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. Mlcrowave Hazard Measurements Near Varlous Aireraft Radars
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In order to determme the potentlal for exposure of individuals when in
the vicinity of aircraft radar units when aircraft are on the ground, the . .
Electromagnetic Radiation Analysis Branch monitored four radar units |
that were typical of radars used by commercial aircraft. Two of the units’
were surveyed at a radar simulation laboratory and the other units were
surveyed while in their operating positions in aircraft.

The survey determined that the radar beams from nav1gatlonal and
weather radar units in commercial aircraft rotate in either a sector-
scanned or 360 degree rotation at approximately 16 r/min. The .radar .
beams emanated from the aircraft above 6 feet from the ground. It was™ - -
determined that power density exposures of 10 mW/e¢m? can occur from :

~ 8 t0.18 feet from the antenna of an aircraft radar unit. '

‘No radiation lévels in excess of 02 mW/cm exlsbed m the alrcraft L

cockpits.

This study 'constitutes part of a continuingv

effort by the Electromagnetic Radiation Analy-

sis Branch to identify and investigate potential
‘problem areas -associated with nonionizing radi-

ation sources in the environment. This effort

was aimed. at one specific class of microwave

emitting equipment—aircraft radar. EPA has

an interest in the possible hazards and health
- implications of all types of nonionizing electro- -

magnetlc sources. In this study, the prmmpal
concern developed from a desire to know the
potential for exposure of individuals when in
the close vicinity of aircraft radar units such

. as when boarding commercial air carriers. The

emphasis. in this study was not placed on
environmental exposure at ground level result-
ing while aircraft are airborne but rather con-

sists of an examination of possible thermalizing
" radiation levels near the radars while the air-

craft are on the ground
Data and other pertment mformatmn relat-

_ing to actual measurements were obtained dur-

ing-a 4- day penod 4-7 September 1973) at
the Federal Aviation Administration (FAA)
Aeronautmal Center, Oklahoma City, - OKla.
Durmg this time, access was prov1ded to a
number of the FAA axrcraft‘.w_hlch are.used in

tU.S. Envu-onmental Protectlon Agency, Electromag-
netic Radiation Analysis® Branch, Office of Radiation
Programs, 9100 Brookvﬂle Road Silver Sprmg, Md.
20910.

2 Current address Department of Physms dewest-'
ern Umversxty, ‘Wichita . Falls, Tex 76308 . :
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" Objectives

training exercises and routine electronic sur-

veillance of air routes in the United States. The

radar units in these planes represent a good
‘Cross sectlon of the various alrcraft radar units -

used in dally air passenger service in- this

country and represent normal ¢omplements of -
~ navigational equipment. including weather and

nav1gat10nal radars. Additionally, access was
provided to a radar simulation laboratory at
which tests could be made on various radars

. _'m a test-range environment (rooftop mounted

- radome with: adequate area to make ﬁeld
“measurements). .

Information relatmg to typlcal alrcraft radar-

installations and radar specifications was ob-

" tained from the Electromagne’clc Compatibility

Analysis Center, a Department of Defense in-
stallation in Annapohs, Md. which maintains
extensive computer ﬁles on radlofrequency and

_mlcrowave equlpment

The prmclpal purposes of thls study were:

" 1. to determine the types of radars which are

used on board varlous commerc1al and prlvate

v aircraft, :

2. to ascertain the pertment radar spec1ﬁca-
'tlons which - would provide an insight to the
-'potentlal for hazardous exposure from these

units, and

- 8. to make measurements of radlatlon levels
1n the v1c1n1ty of several representatlve radars-
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and compare these levels. with -currently ac-

. cepted guidelines for safe microwave exposure.
Though the process of theoretically predict- .

ing power densities from microwave antennas
is an interesting problem, this report does not

'contam any detailed comparisons of measured

data with various analytical approaches because

of .the complexity of these comparisons. For
‘more information on calculational approaches,
particularly of use in the near field, the reader.
is -directed to the approprlate references cited:

in the text of this report.

Typical aircraft radars

In general, large airplanes used in commer-
cial service (e.g., DC-10,-DC-9, B-727, B-707)
include at least one radar end sometimes more
as a part of their minimal electronic equipment.
The primary radar unit normally is used. for
weather determination, navigation, and general

- search operations. These radar units are moder-

ately powered usually in- the range of 20 to 100

POWER GAIN (dB)
W

a8 1 2

kW peak power, and, as a rule, have a radar
antenna which consists of a parabolic dish:
mounted in the very front of the aircraft. Many
other radiofrequency and microwave sources
are found in these aircraft, e.g., altimeters,

- which commonly use frequency modulated emis-

sion, pulsed sources for interrogating ground-
based navigational aids such as tacan® units,
and communications equipment. The airborne
radars, however, represent the most powerful

* of all such equipment found aboard these vehi-

cles and thus present the greatest potential for
harmful exposure to nonaircraft personnel if
care is not exercised during the operation of
the equipment. A' summary of radar trans-
mitter characterlstlcs for units found i in typical
airplanes in use at this time is given-in table 1.

