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PART I 

SECTION A: PURPOSE 

1. INTRODUCTION* 

In order to develop the Infrared Homing Set AN/DAN-3(XN-1) further aad 
to adapt it to an air-to-air guidance system, with particular reference to 
the Sparrow missile, .it *as necessary to test the unit under actual night 
conditions, Authorisation was granted for conducting a series of flight, 
gronnri eEd laboratory tests under the terms of Contract NOa(s) 51-19&-C, 

A preliminary investigation was carried out to determine the types of 
equipment, test setuö§, ^ design changes necessary in carrying out the 
program. Subsequently, an automatic spiral scanner was developed, a radiom¬ 
eter was constructed, and the infrared-homing-set control unit was modified. 
Several AN/DAN-3(XfI-l)# units, together with the associated equipment, and 
power supplies were furnished to the U. S. Naval Air bissile Test uenter 
(HAMTC) for use duriiig flight tests at Pt. Mugu, California. 

The stability öf the tracking-system servo loop was investigated simul¬ 
taneously (Reference â). The information obtained from this study was useful 
in verifying the ovei*=aU system response of the infrared homing set. 

A series of ground, flight, and related laboratory tests were conducted 
for the purpose of determining the general performance of the AN/D AN-3 (XN-1). 
Detailed information and technical data on the tests are included in this 

report. 

2. PURPOSE OF THE fliOJECT. 

The purpose of th@ project authorized by Contract NOa(s) Çl-196-c, 
Items 1 2. and 3. was to conduct a series of around, flight, and related 
laboratory tests on ths Infrared Homing Set AN/DAN-3 (XN-1) in accordance with 
the requirements set forth in this contract. The general objectives were to 
determine the workability and reliability of the AN/DAN-3 (XN-1) as a homing 
device and its’a¿pH¿'af iUtz to air-to-air missile-guidance systems, with 
particular consideration 7iiven to the adaptability of the unit to the Sparrow 
missile. The general test program covering the specific requirements of the 
contract is summarized AS follows: 

a. PERFORMANCE TESTS OF AN/DAN-3 (XN-1). 

FLIGHT TESTS. - The flight tests were conducted far the pur¬ 
pose of determining thê workability and the adaptability of the AH/DAK-3(XN-1) 
as a ad asi le-guidance device. Additional tests were made to determine the 
applicability of the unit to automatic search, target acquisition, night- 
fighter fire control, tail or collision warning, and constant-bearing 
navigation systems* 

’infrared homing set and AH/DAN-3(XN-1) have been used synonymously throughout 

this report. Pagel 
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ground test result ? ' ; :{ied thâ Patinent laboratory and 
S condtioted in latorSty or ^ WhiCh COUld n°t 
borne^target characterisUcs w£a^o2ff T* In âdditlon» ^ious air- 
simulate actual tactical condiUorü «nanewers accomplished to 

tests consisted of^etwmSifth^o™10 " 7110 ^borutory and ground 
AN/DAiJ-KXN-l) and broSS^^he ^S^ "ífacteristic3 ®f 
ducted as acceptance tests under Cop0™«1 investigations con- 
the determination of external ranee-instri f0^3^102^1* Theaa tests included 
response ebaracteristSs of the^ entati°n' radiatloa' ^ 
high c le sing rates on the target* * ^ measureiDSDt of traclting accuracy at 

work covering the^ligh^testf rSed^h^’h* An technIcal direction of the 

3. hesolutigw op the problem. 

air-tJat^Sdancf^SS^sav^iSf3?1^»,01, the to an 
various flight tests simulatint o «ratioml necessitîr of 
verifying the investigationp ^rri ont^ .0adit:lon3» with the view of 
Eased on euch an objective, a flieht ainu:Ltaneously in the laboratoty. 
the varies representative of Sf ^ Set ^ * ^int efforts of 
Mr Missila Test Center^dS aShorS “V and HAMrC- ^ Naval 
flight equipment, aircraft, instrumentation ¿ilït?*’ luraished aU «ecessaiy 
contractor provided all technical diSJ+w facilities, and services; the 
obtaining data to évaluât p tho vi-f0n nocessary ior making teats and 
borne guidance system. The technical ^ty AK/UlN-lfXH-l) as an air- 
into the following categories« 1 PhaSe °f the P1*0^30 nã3 then arranged 

description tSfSoíy Kp^ati^1^./ DEVICB' “ ^0 
already hâv§ been discussed in the rnnt^^+^f IniraTed Homing Set AN/tWfW(0W) 
reports (Réferences a, b and J aCt°^3 Previous engineering 'summary 
AN/DAN-3 (XH=«1) is a pássíve^ice ^ be restated that 
signal souree external to the unit Snrh1163 f°r its 0Peration on an infrared 
The unit miiifc, therefore® delXe ?n£a!J0W,Cf 13 the tarHflt «^craft. 
continuously track the target radiation from the target, 
feed these Signals to a contr^Aystea wSfd? Jafßet-bearlng signa ta. and 

ySt,Cm wMch dictates the direction of flight. 

summarized and defined as follows * workable guidance system are 
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(1) TRACKING-RANGE CHARACIffilSTICS. 

(a) . Search and Acquisition. 

1. Automatic. - Ability of the AN/DAN-3(XB-1) to 
scan automatically the maximum field of vies, locate a target, terminate the 
scan, and commence tracking. 

2. Manual. - Ability of the AN/ÏM1J-3(XK-1) to lock 
on a target at various tracking ranges under diverse background and atmospheric 
conditions after the operator recognizes a signal on the monitoring 
oscilloscope. 

\ 
■i 

Î ? 

ï 

(b) Maximum-Range Performance. - Adequate performance of 
the unit in tracking a target at extreme tracking ranges. 

(c) Minimum-Range Performance. - Adequate performance of 
the unit at tracking ranges approaching the probable missile range of destruc¬ 
tion. 

(d) Signal vs Range. - The relationship between the signal 
strength and the tracking rango, under a variety of atmospheric conditions and 
for various targets. 

(e) Signal vs Aspect. - The relationship between the 
signal strength and the target aspect, fcr various targets. 

(2) TRACKING CHARACTERISTICS. 

(a) Tracking Ability. - General capability of the unit to 
track under all circumstances. 

(b) Tracking Accuracy. - The accuracy with which the 
error between the indicated sightline from the missile to the target and the 
true sightline under various conditions can be measured. 

(c) Resolution, -> The ability of the unit to resolve 
discrete targets as the angle of separation increases from zero. 

(d) Angle Noise, or Jitter. - The extent of random and 
erratic motions of the gyro spin axis. 

(e) Jamming Sensitivity. - Freedom from interference by ■ 
false signal obtained by means of flares, smoke, or other radiation inter¬ 
ference methods. 

b. BASIC TEST SETUPS. - The characteristics defined under Paragraph 
3-a represent desirable qualities of an infrared homing set which would 
establish the workability of the All/DAU-3(Xft-l) if they were used as 
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performance criteria. Rirtheroore» the adaptability of the AN/DAN-3(XN ^ 

to various applications would be established, without further specific teste, 

by evaluation of the results obtained firora test characteristics of the system. 
When such a basis was established, it was then necessary to set up a program 

of specific ground, flight, and laboratory tests and experiments by which 

these characteristics could be measured. Consequently, a number of tests were 

planned to achieve these objectives. 

Only a few basic test setups were planned; these setups were 

flexible so that modifications could be introduced as necessary. The basic 

test setups were as followsï 

(1) FLIGHT-TEST SETUP. - In this test setup, a parent airplane 

with the necessary instrumentation facilities and target airplanes of 
specified types were used. This arrangement permitted simulated tracking by 

an infrared homing set from a plane or missile. Although such an arrangement 

was basic, it was inherently difficult to set up because the target and the 

parent aircraft had to be permitted freedom of motion in all directions. 
Although tests conducted in this manner were in general successful, many other 

difficulties were encountered, such as radio communications, personnel 

discomfort due to oxygen equipment, difficulty in making rendezvous, radar 

trouble, and the like. 

(2) MOBILE GROUND-TEST SETUPS. - Ground test setups were made to 

simulate air-to-air flight tests. The same type of instrumentation apparatus 

as that employed in the parent plane was installed on a truck so that the 

operations could be carried out by moving the truck and the target v/ith respect 

to each other along the air-base taxi strip. Thus, air-to-air tests were 

simulated without encountering many of the difficulties experienced in actual 

air-to-air operations. 

(3) STATIŒIARÏ GROUND-TEST SETUPS. - This type of test employed 

the infrared homing set mounted on a rotatable support, for ground-to-air 

tracking. A target plane was flown past the observation point to permit the 

necessary observations to be made. 

The above-mentioned arrangements constituted the basic 

equipment setups used in evaluating the various characteristics of the 

Ai.,/DAM-3(XN-1). In addition, it was found necessary to determine the 

radiation characteristics of the target and target background. For such 
measurements, a radiometer and a monochromator were required. Therefore, two 

additional test setups were arranged as followst 

(a) Radiometer Configuration. - A special radiometer was 

constructed which employed a lead sulfide receiver, a refractive 

optical system, and a radiation-beam chopper—all of which were mounted in 

a suitable case, which, in turn, was held in a rotatable raount. An a-c 
amplifier and a Brush recorder completed the equipment setup. The radiometer 

could be sighted at a target or background, as desired, to measure the total 

radiation intensity. 
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I (b) Monochromator Configuration. - This unit consisted of 

* * lead sulfide cell mounted In a Perkin-Elmer Universal Monochromator, which 
utilized salt windows, a salt prism, and a concave mirror in its optical 
system. A chopper, together with an a-c amplifier, modulated the signals, 

: * which were recorded on a Brash recorder. 

SECTION B: GENERAL FACTQAL BATA 

It. REFERENCES. 

The following is a bibliography of the eajor reference materials 

a. R. W. Powell and Norman L. Irvine, Stability Analysis of Infrared 
Homing Set AN/DAN-3 (XM-1). Aerojet Engineering Corporation Report 
Bõr5C57võiri7 12 October 1951. Confidential. 

b. E. U. Sevadjian. E. L. lileczko and E. R. Bunker, Final Engineering 
Summary Report on the Development of Infrared Homing Set 
/tj.7mrCJ(Xt,Cl). General Tire and. Rubber Company of California 
Sëport'lîô. 2Q56. 22 December 1950. Confidential. 

c. Infrared Homing Set AN/DAN-3(XN-1), Workability Contract 
rja('sj 'Ü1-19Ò-C, Aerojet Engineering Gorporâïîôn Progress Reports 
íTõTTSC?inrtõ"L2052-13, December 1950 to December 1951. 
Confidential. 

5. SYMBOLS. 

a. GRAPHICAL SYMBOLS. - The graphical symbols employed in the 
drawings of this report are standard designations for electrical and mechanical 
components. 

b. REFERENCE SYMBOLS. - Pertinent reference symbols or callouts are 
explained on each illustration. 

6. MEASUREMENT PROCEDURES. 

a. FLIGHT-TEST SETUPS ABOARD P27-2H AIRPLANE. 

(1) EQUIPMENT USED. - The following principal equipment was 
used for the air-to-air tests* 

(a) Parent Plane, P2V-2N (Bureau No. 1221*65) 

(b) Target Planes, F-80, TO-!, TO-2, and PBl*Y-2 

CONFIDENTIAL 
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(c) Cameras. ®§J1 & Harwell 35-mm, Eÿemo, Single-Shot 
Bhgasine type 

(d) Infrared Heining Sets AN/DAN-3 (IN-1), Aerojet Serial 
Nob. 1 through 5 

(e) Radiáoste!?# Aerojet Model Ar-1 

(f) Cathode-Rfiy Oscilloscope, Waterman Model 5-lliA 

(g) Radiometer Ançilifier, Aerojet No. A-l 

(h) Electroni® Tachometer, Hewlett-Packard Model 5Q5-A 

(i) J-Scopë 

(k) Optical Sight 

(l) Air Supply end Control Í 

(m) APS-33 Rada? 

(n) Two Dual-Channel D-C Anplifiers, Brush Model BL-913 

(o) Six-Channsl Recording Oscillograph, Brush Model BL-6 

(p) Chronoraete? 

(q) Aerograph 

(2) TEST SETUP. - The nose-tip structure of the P2V-2N airplane 
was modified to accommodate two exigeras, one infrared homing set, and one 
radiometer-pickup head (see figure 1) • The cameras were Bell & Howell 35-mm, 
single-shot jaagaiine type; they v&9 mounted behind the Plexiglas nose-tip, 
and triggered by a 28-volt d-c pulso originating from the radar. One camera 
had a telephoto lens with a field ûi view of ♦ 3° and the other had a field 
of view of approximately ♦ 15°. 

The AN/DAN-3 (Xîl*l) was mounted directly below the second 
camera and was boresighted, together with the cameras, relative to the 
centerline of the plane. The AN/DAií-3(XN-l) extended 8 inches beyond the 
Plexiglas nose tip, shown in figure !• Alongside the AN/BAN-3(XN-1), an 
equal distance from the nose tip of the plane, was the radiometer which 
pointed upward at an angle of 5 * Copper shielding was used to line the nose 
tip to reduce vhf signals that interfered with proper radiometer operation. 
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Isssediately behind the above-mentioned equipment were racks 
for mounting the AN/DAM-3(XN-I) control unit, an. oscilloscope for monitoring 
the error-voltage signal, a radiometer amplifier, an electronic tachometer for 
measuring gyre speed, and poner supplies for the units, figure 2. The air- 
supply control i/as behind the racks. An optical sight for visually aligning 
the P2V-2N with thq target and a cross-pointer indicator showing the position 
of the tracking gyro were located in the pilot's compartment. 

The parent plane was equipped with an APS-38 radar (figure 
3), which was an x-band search-type unit. The PPI scope of this unit, a data 
card, a chronometer, and a film-frame counter were in direct view of a camera, 
which was triggered by the radar at aubmultlples of its scan frequency. An 
aerograph located in the radar compartment recorded the temperature, relative 
humidity, altitude, and air speed. 

Tn the navigator's coupartlíient were two dual-channel Brush 
d-c amplifiers and a sis-channel Brush recording oscillograph (figure 1;). 
Two of the channels were used to record the servo-output voltage of the 
Aîl/DAîî-3(XB-l), a third, the output of the electronic tachometer, a fourth, 
the pulse which triggered all the cameras, a fifth, the radiometer-amplifier 
output voltages, and a sixth, the radiometer ompllfier-gain setting. 

In the tail section, a fourth camera was used to photograph 
an instrument panel, on which were a J-scopd to indicate the precession- 
current intensity, a chronometer, film-frame counter, data cord, attitude 
gyro, compass repeater, altimeter, and precession-current meter (figures $ 
and 6). 

(3) PROCEDURE. - Preparatory to ail test flights, a routine 
check was made which included necessary calibrations of the equipment, bore- 
sight photographs, and inspections of the operation of all the equipment. 
This check was performed jointly by Aerojet find MAifTC personnel; Aerojet per- 
si 'nel assigned to the flight operation conflicted of a flight-test engineer, 
a flight-test technician, and occasional obeervers. 

The flight-test technician was stationed in the nose of the 
airplane to monitor the error-voltage signal of the AN/DAN-3(XH-1 ) and to 
operate the control unit, adjust the precession-current-gain control and the 
air supply, change the radiometer-filter wheol setting, and perform such 
other operations as necessary for obtaining an optimum performance. The 
flight-test engineer directed all the major test operations from the navigator's 
compartment. 

