 

$300. . Simil~r .. pr;-incipl.es are. used _in shoplifting alarms, in which a 

pre~ence,. of, a _c;oge1. reflecting tp.g hidden on· :j..tems in a shop: The 
• ., . 1 ,,, 

alarm i_s;- trigge_r~~ if the. tag .pas9e!:i_ a detector at the. exit. of t}:ie 

shop. · .Abo1;1t 60_0 ot;,thes~ units are already ,installed. 
3 

Microwaves can'1 be-• used· :for· the" control bf industrial pr·ocesses. · ; 

Microwave systems have already been applied to monitoring the thickness 

of latex applied: !=,O t}:te b~ck of carpeting, and exp.eriments with ot}:ler 

process~s.; ,involvt:!}g ,yar;3.m_~ters- to. which m.icrowave systems are sensitive 

are being., perf_o[1!1ed: t. 

· · A large expknsion · in 'ini'crowave systems carr be expected due· to 

increased ~eeds f'br- w:i.debahd 'communications; arid the growth of entirely 
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new communications systems, particularly satellites. As frequencies 

at the lower end of the microwave band become filled with stations, 

communicators will have to move upward in frequency. However, the 

higher the frequency, the greater the attenuation of microwave radia

tion by the atmosphere, and the greater the increase in attenuation 

in the presence of atmospheric moisture. Thus, higher-frequency systems 

require either high-power microwave sources, or relay stations between 

sources. For example almost 15 times as many microwave transmitters are 
" 

required to cover a long distance in a 18 GHz system as in an 8 GHz 

4 system. 

Satellite communications systems can.utilize direct transmission 

from satellite to home. A system is under investigation in Germany 

that would utilize such direct transmission to add three to five 

channels to the crowded terrestrial German television bands. The ATS-F 

satellite, shortly to be launched, will be used to conduct an experiment 

with the relay of instructional TV programs from New Delhi to thousands 

of village receivers in India. In this country the use of satellites 

for the relay of network programs to CATV installations, two-way voice 

5 
communication, and general TV networking, has been proposed. Possibly 

over a hundred satellites, and thousands of earth stations--millions, 

if direct satellite broadcasts to homes are utilized--may be in use by 

the end of this century. 

In addition to being used for the trunk systems that connect city 

to city, it is now feasible to use microwaves in local distribution--say, 
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from a suburban telephone switching plant to its downtown central 

office or between the trunk terminal of a data carrier to a local sub

scriber. The Bell system has had an experimental pole-mounted micro

wave relay station, intended for such use, in operation for 4 years. 6 

Automobile telephones may become very common if microwaves are 

'used. The."'band currently assigned to auto telephone systems is too 

narrow to·adbornmodate even a small fraction of the cars on the road; 

microwave bands are needed. However, the directionality of the micro

wave radiation will necessitate specialized car-tracking equipment 

associated with microwave transmitters so placed as to be always within 

line of sight of ·a telephoning car. A microwave transmitter on every 

street-sign in big cities may become necessary. 

The use of microwaves in the home will be much increased with the 

general accept'ance of the microwave oven. As was the case for color 

television, thkre'might well be a take-off point for sales of microwave 

ovens, beyond which social pressure becomes as important as utility in 

stimulating purchas~. Oven manufacturers are forecasting sales of a 

m\llion units per year in 1980 and eventually a significant penetration 

of· the sixty million'American households should be achieved. Microwave 

heating can also be used in industrial applications: the use of micro

waves to dry towels in a laundry has been proposed, as has the use of 

microwave heating to break rock through the excitation of localized 

thermal stresses. It is not clear that these microwave industrial 
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heating processes are any more efficient than more well-known processes, 

and the extent of their application is questionable. 

Fin~lly, the development of technologies only now foreseen, not 

yet reduced to hardware, may also result in a proliferation of microwave 

' systems. At a recent long-range planning symposium sponsored by the 

Electronics Industries Association
7 

a number of technological events, 

with years considered likely for their realization, were forecast; 

those events relevant to the growth of microwave applications include: 

individual portable two-way commu.nications devices carried by most 

Americans (1990); computer-controlled network stock transfer system 

(1978); integrated financial services, with automated transfer of funds 

(1978); TV systems used for instruction in 10% of all schools (1977); 

TV networks linking campuses (1980); use of radar prosthetic devices, 

e.g., radar for the blind (1985). ~'.i t 
J.1 .f 

,, . 
, ... .., -

' An idea 
,r· 

of the magnitude of growth of m~crowave:_, syite!IlS use can 

be obtained by correlating the current size of the market for.the systems 
' 

concerned with an approximate estimate of penetration of that.market 

as a function of price. For example, $2000 is currently the lever of 

acceptability for electronics equipment in aircraft; $10-100 is the 

lev~l appropriate to private automobiles. A chart summarizing the data 

is given in Figure 4. It is seen that by the time that microwave systems 
t ' 

reach the $10-100 level--which may be within the next decade--hundreds 

of millions of small microwave systems will be brought into use. 
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Consequences of the Proliferation of Microwave Systems 

Large increases in the number of microwave systems in use can be 

expected to result in considerable crowding in t~e microwave portion ,,_'.f 

of the spectrum, with consequent increases in mutual interference amofrg 

neighboring systems, and problems in the satisfaction of competing 

interests. In addition, individu.al: exposure to microwave beams will'.he 

much more likely than it is now, and the health hazards of such exposure 
·_;} ,I • 

have not yet been satisfactorily quantified. .[ . t_- { 

Spectral congestion will be an international problem once coi:nmuni-

_;, 
cations satellite proliferate, but even now this congestiq,n is severe 

. • 'i] 

in some localities. Table 1 shows some of the results of a recent 

2 study done for the FCC ; the table lists the ratio of FC~-author.iz'ed 
. u .. f 

stations to the total number of frequency assignments available in 

each band, for Los Angeles, New York City, and Venice, Louisiana. ih 
'1 .. 

bands where the ratio exceeds unity, advantage must be "taken of the 

directional properties of microwave radiation, or space between trans

mitters. In New York and Los Angeles, which are commerci_al and enter-
.) . 

tainment centers, the 4, 6, and even the newer 11 GHz common carrier 

bands are virtually saturated; in Venice, La., the safety and special:· '·~ : 

services bands are nearly full, with microwave communi~ations links 

among offshore oil-drilling platforms almost saturatin~ the safaty an~ 

special service bands. Spectral congestion can only he expecte,d to 

increase and techniques for regulating spectral allocation and 1nutual 
ri -' 

interference must be kept abreast of needs. 
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TABLE 1. 

:. 1., 

Ratio R of authorized stations to individual frequency assignments~ I ' 

ayailable (,·.:::. .. 

,,•t· .. (· 
·,l • 

Bapd 

•_:r,·: e 

1. 850-1. 990 GHz 
Operational fixed 
(industrial and public 
fa~ety) __ · , 0 ,_, .. 

1. 990-~_.110 IC .· _ 
TV pickup, TV intercity 

2.500-2;690 
11' : ,._ 

Operational faxed ..... , . . ' v·.•· .. 
(industrial, instructional 
TV) 

3. 7Q0-4. 200 '. - 1. ,.: l.,," ·, 
Fixed public 
(common carrJe7 ft Comm. ,· 
satellite) · 

'~ ,.,,,. . '·. _ ... 
5.925-6.425 .. - . 

