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When w Wl l mw/cm 
2 

= = 
;r 

and w WlO ·10 mw/cm 
2 

:: = 
~ .:~, ' . 

R = 
) 

1/2,' -. ,: .. ,.-,!. ,,,;, 
Gt;'Pt . 1------ -/-.• ~:1-~ •:-:_ -,-,• I 

"' 8 J!Wl ; ·-. ..... ,. :._,. 
,, :•, / ,·J ,,,, 

:,t'' 

(4) 
'-., .. 

•'-, .·, .. 
and 

,,, t t ;: 
= ·{; R = Rio 

(5) 
,/~/ G: p. )l/2 

·: . 
8~~ ro . .;/;/_ 

~ '' .. 
.''} 

respectively. R
1 

and ;f~ are th~' di~tanc/;•·in ~~~\1_'~ field where 

the power densities are l mw/ cm2 , and 10 m~/'cm~ respectively. 

Figure (3) is a nomograph de~ignedfrom e'quati6n)3 (3); (4), and 
J. 

• -•• °1l' ·~ • 

(5). 
i .:.·;,~,1. ,; ' "J:·-.:;-" i1<:8lf:f'}:{9': •, Ii,: >'~ 

Using the Figure's.(1), (2); 'and:(3). The steps in usinr ·-•5:::):; L ·?,,·::•·. 
(2}, and ( 3) are ·as_ follows:·, r:,•, ,.,.;·,'.} 'J. ·' ,. ,. · 

... :1tJ1:•r; i r;i- ~ . ,. . , ~. . . J.~ -. _,. i~ . 

,,-- r 1. • ., • i:·\t.;~f•~ ...• ~~! !;.., •• ;:.t,·: ::-.. ,}_\?:.: :.". },-)·. ~ ~•.~ --.J '., .. ,'. t ~-: ~!" "~r , 

1. 
Figures ( l), 

a. Determine Wmax from Figure·~:.( l) or (2) using-' 31\'.;:.~.,;/::~r<, .. :·,·, .. (. ,·. 
given data or data calculated: from given data. -~''.If W ~~x falls beto'J , ~- ,: ,. 

hazardous liniits no furthe,r ,analysis is re~r~1~:~:.;?:.. , ,, , "' '; / :_:,,-:· , -1,\ 
b. Determin~- R1 ~nd/ ~r ~1'0: ~~~~-':~ig:ur;e_)3) as.i ,''-',' t· :i ·'~_;, 

'·1:-•1 
follows: l'°''.J'.1:' 

,, ;5,/ ~:: . 
'J.' ·•• • I ; 

( l) . Using the operating· freque~cy and physical. 

area, detern1ine Gt. 

Examples: 
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.· 
' e·•. ·,•~i .-., ·•· . 

' l ~.ff.-~ ' 
, .• lJ': " ,., .l . , - . 
• • ,i •. 

d = 85 Feet (Par.abolic Dish Antenna) 

A = TT d2 
/ 4 

p 

A = 7T(85) z/4 
p 

A 
.z 

= 5, 680 ft. 
p 

,. 

Use Figure (2) to determine: 

3 mw/cm 2 ~w <4 mw/cm 2 
max 

If it is necessary to find the distance at which the 

power density is 1 mw/cm2 use Figure (3) to determine: 

G 
. 5 

= 3. 9 X 10 
t 

R· = . 12, 500 fe"et 
1 

'2 
The dis'tance at which the power density is 1 mw/ cm 

'{ 

is 12, 500 feet. It is worth noting that the above parameters; if used 

to determine R 10 without using-step l of the procedure, give: 

= 3, 900 feet. 

It must be pointed out that such a determination is in­

correct in that the far field function from which the nomograph was 

constructed is valid only to the distance \vhere W = W which 
. I 2 n1ax / 2 

was previously deterinined to be between 3 1nw cn1 and 4 1nw cm . 

Therefore, it is possible to find I\ and R10 only ii step ( l) of the 

procedure indicates W max> l row/ cm2 or W max> 10 mw/ cmz , 

respectively. 

b. Jet Propulsion Laboratory, Deep Space, 

Instrumentation Facility. 

p = 10 Kilowatts. 
t 

f = 960 Megacycles 
_,,...__:~. 

d 85 
,' .:.; <111~· _,,,. 