Each of the flight-test personnel was equipped with an 
intercommunication set, and all radio and voice communications were recorded 
automatically on a wire recorder actuated by moans of "pusb-to-taJJt" buttons 
at the sets. Because of frequent trouble encountered with this apparatus, 
it was replaced by a scribed-film recorder actuated by means of sound level. 
This new arrangement was satisfactory, but since the operation of the recorder 
was triggered by an initial voice, the first portion of the speech was clipped 
unless preceded by a prespeech voice signal, 
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Preparatory to each flight, the flight-test engineer selected 
and used the proper optical filter for the infrared homing set in accordance 
with the purpose and conditions of the flight. 

After the P27-?J became air-borne, the Brush recorder was 
turned on, and the radar was switched from "Stand-by" to "On" positidn; this 
switching was required because the radar provided the pulse signals actuating 
the cameras. The ¿-2V-2N then ascended in a spiral pattern in order that the 
entire field of view of the sky could be observed. The radiometer was 
maintained in operation throughout the flight to obtain background information 
when desired. 

During the ascent, the AH/DAN-3(XN-1) was energized 
electrically, but the precession current was off and the tracking gyro was 
caged. After the target was sighted, the caged gyro was brought up to normal 
speed, and the precession current switch was closed. When the oscilloscope 
indicated a target signal, showing that the infrared homing set was roughly 
aligned with the target, the gyro was uncaged to permit the unit to track« 
The target then was directed to fly in accordance with specified flight 
patterns. Both jet- and reciprocating-engine type targets were used (see 
figures 7 and 8). 

At various time intervals during the run, the tracking was 
checked by opening the precession-current switch so that any noticeable change 
in the signal could be observed on the oscilloscope. In most cases, the test 
run was continued until the target was out of the range of the AN/DAH-3(XM-1)« 
Thereafter, the target-plane speed was reduced to permit the parent plane to 
close on the target for another run. Both automatic and manual search methods 
of acquisition were used throughout the flight tests. 

Usually the first run was made to determine the maximum 
tracking range under the specific conditions of the flight; the ensuing runs 
comprised target maneuvers, which included the followings 

Target Motion 

Sinusoidal course 

PZ7-2N Plane 

Pointing at target 

Sinusoidal course Flying in straight 
line 

First target in straight- 
line flight; second target 
in cross path to first 

First target in straight- 
line flight; second target 
flying parallel, then peel¬ 
ing off 

Evasive action 

Straight line 
course 

Straight line 
course 

Pursuit course 
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Purpose 

To measure effect of 
changing target 
aspect 

To confirm and 
measure accuracy of 
tracking 

To determine reso¬ 
lution 

To determine reso¬ 
lution 

Tracking ability in 
tactical applications 
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During the multiple-tar get runs» the tailpipe températures 
were varied, and in all other runs they were kept constant. In later flights 
a second AN/DAN-3(XN-1) was substituted for the radiometer so that the 
AN/DAN-3(XN-1) units with various modifications could be compared, under iden¬ 
tical conditions. Since the PZ7-2H contained only sufficient equipment to 
operate one AN/DAK-3(XN-1) unit at a time, it was necessary to make successive 
runs, switching the cables and air supply from one AM/DAN-3(XN-1) unit to the 
other between the runs. Also, from time to time, other tests were improvised 
to check various components, as the need presented itself» . 

b. MOBILE GROUND-TEST SETUPS. 

(1) EQUIPMENT USED. 

(a) Chevrolet Stake-Body Truck 

(b) Infrared Homing Set AN/DAN-3(XN~1), Aerojet Serial 
Nos.1 through $ 

(c) Infrared Homing Set AN/DAN-3(XN-1) Control Unit, 
Aerojet Serial Nos» 1 and 2 

(d) Infrared Homing Set AN/DAN-3 (XN-1) Power Supply, 
Aerojet Model PS-1, (1.5, 28, 75» and 250 volts) 

(e) Infrared Homing Set AN/DAN-3(XN-1) Interconnecting 
Cables 

(f) Infrared Homing Set AN/DAN-3(XN-1) Stand 

(g) Six-Channel Brush Recording Oscillograph, Model BL-6 

(h) Two-Channel Brush Amplifier, Model BL-913 

(i) Hewlett-Packard Electronic Tachometer, Model 5Q5-A 

(j) Hewlett-Packard Voltmeter, Model IiOO-C 

(k) Waterman Oscilloscope, Model 5-l^A 

(l) Radiometer Amplifier, Aerojet Model A-l 

(m) Radiometer Power Supply, Aerojet Model PS-2 

(n) Air Supply and Control 

(°) Cessunlcations Equipment SCR-68U 
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(p) Gasoline-Engine Genfiarator, 7.5 k»-» 120 volts. Singlo 
Phase, and 60 cycle 

12-Volt Storage Battery- 

Temperature and Humidity Recorder 

^ (2) TEST SETUP. - The AN/DAK-5(zH-1) stand vas mounted on • 
i shelf in the forward part of the truck bed ijsnediately behind the truck cab 
l (figure 9). In this location, it was possible to rotate the AN/ÜAH-3(XN-1) 
: through an angle of more than 180° in the forward horizontal plane, and to 
• xilevate and depress it in the vertical piano. The control unit, the volt- 
f meter, the oscilloscope, and the radiometer amplifier were mounted on the 
i,. top of a bench. The pew or supply and the electronic tachometer were located 
; , on a shelf underneath the bench. Facing forward in the truck another bench 
i ' -ms located along the right side, on the top of which were the radiometer 
I .. power supply, the six-chsnnel Brush recording oscillograph, the tvro-channel 
- '' Brush amplifier, and the SCR-68!i comaunications unit (figure 10). A teaper*- 
Í ture and humidity recorder, and the a-c power supply for the communications 
1 unit were mounted underneath this bench. 

(q) 

While the truck was in motion, power was obtained from a 
gasoline-engine generator which was mounted on a trailer attached to the rear 
of the truck (figure 11). This trailer also carried the electrio-pcvered 
air compressor which supplied the air to the tracking gyro. 

(3) PROCEDURE, - The target airplane in use was "spotted" at the 
western end of the taxiway in a position which presented the desired aspect 
to the AN/DAÍí-3(XIí-1). Efir using an odometer, the tracking range was measured 
and every one-tenth mile was identified by A visible Barker in order that the 
distance from the stationary target airplane could be determined. 

After proper calibrations and preliminary checks were made 
on the equipment and a suitable warm-up time was allowed, radio contact was 
established with the fcsrget airplane and tho desired operating conditions of 
the target were requested. 

"Lock-on" was established at a range slightly greater than 
nina tenths of a mile, end all equipment settings were adjusted and noted. 
The run was started as the truck passed the nine-tenth-mile marker, and the 
speed of the truck was maintained constant fit 7 miles par hour. The runs 
were terminated at approximately 120 feet frem the target airplane. 

The error-signal voltage from the preamplifier output, 
available at the control unit, was measured by the Hewlett-Packard Model IjOO-C 
voltmeter and the needle deflection was kept on the lower two thirds of the 
scale to ensure linearity. The output of the voltmeter was amplified by the 
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(p) Gasolíne-Engii» Oteneratcr. Î.5 120 Tolt9* 
Phase, and oO cycle 

(q) 12-Volt Stcrage Battery 

(r) Temperature and iûaddity Raccorder 

(2) TEST SETUP. - The AN/0A»-3(X8-1) staM gab 
heir in the fonMrt pa« or the truck 1,01 
SÄ- ^ ÏStÂ hÎîSnîS {ST 
hrough fin angle of more than uu- in t-ob * control unit, the volt- 
îlevate snd depress “pin;i^et!f 1er Trcre nounted on thfi 
«ter* the oscilloscope, and the radiomener ^ tachonater were located 
,op of a beach. The power supply ^nd.^e electr ^ b6fl0h 

- «Half underneath the bench. Facing . . . .u- rcdiotnetéV 
as located along the right ®n ^JgJ’osSlograph. the two-chartnfil 

MhSSÄÄ ^ ^ c—icatione 

□nit ■Heî'fi iKwnted underneath this bench. 

^hile the truck was in motion, power pear 

Ba-5ÄÄÄ ’SSSiÄ^StS êlectrie-poeerwi 
Sr c4re«»«t «Sh euípli«* the air te the trackih* «pro. 

(3) RIOCSDUHS. - The target airplane 
»eatern ehi oT the tciiuajr ie a P0''^“ jS^S'traekinaSaiige uae eeagnred 
ifthe JíÂSrfS V STordar that the 

S^Snary target airplan. could be dotermieed. 

gfter proper calibrations and prelininarjr Jif SÍ 

-SÄ SS ÄpSTÄ SÄÄÄa * 
the target were requested. 

"Lock-on" was established at a range slightly ¿f® 
,. f -ai» an¿ an equipment settings were adjusted and hotfid* 

nine teiifchs of a “J1®* truckoassed the nino-tenth-mile marker, and the 
^iTha^^ê LlnSÄtTat 7 nUe. por hour . Th, run. 
S?t¡M¿ted at approrinately 120 feet fro. tbe Urget airplana. 

Tha error-signal roltaga hoo-c 

Ä ÄCS ÄTonÄÄTÄuo «ixd. er th, 
iSle tf^^re linearity. The output of the woltmeter was amplified ty im 
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radiometer flxiplifler and recorded on a Brush oscillograph. This system per¬ 
mitted the maisfcexiance of the radiometer amplifier on a single scale for all 
measurements, the amplitude of the recorder signal being controlled by the 
step attenuator in the Model IgiXX-C Toltmeter. 

1 12-volt battery prorlded d-c power for the filaments of 
the tubes in the radiometer amplifier, thus eliminating any gain change that 
sd^itbe dueto possible variation of the filament emission in this amplifier. 

The right-left and up-down servo-output recording channels 
were supplied with signals from the two-channel Brush amplifier, which was 
calibrated to permit a nen-motor deflection of 1 millimeter per 0.1 volt 
of signal. 

Because of the exhaust gases issuing continuously from the 
jet targets and of the propwash from the FBliT target, it was not possible to 
approach the target closer than approximately 100 feet. Slightly closer 
ranges were obtained when the target presented a 90° aspect, but this was 
limited by the turning radius of the truck-trailer combination. 

e. GROUND-TEST SETUPS. 

(1) EQUIPMENT USED. - The following equipment was used in setting 
up the apparatus for the ground tests 

(a) Infrared Homing Set AH/DAH-3(X&*1), Aerojet Serial 
Meet. 1 through $ 

(b) Poarer Supply for AH/DAN-3 (XN-1), Aerojet Models 
PS-1 and PS-2 

(c) Control Unit for AH/DAN-3(XN-1), Aerojet Serial 
Hor.1 and 2 

(d) Interconnecting Cables fer AH/ÏIAH-3(XH-1) 

(e) Stand for AN/0A1!-3(ZN-1) 

(f) Two-Channel Brush Recorder, Model BL-202 

(g) Tachometer, General Radio 

(h) Yacuun-Tube Voltmeter, Hewlett-Packard Model bOO-C 

(i) Cathode-Ray Oscilloscope, Du Mont Model 208 

(j) Radiometer-Amplifier, Aerojet Model A-l 

(k) Radiometer Power Supply, Aerojet Model PS-2 
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(1) Target Flanes, F-80, TO-1, TO-2, and PBUY-2 

(a) Air Supply and Control 

(n) Connrunications Equipment, ARC-l-VHF Transceiver 

(o) Conmunications Van 

(2) TEST PETUP. - The infrared homing set was placed on a 

suitable site at Ft. Uugu in order to command an unobstructed view of the 
surrounding area. The unit was held in a cradle on a stand which permitted 

its rotation through 135° azimuth and 1*5° elevation from the horizon. The 

stand, in turn, was mounted on a stationary support. Electrical connections 

wore made from the infrared homing set to the control unit, and from the 
control unit to the power supply, tachometer, oscilloscope, and vacuum-tube 

voltmeter. The error-voltage signal was presented on the oscilloscope, and 

was measured simultaúOôPsly by a vacuum-tube voltmeter (see figure 12) • 

Ccaaunlcations were maintained with the tower, target air¬ 

plane, and the SCR-S8Î1 radar plotting board, by means of the ARC-1 transceiver, 
which was mounted in the communications van. Considerable variations of test 

equipment and procedures were made in this particular test configuration, 

(3) FROCEPOE. - The target-plane pilot was briefed regarding 

flight procedure preceding each test operation. The pilot was requested to 

f3y the target aircraft directly over the test site on a fixed course and 
altitude, applying full thrust and lanering flaps to maintain a high tail¬ 

pipe tençerature at a constant velocity. Radio contact was maintained with 

the target at all times# so that any changes in the flight plan could be 
accomplished. Tÿpical flight plans included a fixed elevation, fixed climb- 

angle, straightaway, and zigzag courses. Range was measured either by the 

use of radar or by timing the duration of the tracking and then computing the 

range from the known velocity of the plane. 

The teat procedure was as follows t 

A3 the target passed over the test site, the pilot reported 
his altitude. Indicated air speed and tailpipe temperature; if ground radar 

was used, its traces were marked at this time. If not, an operator started 

a stop watch while a second operator sighted the infrared homing set, on the 

plane, with the gyro caged, and announced when the unit was on target. A 

third operator, monitefing the signal at the oscilloscope, announced when a 

signal appeared on tha screen. The secoi.l operator then continued the 
detection with the gyi*o caged, or the tracking, with the gyro uncaged, de¬ 

pending on the test. This procedure continued until the target was out of 

view as indicated ly Ut4 loss of signal on the oscilloscope or Brush recorder. 

If radar was used, the recording trace was marked again; otherwise, the watch 

was stopped and pertinent information obtained from the jet pilot. 
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<1. itADIOkETER-NONOCHKOUATCR CCNFíCíURaTION. 

(1) S3ÜIFÜENT USED. 

(a) Radiometer, Aerojet llodel A-l 

(b) Radiometer-Amplifier, Aerojet Sicdei A-l 

(c) Radiometer Power Õapply. Aerojet Model PS-2 

(d) Radiometer Stand 

(e) Two-Channel Brush Recorder Model BL-202 

(f) Du Mont Oscilloscope, Model 2lil 

(g) General Radio 3£-mm Oscilloscope Camera 

(h) Communications Van 

(i) Gas-Engine Generator, 7.5 kw, 120 volt. Single Phase, 
60 cycle 

(j) Magnetic Compass 

(k) Level 

(l) Perkin-Elmer Universal Monochromator 

, (2) TEST SETUP, - The radiometer was equipped with a filter disc, 
wnlch permitted the insertion of various filters in front of the lead sulfide 
detector cell. The radiometer stand was rotatable in azimuth and elevation. 
The Perkin-Elmer monocliromator was modified to incorporate a lead sulfide 
detector, a wavelength drive motor, a 200-cps chopper, and a collecting 
mirror. 

All the equipment used was mounted on one or more mobile 
tables. Depending on whether the monochromator or radiometer data were to 
be obtained, the particular unit was mounted so that it could be sighted at 
the target. The output signals were amplified by the radiometer amplifier, 
and recorded on one channel of the two-cliannel Brush recorder, while the other • 
channel was used to identify the gain setting of the radiometer amplifier, 
figures 13 and lit. The power and communication facilities were provided by 
the communications van. 

(3) PROCEDURE. - '.Then the total energy of a target was to be 
measured, the radiometer was sighted at the target and its various operating 
conditions were noted. 
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In measuring the spectral distribution of the target radia¬ 
tion, the monochromator was aligned visually by sighting it on a flashlight 
held at the target source. The spectrogram of the radiation was then obtained 
by use of the radiometer amplifier and the Brush recorder. A PßUf-2 airplane, 
as well asan F-60, TO-1, TO-2, or ?-9h ¿et airplane, was used for target. 