Fixed puhli~.1 , ~ 
(common carri~r &'comm. 
satellite) 

'-;,-;:-, 

6. 575-6. 87 5 . .., '-· 
Operational fi~ed -
(in~ustrial, · pu~_Hfo .~afety) 

6.875-7.125 
TV pitkup,' TV t~lay 

' t, , ::: C' 

10. 700-Il. 700 ... _ 
Fixed_yublic, 

1 
(common carrier) 

. R for 
Los Angeles 

3.8 

o._9 

0.5 

1.9 

1.3 

· 4.1 

o. 7 . 

2~4: 

R for 
New York 

0.5 

0.5 

4.0 

3.2 

,0. 5 

0.2 

3.2 

R for 
Venice 

1.8 

0.1 

0.9 

! . ) 
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Since very large numbers of microwave systems can soon be expected 

to be in the relatively unsupervised control of private individuals, 

it is ne~essary that the biological effects of microwave radiation be 

fully quantified. Microwave radiation can certainly cause profound 
I 

effects on living animals; the oven that can roast a turkey in 5 

minutes can roast a child's hand in even less time. Legislated standards 

and safety\interlocks can render such heatin~ apparatus reasonably safe, 

but no standards exist for the regulation of low-power microwave 

systems. For, no one really knows the effect of long-term exposure 

to very low levels of microwave radiation such as would, for'. example, 

be impinging on a traffic policeman monitoring an intersection through 

which radar-equipped cars were passing. 

. 
Conclusions '. 

In a large part because of advances in microwave technology 

resulting in much cheaper microwave systems than were heretofore 

possible, the use of microwave radiation for guidance and control, 

communications, and industrial processing, can be expected to increase 

in the next several decades to a point where millions of small micro

wave systems will be in active use. This proliferation will result in 

great pressure on the microwave frequency spectrum, and in a great 

increase in environmental exposure to microwave radiation. The former 

problem carries with it the implication that regulatory processes 

must be modernized to properly balance the forces competing for the 

spectrum; the latter fact should cause concern that not enough is yet 

known about the biological effects of such exposure. 
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ABSTRACT. 

Recently $Olar energy has been reexamined as a 

viable alternative to produce power on a very large 

scale. The potential of this source of energy is 
, . -·'- .!C:'. 

discussed against the background of presently per-

ceived energy demand and supply. The major concepts 
f ,·· , :J 

for the large-scale use of solar energy are briefly 
) . j , 

reviewed to provide a basis for examination of a 
'L 

satellite solar power station which would have the 
.i . 

capability to convert solar energy to microwaves . ' 

which are beamed to a receiving antenna on Earth. 
' ·:·-.d : , 

The principles of this satellite solar power station 
'. ,, .. ' 

f . 

are reviewed with particular attention to technical 
. \'. . ' 

feasibility. The economic, social, and environ
)' : 

mental impacts of this alternative to power produc-
) . . 

tion are presented. 
5. ·.,; 

C 



I. INTRODUCTION 
. ~ 'J 

SPACE SOLAR POWER: 
AN OPTION FOR POWER GENERATION 

Peter E. Glaser, Ph.D. 
Vice President 

Arthur·D. Little, Inc. 
Cambridge, Massachusetts 

The energy crisis generated by the massive production and use of 

energy 1/\oday a major public cancer~. (l) As various solutions are 
- ',(: 

offered to overcome the crisis, inadequate consideration is often given 
. l " 

to technical developments, economic constraints, resource conservation, 
E 

public health, international trade and politics, environmental protec-
7( 

tion, and social equity which are typical of the issues involved in the 
. . l -

massive production and use of energy. Attempts are being made to 
11; 

grapple with the interacting, conflicting, and cumulative effects of 

actions already taken or planned for the future. A consensus is 
,, 
' emerging that new research initiatives, institutional mechanisms, and 
,, • t 

criteria have to be developed and co0rdinated to evolve a rationale 

for national energy policies of benefit to society. 

The use of energy has been the key to the social development of 

man and an essential component to improving the quality of life beyond 

the basic activities necessary for survival. The striking feature of 

the history of exploitation of energy sources and their comsumption is 

its exponential growth over the last century. This growth cannot 

continue forever. In a world with limited natural resources and a 
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Unite t~ei. ling upon undesirable internet ions of t>ncrgy production systemB 

with thr environment, an assured nvnilahility of ener~y resources poses 

a multitude of problems. Projected increases in energy demand indic~te 

that the pressures on energy resources will be experienced world-wide 
.,. 
' 

because each nation will aspire to attain a larger share of finite re-
l. 

sources to maintain and improve the quality of life for its people. 

The common objective must be to meet energy demands as far as 

reasonable, while preserving the natural environment in the face of 
r 

increasing pollution. The public is demanding substantially more 

electrical power and is expecting the power to be available--without 
r 

shortages or rationing~ At the same time the public is expressing an 
) 

unprecedented concern about environmental quality and has not yet faced 

up to the price it may have to pay to achieve this quality. One major 
. ) 

fact emerging as a result of the pressures generated by the ever-

increasing energy demands is that alternative energy production methods 

will have to be developed, Among the different sources of energy~ 

whether they be non-renewable--such as fossil or nuclegr fuels--or con-

. ' 

tinuous--such as tidal or geothermal--none has a greater potential than 

solar energy. 

Man worshipped the sun aeons ago, but today feels less beholden 
t 

to it and has forgotten how intricately all life is linked to it. The 

'. 
sun 1 is the controlling influence over the planet Earth. A high level 

1 

of sophistication is required to apply solat energy for society's 

long-term benefit consistent with the balance of nature. Indications 
t 

are that this point is now being reached. Several concepts have re-

·• 

. (2 3 4 5) 
cently been advanced to achieve the large-scale use of solar energy. ' ' ' 
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One concept is based on the evolving ability to utilize space for prac-
·.;·. .· 

(6) 
ti cal purposes. The technology developed to read\ out heyond the 

confines of the Earth opens up· the po~sibllity of tapping the most basic 

energy source available to man--the sun •. 
~ ' . . 

II. SOLAR ENERGY CONVERSION IN SPACE FOR USE ON EARTH 
,, ~ .... 

Maximum utilization of solar energy can be made in an orbit around 
' . ' 

the sun. The first step towards the fulles~ use of solar energy is 
< ' 

represented by a satellite in orbit -around the Earth. There, solar 

energy is available nearly 24 hours a day. This approach permits solar 

energy conversion to be carried out where it can be most effective with only 
( ·f ~, •i 

the final step arranged to take place on ~arth. Similar to the impact 
,_t 

nn worldwide communications of already existing satellites, power from 
i' t ; . . ' 

space has the potential of providing an economically viable and environ-·l , , , 

mentally and socially acceptable means of meeting fut~re energy require-
'./ ' ' 

ments. 

Figures 1 and 2 show the design concept for a satellite solar power 
( 

station (SSPS). Photovoltaic solar energy conversion with two large, 
f. 

symmetrically arranged solar cell arrays represents the basic principle 
' •, 

of the SSPS which will l>e designed to produce electricity in synchronous 

orbit. This electricity is fed to microwav.e generators, arranged to .· " . . . ' ; . j' \. ·, . . : . .,_,... . ' . 

form an antenna located between the two arrays. The antenna directs a 
. ,:, .. ' ~ . 

microwave beam to a receiving antenna on Earth where the microwave energy 
'! .' ' ,, 

is efficiently and safely conv·er:ted back to. electricity. In synchronous 
. ·• '", ,• •. ·1 

orbit around the equator, the satellite will be stationary with respect 
r...., • ~ • - . • • 
,, ' 

to a desired location on Earth. , . ;The ·use of the microwave beam allows 
.f: {· 

,, 

101 



I-' 
0 
N 

FIGURE 1 DESIGN CONCEPT FOR A SATELLITE SOLAR POWER STATION 



f--' 
0 
w 

.. '· . .~ ·. ,. 
..:· ...::., 

~ 

co 
0 

CJ) 

• . :-,: 

. ' 

·:,-~-:si6:b:·~w . 
- . ~, . 