= Feet..(Pai-abolic 
··1, 

Dish Antenna) . ··•· 

·_"l ... 
• ' •• •t 

';r· 
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As. before: A = 
p 

,,, 
F;orri Figure (2): 

2 
5,680 ft. 

·z · ·, z 
·lmw/cm < Wmax <4 mw/cm. 

·. \·\ ' t 

From Figure (3): 
,, 
,. 

Gti= 5.37 x10
4 

'J'. 

= 5, 450 feet, 

c •. Given: -. . _,. ..~ 
_5 Kilowatts ~1 /fl. .. .. ,,,,.. 

f 1, 000 Megacycles. 

d = 20 Fee,t (Paraboli~· I)ish Antenna) 

A = p 

A = 
p 

' 2 

11"~ 
4 

TTx 400/4 

314 Ft. 
2 

From Figure ( l): 

W > 10 mw/cm 
max 

From Figure (3): 

3 4. 2 X 10 

Rl = . 940 Feet 

Rio= 298 Feet 
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• j ~ ~i ~ .. :~~f 
~~ / • • :f ' ._ 

. ··:.<~1 
' d . .. G;~~,;, ' . 't ,,if f' 

··, , .. f·.;_',' d- . ~ \• i ,..,~:_;ri"• ,~:_-1,., • -j,ir 

• 

' 

,O .~.-•-:.•:~,•,, ;1,, I, I ;I, ,. ~ • ' :t:t:.;;. ,; •~~-A! ~ .~ 
., , .. . . • :1-1' .. )};c•" -~ ~ "'nJ· .,··· ·,, ,.. :p ,·,,,;::" ·•2,·Kilo.watts '· · ·' •,-,,. ~~1-•1:'1,,,~· 

r~ -~· _t. ,':.;:..'. q),'.-,. ·,. • . "'{1 i}t4-~"l:~. ;r-.:;t'~A\~t~ 

/, \ .,\;:;:/ , 'r = lFJ~o. MegacYdeS i '. . '(:; ::ltf J{;t 
·, d·;:• ,h ~8

1

()' .F.eet (Parabolic Dish):,, · :-;)•:r;~ti,,y-+,~ 

.. i · 1.. .. ::. ;~;i~iifoj2 / 4 .• ,/ •:;:-:/:f ti~fi~t 
\t- t ~ •• ('.. : p ~~ ~' /> j~~'. . . ,. '• ··:"~~,~f~+:t -:~:tit· J~~fi 

,; . _ ' ';'. S,'," }.,;: \\o~ Feet2 · :Jf/flf ~\'.;~ 
·,•,, 1 ~•~"·:-:;;<:;};t\:,:{- ,:· ·, , · · •·:'•'•'-~, ',,;;f~,,,.•r•' 

ii:.~r • ';/-- ,,'Fre>rn'.iigure:(2): ,·_:·:.,.·~,.~_:~_..r.·:r_):.i_

1

; ___ ',·~.!.}t,•~.}_._:_~-:~t.-_·{:.·.· .. ,. 
r.•:,'<~--: , . .--.. ;.:~?· ;/,',it~:~~:;.·~t/~' ;- . ·2 .. ,, ·- ,. -• 

• .\',/,.,. ~:· 1 ~~-,w'j :-,.<,1 mw/cm !Ther~:i~ no'h~ia,'~fJotI's·~~,~?-
.. ''., ,,.•:.;,:'\ • , .,'1]1.3,X l - , '. . , , ,.,, '!,' ~-t> 

••·, ,' · ·i~_the_.vi~inity,Qt ttie_;aiitenna, therefore,,'.· no furt,he'r· aria.Iysis'.:f~;. ff 

\ie'~ ~,~ 5 ~ry/ f :}i~~.t:{\/':. -• . · 1 1 ~: /_~? T {}:/: · /~~;/j:l\lj~i]J:~~K~ 
i,, The,;a~alysis does not include the po's'sibili.t)'to'f,;,r.¢f\i!c:tfon:;~-, . 