The spectral distribution of the sky radiation was also 
measured, using these test setups. In these tests, the monochromator was 
oriented to the north, and then the elevation and azimuth angles were scanned 
in 1$° increments. 

SECTION C: DETAIL FACTUAL DATA 

7. CHRONOLOGICAL RESOUS. 

In the succeeding paragraphs are presented a general resume of events 
in their chronological order and preliminary information regarding the 
flight and laboratory tests. 

a. CONTRACT NOa(s) 51-196-c. - Pursuant to the granting of Contract 
NOa(s) 5L-1S6-C, dated R November 1950, a conference was held between the 
representatives of Aerojet and the Bureau of Aeronautics in the first week 
of December 1950, at which time the general problems of the flight and 
laboratory tests were discussed and a tentative program of instrumentation 
requirements was outlined. 

On 25 January 1951, a second conference was held at KAJ.ÎTC, Ft, 
Sugu, between the representatives of the Bureau of Aeronautics, NAMTC, and 
Aerojet Engineering Corporation to review the airplane requirements and 
instrumentation facilities available. It was then agreed that a P27-2N air¬ 
plane or its equivalent would be suitable for the parent airplane. 

A request was made to the Navy for such a plane and suitable 
instrumentation facilities, and a P2V-2N (Bureau No. 122U65) was allocated 
and delivered to NAMTC late in February. Having undergone routine acceptance 
procedures by the operations department at NAMTC, the airplane was made 
available for project use in Parch, Because of the late arrival of the rlr- 
plane and the tentative date of its release in July, a compromise was made 
with regard to the instrumentation requirements, which resulted in various 
other problems. 

b. PROVISION OF INSTRUmiTATIGN FACILITIES. - Among the problems 
encountered were the following: Not all of the facilities required for in¬ 
strumentation were available, and construction of additional instruments was 
necessary. Since the AN/DAN-3(XN-1) operates as a null device, it was not 
feasible with the equipment then on hand to measure error-voltage signal from 
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*u\dfvfCt0rj this W1>uld b376 be®" significant information, but it «as decided 
that this oeasurement should be omitted until suitable equipment became 
available. It «as also desirable to measure background intensities simul- 
taneously with target tracking« In order to achieve this« a radiometer of the 
chopper type with an optical system similar to that of the AH/nAH-3(XN-l) and 
an appropriate amplifier with associated power supplies were constructed. 

.,/VM determine the target acquisition characteristics of the 
AN/DAN-3 (XH-1 ), the latter was modified to include a search and automatic 
acquisition system. After a number of scan configurations were considered, it 
was concluded that a spiral scanning method would be the simplest to achieve 
and the most complete in field coverage. The spiral scan was accomplished 

applying to the precession amplifier an alternating voltage of the same 
frequency as that of the tracking-gyro spin. A source of voltage of correct 
AH^A«n^!f?xalready available 111 the manual tracking system of the 
an/dan-j (XN~1) ; a selsyn control transformer permitted the selection of e 
voltage of ary phase angle ty varying the position of its rotor. This rotor 
was rotated slowly by means of a motor to provide the required phase-change 
characteristics while the magnitude of the voltage was increased, thus 
causing the tracking gyro to scan in a spiral pattern. ' 

c. FLIGHT-TEST PROGRAM, - In order to broaden the scope of the test 
program, conferences were held with the Bureau of Aeronautics representatives 
for the purpose of amending the basic contract.' Due to lack of funds, tliia 
phase of the program could not be pursued. However, the final instrumentation 
arrangements were aettled in a conference with NAUXC personnel at Pt. Hugu. 
Subsequently, flight-test schedules and data reduction procedures were 
established while the instrumentation matters were under way. An over-all 
raster program was outlined for future flight planning. This program and 
related test methods resulted from conferences held at the Aerojet plant in 
torch, and at HAMTC in April and toy 1951. 

u J The flight-test program was divided initially into six phases, 
based on the primary purpose of the tests to be conducted. The flights in 
each Píias® were arranged so that the maximum amount of information from 
various characteristics of each given flight could be obtained», 

¡P mSE * This Phase consisted of flight-tests to 
familiarize the personnel who would take part in the flight-test program with 
the various aspects of instrumentation, the equipment to be used, and 
calibration and checkout of all equipment required. During this phase, the 
procedures to be used in the ensuing phases were also determined. 

, 4 .U ^2] P?ASE 11 * “ Thia Phasa included the flight tests for deteru 
mining the packing range, minimum range response, acquisition 
ability of the AN/DAH-3(XN-1), and the variation of tracking range with 
respect to the target aspect. 
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..... J í^) fflAf>E III. - During this phasff of the progran, «he traeldnr 
ability and accuracy of the «r/DAKO(X!l-l) undeif pixilated tectical conditions 
were determined, and thè validity of the guidance data thus obtained was 
investigated. 

* 4.U FHASE - Th» prinary purp65# of Phase 17 was to deter- 
WDAfl-3(XMfl)fc °f Tariou3 background conditionJ ©n the performance of the 

(5) PHASE 7.- This phase mainly consisted of measurements of 
the response to multiple-target situations, and determining the resolution 
of tne AN/DAN-J(XN-1), 

(6) PHASE 71. - This phase was intfffided for determining the 
tactical conditions under which tracking might tS possible; it also was to 
be devoted to additional flights as required to ©fpand any of the tests of 
the preceding five phases. 

*», i , Seventy-six flights were scheduled, ei which li3 took place and 
the remaining 33 were deferred for various reasons, such as weather conditions 
airplane or equipment difficulties. The deferment of sobs of the night 
operations was duo to weather conditions at KCfTS, Jnyokern, where the jet 
mwpÍ006 ^Rnc*e<* night. Night landing by instruments was prohibited at 
WAMTCj consequently, occasional nights were spent St Inyckem ty the entire 
ilight-test crew. A more satisfactory arrangeaeiit for nigjht operations was 
desirable« 

-♦-i i piSTRüMîNTATIOT PROBLEMS. - The majo? problems of flight-test in- 
stallations in the P2V-2N had been overcome by JiiU3 13, and the first flight 
test was made. This test and succeeding orientation flight tests revealed 
that all data required could not be obtained as successfully as had been ex¬ 
pected initially, The J—scope failed to record tho tracking-error waveform 
properly; the target could not be photographed at night with the type of 
•rff ?5ed.1,1 the boresighted cameras; the pilot esttid not align the radiometer 
wj,sh the target because of its fixed offset angle with respect to the aiiT>'ti,ne 
centerline; the camera synchronization, at times, was intermittent and 
identification of the corresponding frames was difficult; voltage regulation 
for the radiometer amplifier was too inadequate to prevent gain changes 
arising from variable filament emission; and vhf communications interfered with 
wne radiometer operations. In addition, no x-band radar beacons were 
available to solve the existing limited radar range problem. Since many of 
these difficulties could not be altered readily, ee/apromises were made con¬ 
sistent with time and fund appropriations, 

An additional restriction was imposed fey the problem of verifica¬ 
tions of tracking, since consistent verification was difficult and results 
were particularly hard to obtain in flight. In obiter to investigate the 
problems of verification, several ground-observatiflft testa were made. Based 
on the results of these tests, other procedures wef® established to provide 
positive verification of tracking under various conditions. 
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During the early flights of Phase II in July, apparent erratic 
tracking ranges were nhtaínod which ««mid not be explained on the basis of 

.-»hnarption. In addition, it was observed that the tracking range 
decreased as the flight continued, and this condition seemed to be related 
directly to the length of tine air was supplied to the AN/DAN-3(XH-1). After 
investigation, it became evident that a very email difference between the 
ambiertt Air temperature and the dew point existed during the nights when these 
flights took place. Since the compressors furnished atmospheric air which was 
not dehumidified, it was believed that condensation had occurred cn the lens 
and mirppr surfaces of the unit. Consequently, dehumidifiers were installed 
on the plane, and no recurrence of these effects was noted thereafter. 

Vest of the weather conditions during July made daylight tracking 
indetefCiinate, because background conditions were so varied that specific 
tracking ranges for particular backgrounds could not be confirmed. For this 
reason end due to the uncertain availability of the P2V-2N for project use, 
it was decided that ground observations, conducted in conjunction with the 
air-borne tests, would be the most practical approach to the problem. This 
arrangsssnt would permit a control over a series of flights under a variety 
of opûfâfcing and easily selectable conditions not possib le in air-to-air 
operations. 

GENERAL PROGRAM. - The ground tests were begun on 23 July 19i>lt 
Observations were made to determine the total radiation, spectral radiation, 
and apfitial distribution of the radiations from both target airplanes and sly 
backgrounds. This information was also necessary to complement the radiation 
data obtained at Aerojet, from which data, filters for optimum contrast could 
be selected. 

During the first week of August a series of jpt-'ii.'lane failures 
occurred, which prevented the flights of these planes. B -î • -+.her conditions 
interfered with daylight operations, as in July. During tr - c»>nd week of 
August, satisfactory results were obtained from both air-bori.o ond ground 
tests# However, engine trouble discovered on the P2V-2N, in the course of a 
routing maintenance check, prevented the plane from flying during the week of 
20 August. During the following week, impending winds of hurricane velocity 
necessitated the removal of maiy airplanes from NAÜTC grounds; because of these 
circumstances the scheduled flight tests were again postponed. 

In the course of the air-borne tests, it became necessary to alter 
the flight schedules, since the availability of the F2V-2H was known only on a 
week-tô»vfeek basis. September 15 was established as the final availability 
date. 

During the first half of September, a group of government official! 
were at NAMTC, Pfc. Muga, to evaluate the program. Because of the importance 
of the visit of these officials, all operations were primarily for demonstra¬ 
tion purposes. . 
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In addition, the Bureau of Aeronautics desired to determine the 
relative merits of the characteristics of jet airplanes with and without 
afterburners, and arrangements were made to obtain an airplane with an 
afterburner. An F-9U Air Force plane was obtained which arrived after the 
coopletion date (September 1$) of the test program. Because of the importance 
of the requested information, it was decided to continue the tests ¿rom the 
ground with the F-jl* as an air-borne target. A combination of poor weather 
and airplane failure, however, limited the operations to one daylight flight 
of this airplane. Consequently, all tests for making comparative measurements 
of radiation intensities were ground-to-ground. 

During the data-reduction phase of the test program, it became 
evident that additional data were required to verify many conditions about 
which little Information existed, because data could not be recorded adequately 
during air-borne tests* A limited number of ground observations were then 
made. 

, The flight-test operations at Pt. Kugu were concluded on the night 
of 16 October 1951. 

6. TECHNICAL DATA. 

a. TRACKim-RAUGS CRARACT&USTICS- OF A¡J/DAN-3(XN-1). 

(1) DISCUSSION. . 

(a) General. - The maximum effective range of a homing 
device is dependent on factors of the following categories: sensitivity and 
the performance of the tracking system, target radiation, background con¬ 
ditions, and atmospheric conditions. 

(b) Character of Target and Background Radiations. - Since 
the parameters describing target and background radiations are identical, they 
cannot be discussed independently. Target radiation may be described com¬ 
pletely by determining the magnitude and spectral distribution of the radiation. 
These functions vary further with the angular aspect at which the target is 
viewed, since they depend on the effective area, temperature, ani emissivity 
of the infrared source* The emissivity, in turn, is a function of both the 
wavelength and the temperature. 

It mist be noted that unless an optical contrast 
exists, a target may not be distinguished from its background. Contrast is 
dependent on the difference in the intensity or the spectral distribution of 
the radiation, or both, between the target and the background. The present 
design of the AN/DAN-3 (XK-1) is such that the unit responds only to positive 
contrast.* It is possible, however, to change the unit so that it can operate 
with negative contrast tracking, but both types cannot be used simultaneously. 

Contrast is positive when the target-radiation intensity is at a higher level 
than the background, and it is negative when the converse is true. 
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The existence of any type of target background other 

than a completely dark background is detrimental in that (a) the contrast 

is decreased and, consequently, the signal, and (b) variations in the back¬ 
ground intensity within the scanned field initiate a background noise which 

in effect increases the system noise level. 

One method of increasing contrast and also decreasing 

the background noise (which was used in the tests) is the reduction of the 

beam width and the angular view of the scanning cone. The limits of this 

method are imposed by the available cell size and the angular scanning rate, 

and as yet the possibilities have not been completely investigated. 

It was evident then that steps had to be taken to 

increase contrast* and simultaneously decrease background noise by filtering 

the incident radiation. However, before a judicious selection of a proper 

filter or filter combination could be made, measurements of tha magnitude 

and spectral distribution of typical sky-background radiations and target 

radiations had to be made. Such measurements were made, and data are included 

in Appendix C. 

Other systems for discriminating between the target 

and the background are under development, whereby the effect of background 

noise may be further decreased; however, these methods were not sufficiently 

advanced to be included in the scope of the present work. Spurious targets, 
such as the sun or the moon, may occur in the background; eventually equip¬ 

ment will be built that can discriminate against these, 

(c) Effects of Atmospheric Conditions. - The target 

radiation energy reaching the detector cell of the AN/DAH-3(XN-1) would be 

inversely proportion?! to the square of the tracking range, if the intervening 

medium had the properties of a vacuum. However, the atmosphere causes addi¬ 

tional attenuation of the radiant energy because of scattering, and of the 
selective absorption of the radiation by atmospheric water vapor and CO2, 
These effects also decrease the effective contrast between the target and the 

background and, consequently, the maximum effective range. 

(d) Performance of AN/DAN-3(XN-1). _ The radiation- 
reception efficiency of the AN/DAN-3(XH-1), which includes such factors as the 

gain of the optical system, the cell sensitivity, bias voltage, and load 

resistance, determines the magnitude of the signal voltage. The ultimate 

tracking range of the system will be one that corresponds to the minimum cell 

irradiation required to generate a voltage just greater than the inherent 

noise voltage. Against a dark background (night sky), it is always possible to 
increase the tracking range by increasing the optical gain or by decreasing 

the system noise. Consequently, the tracking range can be increased easily 

at night, whereas it is more difficult to increase this range during the day. 
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The airplitude of the tracking signal with range is 
of interest, üp to medium ranges of several miles (see figure 27), the 
sigml is great and the target is tracked near the center of the reception 
'■earn pattern. As the signal decreases, the target image must then move to 
a position of higher sensitivity on the lobes of the reception beam pattern 
In order to override the noise signal in causing precession. The direction 
in which the image will ride out on the reception beam pattern (Reference t>) 
is dependent on the precession direction produced by the phase of the 
periodic noise; in equilibrium, the error signal and the noise will be equal 
is magnitude but 100° out of phase. No measurable disturbance of the sight¬ 
line results from the motion (see figure I»3), It should be noted that only 
those noise frequencies which are within the harmonic system of the scan 
frequency are effective in causing the AN/DAN-3(XN-1) to lose the target, 
raer afore, the unit will respond to a signal-to-noise ratio of less than 
unity (1:1) with the apparent or amplifier noise. 