"This table is not intended to be exhaustive but

-~ 3Tacan is a condensatlon of tactical air nav1gatxon a
complete ultrahlgh frequéncy polar: coordinate: nav1ga~
tion system using pulse techmques

POWER GAIN AND ANTENNA SIZE

(.eanBOp) HI_QIM Wvia

D s | 50

4. J100

s 10 20 - 50

,_n’nsbtic’h:netrbk DIAMETER ()

Fmgure l Relauonshnp of dish dmmeter, gam, and beamwndth for -
ol : selected frequencxes
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: where :

squared radiation - pattern allows constant
" power . densxty lllummatxon of a target as long

. Tabie 1. Typical airborne ra(l_ar specifications

LoD . . Frequency Peak An tenna Average
Manufacturer Model range .| power . sn_ln power
. : o (MHz) (kW) © {dB)s (W) b
Bendix_ . ..o .o oooiioeoaoo. - RDR-1A 9845-9405 - 7 29.5 16
RDR-1B 9307-94056 © 40 31.0 -25
. RDR-1B2 . 98459406 40 - . 31.0 . 26
i RDR-1C 5370-5480. - | 100 . 80.0 . - 80 .
- . "RDR-1D . 9345-9406 - 17 - 29.6 16
w. j| RDR-1E | .9345-9405 .|, 65 - 871" 665
‘ 2740 RDR-1F 9300-9500 " 65 - 81.0. 80
RCA. o eeiiaionnr 27 m U AVQ-10 - 5380-5420 [, 75 . | -28.0 60
’ . : . AVQ-20 s 9335-9415 20 - 27.5 .16
g Lo AVQ-30C. . b370-5430 60 - 80.0 122
. DA Ty AVQ-30X ' 9316-9876 .. 60 - 26.0 69
r Collins_;....--.....-.-.-.'...‘ ..... WP-101 5370—-5430 : 15 38.0 66 -

. The antenna gaina llsled here are those for a parnbollc antenna ‘dish-in & 1ypu~al radar umﬁgumtmn Manu-

. {acturera normally offer more than one size dish for their trunsmltter. and thus the gnin. may vary slightly l'rom one

installation to another, = -

b The average power from any ? articular radar system mny huvo sovoral différent valuis dc's‘ ndlng on the exact '
e

pulse width and pulse repet.ltlon quency (PRF) nuli\cted
more than one is possible. "~ -

rather indicative of the speoiﬁeations of typical
airborne radars used aboard large aircraft.
As noted in the table, the antenna gain may

~ vary, depending on the zctual antenna size

employed. The gain of a parabolic dish is a

function of its diameter. Figure 1 illustrates -

the relationship- between dish diameter, gain, -
and - beamwidth for several -different: fre-
quencles Gain of a Well-deS1gned horn-fed
parabolic . reﬂector may be estlmated from the
relationship (1): '

G =27 000/(OH 03)

G= absolute gam aoove an 1sotrop1c
radlator '
6 = 3 dB beamwidth (in degrees) in the
~ .H plane of the antenna, -

6z = 3 dB beamwidth (in degrees) in the -

E plane of the: antenna.

* Radar antenna patterns may,be shaped dif-
ferently. The two most commonly used shapes
are a narrow ‘“pencil” beam in which the beam
is made as narrow as the dish allows, and a
cosecant-squared shape applied to the vertical
pattern. A'cosecant-squared shape refers to the
proportionality in. the vertical plane of antenna
gain to the cosecant squared of the elevation

.angle. Such a vertlcal pattern in practical an-

tennas varies as cosecant squared from about
the upper 3-dB point. to approx1mately 40
degrees in elevation. Usmg a vertlcal cosecant
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his column lists the highe sl of the svorage powers it

as the target maintains a constant altitude.
For purposes of estimating the radiation
exposure level from a. radar, it is necessary,
as a minimum, to knowthe effective radiated
power (ERP) from the antenna. This ERP is
a measure of the antenna’s focusing power and
is equal to the product of .antenna input power
and antenria gain. At dlstances on the order of
2D%/) or greater (D is the largest dimension
of the antenna, the. d1agonal for rectangular