. . itoin ground o'r''other_ objects in the field. ·;n'eo:r'ctt2a1ly, ;·tJi~ ',pcH~el 
: de

1

nsity may ·b'J.'.qua_drupled at ~ome poi~t where' 'rei;~forc:effient,_:::-.11;~ . 
occurs between direct and reflected radiation. ·,,1Such a :corlditiQ'h~· r ''<!, 

, , , , .,.1 l, t, ,t • • • 

. occurs for perfectly c~nducting reflectors and is seldor~ .~_ea;,!if'.~.d:_/•,"~;,,;;({ 
in practice .. One re~er_ence (Reference· 1 7} sho,.,,·s that Jh,,e j:>6wel".: ,:§,,;(',;l'j-t~i 

·~e~sity is mul~ipli~dby a ta~t_or less than _two',v?en 'i-efl'e~tt?estE:.•,i;~t:jt} 
exist. Assum.mg ,the,.poss1b1hty of reflection e-x1sts at_ some': ·'<'1: 1'.;; ,.t 1}-J. 
in~tallation, and 'the;,power density i.s inc_re'a.'~ed,by a f~ct~r _o"(<;'.t>/·~ ~~i}~ 
two, R 1 arid 9.0 aihlelermined· for any ·specific problen~ should•· _.,;t).;,;}y 

• ' • ~-,-,- • • ' ,,,, • ~- • II, t-, .,,.,.._,i, !t 
be inc r·ea sed by the:· factor v 2. : ~'' ·,,·, . .' • -,;{,:/ 

. , , J+. ~•-;:,' ·,, .. :',,... ,·r:;,..'.~: ,.:~., ,,>,;·_:_~--• __ ,~_;,:,k_•.,1;~1 .. 
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CONCLUSIONS 

It is concluded ·that: 

1. Aircraft transiting radio and radar beams of 
average power density 10 mw/ cm2 or less are safe, 
provided no electroexplosive devices are aboard. - .For 
guaranteed crystal protection, avionics items equipped 
with T-R (Transmit-Receive) tubes-must be kept in 
POWER ON condition. ' 

2. Aircraft carrying electroexplosive devices are 
safe in fields of average power derisity.l rnw/cm

2 
or less 

when proper wiring procedures 'an~ ipaximum shielding· 
efforts are used. ,. , •·~ o!' . ' •·t.. <~; 'J 

3. With regard to electroe_,2plo~ive. a;vices, progress 
by the military gives promise of. yielding less restrictive 
limits in the near future. ' · t -: • 

r: •. 
4. The variety of high power· instillations precludes 

setting a single distance limit, and charts included in this 
report provide a rapid and simple means of converting from 
power density to distance along the antenna beam axis. 

5. Power density calculatio~s 
1

in~icate that AT~ radars 
have maximum power densities less than 10 mw/ cm 

(Appendix II). 
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RECOMMENDATIONS 

It is reconunended that: 
.. :. 

1. Aircraft (.not carrying electroexplosive devices) 
be prohibited from transiting electromagnetic fields in 
excess of average power density l0°mw/cm

2
• For · 

guaranteed crysta.l"protection, avionics items equipped 
with T-R (T~ansmit~Rcceive).'tubes must be kept in 

POWER ON condition. . . 

,. . 

2. Aircr'aft carrying elect_roexplosive devices, which , 
are properly wired and shielded,· not be' permitted to transit 
radio and radar fields in excess of average power density: 

l mw/ cm 2 • 

3. Future progress of the- military services on electro­
explosive devices .. be monitored- by the Research Division by, 
attendance at, and lirnitea° participation in, meetings of the 
HERO (Hazards ofElectromagnetic Radiation to Ordnance) 
Program. with a vi'ew to ·establishi~g less restrictive limits -· 

as soon as possible. 

4. Future· studies in the area of radiation hazards .should 

investigate the possibility of hazard to transistorized (solid 
state) avionics items being introduced into ai re raft. 

5. Experimental data be provided on the avionics items 
containing crystal rectifiers, using operational configurations. 
Tests should be made with T-R {Transmit-Receive) tubes in 
Guth active and quiescent !::talcs with frequencies compatible 

with tube bandwidth characteristics. 

