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1. ABSTRACT.

This report describes a system for transcribing an indication
of bearing from the model CXGH direction finding equipment onto a radar
plan pesition indicator. The "figure 8" pattern of the direction finding
equipient is superimposed on the regular PPI pattern. The operator cea
then identify targets when the radar bearing and CXGH bearing coincide.
No internal changes are required in the PPI to present this information,
and only slight mecdifications of the CXGE are required. This system is
also readily adaptable to other types of direction finding equipment.

24 ~ INTRODUCTION,

A desirable methcd of presenting bearing would be one in which
no senarate d-f operator or indicator is required and which would auto-
matically present a uni-directional bearing by the brightening of one or
two .of the radial sweep-lines of the PPI.

_ Since the CXGH does not present a uni-directional bearing direct-
1¥, automatic presentation of a single bearing on the PPI is excluded from
further consideration. A manually operated uni-directional bearing indica=
tion cen be transcribed to the radar PPI. A system of this type is des-
cribecd lzter in this report.

The next alternative would be the presentation of a bi-directional
indication by illuminating two narrow sectors on the FPI. To do this calls
for the selection of a certain minimum value of receiver output voltage,
below which the sweep will brighten. Since all bearings taken do not have
an absclute mull, it would be necessary, when first getting a bearing, to
use fairly low receiver gain, thus getting broad sectors illuminated on
the PPI. The gain would then be gradually increased until suitable narrow
sectors are illuminsted. Only one indication of the value of the setting
is observed per revolution of the PPI. Tith this speed cquite slow,

(25 rep.n. or less), a relstively long period of time is required to obtain
a good sharp indicaticn. If the receiver gain is set too high or if the
neise level incresses, visuel indicetion of the signals would be obtained
internittently or not at all. Too low a gain setting would maite the il=-
luninated sectors wide and unduly smear the FPI. ihen no signals were
beins received, the adaptation system would hsve to be de-energized or it
would bDrighten the entire screen of the PPI.

The foregoins circumstances indicate that a presentation en
the PPI sinmiler to the narrow "ficure 5" or "nropellor" pattern on the
regul-r CXGH indicator would Ve the most practical. It would give a
continuous indication for tuning snd setting receiver gain and also indicate
the nulls, regardless of width, without unduly smearing the PPI with its
consecuent obliteration of radar echoes. Senso determination could then
still De retsined and used in a separate operation vhen needed.
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De DESCRIPTION OF THE CXGH.

The CXGH equipment uses an Adcock tyne =ntenna system of four
vertical mononcles and a rotating capacitive goniometer. A bi-directionsl
bearing is indicated by the two nulls obtained as the goniometer is rotated.
A uni-cirectional bearing is detemmined by introducing sense energy from
a fifth nonopole and observing the directicn in vhich the pattern shifts.

In nommel operatien, a fairly critical setting of receiver gain is necessary
to set sced null indicoation. The sharpness of null depends upon signal
strength, purity of nelarization (vertical), and prevailing locel noise
level. Zearing accuracy is affected by the presence of reflecting objects
near the antenna.

Y, DESCRIPTION OF ADAPTER UNIT.

To present the d~f pattern on the PPI without mokinz any chonges
in the 7Pl system necessitztes using one short pulse per radar sweep, the
position of the pulse along the time base varying with the cutput of the
- receiver. The pulse is &t maximum range on the PPI sweep when the
receiver output is minimum. The series of bright dots on the FPI then
traces the narrow "figure &' or "nropellor" d-f pattern.

The ecircuit shown in Pigure 1 was developed to szccomplish the
forezoing. Its operation is briefly as follows:

The radar sync pulse iteys = Phantastron square wave gener-tor
(Vvi, V2), the length of the souare wave being directly proportional to the
potential on the cathede of the contrel diode (i.e., the hizher the poten=-
tizl, the lonzer the square weve). This square wave is shaped and ampli-
fied by V3.