If the over-all gain is so low that the noise signal 
cannot process the gyro, tracking will cease before the maximum range is 
reached. It is evident then that a variable gain is necessary in order to 
Efr« various conditions of system and background noise. 
The AN/BAN-3 (XN-1) units were modified in that respect. The operation of the 
gain control consisted of increasing the gain until the noise signal just 
caused a perceptible precession of the gyro. J 

,, , . , («) Methods of Verifying AN/DAN-3 (XN-1) Tracking. - Ba- 
cause the AN/DAN(XN-1) is a null-seeking device, and because it tracks below 
„“f,1:1 signal-to-noise ratio (where the noise is the apparent or arrolifier 
noise), it is relatively difficult to verify precisely the maximum tracking 
airfoil T *9 SeVeral Eeth°d3 which are developed for verifying tracking are 

. Signal Detection. - It would be useful to be 
saxe to predict an expected maximum tracking range under the specific corv- 
ÍL"t«RS 0í,each ttight. For such predictions, the AN/DAN-3 (XN-1) was used 
SfüvS7!?3 ® detectln2 device. With the tracking gyro caged, the 
WDAH-J(XN-l) was moved across a target whose range was increasing while 
« ?e signal was observed on an oscilloscope. The range at which this signal 

taken as th® detectable range; in all cases, this 
range was less than the tracking range, since the entire amplifier noise 
2^^°? -he 0!?1î}0SC0pe* Tne resulting from such detection runs 

f predicting tracking ranges for subsequent runs of the same 
operation to permit more intelligent use of the tracking verification methods, 

., . 4V „ Wording of Error Voltage. - Using the test 
ibed agraph 7“e' the voltage was taken from 

Ína-í“5i?‘3íXN”1^IT!anplÍfier' a“^lified by both a Hewlett-Packard Model 
yZH./°ltmerter ard the radiometer-amplifier, and then recorded on a Brush 
reccrder. In most cases, the final tracking was accomplished with a target 
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ñíSíf1 f5 * y*108,1«3? ^311 the recorded noise level. During either day er 
t^e slf?tL?,0a th® oriSinal target was comparable with the noise. 

«hfï^î?Îwn*0f equiilhfiunwas established with the error signal 180° out of 
pnase with the noise signal, and some cancellation occuired. Consequently, when 

ra3^* "he terrcinal position of the recorded signal 
increased in amplitude and the position of the target loss was easily observed. 
A typical recording which shows this effect is presented in figure 15. 

__. ., ., . . ^t was noted that the amplitude change was more 
duri"f the day when the noise was periodic in character than at 

night. The position of the gyro, recorded simultaneously with the error 
s“ fn ir iediate shift of position at the same moment 

that the error voltage indicated a loss of target tracking. 

w„ . . Procession Current. - When the instrumentation 
2thî5 «r Z available to record the error voltage, the most effective 

. tracking consisted of interrupting the precession current. 
Such an _nterruptioîl permitted the gyro to return under restoring forces to a 
a ^^l^naTnial-.poaitiSn*, Since the focal arin'jlua ^en veered off center, 

SißnS; pafl?®d t]won/h the Preamplifier and was indicated on the 
cymoscope9 The evidence of a check for this effect was a Brush record of«» 
tSpiHn! fugradual shift ter^ted by a rapid return to the 
tracking position, as the precession circuit was again closed. This is 

siänStäeSr ^17' *uh a ^¿i<,t °f tha 

poaiU«e plotted 
^ dip3 coincided with the gyro-position changes. Further changes in 

îî°Vhfn*î f !uwere srRa11 ^ no 111 precession current were 
^ thS facfc fchat the Position was recorded continuously while 

the precession current was recorded at intervals. 

... ,. -* Other Methods. - Several other methods for 
/rfckins rffe also used- These additional methods may be 

C*u i1 J / r} 6X1 ^r^itrary precession-current method, ¢:) the course-changa 
method, and (c) the noise method, ** 

tvvio ix ,, Arbitrary Precession-Current Method. - In 
y°ltSga Senerated in the pickup coils and taken from 

rha-e^Tn Z*3 ^ th® anPlifier in proper amplitude and 
phase an order to cause the gyro to deflect in some arbitrary direction after 
the target was lost, thus visually indicating the loss of tracking by the 
gyro-position indicator; this motion was also verified by the recording of 
tion^nposed tÍOn* Tíií) rflain disadvantage of this system was the range 
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íí ^í1?1 “L®1^1“'10® t0 causs the deflection of the gyro-position indicator, 
iff waa :10te^ hy the lack of deflection of positif SSiStcr 
and ^usb-recorder pen. The primary disadvantage of this method to Sat 

^ Ureet aspect8 Pre3cnted a region of uncertainty with regïd to 
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_, ., £• Noise Method. — The system noise, which is 
p:5riodic voltase caused by magnetic induction, perforas the 

aílUíá Cfre^ 111 the precession method. This 
Sit I? L SâíiS lí ^ COn6ta,es ^ to tto «>«<—»i»e terrt. 

ftmrtí««. X. Search and Acquisition. - The search and acquisition 
ÎShï a î- S hominS set are those in wiiich the unit automatically 
fpfíí ! field ?f vieiT* identifies an infrared target, terminates the 

^ks.on the target, and then conasences automatic tracking. The 
featf es;sf a dsvicö of this type on which these functions are 

fPtS S vF 00 fir? 88 follo,TS! liraits of search field, unifcrmity of 

S «to uÄiS:típ,! 01 s<irch'toset «í »“ch. 

nhinttr «i* +1- + . Acquisition ability of the unit will be defined as the 
th* em r+i entify 3 tar^et ‘7hiöh enters the field of view, 

incic on the target, and then commence automatic tracking. The three tvsea 6¿ 2^0n WhiKh ^ t0 3 h0nins device 33 («îcSStion automatic search, (2) controlled search, and (3) physical positioning of 

ïauÏÏiSonh^e< r11 th? tra.ckin2 ©TO cs5ed. The two latter^ss of 
fi, it necessary for the operator to identify the target by 

t£r£?gaSe ^=11}020^3 display aRd thoa releasing the scanning^ead so 
°king my lv'sin* Ti™ signal level necessary for 

sä 

iaolude m automatic search and acquisition system. After 
ín fuSSfn ?e pi'0',;-em preliminary models were built, from which evolved 
ân automatic spiral-search unit. 

„„„ . . , ... liraits of field viewed in this spiral search unit 
^ either the size of the refractive optical system cr by the 

necessary stops to gyro aotion. In the unmodified-type AN/ßÄN-3(XM-l) the 

is ï' i the ca,te- “■* *“ «“<• *iA> % 
anmUfí«». «i,,- u + Target identification is accomplished ty a differential 
aprplifier, which acts as a gate against noise but permits a signal peak tobe 
tí gnsmitted through the main acquisition amplifier for actuating a relay to 
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turn off the spiral scan. The amplituc*’» of the actuating target sipial and. 
consequently, the necessary target-signal-to-noise ratio to automatically 
acquire a target are variable. However, the signal-to-noise ratio enployeo 
vmtet Vkt% « «»í rmfil t.siere* m?AfltelT thflU tllQ Dois© PCôlCT COtlld C 

range. 

(2) mitiUM TRACKING-RANGE CHARACTERISTICS OF AN/tAH-3{XH-l). 

actual flight. Sousa of the general verification methods used in flight in¬ 
cluded recording of the precession current, visual checks of an arbitrary pre¬ 
cession current, and recorded course of the target. Absolute verification of 
a tracking range, during flight, was accepted only if the results of two or 
more methods of verification were available, whereas absolute verification of 
the ground-to-air ranges was accepted from er or-voltage recordings alone,, 
since they indicated clearly a definite point of break— off• 

A brief statistical summary of the entire flight 
schedule is presented in Table 1. This summary is treated in more detail in 
Appendix A, which briefly describes each operation. A description of all 
ground operations is given in Appendix B« 

Table 1. Statistical Summary of Flight Operations 
Number of 
Successful 
Operations 

Number of 
Runs 

Number of 
Operations 

Time 
Target 

F-80 

F-80 

2F-80 

2F-80 

PBliT-2 

Night or Day 
13 

8 
3 

1 

2 

7U 

51 

26 

h 

13 

17 

11 

3 

1 

2 

N 

D 

N 

D 

N 

J2 
36 

-2 
li3 

Operations for other purposes 

TOTAL 173 

Altitudes 10,000 to 22,000 feet. 

Weather Humidity - less than ICÿj Temperature - -31°C; Pressure - 320 mm. 
Extremes: Humidity - 78£j Temperature - +9.9°Ci Pressure - 689 un. 
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In order to establish the tracking-range perfermance 
of the AN/DAN-3(XN-1), a total of 92 runs extending over 21 flights were nsaite 
on various targets. The results of these runs are given in figures la, W, 
20, and 26. Since the tracking range depends on the background and targn 
conditions, it was necessary to separate the data obtained 
operations into six general classifications of night and day flights 
of the three types of targets esployed. The ranges obtained in ground opera¬ 
tions yrere divided into two classifications, night and day# using an f- 
target* 

(b) Test Data. - Data on the night tracking ranges obtained 
in the air-borne operations ate presented graphically in figure 18, 
the PBliY-target range and single- and double-target F-80 ranges are treated 
together. This graph presents the range data obtained on each operation, 
together with an average curve for the data obtained on each flight-test day; 
a total of 27 single-jet target runs extending over 10 flight operations are 
represented. 

Fifty-tiro runs were made to obtain the ranges 
presented in figure Iflj results from many of the runs had to be discarded, 
since equipment failure and instrumentation trouble, such as radar losing 
track, targets running lew oa fuel, etc«, would have resulted in 
oisrepresentative data. However, the tracking ranges included a coaposite 
representation typifying the range variation under conditions of changing 
target aspect, jet performance,.atmospheric humidity conditions, etc,, and 
have not been subjected to any selection with regard to maximum range under 
ideal conditions. In fact, not all the tracking ranges presented are obtained 
on range performance tests alone; the results of runs made for other test 
purposes are also included, if these runs were not broken off prematurely. 
All the tracking-range data were obtained from various regions of the tail 
aspect of the target aircraft. 

During the first part of August, equipment facilities 
were made available at KASTC for more exact testing and classifying of the 
lead sulfide cells. The tests permitted the determination of the relative 
sensitivities of the cells and the selection of proper voltage and load re¬ 
sistance for opticus performance of each type of cell. Improvement in the 
tracking range after 13 August was shown by the increase in maximum ranges, 
which resulted'from this investigation; the values can be accepted as typical 
of the AN/DAN-3 (XN-1) range performance and are so used throughout this 
report. 

The tracking-range data, shewn in figure 18, pertaining 
to a dual target were obtained as a result **? investigations on target 
resolution. Also indicated in this figure are the tracking ranges of the 
PEUT multi-engine target airplanes which ware flown under normal cruise 
conditions. All the PEUT ranges are those taken from the tail aspect; it 
was found that there were greater variations in tracking ranges with small 
changes in aspect of such an aircraft than existed in jet aircraft. 
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ylgure 19 presents a summary of all the night ground- 
to-aar tracking ranges resulting from the ground-test setup described in 
Paragraph 7-e. In this figure, all ranges from each operation are shown, 
wgSfchíir with the average eurve. The original purpose of these ground tests 
was to correlate the tracking ranges with the air-borne teats so that a 
control would be establish«! by which large variations in air-borne ranges 
could be detected. A gréât Improvement in maximum tracking ranges was noted 
from these tests by mid-August, when AN/bAH-J(XN-l) improvements were made. 
The ranges obtained fro« night ground-to-air tests were usually smaller than 
the night air-borne ranges j as expected. 

** I**®* oi tl10 consistent range performance of the 
AN/DAH-JCm-l) can be gain«! fron the number of runs on each date presented 
on these graphs. The fuel capacity of jet targets was limited and, hence, 
the number of possible runs which could be made in a single operation. 
Approximately 6 to 8 runs Kight be expected from a single target on a night 
operation, depending on tha performance of the pilot and other factors. It 
will be seen that usually the number of points of data plotted (the sum of 

°? «PhaJ ic fqufll to the total number of runs made during each 
flight, indicating that all of these runs were successful in the achievement 
of lock-on and tracking to tbo ultimate range. 

fHoht fv* i »o«.1” f.isure 20 • dayti£>e tracking ranges obtained in 
ÍÍKÍ f Sinele ?-80 tarfe’8t! Presented. Decreased positive contrast 
and the presence of background noise reduced the daytime ranges. These day- 

5OTCTer' l^reafed ly the judicious selection of optical 
radiations^384 °n reSUlta Ù* sPectral measurements of target and background 

, , general spectral character of the target 
1“ n;, F18 Part of the effectiveradiation 

th® íCa? SfLfidf -1 i? ^thin l*9-to 2.5-micron wavelength 
JS; Jhe f «ctral character of the interfering sky radiation islhSm in 
figure 22. Four pronounced energy peaks lie between the 1.0- and 2.5-rdcron 
region, tait from 75 to 9Q£ õf this radiation may be eliminated by using « 
^ef* «uts off radiation below 1.9-micron wavelength^ Afilter 
Sat J aa that of geranium crystal illus- 

figure 2.1 accomplishes tlîis cutoffj filters of this type inly became 
ayailnbie near the conclusion of the flight-test program. Morf efficient 
the^Lfl® % PossiW®. but they were unavailable before the conclusion of 

progiani. The daytime tracking range depends considerably on the cortion 
of tne sky in which the cessation is made, since the SgnituSe of the 
fwi61*"8 ^C5fOUSÍ radla^on throughout the sty, afillustíated in 
fíf^f 2lt and f5* Jhe tracking-range increase obtained in flight operations 

ff ^ f“,1" ground operations, since the parent airpLne^Says 
tracked the target in an attitude directed to or near the hwiaontal where the 
freau3tînS fr0“ haze and smog was most sever2. Lreoîer 
air-to-air operations ceased before the best filter results were obtained. 
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A graph of ranges obtained in daytime ground-to-air 

Sh0,,n ** fieure 26* is divlded into two portions, showing 
tracking ranges peculiar to two filter arrangements, the Polaroid CP and ¿010 
combination and the germanium filter. Until spectral measurements were made 
and germanium filters obtained, the Polaroid C2 and liOlO combination appeared 
better than all other combinations, as noted from results of practical tests. 

™ 'ÆS"-»/™ i?1?” ?n increase 10 ranße 33 « result of improvements made 
on *n/BAH-J(XN-1) in mid-August. An average daytime tracking range before the 
improvements were made was about 1.25 miles; following the modification of tho 
mit, this range was increased to approximately 2.75 Biles. When the 
germanium filters became available, the range was further increased to ap¬ 
proximately J.5 miles. 

It must be remembered that the range values given 
above are averages obtained with various sky-background conditions. In 
conducting both ground-to-air and air-to-air daytime operations, the tracking 
ranges were obtained in that half of the sky which was away from the sun. 

*** osually acquired in a section of the sky where the interfering 
radiation was too low to permit a clear identification of the lock-on signal! 
but the target was tracked in the sections of the sky where the interfering 

°f Accordingly, the ranges were not true 
maxama but represented many conditions of sky background wer tho section of 
the sky mentioned. Cloudy sky backgrounds were not included in these daytime 
ground-tq-air tests. J 

♦w + , < (3) , ERa® SI0NAL VS ^CKIN0 HANGE. - Better understanding of 
the tracking perforate of the AN/D.W-3(XN-1) at all ranges is gained through 
a knovrtedge of the magnitude of the error-signal voltage at all target ranres 

t ih erder to determine these voltages the grountUtest configura¬ 
tion previously described was modified so that the crror-slgial voltage could 

radf tracking and plotting of the target position could be 
-11¾¾ Va^«s of the error signal vs tracking range were obtained under 
all daytime and nighttime conditions, at 70, IjO, and 20' mirror-tilt angles 

íí“?* í"““* Ths Ase of thÄts ’ 
LeÍÍ? 8 of ^ test configurations under similar conditions, 

with simultaneous recording of the cell signal at various tracking ranges. 

