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FOREWORD

This document is subject to special export controls and
each transmittal to foreign governments or foreign nationals
may be made only with prior approval of: Space and Missile
Systems Organization (SMSD) Los Angeles AFS, California

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be re-
leased to foreign governments by departments or agencies of the U.S.
Government subject to approval of Space and Missile Systems Organization

fi (SMSD), Los Angeles AFS, California, or higher authority within the
Department of the Air Force. Private indi.viduals or firms require a
Department of State export license.

This report summarizes the progress and status of work performed

by the Avco Everett Research Laboratory for the Terminal Radiation Program
(TRAP) during the six-month period January 1 through June 30, 1967. This
work was performed under Contracts AF 04(694)-865 and F04694-67-C-0047
for Space and Missile Systems Organization, Air Force Systems Command,
Deputy for Ballistic Missile Re-entry Systems, Norton Air Force Base,
California. The Air Force program monitor for these contracts is Captain
Robert L. Aspinwall, SMYT.

Activities are reported in this volume for those tasks which can be
described in an unclassified manner. Task titles are the same as those
used in the Statements of Work for the two contracts.

Publication of this report does not constitute Air Force approval of
the report's findings or conclusions; it is published only for tl - exchange
and stimulation of ideas.

Captain R. L. Aspinwall
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ABSTRACT

A narrative summary is given of the progress and status of six

months' work performed by Avco Everett Research Laboratory for the

Terminal Radiation Program (TRAP). The period covered is January 1,

1967 through June 30, 1967. Efforts are described for those tasks which

can be discussed in an unclassified manner, and include program manage-

ment, operations, instrumentation and maintenance, calibration and

system studies. These tasks are discussed for the TRAP-6 and TRAP-7

re-entry monitoring aircraft and the TRAP-Transportable ground station.

In addition, work pertaining to the upgrading of the TRAP-i aircraft is

described.

4'

;
-iii-

A



TRA - I~ KC-3

TRAP -i C -11



TRA 7 C-U

1

TaBW

TRAP - TRANSPORTABLE

n-6f230



TABLE OF CONTENTS

Page

Foreword 1i

Abstract iii

List of Il/lustrations xiii

List of Tables xix

INTRODUCTION xxi

SECTION 1 CONTRACT AF 04(694)-.845 1 A

TASK 1.,G PROGRAM MANAGEMENT 3

TASK 4. 0 SYSTFM STUDIES 7,

Introductip, 7

4.2.1 High Resolution System Evaluation 8' 0

4. 3. 1 A& Atomnic Line Radiometer 9
bitrurnent Concept 1,O,0-

Adaption of the Above Concept to a Radiometer for Lines 13
znd Points

Fore Optics 15

Spatial Filter 15

Internal Optics 16

Birefringent Filter 16

Forefilter 17 C.,

Electronics 1.8

Sensitivity 21

4.3.2 A Fabry-Perot Etalon Spectrometer 21

-vii-



Page

Image Intensifier Cinespectrograph System 35
~Image Converter Sight 43 .

