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SAVINGS 
B·ONDS 

•• 1~ It 'fs:·assumed that th~ intercept ?'fJCeiver ·antenna eonsista of 6 
hellc~l-beam elemen·ts eqtJal-ly spaced a~out a cylinder or similar reflector 
as shown in Figure 1. All six elements are assumed to feE!d video pre .. 
amplifiers -whose outputs are cornbi~d to provide e. signal relatively 
independent of azimuth angle. • 

Figure l. Interce)?'t Antenna 

(Azimuth Plane) 
2·~ Each of these elements is circularly pol.e.rized and is assumed to have 
$. hal.!1•pover l:)eamwidth of 45 degrees. From "Antennas" by J. D. Kraus 
. ( page 21) this element has a power gain of about 14, 1.e. • 

G : 14 (ll.5 db) ' (1) 

The effective gain for c,e:1ther vertically or horizontally pohu•ized 
s~gnala is 

(2) 

3. The effective receiver sensitivity, for a discernible signal, is 
&S!:§umed to be • 

j 

(3) 

Thi& amount ot pover would be requtred to produce a detectible signal 
·:tr only one antetma. and crystal detector were connected to the rece1 ver 
input termiilals.. Sii¢e si.>;. antenna elements and pre.amplifiers are • 
used, the noise power at the receiver input is 6 times (7 .8 db) as 
much as woul~ be. present with one· anten,na element. Thus, the effective 
receiver sensitivity is 

P r6 : -45 + 1 .B 

: .. 37.2 dbm 
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4. The effective absorbitlg area., Ae, 
}.l>(Mtr W,J.in as follows r 

of' an antenna ia related to its 
r:, 

0e A._ 
~~ ............ ( 5) 

., 
For eac1h of the helical. beam antenna elements then, from equations (2) 
and (5).,: 

2 
.... , ... 7 .... , .... l_ .. _...,.... .. , 

4,r· 
'A : e (6) 

where A is· in square meters if).. iii' iu- Olif:tera. e . .· 

5. The incident power density required by the intercept system, using 
6 antennas elements 1s 

s 
l.'" 

s r 

-- A. 
e 

... .. -7 
l,".9 _lC 10 (7) 

6. 'l'he power denoity in tree space due to a. radar transmitter is given 
by 

p G 
t t 

. . 2: watts per sq. meter 

where p - radar peak·power tn watts , ... 
t 

Gt - radar antenna :power·gg.1n -
D 

,. 
distance- from radar in meters ... 

Equating (7) and (8) by setting S : s allows one to solve for the 
mximwn free-apace inter_cept ra.ngi: 

or 

2 -D • 

D .: meters 
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made in choosing values of P .. a,nd Ge as well as upon the radar 
cbarec~ristica. Also, for €1:ie • case wl'¼_ere the airborne radar is closing· 
with respect to the intez·cept vessel; the signal will fade in and out 
tor .SQ!Ue time a.ft.er first intercept becatwe: of the interf-erence effect 
produced by the direct and reflected waves at the receiving antenna. 

TABLE l. ... MAXIMUM INTERCEPT RANGES A.C.MIN$T ~ 
AIRBORNE RADARS {Receiving Antenna. Height ; l2 feet) 

MAX00~1RANGE, NAUTICAL MILES • . ~~,:; ~ ·-~· 
Do Dl ~ D3 

;JrREQ. P~il.}'R Alr!,'ENNA FRl!J.l: SPA.CE 
Mc. KW~ Power GRin RANGE 

.UBCRAFT AT AIRCRAFT AIRCRAFT 
1000 Ft at -~900 ft at 101000 ft 

9375 1000 1000 270 42 89 123 

" 70 1200 78 40 TI TI 
,, 40 1200 59 39 58 58 
11 40 200 24 23 23 24 

2880 1000 1.000 830 ':yJ 90 124 

:,ooo 40 100 53 ~6 52 53 .· '• 

v· Note: • RADAR lIORizo{ftDISTANCES 127 

I 

- 3 .. 

HANDLE VIA 
BYEMAN 

CONTROL ~YSTEM ONLY 
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DEF A.B.Thl1iHT OF THE ill VY 
J3UllliAU OF AEP..01-iAtJ,.nos 
WASH!lfGTON 25 D. C .. 

010965 
13 October 1949 

From: Chief, lru.raau of Aeronau:~ice 
Direc·l;cr~ Ma.,,.1al Research La.bora;to17 
Ana.costia• Do C. 

To:' 

Attention: _P~ogram Records Office 

SUbJect: Develop111ent of Wide Open Airborne Direction 
Find.i11,g System in Microwave Frequ.ericie.•a .. 