- units, and A is the free space v_vavelength of the

transmitted wave). The power density (for

- hazard _purpose_s)f may-be computec_l_v from: -

o PG
W =- -
o 4xRe
where, : ,
W = power densxty at a dlstance R from: the
.antenna,

P= power available to antenna (taklng into
account transmission lone losses), and
G= absolute mambeam gain of the antenna

Th1s equatlon is- valld only for po1nts on the_
‘axis of the mainbeam of the antenna and at
distances which are in the far. field. For com-

putations of power density at ‘points within the

_near ‘field, more ‘complicated techmques are

required—in this case, the antenna gain must
be corrected for application at near field dis-
stances. Though exact formulas are difficalt to

" arrive at, the Army has developed some simple
-'equatxons for use in the near field of circular

parabollc antennas on the bas1s of empmcal
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data (2). Oth_er' discussions of near field correc-

tions may be found in the literature (8,4).

The power densities computed from any of

the equations will be peak or average values
depending on the power term entered in the
equation. Currently, for hazard purposes, the
average power to the antenna is taken as the

power which is proportional to the tissue heat-
" ing effectiveness -of the radiation .exposure.

Peak power densities, espec1a11y from pulsed

sources such as radars, may. be important in -

various device interferences - (5). For practical
purposes in:radar computatlons, in lieu of actual

power measurements, -the average power of a
' -transmltter (Pasg) is taken as ‘

Pug = ,'Ppe,,k . PRF -
where: .
P = the peak pulse power (in watts) of
: the radar transmitter (this is almost
always the stated power of radar),

PRF = the pulse repetltlon frequency (hertz)
= the pulse width (seconds)

PEAK

Figure 2 plots the relation between peak ,and

. average power for varlous PRF’s and‘vpn]_s'e :

w1dths.

Radars and facilities dvaildble for test

This section describes the radar units which
were surveyed and circumstances under which
the measurements were made. It was the intent
of the authors to obtain " measurement data on
several different, but typical, radar types in

common use. Under the constraints of the time -

available, the poor weather conditions, and
other measurement projects being conducted
during the trip, a total of four radars were
surveyed which represent three different models
and manufacturers. Prior to making measure-
ments around the radar units mounted in the
airplane nose cones, a:series of measurements
were obtained .on similar radars at the radar

simulation laboratory. At the simulation facil- -

ity, actual radars could be operated at will in
a relatlvely controlled environment. ‘Figure 3

deplcts the interior of the s1mu1at10n lab show-»

POWER (kw)
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Flgure 2 Relauonshlp of peak and average power
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.ing the various power supplie's', test equipment,
and radar control panels. The actual trans-
mitter unit and antenna were nlaced on a plat-
form which could be elevated into a radome
structure on the roof above the laboratory
(figure 4). Notice the large number of com-
munication antennas in the near vicinity. A
closeup view of a typical airborne radar dish
antenna is shown in figure 5.

Table 2 lists the radars which were measured
and their installation configurations. Detailed
specifications for each of these radars may be
found in tables 3, 4, and 5. The Bendix RDR-1B
is capable of two different pulse widths and
these are indicated in the table. Also given in
these tables are the calculated values for 2Dz?/a,
the far-field distance as computed from refer-
ence (2) (D?/2.83)), the maximum power den-

‘'sity expected in the near-field region based on
reference (8), and the distance to the point

Table 2. Summary of radars used in measurements
Radar 'Manufactvurer- Simuiation Aircra(t
' laboratory .
AVQ-10. RCA X X
WP-108.. ... 21 Collins - X :

where the field is expected to be 10 mW/cms?,
assuming a far-field gain for the specific an-
tenna. The gain of an antenna is always a
far-field gain unless otherwise stated (i.e., the
gain of an antenna is always that gain which
is effective at a distance where the power den-
sity decreases ag inverse square distance).

The two aircraft radar units surveyed were
both installed in the nose cones of their respec-

‘tive planes—a Sabre Liner with the Collins

WP-103 and a Convair 600 with the RCA
AVQ-10. Figures 6 and 7 show these aircraft
parked in the flight operations area of the FAA




Table 3 Specifications for RCA AVQ-10 aircraft radar . R oo

idt
Pulse repatmon frequen
- Duty factor._.
. 1/duty (actor.

L4 . - Peak power output.
. . . Average power output. _
: Antenns gain: - ... . ...l
~ Maximum averuge effective radiated power.
Antenna sean.angle..___._ .. ___ ... ..._.