4.5. 1 TRAP-6 POINTING Sys-tem Evaluation 46

4. 7 Consideration of a Calibration System for the Downrange 47Program

TASK 5. 0 INSTRUMENTATION, MAINTENANCE AND SERVICE 55

Introduction 55

Sustaining Engineering 55

instrumentation, Maintenance and Service Activities 58

TRAP- 6 3 5n-,a High Resolution Camera 60

TRAP Transportable 61

Vis/IR Radiometer 61

Re- entry Monitoring Radiometer -,(REMRAD) 62

Laboratory Evaluation 68

Digital Micxodensitometer 7,0I TASK 6 0 OPERATIONS AND MEASUREMENTS 81

Introduction 81

Surnmary of Field Activities 85

Operations Activities 86

V Training 86

f TASK 8. 0 TRAP- i UPGRADE 89

7.. Intrbduction 89

TRAP- I Platform 89
TRAP- I Canopy 90

Upgraded System 94

-I ---- W



Page

TRAP- 1 Windows 96

Twin Streak1 Ballistic 105

Wild/AERL Nodding Ballis tic 105

Super ,tar 106

Spectral Sensors 108

Streak Spectrographs 108

U'ltraviolet System. 115

Visible System 115

Infrare Strek SpeCtrograph 115

Field of View Considerations 1 1B

Twin Spectral Ballistic 118

Cinespectzographs 118IBarnes Cinespectrograph 119

401 'GEr Telespetrogxraph 119

j12" In-Line Cinespeztrogmaphs 119

High Resolution Sensor 119IIntensity Sensors 119
~Other Sensors 119

Bore sight Cameras fox TRAP-I 2

Boresight Shutter 126

Interim System I Z6

Pointing Suibsystems 129

Master-Slave Ar-ray 129

I ~Acquisition Sight Pedestals 1.31

Shock and Vibration Isolation 132

-lO-



R,i

Page

Vibration Isolation Summary 135

Optical Error Sensor 135

Manual Pedestals 137

Manual Pedestal Look Angles 142

Data Acquisition and Recording System 14Z

Analog Recording Subsystem 142

Mincom PC- 500 Specifications 142

Event Recording Subsystemzi 143

Voice Recording Subsystem 144

Digital Subsystem 144

Data Collection and Storage 144

System Testing 146

- Data Playback and, Retrieval Mode 147

System Description 147

Timing and Sensor Control System 151

Airborne Rubidium Clock 152

Specifications 152

Digital Synchronometer 154

Distribution Amplifiers 154

Synchroscope 154I
Cine Camera Control Unit 155

Framing and Ballistic Camera Control Units 156

- Re-entry Measurement Sensor Calibration 156

Design Considerations 157

- 'C

if _ _ _



Page

Photom,,Atiplier Unit for the TRAP-1 Aircraft 161

Calibration Philosophy 161

Requirements for the TRAP-1 Field Calibrator 162

SECTION II (Contract F04694-67-C-0047) 165

TASK 1.0 MANAGEMENT 1 7

TASK 2.0 OPERATIONS AND MEASUREMENT 173

Field Mission Coverage and Aircraft Activity 173

Summary of Takeover Effort 175

System Performance and Maintenance 181

TRAP-7 Preventive Maintenance Program 186

Evaluation of the TRAP-7 High Resolution Camera 191

Gimbal Stonc 192

Design and Teat*ng 194

Supplementary Fixed Camera Installation 196

TASK 4. 0 SYSTEM STUDIES 199

Subtask 4. 2 System Improvement 199

TASK 5.0 CALIBRATION AND TEST 203

Evaluation of the J216 Calibration 203

Introduction 203
, Sfl ... .b. a .4 1 frla .,a ,t 

4  4
.a.. .'.

J216 Results with PM Unit 207

Discussion 220

Inconel Coatings 227

J216 Filters 235

Absolute Calibration of J216 Calibrator Z44
-Xi-



B

Page

Conclusions and Recommendations 247

Initial Consideration of Calibration Precision for TRAP-7 251
Instruments

Application of Statistical Analysis to TRAP-7 Instruments 251

'4$ I

[1



LIST OF ILLUSTRATIONS

SECTION I
Page

Fig. I-1 TRAP Program Office Organization 4

Fig. 1-2 Sky background radiance vs. wavelength 11

Fig. 1-3 An exploded view of the birefringent filter 12

Fig. 1-4 A diagram of the atomic line radiometer 14

Fig. 1-5 Signal processing electronic circuitry 19

Fig. 1-6 Frequency space diagram of signal output from 20
photomultiplier

Fig. 1-7 Transmission of a Fabry-Perot etalon for various 24
values of finesse

Fig. 1-8 A sketch of the Fabry-Perot pattern for a single 25
monochromatic line

Fig. I-9a A diagram of a camera-etalon system for producing 26
high spectral resolution images with spatial resolution
in one direction

Fig. I-9b Image of an unresolved line as blurred by an astigmatic 28
camera objective

Fig. I-9c Image of a sodium source with an astigmatic camera 29
objective and a Fabry-Perot etalon

Fig. 1-10 Isolation of line spectra for the etalon instrument by 30
the use of a grating

Fig. I-11 A photograph of a portion of a spectrum using the 31
system diagrammed in Fig- 1-10

Fig. 1-12 A microdensitometer trace of a portion of the data 32
shown in v'ig. 1- 11

Fig. 1-13 A plot showing the required gain and effective aperat re 38
ratio required for several film types to achieve maximum
sensitivity.

-xiii-

OC0 0



Page

Fig. 1-14 A schematic of an image intensifier spectrograph 41

Fig. 1-15 A -Lhematic of a simple, functional design of image 44
intensifier acquisition and tracking sight.

Fig. 1- 16 Optical diagram for two-color radiometer 64

Fig. 1-17 Electronic signal processing block diagram for 64
two- color radiometer

Fig. 1-18 Automated microdensitometer, preliminary block 74
diagram

Fig. 1-19 TRAP-1 aircraft before modification 91

Fig. 1-20 TRAP-7 aircraft after modification 92

Fig. 1-21 Upgraded TRAP- 1 aircraft configuration layout 93

Fig. 1-22 Upgraded 'RAP- 1 system configuration 95

Fig. 1-23 On-axis MTF for UV streak spectrographs 111

Fig. 1-24 Transverse ray error for UV streak spectrographs 113

Fig. 1-25 Format comparison for UV streak spectrographs 114

Fig. 1-26 UV streak spectrograph field of view 114

Fig. 1-27 Modulation transfer functions for Zenotar Lens 116

Fig. 1-28 Field of view plot for Barnes cinespectrograph 120

Fig. 1-29 Field of view plot for 40" Telespectrograph 121

Fig. T -30 Field of view plot for 80" Jones Telescope 122

Fig. 1-31 Vertical registration plots for two Boresight Cameras 125

Fig. 1-32 Boresight shutter attached to Boresight Camera 127

v Fig. 1-33 Interim TRAP-1 configuration 128

Fig. 1-34 System block diagram for TRAP-1 Gimballed Pedestals 130

Fig. 1-35 Field of view plot for A- Line Radiometer 133

-xiv-



Fig. 1-36 Payload configurations for manual pedestals 138

Fig. I- 37 Manual tracking test data 139

Fig. 1-38 Side view of manual pedestal 140

Fig. 1-39 Major components block diagram, digital subsystem 145

Fig. 1-40 Digital data acquisition system, detailed block diagram 148.

Fig. 1-41 Timing and sensor control system block diagram 153

Fig. 1-42 Image size variation vs range for Barnes Cinespectro- 159
graph and Jones Telescope

Fig. 1-43 Schematic of TRAP-1 on-board calibrator 163

SECTION II

Fig. 11-1 Target position readouts from the field of view of the 184
boresight camera mounted with the T-9 tracker for WTR
#0510.

Fig. 11-2 Modulation transfer function for the TRAP-7 High 193
Resolution system asing 4X film and XT-Pan film
for recording media

Fig. 11-3 Three-axis gimbal with AERL stops installed for the 195
azimuth and elevation axes.

