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0 
In order to determine the potential for exposure of individuals when in 

the vicinity of aircraft radar Uriits when aircraft are.on the ground, the .. 
Electromagrietic 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 unit& were 
surveyed while in their 9perating positions in aircraft. . . 

The survey de~rmined that the radar beams from navigational and 
weather radar Units in .commercial aircraft rotate in either a sector
scanned or 360 degree rotation at approximately 15 r/min. The radar 
beams emanated f.rom the aircraft above 6 feet from the ground. It was 
determined that power density exposures of 10 mW /cm•. can occur from 
8 to .18 feet from the antenna of. an aircraft radar unit. . • . . · .· 

No radiation levels in excess .of0.2 mW/cm• existed in the aircraft 
cockpits: · · · 

This study constitutes part of a continuing 
effort by the Electromagnetic Radiation Analy
sis Branch to identify arid 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
magnetic sources. In this study, the principal 
concern developed from a desire to know the 
potentiai 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 gro'uild. 

Data and other pertinent information .relat
ing to actual measurements were obtained dur
ing a 4-day period (4-7 September 1973) at 
the Federal Aviation Admi!iistration (FAA) 
Aeronautical Center, Oklahoma City, Okla. 
During this time; access ·• was .provided to a 
number of the FAA aircraft which are used in 

1 U.S. Environmental Protection Agency, Electromag
netic Radiation Analysis', Branch, Office of · Radiation 
Programs, 9100 Brookville Road, Silver Spring, Md. 
20910. . . . •, .. ·. 

2 Current address: :Oepartmerit of Physics, Midwest
ern University, Wichita Falls; Tex,: 76~Q8. 
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training exercises and routine electronic sur
veillance of air routes in the United States. The 
radar units in these planes represent a good 
cross section of the various li.ircraft radar units 
used· in · 'daily air passenger service in this 
country and represent normal complements of 
navigational· equipment including weather and 
navigational radars, Additionally, access was 
provided to a radar simulation laboratory at 
which . tests could .. be made on various radars 

· in a test-range environment (rooftop mounted 
radome with adequate area to make field 
measurements). . 

Information relating to typical aircraft radar 
installations and radar specifications was ob
tained from the Electromagnetic Compatibility 
Analysis Center, a Department of Defense in
stallation irt Annapoiis, Md.· which maintains 
extensive computer files. on fadiofrequency and 
microwave equipment. · · 

Objectives 
The principal purposes of this study were : 
1. to determine the types of radars which are 

used on board· various commercial and private 
aircraft, .. . . 

2. to ascertain the pertinent radar specifica
tions which · would provide· an. insight to the 
potential for hazardous exposure from these 

, units, and . . . . 
. .. 3. to make measurements· of radiaHon ievels 

in the vicinity of several representative _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 froµi microwave antennas 
is an interesting problem, t~is report does not 
contain any detailed comparisons of measured 
data with various analytical approaches because 
of the complexity of these comparisons. For 
more information on calctilational approaches, 
particularly of use in the near field, the reader 
is directed to the appropriate 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 

kW .peak power, and, as n rule, have n 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 tacan3 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 characteristics for units found in typical 
airplanes in use at this time is given· in table 1. 

· This table is not intended to be exhaustive but 

• Tacan is a condensation of tactical air navigation, a 
complete ultrahigh frequency polar coordinate· naviga, 
tion system using pulse techniques. 
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Table 1. Typical airborne radar lipeclftcatlons 
----•••-••OMO-- ' F- ·-· 

Frequency Peak An lenna Average 
Manufacturer· Model ralfe power . ~aln power 

(M z) (kW) ( 13). (W)b 

------- ---------
Bendix ____ ._ .. ____ -·----"-. ___ - - -· RDR-lA 9846-9405 17 29.5 16 

