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AUTHORIZATION |

1. This problem was authorized by Bureau of Enginsering letier ref-
srence (a), and additional references pertinent to this problem are listed
2s references (b) and (c). e

Reference: (a) Bu.Eng.Secret letter C-NOs 31593 (4-16-H3)
of 16 April 1935 to NAL.
(b) Bu.Eng.Secret letter S-L5 (3-6-#9) of 23
April 1935 to NRL.
(¢) Com.0ff.USS SEMHES Secret letter 567/DD189(152)
of 4 April 1935 to Bu.Eng.

0BJECT OF TEST

2. The object of this test is to determine the suitability of the
General Electrie recognition signal equipment as a secret homing system for
aircraft,

A3STRACT OF TEST

3. The transaitting equipment was set up at this Laboratory under
the supervision of engineers F.G. Patterson, C.E., Perleberg and H.B. Thomas
of the General Electric Company. Slight damage, apparently incurred in
shipment, was repaired before normal operation was obtained. General per-
formence under operating conditions was noted. The transmitiing equipment
remained at this station throughout the test.

e The receiver was installed in the Laboratory truck and its
general performance noted. The truck was then driven to nearby points in
Meryland and Virginia at distances of 1-3/16 to 4-1/2 miles, and bearings
on the Laboratory were observed at ten such points. These were checked
with true bearings. The receiver was then installed in the radio research
plane at the Naval Air Station, &nacostia, D.C., znd two test flights were
made. The signal was rendered unintelligible in flight by vibration micro-
phonics and ignition interference.
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CICLUSIONS

(a) Until the receiving equipment is made to operate satisfactorily
on & plane in flight, no demonsiration of the apparatus as & homing system
for aircraft is possible. Certain known properties of the system, however,
neve a pertinent bearing on this application.

(b) The mcnner of indicating bearing in the present model is not
well adapted to guidance of the pilot. Bearing relative to the transmitter
is indicated by a code number which must be converted into degrees or direc-
tion by the observer and which has no relationship to direction of flight.
When the pilot has determined his bearing on the transmitter, he must then
determine his course by compass.

(e) An umcertainty of bearing of plus or minus 15° is present. In
so far as this uncertainty is due to conditions surrounding the receiver, it
can be eliminated for each plane by calibration in flight. That part which
is due to frequency instability of the transmitter czn be reduced only so
far as the frequency stability of the transmitter can be increased. That
part, if any, which is due to conditions surrounding the transmitter and
sntenna can not be eliminated unless the transmitter and surroundings main-
tain a constant configuration and orientation relative to true north.

(da) In view of recent developments in high frequency vacuum tubes,
it should be & relatively simple matter to redesign the entire transmitting
equipment for much greater efficiency, simplicity, frequency stability, and
compactness. The present installation at this Laboratory, however, is suf-
ficient for further itests of the equipment as a secret homing system for air-
craft if end when a suitable aircraft receiver is furnished,

(e) The system in general appears promising as & secret homing
device for aircraft.

RECOMMENDATIONS

(a) That the receiver be redesigned to operate on a plane in flight.

(b) That the indicated bearing be correlated with direction of
flight so that a single instrument will give continuous indication of angle
between direction of flight and direction of transmitter from plane.

(e) That the degree of ignition interference elimination possible

at the receiver be determined, and that this Laboratory be advised as to
the amount of additional shielding and bonding necessary on the test plane.
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DESCRIPTION OF MATIRIAL UNDER _TEST

5o The material mnder test consisted of ¢ transmitting system znd
a recelving system for short wave coded signals. The transmitting equipment
included one 1000-watt transmitter unit, one motor-driven rotating antenna
array, one sighting head for directing and controlling the coded signals,
one water cooling system, one rectifier umit and one motor-generator set.
The receiving equipment included a short wave super-heterodyne receiver and
a de-coding wnit which converted the received signals into a code number.
Coupling to antenna was made through a tuned transmission line both at
tronsmitter and receiver.

6e The equipment tested was a development model and could be im-
proved considerably in efficiency, simplicity, freguency stability and com-
pactness by application of more recent developments in short wave technique.
The receiver was not designed for aircraft use.

