
-=- --

-~.:... , ... 

·cuRRENT STATUS ELECTROMAGNETIC POLLUTION 

MANAGEMENT AND MEASUP~MENT 

By H. Dean McKay 

Western Manager 

~airchild/Electro-Metri~s Corp. 
724 S. Vi6tory Blvd. 
Burba~k, California 

August, 1970 

IF=AIRCHILO 

~LECTRO-~ ETRlcs· 
C::: C=:> ~ F= C=:> ~ ~ --r I C=:> r-., 
A '.,Ufl')IDl'Af~Y {Jf IAlf(Ctill[)-l:AMfRti._AN'() INSIHUM~NI CORP(1RA!l()t-. 

100 CHURCH ST., AMSTERDAM, NEW YORK 12010 

/ 

_ .• ~. " ... 

,f,>.' 

.• I 

'" ·"' 

\ . 

.. 

./ 



CURRENT STATUS ELECTROMAGNETIC POLLUTION 
MANAGEMENT AND MEASUREMENT 

i 
H. Dean McKay 

f J Western Manager 
'Fairchild/Electro-Metrics Corp. 

· Burbank, California 

Summary 

Within the past year and a half, 
·the whole field of electromagnetic pol-
lution has emerged as a domestic concern 

.along with water, ai~ and noise (acous
tic) pollution. This paper discusses 
some of the current work being performed 
in the area of electromagnetic (EM)· pol
lution, programs being planned, the in
dustries and government agencies involved, 
the application of defense-developed 
technology to EM pollution and some ques
tions which must be answered before EM 
pollution can be abated. 

Many people are aware of the De
partment of Defense (DoD) Electromagnetic 
Compatibility (EMC) Program; however, few. 
are aware of the programs conducted ty 
the Department of Health, Education and 
Welfare (HEW),Bureau of Radiological 
Health, automobile manufacturers, De
partment of Commerce, Federal Communi
cations Commission (FCC), heart pacer 
manufacturers and others. These pro
grams vary widely in scope and purpose, 
but they have several areas in common: 

The solution of EM problems 
affecting people; 

Th~ application of instrumen
tation developed for defense 
EMC programs; . 

A definite lack of knowledge 
on key questions; 

The inability to measure. and 
define the EM environment. 

The programs differ from previous 
EMC-type work in that the prime concern 
is the effect on the populace, not on 
machinery or equipmerit. The very fact 
that people are involved does·add a . 
greater priority to the EM pollution 
problem. EM pollution monitoring re
quirements are defined. EM pollution 
monitoring systems are discussed and 
current available measurement hardware 
is discussed. 

There are sev~ral questi6ns which 
must be answered before an adequate 

assessment of the EM problem can be made. 
Some of these questions and the discus
sion of these questions are cont~ined in 
this paper. Such questions as "What are 
the non-thermal effects of EM radiation 
to humans?", "How does. the EM energy pro
pagate through a human body?" and "Are 
there hereditary effects of EM radiation?" 
are discussed. 

The answers to these and other ques
tions will not solve the EM pollution, 
but tbey can provide a means of equating 
EM pollution to other pressing domestic' 
problems. · 

Introduction 

Pollution of our environment by elec
tromagnetic energy is a rather recent ad
dition to the overall pollution of our 
natural resources. Pollution of o~r ri
vers and air has occurred over a period 
of many decades, whereas the utilization 
and possible pollution of our electromai
netic spectrum have occurred in the. last 
two decades. And although there are a 
number of arguments as to the extent of 
th~ electromagnetic pollution at. this 
time, there are few who would disagree 
that, at the rate we currently prolifer~ 
ate spectrum users and abusers, electro-
magnetic pollution is a very real thing,. 

. . 

Ther~ are, in general, two concerns .. · 
with respect to electromagnetic pollution 
which have. heretofore been separated from 
a management, measurement and abatement 
standpoint. The area most discussed and 
studied has been that of spectrum conser
vation or frequency management. The peo
ple involved in spectrum conservation 
have·long advocated strong management con
cepts and principles in the areas of fre
quency assignments, suppression of unin
tentional radiators .and maximum usage of 
available telecommunications spectrum. 