RDR-lB 9807-9405 40 81.0 25 

-~ RDR~1B2 9846,-9405 40 31.0 25 
RDR-lC 5370-5480 100 30.0 80 

' . .., 

.. ... . ~ . l'tDR-lD 9345-9405 17 29.5 16 

' -~·.:_,.,.. I RDR-lE 1. -9345-9405 '• ' 65 37.1· 65 
' .· RDR-lF . 9300-9600 

.. 
65 31.0 80 

RCA ________ ,; ____ ·_: __ :_-'~-~~~ . .::'.I, · AVQ-10 ' 5380-,.5420 75 28.0 60 
AVQ-20 9330-:-9416 ' 20 27.6 16 
AVQ-30C 6370-5430 60 30.0 122 .. AVQ-30X 9316-9375 60 26.0 69 

Collins .•..••••. :~ .•••••• '.'..·.· .. .:. WP-101 •' 5870-5430 75 38.0 66 

• The antenna gains ·nst.ed. here are t.hoso for R pRrnhollc antenna dish In ii t.ypical radar corifiguriit.ion, Manu. 
factu·rera normally offer more than ono slzo dish !or thoir trnnamltter, and thus Urn guilt mny vnry slight.ly lrom_ one 
lnstallRtion t.o another. · ·. · · . . . 
· h The nvei'ago power!rom Rny particular rudur oyetum mnt havo •ovoral diff,,r••nl v11lu,,s d1•jim1di11K·on tho oxa·ct 
pulse width and pulse repetition frequency (PltF) ••Meted. Thia column list.II thi, high<'Rt. of th•• 11v"rnK" .11owers If 
more than one la poaslble. · • . . . 

rather indicative of the specifications of typical 
airborne radars used aboard large aircraft. 

As noted in tl~e table, the antenna gain may 
vary, . depending on the &ctual 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
quencies. Gain of a well-designed horn-fed 
parabolic .reflector may be estimated from ·the 
relationship (1) : · · 

G = 27 OOO/(0a·0E) 
where: · 

G = absolute gain above an isotropic 
radiator, 

lh1 = 3 dB beamwidth (in degrees) in the 
H plane of · the antenna, . 

OE= 3 dB beaniwidth (in degrees) in the 
E plane of the antenna. 

Radar antenna patterns may be shaped dif
ferently. The two niost 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 .v:ertfcal pattern in practical an
tennas varies as cosecant squared from about 
the upper 3 ·_ dB point to approximately 40 
degrees in elevation. Using· a vertical cosecant 
squared radiation · pattern' .. allows constant 
power density.illumination of ata:rget as long 

April 1974 

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 know the effective radiated 
power (ERP) from the antenna. This ERP is 
a measure of the antenna's focusing po~er and 
is equal to the product of antenna input power 
artd antenna gain, At.distances_ on the order of 
2D2/.\ or greater (D is the largest dimension 
of the antentia, the· diagonal for · rectangular 
units, and.\ is the free space wavelength of the 
transmitted ~av~). The power density (for 
hazard purposes) may be computed from : · 

. PG 
W:._-_ -·. 
· 4 ,r R2 

where, 
W = power density at a .distance R from the 

antenna, 
P = power available to· antenna (taking into 

account transmission lone losses), and 
G = absolute mainbeam gain of the antenna. 

. This equation is valid only for points on the 
axis of the mainbeam of the antenna and at 
distances which are in the far. field. For com
putatjons of power density at points within the 

. near field, niore complicated techniques are 
required~in this case, the antenna gain must 
be corrected for application at near field dis
stances. Though exact formulas are difficult· to 
arrive at, the Army has developed some simple 
equations for use in the· near field of circular 
parabolic antennas on the. basis of empirical 
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data (2). Other discussions of near field correc
tions may be found in the literature (3,4). 

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 powel' to the antenna is taken as the 
power which is proportional to the tissue heat
ing effectiveness of the l'adiation exposure. 
Peak power densities, e_specially from pulsed 
sources such as radars; may be important in 
various device interferences (5). ·For practical 
purposes in:radar computations, in Heu of actual 
power measurements, ·th_e average power of a 
transmitter (P a"g) js taken as 

Png = Ppeak • P.RF · T 

where: 
Pi,..•k = the peak ,pulse power (in watts) of 

the radar .transmitter (this is almost 
always the stated power of radar), 

PRF = the pulse.repetitionfrequency (hertz), 
T ~ ,the pulse ·,:width (seconds). 