, .. 
••. 

'<SI•~~~-. :Tra,nsn:,ittir-g·A,ifenna .. -~' .; .:. -: 
: .. 4:. .- _,. . . . - _.,: -:· __ : ... -~ .. ',.. ' . ... .. · ......... : . ' ;,.. ~ ·. 

:·::'.Svrichrono~; Orb ii . 
• • , ... . ~ • ..., - - .. A.. • ' .. _.. C • • ' 

--'"'--:--,,..._· .... ____ . 
.- ' . ., ··, 

.. . 

·Sol<;1f·collector. 

. . -~ 
• I , • • . . ., , .,. 

FIGURE 2. DESIGN CONCEPTFOR A SATELL:ITE SOLAR POWER STATION'· 

..,. ·-·,- . 

-·- "-'.-- -- . ",. •'· 
;.i-' 

.' ~-- .. 



all-weather transmission so that full use can be made of the nearly 24 

hours of solar radiation available. This availability, except for short 

periods near the equinoxes, when the satellite enters the Earth's shadow 

for~ maximum of 72 minutes a day, provides a 6- to 15-fold advantage of 

solar energy conversion in space compared to a terrestrial installation 

where useful operations are limited by weather conditions and the day

and-night cycle and require energy storage techniques. This advantage 

is translatable in terms of reduced land use and capital costs. The 

r very high efficiency of 'direct microwave energy rectification into 

electricity by the receiving antenna on Earth reduces the waste heat 

generated on Earth to a fraction compared with any thermodynamic conver

sion method. 

f The SSPS can be designed so that it can generate electrical power 

on Earth at a specific power output ranging from 3,000 to 15,000 MW. 

Over this range, the orbiting portion of the SSPS exhibits the best 

power-to-weight characteristics. Power can be provided to a receiving 

antenna in a des~red geographic location, These antennas could either 

supply major load centers individually, or when a number of SSPS's are 

operating, be tied into a transmission grid to meet a significant portion 

of the energy demands on a national and eventually a w6rld scale. 

The status of a significant technology required to achieve an oper

ational SSPS is reviewed in the following sections. 

A. Solar Energy Conversion 

Solar energy conversion into electricity by the photovoltaic process 

is well suited for the purposes of an SSPS. 
t 

In contrast to any process 

based on thermodynamic energy conversion, there would be no moving parts 
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no material would be consumed, and in principle the operation of a 

photovoltaic solar cell could continue for long periods of time without 

maintenance. There has been a substantial development in photovoltaic 

energy conversion since the first laboratory demonstrati'on of -efficient 

silicon solar cells in 1953. Today, they are a necessary part of the 

power supply system of nearly every unmanned spacecraft, and considerable 
l 

experience has been accumulated to achieve long-term and reliable opera
:1 

tions under the conditions existing in space. As a-result.of many years 
l 

of operational experience, a substantial technological base exists on 
11 · · 

which furthe,i; developments can be based, These developments· are directed 

toward increasing the efficiency of solar cells to about 18%, reducing 
' .1 

their weight to about 2 lb/kW, and their cost to about $1/W and achieving 

efficient oper8:,t~on over a 3O-year lifetime. Althougq. solar cells_ pro-. 

duced from single-crystal silicon have b_een most .widely used, recent 

advances in gallium arsenide solar cells indicate that further increases 

in efficiency_ ai;i:d weight reduction may be possible. 

III. MICROWAVE PpWER GENERATION, TRANSMISSION, AND RECTIFICATION 

An electromagnetic beam link c.an transmit power from tpe SSPS in 

synchronous orbit to a receiving antenna on the Earth. (7) The choice of 
"', t, . 

wavelengths for this beam are dictated by the desire. tp ·(1) obtain . ·; 

efficient transmission of large amounts of power across long distances 

with minimal losses in the ionosphere or atmosphere, (2) maintain power 

flux densities at levels low enough so that undesirable environmental 

and biological ~ffects can be avoided, and (3) use devices based on known 

technology to generate, transmit, and rectify .the beamed power with very 
I J 
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high efficiency. These conditions can hest he met when the microwave 

portion of the spectrum is selertcd for the heRm link. 

Considerable background and experience exist in high-power micro

wave generation, transmission, and rectification. Already in 1963, it 

was demonstrated that large amounts of power can be transmitted by 

microwave.·(S) The efficiency of microwave power power transmission will 

be high when the transmitting antenna in the satellite and the receiving 

antenna on Earth are large, thus excluding the efficient transmission of 

small amounts of power. The size of the transmitting antenna i§ in

fluenced by the efficiency of the microwave generator~ the area required 

r 

for radiators to reject waste heat to space, and structural considerations. 

The antenna size and weight will be reduced as the average flux density 

on the ground is reduced and as higher frequency microwave transmission 

is used. The size of the recetving antenna is influenced by the choice 

of the microwave power flux density, the illumination pattern of the 

antenna, and the minimum flux density required for efficient microwave 

rectification. 

Microwave generators can convert DC to microwaves with demonstrated 

efficiencies of about 76%. The use of a newly developed, permanent 

magnet material--samarium cobalt--will lead to substantial weight reduc

tions. Thus, the output of an individual microwave generator, weighing 

a fraction of a pound, can range from 2 to 5 kW. The tise of pure metal, 

cold cathodes will greatly increase the reliability and operational life

time of this device. An efficient microwave generator can·radiate waste 

heat directly into space by means of heat radiators. A series of micro

wave generators can be combined into subunits with individual phase 
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controls. The subunits are assembled into a slotted arr~y-type 

transmitting antenna to obta~n a microwave beam of a desired distribution. 

For efficient microwave transmission, the transmitting antenna 

should have a diameter of about 1 lan. With this size antenna, about 

99% of the microwave beam will .be received on_Earth. A receiving 

antenna diameter of about 7 kin v1ill.intercept about 90% of the-beam. 

IonosRheric attenuatio~ of microwaves having wavelengths betw_een 

3 and 30 cm will be less than 1% if microwave power flux densities are 

2 
less than about 50 mW/cm. Atmospheric attenuation is low for microwave 

wavelengths qf .about 10 cm. Moderate rainfall attenuates micr9wave 

transmission,:t,y approximately 10% at a wavelength of 3 cm and 3% at a 

wavelength of 1_10 cm. Thus, a 10-cm microwave wavelength corresponding 

to a_ frequency rof 3000 MHz appears to be a reasonable choice. The re

ceiving antenna, intercepts and rectifies microwaves into DC which can 

then be fed into high-voltage DC transmission lines or converted into 

60-Hz AC. Rect~fication is accomplished by diodes combined into circuit 

elements which act as half-wave dipoles. The dipoles are uniformly dis

tributed throughout the receiving antenna. Rectification efficiencies 

of about 75% have already been demonstrated, and 90% efficiencies should 

be achievable witq improved circuits and diodes. The overall efficiencv - . 

of microwave transmission from DC in the SSPS to DC. on the ground is 

projected to be about 70% with further device development. 

