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Abstract

Studies of cnvironmental radiofrequency and microwave radiation, high power radiation
sources, ‘and source contributions to existing cnvironmental nonionizing radiation levels
have contributed to an understanding .of the relative cnvironmental significanc> of the
major high power source catcgori¢s. Analyses and measurcments have produced information
relating to radiation characteristics, potcntial hazard cvaluations, and environmental
radiation lecvels associated with high power source categories, which include satellite
communication earth terminals, radars (military and civilian), and broadcast transmitters
(UHF-TV, VHF-TV, and FM). These results when-considered along with other factors such as
number of sources in cach category, relative numbers of persons possibly exposed, and
general system operating characteristics and procedures, lead to the conclusion that.
broadcast transmitters constitute the most environmentally significant source category.

Introduction

This paper presents a view of the nonionizing radiation en:ironment in terms of
catcgories of high power sources of nonionizing radiation, their contributions to ~
environmental levels, and the reclative significance of the source catecgorics considered.
This is only one of a number of results which have come from a comprchensive mcasurcment
and analysis program whosce objectives are to determine if # need exirts for general
population cxposurce standards and to define those standards if they are nceded.

A.program concerning the application of nonionizing radiation exposurc standards to
the cnvironment rcquires an understanding of cnvironmental nonionizing radiation (NIR)
in terms of the intensities of existing elcctromagnetic fields as a function of fre-
quency, idcntification of the sourccs and source catcgories which are important in pro-
ducing these ficdlds, and a determination of the quantitative relationships between
sources and their contributions to environmental nonionizing radiation levels.

- The nonionizing radiation environment consists of electromagnetic radiation which
exists over a wide range of frequency (0-300 GHz). At any point in the environment the
environmental power density at any frcquency is dependent upon the sources in the general
area ‘and the geometry which exists relative to the source and that point in the environ-
ment. A high power source can be defined as one which is capable of Broducing a signif-

- icant power density, arbxtrarlly chosen to be a minimum of 0.01 mW/cm at a distance
fromthe antenna where free access would ordinarily be possible, with 1nadvertent
exposure of individuals, unless restrictions were intentionally imposed. With this
definition, it is possible to differentiate between high power sources and potentially
hazardous sources which are those Sapable of producing power densities above this thres-
hold, and of the order of 10 mW/cm but only at distances close to a system antenna
where inadvertent exposure of an 1nd1v1dua] is highly unlikely.

The catcgories of high power systems -studicd, i.e., satellite communication earth
" terminals, scarch and trac.ing radars, and broadcast transmitters (UHF-TV, VHF-TV, and
FM), are those which include systems capable of producing significant power densities
" in the envxronmcnt.

High power source stud1c5 were undertakcn to obtaln 1nformatlon about the maximum
power density capabilities of the sources studied, the variation of on-axis power density
~-as a function of 'distance :from the source, ind fo aFlow the development of models which
could predict radiation characteristics useful in detcrmining fhe significance of
‘individual sourccs and source catcgories relative to the NIR cnvironment. In addition,
.the radiation characteristics obtaincd are 1mportunt in performing hazard cvaluations of
speciflic systems and facilitics.

. A realistic cvaluution of a2 source of cnvironmental RF or microwave radiation, in
terms. of whether or not it may create a hazardous or undesirable cxposure situation,
requires source and biological cffects information. In the abscnce of sufficient
hiological cffccts information, a potential hazard cvaluation can be used to identify
and cvaluate the sources which may be capahle of producing radiation exposure lcvels
defined to be significant relative to some sclected exposure criterion. This evaluation



IS based upon catenlation of the significant characteristics of a source under very basie
conditions and neglects the foctors which add realism to the situation.  Vaxamples of such
criteria on which o pntcntlul hazard cvaluation is possible are the maximam on-site powver
density which may exist at-a specificd distance, or the distance to which o specitiled
power ‘density could exist, :