Fig. 11-4 Supplementary fixed cameras shown on the special 197
support stand fal" ".,ated foz use behind a TRAP-7
window

Fig. 11- 5a Schematic of TRAP-7 calibrator (J216) 205

Fig. 11-5b Sketch of experimental set-up on J216 206

Fig. 11-6 Photomultiplier response curve for AERL 96" bench 208
showing linearity -

Fig. 11-7 PM Output on J216 for Aperture-7 209

Fig. 11-8 PM Output on J216 for Aperture-9 210

Fig. 11-9 Ratio of PM Unit current for J216 Filters and Filter 1, 212
showing scatter in data

-xv-



UM

Page_

Fig. U-10 PM Output on J216 at X 5000 R and the effect of filter 213
corrections 0

Fig. I-II PM Output on J216 for S-11 bandpass and the effect 215
of filter corrections

Fig. II-12 Barnes cinespectrograph film response curve in terms 218
of seidel function (T = Trafismittance) obtained on the

h J216 and the effect of filter corrections

Fig. 11- 13 Aerojet photometric calibration of wide angle camera 219
on J216 and the effect of filter corrections

Fig. 1-14 R-71 Photbmeter, Channel 1, response curve obti ined onzZl

J216 and the effect of filter corrections
Fig, 1-15 R-71 Photometer, Channel 2, response curve obtained 2?2Z

on the JZl6 and the effect of filter corrections

Fig. 11-16 R-71 Photometer, Channel 2, response curve obtained 223
on the JZ16 and the effect of filter corrections

Fig. 11-17 High speed camera response curv 't-.ined on 3216 224

and the effect of filter corrections

Fig. 11-18 Photomicrograph of a thin film products inconel coated Z28
filter, N.D. = 3.0

Fig. 11-19 GAS Microdensitometer trace of thin film products ZZ9

inconel coated filter, N. D. = 3. 0
Fig. 1-20 GAF Microdensitometer trace of thin film products 230

inconel coated filter, N. D. = 2. 0

Fig. II-Z1 GAF Microdensitomete- trace of Kodak Wratten Gelatin 231< ' Filter, N.D. = 3. 0
Fig. 11-22 Cary 14 Spectrophotometer trace of Kodak Wratten Gelatin

V nT = 3. 0 Z33

Fig. II-23a Photomicrographs of J216 Calibrator Inconel Coated 236
Filters (Filter 4)

Fig. II-23b Photomicrographs of JZ16 Calibrator Inconel Coated Z36
Filters (Filter 7)

Fig. 1-23c Photomicrographs of J16 calibrator inconel coated 237

(Filter 10)

*j-xvi-



Page

Fig. JI-24 Comparison of Aerojet Spectral Transmissions with 238
those measured with the PM unit on the J216 Calibrator
and on the Cary-14 spectrophotometer

Fig. -25 GAS Microdensitozmeter traces across surfaces of J216 240
filters

Fig. 11-26 Comparison of J21 6 filter transmissions as measured 241
with the PM unit, on the J216 calibrator, the GAF
Microdensitometer, and the Cary- 14 Spectrometer
with the Aerojet Published Filter Transmissions
(Aperture 7)

Fig. 1-27 Comparison of J216 filter transmissions as measured 242
with the PM unit, on the J216 calibrator, the GAF
Microdensitometer, and the Cary-14 Spectrophometer
with the Aerojet Published Filter lransmissions
(Aperture 8)

Fig. 11-28 Comparison of J216 filter transmissions as measured 243
with the PM Unit on the J216 calibrator, the GAF
Microdensitometer, and the Cary-14 Spectrophometer
with the Aerojet Published Filter Transmissions.

Fig. 11-29 GAF Microdensitometer Traces of J216 Filters in the 245
region with 10 diameter pinhole

Fig. 11-30 Schematic of AERL primary standard irradiance unit 246
used for calibrating PM unit

Fig. H-31 J216 Calibrator irradiance range, X 5000 2 249

Fig. 11-32 Barnes UV Cinespectrograph J216 czlibration data, 253
Aperture-6, Filter 1, from calibrations made after
a group of TRAP-7 missions.

Fig. 11-33 R-71 radiometer, J216 calibration data, for a number 255
of aperture-filter combinations, from a group of IRAP-7
mission calibrations

Fig. 11-34 High Speed Camera, J216 calibration data, Aperture-9, 260
Filter 1, for a group of TRAP-7 mission calibrations

iXi2
-xvii-

-- ~--



/°

SECTION I UNCLASSIFIED VOLUME

LIST OF TABLES

q Table Page

I-1 Radiometer Fore Optics Data 15

1-2 Signal Levels in Radiometer Electronics 18

1-3 Image Intensifier Sensitivity 39

1-4 Image Intensifier Parameters 42

1-5 Specifications of Image Converter Sight 45

1-6 Two-Color Radiometer 63

1-7 Two-Color Radiometer Filter Specifications 63

1-8 Remrad Design Specifications 67

1-9 Data Processing Comparison 72

1-10 TRAP-6 Instrument Table 75

I-11 TRAP Transportable Instrument Table 79

1-12 Operations and Measurements Activity Summary 82

1-13 Sensor Characterisitcs 97

1-14 Super Star Characteristics 107

1-15 UV Streak Spectrograph 113

1-16 Lens Comparison for Visible Streak Spectrograph 117

1-17 Comparison of Visible Spectrographs 117

1-18 Characteristics of 16mm Cine Cameras 124

1-19 Considerations for Calibrator for TRAP-1 160
Instrumentation

MIED -xix-

"BL
P[EDN

PAE LAI



SECTION U UNCLASSIFIED VOLUME

LIST OF TABLES

Table P

II-I Activity Log for TRAP-7 Aircraft 174

11-2 TRAP-7 Instrument Table 187

11-3 J216 Filter Corrections, X 0 5006 214

11-4 3216 Filter Corrections, Cinespectrographs 217

11-5 J216 Filter Corrections, Cine Cameras, Radiometers 226

11-6 Black Body Temperatures Corresponding Approximately 250
to J216 Filter Changes in Irradiance