. „ arf ®ee cell-signal voltages vs tracking-range curves 
th* î*** ?bfcaine<1 nieht operations using a 20 and kO' 

Shcmn 111 tip** 27; in this case, the 10' mirror arrangement 
yielded a maxiana range of 7 miles. The large difference in ranges between 

the two configurations was probably due to the performance of the particular 

£ fe^Mf3iXN-D unit «3®d at the time. A true comp^son c^ld 
R SLbHn0bîaÎned ** ChanF,ing the ^01, t:L1t 1« the sane unit. In figure 287 
Curve Ho. 1 is a ccnparable graph of a daytime tracking range obtained by 

fltoüÜi 77°1, t'ilt and a eerraaniu® filter. The signal level 
shown in the graph is lower than that obtained at night, as expected. 
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The remaining group of curves of daytime signal vs tracking 
range characteristics of several AN/DAN-3 (XH-l) configurations illustrated 
in figure 2& are, with the exception of one, the average of a number of curves 
of representative conditions. Curve No. 2, a plot of signal using no filter, 
is the only exception! this curve averages higher than all other curves except 
No, U and probably would have been higher than the latter, had background 
conditions not varied from day to day and hour to hour. It will be noted that 
the daytime tracking range without filter is very short. The validity of some 
points on the lower portion of Curve No. 2 is somewhat doubtful. The other 
curves are generally representative, since they are averages of a number of 
runs under similar conditions Y/ithin which any deviation from the average is 
not large. It will be noted that the germanium filter, because of the 
decreased radiation attenuation, produces higher signal levels than does the 
Polaroid C2 and 1*010 filter combination. 

Using the test setup described in Paragraph 7?e, a PBltT-2 
target was set up on the ground at night in order to determine the signal vs 
tracking range relation, the resolution, and jitter effects. The results of 
these tests, comprising the signals at short ranges and at various aspects, 
are shewn in figure 29. 

If the signal level vs tracking range relation were plotted 
on log-log graph paper, it would be expected that, since the signal level is 
proportional to the total radiation energy, the signal would vary inversely as 
the square of the range and that the curve thus obtained would have a slope 
of -2 at ranges beyond which the major effects of absorption are experienced. 
Actual data do not conform to these curves, since these curves are drawn for 
the tracking-error signal. As previously explained, the target image is 
centered between the lobes of the reception beam pattern at short ranges, but 
as the signal intensity decreases the image moves toward the lobe peak, thus 
effectively increasing the sensitivity of the AN/DAN-3 (XN-1). 

It is anticipated that the inverse square law would apply 
at intermediate ranges beyond which the principal effect of the absorption 
has occurred; this law also applies to shorter ranges than the range at which, 
the images ride up on the lobe of the scan pattern. The curve shown in 
figure 30 substantiates these views for the range between 0.1 and 1 mile. 
The data from which the curves are plotted were gathered from a ground opera¬ 
tion in the tracking of a jet target under conditions specified in figure 30. 

(U) TARGET SIGNAL VS ASPECT ANGLES. - As described in Appendix 
C, to determine the variation of intensity with respect to viewing aspect, 
the radiation from various targets was measured on the ground. The maximum 
effective tracking range of an AN/DAN-3 (XN-1) type of homing set was found 
to be a function of the aspect angle presented by the target largely because 
of the variation in the projected area of the target. 
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To verify the maximum tracking range at any particular 
aspect angle was difficult, since a target airplane could not be flown in gasái 
a manner as to present the desired aspect continuously. The technique used 
in air-borne tests of maximum aspect ranges involved predetermined flight paths 
of the jet targets; these targets started in the normal, straight path and, 
at a suitable range, altered this coursé rapidly to present the <’ : sired aspect 
of the jet. This method was unsatisfactory, since it was difficult to control 
the path of two airplanes at the desired ranges. Tests of aspect signals 0¾¾ 
far sore satisfactory in the ground-to-air operations, since the ground radar 
plotted the target course concurrently with the AB/DAH-3(XK-1) tracking. The 
data cn various ranges and aspects obtained from these tests were reduced and 
graphs plotted; a typical curve of the target signal vs tracking range is 
shown in figure 31. The aspect angles are indicated at the various plotted 
points. 

Utilising the expected variation of range with target-aspect 
angle, a group of curves of maximum rangen vs target-aspect angles was plotted. 
Each curve of this group represents a signal level which could be expected at 
the corresponding range and aspect for sews particular value of the target- 
radiation intensity, tailpipe temperature, or the AN/DAÍJ-3(XN-1) performance. 
The actual data of range vs aspect were then applied to these curves as shown 
in figure 32, Although there is some dispersion of points about the expected 
curves, the results are generally in agréí-ment with theoretical computations• 
Using a 6OO-microvolt signal as a basis, the group of equal expected signals 
ïîûs appropriately valued; it was then possible to predict from the curve an 
approximate maximum range corresponding to each aspect angle. 

I (5) SEARCH AND ACQUISITION CHARACTERISTICS OF AIí/Dâíí-3(30í-l). 

£ (a) Description of Té@ts. - The test setups used for 
f verifying search and acquisition characteristics were already described under 
i Paragraph 7*»u* For determining the seai'gh characteristics of the 
• AM/DAH-3(XM-1), the target plane was flo;V7i ahead of the parent plane at a 
i fixed range, and the automatic search mechanism was operated with the 

acquisition amplifier gain set at a predetermined level. The AN/DAH-3(X»-1) 
was then permitted to search until an automatic lock-on was achieved. In the 
initial orientation stages some difficulty was encountered in predicting the 

j; desirable acquisition signal level. In addition, there existed some regions 
of the field which were not scanned; thus it was necessary to repeat the scan 

i until lock-on was achieved, 
* • 
f (b) Test Data, - For the reasons stated above, the 
i determination of the maximum search and acquisition range was difficult. 
: . However, it can be shown that a scale factor can be used to determine the 
l maximum automatic search and acquisition range from the known maximum tracking ■ 

range. This scale factor represents thé ratio between the highest noise peaks, 
■ which affect the acquisition amplifier a/id the effective system noise. 
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The ability of the search and acquisition systen to 

ä^quire the target under various operating conditions was verified. The 

fMJcimum tracking range at which the signal was sufficiently strong to pendt 
acquisition following manual search varied with atmospheric conditions. 

sim^ the latter affected not only the attenuation of the signal from the 
target but the maximum gain setting of the AN/DAN-3(XK-1) which, in turn. 

•ffã§ determined by the background radiation. Some of the values obtained are 

ëWm in Table 2. 

Takle 2. Examples of Acquisition Ranges Obtained Under Various 

Atmospheric Conditions 

Tracking 

Range 

miles 

3-1/U 

7* 

h 

6-1/2* 

5* 
S-lA* 

The tracking ranges are necessarily approximate, 

sime most of them are in excess of the operating range of the radar for this 
type of target. 

(6) MINIMUM TRACKING-RANGE CHARACTERISTICS. - The minimum 

trâ6king-range characteristics that were investigated are jitter, the effects 
of saturation signals on the detector cell, and the ability of the 

AN/i)AN-3(XN-l) to track at close range. Jitter is considered as a rapid and 
erratic change of tracking-gyro axis with respect to the AN/DAN-3(XN-1) or 

missile centerline; its existence will decrease the effectiveness of the 

guidance system. The problem of jitter is treated in detail in Paragraph 

S^b(2)(e). 

The ability of the AN/DAJÍ-3 (XN-1) to track an P-80 target 

at ã short range was established both in the air and on the ground, and the 
miiilfluuu tracking range was only limited by safety considerations. The mini mm 
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No. 

9 

3? 

3$ 

70 

10 

10 

Relative 

Humidity 

—1_ 

3h 

51 

51 

16 

12 

12 

Temperature 

39.7 

7.9 

7.9 

9.8 

18.5 

18.5 

fïV0 adjacent targets. 
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tracking range in the air was, at times, less than 100 feet; figure 33 is a 
reproduction of the Brush oscillograph recordings of such a flight. The 
only position fluctuations shown on the recordings are due to the relative 
shifts of the target and the parent airplane. 

The procedure used with the equipment for simulated flight 
tests was a much better method for checking jitter and the tracking ability 
of the unit at a short range, since one random motion, that of the target 
airplane, was eliminated, and another, the motion of the AN/DAN-3 (XU-1), was 
minimized. A reproduction of the Brush oscillograph recordings made by the 
use of this configuration is shown in figure 3U. The data show no jitter at 
ranges down to 120 feet when viewing the jet target from astern and 30 feet for 
a 90° aspectj these ranges are limited by safety considerations. 

A graph showing averages of data on cell signals vs tracking 
ranges gathered from the different ground tests conducted at night is presented 
in figure 35. Tail- and side-aspect runs were included in these tests, 
during which no filters were used but various mirror-tilt angles and cell 
sizes were employed. 

Since the quantity of radiant energy received by the 
detector cell is dependent on the distance from the radiation source, a 
saturation signal could be expected at some short rauge. Such a signal having 
a saturation level of 8 millivolts was obtained from a jet target with a tail¬ 
pipe temperatura of 500®C at a range of 350 yards. Saturation effect is of 
no consequence to tracking accuracy. 

¡1' 
•f 

u, 

With relation to the tracking rate, however, the saturation 
rf.'cct is most important. At extended ranges, where tracking rates are 
—ess.irily low, the cell signal has likewise low amplitude. At shorter 

• v*aa, where the tracking rates must be increased if the infrared homing set 
-3 to remain locked on the target, the cell signal will increase so that 
increased tracking rates are possible. Although a saturated cell signal 
prevents any further increase in the tracking rate, the maximum rate attained 
below the saturation point should be sufficient for any presently considered 
tactical use of the AN/nAN-3(XN-l). 

b. TARGET-TRACKING CHARACTERISTICS OF AN/DAN-3(XN-1) . 

(1) GENERAL DISCUSSION. 

(a) Functions of a Homing Head. - The basic functions of i 
homing head are to track and indicate continuously, in two co-ordinates, the 
angulai* difference between the missile centerline and the missile-to-target 
sightline. This angular difference will be referred to as the heading error. 
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ability oí the tracking head to remain locked-on during err^ion Iction. 

two distinct characteristics were investigated for 

td£nV£d° 

poiiíS. VÄSS^S^1““” aad 
-»■.t , .. Instrumentation difficulties primarily consisted of 

AN/DaS&Î)6 2ecX3ÍÍ«,5th accuracy ind^endent of thf 
available means that could be considered suf- 

íeÂ?r/?CUrate Were the recordiRS3 ^0“ the nose c^s. were 
restricted in range and could not be used at nirH CoiTelation of 

S»« 
aircraft maocwcra codd act ba cliatotcd entirely Soi the data iSÜk 

® » Thés© difficulties in p&rt wore due to thA i»/»!#• 
necessary instrumentation equipment and in cart to limits ï f 

S—STàSsSf-rPÃ.“ 
However, two classes of tarirot« thn • I ? scope oi t&is program. 

ciprocating types, were selected as re^entativi? ÍiiíaStÂÍSal!’ 
teristics of such targets were determined, and th£ñ tícL fÜ Í charao- 

Se°„UdtUï.the teS^ th8 ^et charïïtïïïÂÂ T 
(2) TEST RESULTS. 

the angle between two taS^ Ä^tLÄT ‘•«f»1'“!™ 1» defined ee 
the tracking eyete». Îhc^î Ä ^ 
of a second target, tat the latter will not ta folSweT^itte^^^ 
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the field of view. Although this factor has no significance when dealing with 
a single-engin® target, the linage of which is snail with respect to the cell, 
it is inçcrtant when dealing with large or multi-engine targets or multiple 
single-engine targets. 

» Discussion. - Resolution will depend on whether a 
target is entering or leaving the field of view, the target angular rates, 
“ 'f. instantaneous field of view, and the separation of the lobes in the scan 
pattem, if a single target is being tracked at the center of the symmetrical 
scan pattern, the resolution angle cannot be greater than one half the total 
scan field, since an approaching target must occur within this angle in order 
to be seen in the field of view. If, however, the angular separation of the 
tnct targets is initially *ero, the resolution angle can be no greater than the 
peak-fco-peak separation of the scan field. The exact angle of resolution for 
«ry two targets and the amount of perturbation of the sightline then depend 
on the intensity of the targets and the shape of the scan field. 

^ The exact angle of resolution and the response 
of the homing head during this interval can be determined analytically for 
feiowa target configurations and shapes of scanning patterns. 

2. Multiple Targets, 

V an 4. -, j , 5* Expected Results. - In general, if two 
f"00 targets flying close together subtend an angular distance much smaller 
than the effective cell angular view, they will appear as one target. If they 
separateat equai anguiar rates, the AN/DAN-3 (XÎ1-1) will point to the weighted 
heat centroid of this combination. For sources of equal intensity and size, 
this centroid will be the geometrical center of the thermal configuration of 
the source. As the separation angle increases, the AN/DAN-3(XN-1) will follow 
the centroid aa weighted by the scan pattern until, in the case of equal 
intensity targets, both targets are located on the peaks of the scan pattern, 
when separation increases beyond this point, the AN/DAN-3(XN-1) will follow 

or, if the target intensities are equal, r.he target 
with the *east angular rate of motion relative to the spin axis of the track¬ 
ing gyro. The shift from the centroid to a single target will be gradutO, 
resulting in final centering on the target selected when the second target is 
completely removed from the field of view. 

-, For multi-engine targets the same general 
results can He expected. However, depending on the engine configuration, 
changing target aspect could conceivably cause random transient shifts, 
although this possibility appears to be «mail. 

. ... , ,. —* Laboratory Tests. - Simulated tests were 
made in order to determine the response to two individual targets. The general 
results are summarized as follows: b 
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When the system Is unperturbed by other 
targets and is tracking a point target, the tracking head is directed within 
0.1° of the point source. It a target is being tracked and a second target 
enters the field of view, the tracking head is perturbed, depending on the 
intensity, rate of motion, and the path across the field of view of the 
interfering target. 

The laboratory experiments indicated that 
the system is unaffected by a second point-target until such a target is 
within an angle of 110' of the initial target for a 70* mirror. For targets 
of equal intensity, the second target must approach within an angle of 90' 
before it can dominate the tracking control. The maximum angle for perturba¬ 
tion would then be US* • These values were smaller for smaller scanning 
mirror-tilt angles. 

When two point targets of equal intensity 
were separated, resolution initially occurred at a separation angle of 90' , 
The perturbing effect of the second target diminished to zero at a maximum 
separation angle of 150'. 

c. Flight Tests. - In order to verify these 
results against those of actual targets under flight conditions, air-to-air 
and ground-to-ground tests were made using PBliï-2 and F-80 targets. 

(1) F-80 Jet-Engine Targets. - The 
air-to-air tests using two single-engine jet targets were not completely 
conclusive. The exact angle of resolution between the two distinct targets 
could not be determined because of the limitation of the instrument accuracy, 
as explained in a previous section. However, these limited tests did indicate 
tha validity of the analytical and laboratory test results. Four flights 
consisting of 30 runs were made. Four general types of maneuvers were per¬ 
formed in an attempt to cover all possible situations. These maneuvers were 
as follows: 

(a) Both targets at equal tailpipe 
temperatures, aircraft flying wing-to-wing, wing aircraft separating 
gradually. 

(b) Lead plane with high tailpipe 
temperature, wing-to-wing, with wing aircraft separating gradually. 