The cvaluation of the reldative environmental significance of these source categories
is hased not only on their potential for producing hazardous levels of nonfonizing vadia
tion, hut includes factors such as number of sources In cach category, relative numbers
of persons possibly exposed to significant levels of power density, gencral system
opcrating procedures, and NIR hazard awareness by opcerating personnel. The gencerally
directional nature of the radiation distribution pattern of most high power source
antennas may significantly mitigate the exposurc problem; i.e., the power densities which
exist at frce access locations may be substantially less than on-axis or main beam power
densities depending upon antenna height above ground, main beam orientation, locations in
the enviroament to which persons may most closcly approach the system, and the opecration-
al proccdures cmployed. FEnhancement of environmental levels of power density can occur
if radiation is recflected (rom surfaces upon which it may be incident and interfere con-
structivcly w1th other radiation.

" Generally, with thc-cxccptxon of a few unique systems, the anticipated power densities
at distances of closest approach for individuals not_occupationally involved are less
i?gn the occupational exposure threshold of 10 mW/cm? specified by current U.S. standards

for prolonged exposure times. However, cnvironmentally significant power density
levels, could exist in the environment at great distances {rom many of the sources
considered.

Satellite Communication Farth Terminuls

Satcllite communication earth terminals have the functional requircment to communicate
with carth orbiting satellites. Satellite communication (SATCOM) system antcnnas require
very directional antennas which radiate power into collimated beams with very little
divergence. The antenna diameter and maximum transmitter power arc characteristics of
particular interest from an cnvironmental aspect since it is the combination of high
.transmitter power and large antenna diametcr that is rcsponsible for producing a region:
of 51gn1f1cant power density which may cextend over very large distances.

_ The antennas of all powerful satcllltc communication system carth terminals have
_paraboloidal surfaces, are circular in cross-section, and have .Cassegrain geometries.
In the Cassegrain antenna, Fig. 1, power is introduced to the antenna from the primary
radiating source (power fced) located at the vertex of the paraboloidal reflector. The
radiation is incident on a small hyperboloidal subreflector located between .the vertex
and the focus of the antenna. Radiation from the power feed is reflected from the sub-
reflector, illuminates the main reflector as if it had orlgxnated at the focus, and is
then collimated. .

- ... The empirical model(z) used to calculate the radiation characteristics of SATCOM

" earth terminals applies to antennas (reflectors) that are circular cross-section para-
boloids. It expresscs the on-axis power density, the maximum which exists for any given
distance from the antenna, as a function of distance from the antenna in terms of basic
"characteristics; i.e., the reflector diamcter, radiation frequency, aperture efficiency,
and the maximum power which can be introduced into the antenna system for subsequent
radiation into space. The on-axis radiation field characteristics for circular cros
section paraboloidal antennas based upon this model can be described using Eqs. 1-4. 2-5)

16nP

Wnf = = W = maximum (on-axis) ncar-field (1)
M an? nf power density (w/cms) : . §
. n = aperturc cfficiency, . . !
I e T © typically 0.5<n<0.75 : ;
me= = s e v aiea i i . P = pawer fed into antenna (W) S -
: . : ot p ='antenna diameter (cm) T 3

wif..(R )-1 ‘Wig = intermediate field power ()

v - . density: (on-axis) at distance
nf R1 "R (W/em?).
RjsR<2R1. :
D? o A
Ry = ST66n R} = extent of ncar-ficld (cm) (3)

b = radiation wavelength (cm)



Wee | R Y2 Wee = tar field power density (on- (4)
Woe 2 1. axis) at distance R (W/cm?)
- "nf Ry R 2Ry

A characteristic necessary to the
calculation of on-axis power density as
a function of distance from nn antenna .
-i% the extent of the ncar ficld, R ’ e Teu—

fty. 2); i.c., the distance over which PARABOLOID
the on-axis power density is a maximum : Q/FOCAL POINT
before ¥t hegins to decrcasce with FEED ' .
distance. The magnitude of the power e

density oscillates, as a function of \

distance from the antecnna, in the ncar- —p
_field recgion, however the maximum : ‘

value of on-axis power density (Eq. 1) PARABOLOLD HYPERBOLOID

is constant. The hcam of radiation is REFLECTOR , SUBREFLECTOR
collimatcd so that most of the powcr- in . - . L E

the nzar-ficld is contiained in a region ‘ - i

having approximately the diamcter of the Fig. 1 Cassegrain Antenna

reflector. The power dcnsxty, Wep, in , ' ' _
the far-fiecld, where R22R decreases - a0

“inverscly as the square o the distance from the antenna. In the.intermediate field
(RlsRsle). a transition region between the near- and the far fields, the power density,
Wif, (Ea. 3) , decreascs xnvcrscly with dlstance

. Comparisons between mecasured on-axis power density levels and predicted values for the
systems mcasured are sufficiently good to provide confidence in the model used.