Figure 2 plots the relation between peak and 
average power for various PRF's and pulse 
widths. 

Radars and f aciUties available I or test 

This· section describes the radar units which 
were surveyed and circumstances under which 
the measurements were made. lt 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 relatively controlled environment. _ Figure 3 
depicts the interior of the simulation lal.J, show-· 
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ing the various power supplies, test equipment, 
and radar control panels. The actual trans
mitter unit and antenna were !)laced on a plat
form which could be elevated into a radoine 
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-lB 
is capable of two different pulse widths and 
these are indicated in the table, Also given in 
these tables are the calculated values for 2D2/A, 
the far-field distance as computed from ref er
ence (2) (D2 /2.83A), the maximum power den
sity expected in the near-field region based on 
reference (S), and the distance to the point 

Table 2. Summary of radars used in measurements 

Radar Manufacturer Simulation Aircraft 
laboratory 

----1-----------
AVQ-to._ __________ RCA 
RDR-lB ___________ liimdix 
WP-108__________ _ __ Collins 

X 
X 

X 

X 
----· ·--~ ~~--•--· ·-·------ -~- -------· ---~. ···- ...... -..... ____ .....,.,,_ .... , .... ---~ 

where the field is expected to be 10 mW /cm2, 
assuming a far-field gain for the specific an
tenna. The gain of an antenna is always a 
far-field gain unless othe.rwise stated (i.e., the 
gain of an antenna is always that gain which 
is effective at a distance where the power den
sity decreases as inverse square distance). 

The tvi10 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 
A VQ-10. Figures 6 and 7 show these aircraft 
parked in the flight operations area of the FAA 

FiIDJre 5. . Typical ~irbotne rada~ dish 
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Table 3. Specifications for RCA .AVQ-10 aircraft radar 

Antenna diameter,________________________________ 22 Inches 
Transmitting frequency __________ -.------------~-·-· 6400±20 MHz 

~~e1:ml:::::::::::::::::::::::::::::::::::::::: i·!: cm 
Pulse rept,tltlon frequt\nt.y __ ••..• _. _. _. _. _. __ ••••• _. 400 Hz 

• Duty lactor.-·-···················-··· .............. 0.0008 
1/duty lador •.•.......•... _., .........•...•.•••.. 1250 

£taS::t~~~~~~,:~=========================== ii rr Maximum.average effective radiated power ___ ·--·---- 120 kW 

t=~ ~•h:if~:::::::::::::::::::::::::::::::: ~~2°up-16°do_wn 
Antenna rotation speed----·---·--···---------·---· .16 r/min · 
3 dB beam wi!ith: · · Horizontal Vertical 

Pencil beam---·-·-··---·--·····-············--··- 4.6° 4.5° 
CSC2 beam.·--······"·····-·--'--···--··-·····- 4.6° (•) 

Polarization: 
Pencil beam_._·-._. ____ ._ ••• ____ --·-·.......... Horizontal 
CSC• beam~_ ••• ·•· •• , •• _·- __ ••••• __ -·-· •• _ ••• -·.. (•) 

Calculated data: 
2 D•J>. __ . ·-- ---------------·-----------------· . llm (36feet) 
Distance.to beginning of far field (D 2/2.83>.) ________ 2,0 m (6.6 feet)· 
Maximum peak power density in.near field~--·---·-· ·120 W/cm• . 
Maximum average power density in near field _______ 100 mW/cm'. 
Distance to 10 mW/cm' assuming far field gain _____ 10 m (33 feet) 

• Information not available. 