Enclosure~ (A) Project Details. 

16 It is requested that a. cou:ntermea.s1.U'es pro,ject be: eata.blhhed at the Naval 
Research La'borator,y (m.-lL) :i.n acco1'c'u:1nce wHh the enclosure and the follov .. 
ing_ informa:tion: 

ao Project Title: Develop1nent of a-Wide Op~nAirborne Direction Finding 
System foz· Cotmtermea.sures Intercept in the m.icrowe.ve frequenclea. 

b.. Bureau of Aeronautics (:Bu.A.er) Project No .. ·1-rrtL=El-9A,,.-358. 

Co ~stimted Dates of Completion: Short rang,~ portion l. May 1951, 
Long xange portion l October l9l54" 

a.. :t-·e_cessary equipment is to be supplied by llf.'ll.o 

bo :ifo aircraft are required for this developm;:mt., 

c4 Eu.A.er Cognizant ~ineer is Mro Ho B. Pick1srtte Gode .El.,..,91, Telephone 
RE-public 74000 Extension 3146~ 

cl,, Precedence: It is requested that a. preced1?iwe l>e eFrc:abl.ished for this 
pro.ject which will permit completion on or a1:1oui.; the estimated. com"' 
pletion dates., • 

3,. It is requested that the cost of this project ·be chargeable to; Jillotment 
E11 :Bureau Control Moo 40659, EJg;>en.diture Aocou:n.t lfou 468~~6,, 

CC: With Encl. 
AddreHee (15) 
ClfO (Op-4130) 
OMO {Op-34lD) 
mm 
:BuShips (810) 
:NA$SU 
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lo ln order to provide DoFo equ.i:pmer.i.'i.; capable of providing bear1:ng information 
on signal.a of sh.ox-t • duration and scattered in frsquan.c;r thro·ughout the microwave 
rallg6S.h it ie necessa,ry to provids D.F .. eq'!..1.ipment whicll. is l-:ide op1m. to rnignals 
over a broad band and which will :prov•:i.de a.dmuth indication of tha. directio1:1 ot 
anival of these signals without necessity for scanning a directional antenna 1:n 
azimuth. The object of this problem is to :provide techni(fO.ea for constrt!ction 
o~ Airborne equipment of this tY,pe end to ·construct t'lyabl.e breadboard models 
tor test; to analyze the cs;pa.b1litias and deficiencies of various i;ypes of ciJ'bo 
ml• and components adaptable to this type of signal preBentation and to fina.111' 
arrive at a. su.itable solution fo:r pro,ducir.g t:1quipment 001:illing m:1.1:itary require­
ments for broad band D.F. eg:,upment ~1th hi8h p1'0bability of intercept an~ near 
instantan.eoWJ D.Fc on short dm•a·t:ton signaleo 

2o Short Rapge__,Et,,o.J§cj;J Under the tll:ho;rt r~u:ige project a system mlll be constructed. 
suitable for test in naval airczsa.f-li ~md utilizing techniques which are available 
o:r can be made available with minimum research and developmento !rlie Crystal Video 
tn,e of receiving eqUipm.ent is s·uggestea.o using lG'l'.f=dmg broad band ante:l'..naso 
Sene1t1Vity and bandwidth should be e,s gree.t as the state of the a.r.t permits.; The 

. eqUip.ment sh.oul.d be capable of providing at least 'broad i1ldicatio». of recei'Yed 
i'requenci es.. 1 

3o Long ~e Proje_gt~ The object of this portion of th<~, project is to wrlt for 
improvement of techniques a.nd conrponente to Eiventu.slly provide a. complete system 
1ncol'_porating inc:reamed bandwidthD increased eensi tivitf11 improved. bearing 
a.ccmaa;r, simultSJ1eoua indication of freq'il.ene,7 and bearir.g of all signals within 
'the pase • band.. Methods of indication and a.na.l.ysis of signals shall also be co~ 
sidered with the obJeet of integmtir,g nuch :t.ndica.tion a.n<l e.nalysia into an 
overall system .. 

4.0 the labora:to:ry shal.l coordina.t0 thiB • work with other :~esearch a.nd development 
work in the field and maintain familiarity w.1.th all work of other t~overnment 
agencies and private e.ctirtties which may be applicable to t4is project., 

5o Complete reports containing all :pertinent, information concex•nixig the develop.:.. 
menta shall be prepared upon completion of ea.ch phase of i;he projeH~~o Ten (10) 
copies of these reports shall be furnished the l!ureau. of Aeronautics (Attention: 
EL-91).. · 