Antenna tilt limita_._____ "

Antenna rotation speed--_-._-_-.._._.-.._._ _____

8 dB bearn width:

Pencil beam .
CS8C2 beam.
Polarization:

Distance to begmnmg of far ﬁeld (D2/2.83\)
- Maximum peak power density in:near field:
Maximum average power density in near fiel

Distance to 10 mW/cm’ assummg far ﬁeld gafn

----| 22 inches

5400420 MHz
em

36!
10° up— 15“ down

s t/min
Horizontal - ,Vertlcal
4.6° . . 4.6°
T 4.6° Q]
Horizontal
ceeel ™

I ,11 m (36 feet)

2.0 m (6.6 feet)-
| 120 W/¢m?
100 mW /em?:.
10 m (33 feet)-

. Inlomatimi got available: :

. “Table 4. - Speclﬁca'tlons' for Bendix RDR-1B aireraft:radar '

' Antenna diameter. . c..oociioieaoiiiisdeaoaaas )

22 tnches
ceae 9375:1:30 MHz

. - Wavelength..... eem—een

. . ‘Pulserwidth_.___.....__...
v Pulse repetition frequency_.
: ‘ ‘Duty factor____...........

‘1/duty factor.......

* Peak power output. ...

. . . Average power output

M . . - . “Antenna gain_ . _
s . . Maximum avera
Antenna scan angle.. ...... -
Antenna tilt limits...__.

Antenna rotation speed. ... toloooooooooooois

8 dB beam w1dth

Pencil beam

CsC:z beam.-..
Polarization:

Pencil béam.._ .

CSC2beam - - o eeeeieccc e e mace e

Calculated data
2 D2/\

‘Distance to b 1%mmng of far field (D?/2.83))-
‘Maximum peak power density in near field. _
Maxlmum average power density in near ﬁeld..

Distance to 10 mW/cm’ assuming far ﬁeld gam

.| 820 ¢
- 15pssearch 225psbeaeon .

Hz
- 0 0006 0.0009
| 1667; 1111 :

40 kw

24 W;36 W

30.0 dB :
24 kW; 36 kW
'360°

.| 15° up—15° down.

22221 15 £ 3 r/min :
.| Horizontal Yertxcal‘
3.89 - 138.8°
8.8° (") -
*Horizontal
----| Vertical

- 20 m (66 feet)
3.5 m (11 feet)
65 W/cm?
2! 839 mW/cm? (at 24 kW ERP) 59 mW/
-em?(at 36 kWE

RP) - .
-----| 44 m (14 feet) (at.24 kW ERP); 54m-

(18 feet) (at 36 kW ERP)

» Information' riot aizailable. )

center. Careful examlnatlon of figure 7 reveals ..
the nearby control towers and weather radar
at Will Rogers Alrport : '

Survey equzpment

All measurements of radlatlon levels covered,
by this. report were made with-a Narda Micro-
wave Corporatlon Model 8300 broadband 1so-

- April '1974

tropic radiation monitor. This' monitor con-
sisted of a Model 8321 isotropic probe (rated
for a maximum time average power- density of
20 mW/cm2 for pulsed fields), and a Model -
8310 probe readout meter. Salient character-
istics of this device are given in table 6. This
partlcular dev1ce, Serial Number 02006, was

' _'certlﬁed as being calibrated 18 June 1973, or
: ;approx1mate1y 2 5 months prior to the ﬁeld

trlp BRI LT o
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Table 5. Speciﬁéations for Collins WP-103 aircraft radar

Antenna diameter. ..o aaliicmmaaana
Transmitting frequency
Wavelength_ ..o ooooaona-
Pulse width. ... ...
Pulse repetition frequency.
Duty. factor_ ...~
1/Duty factor......
Peak power output._.
Average power cutput -
Antenna gain_ ..o ooooioo-iac-- .-
Maximum average effective radiated power. .-
Antenna scan angle_ ... ooooooa-e- -
Antenna tilt limits____._. R N
‘Aritenna rotationspeed. - ..o oiooooiioaiieanenan.

3 dB beam width:

Pencil beam_
CSCbeAm . . cooccaemmmancanmaen
Polarization:
Pencil DeaAM . _ .. cvoccceeccmaamaeccemmeem oo
CSC beAM o imeceeimmmmmccmem—nan
Calculated data: ’
[ v 17 o N et
_Distance to beginning of far field (D*/2.83\)___._...
Maximum peak power density in near field._.
Maximum average power density in near field. .
‘ Distance to 10 mW/cm? assuming. far field Gain._._.

12 inches

9875 +40 MHz

8.20 cm

2.3 us nominal

400 Hz -

0.0008 —0.001 .
1000 (assuming 0.001 DF)
20 kW : :

20 W (assuming 0.001 DF)
26 dB

8 kW
120° sector
12° up —12° down

16 r/min '
Horizontal ~ Vertical
E‘) C(®
O} O]
Horizontal
*)

5.8 m (19 feet)

1.0 m (8.4 feet)
110 W/cm?
110 mW /em?
2.5 m (8.3 feet).