Table 4. Specifications for Bendix RDR-IB alrcraftradar 

· Antenna dlametP.L •• ,----·--·-------·-~---·------· ·221nches 
Transmitting frequency ___ • __ • _____ ••••••.•.• __ •••• 9876 ±SO MHz 

~~:
1:.rJ::::::::::::::::::::::::::::::::::::::: uo~~arch; 2.26 i,.s beacon 

Pulse repetition frequency ____ ···---·--·····•--···-- 400 Hz 
Duty factorc ___ .,_._,. _______ c_. ___ •• ___ •••••• --·-· 0.0006; 0.0009 
1/duty factor--·-- _________ -··-···--· ____ ••• c ___ •• 1667; 1111 
Peak power outpuL.--~-·----·-···--------:. .• , ____ 40 kW.· 

!::~: :~e~-".~~~~~::::::::::::::::::::::::::::: ~tlJJ6 w 
.. Maximum llVerage_effective radiated power-____ : •• _c_, ·24 kW; 36 kW 

!~~:: ~iltji~~~::::::::::~::::::::::::::::::::: ~ifup-,-15° down 
Antenna rotation speed ••• c--··----------·--·---·-· 15 ± 3 r/min . . 
S dB beam width: · Horizontal Vertical 

Pencil b~a,,.; __ •••• ___ ·• __ ., _ •••. _. ___ -- - •••• _ ••• , 
csc2 beam_. _____ . __ ~ __ ._. ____ ; ...... _____ , __ ~-

Polarization: . 
Pencil beam .• _ ••• _ •• _. ___ • ______ ._. ________ •. __ 
CSC• beam __ ·- ••• -·---- ____ . ______ ---------·---

Calculated data: 
2 D 2/>----'--"•- _________ - ----- ·- -- _ -- -- _ -··- ___ _ 
Dist'!-nce to beginning of fa~ liefd (D 2/2.83>-),---·--.-
Maximum peak power density m near field ______ ,-~ 
Maximum-average power density in near field_._---,-

. . 

Distance to 10 mW/cni' aBSuming far.lield_gain ____ _ 

• Information· not available. 

s.8° s.s• 
s.s• <•> 

Horizontal 
Vertical 

20 m (66 feet) 
3.5 m (11 feet) 
65 W/cm2 . , 

39mW/cm1 (at24kWERP);.59 mW/ 
. · cm.2 (at 36 kW ERP)· · 
4.4 m (14 feet) (at. 24 kW ERP); 5.4 m 

(18 feet) (at 36 kW ERP) . 

center. Careful examination of figure 7 reveals . 
the nearby control towers and weather radar 

tropic radiation monitor. This monitor con
sisted of a Model 8321 isotropic probe (:rated 
for a maximum time average power density of 
20 mW /cin2 for pulsed fields), and a Model 
8310 probe readout meter. Salient character
istics of this device are given in table. G. This 
particular device, Serial Number 02006, was 
certified as being calibrated 18 June 19~3, or 
approximately 2;5 months prior to the field 
trip. 

at Will Rogers Airport . · · 

Survey equipment 

All measurements of r~diation levels covered 
by this report were made with a Narda Micro
wave Corporation Model 8300 broadband iso-
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Table 5. Specifications for Collins WP-103 aircraft radar 

Antenna diameter ________________________________ _ 

Transmitting frequency _____________________ •••• _ •• 

;:,~;:1:.ri~::::::::::::::::::::::::::::::::::::::: 
Pulse repetiUon frequency ___ .. __ . ____ . ____________ _ 
Duty. factor _______________________ . ______________ _ 

1/Dut.y factor------ ______________ . ________ . ______ _ 
Penk power output __ . _______________ . ____________ _ 
Average power output. ___________________________ _ 
Antenna gain, _____ . ___________ , ____ . __ ._.---- ____ _ 

Maximum average effective radiated power __________ _ 

!~:~~: ~u~'ii~e~::: :: : :: : :: :::: :::: ::::::::::::: 
Antenna rotation speed ___________________________ _ 

3 dB beam width: 

Pencil. beam. _______ • __________ - __ - - _ -- - - - - - - __ -
CSC• beam __ . ________ . ________________________ _ 

Polarization: Pencil beam. __ . _______________________________ _ 

CSC• beam _______________________________ -- --- -

Calculated data: · 
2 D'f>.--- _____________________________________ _ 

Distance to beginning of far field (D1/2.83>.) _______ _ 
Maximum peak power density in near field_-·- _____ _ 
Ma.~imum average power density in near field ______ _ 

· Distance to 10 mW /cm' assuming. far field Gain ____ _ 

• Information not available. 