IV. SYSTEM CONSIDERATIONS 

Figure 3 indicates the major dimensions of the SSPS to generate 

5000 MW on Earth._. Each half of the solar collector is about 5 by 5 lan. 

As these dimensions indicate, the SSPS orbital system is orders of 
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magnitude larger than any spacecraft launched today. From an overall 

spacecraft design s: ,111dpoint, the basic technology problems involved 
·, 

are r'elated t'o its large size and t;he goal of a 30-year operating life-

time, However, the principles govern~ng the desigrr are founded on ad

vances from an existing' technology base. 

The SSPS structure is composed of high current-carrying structural 

elements which will induce loads or control forces into the structure 
,f' ' 

by electroina'gnetic effects. New design approaches will have to be 

developed to satisfy orientation requirements of such a large spacecraft. 

l 
Flexible spacecraft structures, such as the large solar cell array for 

'!, 

space stations, have been studied in,che past, incl1.1;ding the.maintenance 

of inertial potnting. capabilities of istruc;tures suc.h as a large 1000-f oot 

diameter antenna. Low-thrust, ion.propulsion systems appear promising I . . 
.• 

for flight control purposes, particularly because of their continuous 
' . ·/ 

short-term impulse capabilities. and Jif et_i~es which are ·compatible with 

the overall objective to achieving 30 years of operation. 

An SSPS, capable of providing.S00QMW of power on Earth, will weigh 

about 25 million pounds. Such a massive satellite will require a trans

portation system from Earth to synchronous orbit which will be an out

growth of the present space-shuttle development. This transportation 
-., . 

system will have to be designed for.high-volume transport of payloads 
.r 

to low-Earth orb{t~·followed by delivery of.partially assembled elements 

I 

to synchronous orbit for final assembly and deployment. A second-

generation space shuttle, utilizing returnable boosters rather than 

present space-shuttle solid propellants, would have inherent cost ad

vantages. An ion engine propelled tug which, over a period of 6 to 12 
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months followed a spiralling trajectory to synchronous orbit, could 

provide an effective complement to the spac~ shuttle. For a combined 

chemical/ion propulsion system, about 500 Earth to orbit flights would 

be required to deliver the elements of a, 25-million-pound spacecraft to 

synchronous orbit. Cost projection~ for this type of transportation 

system are about $100 per pound to synchronous orbit. 

An interesting possibility exists to launch payloads into orbit with 
l 

hi h 1 (9) i A 1 1· · . h h d h g -power asers. , aser propu s1on svstem as t e a vantage t at 

almost all of the equipment needed is on the ground, rather than requir

ing massive rocket eng,ines. Laser propulsion, which would operate only 

' a few minutes for each' launch, would have an i.nnnense capacity for puttjng 
~-. 

payloads into orbit. It would be possible to orbit masses that are huge 

compared to those presently orbited with rocket propµls\011 devices. Air 
. ' j 

is used as a prnpellant medium; thus polluting substances would not be 

contaminating the atmosphere. Although the possiblity of high-power 

laser propulsion is still largely unexplored, new possibi'lities are 

opened up, particularly for a concept such as the SSPS, 

A prototype SSPS can be demonstrated by 1990, based on the necessary 

steps required for the development of such a system. ~igure 4 shows the 
.. , 

program schedule by which the development could proceed in. a logical and 

well laid out fashion. 

A series of well-formulated development goals with identified ob-
\ { . 

jectives would assure that R&D expenditures during the development phase 

could be limited and controlled. Major funding commitmen·~_s would not 

have to be made until system verification tests had demonstrated the 

capability of meeting stated objectives. 
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V. ENVIRONMENTAL CONSIDERATIONS 

The impact of any new technology must be assessed. Such a technology 

assessment mu~t include, in addition to the purely physical impact of SSPS, 

the economic and social impacts. The key environmental effects of an 

SSPS are discussed below. 

1. Microwave Biological Effects 

An extensive and coordinated effort to establish biological effects 

of microwaves is presently planned by the Office of Teleconnnunications Poli.cy 

as part of a program to control electromagnetic pollution. At present, var

ious standards for microwave exposures have been established, ranging from 

10 mW/cm2 for the United States(lO) to 0.01 mW/cm2 for the Soviet Union. 

The major difference in these standards can be traced to the uncertainty 

in the interpretation of laboratory observations of microwave exposure. 

The U.S. stand.ard is based on microwave heating of body tissues. On 

the basis of experience with microwave equipment over several decades and 

the resulting expos~re of a s'ignificant population to microwaves, there are 

remarkably few reported incidences of biological damage. Soviet investigators 

have indicated that the central nervous system is affected by microwaves, 

even at very low exposure levels. These considerations have lead the Soviet 
ft1M t 

2 Union to set a continuous exposure standard at 0.01 mW/cm, 

In view of this very basic difference in interpretation of the effects 

of microwave exposure, there is a need to develop experimental procedures 

so that certain byproducts of microwave-generating equipment operation, such 

as X-rays, ozone, and oxides of nitrogen, in addition to extraneous environ

mental conditions imposed on laboratory test objects, would not lead to a 

misinterpretation of the laboratory observations, 
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The ch~sign npprouch for an SST'S must recognb:l' that a range of frequ1!n·· 

cies and microwave power flux den1;itJes may have to be accommodated and 

design features will have to be adjusted accordingly. An understanding 

of the specific SSPS-1.nduced environment, predictions, analyses, and me.a

surements will be an essential component of the development program. 

Precise control of the microwave beam through transmitting antenna 

stabilization and automatic phase control will assure that the microwave 

power will be efficiently transmitted to the receiving antenna. The an-• 

tenna size, the shape of the microwave power distribution across the 

antenna, and the total power transmitted will determine the level of micro

wave power flux densiti.es in the beam reaching the Earth. 

The SSPS design will incorporate several fail-safe features, including 

a self-phasing signal transmitted from the ground to the transmitting an

tenna, to assure precise beam-pointing. Loss of acquisition of the signal 

will lead to demodulation of the microwave beam, In addition, remotely 

operated switches in the SSPS solar collector will instantaneously open

circuit the solar cell arrays and shut off power to the microwave generators. 

A wide latitude in microwave power flux densities can be obtained by 

selecting the transmitting and receiving antenna diameters. The receiving 

antenna has to cover only an area consistent with achieving overall high 

efficiency of operation.. A guardring of a few kilometers can be provided so 

that the level of microwave exposure outside this ring will be less than 

1 µW/cm 2 which is one order of magnitude below the Soviet microwave exposure 

standard. (See Figure 5.) · 

In addition to direct biological effects, interference with electronic 

equipment, medical instrumentation, or electro-explosive devices must be 
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avoided. The lack of sensltivity of th:tH equlpment to cl low level of 

microwave exposure will have to be conflrmed, and if required, industry

wide standards will have to be established. 

The effects on birds flying through the beam is not known. Research 

on the effects of microwave on birds at the level to be' encountered in the 

microwave beam will have to be carried out as well. Preliminary evidence 

indicates that birds can be affected at levels of microwave exposure of 

2 
25 to 40 mW/cm of radiation in the X-band. The evidence suggests an 

avoidance reaction by birds to the exposure. 

The effects of microwave exposure on aircraft flying through the beam 

must also be considered. The shielding effects of the metal fuselage and 

the very short time of flight through the beam would not result in signifi

cant human exposure. The means for protecting aircraft fuel tanks from 

electrical discharges are now standard design features, but the absence of 

microwave-induced hazards will have to be confirmed. In addition, the ex

tent of possible interference with aircraft communications and radar equip

ment will have to be established. 