11-7 Precision and Statistical Data Used for Estimating the 254
Precision of J216 Calibr ation of the Barnes UV Cine-
spectrograph for a Group of TRAP-7 Mission Calibrations

H-8 Precision and Statistical Data Used for Estimating the 256
Precision of i216 Calibration of the R-71 Radiometer -

for a Gradp of TRAP-7 Mission Calibrations

H-9 High Speed Camera for a Group of TRAP-7 Mission 259 "
Calibrations

t
I I

. _ 4



-4

INTRODUCTION

*

This Semi-Annual Program Progress Report is a combined progress

relort for both the contracts held by Avco Everett Research Laboratory

which together encompass the TRAP program. Contract AF 04(694)-865

pertains to the TRAP- 1, TRAP- 6 and TRAP- Transportable programs, while

Contract F04694-67-C-0047 pertains to the TRAP-7 program. These con-

tracts emcompass the operations and data gathering, data reduction, studies,

and reporting aspects of the optical re-entry data collected by the specially

outfitted aircraft designated as the TRAP- 1 (KC- 135), the TRAP- 6 (JC- 121C),

TRAP- Tiansportable (a specially deployed ground system), and the TRAP-7

(KC-135). The reporting period is January 1 through June 30, 1967; the

TRAP-7 contract for Avco Evereqt commenced on February 1, and progress

is reported from that date through the end of June.

For convenience of handling, this combined report has been divided

into two volumes: an unclassified, and a classified volume. In each volume,

-the appropriate tasks for each contract are included. The basic division of

volumes and sections is as follows:

UNCLASSIFIED VOLUME

SECTION I.: Contract AF 04(694)-865

Task 1. 0 Program Management

Task 4. 0 System Studies

Task 5. 0 Instrumentatp'on, Maintenance and Service

Task 6. 0 Operations and Measurements

Task 8. 0 TRAP-1 Upgrade

SECTION II: Contract F04694-67-C- 0047

Task 1. 0 Management
._Task 2- 0 Operations anti Mp-i r,"re-ens

Subtask 4. 2 System Improvement

Task 5.0 Calibration and Test

-xxi-
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CLASSIFIED VOLUME

SECTION III: Contract AF,04(694)-865

Task 2.0 Interpretation and Correlation of Data

Task 3. 0 Data Processing and Reduction

Task 7. 0 Data Management/STINFO Program

SECTION IV: Contract F04694-67-C-0047

Task 3. 0 Data Reduction and Analysis

Subtask 4. 1 R/V Modification, To Enhance Optical Acquisition
and Interpretation

Task 6. 0 Data Interpretation

Task 7. 0 Data Management/STINFO Program

Activities under the AF 04(694)-865 contract have continued at an

ever increasing pace with significant progress accomplished in all Tasks.

The TRAP Program Office was realigned and expanded to better direct and

control the data gathering platforms and primary areas of functional impor-

tance. Task 1. 0 also summarizes the efforts associated with Avco Everett s

response to a CCN to the basic contract as well as an RFQ for the TRAP- 6

and TRAP- Transportable platforms. In the area of Data Interpretation and

Correlation, Task 2. 0, is presented a summary of the progress accomplished

in the areas of vehicle stability, vehicle demise, wake turbulence, boundary

layer radiation, etc. At this writing, the efforts under all of these Special,

Study Subtasks is nearing completion. Task 3. 0, Data Processing a-d

Reduction, which also includes the area of instrument calibration under this

contract, highlights the acquisition and implementation of new instrumentation

in the areas of processing and ana?,,sis, a statistical approach towards estab-

lishing the accuracy of various instrument calibration and a summary of a

recent evaluation of the photometric calibration unit utilized on the TPAP- 6

aircraft.

In the area of System Studies, Task 4. 0, progress is presented for

a new instrument, an atomic line radiometer, and a Fabry-Perot Etalon

instrumeat concept. Also included is a summary 6 a recently completed

report on instrument calibration. Summarized in Task 5. 0, Instrumentation,

Maintenance and Service, is a compilation of the major maintenance items

-XXii-
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accomplished during this period as well as the progress in the acquisition

o0 of a VIS/IR radiometer and a concept for automated microensitometry.

Task 6. 0, Operations and Measurements, presents a summary of activities

in the area of field operations and support and Task 7. 0, Data Management,

a summar, of data reports and highlights for reports issued during the period.

The major aspect of the TRAP-7 contract was that Avco Everett

assumed responsibility for the TRAP-7 instrumentation system on February

1, and that both the operational and data aspects of the contract were success-
J

fully implemented on a very short time scale. Task 1. 0, Management, sum-
marizes program accomplishments for the period, for all tasks. Task 2. 0,

Operations ar.d Measurements, including System Maintenance, summarizes

the takeover period and the experience gained in maintaining and operating
4 the TRAP-7 system throughout the period. Task 3. 0, Data Reduction, in-

cludes highlights of data reduced, and a discussion of techniques employed

in reduction. Task 4. 0, System Studies, includes a discussion on R/V

modification to enhance optical acquisition in the classified volume, and a

summary of system upgrading considerations in the unclassified volume.