12 inches 
9875±40 MHz 
S.20 cm 
2.3 ,.s nominal 
400 Hz 
0.0008-0.001 
1000 (aaauming 0.001 DF) 
20kW · 
20 W (assuming 0.001 DF) 
26 dB 
8kW 
120" sector 
12° up -12° down 
15 r/m!n 
Horizontal Vertical 

[:~ 
Horizontal 

(•) 

. 5.8 m (19 feet) 
1.0 m (S.4 feet) 
110 W/cm• 
110 mW/cm• 
2.5 m (8.3 feet) 

Figul.'e 6. Sabre Liner 
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Wea'tf{~i-- Radar 
Control Tower 

Table 6. Cbaracteristks or~ Na.,da Microwave Corporation Modei 8300 
broad band isoti:opic radiation monitor 

Frequency range 0.3 to 18 GHz 

Power reading ranges FuiI scale (two ranges) 2 mW/cin' and 
20mW/cm2 

Accuracy of isotropic probe calibration ±0.5 dB 

Isotropic probe iime constant 20ms 

Frequency sensitivity 
ftom l·to 12 GHz ±0.5 dB 
from 0.85 to,16 GHz +0.5; -.1 dB 
from 0.30 to 18 GHz +0.5, -3 dB 

Isotropic response ±0.5 dB maximum deviation from 
energy incident in any direction-except 
from and through handle . . · 

Response time, including time for meter indicator to 1.2 s 
to reach. 90% of final steady state reading when 
subjected to a stepped_ input signal 

Accuracy of_ instrumentation ±3% of full scale 

Probe overload rating 
Continuoµs wave (cw) 

. Peak (pulsed emissions) 
100niW/cm2 

20 W/cm• 

I . 
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Figu~ ~. Roof radom¢ s~ey 

Procedures 

At the simulation lab; each of the two radars 
was individually set up· so that the radar dish·.· 
could be elevated to the roof-mounted radoine · 
where field measurements were obtained by 
standing on the flat portion .• of the roof in the 
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vicinity of the raciome. In this manner, a rela
tively free field · situation prevailed, tending to 
minimize reflection pr9blems. All data were 
collected· with the radar dishes stopped in azi
muthal rotation; this was necessary (a). to 
ensure .that all readingswete being taken in the 
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main radiation lobe of the transmitting dish, 

and (b) to obtain true readings of maximum 

levels because the time responee 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 radonie 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 the burn-out Hmit for the survey in
strumentation (20 W /cm2

). 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 adj a .. 
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 lei bes and a back lobe· for the 
antenna. Figure 9 shows a measurement being 
made inside the radome bu.t to the rear of the 
transmitting dish. In all cases, inadvertent 
exposure to individuals, .other than the authors, 
was prevented by keeping other personnel off 
the roof. 

A similar approach was . used with those 
radars actually in an airplane. The planes were 
parked in cipen 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,. :reflections from other 
nearby aircraft . could cause radar receiver 
crystal damage. Accordingly, when weather 

Figure 9. Measurement inside radoin~ 
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. Figure 10 . . Convair with ~ose cone lifted 

permitted, the selected airplane was moved to 
the outside location and the antenna fixed in 
position, pointing straight ah~ad of the. plane. 
With the Convair 600 (figure 10) the nose cone 
was lifted on its hirtge and measurements made 
as a function of distance, approaching the nose 
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from a distance. Figure 11 is another picture 
of the survey of the Convair. Because of the 
height 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 
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Figure 11. Surv~y of Co~~air , 

Fig-.re 12. S~rvey of Conv~i~ cockpit. 