2. Interference with Radio Communications 

World-wide communications are based upon internationally agreed-upon 

and assigned frequenci7s. Because a frequency band spanning the most de

sirable operating frequency of the SSPS (S-band) is already in heavy use, 

the potential for radio frequency interference (RFI) of the SSPS with exist

ing communication systems is high. The design of the microwave generators 

used in the SSPS can eliminate most spurious output characteristics, but 

RF! could occur during the shutdown of the generators as the SSPS enters 

the Earth shadow, or result from noise side-bands about the operating 
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frequency or from inadequate suppression of frequency harmonics. RF filter

ing can greatly reduce these undesirable effects. However, the very large 

power output of the SSPS may pre-empt certain frequencies which are now in 

general use. The understanding of RFI effects and international agreement 

on frequency assignments represent issues which will have to be faced at 

various stages during the SSPS development. 

3. Environmental Effe.cts 

The SSPS represents an approach to power generation which does not use 

naturally occurring energy sources, but relies on a constant and inexhaust

ible energy source. Thus, environmental effects associated with mining, 

transportation, or refining of natural energy sources are absent. Na,tural 

resources will have to be used to produce the components for the SSPS and the 

propellants for transportation to orbit. Nearly all the materials to be 

used for the components are abundant. Rare materials, such as platinum or 

gallium, would require less than 2% of the yearly supply available to the 

United States for each SSPS. Electrical power required to manufacture the 

various components and to launch the SSPS into orbit will be equivalent to 

about 9 months of power generated during SSPS operation. 

Environmental effects include a slight heat addition to the atmosphere 

due to absorption of the microwaves as ,the beam passes through the atmo

sphere. The possible effects of this heat addition on atmospheric circula

tion patterns will have to be established. 

Heat will also be added to the atmosphere during launch operations. 

Because a substantial launch frequency is required to place each SSPS in 

orbit, e.g., 500 launches for a 25-million pound SSPS, local heating ef
\ 

fects will have to be investigated as well as the addition of products ~f 
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combuitidn.~f chemi~al ~ropalsion ·systems (primnrily water ~apor). Tf 

lasei ~ropuls~on should prrive to hJ fensihle, the nir could, serve ns the 

propeilci~t niJ~li~m, reducing the environmental impact of repeated launches. 

NoisJ poflution fr~m the high:..freqtiency launch operation would be of con-· 

' . 
cern in th'e· imm·ediate vicinity of the launch facility and 'would have to be 

reduced by suitable design techniques and the choice of a suitable location 

for the launch facilities. 

· :,: Th~ ·vdty high ·efficiency of microwave to DC conversion at 'the receiving 

-,t. ,·-.. '· • •, I•: , ., 

an6~nria,,,.e.g·., ·90%, will' greatly reduce the waste heat addition to the 

envirci'~trie'nt compar~d to any other' power generation method based on thermo

dyn~mi~ principlei·. · The heat exchange fo the surrounding atmosphere from 

-1,~. '. ·, i-,: ; ' . : . • 

the receiving artte'nna element can take place by natural con:Vection. This may 

lead to the. format.ion ''of a .. ' "heat island" of about 'the same 'magnitude as en-

' . 

counte~~d o~er an ~rban'area. 

The visual iinpact'of the large.receiving antenna, e.g.-, 7 km diameter, 

can be decreased either''by suitable landscaping or by incorporating the antenna 

in '1h i'ridus'trial park •. ;_• 

4. Land Use 

. • .• 1 - . • t f ~ 1 
' · " ·- , •• , 

Substantial flexibility exists in choosing a suitable location for the 

receiving arltenn~\'):,.The area has to be contiguous, but need not be completely 

flat t~-rrain~ ·, ·The'.lbcation can ·be in a region where land is available t.7hic.b 

is not suitable for other uses, e.g.,a desert, previously strip-mi~ed land, 

or iri 'ah area ~he~"e' major' electrical power user's' e.g.' aluminum smelters' 

are i~cat'ed. · Th·e ''antenna could be located in an industrial park to serve 

severaf majoi ·users··:·' Roofs and covered roadways could be designed to exclude 

microwaves ;'from -~orkirig arE\as compietely. ;. ' 
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The antenna structure can be designed to be mostly open so that sun

light and rain can reach the land beneath it. Vegetation growing ~eneath 

the antenna would be effectively shielded from microwaves and could be 

harvested, precluding the land from becoming a biological desert. 

IV. ECONOMIC CONSIDERATIONS 

Business feasibility and cost to consumers have been overriding,con

siderations concerning energy•production in the past, and it cannot be• 

assumed that it will be otherwise in the future. However, as the popula~ 

tion grows, pressure on resources, environmental constraints, and almost 

certain requirements for vast increases in the availability of electricity 

will make it equally unsafe to assume that established economic criteria 

will be enough to decide the choice of a particular power generating 

system. Based on present estimates, a prototype SSPS will cost about 

3 to 5 times more than comparable available energy-production technology, 

based on fossil or nuclear fuel. Inspection of the components making up 

the cost projection indicates major costs are contributed by the solar cell 

arrays and by the Earth-to-otbit transportation system. There are reason

able expectations that these costs can be substantially reduced through 

well-directed research and development programs using approaches which, 

although definable, are now beyond the present state~of-the-art. 

Standards to establish the true cost for energy production will have 

to be developed and hidden costs, which at present are not charged to other 

methods, will have to be identified so that relative costs of other systems 

can be established on a comparable basis. There is as yet no consensus on 

the procedures which will have to be used; agreement on appropriate stan- .. 

dards·will be essential to meaningful analysis of economic impact. 
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Major capital expenditures will be required independently of the: 

specific energy-production technology to provide electrical power· to 

meet demands. These capital requirements are projected to be at 1east 

$600 billion, over the next 30 years, with an additional $30 billion re

quired during that time to carry out the necessary research and develop-

ment on energy conversion, transmission distribution, and environmental 

controls. ·Therefore, energy production will continue to require a · , 

significant, fraction of available capital, indicating that one important 

limit to the exponential growth of energy consumption will be, the rate 

of ·capital formatiOI\, 

,The economic and technical feasibility and: the environmental and 

social desirability of. the SSPS will have to be established prior to any 

major commitment to the development of this alternative energy-production 

method based on solar energy.· What,is required is that sufficient in

formation be made available so that the option represented by the SSPS can 

be pursued, if other approaches should appear to be less attractive, whether 

as the result of ·energy resource, environmental, or social considerations. 

VII. SOCIAL CONSIDERATIONS 

To deal with the social 'impact of. the SSPS, an· assessment is required 

which will serve to--identify all of the effects of the specific technologies 

employed (physical, environmental,; economic; direct and derivative, immediate~ 

intermediate, and ,long· term), so that the social desirability or undesirability 

of these effects can be evaluated. (ll) 

Panels, commissions and committees have addressed the questions of 

social desirability ·over the last few years. Agreement, however, has not 

yet been reached on how to express llsocial costs" either on the most detailed 
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level or on an accounting basis for American society as a whole. Social 

indicators of society's health and growth will have to be identified to 

determine costs of the SSPS to society as a whole in the same way that 

today the gross national 'product is used to express our status in the 

field of economics. (l2) Appropriate standards and criteria which are 

developed during a process of social impact analysis will have to be 

tested.with various groups having an interest in energy production methods, 

.and appropriate comparisons between solar and other energy production 

systems will have to be made as well. 