Task 5. 0, Calibration, summarizes - comprehensive evaluation of the on-

board calibration unit. Task 6. 0, Data Interpretatioi, includes R/V diag-~nostics of TRAP-7 data collecced during the period, some of ";0'hAch were

incorporatedinto -865 studies for unified subject treatment. Task 7. 0

documonts the data reports and TRAP Memoranda issued during the period.

Ir1-1
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TASK '. 0 PROGRAM MANAGEMENT

J. E. Nunes

This reporting period has been one of the most active in the history

of the AERL TRAP Program. Concurrent activities have transpired in the

areas of the takeover and operation of the TRAP-7 aircraft, presented under

the -047 portion of this report, planning associated with the upgrading of the

TRAP- I aircraft under a CCN to the - 865 contract, reprogramming other

areas of the contract impacted by the CCN (the TRAP- Transportable ground

station, an extension of the Data Processing and Reduction task and the in-

corporation of a 5 wake scanning radiometer), as well as the general efforts

of a continuing nature under the basic Program.

Early in the year, so as to keep pace with and properly direct the

expanding requirements of the Program, the TRAP Program Office was

significantly enlarged to add emphaosis to the monitoring platforms and

prir.-iary areas of contractual importance. Program Managers were designated

for each of ihe major platforms as follows: Mr. P. Howes, TRAP-l; Mr. J.

Nunes, TRAP-6 and Transportable; and Mr. R. Radle, TRAP-7. These Program

Mana'gers, have the end responsibility for the performance of each platform

across all tasks and report directly to the TRAP Program Director, Dr. M.

-. Smotrich. The contractually aligned responsibilities such as Operations,

.. Instrumentation, DP&R, etc, were established so as to add support and

continuity across all platforms where such commonality of approach is allowed

by the respe.ctive contracts. The chart showing the organization of the AERL

TRAP Program Office is presented as figure I-1.

A vast amount bf planning has been associated with the reconfiguration

of the TRAP-I aircraft. This KC-135 was delivered to Martin-Morietta Co.

in February where- it is undergoing mod'fication for the addition of eleven

optical windows behind which will be positioned, when the final phase of the

upgrading is complete, an extensive compliment of gimbal-mounted payloads.

-3-
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Following aircraft modification an IRAN will transpire, and present plans

call for aircraft return to Wright Patterson AFB in September when installa-

tion of an interim configuration of equipments will begin.

After receipt of CCN #1 to the -865 contract in April, a Program

Plan was prepared and submitted to SAMSO for approval. This Plan presented

AERLI s management and technical approach to those areas covered by the CCN,

heretofore mentioned.

Also in preparation, in parallel with the Program Plan, was a Preliminary

Design Report covering, in detail, the configuration and specifications of equip-

ments proposed for utilization on the TRAP- 1 aircraft in both the interim and

final (upgraded) configurations. This PDR was subsequently submitted in June.

It should be noted that a summary of the effort associated with the upgrading

of TRAP-I is presented in Task 8.0 of this report.

In June, an RFP was received from SILMSO for the follovw-on contractual

efforts under the TRAP- 6 and TRAP- Transportable Programs. In response,

a Program Plan and Cost Proposal were prepared and submitted in July which

presented our approach to and plans for these Programs for the eighteen-month
period from 1 October 1967. Negotiations are expected to be scheduled some-

time during the month of October. It is noteworthy to mention here that these

latter two platforms as well as the TRAP-I aircraft are presently supported

by the - 865 contract whereas in October TRAP- 6 and TRAP-Transportable

will be split off and supported under SAMSO Contract F 04 694-67-C-0130.

Significant progress has been made in many tasks during this 6-month

period. Of particular nQte is the Special Studies area, Task 2. 0, presented

in the classified volume of this report and System Studies, presented herein.

Two new instruments are nearing completion, an atomic line radiometer and

a VIS/IR radiometer, and these are discussed in Tasks 4.0 and 5. 0 respectively.

With the TRAP-1 aircraft undergoing modification during the majority of this

6-month period, the demands for mission support from the TRAP- 6 aircraft

and TRAP- Transportable ground station have significantly increased and they

have been called upon to perform monitoring activities on all three of the

National Test Ranges, frequently on an extremely accelerated schedule.

<>
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, In conclusion, this reporting period has been one of expansion and, accelerating program requirements. Every effort has and will continue to~be put forth in providing SAMSO and the re-entry community with all the
TI'P support necessary in this area vital to the N~tional Defense.
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TASK 4.0 SYSTEM STUDIES

J. E. Nunes

Introduction

The area of system improvement .studies has been especially active

during this period and has resulted in the completion of two studies and

partial fulfillment of one other. A fourth study relating to the upgraded

TRAP-I pointing system is considered fulfilled by the effort in that area,

a summary of which is part of Task 8. 0 of this Report.

The completed Atomic Line Radiometer study is summarized within
this section and the instrument itself is nearing vendor completion. This
study presents the theory and design concepts from which instrument develop-

ment w.s initiated.

A system study on instrument calibration was also completed, and

an abstract of the report is conitained herein. Calibration equipment recom-

mendations resulting from this study are also, included.

Two areas of effort comprise the High Spectral Resolution study.