One of the key documents in this 
area, "Spectrum Engineering -- The Key 
to Progress 113 , defines the significance 
of the electromagnetic spectrum as a re
source, as follows: . "Most of those asso
ciated with the field of radio-communica..., 
tions are quite accustomed to referring 
~o-~he el~ctromagnetic spectrum as a 



natural, national (international) re
source. Unfortunately, few have recog
nized and accepted fully the implications 
of.the concept. 

1. As a public resource, it is 
capable of performing public 
service. 

2. Maximum yield should'be sou~ht 
from the resource for the' 
health and welfare of the na~ 
tion, consistent with the ca
pacity of the resource. 

3. As a resource, spectrum is 
not irrevocably consumed as 
it is used; each new moment 
of time offers new capacity 
for utilization. 

4. As a resource, spectrum is 
wasted and kept from priblic 
contribution when it is not 
being used oi when inter
ference (or pollution) pre
vents its effective use. 

5. As a resource, it has dimen
sions ,of frequency,

3
time and 

spatial.geography." 

"Spe5trum Engineering -- The Key to 
Progress'.' is an excel lent. reference on 
spectrum utilization. It contains a num
ber of interesting conclusions and recom
mendations far too len~thy tti include 
here. However, some are very important, 
such as "the nation's needs for spectr~m
using services are booming. The spectrum 
is a limited resource. Some spectrum 
bands are now saturated in particular 
geographical areas, while other bands in 
the same area are essentially. unused 113 , 
and Major Conclusion No. 10 states "man
made radio noise is increasingly a matter 
of concern. Better.knowledge of the 
noise is needed. Controls on noise char
acteristics of many devices are .needed, 
effective at the .time of manufacturej if 
sev~re pollution of ele~tromagnetic spec
trum is to be avoided." 

Under Recommendation No. 2 can be 
found the following quotation: "To es
tablish the next generation spectrum en
gineering system ... will involve con
ducting experimental work, detailing and 
integrating the elements of design and 
implementing the whole. 113 

Although there is and should be a 
tremendous concern in the area of spec
trum conservation, it is only a portion 
of the electromagnetic pollution problem. 
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Another aspect of the problem is that of 
electromagnetic energy levels. In gener
al, we are concerned with electromagneti6 
energy in free space and thus we may dis
cuss power density. Those who have worked 
on problems such as radiation hazards and 
electromagnetic compatibility have con
cerned themselves .with the power densities 
associated with electronic and electrical 
equipments. Again, the area of concern 
is certainly valid, but only represents 
a portion of the electromagn~tic problem. 

The third area of the EM pollution 
problem is that oi exposure or time. In 
general, the time relation is expressed 
as frequency and is well studied; however, 
the area of long-term exposure has not 
been explored in near the depth that spec-

:trum occupancy and power density have. 
· The three areas represent electromagnetic 
pollution as a thre~t to our natural re
sources. 

Some Recent Worki on EM Pollution 

There have been a number of separate 
groups working on electromagnetic pollu
tion in the past decade. For the Depart
ment of Defense, this is a natural ·out
growth of the electromagnetic compatibil
ity program which has been in effect for 
a number of years. Much of the expertise 

.and technology which.is now being applied 
and will be applied to the electromagne
tic pollution problem was developed from 
DoD electromagrietic compatibility pro
grams. The Office of the Western Area 
Frequency Coordinator at Point Mugu, 
California, put together a composite emit.
ter density overlay of th~-southern Ca~ 
lifornia area, as shown in Fig. 1. The 
overlay gives a r~lative distribution of 
these EM emitters in a highly populated: 
metropolitan area. This is typical of 
most highly populated areas. Another DoD 
element, the Electromagnetic Compatibil~ 
ity Analysis Center (ECAC) maintains a 
detailed data base of electromagnetic 
emitters from which a number of problems 
6a~ be solved relating to known EM energy 
sources~ ECAC has supported the Depart-· 
ment of Health, Education and Welfare, 

. Bureau of Radiologica~ Health, in its stu
dies on electromagnetic or non-ionizing 
radiation effects program. 