Many groups, individuals, and sectors of American society as well as 

institutions will interface in relation to SSPS. To some degree, each of 

these interfaces must be analyzed and understood. Various communication 

methods will have to be employed to inform the public of the projected im

pact of the technologies being developed at appropriate stages of the 

development program in support of the SSPS objectives. 

VIII. CONCLUSION 

There are several other energy sources in addition to solar energy 

which have the potential of meeting future energy requirements, but only 

very few have a limited impact on the environment and are conserving the 

finite resources of the Earth, Solar energy applications, such as rep

resented by the SSPS, are still in an early stage of development. Thus, 

it is too early to tell which of the approaches now being studied will be 

judged to have the greatest potential to be of overall benefit to society. 

As more is learned about the operating characteristics of potentially 

competitive electrical energy generating systems, the views on what "best" 

performance represents will continue to evolve. Thus, the criteria for 
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decision-making - whether based on cost, resource conservation, or environ

mental protection - may be quite different over the next decades, and will 

continue to change as long as technical developments continue actively on 

the various energy-production systems. 

Development of energy-production systems, such as the SSPS, over the 

next few decades will permit society to look beyond the year 2000 with the 

assurance that future energy requirements will be met without endangering 

the planet Earth. But even successful development of iarge-scale applica

tions of solar energy still will require that efforts be made to reduce 

energy consumption and to slow growth for growth's sake. 

Technology change is creating a climate leading to institutional and 

social changes which, in their overall impact, can be expected to rival 

the 19th century industrial revolution. Those individuals and groups which 

are charged by society with responsibility for leadership must face these 

new challenges and opportunities. Instead of creating "dark satanic mills," 

there must be the realization that to survive, man must learn to "replenish 

the Earth" and not just "subdue it," 
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I. 

FEDERAL PROGRAM ON BIOLOGICAL EFFECTS OF ELECTROMAGNETIC ENERGY* 

n-. 

INTR.ODUCTION 

H. Janet Healer 
Office of Telecommunicatibns Policy 
Executive Office of thePresident 

Washington, D.C. 20504 

When speaking of the interaction of electromagnetic radiation ~ith the 
environment, it is no longer adequate to treat less than the total ; , '. . 
environment, physical and biological. Most commonly we have focused 

~7 
! 

on the interaction with physical environment--particularly, on the 
compati~il,1r,,ty of s01,1rces and receivers of radiation with each other and, 
more recently, on the degradation of electronic components and circuit 
performance. Of equal importance, however, is the interaction with the 
biological ~nvironment as a whole, and man 1n particular. Unintended 
effects (often re.ferred to as "side effects") from the purposeful use 
of electromagnetic energy can affect our use of the spectrum. There
fore, such ~ffects can be significant factors requiring consideration 
by bot.h Govermn~nt and the technical community in the design, installa
tion, and operation•of radiating systems. 

The impact 9£ this energy on man and the biosphere must be. adequately 
assessed in order to ensure their protection without unnecessarily 
restricting our use of the spectrum resource and the benefits it 
provides. 

Recent legislation in the consumer, environmental, and health fields 
already calls for the establishment of safety standards and regulations. 

Rap'.il' technological · and economic developments in recent times have 
resulted in an ever-increasing proliferation of sources and uses of 
nonionizing electromagnetic radiation,(EMR), providing valuable service 
to mankinq: communications systems, radio .and television broadcasting, 
radars, plus a h9st _of other uses--power production, medical, practice, 
industrial processing and many consumer products. At the same time, 
these benefits may introduce new forms of pollution--electromagnetic 
pollution-~whtch can.,,result in annoying and hazardous interference; 
physical degradation-of electronic systems, and, at sufficient energy 

r, I ' l levels, biological hazards. 

Biological. effects apd potent;i.al haza_rds of ·electromagnetic radiations 
(O Hz~ 3000 GHz) even at relatively low power densities are a matter 
of concern to a number of Federal agencies and non-Government 
organizations. 

* Presented at the American Public Health Association Centennial Annual 
Meeting, Session on Environmental Exposure to Nonionizing Radiation, 
Atlantic City, N.J., November 14, 1972. 123 



II. THE ENVIRONMENT 

Man-made radiation is relatively new as an environmental factor. 
Knowledge of its possible biological consequences is limited and 
incomplete. 

Since approximately 1948, the growth in radiation sources has been 
phenomenal and is continuing at an accelerated rate. World War II 
stimulated the demand for widespread communication networks and the 
application of science and technology resulted in new and expanded 
technology which spawned today's electronics industry. In 1940, a 
construction permit was issued for the first FM radio station and in 
1945 the first commercial communications using microwaves were estab
lished between New York and Philadelphia. Microwave communication 
stations now number over 71,000. By 1968 the FCC had authorized over 
6 million transmitting devices. This number is exclusive of Federal 
Government systems. The estimated depreciated capital investment of 
the U.S. Government alone in communications and electronics equipment 
currently exceeds $50 billion. 

; 

To illustrate, Figure 1, based on FCC data, shows the increase in 
radio and television stations in the United States from 19,45-1969. 
It is interesting that these curves are very similar to·the 
population growth curve over this same period. 

Figures 2-6 illustrate the distribution of some EM sources in the United 
States: microwave relay towers, radar st.ations (unclassified), and 
television, FM and AM broadcast stations. As would be expected, the 
density distr_ibution of Figs. 4-6 together corresponds to that of the 
population distribution.* 

In terms of consumer products, it is predicted that by 1975 the annual 
sales of microwave ovens for the home. will reach 375,000 with a total 
in use of approximately 800,000. Power levels in and around American 
cities, airports, military installations, and tracking centers, ships 
and pleasure craft, industry and the home may already be biologically 
significant. 

Power outputs of many radio frequency (RF) sources are increasing also. 

III. THE EFFECTS 

Microwave and other RF radiations at sufficiently high 
intensity are known to cause adverse biological effects due to the 
generation of heat in the organism. Effects observed at high levels 
include pathologically observable lesions, secondary injury from 
hyperthermia and cataract formation. The extent and importance of 
more subtle changes (e.g., biochemical, functional or behavioral) 
which may occur at lower intensities particularly with continued or 
long-term exposure are not known adequately. 

* Figures and data above courtesy of EPA based on FCC and ECAC data. 
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Figure 2. Geographical Distribution. 
of Microwave Point-to-Point 

Installations in the United States 

Figure 3. Geographical Distribution 
of Radar Facilities in th.e 

United States (unclassified) 
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Figure 4. Geographical Distribution 
of TV Broadcast Stations in the United States 
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Figure 5. Geographi~al Distribution 
of FM Broadcast Statiorts·in the United States 
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'•·ti~~\·, 

Figure 6'. Geographical Distribution 
of AM Broadcast Stations in the United States 
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Within the Federal Government a coordinated multiagency program* was 
promulgated by the Office of Telecommunications Policy (OTP) of the 
Executive Office of the President in January 1972 to develop the 
necessary understanding for assessing this situation and a rational 
scientific basis for establishing safety and rerredial measures where 
and as warranted. 

The OTP's concern stems from its responsibilities for Government use 
of the spectrum and the fact that the U.S. Government is the largest 
single user of the spectrum. Inherent in these responsibilities is 
OTP's concern for establishing r~tional risk/benefit criteria to 
assure protection of the public while permitting effective use of 
radiative equipments. 