Of these, one has been completed by the submission to SAMSO, of a pre-

liminary design memoranda on a hig h spectral resolution Fabry-Perot etalon

instrument and is summarized herein. The final report in the second

category will be issued in the near future and cover grating type instruments.

With the publication of this report, the effort on tlis study will be completed.

Additionally, a preliminary design memorandum on an Image Intensifier

Cinespectrograph and Image Intensifier Acquisition Sight has been prepared

and forwarded to SAMSO for approval. These latter instruments were not

initially included as completion items under this Task. A imnmary of tI-4

memorandum is also included in this section.

Study efforts are continuing in the areas of High Resolution System

Evaluation and the TRAP-6 Pointing System. The former study will result

in a report on the evaluation of the 80" focal length instrument in use on the

TRAP-6 aircraft dince late 1966 and the latter, a report on the evaluation of

the pointing/gimbal system also in use on the aircraft since that time. A

summary of the status of both studies is presented.

-7-
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It should be noted that of the efforts presented herein, those which

have titles preceded by a numerical designation represent contract corn-

pletion items.

4. 2. 1 High Resolution System Evaluation (J. E. Nunes)

In the last Semi-Annual Report, an evaluation of the 80" focal length

Cassegranian type objective designed for use in obtaining high spacial

resolution measurements from the TRAP-6 aircraft was presented. Since
that evaluation, further progress has been made in refining the theoretical

constraints of the Jones design, and while not presented herein, this, will

be included in the final evaluation report.

An outline for this report has been prepared. It is anticipated that

five distinct categories will be required to adequately provide the depth

necessary for the evaluation. They are as follows:

I - System Description: This section will contain a description of

the 80" FL high resolution system as installed on the TRAP-6

aircraft.

I - Optical Evaluation: An evaluation of the design of the Jones

Cassegranian system and the results of bench tests performed

on the TRAP-6 and equivalent lens systemn. Also included will

be a comprehensive analysis of all optical system characteristics

noted to date.

III - System Evaluation: This section will contain a presentation and

analysis of, existing ckta in terms of optical quality (amear,

definitin, resolution, exposure, etc.). The effects of the camera

and gimbal/pointing system will h ;ntvoduce4 and discussed.

Compa±risensk &s applicable, wiLl beade with a sizmnia high

resbttion systdrii in use y A.7RL on another pkogz a-4.
IV - Window Ekiects, The possible -ffects -hich aircraft-wibdows

hav6'ozi t qalt of high resolution, aavl be diacusse.

V - Coclusions and Recommendations: The data a-d anaiyss a, _ ,

prlesentea in Parts 4 _III and IV will be discusse# vifti respr -t

to ovewall prest and haturaistfulnes io the TRAP Program.
Problem areas and system limitations w!L be :presented. Thc-e

S-.



areas in which it is felt that further performance improvements
are possible within the framework of the existing system will
be presented.

Several samples of data have been recorded by th-'s instrument to
date. On one mission, WSMR #72, vehicle transition was documented, and
this sequence is shown in Task 3.0 of this Report. Data obtained after this
latter mission was examined and found to contain double images causing a
recall of the instrument to AERL. An examination of the telescope indicated
optical riisalignment and the instrument was realigned and returned to the

TRAP- 6 aircraft.
Although some of the data obtained by the instrument has not been

optimum, e. g., that taken just prior to its return for realignment, it is
still quite useful in evaluating instrument design and overall performance in
an airborze environment.

4.3. 1 An Atomic Line Radiometer (R. Prescott)

Xntoduction

Many types of ablating heat shields for re--entry missiles become
incandescent during re-entry with peak temperatures of the order of 30000 K
and radiation in the visible of intensities of the order of megawatts per
staradian. .I the presence of this intense radiation, it is of interest to
measure much Iower levels of radiation due to atomic lines. Mloderate
success has been achieved in the past by the use of relatively high linear
dispersion grating spectrographs to disperse the coitinum so that a
relatively low level atomic spectral line would be detectable above it in a
photographic recording spectropgraph. Attempts to use nvrow band filters
have resulted in arm'bigudus data only; it Was impossible to determine the
lvel u meazlerence uue to the 0aCogro Ind conrinuum,

Several instrumentation qrA1ceptA have " een evaluated in a search
for a method with suitable sensitvity and lack of ,mbigvity.

The scheine embodied in the pvesent inetrurneit is a concept which

gra't( a'-proVen nethsd Of measuring aiomic lines against the night sky with
the Ptove' raiometric methods eVolvec in re-entry monitoring. It provides
a simultane6us measuke of the atomic line intensity, the intensity of the



continuum, and the level of sky background in the spectral region of the

atomic line. It provides suppression of sky background by means of
£spatial filtering and of missile continuum radiation by means of spectral

filtering.

Resolution
If a spectrograph is used to measure an atomic line against a

continuum background, then it is useful to estimate the threshold or level

at which the line can be detected against a given continuum level as the

continuum level multiplied by the spectral resolution of the instrument.

For instance, if a spectrograph had a resolution of 10 A and a threshold

of 10- 10 watts/cm2 - micron, then the threshold for an atomic line would

be - 10- 13 watts/cm2 with no continuum and 10- 3 of the continuum level

in any case within the dynamic range of the instrument.

.Background Consideratic n

Background may be considered to be primarily airglow, both

continuum and apectraltines, and stars. From another point of view, the

continuum radiation from the missile in the spectral region of interest may

be considered background but, as it is measured and these measurements

are useful data, it is quite different from the sky background.

Figure I- 2 is adapted from a figure in Chapman and Carpenter 1

land shows the level of spatially continuous night airglow. It shows that a

significant level exists on a moonless night even after astronomical twilight.