6. Experimental verification be made of the power density 

values. calculated for the A TC radars in Appendix 11. 
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APPENDIX l .::•i~'·\}(!_j[; 
'P;OSSJ,BLE RADIATION HAZARDS j~;ttt~1:{ i' 

WHEN BLASTING NEAR AIRPORTS\·:··; y> t~!. 
; ··."~/;: .>-~~:t. 

~ ' ( 
·• ~ .~ t ,.1.~\1-!1,.\ 

A p:i;oblem related to"aircraft and electroexplosiv~ de~'i~ .. , 
.-t 

1 '_·· .. .:~ ,,, _.;7~r 
is given;as follows: ,, i, · ,,.Ti;;, ···•·1. ~, •• ,. 

--, ~ •·~ ' : " '..': ;, /0~,;iilf:~~\ .. 
Blasting ope rations. are taking place near a runway and 'ari';/1~'.·'>f~\:tt 

aircraft with transmitter.s-operating passes overhead causiflg:,i;'-<1iJ:~:f 
' .. •Jt•\ . ~ . ':f~\-J, 

an electromagnetic field.to wh~ch the EEO on the ground,'is '.,·'• ,l':£),~\t; 

_exposed •. Determine ~he, possibility of accidental ignition ·9£
1
///:'.t:?~ 

the EED under such ·qrcumstances. : · .: i. r-,· i\'''t;k :; 

., .i , . ' ;.·:\' • .• 'i: t:·:.:-.;~;\7!:;;:: •··~ ~ 

The body of this :,;epo':i;t suggests 1 mw/ cm2 av<=::rage pow.er,::;':'.:~ ::;J{.,;;::,,. 'i 

deris~ty t~ which'~.ircra:{f with EEDs may be safety e~posed,/:'•.: ·.'.::~;\_,:fti;tl~) 
provided precautions as per Reference 11 are taken. ; The• ,,. ~-" ,1· _ .:J y.,,v. '. 

, situation in the problem· being considered here indicates· that .' , <..'.• '. · }~r· '.,J}< 
' • • • • • • • • • •I • ,. ,, '•!• •, .J'j 

precautions may not be taken,. and the possibility exists that',. ,'. . I. ~:,.._.;
1
,. 

lack of knowledge ·or th_e .. radio frequency energy hazard n1ay .· , ~ ,. :f '-'ti~,-
. / l, ·' ·' .{/• 

lead tc setting up th~ bl~sting cap_ in a configuration whi_ch , ., ~:;_ :): tV,f_:(;; 

would be very effective in extracting energy from _a radio ,;:• , -·. · •· ,::-,,' '. 

field. 
;: ,, 
t ,, 

In calculating an estimate 

accidental ignition, conditions 

likely are assumed: 

of power density required Co,~-' 

which make ignition more 

1. The EED is sensitive - current for firing is 

• 25 amperes and bridge wire resistance is . 5 ohms. 

Z. The blasting cap is attached to wires with a 

configuration of a half-wavelength dipole. 

3. 
polarization. 

The wires are oriented to match the field 

Now:,· w -- p' ' A (For any receiving antenna) 

where: W is the field power density 

1-l 

l ··,\ 

,, • ·: • .·-ri' ·, 

,i ,:.J, 

'i~ -, 
," 1 ~ 

,r; fr I 

,··i:'' f 

' ,,)._.· .l' 
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•- , ~·,: p,- I< ~•· 
r ·,1 

p is the power received 

A is the effective area of the antenna for absorption. 

Now: .P. 

The power 
be determined from: 

A w 
u 

p 
u 

p =-A W 
m m 

p = p 
u m 

where~ 

I" 



·1', 

I 

'1 
I 

' .'; 

·, 

In general; 

A = a2 R ok 

(21Tf i. l/2TffC)
2 

where: 

Rr is. the antenna resistance 

R 0 is the load resistance 

+ (R + 
,0 

L 

k is the chatacteristic impedance of the'
1
medium: 

L is the ant~ruia inductance 

'c is the a·ntenna capacitance 
. \ 

£ is the frequency 

•· -
/· · : ~f 'is the ante"n~.;: length 

'· ,~\, <. t 

.. : " 
-~1. 

