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Subj: (Calculation of Maximum Intercdpt Ranges of A @rystal Video
Intarcept Reeelver Agalast Airborne Radars

3

1% It 'is geéfumed that the intercept receiver antenna eonsists of 6
helical~bean eleuments equally spaced about a cylinder or similar reflector
as showvn in-FPigure 1. All six elemonts are assumed to feed vidaso pre-
amplifiers vhose cutputs are corbined to provide a sigoal relatively
independent of azimuth angle.

™~

Flgure 1. Iatercept Antenna
(Azimuth Plane)

2. Each of these elemente is circularly polarized and is assumed to Have
& half-pover beamwidth of 45 degrees. From "Antennas" by J. D. Kraus
(page 21) this elewent has a pover gain of about 1k, i.e.

G = 1% (11.5 db) (1)
‘The effective gain for ¢either vertiecally or horizontally polarized
signals ic

G, = T (8.5 av) (2)

3. The effective receiver sensitivity, for a discernible signsl, is
assuned to be

P, =—k5 dbn (3)
|\ - This amount of power would be required to produce a detectible signal
h if only cne antenna and crystal detector were connected to the receiver
\  input terminals. Bince six entenna elerments and preamplifiers are
. used, the noige power at the receiver imput is 6 times (7.0 db) as
 omeh as would be present with one antenns element. Thus, the effective
: | receiver sengitivity is
!
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e effective ab ey Mgy of an antenna is related to its

pmrer gain as follews:

L | (5)
&I
For each of the helical beam sntenns elements then, from emuations (2)
and (5), '
. 2
Ae b -..-? A b ’ (6)
4T '

vhere Ae is 'in square meters if )\ iz in weters,

5. The incident power density requireci by the intercept system, using
6 antennas elements is

s, T ¥t T 1.9x107 o owm o (7)
' ™ T )\2
S, - 3.41 x 16'7 watlts per sq.‘m'eter

‘Ad

6. The power density in free space due to a rader transmitter is given

by
8 - » - vatts per sq. meter (8)
L4TD '
vhere P, = radar peak pover in watts
G, 2 radar antenna power gain
D = Adistence from radar in weters

Equating (7) and (8) by setting &_ =~ 5 allcws one tc svlve for the
maximn freee-space intercept ran
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' CONTROL SYSTim3S JOINTLY
T HANDLE via BYEMAN
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b L2 T wmeters (10)
‘l/ 428 x 1070

T. Eguaticn (10) was used to calculate the free space ranges, D , given
in Table 1. The ranges Dl’ D,y aud D3 vere found from propagation curves
and are determined by the val ue of D for each example. It ghould be
noted that the values of Dl 2, and 8 depend 1pon_the vaniou&&swmptigns
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made in choaa:lng values of P, and Gg as well as upon the rader
characteristiecs. Also, for ’f:h.. case vhere the airborne radar 1is cloaing
with respect to the intercept vessel, the signal will fade in and out
for some time after first intercept because of the interference effect
produced by the direct and reflected waves at the receiving antenna.

TABLE 1 - MAXIMUM INTERCEPT RANGES AGAIHST ’
AIRBORME RADARS (Receiving Antenna Height = 12 feet)

FAXTMUM RANGE, NAUTICAL MILES

Dy Dy Do D3
FREQ. POWER ANTENWA FREE SPACE  AIRCRAFT AT AIRCRAFT  AIRCRAFT
RADAR  Me. K, Power Gafn RANOE 1000 Ft  at 5000 £t at 10,000 £t
APShb 9375 7 :woo 1000 ] ‘270 ” . K -'89 123 |
APS-33 " 76 12060 8 o B AN
APS-19  ® 4o 1260 50 B 58 56
APSe15 " 50 200 2k 23 23 2l
APS-20 2880 = 1000 1600 830 43 . %0 124
| L 3é90 b0 100 53 % s 53
Note: ~RADAR HORIRON-DISFANCES > 43 % 127
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