(c) Lead plane with lower tailpipe 
temperature, wing-to-wing, with wing plane separating gradually. 

(d) Lead plane being tracked, wing 
plane cutting diagonally and crossing the sTghtline between parent aircraft 
and the initial target. 
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Tvro mirror-tilt Angles» 70 end I|0*Ä 
were used» Topical results are shown in figures 36 through 38» Figure 36 
is a plot of the results of the crossover flight pattern) the upper curve 

target positions relative to the PZV-2N, as indicated by the 
AN/DAN-J(XN-1). Th* lower curve shcnrs the relative target positions as 
indicated by the radar. Low-frequency variation of the path of the target 
being tracked indicates the relative lateral motion of the parent aircraft» 
The targets could not be photographed with the boresightâíl cameras, 
and no adequate means of eliminating motion of the parent plans was 
available. The inaccuracy of the radar, of course, precluded the use of 
radar photographs for this purpose. It will be noted from the figures that 
tne AH/MN~3(XK-1) has begun to track the centroid, during the tests, after 
the wing aircraft had crossed the lina of sight but than it has returned 
ir mediately to the aircraft tracked. The aiuplitude of the angular perturba¬ 
tion of the M/MH-3(m-l) on separation of the two targets is physically 
imposaible and is attributed to a variation of the parettt-aircraft path which 
could not be determined. 

. . . , Figure 37 shows typical results of 
«Bo targets of equal tailpipe temperatures, the targets separating slowly. 
The „aw-frequency mid small-amplitude variation of the relative target path 
indicated by the A!i/DAIJ-3(XN-lj is probably caused by variations of the parent- 
aircraft aspect. It my appear that the position indicated ty the homing 
set at Frame No. 51 night show a deviation from the initial target position, 
however, since this angle is only approximately one third of the indicated 
radar separation, this explanation dees not appear plausible. This divergence 
appears to be a part of the deviation caused by variation in the parent- 
aircraft aspect. However, possible existence of a small deflection cannot be 
excluded. Nevertheless, the actual response to this situation verifies the 
prediction that perturbations which nay exist are extremely small. 

., Figure 53 shows results from 
naneuyers of two airplanes separating, with different tailpipe temperatures. 
,, tnisf-.gure, it cannot be determined whether the AN/ßAf!-3(XN-l) ireiica- 

N?* 87 is caused ty a shift in the centroid or is merely due 
1E£Reuver» However, as in the preceding case, these 

data do show that any deviation which occurs must be extmifiljf small. 

,_, In an attempt to determine the 
angle of separation to a closer degree, estimates were obtained from the 
pilots on tne target separation distance as a function of time. Independent 
estimates by two pilots agreed within 50 feet. An additional source of 

e*1'?.1' was due fco the time difference in recording the estimated 
meîitfide’ th® ï?sulfcs were significant in verifying the orders of 
magnitude. The test results are given in Table 3. 
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Table 3. Tracking Hange with Respect to Average Target 
Separation 

» 

I 

Range Average Separation 
milea _ ft_ 

AN/DAN-3(IN-1) 
Sightline 

1.7$ 100 

1.2$ 200 

1.2$ 300 

Tracking centroid 

Tracking centroid 

Lock on one target 
with no perturbation 

The accuracy of the test results 
y • given in Table 3 is probably not better than approximately one-half degree. 
' i The AîJ/DAN-3(Xîi-l) averaged, or followed directly, the centroid to a 

1 separation angle of somewhat less than 1«$° and completely locked on one , 
-f target at an angle of approximately 2.2°. The resolution angle is then in the ï 
I range between l.$° and 2.2°, Since these values correspond reasonably well 
I with the computed and laboratory results, they are acceptable. The tests were 
? made using a liO1 mirror angle; it is evident that the resolution angle can be 
f, reduced considerably by reducing the mirror angle and the field of view, !In order to determine the response 

of the AN/DAN-3 (Xrl-l), the recorded servo outputs for all the runs were 
; analyzed in considerable detail. In general, no sudden shift was indicated 
I when the AJî/DAN-3(Xlî-l) actually resolved two targets. On two runs out of a 
i total of 30, a few random shifts between targets were noted. It appeared 
I from the data, however, that the shifts were probably caused try the variation 
} of the separation between the two targets, particularly since such shifts were 
« not periodic. Such a condition is not expected to exist in normal tactical 
! situations where the separation angle is essentially fixed and resolution 
I occurs try an extremely rapid change in the range of the missile carrying the 
¡ homing head. 

l 

Î; 

! 

!. t f 

? 
i 

Î 
r 
f 

I 
« 

Several AN/DAN-3(XN-1) units were 
used during the test, and in some runs a low-frequency oscillation and an 
increase in servo noise were apparent. After further analysis of the data, 
it was found that these conditions existed for one AN/DAJJ-3 (XN-1) only, and 
that they varied in an erratic manner throughout the runs. Using the other 
two AN/DAN-3 (XN-1) units, the results were consistent and showed normal 
response without jitter or oscillation throughout the region of resolution. 

(2) PBljY-2 Multi-engine Targets. - 
Fourteen test runs were made during two flights, using two AÎI/DAN-3(XN-1 ) units. 
These runs were made at ranges from l/h to 1 mile. The target aspects were 

£ 
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not restricted to the tail of the PBljY-2 but were varied to the limits of 15° 
possible in flight. Six test runs were made with the first JUi/DAN-3(XN-l), 
and on all six runs the recorded position outputs of this unit were very 
siiailar. No hunting or increase in noise was present. The oscillograph 
traces were quite smooth and shared no sudden shift in position. It was not 
possible to determine the exact target center or the point of resolution, 
since the flights were at night, and no boresighted camera data were available. 
During one run, an initial acquisition transient of an oscillatory nature 
was noted at a range of 3/li mile, but this transient disappeared within 
several seconds. The cause of this transient was not kncwri, but it was 
similar to the response which could have occurred during acquisition, if the 
operating speed were below the normal operating range. 

. . On eight runs, using a second 
M/DAL-JiXN-l), erratic and indeterminate results were obtained. This responsi 
was found to be a malfunction characteristic rather than a proper operation 
characteristic. During testing of this unit, it was found that the tracking- 
gyro bearing was faulty. With this faulty bearing, the unit displayed the 
same general characteristics as when operating against a single target in 
laboratory tests. 

The character of the response to 
such a target was determined by the flight tests, but detailed knowledge of 
the effective target center and the resolution capability of the system was 
not established. In order to obtain these data, static ground tests were 
performed; the nature of the tests and procedures were discussed in an 
earlier section. 

d. Ground Tests. 

(1) F-80 Jet-Engine Target. - Ground 
tests were made to determine the effective target center of the F-80. Test 
results on closing ranges from target aspects varying within $0» from the 
tail indicated that the AN/nAN-3(XN-l) always tracked the tailpipe. 

(2) PBliT-2 Targets. - Two different 
scanning patterns (i.e., mirror-tilt angles) were used during these runs and 
the resolution was determined for each run. The angular position of the 
tracking head was plotted as a function of the tracking range. The positions 
of the FEliT-2 engines and the peak sensitivities of the scan cone were also 
plotted. The results are shown in figures 39 and 1|0. The 70* tût angle 
resulted in a scarv-eone angle of 90' between sensitivity peaks. Three runs 
were «ade with this setup. The result of each run showed an indicated random 
variation of left-right heading of approximately Io at a minimum period of 
about 6 seconds, during which time the truck, on which the AN/DAil-3(XH-l) 
was mounted, advanced approximately 80 feet along a line toward the target. 
It was reasonably certain that the variation in heading was due to the course 
taken by the truck. 
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To confira that the erratic course 
of the truck nas the cause of the variation of heading, similar runs were 
made with the tracking loop open. Any change in the position output would 
then be caused by • slow gyro drift or by variations of truck heading. All 
results showed the aaroe variation in heading, indicating that the 
AN/DM-3(XM-1) field of view was not wandering about the target. As final 
proof, the vertical indications showed no change except at one region of the 
runway- where a depression in the ground existed. 

At a range of approximately 90 feet 
the truck was stopped, and the heading error was reduced to zero by rotating 
the AH/DAN-3(XB-1) housing. A flashlight aligned with the A!I/DAN-3(XN-1) 
centerline was used to determine the exact target center. 

The average of three runs, using the 
70» mirror angle, is plotted in figure 39. The plots of all three runs show 
that the AM/DAH-3(XH~1) selected the starboard side of the extreme starboard 
engine, although he difference in the operating characteristics between the 
engines could be noted. This target point was an exhaust stack which 
apparently was at a higher temperature than those of other targets. This 
stack can be seen in figure 8. To a range of 0.30 mile all four of the 
reciprocating engine? appeared as one to the AN/DAN-3(XN-1). At 0.21 mile 
range, the starboard engines were resolved from the port engines and the 
AN/DAN-3(XN-1) befan to shift to the starboard engines. At a range of 
approximately O.lá mile* the port engines were completely out of the field 
of view of the AN/Ö4N-3(XN-1) and the unit tracked the centroid of the 
starboard engines, resolving the inboard engine at 0.10 mile and excluding 
it completely at about 0.07 mile. The angular separation of the starboard 
engines at this ranga was approximately 1.6<>. 

The laboratory tests indicated that 
when the angular separation between tiro targets was such that the targets 
would occur within a cone angle of slightly less than 90* for a 70* mirror 
and $0» for a UO1 mirror, the AÎÎ/DAÎÎ-3(Xli-1) tracked the heat centroid as 
weighted by the detecting element. The tests further indicated that at 
target separations greater than 2.5°, with 70» mirror tilt, and 1,5° with 1*0» 
mirror tilt, the AI!/MM-3(Xfl-l) would track only one target. From the data 
of the air-borna operations, the separation at which the AN/DAN-3 (XN-1) locked 
on one target exclttßlwaly was 2.2 . Since the distances between the two target 
airplánes were determined by visual estimates only, this could account for the 
flight test results differing somanhat from the laboratory test results. 

Figure liO shows the results of 
tests using a 1*0» mirror angle. The range at which the AN/DAN-3 (XN-1) began 
oo deviate from the centroid of all the four engines of the PBÎ*ï'-2 was not 
clearly defined. R^nolution of the starboard engines from the port engines 
appeared to occur at a range of 0.33 mile. At a range of 0.26 mile the port 
engines were out ef the field of view, and the AN/DA8-3 (XN-1) tracked the 
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centroid of the starboard engines; the starboard engines were separated by 
approximately Io at 0.20 mile range when the outboard engine began to 

dominate. At 0.16 aile the unit centered on the outboard engine. All the 

other engines were out of the field completely. 

e. Summary of Results. - Generally, the ex¬ 

pected results were obtained Jn laboratory tests and verified by flight and 

ground tests conducted under this program. 

The angular resolution was determined 

most often using a IiO* mirror**tilt angle in the AN/DAN-3(XH-1). since it was 

believed that this configuration would be most desirable because the longer 

ranges are obtained more prodlßcly with the 1*0’ mirror-tilt rather than the 

70‘ angle, and that such information would be more appropriate. 

Tests using reciprocating-engine type 

targets (PBUl-2) indicated only slight shifts of the effective target center 

at various ranges between 1/b end 1 mile. Although the flight tests indicated 

the cliaracter of response that could be expected, it was decided that more 

specific information could ba obtained from ground tents. 

There were no measurements made of tempera¬ 

tures at the exhaust stacks, although cylinder head temperatures were within 
10°C of each other at approx irately 2Q5°C. Consequently, tne cooling effects 

of the wind were not obtained. 

The reason for the shift of the 

AN/DAK-3(XN-1) tracking from the four-engine centroid to the two-engine 
centroid and finally to the starboard outboard-engine is evident from figure 

IiO, The AU/DAH-3(XN-1) was displaced slightly to the right from being dead 

astern to the FBkY-2 so that the pert-engine exhaust stacks would be removed 
from the field of view first* The outboard-engine exhaust stack on the 
starboard side was at such art aspect that a larger area was presented to the 

infrared homing set and, consequently, weighted heavier by tha detector cell, 

accounting for the final shift to the one target. The 70' mirror-tilt angle 
data appearing in figure 39 give evidence of characteristics similar to those 
shown in figure ItO. 

In general the flight and ground tests 

verified the laboratory inventigations which, in tura, substantiated the 
expected results. 

(b) Tracking Accuracy. 

1, General. - In a tracking head, the accuracy is 
dependent on the signal strength, angular crossing rate of the target, scan 

rate, and noise. The effects of these parameters on gyre-position accuracy • 
are fully covered in Reference a. Paragraph 5. 
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Additional factors, such as réfraction by the 
atmosphère, shock waves, or aerodynamic windows,may also cause errors. These 
effects will not be considered at this time, since the subject is beyond the ; 
scope of this report. ^ 

I 

Í - 1 

y 

2. Results on Tracking Accuracy, - The only 
reliable means of determining the over-all error of the indicated sightline, 
as well as its relationship to various physical variables, is to compare 
continuously the indicated sightline with the known target positions, or at 
close intervals, with the target moving at various annular rates relative to 
the AN/DAN-3(XN-1) • 

During the flight tests, the true direction of 
the sightline relative to the attitude of the P2V-2ÎI parent plane could be ob¬ 
tained from two sources, the nose cameras and the radar. The nose cameras 
gave an exact indication of the heading error, and the photographic films 
could be read to a fraction of one degree in both azimuth and elevation. 
Unfortunately, there was no satisfactory system for positive correlation 
of the films from these cameras with other instrument records, so that in 
the few instances where a target did appear in the developed film it con¬ 
tributed no information. The position information obtained by radar did not 
have the accuracy required. 

The method of checking the tracking accuracy 
consisted of comparing the relative direction of the sightline, as indicated 
ly both the radar and the Aîî/DAIî-3(XIÍ-1), at each indicated point during the 
run. 

The relative direction of the sightllne 
Indicated by the radar was obtained directly in azimuth by projecting the 
photographic film image on a polar plot paper. Although the radar scope was 
equipped with a lubber mark, indicating the P2V-2N centerline, this was not 
sufficiently visible on the film to be usable. Therefore, it was necessary 
to project two successive frames simultaneously, using the line between the 
sector centers as the reference mark. The azimuthal displacement of the 
target from this line was then read directly in degrees and plotted against 
time, using the numbers on the frame counter as the abcissa reference. 

The radar film was usable in over half of the 
flights. However, it was impossible to read the radar film with sufficient 
preciseness to establish positively the accuracy of the AN/DAN-3(XN-1). The 
target spot on the PPI scope was of a constant size, so that as the range 
decreased the target occupied a larger angle; at 1 mile this angle was 
approximately 5°. Since the edges of this spot were not clearly defined, it 
was difficult to locate its center with any reasonable precision. 

Synchronizing pulses on another channel of the 
recorder permitted the determination of the time at which the cameras were 
tripped; thus, the indicated gyro position could be obtained for each radar 
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camera frame. These positions were read in millimeters of displacement of 
the recorder-pen trace» It was necessary to convert the displacements into 
the value of t£ voltage fed to the d-c amplifier. The actual gyro àíspUe^ 
ment in degrees was obtained from this voltage value, in con junction witha 
servo-calibration chart of the AN/0AB-3(XN-1). The servo theAN/DÂH-^ÍXN-D 
was calibrated each time the unit was in the laboratory, prior to its return 

to HAUIC. 