Anticipated Environhental Levels of Power DNensity for Selected Systems

Callulations have hcen made for. the expected characteristics of several existing
satellite communication systems operating at maximum transmitter power. In cach case,
the distances from the antenna at which power dcnsltlcq of 10 mW/cm2, 1 nW/cmZ 100 uW/
ngﬂ aud~10 uW/cm2 are expevted.have been.determined.. The results arc given in Table
l~.' . PR e oy s B e sl iegAENazem T TEE Tiwe eITE e SoeToeras o f'—_l!:&_t.“wu
ThF"Tﬂf?B?é"hh{éh must he Lonqrdcred in reatistically ovaluntxng a <)stcm relative, to
. the-potential for cxposure of porqonq at power density ‘levels above a sclected threshold,
" include. the transmitter power uscd in its regular opcrations (generally much less than
the maximum possible), the procedures employed in system operation, hCtht above round
tcrraln characteristics,. antenna sidelobe-~radiation charactertstics,  the mTnimum’ CVJ-
tion_ongle of the antenna hglow which the -system cannot opcrate, location and helght of”
strictures, and population characteristics within the arca of interest. A system may
producc significant power denSthcs, and not constitute a hazard if there is_no possibil-
ity for exposure of pcrsons S e SererT YT T =

———i —— R Loy e
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“Table. 1 Anticipated Characterlstics of Selected Satellite Communication Systems

=" Antenna . . . U?stance (m& from Antenna

. oo oiameter A PT ) R‘l w“f (max) Or Power enS'ltles Of -

System {ft) {cm) - (kW) {m) (mW/em@) 10 mW/cm? 1 mW/em® 100 wW/emé 10 uN/cr_nz
LET o4 15 5 37 25 9.98x10 30.4 2.46x102  7.79x102  2.46x10®  7.79108 ¢
AN/TSC-54  18(eff) 3.7 8 - 1.44x102  50.3  4.58x102  1.45x103  4.58x108  1.asx10f
AN/MSC-46 40 3.7 10 7.10x10% _ 8.56 ;iffg;?f_;',\ 2 9ax103  9.29x103  2.9x104
AN/MSC-60 60 3.7: 8 1.60x10% . 3.08 . . s, 3 99x1a3- 2ot 3.9a0h- — s
s e Ta Hiemed e T -f' U 62303 ozt e.zadot
“Intelsat 97 8.8 -5. 7 32m0® 728 . - - Tl 3.sexiod
-Goldstone : . ' : 5

Venus 85 12.6 450  9.43x102  97.3 aaexted  1.32x10f  4.ex10f 1.32x10
Goldstone

Mars 210 12.6 450" 5.76x103  16.8 9.68x103  3.34x10%  1.06x10%  3.34x10%




The systems analyzed consitute a potential hanzard in that the maximum on-axis power
densities capable of houny produced range from 0.73 to 97.3 mW/cm? and the near-ficld
distances range (rop 10¢ to 6x103 m. These systems arc able to produce on-axis power
densities, ¥l mW/cmé4, at distances rangxng from 7.8x102 to 3.3x104 m. Uigh power SATCOM
systems arc rclatxvcly unique, few in number, and have c¢xtrcmely well collimated heams.
The very large and-powerful sources such as the Goldstone Venus and Mars systems have
cxtensive gencral population exclusion arcas which includes the air space above them.
The operational procedures cmployed were developed with safety as a consideration., In
many cases, clcvation angles less than minimum; i.e., 7.5 decgrees above the horizon, are
not possible during normal operation. An effort is made to avoid irradiation of pcrsons
and structures by the main bcam of radiation hecause of mission objectives and safety