» Information not available.
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 Figure 6. ~ Sabre Liner
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Table 6.

Flgure7 . Conwur 600

Chnractenstlcs of a Narda Mlcrowave Corporation Model 8200 .

broad band lsotroplc radiation menitor
Frequency range 03 to 18 GHz
Pow%er mdﬁ:g ranges Full scale (two ranges) 2 mW/cim? and
I . 20 mW/cm?

.Aecur‘acy‘of isotropie probe calibration 30,5 dB
Isotropic probe iime constant . ‘| 20 ms .
Frequency sensltmty .

from1to 12 GHz | 20.5dB -

from 0.85 to 16 GHz +0.5, —1dB
. from 0.30 to 18 GHz +0.5, —8 dB

Isotropic response

. 0.5 dB maximum deviation from

energy incident in any dlrectlon except
from and through handle .

' Response timé, mdudmg time for meter indicator to
* “to reach 90% of final steady state reading when -
sub]ect.ed to & stepped input signal

12¢

Accuracy of matrumentatmn

+8% of full scale

Probe overluad rating’
Continuous wave (cw)
Peak (pulsed emlssxons)

100 mW/cm?

20 W/cm?

April 1974.
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Figure 8. Roof radome survey

P rocedures

At the s1mulat10n lab each of the two radars

was individually set up so: that the radar dlsh;j:

could be elevated to the roof-mounted radome
where ﬁeld measurements were obtalned by -
standing on the flat portion of the roof in the -

170

vicinity of the. ra‘dorrie. In this manner, a rela-

tively free. ﬁeld situation ‘prevailed, tending to
minimize reflection’ problems. All data were
collected Wlth the radar dishes stopped in azi-
muthal rotatlon ‘this " was necessary (a) to
ensure that all readmgs were bemg taken in the

Radxatwn Data and Reports



main radiation lobe of the transmitting dish,
and (b) to obtain true readings of maximum
levels because the time response of the indi-

cator circuitry was slow. Once the dish was

aligned as. desired, the RF power was applied,
and field measurements were made approaching
the radome from a distance of approximately
100 feet. Once a rough feel for the magnitude
of the fields was obtained, careful measure-
ments were then made at successively shorter
distances to the radome. All such measurements
were obtained by holding the isotropic probe in
one hand, the metering device in the other
hand, and searching for the mainbeam of the
dish at each distance. Distances were measured

with a 100-foot steel tape laid on the roof. As

one individual made the measurements, another
recorded the data (field level and distance) at
a lateral distance sufficient to not cause notice-
able field reflections toward the survey probe.
Data was taken in this manner until a distance
was reached where the peak power density was

equal to thé burn-out limit for the survey in- .

strumentation - (20 W/cm?). This peak field
value was predetermined in terms of the meter
indication of time average power ‘density by
taking into account the duty factor of each

radar. In practical terms, this imposed a limit
in the neighborhood of 15-18 mW/cm* average
power density for the radars tested. = '
‘Figure 8 shows a typical survey reading
being taken near the radome. After conducting

the mainbeam field measurements for each'

radar, a survey of. the area immediately adja-
cent to the radome was made, completely en-
circling the radome except for the mainbeam
area in front of the antenna. These measure-

ments. were made to determine the possible

existence of side lobes and a back lobe for the
antenna. Figure 9 shows a measurement being
made inside the radome but to the rear of the
transmitting dish. In all cases, inadvertent
exposure to individuals, other than the authors,
was prevented by keepmg other personnel off
the roof.

A similar approach was .used with those

~ radars actually in an airplane. The planes were

parked in open areas, clear of obstructions,

adjacent to taxiways in accordance with FAA

advice (6). Measurements were never taken

~ with an airplane parked inside of a hangar.

Under such conditions,. reﬁectlons from other
nearby aircraft -could cause radar receiver
crystal damage. - Accord}mgly, wh_en weather

‘Figure 9.’ Méasdrelhéht’i'_nside, vrédoinej L ‘ .

April 1974
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','Fig'ure' 10. . Convair with nose i:orle lifted

permitted, the selected alrplane was moved to_.
the outside location and the antenna fixed in

position, pointing straight ahead of the plane.
With the Convair 600 (ﬁgure 10) the nose cone

was lifted on its hinge and measurements made.
as a function of dlstance, approachlng the nose -

172

from a distahce. Figure 11 is another picture
of the survey of thé Convair. Because of the
helght of the Convair nose above ground, the

“dish had to be pointed: downward at approxi-

mately a 13° tilt in order that field ‘measure-

,ments could be made from the ground With

Radlatlon Data and Reports
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such an orientation, ground reflections were

observed from the concrete apron at certain

distances. .