The Bureau of Radiological Health 
(HEW) , has condu.cted a number of in-house 
studies and funded a study for EM envi-. 
ronmental ambient measurements. The in
house studies have included measurements 
on m{crowave ovens, power density m~asure
ment instrumentation, radio transmitters 
and other electronic products. The EM· 
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The EM environment study was conducted 
in the 0ashington, D. C., metropolitan 
area and consisted of making spectrum 
signatures from 10 kHz to 10 GHz at ten
selected sites. 
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The Federal Communications Commis
sion (FCC) has long been.concerned with 
electromagnetic energy sources, both in
tentional and unintentional. They have 
the regulatory power to both control the 
manufacture of electronic devices emit
ting electromagnetic energy and to turn 
off electromagnetic sources which en
croach on the lawful use of electromag
netic spectrum. The FCC has funded a 
number of studies in the areas of .spec~. 
trum management, and in recent years 
has actively pursued what is termed chan
nel occupancy management. This relates 
to the percentage of time that assigned 
frequencies are utilized. There is cur
rently a belief that there is a tremen
dous wastage in electromagnetic spec
trum because a number of assigned ra
diating frequencies are utilized only a 
small percentage of the available time. 
The FCC recently contracted to Fairchild/ 
Electro-Metrics Corp. to design and build 
a frequency monitoring mobile facility 
for spectrum occupancy·testing and e
valuation. 

The unit is a complete self-contained 
monitoring facility, with on~board com
puters and magnetic tape for automated 
data acquisition and file. The elec
tronics are mounted in a.self-powered mo
bile home which can be op~rated an1where 
in the continental United States. Al- . 
though the unit was designed specifical~ 
ly to cover the three land mobile com
munications bands currently in existence, 
it is capable of providing frequen~y am~ 
plitude and occupancy data from 5 kHz to 
1 GHz. This unit is scheduled to be o-. 
perational in mid-1971. It is disc~ssed 
in more detail later in the paper. 

Another group which has shown sig
nificant progress in the recent past is 
the automobile manufa~turers. •They have. 
funded study programs and performed in
house studies to evaluate the extent of. 
automobiles on the overall electromag
netic environment. · Their in-house stu
dies have.reduced the level of electro
magnetic energy emanating from one auto
mobile so that most new vehicles can con
form to an SAE Standard, No. J55la, a 
self-imposed standard on vehicle ignition 
emissions. The SAE will sponsor a one
day session on Automobile EM Radiation 
and Measurement at the Automobile Con
gress, Detroit, in January, 1971. 

·I• I . • A .,. ,: . 
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The medical community has shown some 
rece~t interest in electromagnetic ener
gy, prompted by three factors: 

1. Problems associated with 
electronic heart pacers; 

2. Reports on EM effects to 
humans published by Russian 
scientists; 

3. EM problems with hospital 
equipment. 

Recently, a report was published in 
the Journal of the American Medical Asso
ciation describing the effects of a heart 
pacer user who experienced difficulty in 
electromagnetic fields. Other reports 
have been published describing the deaths 
in hospitals caused by poor grounding and 
so-called "shocks".from electronic.equip
ment. Since the medical community in 
general is poorly informed and rarely edu
cated on electromagnetics and electromag
netic wave propagation, it is very diffi
cult to get accurate and meaning£ul r~-. 
ports of accidents and death carised by 
electromagnetic energy. 

I.n a paper titled "Why the Double 
Staridard? A Critical Review of Russian 
Work on Hazards of r--ticrowave Radiat{on" 6 , 
Mr. Leo P. Inglis ~tates the following: 
"In the u. S., t6e thermal effects are 
generally believed to be the only ones 
significant; othet 6ontentions are general-.·· 
ly dismissed as lacking favorable basis. 
In the U.S.S.R., non-thermal effects are 
considered the most significant, and are 
overwhelmingly the ones mo"st. studied. II 

Also in this paper are ~iscussed a 
number of effects not generally consi
dered in work performed in the United 
States; An asthenic syndrome which de
velops because of exhausting action of 
the radio frequencies on the centr~l ner
vous system; and results in increased fa
tigue, headaches and sleepiness during 
working hours was reported. 

