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1. ABSTRACT. 

This report describes a system for transcribing an indic~tion 
of bearing from the model CXGH direction finding equipment onto a ra£1.ar 
plan :position indicator. The "figure gn pattern of the direction fincl.inG 
equip:·:ent is superimposed on the regular PPI pattern. The operator can 
then identify targets when the radar bearing and CXGH bearing coincide. 
No internal changes are required in the PPI to present this infonnation. 
and only slight modifications of the CXGH are required. This system is 
also readily adaptable to other types of direction finding equipment. 

2. INTRODUCTION. 

A desirable method of presenting bearing would be one in which 
no se:_:iarate d-f operator or indicator is required ancl. which would auto­
matically present a uni-directional bearing by the brightening of one or 
two of t h e radial sweep-lines of the PPI. 

Since the CXGH does not present a uni-directional bearing direct­
l l , automatic presentation of a single bearing on the PPI is excluded from 
further consideration. A manually operated uni-directional bearing indica­
tion c.?.n be transcribed to the rada r PP!. A system of this type is d.es­
cribeci. 12.ter in this report. 

The next alternative would be the presentation of a bi-directional 
indicc.tion by illuminating two narrow sectors on the PPI . To do this ce.lls 
for the selection of a certain minimum value of receiver output voltace, 
belou w~ich t he sweep will bri:r;hten. Since aJ.l bearings taken do not have 
an absclute null, it would be necessa,ry, uhen first getting a be.?.ring , to 
use feirly lov.r receiver gain, thus getting broo.d sectors illu.mine,ted on 
t he ??I. The gain ryould then be gradually increased until sui te.ble narro,r 
sectors are illwnine.ted. Only one indication of t he value of the setting 
is o"bserved per revolution of the PPI. :.Tith this speed quite slo-rr, 
(25 r.p.n . or less), a rel~tively long period of time is required to obtain 
a good sharp indicc>.ticn. If t he receiver gain is set too ~i gh or if t he 
noise level increases, visual indicc-.tion of the signals 'VTould be obtained 
intel':,litten tly or not at all. Too lo~ a gain setting would make the il­
luni~.ted sectors wide and unduly smear t he PPI. \1hen no signals rrere 
beinc r eceived , the a.cl.apte.tion system would 118.ve to be de-energized or it 
,:;oulc"i. ·bri,:;hten the entire screen of the PPI. 

The foregoin-; circunstances indicate that a presenta.tion on 
the P?I sinile.r to t he na.r:-o,! 11 fi.c;t1re G11 or 11 :i;,ropellor11 pattern on the 
regul .- :..· C.X:GH indica tor ",70Uld be t he most practical. It .. oulc1 give a 
continuous indication for tuning end settinb receiver gain and also i ndicate 
the nulls, reg~.-rdless of :1id.th, :.Ti thout unduly snearing t he ?PI '17i th its 
conse~·:.ent obli terD.tion of radar echoes. Senso deternination could then 
still 0e ret~ined ~nd used in a separate operetion when needed. 
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DESCRIPTION OF THE CXGH. 

The CXGH equipment uses an Adcock type imtenna system of four 
vertical mono:,oles e.nd a rotating capacitive goniometer. A bi-directioneJ. 
bearin:_; is inclicc.ted by the ti7o nulls obtained as the gcniot:1eter is rot0.tecL 
A un5.-C::.irectio:np.l bearing is determined b:y introducinc sense energy fron 
e, fi:tth r·onopole and observing the direction in 11hich the pattern shifts. 
In nonn.?.l operation, a fe.irly critical setting of receiver gain is necessary 
to ~et ~cod null indic~tion. The sharpness of null Qepends upon sign~l 
stren;;th, purity of :)clB,ri zation (vertice.l), ::.nd prevailing locs.l noise 
level. 3ee ring accu.re.cy is e.ffected by the presence of reflectinG oojects 
nee,r the antenna. 