';1 

J .. • • . , .. _ ... 

For a resonant ~ritenna,• the 
• . ·~ . ··, ~ .r? ' 

reactive part of the:;~quation. ::,. 

vanishes.and :;,11., .• 
. .,,·~ i..\ r 

t, ·• 

••n., 

'< 

A u = 

= 

.,, 

: . .p-
., 

'-"'' 4. 

Ro 
2 

d k (Ro + R )2 
r 

2. Rr 
d 

,I 

:, 

k (Rr 

Ro 

(Ro + Rr )2 

Rr 

(R + R )2 
r r 

2 
. R 0 (2R r> 

+ Rr )2 

R 
r 

{R + 
.o 

R. )2 

.. 
;"1.:,3 

r 

. i' ,' '/ l 

,{ 
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4 R R 
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(R +. R )2 · 
o r 

Now: ·.p = p 
u. m 

The'refore: · ~- p, 
\f 

and w -

C· ... 

(R + 
,0 

·: 4, R
0 

_ R,r 

('(R ·+ R 
0 

,',l" 

Since ~ £ : C 

' 
where £ = OP,erating.frequency 

c·· 

then ·w = 

. . ·, 
>..,. '.' 

:vel~'city of light), 
' ' ',i . ~ . t' ,,· '. ". 

21f(R · + 
0 

'; ·2.: 2 
R ) . f 

r 

3 R 'R c 
o r 
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For the specific problem given: 

p, 
u 

Therefore: 

= 

72 ohms 

0. 5 ohms 

:H. 25 milliwa.tts 

p 
u 

w 

2. 
21T(0. 5 + 72.) 

2 
(31. 25) f 

= 
3 (0. 5) (72.) 

10' ~ 17 f 
2 ., 

w = 1.05 X ;:!ii ~ 
••_· ·cm2 
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The power density required for ignition is 
the square of the frequen~y. 

. ·,~~J,.,~ ,~:~: :: ~fii 

l. 

r f ~ , e, ~ 
•· "· l•· 

;)ff)?~ 
. ·~_f'" i~ 

'\ ?:5 :,,;~ ~ 
·::;it,i~\;: 

,. ·,,.'i ,:,·:.}f ;~-~; 

proportional,i\t'. 
~ • 11 . J;r1'f~ 

- .• ~•Ji ~ J,t~:'k1 
; • ' . j~ :..~·· ·:.~ 'i' ~~f't~t· 

The lowest frequenc'ies present the most'dangero\l'S dori.d' 
tions. As a .practic'al r:n,a~ti3r, however, the wires "attafhed (· 
the EED in a dipole con.figuration probabiy·;,..duld ,be l;~i~~a/_ 

. length; Ass.ume a 1S ~q.ot~. dipole is attached to the EE~. :l?~~\ih: 
:, 1 • \._ • • L .. t:~:: -" ' 

. :~ · r ~- · " •t• 

~'--~~-}; ~ -;., 

,t::f:·-t· .. . \" ~' 

f = C . . X-' 
)\ ti = is'feet 

. ,. -~ ... 
For .. 33 me: ·;_,' 

= L 05.x 

.:,·h , . ·. . 
10°'.'J'.7: ~ 11 X 10 r4 _m_W __ ·" 

'cm 2 /#"~. ·: 

V 

w ( require<l: for ignition) 
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r 

= • 0015 

= ( 
,4 

= 3. 28 

,. 

•-

= • 115 

PG 

(0. 115) w 
-;-r. 

( 2 X 2000 1/2 

4 X. 115 

r = 172feet 

j','ll,. 

) 1/2 
meters 

feet 

The aircraft transmitting 2 kilowatts at 33 me. must be 

within 172 feet to produce a power density required for ac- · 

cidental ignition of a sensitive_ EED attached to a 15 foot half-
1

-

wa veleng th dipole. 

A somewhat more realistic· case is the consideration of 

very high frequencies (since EED. wires can more easily be 

placed in sensitive. configur~_tions). · At 300 me: 

' 
)\, = C 

f 

= 

For 300 me. 