Another Russian scientist reports, 
according to Mr. Inglis, that "the irri
tation of such pre,.:Parations as blood · -<':.-.-· 
tissue, culture and micro-organisms which 
possess a higher coefficient of microwave 
absorptibn than another medium may result 
in selector micro-heating when macro
heating of the medium is not noticeable .. 
Such a differential process of micro
heati~g ~ould lead tg the changes ;n me
tabol1st1c process." Other very in~ .· 

·teresting effects of electromagnetic en
ergy are discussed in detail in this 
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excellent paper. 

. On Friday, May 22, 1970, ,v91. 35~ 
No. 100 of the Federal Register qon
tained a new standard on microwave ovens. 
Under Paragraph .87.212, "Performance 
Standard for Microwave Ovens", the fol
lowing is specified: "Requirements 1. 
Power Density Limit. The power density 
of the microwave radiation emitted by 
the microwave ovens shall not exceed 1 
milliwatt per square centimeter a~ any 
point 5 centimeters or more from the ex
ternal surface of the oven, measured 
prior to sale of a purchase, and there
after, 5 milliwatts per square centime
ter at any point 5 centimeters or more· 
from the external surface of the ov·en." 
Although this represents only one speci
fic device, the microwave oven; it does 
represent new legislation in the area of 
electromagnetic energy radiation. 

Another important piece of legisla
tion in the field of electro~agnetic ra
diation is Public Law 90-602 , which 
amends the Public Service Act to pro
vide for the protection o~ the public 
health from the radiation emissions from
electronic products. This act gives the 
Department of Health; Education and Wel
fare the authority to regulate the manu
facture and use of electronic products 
that radiate electromagnetic energy which 
can endanger the public health. ·rt in- · 
eludes "development and administration 
of performance standards to control the 
emission of radiation from electrofiic 
products and the undertaking by the pub
lic and private organizations of research 
and investigation into the effects and 
control of such radiation emissions.(' 

The hearings before the committee 
on commerce, United States Senate, 90th 
Congress, entitled "Radiation Control 
for Health and Safety Act, 1967", con
tain many interestingcornrnents and sta
tistics on electromagnetic radiation 
problems. 

Monitoring Requirements 

'The defined measure 6f electromag
netic energy in free space is power den
sity in MKS units. Power density is e!
pressed in watts per square meter (W/m }. 
Although the term "peak power" is occa
sionally used to express instantaneous 
power, it is more appropriate to express 
instantaneous values as field intensity. 
Field intensity is expressed in volts 
per mete1 (V/m). Power density, by de
finition , is the equivalent heating va- · 
lue (one watt represents a rate of energy 

expenditure of 1 joule/sec) of the radia
ted electromagnetic en~rgy, while field 
intensity is the electric force pei unit 
positive charge at that point (newton/ 
coulornb) 1 • Therefore, to adequately de
fine an electromagnetic field, we need to 
determine the power density in watts per 
meter squared, and the peak field inten
sity in volts per meter. Neither one 
alone adequately defines the amplitude of 
electromagnetic pollution, unless the time 
relationship is known. 

There are som~ devices and/or .human 
organs that would be more affected by 
long-term power effects, such as the clas
sical problems of cataracts, sterility 
and burns. Conversely, there are adverse 
effects to devices such as heart pacers 
and artificial hearts, and to organs and 
herve systems from less than hazard le
vel fiild. These are so-called non-heat
ing effects, which are a function of peak 
field intensity. We may draw the conclu
sion that any electromagnetic pollution 
monitoring system must provide data as 
to the power density as well as pe~k field 
intensity. · 

Equally importa:nt is to know the 
time dependence of _the electromagnetic 
environment. Ideally, we would have a 

·field intensity and power density measure
ment system that would look at the entire 
range of interest from sub-audio to milli-_ 
meter waves .and provide a total field in
tensity and power density measurement. 
However theoretically desirable this would 
be, practically it is difficult to make 
measurements over even octave ranges, al
though some relatively insensitive sys
tems have been built over decade.ranges 
of wave lengths. 