4. DESCRIPTIOH OF ATIAPTER UNIT. 

To present the d-f pattern on the PPI -:.·i thout Ma.¼:in~~ eny ch@ges 
in t:10 ?PI system necessitates using one sl1.ort pulse p e r radar sweep, the 
position of the pulse along the time b~.se varying m. th the output of tl1e 
d-f receiver. The pulse is E-.t me.xirnum r enge on the PPI sweep m1en the 
receiver output is minimum. The series of bright dots on the PPI then 
traces t!1e ;:iarrorr II figure 811 or :,~Jropellor11 d-f _pattern. 

The circuit shorm in Figure 1 '1as developed to e.cccm!:>lis:.1 the 
forecoia~. Its operation is briefly as folloTTs: 

The radar sync pulse i;:eys e, Phantastron square c-2.ve gener :=.tor 
(Yl, V2), the len&th of the square uave being &irectly proportional to the 
potentieJ. on the cathode of t!1e control diod.e (i.e.• tl1e higher the poten­
tial, t::e lon:;er the square r!e.ve) . This square wave is shaped and anpli­
fiecl by 13. 

The goniometer at the d-f entenna is rotated in synchronism 
cith t:-,.e PPI by drivinc the goniometer with a. selsyn energized from t~1e 
P?I follo,r-up system. The output from the receiver detector is a slo•.,ly 
vai-Jini; potential TI'hich is anplified by a direct coupled enplifier yl~, 
~hose ~l ~te is tied directly to the second c~thode of the control dio~e 
V2. Tb1s the len:;th of the Pha,... tas t rcn I s squa.re T1ave is cl. e te mined by the 
sign.:.l NJ:Jli tude of the goniometer output. 

The constants of the Phante.stron are such that its ma.xi.mum 
length square uave, (no signa,l to d-c amplifier)• corresponds to the rad.e,r 
PPI s'.7eEn length beit1t; usecl. By differentiating the bee:-: ed€e of t:1.is 
sque.re ·-:::,.ve a pulse is obte.inecl, the time interval e,fter t~:ie radar sync 
pulse bein:_; inversely. proportional to the d-f signe.l intensity. This :_Julse 
is c'rl}?lified by V5 e.nd fed i;ito Ei. PPI vid.eo system usin-~ the ste.nd.c,rf. IFF 
mi:cer ~.1mel. V6 is e. si:nilar circuit \7hich allo,:rs • i::cinc; this o.- f si0,nel 
~7i th t;.ie reguL"" r rade.r signD.ls tc be a;_pplied tc the intensity e:rid of the 
PPI, sl10ulcl it not be ,~.esirc>.ble to use the IFF che.nnel. 
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Changes necessary in t he CXGH receiver detector to get correct 
pole.r::.ty output are also shoi:m in Ji'ic,ure 1. 

i{i th no signal in~.t to the d- f receiver, a. bright trace a,2_1pecl.rs 
e.t ma.::cir.1um range on the PPI. This position ce.n be varied by the control 
RlO. A signal to the receiver drives the trace touards mi n iFIUJll rans e• 
Proper ei.dju s tment of d-f receiver gain allot1s t he nulls to be sho,,n i n 
the s;;LJe manner e.s en the regula.r type CXGH indicator. Sense pe.ttems cen 
be t aken in t he usual manner but ap1:,ee.r e.t 90° to the bila teral pattern 
since no si:ri tching of deflection pl a tes can be done in t his s ystem e.s in 
the re[:,-ul ;:•.r CXGH indici:i,tor. The correct be.?.ring is then t he t l1c-uf of t he 
bile,t er a l p attern e.pp es.rin:; either 90° clocl<T7ise or counter-cloclnvise, 
dep endin;; upon t he phase of the sense enert;Y i ntroduced i n to t he f'!J1ten11.a, 
nyste: :. This direction always rema,ins the Sa!'le • once detennined for eny 
pa rticular system. 