= 
3 X }010 

8 
3 X 10' 

cm 

50 cm (20 inches) 

cm 

\V = 1.05 X 10- 17 x9 X }016 ~ 

cm2 

w = • 95 row 

cm2 

About l row/ cm2 is requir~d for accidental ignition at 

300 me. Aircraft may carry VHF transmitters capable of 

.producing 200 watts: 
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6 Below the H-F range transmitter powers,decrcase _and the 

antenna -efficiencies dec:-:-ease :radically., 
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Pulse Width 
= 2. microseconds 

l 
I 

'· 

Reflector Dimensions 
= 40 x 11 square feet 

Required: 

(average), and A • p 

a. Ga = 34. 2 decibels 

34. 2. = 10 log Ga 

Ga 2.630 
., 

b. = Gt 
4'V Apf2. 

cZ t, 
· ·. . 2. 2. 2 18 

xllx(Z.54) x(l2.) x(l.3) xlO. 

c. 

d. 

e. 

4 7T X 40 
Gt 

G ·= 9640 
t 

k = Ga/ G ' t 

k = 2630/9640 

k = .273 

0 (average) = • t 

= 

.. , 
' '' 

9 X 1020 

Pl {peak) x Pulse 
x P1:..lse Width 

Recurrence Freq. 

3 
392.0 X 10 X 360 X 2. X lO-ox 10 3 · 

milliwatts 

6 
= 2.. 82. X 10 milliwatts 

·• 
A = 40 X 11 

p 

. y,fi·' 

'•· ··•'t, 
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·:·.' 2. .,, 2. 
X (2.. 54), . X (12.) 
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Using the informati,on from calculations (3) 

through (5) .,, 

,, 

,'., ,, 

In the near field 

w max 
:; k 

In the far field 

w :; 

G p 
a t 

' At R
0 

the far field function is a maximum and is equal 
to the near field function. Therefore,· 
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Figure (5). The power 'density 
1

as '~\~~f~iif~o~·i•~;s~~•~:~ i~'?:~ .. t{'.'i\'.~;<:;\· 
/ 1-' • ~·fi•·,• ·,',..; .. 

rectangular aperture • . l~ R01 the·pow~rfdt;;n~~~)_'}unction -is p,urely,41;,~i 
os'dnatory, From Rt 1· tQ R_o2 the functio~:~-~; a 'C?m~i,n,atfo;n ·.of an ti' 
osc~latory anda l/R. funchonp '.from R0i ~he foncho~ follows _the 
1/R law,· . 

t· .\f r',i.•·· ~ .... .,..,.. : . "'· l-':i,1-' 
:t\ fo ,,>; /ii)~t{": ':jt <:' 
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Since for a circular aperture 

R 
0 8 C 

where d· is the antenna diameter, 

R. 
. ol 

and 

= 
',8 C 

= 

2 
'frdz f 

8 C 

··.where d · . 'and d 2· are the 
. l , 

1 ,. ~. 

+• 

linear antenna dimensio~s respectively. 

smallest and largest 

1:'or the ARSR~,lA_ 

' t ~ ~ 

-1;(.'' 

= 

11'x 11 x'll x i.3 x 10
9 x2~·54 x 12. 

8x3xlolO 
. ' ' 

63 feet 

The maximum power density anywhere in.the .-field of 

the ARSR- lA radar is 7. 58 mw/ cm 2 and this value exists at 

points between the antenna and 63 feet from. the antenna along 

the line of maximum gain. r ·,. •. 