The zoniometer at the d-f antenmna is rotated in syvnchronism
vith the PPI by driving the goniometer with 2 selsyn energized from the
FPPI follow-up system. The cutput from the receiver detector is a slovly
varying potential which is amplified by a direct coupled amplifier Vit,
whose nDl-te is tied directly to the second cathede of the control diode
V2. Thus the length of the Phantastron's scusre wave is detemined by the
signal amolitude of the goniometer cutput.

The constants of the Phantastron are such that its maximun
length square wave, (no signal to d-c amplifier), corresponds to the rader
PPI sween lenzth being used. By differentiating the becl: edge of this
square wave a pulse is obtained, the time interval after the radar sync
pulse bein;; inversely proportional te the d=f signel intensity. This pulse
is amplified by V5 and fed into a PPI video system using the stendsri IFF
mixer chennel. V6 is 2 similar circuit which allews ~ixing this d-f signel
with the regulrr radar signals to be gpplied %o the intensity zrid of the
PPI, should it not be desirsble to use the IFF chaonnel,

S a
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Changes necessary in the CXGH receiver detector to set correct
polarity output are alseo shown in Fisure 1.

7ith no signal input to the d-f receiver, o bright trace apnears
2t meximum range on the PPI. This pesition can be varied by the control
R10. A signsl to the receiver drives the trace towards minirum ranze,
Proper adjustment of d-f receiver gein allows the mulls to be shown in
the s=me manner os on the regular type CIGH indicator. Sense pvatterns can
be talzen in the usual manner but appear st 90° to the bilateral pattern
since no switching of deflection plates can be done in this system a2s in
the resulzr CXGH indicator. The correct bearing is then thet holf of the
bilatersl pattern appesrin; either 90° cleockwise or counter-clockwise,
cdepending upon the phase of the sense energy introduced inte the antenns
asyste:, his direction always remsins the same, once determined for any
particular systen.

nis type of adeptation introduces nc further errors into the
systen. It will present the beesrinzcs as accurstely as they can be taizen
with the d=f system itself,

It can be adapted to operate with any d~f eauinuent giving
either ninima or maxima as bearing presentation.

Interconnectionas to the radar system required are synchronizing
pulse, video input tec PPI, and selsyn energy 2ot l-speed to energize the
selsyn thot rotates the goniometer.

He DISCUSSION OF RESULTS.

Operational tests of the equipment ot both the Naval Resezrch
Laboratory and at Chesapeake Bay have shom that the equipment can be od-
Justed to give good bearing indications easily and without obliteration of
any ecioes on the FPI. The tests at Chesapeske Bay Annex used the SC~-2
reder system with a2 TBM plate flying a SCR-27UN trensmitter as 2 tarzet
and signsl source, Good bearing indications were obtained =t ranges zs
far as 50 miles (over water). The patterns obtained varied between ap-
prozinately 10° and 15° in width,

Plates 1 and 2 show patterns obtained during these tests.

The vatterns shown in Plate 1 were obtained cn a2 Renote FPI
net connected inte a radar system. The antenns location as showvm in Plcte
3 was zood and there were no reflecting cbjects near the antenna. The sine
nal source for these pattems was o small test oscillator located about
100 feet oray. Sinilar patterns were obteined fron an ARC-5H transmitter
flotm by a SBD plsne in flicht tests at this locstion. In all cases
indicoted Vearing corresponded with the positions reported by the plane
during flisht and also with the know bearing of the test oscillater when
Placed in verious locations, -

Timumpnmes iy -3 DECLASSIFIED
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The antenna location available for the tests at Chesapeaize Bay
Annex was poor. Numerous metallic structures were within 25 feet of the
entennz. At very few times did the radar =znd d-f bearings coincide., How=
ever, since the accuracy was checked previously, the primary purpose of
these tests was to determine the usable range a2nd the degree of conflict
between the two systems vwhen operated teogether.

6. ALTERNATE SYSTE S.

A simpler and mere direct method cf presenting bearing informa-
tion te the PPI, although not the more desirsble, is one in which correct
bearings are set up manually at the d-f equipment and then transcribed te
the PPI by mechanic-l or electronic means.