April 1974 
173 

' ·1 
',;· . ~ 

-l 



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 d_irectly 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 A VQ-10. 

Finally, a measurement was made· of the 

attenuation properties of the nose cone itself, 

since 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 horizontal, and thus fewer 

ground reflection problems were observed. Also, 

due to the inconvenience of the operation, the 

nose cone itself was riot 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 rotation. Fig

ure 13 shows surveying around.the Sabre Liner. 

Results 

The field intensity data resulting from our 

measuremen~. are plotted in figures 14, 15, arid 

16. Survey data for the simulation lab measure- , 

ments on a Bendix RDR-lB and the RCA AVQ- 1 

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, a& calculated by reference (2) and · 

indicated under calculated data in tables 3, 4, · 

and 5. 
· At various distances, more than one power 1 

density value was obtained. Such occurrences, 

could be due to (a) practical difficulties en-1 

countered in relocating the same exact measure-, 

ment position with respect .to the main beam,1 

and (b) apparent power fluctuations in the RF'. 

output from the radar transmitter. This was: 

Figure 13. Survey around Sabre Liner. 
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Figure 15. Measurements of RCA AVQ-10 in Convair 600 

most evident in measurements on the RDR-lB. 
and the Convair installation of the AVQ-10. In· 
particular, stationary monitoring at a given 
distance would, from time to time, produce a 
variation in the power density reading, indi
cating some transmitter instability. However, 
notice that the area of data scatter in the 
RDR-lB measurements falls within the near 

field range and consequently is possibly an indi
cation of the very. erratic nature of this par
ticular region of the exposure field, causing 
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. 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/cm2 and 1 mW/cm2 
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Figure 16. Measurements of Collins WP;..103 in Sa.bJ"e Liner 

Table 7. Sum111.ary of exposures Crom radars 

Radar configuration 

1IDR-1B (llimulation lab) _________ _ 
AVQ-10 (simulation bib) ___________ _ 
AVQ-10 (Convair) ________________ _ 

WP-103 (Sabre Liner)--~-----------

· Approximate distance (feet) 
to exposure of: 

lOmW/cm• lmW/cm• 

34 
47 
50+ 
27 

for each of the respective radar configurations. 
From the data, it appears that exposures in the 
neighborhood of 10 mW /cm2 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 
(ground reflections included, radome losses, 
etc.). . 

Measurement of the Coilvair 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 /cm2 level for either the RDR-lB or the 
A VQ'..10. When app:r:oachint the transmit1ing 
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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 atthe 0.2 mW/cm2 level 
was present (0.2 mW /cm2 is the minimum de._ 
tection capability of the Narda instrument). 
This was not surprising in the case of the Con
vair since a good shielding 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 reading was observed (some
thing slightly greater than 0.2 mW/cm2

), 

In similar measurements on the Sabre Liner, 
· rto detectal>le levels were found in the cockpit. 

.. . . 
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In this case, however, the radar dish is sector 
scanned and · limited to principaliy the front 
270° of view. · 

Conclusions 

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

a. Typical 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 densities of 10 
mW /cm2 can occur in the range of 8 to 18 feet 
from the antenna. 

e. Aircraft radomes can _exhibit attenuations 
of about 5.5 dB. 

f. No radiation levels in excess of 0.2 
niW /cm2 existed in the· aircraft cockpits. 

g. Normally, airborne· radar antennas are 
rotating devices with either sector scanned or 
full 360 degree rotation at approximately 15 
r/miri. 

h. In general, the radar beams on commer
cial aircraft are above 6 feet in height from the 
ground. 

i. 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 determine 
exposure· in these situations. 

k. U~e of far field antenna gain was not 
reliable . for predicting distances to the 10 

-_ mW icm2 exposure level. 

Recommendations 

Further investigation 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
teresting from the standpoint of an inadvertent 
exposure occurring when the airplane -is parked 
near areas with passenger waiting rooms. 
Under such circumstances and depending upon 
the exact plane-waiting room configuration, 
potential short-burst radiation levels could be 

. reasonably high. Assuming. an instantaneous 
time. average exposure of 5 mW/ cm 2, the peak 
power density could be about 5 W /cm 2. 

