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"" 
SAVINGS 
BONDS 

1 18 JatiMry 1954 
:.,i 

SUbJ: ,Calculation of Maximwn IntercilJ)t Ranges of A ~eystal Video 
Int~reept R~ceiver Against Airborne Radars , 

·1'~ It 'fa afit.Jumed t,ha.t the tnte:rieei)t receiver 1:\1.ntenua eonsisto of 6 
hellcal..bearu elements equally apa.ced about a cyltnder or similar reflector • 
es shown in 'Figill.'f.! l. All six elements are assumed to feed video pre ... 
amplifiers 'Whose outputs are combined to provide e. signal relatively 
independent of azimuth an,;(le. 

Figure l. Interee:pt Antenna 
(Azimuth Plane) 

2. Ea.ch or··these elements is circularly polarized and is assumed to have 
a ha]l,.;power bee.mwidth of 45 degrees. From "Antennas" by J. D. Kraus • 
(page 21) this element has a. power. gain of about 14, i.e. 

Q : 14 (11.5 db) (1) 

'The effective gain for ~either vertieally or horizontally polarized 
signals is 

(8.5 db) (2) 

3. The effective reeeiwr sensitivity, for a discernible signal, is 
e.esumed to be 

(3) 

• Thie a.mount of power weuld be required to produce a detectible signal 
if only one antenna. and crystal detector were connected to the receiver 
input ter-mi:na.ls. 1:U,~e eix antenna elements and preo.mplifters a.re 
used, the noi,me power a:t the receiver input ia 6 times (7 .8 db) as 
much as would be present with one antenna element. Thus, the effeet:i.w · 
receiver sensitivity is . 1 ,, "7 ,., 'I' 
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c ... 3940 ... 18A/54 mra CJ ' 
4o e e e7!~ive ab· . . ea, Ae, of an 1u.rtenna ie related to itG 
power pin e.a foUr.:-ws t 

• .. 2 
Ge A ~-·-·--
4 .-r 

(5) 

i'or flir~ch of t,he helical bea~ antenna eJ.i?nTl!~nts then, from e,quaticms (2) 
and (5); • 

ca 2 
A8 • J.~ ., (6) 

.4,r 

\'!here A 1s·in square metera if A is in.meters. 
e 

5 ~ The incident power density required by the intercept system, using 
6 antennas elements is 

s .. Pr6 - lo9 .X 10-1 4Tf (7) .. - X r: l\ 7 >.2 ·e 

Sr - ~.4l. X 1()-7 vatts per S(lo meter 
• . 2 

).. 
6. The power density in tree spaee due to a. t'SdeiJ: transmitter is g:iYen 
by 

-s .. (6) 

where -• x-adar peak power in watts 

... 

.. radar ~ntenna potarar gain 

Equating (7) and (8) by setting S : 5 allc"\'re c,ne t.c solve for the 
maximum free-space intercept ran~: 

2 
D : 

4-TTS 
1· 

D 
4.28 X .lO~fl 

P.AN':JLE VL!I." 
. - . . .-- ,-v, V'll r:" ,..,,, ,~,'!>"~ ,-,. 

BY!::Mi\\\!.; !L':h l k:::. ' .. ..,~:...- • (F) 
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mete1·s (10) 

7. Equatic,n (10) was used to calculate the free apace ranges 11 D , given 
in Table 1. The ranges D1 , D2, and D3 were found from propa,gat18n curves 
and are determined by the value of D · for each example. It should be 
noted that the values of D1, D2, and B3 depend .:upon-the. ~ious"'ia...~s.11t.1P,_t;l,¥tJ.;, 

• • 'J • ~ k~\1 Jr· ~Dk:!~' t 'i:J, ·IL - .. - •_.@_• - ~y . . ~ - -' . ·. '~ I . 
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:'ila® itl choosing values of P and Ge as well as upon the radar . 
charaeter1st1cs,. Also, for ~ ease where the airborne radar is closing 
with ;respect to the intercept veoael, the signal 'Will fa.de in and. out 
far some time after first intercept because of the interference effect 
produced by tho direct and nfl.ected waves at the receiving antenna • 

.., 
TABLE i. • MAXIMUM INTERCEPT RANGES AGtuttST 

AIRBf>RD RADARS (Rece3.v1ng ,'\n.tenna Height = l2 

- MAXINi}&r"'RANwii;·NAUTICAL MILES 

De Dl D2 

feet) 

D3 
FREQ., POWER ANTENNA FREE SPACE AIRCRAFT AT AIRCRAFT AIRCRAFT 

RADAR Mc. m,r; Power.Gain RANGE 1000 Ft at ~-000 ft at l0,000 ft: 

APS..l\l} 9375 1009 ~qoo 
APS-33 " 70 1200 

APS--19 n li() 1200 

At?Scol5 " 1J.Q 200 

APSc.20 288o 1000 1000 
i 

!,OW ... 3000 40 100 
POWER 

Note: • E<ADAR HOR!f.mT;,:.DIS'fAMC.ES 

-1'0( r<'.C;'?~ 111. ··j·,,1 
~~~ 

~70 

78 

-a 
~-" 

24 

830 

53 

42 

4o 

39 

23 

:.!i-3 

36 
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