Another important reason why it is 
not practical to utilize a total environ~ 
ment measurement is the fact we must re
late the EM energy measurements obtained 

:from a pollution monitoring system to the 
susceptible or vulnerable. component. As · 
discussed later, knowledge of the human 
response to an EM field is very limited. 
Further compounding the problem, depend
ing on which organs are selected as the 
vulnerable or first order approximation, -
the frequency range which would resonate 
with this organ could change radically 
from small children to adults. · 

To circumvent this problem, we can 
break the spectrum up into discreet sec
tors or bandwidths. By knowing the pow
er density and field intensity in discreet 
bandwidths across the frequency spectrum, 
we can not only determine the power level 
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environment, but we can also relate to 
the other portion of the electro~agn~tic 
pollution problem that is spectrum occu
pancy. .. 

the system. 

We cansummarize electromagnetic pollution monitoring system requirements as 
follows: "Measure power density and field 
intensity as functions of frequency and 
time, with a controllable random access 
frequencf ~election and bandwidth." Such 
a system allows both amplitude and spec
trum pollution monitoring and data acqui-

By breaking the frequency. spectrum 
up in discreet portions, we have two· 
choices -- either to scan a window across 
the spectrum, as with conventional re
ceivers, or to simultaneously detect all 
frequency windows in real time. The lat~ 
ter is extremely expensive and currently 
would not.be practical or economical for 

·sition. 

a measurement system to cover the fre-, 
quency range of interest. A more in
teresting trade-off would be to have sev
eral receivers randomly scanning th~ 
spectrum with variable bandwidths.· Using 
a system of this type, _and a probability,· 
approach, the intercept probability be
comes significantly small, and measure
ment accuracies and error due to the · 
probability of intercept can be improved 
by orders o( magnitude over conventional 
receivers and spectrum analyzers. Thus, 
a monitoring system which measures power 
density and field inten~ity in randomly selected bandwidths and at rand6m fie
quencies would greatly optimize the use
ful information gathering capability of 

REMOTE . 
. MONITORING 

'STATION 

REMOTE 
MONITORING 

STATION 

TELEPHONE 
LINES 

FIXED 
MONITORING 

STATION 

CENTRAL DATA 
PROCESSING 

FACILITY 

Instrumentation Requirements 

Some of the requirements for ah elec-. tromagnetic pollution monitoring system 
are no~ discrissed, as well as some of the 
available hardware. One of the first con
straints on the pollution monitoring sys~ 
tern is that it .must be both controll~ble 
by cind compatible with sma~l scale and 
large scale computers. It would be utter. 
folly and a ridiculous mistake to attempt 
to conceive of a pollution monitoring sys7 tern manually operated and 6ontrolled. 
The large amounts of data required in only a fe~ days of testiri~, withdut computer · 
control and monitoring, would result in: 
months and months of effort in data·re~ 
auction and completely defeat the :purpos_e· 
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-
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COMPUTER 
DATA BASE 

~ RECORDS· 

FIGURE 2. Electromagnetic Pollution Monitoring System. 
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of the program. 

The system should be capable of.pro
viding semi-real time information as to 
the environment, and the ability t6 detect 
incompatible electromagnetic radiation 
situations. · 

Another important feature of a moni
toring system would be the capability and 
ability to monitor EM energy .remotely ~nd 
transmit data back to a central proces
sing facility via land telephone lines 
and/or the capability.of mobile monitor
ing from a mobile land or airborne vehi
cle. Fig. 2 shows a basic block diagram 
of a monitoring system with remote un-
manned monitoring stations, a central data 
processing facility, a fixed station,. 
which might be co-located with a central 
data processing facility, and a mobile EM 
measurement vah. All measurement loca
tions would be capable of measuring the 
EM environment, as we discussed i'n "Moni
toring Requirements".. 