Once measurements on. the dish axis were
completed on the Convair, the antenna was
repositioned until it pointed directly toward
the cockpit, so that a survey of the cockpit
could be made for possible radiation exposure
(figure 12). The antenna was then positioned
at various angles to enhance possible reflection
from wings and other aircraft structures while
additional cockpit measurements were made.
Notice that the front of the fuselage is.a flat
metal plate which effectively shields the cockpit
from the dish. This plate is covered with an
absorptive, anechoic material to prevent re-
ceiver failure during the time that the antenna
is rotating to the rear, since full 360 degree
rotation is used by the AVQ-10.

Finally, a measurement was made of the
attenuation properties of 'the nose cone itself,
gince our measurements were unattenuated
ones. This was accomplished by lowering the
nose cone, determining the radiation intensity
at a known distance, and comparing with pre-
vious unattenuated values at the same distance.

Measurements on the WP-103 in the Sabre
Liner were simplified in that the plane is
smaller and consequently lower to the ground.

This factor allowed the antenna to be kept
nearly perfectly ‘horizorital, and- thus fewer
ground reflection problems were observed. Also,
due to the inconvenience of the operation, the
nose cone itself was not removed. Instead, a
portion of the fuselage shell near the nose cone

~ was removed, so that adjustments could be made

for stopping the normal antenna r_otation. Fig-
ure 13 shows surveying a‘rou_nd,the Sabre Liner.

Results

_The field intensity data resulting from our
measurements are plotted in.figures 14, 15, and .
16. Survey data for the simulation lab measure- :
ments on a Bendix RDR-1B and the RCA AVQ-
10 are shown in figure 14. Actual data points
are graphed and a smooth curve was visually
fitted through these points. Also shown on -
each graph is the distance -at which the far:
field begins, as calculated by reference (2) and
indicated under calculated data in tables 3, 4,

and 5.

'At various distances, more than one power:
density value was obtained: Such occurrences!
could ‘be due to (a) practical difficulties en-!

. countered in relocating the same exact measure-}

ment position with respect to the main beam,:
and (b) apparent power fluctuations in the RF:

output from the radar ‘transmitter. This was!

Figure 13. Survey a'fou'n.d Sabre I..Ainer.
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Figure 15. Measurements of RCA AVQ—lO in Convair ‘600

most evident in measurements on the RDR-1B_
and the Convair installation of the AVQ-10. In

particular, stationary monltormg at a given

distance would, from time to time, -produce a

variation in the power density reading, indi-

cating some transmitter instability. However,v

notice that the area of data scatter in the
RDR-1B measurements falls within the near

April 1974

field range and consequently is poss1bly an indi-

‘cation of the very erratic nature of this par-

ticular region of the exposure field, causing

“extreme difficulty in repositioning the probe to

the same exact point, on a repetitive basis.

Table 7 summarizes the data, indicating the

distance at which the expoSure power density
was found to be 10 mW/cm? and 1 mW/cm?
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Table 7. Summary of exposures from radars

" Approximate distance (1eet)' .
to exposure of:
Radar configuration i
1 .10 mW/em? |- 1mW/em?

RDR-1B (simulationlab) __________ e 84
AVQ-10 ?ilmulahon 1ab) ... 12 47
AVQ-10 (Convair) . . oo 18 504
WP-103 {Sabre Liner) . ... s 8 27

for each of the respective _rader configurations.
From the data, it appears that exposures in the

neighborhood of 10 mW/em? may occur in the

general range of 8 to 18 feet from the antenna,

dependent on the particular radar and condi-

tions under which it might be measured

dish at extremely close-in distances inside the

 radome, some low-level fields were observed at
* about 2 feet from the side of the dish.

A survey of the cockpit area of both the
Sabre Liner and Convair 600 also showed that

~ no detectable radiation at the 0.2 mW/cm? level

(ground reflections included, radome losses, '

ete.).