Tl1.is type of adaptation i ntroduces no further errors into t i1e 
syste~:. It m.11 present the bearings a s accurately e.s they can be taken 
vri t h t :1e d-f system itself. 

It can be a,da!)ted to operate ui t h P.D.Y d-f equirrGent gi vine 
eith e r :,inima or ma.ximB. ~.s bee.ring presentation. 

Interconnection& to the r adar system r equired are synch ronizing 
pulse, vi deo input to PP!, and selsyn enert;;Y a.t 1-spee& to energize the 
selsyn t hc-t rot~tes t he goniometer. 

DISCUSS!Olf OF RESULTS. 

Operational tests of the equipnent a t both the Naval Rese~reh 
La.borc:.torJ and. e.t Chesapeake :B~ have sho·.m that t he equipMent can be c.d­
justed t o give good bearing indications easily an d v.ithout oblitera tion of 
any ec~:.oes on t he PPI. The tests a t Chesa1:,eake :Bay Annex used the SC-2 
re.<12.r s j-stem , ,i th a TllM pl Btle flying a scli:.274-N transmitter a s a t a r ~et 
and signei source. Good bearing indications Tiere obtained e t ranges a s 
far a s 50 miles (over ~ater). Th e natterns obtained varied between a!)­
p ro:d.ne.tely 10° and 15° in width. ~ 

Plates 1 and 2 show patterns obtained dur i ng t hese tests. 

The patterns she-rm in Plate 1 \7ere obt a ined on a. Remote PPI 
not co;:uiected. i nto a rE:1.dar systen . Th e antenna loce.tion as s!1.o,m i n Pl~·.te 
3 was .:;oo(. anti t here ,;,ere no reflecting objects ;.1ear t he entenna.. The sig­
nal source for t h es e pa tterns tras a small test oscilla t or l oc2.ted 8.bou t 
100 feet e:.,a:y. Sinilar patterns i:rere obta i ned fron rui ARC-5 tr~ns~i tte r 
flo '.711 -0y a, SBD pL:·ne in flisht tests e,t t h is location. In all ca ses 
indiec·i;e& b ee.ring corresponded 17i th the positions r eported by the p l fln e 
du rinc; :Zli ~ht and also with the kno•.n bearin,~ of the test oscilll'.tor '::'lie n 
pl ace<l. i n vc.rioua locations, 
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The antenna location availe.ble for the tests a.t Chesapee)::e Bay 
A..,nex ~as poor. Numerous metallic structures were within 25 feet of the 
anten.r."'la. At very few times did the rad~r ~.nd d-f bearings coincide. Ho~ 
ever, since the accuracy was checked previously, the primary purpose of 
these tests was to detemine the usable rMge end the degree of conflict 
between the tuo systeos rrhen operated tosether. 

6. ALTERl'TA1£ SYSTE:;s. 

A simpler and more direct method of presenting benring informa­
tion to the PPI, al though not the more desirable, is one in ,;;l1ich correct 
bearinGs c>,re set up raanually at the d-f equip,ent c>.Jld then trrnscri bee. to 
the PPI by mechanic~·l or electronic raeans. 

The C-..<GH equipment v1ould. be operated independently of t;,e re.dar, 
rete.iniu:.; its present indicator and goniometer speed of 1300 r.p.m. A 
trE1ns:9arent rota.table screen TI'i th an engrc.ved cursor line would be ple,ced 
over tha present indice.tor. The operator at the d-f equipnent would ne.nu­
ally set the cursor to the correct bearing TThen it is detemined. 

Once the bearing nas set u:o, it could be transmitted to the 
?PI i~ several w~s. 

A selsyn could be mechE1J1ically coupled to the cursor screen c.t 
a. 1:1 rr.tio.. A repeater selsyn at t h e PPI '.irould drive an ind.ice tor disc 
over t:1e PPI tube or in 1 ts pro.jection pRth. 