considerations. It is of intcrest to sce that for these systems having antenna diamcters

which va?y {rom 15 fcet to 210 fcet, the near-field extent, Ry, increascs from approxi-

mately 100 meters to almost 6x103 mctcrs. With the exception of the Intclsat system, the
on-axis near-ficld power densitics, "£ are of the same order of magnitude or excced 10
ro

mW/cmé. Examination of the distances m the antenna at which various on-axis power
densities occur, shows the increase in the spatial extent over which significant power
densitics exist, as the antenna diameter and near-field extent increase. Even for a
small diamcter, low power system such as the LET, 10 uyW/cm‘ can exist as: far as 7.8x103 m
from the antenna. . . :

Radar Systems

Radar systcms in the categories of acquisition and tracking radars have been studied.
(3)  Included were military systems, a‘vr traffic control (ATC) radars, and weather
radars. The results are used to specify, for entire system categories where possible,
_the ranges of on-axis power de-sity levels ‘produced "and the distances from the system
for whlch significant cnvironmental levels cxist.

The vaiiation of system characteristics is greatest in the categories of acquisition
and tracking radars, resulting -in a wide range of on-axis near-field power densities and
effective necar-field distances. The systems- studied represcnt the majority of powecrful
radars used for civilian application and include examples of wilitary systems considered
to be among the most hazardous under worst-case operating conditions relative to power
ﬂcnsrTY'Ievéis and “the distance over:which-these.levels. may._occur. - -

. -;The chnractcrlstxc of primary interest in radar systcm radiation measurements is
_time¢-avcraged power density, not peak. power-dcnsity. The radiation is pulsed, and, for
most systems, the pulse width and: rcpetxtlon rate are such. that the average transmitter

power and power density created at any point are roughly two to four orders of magnitude.

léss than the peak value. In addition,.many radar system antcnnas rotate, further
reduc1ng the. t1me averaged pouer dens1¢y-wh1ch maghtmoccur at.a particular location.

"An evaluation’ of peak radlatxon characterlstlcs is appropr1ate when consxderlng
Qnterference effects, -as exist for the operation:of certain electronic systems in a
pulsed microwave radxa&;on f1eld and any b1010g1cal effects caused by pulsed fxelds.

--A11 of the radars studied have antennas with paraboloidal surfaces. Those w1th

—cireular-cross-sections .can-be:analytically :treated by the model used in the analysis of
SATCOM system antenna radiation characteristics. The acquisition and tracking radar
-category includes radars which have circular;, rectangular,-and ellipsoidal cross-

- sections. Noncircular cross-section antennas collimate radiation in a manner such that

. ..the radiation beam is better collimated in the plane which contains the antenna axis
““haVIng the larger dimension, and has greater divergence in the plane containing the

.. antenna axis .of lesser length, the antenna axes bexng mutually orthorgonal.

A The time-averaged system character1st1cs used in evaluatlon ‘of radar hazards are
Jependent upon the transmitter 'powér fedtto the antenna, pulse..duty cycle, antenna
.. linear dimensions and area, aperture efficiency, radiation wavelength; and in the case
=6t rotating antennas, the angle :thirough: which the scan occurs, the half-power beamwidth

;ezn‘Ihe'plane of scan, and the dlstance from the source to dn on-axis field point of
“interest. - = TR - R

7" ""The model, used-to detcrminé“Gﬁfaxis??limc-averagcd power densities at a distance
beyond the near-field of the antenna, has been modified for paraboloidal antennas that
have other than circular cross- sectlons. -The effective ncar-field distance, Ry,rr is
‘expressed as:

Rpeff = 0.318 A/A . (5)

Antenna rofation further reduces the time-averaged power density which would be
produced by a stationary (non-rotating) radar antenna. The power density produced
at any point, by a system with a rotating antenna is:



Woa e f (6)

whcrc We is the time-averaged power density produced by the antenna If stationary and 'f
is the xotatlon1l reduction factor which applies at the point of interest.