In the xregion of the Milky Way, the level i5 significantly higher as it is also

when the moon is above the horizon.

Instrument Concepti The instrument concept is a combination -Z the well lmown birefringent

polarizing Ailter devised by Lyot as adapted to the measurement of atomic

lines in the night airglow3 with the principles of radio.netry developed here

using simple spatial filters.jThe heart of the instrument may be understood by referring to figure

I - 3 (adapted from Ref. 3) in which is shown a schematic of the birefringent

filter. Collimated light is polarized by the first Polaroid. It then passes

into the quartz crystal whose optioal axis is parallel to the surface and at
450 from the Polaroid axis. It is broken into two equal components which

-10-
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travel through the quartz at different velocities. As the waves emerge
from the first quartz block, they pass through a half-wave plate whose fast

or slow axis is parallel to the axis of the Polaroid. This catvses the fast

and slow waves to be effectively rotated through 900. The second block of

quartz has its slow axis at 900 from the same axis of the first quartz block.

In passing through this plate, the slow wave is further retarded. The pur-

pose of accomplishing the retardation in two steps ,'ith the slow axes at

900 from each other is to reduce the change in retartation for waves which

are not parallel to the optical axis, so that the lack of perfect collimation

does not reduce the effectiveness of the instrument. .)n emerging from the

second block of quartz, the wave passes through a quarterwave plate whose

axis is 450 from that of the quartz block, so tlht the light is now rendered

plane polarized with an angular orientation which is a function of its wave-

length. A rotating Polaroid placcl behind this block will modulate each

monochromatic wavelength at a frequency equal to twice its rotational frequency

and with a phase which is a function of the wavelength of the light. As the

retardation may be ui the order of hundreds or even thousands of orders,

it is possible to have a phase difference of r in the rotating Polaroid or 2 ir

in the output for reasonably spaced doublets such as sodium. The output 4

from each of the two lines will then add in phase to give their arithmetic sum

in the output. A spectral continuum on the other hand produces no outpum

as each wavelen-ch is approximately matched by another 7r/4 difference in

phase, so that the vectoxal sum of the two terms is a constant. The rejection

ratio of a filter of this type may be defined as the ratio of the modulation for

the atomic line of interest to the modulation of a b1 ckbody continuum.

Modulation is the ratio of tue peak AC output to the DC average output. A

definition of the r_ ,,"'uion of an instrument oi this type (radiometer) nmight be

the effective spectral passband of the instrument divided by the rejection ratio.

Adaption of the Above Concept to a Radiometer for Lines and Points

In order to aaapt the above birefringent filter concept to a radio-

meter for lines and points, it must be compatible with a suitable radiometer

form. Figure 1-4 is a diagram of such an instrument. The objective optics

images objects at infinity in the field stop which limits and sharply definek

the field of view. A spatial filtering "chopper" placed closely behind the

-13-
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stop serves the function of modulating the light from point and line objects

at a suitable frequency for the information bandwidth desired and for the

electronics and at the same time, not modulating the light from the uniform

sky background. The light is then recollimated and passes through the

birefringent filter and is collected onto the photomultiplier. The signal from

the photomultiplier anode is suitably processed and recorded together with a

sync signal for each 1800 of the rotating Polaroid.

It is fortunate that the combination of the two concepts gives a func-

tional concept that has many very satisfactory instrumental aspects. Some

of these will be discussed in detail in the following portion of the report.

Fore Optics

The fore optics are derived from a Maksutov-Cassegrain. 4 They

provide a large aperture, compact system of relatively simple construction.

Pertinent data are given in table I- 1.

TABLE 1-1

RADIOMETER FORE OPTICS DATA
Aperture, Diameter 17. 8 cm

Obscuration 8.9 C n
Area 186 cm 2

Focal Length 43.4 cm
Focal Ratio, Geometric f/2. 4

Effective f/2. 9

Field of View 2.00

Resolution 0.110
(measured radially at edge
of field of view)

Spatial, Filter

The spatial filter is a slotted disc placed very close to the field

Stp to undulate the light from a point target in the field of view. It con-

sists of B. disc which has 60 radial slots and blades. It is so designed and
placed that exactly 3 periods, 3 slots and 3 blades, will cuver the field.

of view. Under these conditions an approximate theoretical analysis

indicates that the modulation of a uniform background Would be approximately

i : -15-



1. 25%. However, our experience indicates that in practice, probably due
to the smoothing effect of the slight but necessary distance between the
I"chopper" and the stop, it is even more effective and the "rejection ratio"
is approximately 100 to 1. The parameter chosen, 60 periods when rotated

by a syrchronous electric motor at 1800 rpm, gives a modulation frequency

of 1800 Hz. This may be considered as a. basic carrier frequency for the

radiometric information.

Internal Optics

The function of the internal optics is to recollimate the light to the

degree required by the forefilter and the birefringent filter and then to
condense it to a small, Maxwellian image on the photomultiplier cathode.

Birefringent Filter

The birefringent filter will consist of a selected Polaroid, two

selected quartz pieces which will be precisely oriented and made plane
parallel and polished, a half-wave plate and a quarter-wave plate of

0 0
s6iected and split mica. The free spectral. range will be 6A at 5900 A.
The aperture is 2.4 inches, so a two-inch collimated beam can be accom-

modated easily over the angular range required. The second Polaroid will
be rotated concentrically with the optical axis to minimize modulation

effects due to slight density variations across the Polaroid. The Polaroid
will be driven by a precision timing belt at 4500 rpm from a 3600 rpm
synchronous motor. The resulting modulation frequency of spectral lines

is 150 Hz. The forefilter and the birefringent filter will be suitably insulated
and heated by thermostatically controlled elements to maintain a uniform

temperature to + 0. 1°C.