METHOD OF TEST

Te Ground Test. The transmitter was installed on the Laboratory
roof end the receiver in the field truck. The truck was then driven to
nearby points in Marylend and Virginia, at distances of 1-3/16 to 4-1/2 miles.
At each observation point the truck was stopped, the receiver warned up for
five to ten minutes, and the de-coded signal was observed. The location was
spotted on a Washington, D.C. Geologicel Survey Quadrangle, and in cases
where the truck could be seen from the Laboratory roof, the bearing of the
truck relative to the Laboratory was observed by means of a transit on the
Laboratory roof. Ten observations were made, four of which were checked by
the trensit. Of the remaining six points, one was taken at a distance of
two miles with a hill intervening, and the other five were taken with trees
or trees and buildings intervening. The signal was noticeably weak at a
distance of 4-1/2 miles with trees and buildings between transmitter and re-
celver.

8. Flight Test. The receiver was installed on the radio research
plane at the Naval Air Station, Anacostia, D.C. Two attempts were made to
get data in flight. The first was unsuccessful. On the second flight the
plane flew at 2500 feet altitude and cireled the Laboratory at a two-mile
redius., No signals could be distinguished through other electricel disturb-
ances, so the plane came in to & 1-1/2-mile radius. At this distance an
oceasional reading was possible. Through continuous two way communication
between the plane and the Laboratory, the bearing of the plane relative to
the Laborastory was observed with the transit on the Laboratory roof at the
instant of reading the code number at the receiver on the plane. Six read-
ings were obtained on this flight.

DATA RECORDED

e The data for both ground and flight tests are included as
Tables 1 end 2.

10, A chart for the ground test is included as Plate 1.
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DISCUSSION OF PROBABLE ERRORS

11. The uncertainty of sp?tting location on the map was Bnch‘sa t0
jntroduce errors in no case exceeding one degrse.

12. Errors of sighting and reading the transit were less than one
degz‘ee [

13. The time correlation between readings of transit and receiver

for flight tests was probably within one second, giving a probable uncer-
tainty of one degree from this source.

14. The uncertainty of reading the received code numdber was about
tro degrees for the ground test and from 5 to 180 degrees for the flight
teats.

15, The maximum observed errors were +13° and -17° for the ground
test and +15° and -18° for the flight test. In most cases, errors greater
then 5° may be attriduted to the apparatus umder test or to distortion of
the field pattern relative to the apparatus by circumstances around the
transmitting and receiving antennas.

16, Interference due to electrical and mechanical disturbances on
the plane made nearly all readings on the plane uncertain to plus or minus
180°., There was some indication that the received code number was influenced
by the direction of flight relative to the transmitter, but the difficulty
of obtaining readings in flight made it impossible to determine the magni-
tude of this effect.

RESULTS OF TESTS

17. As the subject equipment was not suitable for aircraft use due
tc the susceptibility of the receiver to interference from ignition and
mechanical vibration, the system could not be properly tested as a secret
homing device for aircraft. Land tests indicated devliations from true bear-
ing as great as 17°. Some of the deviation is due to conditions surrounding
the receiver, but the relative influence of these conditions and those sur-
rounding the transmitter is undetermined.

CONCLUSIONS

i8. Until the receiving equipment is made to operate satisfactorily
on a plane in flight, no demonstration of the apparatus as a homing system
for aircraft is possible. Certain knovm properties of the system, however,
have a pertinent bearing on this application.

13. The manner of indicating bearing in the present model is not
well adapted to guldance of the pilot. Bearing relative to the transmitter
is indicated by a code number which must be converted into degrees or direc-
tion by the observer and which has no relationship to direction of flight.
When the pilot has determined his bearing on the transmitter, he must then
determine his course by compass.
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IABLE 1.

CIRCLING BELLEVUE AT APPROYTMATE 1-1/2 MILES
RADIUS AT 2500 FT. ALTITUDE

True

Bearing

(Transit) Dial
197 44
122.5 23
9% 18
13 1
355 69
279 57

Indicated
Bearing

220
125
90
I

5
345
285

Indicated

Bearing

Corrected Dus

to Sighting

Vanes Error
212 +15°
117 -5.59

82 -12°

357 -15°
337 -19°
277 -2
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