The CXGH equipment would be operated independently of the radar,
retaining its present indicator =nd goniometer speed of 1500 r.p.m. A
trensnarent rotatable screen with an engrsved cursor line would be placed
over the present indicater. The operator at the d~f equipnent would nenue
ally set the cursor tc the correct bearing when it is determined.

Once the bearing was set up, it could be transmitted to the
PPI in several ways.

A selsyn could be mechanically coupled to the curser screen =%
a 1:1 retios A repeater selsyn at the PPI would drive an indicotor disc
over the PPI tube or in its projection path.

The rotatable screen could be mechanically coupled to an
cpaque disc zpproximately 3" in dismeter 2and hoving an aperture anproxinstie-
1y 1° in width. A like disc -ould be mounted parzllel to it and coax-
ially driven by a repeater selsyn energized from the PPl follow-up systen.
A lisht source behind one dise and s photo-tube behind the cther would
provice a means of generatinz a short pulse when the two apertures pass
each cther. This pulse properly shaped and amplified would be applied to
the 771 intensity grid. The length of this pulse should be equal to the
recinrocal of the repetition rate of the radsr. “Then a correct bearing
is obtained, the d-f operator would set the cursor and energize the adap-
ter thus giving a bright radial line on the PPI which should bisect the
correect echo.

A variation of thisg methoed would be the use of mechanicasl con-
tacts on the discs actuating a pulse gensrator instead of the apertures
with 1lizht source and photocell.

Various modifications of these systems could be used denending
upon the particular requisites of the problems encountered.
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Adepter Circuit
Components List

R=1 brx 1 Tatt V-1 6SAT
2 101 5 Uatt V-2 . 68NT
Pr 12K Tatt v:a BAGT

1420 % Tatt V- GAGT

5 He 6K 1 Watt V=5 6SNT
6 ] 10X 2 Watt v-6
7 He 6K 1 Vatt V-7 6HG
8 &2K 1 Tatt V-8 52Z3-G
g Urx 2 Tatt V-9 VR-150
10 25K 2 Tatt Potentiometer V=10 VR-150
11 L7x 2 Tatt

12 g 4 10 Watt

i 1M 1 Vatt
14 12K 10 Watt

15 33K 10 Watt
16 33K L Watt
17 EBK I Watt

18 7K 1 Tatt

g i % Watt
20 1X 2 JJatt Potentiometer

22 sak 20 Tatt

23 120K % Tatt
2l 120K g Tatt

25 150K g Tatt

26 1 z Watt

27 1K 2 Watt Potentiometer

Cc-1 100 mmfd 400 ¥V liiea

200 mmfd 400 V lica
.001 mfd 400 V iica
.0025 mfd 400 V iica
«005 mfd liica
.5 mfd Pgper
025 nfd PaPBr
«25 mnfd Paper
25 mmfd Mica.
«005 mfa, Pzper
o Paper
10 nfd x 3 LOO V ZEleetrolytic.
« 05 mfd 0V ilca

A

H = EW0 0 oW W
888888

=
e

L pos. wafer switch
Pover Trans. 350-0-350 100 iia
Filter Choke 30 H. 100 la.

B
e
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SCLASS FIED TESTS AT N. R. L.
PATTERN OF TEST 0SCILLATOR ON
REMOTE PLAN POSITION INDICATOR
NOT CONNECTED TO A RADAR SYSTEM.

CORARN b PLATE |
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DECLASSIFIERSTs aT CHESAPEAKE BAY ANNEX

FLIGHT TEST ON SC-2 RADAR.

- PLATE 2
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ANTENNA INSTALLATION AT N. R. L.
(SEE PATTERNS IN PLATE 1)
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PLATE 3
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ANTENNA [NSTALLATION AT N. R. L. CHESAPEAKE BAY ANNEX
(SEE PATTERNS ON PLATE 2)
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