The Federal Communications Commission (FCC) is responsible for authorizing 
the use of radio by non-Government entities; all Government use on the' 
other hand is the responsibility of the President. The Directer, 
Telecommunications Policy carries out this responsibility. He 

O serves as the principle advisor to the President on 
telecommunications matters; 

O coordinates Government use of cornnunications-electronics; 
and 

o presents Administration views on national matters 
concerning telecommunications policy. 

The Electromagnetic Radiation Management Advisory Council (ERMAC) was 
formed in 1968 to assist the Director advising on side effects and 
the adequacy of control of electromagnetic radiations arising from 
communications activities. The Council reviews, evaluates and recommends 
measures to investigate and mitigate potential·undesirable effects on 
the environment. 

As an early undertaking the Council conducted a comprehensive assessment 
of current knowledge, ongoing programs and potential problems pertaining 
to biological effects. Representatives of cognizant Government agencies 
participated and contributed. 

Concluding that we do not know the potential impact of nonion1z1ng 
electromagnetic radiations on man with sufficient confidence and that 
ongoing efforts were inadequate to resolve current issues and those 
that could be anticipated in the future, the Council recommended a 
Government-wide program. 

* "Program for Control of Electromagnetic Pollution of the Environment: 
The Assessment of Biological Hazards of Nonionizing Electromagnetic 
Radiation" December 1971. 
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Studies of effects around and above 100 mw/cm2 led to the general 
acceptance in the U~ited States and most western countries of.a power 
density of 10 nwr/cm * as a safe level below which injury from heating 
would not be expected except under conditions of moderate to severe 
heat stress. 

Despite some limited evidence of less definite effects including 
psychological and functional changes, there is a lack of definitive 
scientific data on the genetic/developmental, clinical, physiological, 
and behavioral eff2cts of .EMR at low power densities, e.g., around and 
below the 10 mw/cm level. Without these data, the picture is incomplete 
and the deduction of sound conclusions regarding hazards cannot be made. 

Moreover, with the exception of thermal effects induced by the agitation 
of polar molecules by the rapidly alternating electric field, little 
or nothing is known about basic mechanisms of interaction between the 
electromagnetic field and the molecular and cellular constituents of the 
body, limiting our ability even to hypothesize or predict either effects 
or hazards. This is in contrast to ionizing radiation where the basic 
mechanisms of energy transfer to atoms and molecules are reasonably well 
understood. 

It is important to keep in mind that all effects are not necessarily 
hazards. In fact, some effects may have beneficial applications under 
appropriately controlled circumstances. However, RF induced changes 
must be understood sufficiently so that their clinical significance 
can be determined, their hazard potential assessed and the appropriate 
benefit/risk analyses applied to establish tradeoffs. Such tradeoffs 
are an integral and accepted part of our existence. For example, 
many connnon factors in our daily lives can produce biological change 
or effects--coffee which appears to affect chromosomes in somatic or 
body cells and has an accelerating action on the cardiovascular 
system. Even common drugs such as aspirin have contraindications. 

It is important to determine whether an observed effect is irreparable 
or merely transient or reversible, disappearing when the electromagnetic 
field is removed or after some interval of time. Of course, even some 
reversible effects may be unacceptable under some circumstances. For 
example, subtle functional central nervous systems effects, even if 
reversible, might affect the judgment or reactions of individuals 
performing critical tasks--airline pilots, automobile drivers, factory 
workers, etc. Thus some transient physiological and psychological 
change or discomfort, even if not associated with permanent biological 
damage, could pose indirect potential hazards. 

* For example, see USASI, C95.l, 1966. 
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Controversy exists among different groups as to the significance or 
even presence of low level effects. Over a considerable period of 
time Soviet and other Eastern European scientists have extensively 
published research results dealing with low level, chronic exposure .. 
effects on the nervous system of humans and experimental animals. Little. 
complementary or supplementary research has been performed by Western 
scientists. There has even been a tendency to dismiss the Soviet .. · 
literature because of difficulties in interpretation due to its . 
frequently summary nature. Permissible exposure levels in the USSR 
are, roughly speaking, lower than those of those in the USA by an' 
apparent factor of 1000 for long term exposures and a factor of 10_ 
for exposures less than 6 minutes. To some extent, differences ·ip 
interpreting effects and what one considers a hazard may account for 
some of the difference in permissible levels. 

.. 
' 
·' 

Growing concern and awareness in the Government, scientiffc comrllunity, and 
public are evidenced by recent and proposed legislation relevant to the 
question of biological effects. This legislation has, in turn, stimulated 
the examination of biological effects, hazards, and safety sta:ndards. 

The "Radiation Control for Health and Safety Act of 1968" (PL 90-602), 
administered by HEW, is intended to protect the public health and safety 
from the dangers of electronic product radiation including ionizing, '· 
nonionizing, or particulate radiation. 

Another recent enactment is "National Environmental Policy Act of 1969" 
(PL 91-190), intended to promote efforts whlch will prevent or eliminate 
damage to the environment and biosphere and stimulate the health and 
welfare of man. It establishes the Council of Environmental Quality to 
advise the President and requires all agencies of the Federal Government 
to file environmental impact statements. 

Associated with this is Reorganization Plan No. 3 of 1970, which 
established the Environmental Protection Agency (EPA). This agency 
has standard-setting authority for environmental problems, including 
r~i~ioo. · 

"The Occupational Safety and Health Act of 1970 11 (PL 91-:-596) is intended 
to ensure safe and healthful working conditions. It authorizes the 
Secretary of Labor to establish mandatory occupational safety and 
health standards. He is also to conduct and publish studies of the 
effect of chronic or low-level exposure to industrial materials, 
processes, and stresses on the potential for illness, disease or loss 
of functional capacity. Under this authority a standard for nonionizing 
electromagnetic radiation from 10 MHz to 100 GHz has been promulgated. 
(This is the ANSI, C95, 10 nw,/cm2 standard.) 
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The existenc.e of ii scientifically undefined possible hazard to large, 
numbers of people can and has already p'.".'esented problems. Among .these 
is the establishment of defensible regulatory legislation and safety 
standards required by these existing laws. The.re are medico:-legal 
controversies--some already in the courts--:which may be improperly 
resolyed with long-term consequences by court or diplomatic actions 
without benefit of adeq~ate scientific basis for decision. 

Radar and COillI!lunication equipment operated by the U.S. Government at 
overseas sites are vulner~ble because of international differences in 
safety criteria. Should host countries apply their own exposure. limits, 
the United States must ha,ve sufficient research data to argue their 
reasonableness .and practicality, in order to avoid unnecessary restraints 
to operations; 

IV. THE PRO.GRAM 

J. ' l . 

In. pecember 1971, · the ERMAC recommended a coordinated program of survey, 
tes'ting and' research among· the cognizant Federal agencies. The estimated 
5 year expe~diture for this program was approximately $63 million over 
the period FY 74-78, with annual expenditures of between $10 and $15 million/ 
year. For comparison, FY 72 appropriations were estimated to be approx
imat~ly $4 million~-prin~ipally;in DOD which provided roughly half and 
in HEW ~nd EPA which, together, accounted for somewhat less. FY 73 
levels are approximately $6 million. 

This program outlines fundamental research needs and program elements. 
It provides guideliI),eS and a framework for a coordin.ated national effort 
to generate pertinent and dependable data for the evaluation of biological 
hazards. It emphasizes low-level RF exposures and their significance. 