The indicated gyro positions, in aziauth only, 
were then plotted simultaneously with the radar plots mentioned in the 
preceding paragraphs. Several examples of such graphs are shown in figures 

ül and 1|2» 

The difference between the two graphs was then 
plotted against a parallel time axis, to show the indicated error. Di this 
graph, the indicated sightline obtained from the AîJ/DAN-3(XN-1) obviously^ 
was the more accurate of the two and was chosen to represent the reference 

direction. 

The resulting indicated-error graphs showed 
maximum errors approximately as great as the known probable errer in the in¬ 
strumentation. Therefore, it was inpossible to definitely establish the 
tracking accuracy of the AN/DAN-3(XÎÎ-1) from these tests. However, this 
accuracy was obtained from laboratory tests, where better instrumentation 
was available. The tests do indicate, however, an upper limit to a possible 
error as defined ty the instrumentation error. 

An additional source of error arose from the 
fact that the radar camera shutter was open for an entire scan during exposure 
of each frame» This period was approximately 1.5 seconds. The other three 
cameras were operated instantaneously at the start of each scan and, 
this starting time reference was chosen as the point for reading the Brush 
traces indicating the gyro position. However, this could be in error by * 
maximum of 1.5-second time interval; during this time the P27-2N could have 
changed attitude or the target could 'nave moved. Observed changes in indicatea 
heading error in an interval of three seconds were as great as 7 • 

(c) Angle Noise, or Jitter, 

1. General. - One of the most important factors 
affecting the performance of the tracking system is the presence of any false 
signals and their character. These signals are usually due to the fluctations 
of the apparent sightline to the target, when in reality no sightline deviation 
exists. Such false signals, are defined as angle noise.or jitter. 

Photographs of the oscillograph records of the 
servo-output voltages at various ranges are included in this report, since 
they best illustrate the presence or absence of angle noise, or jitter. 
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Although there were occasional indications of increased sarro noise, these 
were found to be caused by faulty gyro bearing*. Tne illuatratire treces 
presented in this report show the ncrœal outputt these traces show ao wideooe 
of Jitter. ïhe recording eystea responds up to 100 cjrel«»- ¿ 
if any jitter oceurred at frequencies »bore ICO cps, but jitter at bi^ 
frKtcgaasy would not be expected to hats aIV detrinontal effect on míssil» 
«pernUcn« 

The presence of jitter below 100 cps will decrease 
the effectiveness of the guidance eyefcts» concerned. Therefore, the investigation 
of \Mm preblea is of particular la portance in evaluating any guidance or 
tracking stystta. 

2. Discussion of Expected Results. - The two main 
causes of jitter ere (l)“the instantanoo«* change of effective target center 
caused by a clang« in the relative target aspect, and (2) changas in the 
treckicg-head position caused by a rapid fluctuation of target signal intensity, 
knosm as scintillation. 

Tha significance of tha problem of variation in 
effective target center resides in tha distinction between in active and a 
passive system. In tha caso of the AU/íVU-OÍEÍ-l), tíiieh is a passive system, 
this factor does not poco a prebtew Sinûé ths terget radiates tlie energy 
which actuates tho AK/DÃÍWGüí-I) mi the sources of radiation are relatively 
anall and UCTtrying, tho basic causo fer a shift in target eight line does not 
exist. Tha prcblca of effective tor^t-center variation might exist in daylight 
operation if rogativo contrast is used or if reflected sunlight produces an 
approslabla portion of tho total signal. Since the AII/DAíí-3(XIl-l) at present 
operates only on positive contrast, M ehift in target center would be 
perceptible. Just to what extent tho reflected sunlight will contributo to 
this effect is not known at tha preaösvt time. Under nighttime conditions, no 
shift in effective center would fcs «jÇKícted. 

In a syetraj such as tha Aîî/IWH-3 (Xtf-1 ), ths signal 
source cavers only • very small area if tho target is the tailpipe of a typical, 
singla-engin* jet piano. Therefore, fluctunticns in intensity can cause no 
apparent mstion of tho tfvect. Tho ti^rv resolution possible with this typo of 
dOTics, conparcd with a radar, can mlntei-îo scch off oats firoa multi-engine 
plaais by resolving theoo engines at â considerable range. Tha jitter In th» 
JUl/Dffî-3(ZH-l) is considered os an increase in basic servo-output noise. 

Figure 33 illustrates a tracing of the servo-output 
condition at short range, and figuro b3 *t intermediate and long ranges. 

Those causes which are considered inherent to 
the system are, in turn, divided into three groups* those that have the greatest 
effect at short, intermedíate, and long ranges. 
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a. Short Range. - At ranges which gire an 
image diameter equal to or greater than the cell diameter, jitter nay occur 
because there is not a small null position. If the target is a TO-2 jet. 
this condition may occur at a range of approximately 20 yards. 

b. Intermediate Range. - At an intermediate 
range, which gives an image armulus of internal diameter greater than the 
cell diameter, but in which the signal is sufficiently strong to override 
any noise effects, small gyro motion is possible before error is detected. 

c. Long Range. - This is the range at which 
the noise signal is of the same order of magnitude as the signal and will vary 
Tilth background and humidity conditiors. This situation may give rise to the 
motion of the gyro which will normally La quite random bat extremely small. 

In investigating any jitter effects, 
of importance is at relatively short ranges. 

the region 

Scintillation has already been defined as a 
rapid fluctuation of the intensity of target radiation at the homing head. 
It may arise from true fluctuations of the target-radiatioa intensity, as by 
pulsation of hot exhaust gases and variation of effective target temperature, 
or by random reflections of sun rays. Since, in most targets, the primary 
sources of radiation are metallic parts, the thermal time constant would 
be large, and any significant fluctuation of radiation intensity would be 
slow. Signal variation caused by the reflection of sunlight could conceivably 
be of a rapid nature. 

Scintillation might also aris* { ca density 
variations in the transmitting media j>reduced by convection -ts. These 
fluctuations could in general be most extreme at low altitude . -* areasing 
with increase in altitude. 

3. Air-borno Tests. - Throughout the air-borne 
tests, runs were made at”very short ranges which, at times, were less than 
100 feet. The servo-output noise levels were then compared with the output 
at long ranges and also when the target was lost. No increase cr change in 
this noise level was noted. Although the noise spectrum could not be obtained 
in flight, the recorded trace of the IVush oscillograph would indicate any 
increase in the noise content. As in all other tests, it was not possible to 
exclude low-frequency variations caused by changes in parent-aircraft aspect. 

The procedure used with the flight-simulator 
test setup was a much better method for cheeking jitter, since one motion, that 
of the target airplane, was eliminated, and another, the motion of the 
AN/DAM-3(XN-1), was minimized. Therefore, any recorded motion of the gyro 
position coaid be attributed to jitter with no regard to the relative motions 
of the target and the AN/DAN-3(XN-1). 
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These tests were Bade with F-80 and PBljY-2 

targets. A reproduction of the oscillograph recordings made by the use of 
this configuration appears in figure 3lj, The data show complete absence of . 

jitter at ranges down to 120 feet, with the jet target viewed astern and 90 

feet for a 90° aspect. As previously explained, these were the closest 

ranges possible, 

!w Summary of Results. - It was stated that any 

jitter which occurred at”frequencies above 100 cps which could not be 

recorded with the Brush recorder would have no adverse effect on missile 
operation. Therefore, the investigation of the AN/DAN-3(XN-i) jitter was 

limited to that existing below 100 cps, with particular reference to low- 

frequency variations and short-range operations. 

Jitter of this character was best investigated 

in the ground tests using the flight-simulator test setup, since one haphazard 

motion, that of the target, was eliminated. Complete absence of jitter was 
recorded at ranges down to 120 feet at a tail aspect, and to 90 feet at a 90° 
aspect. 

The absence of jitter at these minimum ranges 

of which tests were conducted is indicative of the noteworthy operating 

characteristic of the AH/DAN-3 (XM-1), 

(d) Tracking Ability. - The tracking ability cannot be 

discussed quantitatively, since it is integrally related to all the tests 

previously mentioned. For the purpose of this discussion, tracking ability 

will be defined as the ability of the AN/DAN-3(XH-1) to remain locked on a 
selected target under all conditions and to indicate any ccnditions under 

which the unit will lose target. The following conditions were imposed to 

determine these characteristics: 

1. Aspect change 

2. I’ultiplo-source targets 

3. Multiple targets 

h. Extremely short-range tracking 

£. Parent-aircraft oscillation and maneuver 

6. Target maneuver 

7. Target evasive action 

8. High angular rates of motion 
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Background effect# 

a. Clouds 

b. Hoti*on 

c. Clear sky 

10. Janine sources, or false targets in addition 
to the above condition# 

11. Simulated tactical runs 

,. In 32 flights consisting of 188 runs and 

SIW 2 ^ ‘te‘ 
to the follojring causes: 

1. Sightline exceeding orientation limits of gyro 

2. Equipment failure 2. 
3. 

Reduction of signal below minimum tracking level. 
” by increasing range or aspect 

T. _ot possible to determine the effectiveness of 

jamming by the use of false targets^ ^^¿^^^Æich^oSd’diL 
Tîere available. No backgroun s . legitimate target wîien filters 
„pt tracking, ilthcng ^ ^ KSed by itc preccncc cr ty raflectaona 

Mthcngh the 2»iS»t S*¡c 
tion only, its us« in dScStinnitSs udrtcd rtthin 
cloud edges and the horizon. AH/DAH-3(XM-1), they did not affect its 
the tracking field of view of the ^ ^elatively clear skies 
ability to reisain locked on the se . Th effect of such conditions was 
or hazy skies no loss of targe oc [ ^ level, and increased total noise 
twofold: reduced contrast range, 
level of the system, which reüucea wo 

The noise c^^^y^JÄos^prSLit^to7the sun 
equivalent to the internal noise exc p above-mentioned regions, the loss 
See figure bk). With the Sect^Ts the previously mentioned 
of tracking did not occur, and ^ condition without a target in the 
reduction of maximum range, to a S^rdeither the horizon or the sun unless 
field of view, no motion occurrea 
these were within the field of view. 
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Afcteiqjts were made to determine the ability of the 
AN/DAS-3Cxit-l) to remain Jocked oh the targets crossing at high tracking 
rates. Target informatif obtained from the night flight cf 13 September 
1951 presented definite grossing rates at which targets could be tracked. 
Although the crossing rates were far below the tracking ability of the 
AH/DAN-3(XH-1), as measute^ In the laboratory, the target velocities 
necessarily limited thesë fates. Of the 11 runs of a jet plane crossing in 
front of the parent airp!#*«. tracking rates varied from 2° 1*0' to 6° 20» 
per second. An additions! feature of these particular tests was the fact that 
the maximum radiated 8igr¿@i from the target was not always apparent to the 
AN/DAN-3(XíI-1), since th<? target aspects varied from 3Ô to 85° from a 
completely astern -view. The crossing rates given in this report represent 
the rates of the target âí- the time it entered the cone of vision and tracking 
commenced. 

íñ flight, the F-80 could not maneuver to a position 
where tracking could be êv^ed by changing attitude. No loss of tracking 
occurred because of multiple targets or multi-engine sources, even on the 
runs where one of the AN/S.^i-3 (XÍI-1) units was not operating normally. In 
flight, ranges estimated &£■ 20 yards were flown with no loss of target even 
though the parent aircraft- buffeted violently in the jet stream. Tlirough all 
simulated maneuvers no löss of tracking occurred. 

iß the course of the night operation of 10 August 
I??!, flights were made simulated guidance paths. In Run No. h of these 
flights, the AN/DAH-3(XM--1) was used to guide the pilot of the P2V-2ÎI in a 
pursuit course. The jeUs.'gine target airplane, with a tailpipe temperature 
of 575°C, maneuvered a couf.se consisting of a 360° turn at a range of 1 mile 
from the parent plane. Tite maximum rate of turn was 1.5° per second. The 
pilot of the P2V-2H maintained a range of 1 mile from the target and followed 
it around in a circle wit» no difficulty, using the left-right and up-down 
crosspointer indicator fóf »is guidance. 
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Rti/j No. 8 of this operation included a pursuit course 
in which the target plan# v?es flown at the discretion of the target-plane 
pilot. The parent airplari# was flown in accordance with the direction indica¬ 
tions from the crosspointer indicator, while the target plane veered sharply 
to the left and right and »hanged altitude. The pilot of the P2V-2N, an 
experienced night fighter-¿ lane pilot, confirmed the fact that the 
AN/DAM-3 (XN-1) provided sr./ficiert guidance data to enable him to pursue 
the target. These flights indicated that an AN/DAN-3(XN-1) type equipment 
would be a valuable additid-h to the existing nip ht fighter-plane radar sets 
which do not perform very favorably in the ranges between 1 and 2.5 miles. * 

Th# hiçbt flight of 16 August gave further evidence of 
the AH/HAM-3(XM-1) tracking ability, since information fron it was used to 
guide the parent airplane teFough a wide 10o° turn in pursuit of the jet-target 
airplane. The starting range was Í» miles for this turn, and the parent 
airplane closed on to a range of 2 miles upon completion of the 180° turn. 
This maneuver was similar te an interception type of course taken by a missile 
during tracking of a target/ 
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A simulated guidance run was made on a PBUT-2 air¬ 
plane, which was uáèfd as a target for the night operation of 7 September. 
PBUY-2 nade continueua 15° bank turns and changed course U$° to the left and 
right at a range of 0.75 mile. The P2V-2N, guided by the servo-output signal 
information presented by the crosspointer indicator, was able to follow the 
target maneuvers with no difficulty. 

With a change in either the course or the altitude 
of the target, varying angular aspects in both the horizontal and the 
vertical planes were presented which were checks on the ability of the 
homing set to track with a high, apparent change of radiation intensity. 
Angriia?» rates of tracking were also tested simultaneously with target 
maneuvers and changea of source intensity. Because all the above-mentioned 
conditions, together with other conditions (included under various headings 
of this report), were imposed on the AN/BAN-3(111-1) without loss of tracking/ 
it is apparent that the tracking ability of the AU/DAN-3(XN-1) was confirmed/ 

SECTION Di CŒCLUSICHS 

9. CONCLUSIONS. . 

The following conclusions were drawn as a result of the flight-test 
program! 

a, TRACKING-RANGE CHARACTERISTICS. - The sensitivity of the AN/DAN-J 
(XN~1) may be explained qualitatively by stating that the unit is capable of 
tracking an F-30 target to an average maximum range of 3 nautical miles at 
night, and 3.5 milefl in daytime. Both night and day ranges are dependent on 
angular aspectj long ranges are obtainable from the rear quadrant. Limiting 
ranges of 1 mile in the forward quadrant of the aircraft are possible. Average 
ranees obtained by means of the unit operating on the ground are approximately 
20¾ less than those at 20,000 feet altitude. 

The effect of various background conditions disturbing the systenf 
was investigated. It was found that it is possible to track a target at long 
ranges at night under extremes of humidity conditions; the only source of «. 
spurious target was the radiation- from the moon, but its radiation reflections 
did not interfere with the system operation. Tracking below the apparent 
systeswnoise limit war easily possible. 

