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Calculation of Maxioum Intercépt Ranges of A Crystal Video
- Intercept Recelver Against Airborne Radars

"1, It i astumed thet the iuterc‘ept recelver antenna consists of 6
helical-beam elemenis egually spaced about a cylinder or similar reflector

as shown in Figure 1.

All six elements are assumed to feed video pre-

amplifiers whose ocutputs are conbined to provide & signal relatively .

independent of agzimuth angle.
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Figure 1.

2% Each of these elemente is c¢ircularly polarized and is assumed to have
a halﬂ-power beanwidth of 45 degrees.
(page 21) this element has a power gain of about 14, i.e.

G = 1k (11.5

: The effective gain for teither v@rtically or horiz.ontally polarized

signals is
Ge

agaumd to be

P

r =—45 dbm

This amount of power would be required to produce a detectible signal
1f only one antenna and crystal detector were connected to the receiver
Sitce six antenna elements and preamplifiers are -

. input terminals.

7T (8.5.a)

3. The effective receiver seusitivity, for a discernible signal, 1s
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Intercept Antenna L
(Azimuth Plane) T

From "Antennas" by J. D Kraus |
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used, the noise power at the receiver input ie 6 times (7.8 db) as

" mueh a8 would be present with one antenna eleument.

- receiver sensitivity is

Pg == 4 7.8 (%)
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Thus, the effective
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L. The effective absorbmg area, Ay, of an antenna is related to its
powar gain as follows:

he * ..ﬁ.?.....,._m_.* — (5)
h
For each of the helieal bean antenna elements then, from equations (2)
and {5),
o 2
A, S _TA | (6)
LT

vhere Ae is in square meters 1Y s in nELers .

5. The incident powver density required by the intercept system, using
6 antennas elements is

s, = Frg To19x107  x wm (1) |
: : e ! .
e TA \
8, - 3.1 % _10"7 watts per ag. meter A
A° b
6. The power denaity in free space due ¢to a radar transmitter ic given ‘ “
oy ' ' -
z’ G‘t :
8 Yy watts per sq. meter (8)
lnT D
where Py = radar peak power in watts
G, - redar antenna power gain

D = G4istance from yadar in meters

Equating (7) and (8) by setting S_ = 5 allows one to solve for the
uaximua free-gpace intercept range: :

2

p = _Fe G | (9)
lmsr
- Doz Py Gy \° .
or : ey _ meters (10}
528 x 1070

7. Bauetion (10) was used to calculate the free space HapRes, BIN given
1n Table 1 ranges D, Dy were found from Hepaditidn curves |
apd..or Bﬂ. by thé vague of D, for each exagflSROLt GAGEIEA vBNLY
ues of D 2, and S depend upon the various assumptions

w\.
‘_3 \g,\\\"‘,, .Lu"

. i ‘l| e
- _ . . - — - bt 2 e & \—/).A" AUU/A._JA\I .l-L J.L/L _L_[ 'A.--..

Approved for Release: 2024/06/08 C05025312




C05025312. .

Approved for Release: 2024/06/08 C05025312-.

SONFISERTL ]

ST

uade in choosing values of P, and G, as well as upon the radar

characteristics.

with respect to the intercept vessel; the signal will fade in and out
for some time after £iret lutercept because of the interference effect
produced by the direct and reflected waves at the receiving antenna.

TABLE

1 - MAXTMUM INTERCEPT RANGES AGAINST
AIRBORNE RADARS (Receiving Antenns Height S 12 feet)

MAXTVM RARGE, NAUTICAL MILES

Also, for lt;he case vhere the airborne radar is closing:

‘ Do D, D2 D3
FREQ. POWER  ANTENNA FREZ SPACE  AIRCRAFT AT AIRCRAFT  AIRCRAFT

RADAR  Me. ,xw. Pover Gain  RANGE 1000 Ft  at 5000 £t at 10,000 £t
APS-Uh 9375 1000 1000 270 ke 89 123
APS-33 " . 70. 1200 78 50 'l 77
APS-19 " 4o 1200 59 - 39 58 58
APSel5 " %0 200 2l 23 23 24
APS-20 2880 1000 1000 330 | 43 90 124
% 3000 10 100 53 36 52 53
Note: RADAR HORIZON:DISTANCES > 43 92 127
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DEFARTMENT OF THE HAVY

BURLAU OF AXRONAUTICS
VASHINGTON 25 D, €.