Anticipated characteristics of several types of radar systcms are presented in Table 2

and Table 3(3) for acquisition and tracking systems, rospcct)vc Sh%wn are the Jis-
tances from the antenna at which power densities of 10 mW/cm 1 mW/cm 0.1 mW/cmé, and
0.01 mW/cm2 are cxpected if the antcnnas were stationary.
Table 2~ ALQUlSltlon Radar System Characteristics i
B System FPN-40 ARSR
Antcnna Dimensxons‘ (f) Ly=3, lh 9| Ly=10, Ly=2.5 | Ly = 18 Ly = 42
azim. elev.
»Frcqucncy (GHz) 9.0 1.33"
Average Transmitter Power (W) 180 2.8x103 ~2x104
Necar-Ficld Extent (m) 22 17 31.2 :
Near-Ficld Power Density (mW/cm?) 12.8 13.9 15.5 11
‘NDistance (m) to . '
10 mW/cm? 28.1 24.2 48.3 147
1 mW/cm 111 BY. 6 174 - 408 _
0.1 mW/cmZ 351 283 " 549 1.47x103
0.01 mW/cm?. 1.11x103 896 1.74x10%  4.65x103
Rotational Reduction Factor K Co
(far-Cicld) 3.8x10°2 3x10° 2 3.75x10°3
*L, = maximum vertical dimension
Lh = maximum horizontal dimension
Table 3 Tracking Radar System Characteristics =~
Hawk Hi
System Power Weather Others
-~ Antenna Diameter (ft) | 4. . I B TN 31 52 : 86 -
Frequency (GHz) ; 9.8 34.5 2.85 . 2.85 1.30
Average Trdnsmitter Power (W) 4.7310?, 59.9 _ _ _1.2xro4 5.5x103 -1.5x105-,
Near-Field Extent (m) ‘ 8.6 ‘ 47.2 150 422 §23 - --
Near-Field Power Density (mW/cml} | 800 6.6 34,2 5.58 55.7. .
Distance (m) to :
10 mW/cm2- 108 - 392 --- 1.75x103
1 mW/cm?Z, 344 171 1.24x103 1,41x103 5.52x103
e 0] mw/cm2 1.08x1031"542 "] 3.92x103 "4.45x103" 1.75x10
- 0.01 mW/cm? 3.44x103 [ 1.71x103] 1:24x104  1.41x104  S.52x104

the attempt was made to include _

" ZATthough, the numbher of individual systems is small,’
wideYy used rotating antcnna systems and those stationary antcnna systcms capable of
producing significant power densities at large distance from the source. The far-field.
power densities shown can be reduced further for normally rotating systems by multi-
pllcatlon by the rotational reduction factors shown to obtain the time- averaged power
: dcn<1ty in the far- fleld of the antecnna at the distances shown.

T of - all radars operating in the U. S., the majority operate in a scanning mode and
produce rotational time- average power densxtxes less than 0.01 mW/cm¢ at ground level
in the antenna far-field region. Tracking radars, being non-rotational, are generally

~capable of producing hazardous and environmentally significant on-axis power densities
-at much greater distances from the antennas. However, the systems with antennas .of
diameters greater than S feet ‘are relatively few and unique, and generally located in
arcas where the possibility for cxposure of large numbers of persons would be minimal.
Jhese systems, havnng the greatest potential: for crecating .environmental: hazards, could.
be opcrated in a mannct which would minimize exposure in free access areas and con-
siguently reduce their environmental sxgnlfxcance relative to” time-averaged b1olog1cal
effects :

If peak field effects related to inteffcrcnce~with the operation of certain types of
electronic systems were considered, all of the radar system categories considered would
have. greater cnv1ronmcntnl significance. . The hazard evaluations could be performed
analytically to dctcrmlnc hazard potentlal thh off-axis characteristics being of great
importance.

i
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AHF television transmission has hecome a common and widespread radiation component of
the cenvironment to which mitlions of persons are exposed. Wherceas satellite communica-
tion and radar systems are sources with very directional antcnnas radiating power into
collimated beams with relatively little dlvergence compared to an isotropically radiating
source, the *UHF-TV antenna is ‘an almost isotropic radiator, omnidircctional in the
horizontal plane, but having some collimation in the vertical plane. 1t is designed to
dissceminate information and in the process irradiate very large arcas in which great

UHE-TV Transmitters

numbers of people may reside, UNE-TV transmitters comprise a significant numbher of the
CW sources which have high effective radiated puwcn, and are commonly located in urban
arcas.