The rotatable screen could be mechanically coupled to an 
opaque o.isc eppro:ximc>.tely 311 in diameter a.nd heving an aperture a·)1)ro:dn r.te­
ly 1° in ·-;idth. A like disc ··ould be mounted pe,rallel to it and coa..-r-
iall:0 driven by a. repeater selsyn energized from th~ PP! follOI'l'-UP sys ten . 
A light source behind one disc and a photo-tube behind the other would 
provie..e a means of generating a. short pulse when the two apertures pass 
each ether. This pulse properly shaped and amplified ~ould be applied to 
the ??I inteilsity grid. ~e lencth of this pulse should be equal to the 
reci~roccl. of the repetition rate of the radar. J'hen a correct bearing 
is obtained, the d-f operator '\'?'Culd set the cursor and energize the adap­
ter thus giving a bright radial line on the PPI -rrhich should bisect the 
correct echo. 

A variation of this method would be the use of mechanical con­
tacts on. the . discs actuating a pulse generator instead of the apertures 
with light source s.nd photocell. 

Various ?:!edifications of these systems could be used de_l?ending 
upon the p~rticula r requisites of the problems encountered. 
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Adapter Circuit 
ComEonents List 

B-1 47K l :!att V-1 6SA7 
2 1m.: l "T tt V- 2 6SN7 a ,,a 

~ 12X ?, ITatt i:a 6AG7 
1.3.: 2 ;_iatt 6AG7 

5 5.6K 1 1:7att V-5 6SN7 
6 lOK 2 i1att V-6 6siq 
7 5.6X 1 i1a.tt V-7 6H6 
g 82X l Watt V- 8 5Z3-G 
9 47K 2 itatt V-9 V&-150 
10 25K 2 :7att Potentiometer v-10 m-150 
11 47K 2 :Jatt 
12 3~,K 10 'l1att 

lJ lM l ~latt 
l. 12K 10 ·ffatt 
15 }3K 10 Watt 
16 33K ¥ i7att 
17 4.6K 2 rratt 
lS 7K l iTatt 
19 li'i ½ t7att 
20 lK 2 "Ja.tt Potentiometer 
21 .5X 20 J'att 
22 .lX 20 "Jatt 
23 120X ¥ Watt 
24 120K ! rTatt 
25 150K f Uatt 
26 li f 2 i7att .. 
27 1K 2 7latt Potentiometer 

C-1 100 mmfd 4oo V r.iica 
2 200 mmfd 4oo V I.;ica 
3 .001 mf'd 4oo V I>lica 
4 .0025 mfd 4oo v i.iica 
5 .005 mfd 4oo V Iiica 
6 .5 mfd 4oo V Paper 
7 .25 mf'd 4-0o V Paper 
s .25 mfd 4oo V Paper 
9 25 mmfd 4oo V Mi.Qa-
10 .005 mfd 4oo V Paper 
11 .1 mfd 4oo V Paper 
12 10 nfd ~ ~~ 4oo V Electrolytic. 
13 . 05 mfd . 0 V liica 

S-.;yl 4 pos. wafer switch 
T 1 Pouer Trans. 350-0-350 100 ~fa 
L l Filter Choke 30 H. 100 t::a. 
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_,~CU\S:Sii flED TESTS AT N. R. L. 

' 
I ' 

' ' ' 

PATTERN OF TEST OSCIL LATOR ON 
REMOTE PLA N POSITION INDICATOR 

NOT CONNECTED TO A RADAR SYSTEM. 
PLATE I 
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DEClASSIFIEr?sTs AT CHESAPEAKE BAY ANNEX 
FLIGHT TEST ON SC-2 RADAR. 

PLATE 2 
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ANTENNA INSTAL LATION AT N. R. L. 
(SEE PATTERNS IN PLATE I l 
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PLATE 3 



ANTENNA INSTALLATION AT N. R. L. CHESAPEAKE BAY ANNEX 
CSEE PATTERNS ON PLATE 2) 
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PLATE 4 