FIGURE 3. NASA Kennedy Space Center 
Remote Monitoring System 

Data from the monitoring facility 
would be fed to a data base which could 
be utilized by civil and government agen
cies to determine the electromagnetic en
vironment, spectrum utilization, location 
and characteristics of electromagnetic 
interference, and to assure the overall 
electromagnetic compatibility. 
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TRANSMITTER RECEIVER 

MIL60 MODEM 
4400/48 

UNCQNDITIONED TELEPHONE LINES 

DATA 
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FIGURE 4. Block.Diagram of Remote Monitoring System . 
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There has been considerable work done on A system block diagram is shown in 
government contracts funded by the De- Fig. 7. All of the system components are 
partment of Defense, NASA and other agen- controlled by the system supervisor, an 
cies which would be applicable to the HP 2116 Computer. The system automatic-
electromagnetic pollution monitoring ally selects proper bandwidths, antennas 
system described. Fig. ·3 shows d remote ·and display for the frequency tange to 
monitoring system2 developed by Fairchild/ be monitored. The system is capable of 
Electro-Metrics Corp. and used by NASA monitoring from 5 kHz to 1 GHzi and can 
at the John F. Kennedy Spa~e. Center to · be ex~ended to 40 GHz. The receiver 
remotely monitor electromagneti'c environ- represents the state-of-the-art in digi-
ment at a launch complex from a remote ~al control wide r~nge receivers. Data 
site, such as a van or a launch control is stored on magnetic tape and taken·to 
center. This is an operating system a batch processing facility for data re-
which is capable of measuririg and cali- duction and analysis. Two displays are 
brating the electromagnetic• spectrum, provided, channel occupancy and channel 
and transmitting the data;via telephone spectrum. All control of the system is 
line to the remote monitoring station. either by teletype unit or a photo paper 
The system automatically selects the pro- tape reader. Stored programs on·paper 
per antenna and pre-selection shoulder tape can be easily entered in the machine 
for the frequency rang'e of interest·. for rapid changeover of operations. 
Fig. 4 shows a bloc~'diagram of the re
mote monitoring system. 

· Fig. 5 shows f computerized fix 
station installatibn, which is in common 
use now for spectr'um surveillance and · 
electromagnetic compatibility work. The 
System is very adaptable to pollution 
monitoring and represents the current 
generation in computerized ground station 
capabilities. The system utilizes two 
Fairchild/Electro-Metrics receivers, tne 
EMC-10 and EMC-25, and a Hewlett Pack- . 
ard 2116 Computer. All receiver func
tions are under the control of the com
puter. 

In the area of mobile measurement 
units, the Federal Communications Com
mission recently contracted to Fairchild/, 
Electro-Metrics Corp. to desi~n and build 
a mobile measurement van capable of moni;_ 
toring spectrum occupancy type data for 
their land mo.bile· communications bands. 
The system consists of a broad range 
variable bandwidth receiver, Model BRT-
35 (Fig. 6), an.on-board computer, mag
netic tape and video display systems. 

I 
FIGURE 6. BRT-35 Receiver 

The entire system is mounted in a 
mobile camper-type capability. The 
heart of the entire system is .the broad
band digital control receiver (BRT..,35). 
This receiver was specifically designed 
with the capability of both providing a 
wide range of ampiitude information as 

·. well as accurate frequency meas~rements. 

9 

The receiver has capability of frequency 
stability of greater than one part ten 
of the seventh. It has co~puter control
lable bandwidths from 200 Hz to 20 MHz, 
and sensitivities as low as ~147 dbm .. 
All functions of the receiver are con
trollable by a computer. 

In the scan mode, the $ystem will 
detect and record peak amplitude of. the 
signal level in the channel ~s each chan
nel is sampled during the scan. _Since 
the data processing time is available, 
the determination and recording of occu~ 
pancy data are accomplished. 

. Occupancy data can be corrected 
during each scan through a block of 
assigned channels~ As each channel is 
. sampled, the occupancy can be determined 
and a number corresponding to either·an 

.occupied or unoccupied channel can be 
added to the occupancy record for that 
particular channel. The occupancy, so 
stored for a given channel,.can then be 
normalized using the scan number to ob
t'ain a record of percentage occupancy 
for that particular channel during the 
time scanning was in process. .The occu-. 
pancy information stored in the computer 
working storage is recorded on a.mag tape 
after the last scan of a particular fre
quency block is completed. Thus, a giv 

en scan for a given five-minute period 
produces on magnetic tape a relatively 
long profile of amplitude vs._ channels. 
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FIGURE_?. Block DiagramMobile Measurement System. 

and time information, followed by a rela
tively _short profile· containing the oc
cupancy information on the 'given frequen
cy block during the five~minute monitor~ 
ing period. 