FIILD SJIIMGTH AHO ,own DIHSIY't IH ,111 SPACl 
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1,1()1.f,l~( '0WH VOl.fAGi ,OWU VOUAGI ,OWJI VOt.fAGI ,ow11 
RATIO IA110 a• 14ff0 l,llf() IATIO RATIO dt ~TIO IAIIO 

1.0000 1.0000 0.00 1,0000 1,0000 .5129 ,26,J() 5,8 1,950 3.802 
.9988 ·"'"' 0,01 1.0012 1.0023 .!5010 .25'10 5.9 l,'72 3.890 
,9977 .995' 0.02 1.0023 1.0046 .5012 .2512 6.0 1.995 3.931 
-~ .9931 o.m 1.oms 1.0069 .'955 .2455 6.1 2.011 4.074 
.9954 . 9908 0.04 1.0046 '-~ ... .2399 6.2 2.042 4.169 

.9943 .9886 .o.os 1.0058 1.0116 .'842 .2344 6.3 2,065 4,266 

.9931 ,9863 0.06 1.0069 1,0139 .41811 .2291 6.4 2.019 4.365 ' 

.9920 ;9140 0.07 1.0081 · 1.0162 ,4732 .2239 i6.5 2. 113 4,467 

.9908 .981_7 o:oe 1,0093 1,0186 ,4617 .21118 6,6 2,138 4,571 
,9197 ,9795 0.0, 1.0104 1,0ZO, .462' ,2138 6,7 2,163 4,677 

.9886 .9m 0.1 1,012 1,023 .'571 .2CI09 6.1 2,118 4.786 
,91n .9S50 0:2 1.023 1,047 .'519 .2042 6,9 2.213 4.198 
.9661 .9333 0.3 1,113.S ,.on .4467 .1995 7,0 2.239 5,012 
.9S50 .9120 0.4 1,047 1,096 ,.U16 .19!0 7.1 2.265 5,129 
.9441 .8913 0.5 1,059 1,122 .4365 .1905 7,2 2.291 5.248 

.9333 :1110 0.6 1.072 1.141 .'315 ,1862 7,:i 2.317 5.370 

.m& .asn. 0.1 I.GM 1.175 ,'2611 ,1120 7,4. 2.344 5,495 

.9120 .8318 0.1 1.096 1.202 ,4217 .17711 7,5 2,371 5.623 

.9016 .IUI 0.9 I.IOI> 1.230 .4i69 ,1738 7,6 2,399 5,754 

.8913 .790 1.0 1.122 1.259 .'121 .1691 7.7 2,427 5.-

.8910 ,7762 i_.1 1.135 1.2111 ,4074 .1660 7,8 2,455 6.~ 

.1710 •,75116 1,2 '·'" 1.311 •. 4027 ,1622 7,t 2;'83 ::~: .1610 .7413 1.3 1.161 1.3'9 .3981 ,1515 e.o 2.512 

.8511 .n.u 1,4 1.175 1.380 .3936. .1549 8,1 2.541 6,457 

·"" .101t 1.5 1,119 1.413 ,:ae,o .151' 1.2 2.570 6.6'11 

.13UI .6911 1,6 1.202 1.4'5 .38'6 ,l'79 1.3 2.600 6.761 
.. am .6761 1.7 1.216 l.'79 .3802 .I.US 8.4 2.630 6.911 
• 11.21 ,MC17 , .. 1,230 '·'" .3751 .1413 8.S 2,661 7,'119 
.IOlS ;6'SI 1.9 1,2'5 i.549' .3715 ;,. 8.6 2.692 7.2" 
;7KI .6310 2.0 1.259 .1;,u .3673 .1349 1.7 2,723 7.413 