Measurement of the Convau' 600 nose cone

radome showed an attenuation of approximately
5.5 dB or a power reduction factor of 0.28.
When measurements were made about the
perimeter of the simulation lab radome, no
detectable radiation lobes were apparent at the

0.2 mW/cm? level for either the RDR-1B or the

AVQ-10. When approachmg the transmlttlng
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was present (0.2 mW/cm? is the minimum de-
tectwn capability of the Narda instrument).
This was not surprising in the case of the Con-
vair since a good sh1e1d1ng effect was produced
by the fuselage shell between the cockpit and
the radar antenna. With the Convair, the worst

. possible antenna position was used for these

measurements—it was positioned directly to-
ward the cockpit. Other directions were tried
to see if reflections might occur from the wing
or propeller structures on the aircraft causing
scattering into the cockpit. Again, nothing
detectable was observed in the cockpit (includ-
ing ground reflection, radome losses, etc). How-
ever, when the probe was held at arm’s length
out of the pilot’s window (left-hand side) some

‘minimal upscale readinig' was observed (some-
.thing slightly greater than 0.2 mW/em?),

- In similar measurements on the Sabre I umer,

-1io -detectable levels were found in the cockpit.

Radiation  Data and Reports
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In this case, however, the radar dish is sector
gcanned and limited to prmcipally the front
270° of view.

Conclusions

On the basis of this study; the following con-
clusions have been reached:

a. Typ1ca1 maximum power for aircraft
radars lies in the range 20 to 100 kW peak and
20 to 120 W average power

b. Antenna gains are normally in the range
of 25 to 30 dB.

c. Peak ERP is in the. range of 6- MW to
100 MW while average ERP is in the range of

-6 kW to 120 kW.
d. Exposures to power dens1t1es of 10 -

mW /cm® can occur in the range of 8 to 18 feet
from the antenna.
_e. Aircraft radomes can eXhlblt attenuatxons
of about 5.5dB. .

f. No radiation' levels in excess of 0.2
mW /¢m? existed in the aircraft cockpits.

g. Normally, airborne’ radar antennas are

rotating devices with either. .sector scanned or

full 360 degree rotation at approx1mately 15
r/min.

h. In general the radar beams on commer-
cial aireraft are above 6 feet in helght from the

ground.

1, Reliable survey data can be obtained only
by stopping the antenna rotation.

j. Reflections from nearby objects, including
the ground, tend to cause irregularities in the
field structure. Because of the unknown phase |
characteristics of the reflected waves, actual
measurements  are preferable . to - determme
exposure in these situations.

k. Use of far field antenna gain was not‘
reliable . for predlctmg distances to the 10

: mW ‘em? exposure level. .

~ Recommendations

Further 1nvest1gat10n with respect to this
study which could add useful information to
the question of human exposure. from airborne

radar. would be a determination of possible pas-
-senger exposure distances which can be: found

at airports. This information would prove in-
terestlng from the standpoint of an inadvertent
exposure occurring when the alrplane is parked
near areas with- passenger waltmg rooms.
Under such c1rcumstances and dependmg upon
the exact plane-waltmg room “configuration,
potentlal short-burst. radiation levels could be

: reasonably hlgh Assuming an 1nstantaneous
‘time. average exposure of 5 mW/cm2 the peak -
‘power density could be about 5 W/cm?,

FISLD STRENGTH AND POWER DENSITY IN FREE SPACE

- FISLD  STRENGTH {V/m)

(‘;’/‘“'P) ALISNIG  ¥3IMOd

POWER DENSHTY  (aWend) - -

' APPENDIX A, Field strength and power density in.fre¢ space
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VOLIAGE