Another mode of operation is a moni
tor.mode.· It would provide for·m6nitoring 
of a single channel at a high sample rate. 
This optional mode of operation can be 
implemented relatively easily with minor 
programming. •rhis mode; is very useful 
in determining precisely what percentage 
oi time a channel is occupied. This in
formation can be of special significance 
for specific channels such as emergency 
channels and/or other channels which show 
unusual occupancy conditions. 

Central data processing facilities 

Conclusions 

Since electromagnetic pollution is. 
a relatively new addition to the overal1 
environmental ecology prob-lem; it suffers 
fro~ lack of adequate study and funding:. 
Upon a cursory study of the proliferation 
of electromagnetic ~nergy soutce~, 6ne 
would conclude that the most impbrt~rit 
and first step would be an abatement pro7 
grai. However~ an abatement program cAn 
only be meaningful when a sufficient, 
well-defined end goal is in mind. At the 
present time, it would almost be meaning
less to establish arbitrary limits on the 
level of electromagnetic energy,- although 
certain areas, such as those in the haz-:-' -
ards levels, are easily detected and cor-
rected~ · 

are already available and in operation. '~ _ Orie.area which needs investigation 
·rt remains to interconnect building block and.definition at thi~ time is that of 
uni ts, i.e., remote monitoring station, non-thermal. effects 'of electromagnetic 
fixed· monitoring ·facilities and mobile energy on the human body. · One of the 
monitoring units, into an EM pollution mar~ pressin~ questions in the elect~omag-
moni taring system: Once such a system netic pollution area is "What ncm-therma],. · 
is operational~ the data base can ade-_ effects might be caused by expo~ure, ei~ 
quately be developed and the system can ther long"'."term .or· short"""'.term, to EM energy'Z" 
be designed or modified for adequate safe-· 
ty margin. 
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Another related question in this area 
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which needs invest'igation and would be 
very difficult to study.is "What are the 
hereditary,effects of EM energy?" Since· 
the population has only been exposed:to 
high levels and wide frequency coverage 
of EM energy since slightly before World· 
War II, we'have no real multi-generation 
data files for comparison. The study of 
animals, particularly those which repro
duce rapidly, could help provide data in 
this area; however, one of the most dif
ficult problems is that of what wave
length or lengths should be used in such 
research. ' 

This generates another interesting 
question, "Which wave-lengths are most 
harmful to the human body?" Studi~s on 
animals at specific frequencies might 
provide data that would be complete'iy 
useless or contrary to the effects on 
humans. We need data and research on 
body propagations of EM energy in the 
radio spectrum. Once we have acquired 
data and.sufficiently studied the suscep
't.1.ble components, we can compare this 
information with the electromagnetic 
spectrum measurements, and proceed with. 
an orderly systems approach to the solu
tion. of the ove_rall EM pollution problem. 

Engineers and scientists can proceed with 
valid data and design equipment such as 
artificial hearts, organs, automobile 
. safety devices, aircraft navigation sys~ 
te~s, mass transportation systems and 
emergency communications systems which 
will operate in a real world environment 
without fear or concern as to the EM 
environment. 

Currently, engineers in a number of 
disciplines, such as those designing 
medical replacement components, i.e., 
heart pacers, artificial hearts, limb 
stimulators, etc., electric automobiles, 
police communication networks, power · 
distribution systems and others must do 
their work without the support of at 
least a first order approximation of the 
electromagnetic environment in which 
their equipment must live or oper~te .. 
Computer operators and manufacturers of-

. ten complain about the loss of memory due 
to what is termed_ "spikes" on their pow
er system. Policemen complain about 
lack of co~unications during riots, ,and. 
hospital technicians report arcs when 
they interconnect equipment. Although '. 
these problems are-not as catastrophic 
as the heart pacer wearer who has fibri
lation because of loss of control or 
overriding of his pacer, they are very 
real electromagnetic pollution problems. 
These problems will have to be dealt 

·i~•-•";.flf.'"1i- ,_.~· -~t 
"·'· - .• '! 

with in the '70's if we are to continue 
our pace in the electronics age. 
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