The truhsmxsslon frequencices range from 432 to 728 Milz, cquivulcnt to & range of
radiation wavelengths of 69.4 ¢m to 41.2 c¢m, respectively. The maximum cffective
isotropic radiated power (LEIRP) allowed by the Federal Communizations Commission for a
single UHF-TV transmitter is 5.0 M?S There were ‘306 UHF-TV stations in operation in the
United States as of December 1971, There are 52 transmitters having an EIRP greater
than 2 mcgnwatts and approximately 100 transmitters with.-an EIRP greater than 1 mcgawatt.

lt has becomc a common practice in ctertain very large urban arcas to locate two or
more powerful UHF-TV antennas ‘at the same location, and in some instances atop the
tallest buildings. The possibility that other buildings, of the same height may be .
located within close proximity to the antennas results in the possibility for exposure'
of ma~y persons to microwave radiation at relatlvely high .power density levels.

The field strength and power density for the general case of UHF-TV tra?gT1551on
~(dssuming no prOpagatlon losses) are descrxbcd by the following equations

. 1/2 ' ' ) .
E = RL@_P_T_)__ : . ' (7)
, T : :
W-= "..z. - !_[BHZ . N Lo (“)
B L T Anrl : RN i . :
whcfé'i.; field strength (volt/meter), R, = rclatnvc field <trcngth and is a fungtlon of

the depression angle, a, relative to horizontal, Py = total EIRP (W) [or a ‘transmitter
for both visual and aural signals, and r = dlstance from antenna’ (meters) The geometry
used in the model is shown in Figure 2. The distance to the antenna is given in terms of
the ~-relative vertical height, h, and horizontal distance, d. Ry, is determined from the
vertical radiation pattern of the antenna. A typxcal radiation pattern, that of WDCA
(Bethesda, MD), is shown in Figure 3.

-The results of power density for several lao_r
~relative antenna/exposure point heights as a == "FFe- . ool
function of horizontal distance from the . L
zantenna for a transmitter/anten?g EIRP of 1
-megawatt are shown in Figure 4. ’ : - |
co . - - 5. 8
The: results can be applied .to the case of by
a transmitter or transmitter complex, in o i
order to estimate environmental power density &
levels and population cxposed to power den- BN
sities above any selected threshold. The s
jw_-aAntenna . = - ---' -‘ vt ‘ e . . ‘—:___r;-,._y...‘_.é . i
~ . o . S |
a = tan"! D
naal I IR S A,w,.wx.,ﬂd‘ -
e - L - * = & - :
‘.
T = h, I~
s1in a < .2}
lg Nepression Angle (deg)
d 0 IS N S Y N TN T N ST T S e
Exposure Point , -2 0 2 4 6 8 10

Fig. 2. Geometry Used in Calculation of Field Fig. 3. Vertical Radiation Pattcrn,
Ingen51txes for UHF-TV Transmission. WDCA
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different transmitters will differ
depending upon thelr individunl
antenna radiution patterns.

g ]

_ The results, assuming for
simplicity that the radiation
pattern (Fig. 3} is typical of all
UHF-TV transmitters, have hecen
applied to a worst-case prediction
of population exposcd to power
: dcn<|t|cs equal to or greater than
1 uW/cm? and 4 wW/cm from sclected
transmitter complexes in four urban
‘areas. In this worst-case determina-
tion, the field strength was doubled
to allow for reflections. The
results of Ehss estimate are prescnted
in Table 4.