VOITAGE VOUTAGE | rOWER VOLTAGE | rOwER
RATIO d BATIO RATIO RATIO) @ RATIO RATIO
1.0000 0.00 1,0000 SI® 2630 5.8 1.9%0 3.602
9988 0.00 1.0012 3070 2570 5.9 1,972 3.89%
977 0.02 1,002 L5012 L2512 6.0 1.995 3.9
L9968 - 0.00 1.0085 | R0 L2455 8.1 2,018 4,074
9954 0.04 1.0046 409 .09 6.2 2.042 4149
-%4 1 .0.08 1.00%8 442 2044 6.3 2.085 4,266
993 0.08 1.0089 L4788 229 6.4 2,089 4,385
920 0.07 1,008 | 4792 229 ;6.5 2,13 4,467
9908 0.08 1,0093 . 218 | e 2,138 4.5
9897 0. 1.0104 029] .84 | .23 8.7 2,163 4a.em
9866 0.1 vo2 ] rvew | e L0 | 8.8 2.188 4.788
97 0.2 .08 1067 | 4519 2042 6.9 2.213 4,008
9661 0.3 1,008 1.072 | (4487 A998 7.0 2,299 5,012
9350 0.4 o2 | 1,00 }dae 1980 7.0 2,28 5.1
440 0.3 1,059 1022 | .48 1908 7.2 2,.29v 5.248
.3 0.8 1.072 1,048} 408 62 |- 7.3 2,317 -5,370
K/..3 0.7 v 1,175 | .48 1820 7.4 2.344 5,498
N0 0.8 1,09 1.202 | 420 78 7.5 2,3 5.67
.90 6.9 1.109 1.20 | 4169 1738 7.6 2,9% 8,754
013 1.0 van 1.2% | .4en 1698 1.7 247 s.088
8810 i 1138 1.200 | 4074 1660 7.8 2,455 6,02
ano 1.2 1,148 1,318 | 400 BTy ] 7.9 2,483 6,168
8810 1.3 1.181 1.9 | .08 Jas8s | 8.0 2.512] . 6.310
.85 V.4 1175 1.380 1 .39%- 1540 8. 2.54) 6.457
8414 1.3 Lagy 1.4 1.3800 - 154 8.2 2,570 6,607
7] 1.6 1.202 1,448 | 3848 Rt 8.3 2.600| . 6.7
..8222 w7 26 [ 1o | 300 A4 | 84 " 2,630 6.918
nm .8 1.2%0 1.5 | 9758 1413 8.5 L2661 - 7079
L8035 1.9 LM 1500 1 NS 30 | e 2692 | 7.2u
7980 2.0 vaw | iims | .27 1309 8.7 .7 7.43
7852 2.1 - L.D4 1.622 | .30 L1318 8.8 2,754 7.586
7762 2,2 i1.289 1,660 | 3589 1 89| 278 7.762
7674 2.3 | 1.300 1.69 } .3548 2% 9.0 2,818 7.90
758 2.4 1.318 1.738 |..3508 A0 9.1 2,051 [ RV}
769 2.3 1.3 17 | 37 1202 9.2 2,084 8.318
2413 2.6 1.349 1.820 ] .34 n7s 9.3 2,917 8.511
N8 2.7 1,365, 1,862 | 3388 s 9.4 2,950 270
244 2.8 ¥,380. 1,905 | .3350 M 9.5 2,908 .93
761 2.9 1.39% 1.9% | .30t 100 9.6 3.020 9.120
.7079 3.0 143 1.93 | .33 02 9.7 3,058 9.3%3
6998, LR 1,429 2,042 | .32 087 9.8 3.09%0 9. 550
L6918 3.2 1.448 2.089 ‘| .29 Jon | e 3,12 9.772
L6839 2.3 1.462 2.138 | .62 L1000 1 10,0 3,162 10.000
L4781 3.4 1,479 2,168 | .2%8 0093 | to.s 3.3% n.22
6683 3.5 1,498 .29 | .8 .07943 | M0 3.5 2.9
.6607 36 1.514 2.9 | .28 07079 | s 3,758 1433
8331 L7 ()} 2.344 | (2512 L0800 | 12,0 3.981 15.85
A 3.8 1, 549 2.3% | .on 0523 | 12,8 7| s
RS ) 3.9 1,57 2,435 | 2209 05012 | 13,0 4,487 19,93
6310 4.0 1.8 2,512 | .2 04487 | 13,8 4,722 22.%9
823 'R 1.603 2.0 | 1998 0008 | 140 - s.002 25.12
8168 4.2 1.622 2.6 | (1884 .03548 | 145 5,309 2.18
6095 4.3 1.64) 2692 | AT .03182 | 15.0- 5,623 .62
.60% 4.4 1.680 2,754 | 1888 02512 | 6.0 6.3100. 3.0
.95 4.5 1.679 2.818 | .13 01995 | 17.0 7.079 50.12
. 5888 .4.8 1.698 2.084 | .12% L01585 | 18.0 7.943 6310
.8 a7 BT 2.95 | .n22 02% | 190 - 8.913 79.43
5754 a8 1.738 3.020 | .1000 01000 | 20.0 10.000 |  100.00
.5689 4.9 1.75% 3.000 | .00182 00100 | 30.0 31.620 | -1,000.00.
%0 5.0 .77 3.162 | .00 00010 | 40.0 100.00 | 10,000.00
L5559 s.1 V799 3.8 | 000162 00000 | 50.0 | 316.20 0t
. 5498 $.2. V.80 3. | e - 107! 60.0 | 1,000.00. 0*
5.3 1.841 ' | 3,388 | _oc0d182 10! 70.0 { 3,162.00 10
.8370 5.4 1.662 ‘3.467 1 000} o~ 0.0 +|-i0,000,00 100
-5%09 5.3 1.884 .1 3.58 | ooo0a182 | 10° 0.0 | 3,620.00 10
.58 3.4 1.905 3.431 104 - v o™
s7 | vy | ans '9 o ”“ 10 "’
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