Now: 

2 
11" dz f 

R .. = 
o2 8 C 

1T X 40 X 40 t 11 X 11 X l, 3 X 10 9 

R o2 
.- ' 

8 X 
",3 X }Ql0 

12 X 2. 54 
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. \ . .Ga, ·.Pt '. 
·w.::-~r .. t=··· . ·. - . , · 

-i'Jl'R22' o· 

w = 

that is R2 = Rl w' /W 
1 ol •· Ro2 

where w = 1 mw/cm.2 

Rl = Roz (WR 
) 1/2. 

o2 

,. Tabl~ I.gives Wmax'. R
01

,·:R
02

, WRoZ (power density at R 0 z) 
a~1d R{ for a: number ()f ATC radars ... ;-F.oi: the ARSR-lA the maximum 
power density is 1.·5:3 :mw/ cm2 ·:from'th:'e· antenna to 63 feet.;. From 6'3 
to 892 feet the maximum power density :vc,iriis.fto~ 7. 58 to 
. 8 mw/ cm2• For all the· antennas., the ·region between the feed 
horn and the reflector is a hazardousOne since power densities 

g1·cate•r than 10 mw/ cm2 will exist the:re •. 
• ~. 1 
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t, 
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ASR-4 'I 
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FPS-: 37 ' 

FPS-64· 

FPS-66 
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· . . ·t 
2. 58 

. 6. 56 
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6. 58 

· 6. 58 
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Rcs~arch Di.vision, Systems Research and Devt!lopment 

S-.arviCc, Federal Av1ation Agency, Atlantic City, N. J. 

l\UCROW A VE RADIATION HAZARD TO AIRCRAFT 

TR.-\l'-SIT;NG RADIO AND RADAR BEAMS, by John J. Kulik, 

· Fin.1.l Report. Dec. 1961, 23 pp., lncl. 3 illus., plun 

l append,xeo ( H pp.) 
·. iProjcct No. I I0-30ZR, Report No. RO-64· l) 

_ Unclassified Report 

~~=ir: 
~~~, -}~ :..i ..._,f~_,.-.i· '." ~~- h.-:ii~·r·d to aircraft transiting high Power. density radio and 

-~.idai- beams exists unless appropriate safety measures are 

p-~acticed. Susceptibilities of humans, aircraft fuel vapore, 

avionics, and electroexplosi\'e devices to microwave radia• 

,;._¥ .• 

·. tion-indicate limits of power densities o( electromagnetic 

tadiation ~o whkh aircraft may be safely exposed. F'rom a 

· study of the literature and analyae& conducted herein. it is 

lconduded that aircra£t not ca.rrying electroexplosivt:: de.; 

vices ma.y be saiely t:xposed to a,·er?-ge power di,nsities of 

10 milliwatts per square centimeter ( 10 mw/ cm ) or le1.i. 

.-\ire rah carrying electroexplosive devices may be safely 

(over) 

~.' .- cxpose:d, under ·some_condl\ions, to powei- denaities oC · • 

-- i;~~t)~;:/,;,.~:_i:: .. ::, . ~:o~::,:;\ :h~~~h~~i:~;~~ec:~a~~::e:h::;:~ ::ed ::t:~:~u~::m 
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(Project No. l 10•30lR, Report No. RD-64-1) 

Unda:uified Report 

A hazard to aircraCt transiting high power density radio and 

r;idar b·cams exists unleSs appropriate safety measures az:e 

practiced, Susct>ptibilities. of humans. aircraft fuel vapore, 

.l\'&onic1, and dectroc,cpl»~1ve devicoes to microwave radia• 

tion indicate l,miu of power densities of t-lectroma.gnetlc 

radiation tQ which•aircrah may be ~afely cxp9sed. From a 

study o( the· literature and analyses conducted herein. it is 

concluded that oi.rcra£t not carq•ing electro~xploei.ve d~---. 

vie~& may b~ saiely ·exposed to average power dinsi.ties of 

10· ,r.illi.watta per square centimeter (lO mw/cm ) or les• . 

Airf'raft carrying elcctroexploeive devices may be &a!ely 

(over) 

·< .... .,.. cxpOse:d, under some -:onditions. to power densities of 

l rr\_'f'-~/cmZ ·~ ·Thia report conta.jns c):larts, and procedl.lre& 

for using lhem. whi.~h give CUstance• along the antenna beam 

a~s at "'hich the aforementioned limill are reached. hi • 

re Commended that ~xperimenta be unde rtakCn to verily 

analyses in thu report and that progrea • of the military · 

serviCea on electroexploaive deviceiJ bd monitored to a.a•\lre 

the eqrliest p(uaibl~ irn,pletnentation of less restrictive 

limite. · 
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