In daytime, backgrcand noire had little effect on tracking over 
any portion of a blue eky, with the exception of a cone of approximately U0° 
surrounding the sun, V/it hin this cone, noise due to sky radiation would 
increase, thereby decreasing maximum range rapidly. Anticipated difficulty 
with horizon gradients and with clouds was experienced. Two effects of day 
backgrounds consisted of a decrease in contrast and the introduction of beek-- 
ground noise. It was possible to increase target contrast by proper filtering/ 
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Attenuation by ground haze is an additional problem which may be 
sewer» under certain circumstances« Reflected sunlight from the ground 
interfered with operation but no problem was encountered at night* 

Measurements of the intensities of the radiations from various 
types of targets were made; this information, together with similar data on 
target backgrounds, was developed to the point where it is possible to 
predict fairly accurately the expected tracking ranges for various targets 
at given angular aspects and under different background conditions. Cor¬ 
relation of this information with known performance characteristics of the 
AN/DAM-3(XN-1) will permit engineering improvements. 

b. TRACKING CHARACTERISTICS. - The ability of the AN/bAN-3(XN-l) 
to acquire a target, to remain locked on this target, and to track it to 
its extreme range was verified By laboratory tests and proved over a total 
of 80 flight operations. The suitability of the AN/DAN-3(XN-1) as a hom¬ 
ing device, capable of tracking a jet engine type of aircraft or a recipro¬ 
cating-engine type plane was indicated; there is definite possibility of 
extending this tracking range on both types of targets. In general, 
shorter tracking ranges were obtained on the reciprocating-engine type of 
aircraft than jet aircraft, as expected. The tracking error could not be 
determined accurately in flight. 

Unlike radar, no trouble with angle noise, or jitter, was 
experienced. Tha problems of tracking at a minimum range apparently did 
not exist. Resolution in the AW/DAM-3(XN-1 ), which is dependent on 
scan-cone angle, occurs at an angle of approximately £0'. The effective 
target center of a jet engine was found to bo the center of the tailpipe, 
and for a reciprocating engine the exliaust stack or the manifold. Al¬ 
though tracking ranges below the system noise were possible, the acquisi¬ 
tion of targets can only be achieved at ranges above this noise level, at 
the present time. 

PART II 

RECCMMDATICWS 

10. RECOMMENDATIONS. 

The following general recommendations are made with regard to future 
programs: 

a. It is recommended that additional information on the radiation 
characteristics of military targets be gathered; this should include spectral 
distribution and aspect—angle information. 
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b. The data in Item 1 should be evaluated for determining whether 
future aircraft design can permit a reduction in the effective radiation of 
American aircraft, and whether present models can be modified for reducing 
their radiation. 

c. Studies of target-background radiation, optical contrast, and 
methods of target discrimination should be made. 

d. A broad investigation of the general daytime problem of increasing 
contrast, including the effects of absorption and scattering, should ba made; 
such an investigation should lead to results which, coupled with measurements 
of t&rget characteristics, could be used to predict all-weather range 
probabilities. 

e. Further development and testing of homing devices should be 
continued. The work on testing should include the present AN/DAB-3(XN-1) and 
impfsved models engineered from knowledge of radiation contrast characteristics. 
The tests can be conducted economically on a ground-to-air basis; they afford 
a continuous verification of laboratory test results. 

f. Test procedure should be atsmdardized, particularly with regard to 
tracking sensitivity, target resolution, and tracking accuracy; pertinent 
terminology should be standardized. A cognizant agency should correlate all 
results by defining such terms and recommending standard means of measurement. 

i 

g. The feasibility of infrared systems for tail warning and automatic 
search has been quite generally proved by the present and other infrared 
programs. Developmental work should be initiated on these phases of infrared 
detection. 

h. The suitability of infrared detection to air- and ground-fire 
control appears promising, and an early investigation of such possibilities 
is deemed important. 

i. A general over-all study of the radiation characteristic of all 
military targets, such as ships, tanks, locomotives, trucks, etc., would be 
of velue to several phases of the program. 

j. A work program should be undertaken for incorporating engineering 
modifications of the AN/DAN-3 (XN-1) into an over-all missile. 
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TARGET AND BACKGROUND 

RADIATION CHARACTERISTICS 

1. DISCUSSION. 

It has been explained in previous sections of this report that owing to 
lack of sufficiently detailed information it became necessary, as the work 
progressed, to detersine the radiation characteristics of the military targets 
under test. A knowledge of the intensity of the radiation emitted by the 
target in that wavelength region v/hich is effective in energizing a lead 
sulfide cell permitted a theoretical verification of the maximum night ranges 
obtained and a check cn the performance of the AN/DAM-3 (XÎÎ-1). Additional 
data on the magnitude and spectral distribution of the target radiation, 
together with information on the background characteristics, permitted 
improvement of the spectral contrast and gave rise to a simple procedure 
whereby day ranges could be improved. In order to obtain this information, 
tests were conducted to determino the following factors: 

a. The total radiation energy emitted by various target planes in the 
1» to 3-micron reglen, at aspects from nose to tail. 

b. The spectral distribution of the radiation energy. 

c. The total energy radiated by typical sky background, including 
clear sky, haze, clcud, and horizon effects, and the spatial distribution 
cf total energy. Breo such indirect measurements, sky-background energy 
gradients were obtained. 

d. By scanning methods, sky-background energy gradients were obtained 
directly. 

e. The spectral distribution of the sky-background energy. 

f. The best filter selection to increase optical contrast between the 
target and the background. 

» 
t 

2. EQUIPMENT. 

In order to conduct the tests listed above, a calibrated radiometer using 
a lead sulfide cell receiver was employed to measure the total radiant energy 
incident on the cell, and an infrared monochromator using a lead sulfide 
receiver was used to determine the spectral distribution of this energy. A 
radiometer suitable fer this purpose was constructed by Aerojet; the mono¬ 
chromator was a Perkin-Elmer Universal type and was modified by joint efforts 
of Aerojet and NAMIC engineers. An amplifier applicable to either instrument 
was employed, with its output being recorded on a Brush recorder. The details 
of the equipment are described as follows: 
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a. THE RADIOMETER. - The design features of the ™diora^f\®™ lens 

shcnra in figure U5. The radiometer consists principally of a 
of a type similar to that used in the AM/DAN-3(XN-1), a 1/8-inch- q 

Eastmanlead sulfide cell mounted at the focal point of Jenf ' * 
disc positioned by means of an indexed dial on the back of the ^ ^ 
chassis and a 210-cps chopper driven by a motor. Various filter +iv« 
inserted in front oAhe cell for selective reception of radiation by th« 

cell« 

b WÊ MOJOCHROMATOR. - A Perkin-Elmer Universal Monoclsromator mfi 
adanted.*for the spectral distribution determination-ork by making the 

followingnodification: A collecting mirror of ^^^f^aSation 
installed in an off—axis Herschellian system to receive nuffiele #1,»+ 
from^et-engine SgSs! The position of the mirror -3 adjusUble^o^ 

the radiation could be focused on the entrance slit. A chopper » . 
at 210 cos vas installed in front of the entrance slit, and a iead suifid« 

cell tos^mounted at the exit slit. The wavelength drive was rot^ted by a 

snail motor in order to scan automatically the entire spegrum 0 

spectral region. A diagram of the equipment is shorn in figure 1U. 

c THE RADIC5LÎETER AMPLIFIER. - This amplifier consisted of two 
.octio^. oJ1™on prtwWing a, a-= a»plificatica »f Jha choppad «dlatio» 

and the other section providing a d-c amplification of the rectified signal. 

The freauencv-r°spcnse characteristics of the instrument are shown in fi|^e 
K S SíiTSand-paa. filiar can be artlched into the circuit of th. 

ainplif 1er, giving the characteristics shown in figure Ur. 

d EQUIPMENT TO MEASURE EMERGI GRADIENTS. - The Ali/DAII-3(XN-1) t«st 
unit consisSng of the infrared homing set, DuMont oscilloscope Model 2l«l, 

General Radio if-mra oscilloscope recording camera, and power supply, was 

Tito investigate the waveshape of the signal from the target and from the 
background energy gradients. The signal was fed into the oscilioscope JVem 

the preamplifier^ of the AN/DAN-3{XN-1) subsequ.nt to two ^agesofampl^ 

tion and was recorded cn the General Radio recording camera. In addition, 

the energy gradient was determined from mapping the background intensity 
ov^ ïh^kfby means of the radiometer. The correlation between the two 

measurements was then investigated. 

3. PROCEDURE. 

Subsequent to the construction of the radiometer and its amplifier# 

the entire^nit was calibrated against the total radiation i*om a black 

body at a temperature of 600¾. 

This calibration was performed at NAMTC, on 7 August, and again on 

26 September 1951» 

The filters employed are designated for the first test by subscript 

« l« and for the second by subscript "2" and were as follows t 
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Test and Filter Designations 

Teat - 7 Angust 1951 Test - 26 September l*?i?L 

Position 

*»1 

*1 

«1 

Filter 
No. 

1^ and $2 

3j and 3g 

hi and hg 

and 62 

*1 

*2 

22 

Filter Position Filter 

Rons Polaroid C2 añ4 
Germanium 

None 

None 

Polaroid C2 

E.K. Silver Chloride 

Polaroid C2 and IjOlO 

22 

*2 

^2 

Germanium 

UOlp 

Polaroid C2 

None 

Polaroid C2 áñá liOlO 

Average Results of the Two Tests Given Above 

Radiometer 
Anp]ifier Gain 

103 

103 

103 

103 

id* 

103 

103 

Output Signals 
D-C Volts 

Input 
From Amplifier 
Calibration Curve 

(Microvolrta) , 

33.0 

16.0 

5.U 

3.3 

2(i.3 

((.U 

10.0 

31.8 X 1Õ3 

1?.7 X 193 

6.7 X 

1(,2 X X93 

2.1( X i§3 

5.I- X 

IO.U X 

From this table, the calibration may be made as follows* 
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Data 

Distance« radioneter to black body - 915 cm . 

Black-body aperture - l/b-inch diameter 

Black-body area - 0.3165 cm2 

Black-body emissivity - 1 . 

Lead sulfide spectral sensitivity range - 0.9 to 3.2 microns 1 ■ 

frost Planck* s law, the total energy radiated in 2tr steradians from a 
black body 1 cm2 in area at 60C°C is 3.3watts/cm2. The amount of radiant 
energy in the wavelengths between 0*9 and 3»2 microns is-22.6¾ thus 
the energy to which the cell is sensitive is O.lUl watts/cm*. In the absence 
of absorption, the energy HT in the beam per unit area at a distance r is 

I \ 
1 

y »> 

t 

\ 

Î 

where the factor n enters because the emitting surface is considered to obey 
Leobort’s law. After the application of effective-area and other corrections, 
a calibration of 1 millivolt per 2.3 x 10-9 Watt/cmz was obtained for the 
radiometer amplifier. 

Í 
1 
i 

I 

k 
ii 

! 

t 
í . 
\ 

t 
♦ 
t 

\ 

The spectral sensitivity of the Eastman Kodak lead sulfide cells used 
in the tests -was determined by Br. Edgar Kutascherand Curt Foster of NAKTC; 
a typical sensitivity curve is shown in figure l}8. The group of curves in 
this figure are also applicable to the wavelength sensitivity of the lead ; 
sulfide cells used in the AN/DM-3(XN-1) during the flight tests. , 

t S 

The transmission characteristics of various filters were measured by ; 
means of a Baird spectrophotometer. Curves for various applicable filters > 
are shown in figures 23, U9, and 50. \ 1 

lj. IfEASIIREKENT OF TARGET INTENSITY. | 

The radiation intensity of the F-30 (TO-2 type) target plane was measured , 
by viewing this target at various ranges and various ^aspects. Curves showing ; 
typical observed results are shewn in figurea5l and 52. The radiation appears 
to be to that from a black body at the ap; ropriate tailpipe tempera- | 
ture, a™* to have a cosine distribution which is modified at 90 aspect because ■ 
of the protrusion of 3 inches of the tailpipe through the skin of the plane, i 
as is visible in the photograph of figure 53. An approximate, effective 'It 
emissivity of 0.8 can be calculatsd from these data. Similar curves for an 
F-9U type plane are shown in figure 5U. 
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5. SPECTRAL DISTRIBUTION OF TARGET RADIATION. 

Tha spectral distribution of the target radiation was measured with 
wie monochromator at three points: 

. a* The hot exhaust gas issuing U feet behind the tailpipe and 
observed at 90° aspect. 

b. The 3-inch protrusion of tailpipe at 90° aspect» 

c» The hot exhaust gas and tailpipe observed from the rear of the 
tailpipe, i.e., at Q-degree aspect. 

- Figur« 21 illustrates the target spectrum for an F-80 jet at £00°C, 
with no filter, and tail aspect at 187.5 feet with respect to the mono- 
chromator. The spectrum has a black-body character, --nd the peale emission is 
between 2.2- and 2.1j-micron wavelengths, with a small peak at 1.71 microns, 
cutting off sharply at 2,6 microns. 

Figure 55 shows the spectrum of an F-80 jet tailpipe protrusion ob¬ 
served at a 90*^ aspect from a distance of 50 feet. This spectrum also is 
black-body type. 

f^fure 56 shows the hot exhaust-gas spectrum of an F-80 target, and 
figure 57 shows a similar spectrum for the erhaust from an F-ÿü. 

6. SKI BACKGROUND. 

a. SKÏ-R4CKGR0UND INTSNSITÏ, - The sky-background intensity contours 
are shown in figures 2¾ and 25. The blue-sky map shows a peak intensity 
around the sun, with an area of minimum intensity at a position at right 
angles to the sun and the energy gradient increasing slowly around this 
area. This follows a distribution originally determined by Lord Rayleigh, 
who advancer a theory of scattering in an atmosphere of uniform pollutionr 
tais distribution is considerably modified by impurities existing in the 
atmosphere when observed from a low altitude. 

» 

The overcast-sky map shows a higher radiation level, with erratic 
gradients caused by clouds above the haze. The intensity gradient across 
the cloud edgea is not shown in the figures. In the area marked "patches of 
blue sky, erratic" very steep energy gradients were noted, and no over-all 
contour could be mude. 

Figure 58 is an intensity gradient on a meridian through the sun, and 
shows the variation îxoui the sun to the area of minimum energy# 

SKY-BACKGROUND ENERGY GRADIENTS. - In the test configuration used. 
fcheJr£rN"3'XH“1' an instantaneous field of view of 1« and scans a cone 
of 2 201 solid angle. 
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In order to compare various filters, the background was measured 
on a blue-sky day, and the filter contrast improvement was checked in an 
area of the sky of low intensity, so that the background energy gradient 
would not change appreciably while the filters were being changed* 

Tests were conducted to observe the energy gradient on a meridian 
from the horizon to the zenith, at 15»° increments of elevation. The amplitude 
of the signal was taken as a measure of the energy gradient for an integrated 
area (Io field) of the sky, scanned in a 2° 20* cone. The general plot for 
these measurements conforms to the radiation intensity contour map, with high 
energy gradient across the horizon, reaching a minimum at right angles to the 
sun and increasing again at the zenith, as the view of observation approaches 
the sun. 

7. SPECTRAL DISTRIBUTION OF SKÏ BACKGROUND. 

Figure 22 shows the background spectra of various sly conditions, at 
various elevations and constant azimuth angle with respect to the sun. These 
curves show the same spectral peaks with various magnitudes, depending on the 
angle of observation, 

8. CONTRAST EÍPR0VEMENT. 

The F-80 target spectrum (figure $$) shows an emission between 2.2' to 
2.U-rcicron wavelengths. The background shows a peak energy at shorter wave¬ 
lengths in water-vapor absorption windows, with a small energy in the 2.2 to 
2.twnicron band. 

A comparison of the curves given in figures 55 to 57 shows that a filter 
which cuts off sharply at 2 microns and has a high transmission at wavelengths 
above 2 microns would materially reduce the background without appreciably 
attenuating the target signal. Germanium appears to bo the best filter 
material obtainable at the present tins. Figure 3 chows the transmission of 
the uncoated material - 
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