Included are controlled laboratory experimentation, epidemiological 
studies, and e~ological studies where appropriate. . Investigations of 
basic mechanisms of i~teraction and ti1e development of measurement 
techniques, i~strumentation, and dosimetry are particularly critical. 
Surveys will be conducted as of power density levels in selected urban 
areas, airports, military installations, occupational and special 
situations with es;imates of the population(s) at risk. Initial 
biological resear~h Jriorities include: 

1. Long-term genetic effects (and developmental) 

2. Nervous syst~m effects. 

3. Gross physical condition. 

4. Basic mechanisms of interaction between the EM field and 
the living systems. 
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A primary requisite is that findings be extrapolatable to man. (This 
µiay be difficult to assure.) 
l 

Studies will cover a wide range of frequencies from quasistatic to 
3000 GHz, a variety of wave forms and different exposure regimes. 
The biological effect may be determined by various properties of the 
EMR environment. Consideration must be given to near and far field 
effects, polarization, cross modulations, harmonics, etc. There is 
little knowledge of effects of different frequency regions and whether 
or not there are biologically significant, narrow frequency regions ,.i 
such as molecular absorption resonances or natural body frequencies. 
(This is important in determining permissible exposure levels--e.g., 
U.S. safety criteria currently apply one intensity level to the entire 
range of frequencies from 10 MHz - 100 GHz.) !. 

Eatly priorities should reflect frequencies affecting the largest 
numbers of people. 

In approximate order of priority these are: 

1. Microwave 

2. MF-UHF 

3. m..F-tF 

Particular Regions 

915, 1850-2450, 2700-3700, 
3700-4200, 6000-8000, and 
8000-12000 MHz 
(Includes: radars, microwave 
radio, medical diathermy, 
microwave ovens, etc.) 

2-50 MHz, 50-900 MHz 
(Includes: radio and 'IV 
transmitters, fixed and 
mobile radar, land mobile, etc.) 

0-5 Hz, 5-100 Hz, 10-50 k~z 
(Includes: military connnuni
cation systems, radio 
navigation, etc.) 

Effects of multiple frequencies and of RF in combination fith other 
factors will be examined. Emphasis is placed on chronic, long-term 
exposµtes at the lowest intensity levels compatible with a biological 
effect. 

Another priority area is dosimetry. Early emphasis is needed in 
instrumentation and measurement, particularly to enable the determina
tion of the field at the biological point of interest and to relate 
external to internal fields. 
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V. STRUCTURE 

.. .:, . 
Structurally, this is a multiagency program in which• research and funding'-
responsibilities are shared. This is necessary sin<:;e the problem is 
not exclusively' within 'the domain of any one ·agency\ Many agencies 
whose operatiohs' involve the use of RF energy or who may be affecte,d . 
by its use' have been and are currently conducting res.earch appropriate 
to their o-wn· re:·spbnsibilities and missions. In ag-gregate, h·owever, · 
the effort: has·· been 'fragmented and ·current economy me!3-sures together. 
with d>'fupetitiofi.· for priorities and clollars within agencies could. ' 
perpetuate ancf ·exacet:-bate· :th'is' situation. In the ~ew progra~,. partici..:, 
pating agencies roles are based on their particular responsibilities . 
and special'cap'abilities which are coordinated to eli~inate fragmenta-
tion and::1naxiin:ize·' i:he application of resourc(:s in eliminating que$tipi:i 
marks which today exist in this field.' · · · · ' • · 

The OTP is responsible fotcootdinating the overallptogram and for 
the elimination of unintended duplication and voids in the effort. 
The ERMAC advises and assists OTP. For coordination within the . . 
Government an interagency working group (Side Effects Working Group) 
was formed. Comprised of agency representatives, this group has been 
meeting monthly s'ince April this year and is part of the Interdepartment 
Radio Advisory Committee (IRAC) which advises OTP on the use of radio 
within th~ .. Federa1 Gbvernment. 

The agencies' roles .. are b~oadly outlined. Each develops the elements 
and' 'specifics of its own program and controls the administration 
of funds recommended. 'The major participants are HEW, EPA and 
DOD which together:will account for approximately 80% of the effort. 

As an example~· in thJ plan HEW'. is responsible for a major biological 
research-'pr6gram including controlled animal experimentation, basic 
mechanism studies and effects on people. Emphasis is on long-term 
exposur~s invblved in: situations pertaining to public health and safety, 
assessing hazards relating to the general public and to indus1;:ry, 
occupational useg arid exposures, and, of course, nonionizing radiation 
from· electronic 'p-f'oducts ;. 

EPA is concerned~'with assessing and determining control mechanisms 
necessary for nonionizing radiations in t~e environment. _Involved 
are biological effe'ct:s research, envirof1.mental surveiilance ·including 
supporting data .. b'cinks, arta · the capability to provide review anq . 
analysis'a's .fo nbnion'.izing electromagnetic aspects of environmental 
impact statements. 

The Defense Depaitme'ilt ensures that the research programs: of the . . . . .. 
three military ·depSrtm:ents are c·oordinated in detail and complementa'.i'y 
with the programs 'of:other agencies. Electronics systems under DOD 
management (e.g., SANGUINE, SAFEGUARD, Shipboard, Ai-t Traffic Control, 
Field Radars, Air Defense Command Systems, etc.) will be assessed. 

133 



The Army effort emphasizes research particularly related ~o specific 
frequency ranges, device characteristics and operational environments 
of their personnel. The Navy and Air Force activities are oriented 
similarly. 

The Department of Corrnnerce is responsible for developing new methods 
of instrumentation, dosimetric methodologies, and standardization of 
measurement devices. 

The National Science Foundation's role is to encourage and support , 
activities to fill the void of knowledge of basic mechanisms involved, 
in EMR interactions with biological systems. 

Similarly, other agencies--involved in the use and management"of the 
radio spectrum--have responsibilities coincident with their basic 
missions: 

The Federal Communications Corrnnission, which licenses all 
non-Government use of the spectrum, is concerned with associated 
exposures and safety. 

The Federal Aviation Administration is concerned with exposures 
of passengers, employees and the public in flight and airport environs. 

The U. S. Information Agency operates very high powered HF 
band communication systems. 

The Department of Agriculture operates a forest service communi
cations network and is concerned with effects on crops and livestock. 

The National Aeronautics and Space Administration operates 
extremely high powered tracking stations and is responsible for EMR 
effects in space environments. 

To summarize our present status, the programs of the various agencies 
have been coordinated and the overall research effort is growing. 
Since full implementation is expected in FY 74, current emphasis is 
on ensuring the availability of adequate funds. We look forward to 
having substantive results to report to you at future meetings. 

VI. CLOSING REMARKS 

In closing we--the public health community and the Government--are 
unable, on the basis of current knowledge, to provide definitive 
answers to the growing number of questions concerning the health 
hazards of electronic systems involving exposures to energy levels 
below those known to produce biologically significant heating. 

The public and Congress are increasingly aware of health and environ
mental issues including the questiqn of EMR hazards. This is manifest 
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in the press, recent legislation, claims of RF injury, and inquiries 
as to the·sa:fety ofvarious sources resulting in the reexamination 
of some defens·e and other systems--e .g., SANGUINE, MW ovens, diathermy 
devices, industrial processors, etc. 

These:•factors further underscore the timeliness and need for this 
program •. 

The program described today represents an exciting opportu~ity in 
which the technic:al community and the Government, together, can.delineate 
and mid:'gate if necessary; a potential environmental problem of con
siderable complexity before it·has assumed the magnitude and dimensions 
of others which have beleaguered you. 

. ~ ~ . . . . . 

The.publi'c' health c6riununity is a vital resource for this effort. We 
need your experience and help. Thank you • 

• ~"' • j 

I j ! 
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