.7152 .6166 2.1 1.274 1.622 .3631 ,1318 e.i 2,754 7.516 
,7762 . .o» .2.2· i.2118 1.660 .35119 .1218 .. , 2.7116 7.762 
.7674 -- 2.3 1.3113 1.691 .35al ,1259 9.0 2.111 7.943 
.7516 .5754 · 2., 1.311 1.7311 .• 3DJ .1230 9,1 2.851 1.121 
.71199 .'623 2.5 1.33' '·"' .3'67 .1202 ,.2 2,114 1.311 • 
.7413 .5495 2.6 1.3'9 1.820 ;3421 ,1175 9.3 2,917 1.511 
,7328 ,5370 2,7 1.365 1.1162 .33111 ,11'8 9,4 2.951 8,710 
.724' .n• 2.1 1,380 1,905 ,3350 .1122 9;5 2.995 8.913 
.7161. .$129 2,9 1.396 1.950 .3311 .1096 9,6 3.020 9,120 
.7079 ;5012 3.0 1,413 1.995 .3273 ,1072 9,7 3,055 9.333 

,6998. .'891 3.1 1,429 2.042 .3236 .1047 9.8 3,0,0 9.550 
.6918 -~ 3,2 1,445 2.089 ,3199 ,.1023 9,9 ··3.126 9.772 
.61139 .'677 3.3 1 ,'62 2.138 ,3162 ,ICIOO. 10,0 3,162 10.Clf)O 
.6761 ,4571 3.4 1,479 2.181 .2985 .Oll913 10.5 3.350 11.22 
.6613 .4467 3.S 1.496 2.239 .2118 ,'11943 11.0 3.548 12.59 

.6607 .-4365 3.6 1,514 2.291 ,2661 .07079 11.S 3,751 14.13 

.65.11 ,4266 3.7 1,531 2.344 .2512 .06310 12.0 3.9111 IS.IS 

.6'57 .416' 3.8 1·,549 2.399 .2371 .0'623 12.s 4.217 17,78' 

.6313 .4074 3.9 l,'67 2.455 .2239 .05012 13,0 4,467 19,95 

.6310 .3911 4.0 1,95 2.S12 .2113· .04467 13,5 4,732 22.39 

.6237 .3890 4.1 1.603 2.570 .1995 .o:1911 14.0 5,012 25. U 

.6166 .3802 4,2 1.622 2.630 ,1814 .03548 . 1'.S S.309 21 •. 18 

·'°" .371S 4.3 1,641 2,692 ,1771 .03.162 15,0 S,623 31.62 
.6026 .3631 4.4 1.660 2.754 .1515 .02512 16.0 6.310 39.81 
.!'1157 .3548 4.5 1.679 2.818 .1413 .01995 17,0 7 .'119 50.12 

.5118 .3467 . 4.6 .1.6" 2.884 .1259 .01515 18.0 7.943 63,10 

.921 .a. 4.7 1;719 2,951 ,1122 .01259 19.0 · 8.913 79.'3 

.5754 .3311 4.8 1,738 3.020 .1000 ,01000 20.0 10.000 100.00 

.56119 • 3236 4.9 i.751 3.0,0 .CKl162 ,00100 ·30,0 31.620 ·1,000,00 . 

.'623 .3162 s.o 1.771 3,162 .01 .00010 40.0 100.00 10,000.00 

.555' .3000 5.1 '·"' 3.236 .003162 ,00001 50.0 316.20 101 

,5495 • 3020 . 5.2 1.820 3,311 .001 10·• 60.0 1,000.00 . 101 

.5433 .29si 5.3 1.8'I' 3.3111 • 0003162 ,o·• 70,0 . 3,162,00 101 

.5370 ._.2118' $ •• 1.1162 ·3.'67 ;oooi 10·• 80.0' ·10,000.00 io• 
• 5309 .... s.s , ..... 3,,. .00003162 10·• ,o,o 31,620.00 10• 

,SNS .275' 5.6 1.905 :i.631 ,o .. 10•• J0D.0 1oi 10• 
;5189 .an S,7 1.,a 3.715 

. 

Figure 15. APPENDIX B. Voltage and power ratios to dB 
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