Aor-El=901

- 010965
13 October 1949

Chief. Buresu of Aeromauiics

From:

Tos Directer, Naval Regearch Laboratoxy
Anacogtia, D, C.
Abtention: Program Records Office

Subject: Development of Wide Open Airborne Direction
Finding System in Microwave Frequencies,

Enclosure: (A) Project Details, ‘

1, It is requested that' & countermeasures project be esbablighed at the Naval
Regearch Lakoratory (WHL) in accovdsnce with the enclosure and the follow-
ing informasion:

2. Project Title: Developnent of o Wide Open Alrborne Direction Finding
System for Cocunfermeasures Intercept im the microwave frecuencieao
b, 3Bursau of Asronausice (Buder) Project No., NEL-ElL-9A-358,
c. Lstimated Dates of Completion: GShoet range portion 1 May 1981,
Long range portion 1 Octodber 1984,
2. The following additionsl information is supplisd:
a. lecessary equipment is %o be supplied by NAL,
b. o alrcraft are required for thig development,
¢, JBuder Cognizant Engineer is Mr, H. B Pickebt, Code EL-91, Tele}phone
REpublie 7400, Extension 3146,
d. Precedence: It is requested that a precedence be esteblished for this
' project which will permit completion on or aboul the estimated come
pletion dates.
3, It is requested that the cost of thig preject be chargeabls to: Allotment
S

CC: With Encl.
Addresgee (15)

9

cro (
CHO (
OKR

BuShips (810)
VAESU

Bureau Control Mo. 40689, Expenditure Accounl o, 46846,

Op=4130)
Op-341D)
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P&J‘Eg!{‘ DETAILS

DEVELCPMERT OF WLDE JE_CPEH ATRBORNE DIREGTION
FINDING SYSTE i 18 MICROWAVE I’RM)UEI‘C' ES

l. 1In order %o previde D,F, equipment cepable of providing bearing information
en signals of short duraition and scattered in frequency throughout the microwave
renges, 1% is necesgary teo provide D, F. eguipment which is wide cpen %0 nignals
over & broad band and which will provide aszimuth indicsfion of the direchion of
arrival of these signsls without neceszity for scamning a directionsl antemna in
azimuth., The object of this prohlazn is %o provide $echniques for construction
of Airborme eguipment of this type end to comstruct flyable breadboard models

for test; t0 analyze the cgpabilitiss and deficlencies of various Hypes of cire
celts and componsnis adepitable to this type of signsl presentation and to finally
arrive at a suitable solution for producing equripment flfilling military require-
nents for broad band D.F. equipment with high probability of intercspt and near
instantansous D.F. on gzhort durstion signale,

2. Short Bange Project: Under the ehort range project s system will be constructed
sultable for teat in paval aircrafl end uwtilizing techniques which are svailable

or can be made avallable with minimum reseavrch and development. The Crystal Video
type of receiving equipment is suggested, using low-Adrag broad band antennasg,
Sensitivity and bandwidth should be as great as the ztate of the art permitss The

- equipment ghould be capable of providing at least broad indication of vecelved
_frequencies.

3. Lonz Range Project: The object of thisg porbicn of the project is to work for
improvement of techniques and components $¢ eventunlly provide a complete system
incozperating increased bandwidth, increassd sensitivity, improved bearing
accuracy, simultensous indication of freguency and bearing of all signals within
the pass band. Methods of indication and annlysis of signals shall alse bs con=
sidered with the object of integratirg smuch indication and analysm in%o an
overall system,

4, The laboratory shell coordinate this work with other ressarch and development
work in the field and meintain familiarity with all work of other government
agencies and privaite activities which muay be applicable to this project.

5. Complets reports containing all pertinent informabion concerning the develop-
mente shall be prepared upon completion of each phage of Hhe project. Ten (10)
copies of these reports shall be furnished the Bureav. of Aeronautics (Attention:

HL-91).
; g?ﬁ%ﬁ&
| COMTAN GUSTEW DRLY
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