Power Density (mW/cmC)

In urban areas, where population
distribution may vary greatly over
relatively small distances, differ-
enccs between predicted power 10-5
densitics and those which actually .0}
exist, cspecially in the region of - ‘
the sccond power density maximum :

(Fig. 4) may be rcsponsible for 4.
significant diffcrences in the loca-

_tion and cxtent of the region in which a sclected power.density threshold may be
excecded, and subscquently responsible for large differences hetween the estimoted
exposurcd populatxon and’ the number o. persons actually cxposcd.

1074

;HL .
0.1 1.0
_ Distance (mfles)

Fig. UHF-TV Radiation Characteristics, 1 MW

Approximate Population Exposure from

. Tab]e 4
N : Selected UHF-TV Transmitters
Station Total location Population Exposed
) . ' EIRP : (Thousands) to Power
Wil T T - (mW) -Densities of
- - . - 1 uW/cmé 4 uW/cmé
WPHL 4.9 Philadelphia 1300 3
- . WDCA/WETA 5.7 Washington . 800 .20 s - -
& T WSNS/WFLD 6.0 Chicago 46 20
- WSBK/WKBG 5.5 10 1

Boston

Discussion. and-Conclusions

Satellite communication earth terminals, tracking radars, and UHF-TV transmitters are

categories of high power sources of nonionizing radiation capable of producing main beam -

timec-averaged power densitics considered hazardous; i.e., 210 mW/cmZ; at distances of
the order of 100 meters from the system antenna. In general, all of thesc source
categories contain systems which can generate environmentally significant, main beam
power densities, defined in this paper to be 210 yW/cm? at distances on the order of 100
m from a source. However, significant differences between the radiation characteristics
of these sources occur because of differences in beam collimation, antenna location
relative to population centers, antcnna height above ground,. and system operational
proccdurcs VIIF-TV. and FM broadcast transmittcrs have not been specifically discussed
in thi§ paper since cnvironmental data and analyses are extrcmely recent and not yet
availahle for presentation. iowever, similarities in ecnvironmental radiation
charactcrlstxcs of broadcast transmitters allow the discussion of UHF-TV transmitters
to be gencrally applicable to the catecgory of high power broadcast sources and indicate
that VHF- TV and FM transmitters are environmentally significant sources.

SATCOM and tracking radar antcnnas produce very well collimated radiation becams and
off-axis radiation lecvels are greatly rceduced relative to main beam radiation levels.
The ratio of off-axis power density to on-axis power density at any far-field location
is generally less than 0.01 at angles greater than § degrees relative to the antenna
axis for systems having small diameter (~10 ft) antennas. This ratio decrcascs as off-
axis angle increases, and the angle at which a given ratio may exist decrcases as
antenna diamcter incrcascs and wavelength decrecases. Radiation produced by a UHF-TV
transmitter is coll:mated vertically, but for an exposure point out of the main beam
at depression angles 37 degrees (refer to Fig. 2), the ratio of field intensity at that
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" point to main beam ficld intensity nt that same distance from the antenna is relatively
constant and approximately cqual to 0.1 (refer to Fig. 3).

A determination of the relative cnvironmental significance of these source categories
should include the differences in beam collimation charactervistics, the fact that UNEF-TV,
VHF-TV, and FM antcnna hcight above ground is much greater than that of tracking radar
and SATCOM antennas, and that gonernlly radar and SATCOM svstems are located where accoss
Is restricted and population sparse when compared to the location of bhromleast sources,

Tracking radar and SATCOM systems are considered to have a greater potential for the
production of hazardous cnvironmental power densities closcer to the ground than UHE-TY
sources. llowever, the number of persons that could be cexposcd to these levels and to
“.environmentally significant levels would be expected to be very small because of (1)
system location in sparscly populated arcas, (2) operation gencrally in accordance with
proccdurcs to minimize the possnbxlxty for exposurc of persons, and (3) the well
collimated radiation beam,

UHF-TV?nnd broadcast sources generally should be considercd to have the greatest
environmental significance. It has heen shown that they have the capability to produce
significant power densities outside of the main beam and irradiate large numbers of
pcople. The number of ‘transmitters and persons involved in situations where exposure
levels should be reduced will ultimately depend upon verification of these predictions

.with measurements and the results of biological effects research in determining the
threshold -levels for exposure upon which standards would be based.
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