As the temperature of the forefilter must be closely regulated at a

chosen temperature and the temperature of the birefringent quartz filter
must remain stable (altl~ough the exact temperature is not important in this

application), the forefilter has been combined with the birefringent filter in
an oil immersed unit. The ends of the cell are spherical to act as lenses
in collimating the light from the point image in the field of view in the one

case and imaging the exit pupil on the photomultiplier photocathode in the
second case. This technique, immersion, effectively removes the losses

due to Fresnel reflection at fourteen glass-air surfares which otherwise

-6-
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would cause a loss of approximately 50/ in transmission. Two other lenses

are necessary in the internal optics. The field lens assists in imaging the

exit pupil of the objective in the center of the birefringent filter so that the

ccllirnated beam effectively pivots about the center of the filter as the image

of a point objec.t moves to various parts of the field of view. The last lens

in the system, the condenser, reimages -the exit pupil on the photocathode so

that variations in sensitivity will not occur due to movement of the object in

the field of view.

Forefilter

The forefilter (for sodium) is specified for . 01 transmission at 12

from the center frequency and will have one-half of peak transmission at

about 6 R from the center frequency. This is about a 0. 2% halfwidth filter,
which is rather narrow. It is important, therefore, that the recollimated

beam be well collimated and not change angle any more than necessary as the

target moves to different portions of the field of view. Data available from

the forefilter manufacturer indicates that, at an angle of 3-1/Z ° from the

normal, the peak transmission wavelength of such a filter would shift approx-

imately 2. 8A. This is about one-half of the distance from the peak to the

half-power point on the filter, so this portion of the design must be very

carefully carried out and the results, since the theory is inexact, must be

evaluat&d carefully.

The angular deviation of the beam from the normal will be equal to

the angular magnification of the system at that point as the half field is one

degree. For a Z-inch beam, the value is 3 1/ ° . In considering the effect

of this on the forefilter passband and the birefringent filter, the angular

aberrations muot be added to the above figure.

Photomultiplier
The photomultiplier will be an EMR. 541E-01 with selected S-ZO

cathode for maximum signal to noise at 5900 . It will be shielded both

magnetically and electrostatically to minimize disturbing effects due to

motors and power supplies within the radiometer case.

-17-



Electronics

The electronics will provide for two char els of signal recording and

a sync signal of 0. 5 to 1 volt for each 1800 of rotation. The signal channel

amplifiers will be provided with limiting on the upper end in such a manner

that the output will not become double valued. A special circuit, as shovn
in figure I- 5 will provide a dc test point at the anode of the photomultiplier

to be used in maintenance and testing.
A minimum of filtering is provided in the signal processing electro-

nics before the signal is recorded in order that troubleshooting can be done

at the data reduction stage if necessary.
The threshold will be at a level of 625 photoelectrons/second from a

selected EMR 541E photomultiplier with an S-20 photocathode. This is

equivalent to a current of 10 " 1 6 amperes. With the photomult:.plier gain of
16 110 , this will provide 1010 amperes to the input of the preamplifier. The

signal levels at various points in the circuit for the entire five decades of

dynamic range are shown in Table I- 2.
A frequency space diagram of the signal is shown in figure 1-6.

The tape recorded signal will be reduced by suitable filtering to determine

the ta.tal irradiance due to the target in the passband of the forefilter and
the irradiance due to the atomic line alone. The spatial continuum due to

the sky background is expected to amount to some 1000 photons per second

and, as the photocathode efficiency is nowhere appreciably above . Z0,
this source will contribute a noise of less than 351a which will not signifi-

cantly change the threshold.

TABLE 1-2
SIGNAL LEVELS IN RADIOMETER ELECTRONICS

PMT Cathode PMT Anode Preamp Output Scaling Amp
Electrons Current in Volts Output in Voltsi per Second in AmEs Direct Chan. 1 Direct Chan. Z

6.2.5 x 107- 10- 10  1" 4  10- 5  5 x 10 2  5 x 10- 3
6. 25 X 103 10-1 10- 3  10- 4  5 x 10 "1 5 x 10 "2

6. 25 x 104  10-8 10 "2 10- 3  5- 5 x 10"1
6. 25 x 105 10 -  I0 I  10 "  non-linear

6 ~10.7 106 -
6.25.c 10 6  10 -  1 10 -non-linear
6. 25 x 107  10- 5  10 1 non-linear

I -18-
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Fig. 1-6 Frequency space diagram of signal output from photomultiplier.

The dc signal is available only at test point (TPZ) for purposes
of adjustment and maintenance. A second test point (TPl) is
available for the injection of test voltages in calibration.
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'As 41 I i cteari Tablsi-Z the scalirg 'a'mpiifier output will be 5 millivolts at
he thresh~io, e to the shot ntile 'f the 625 cathode electrons per second

at theLshi d, it wili be aeces~ary to use a .filter bandpass of approximately

8 Hz to havd an effeCtive 10:1 signuA-to-noise ratio. As the tape recorder

noise specificatiu 'is thgt noise is down 43 db below, one volt at 20 .ilz,

"tae nOi!e Will be ipproxiizmftly 140 microvolts in this bandpass and thus

negligibie.
Sansitivit

The threshold of the instrument will Lie 625 photoelectrons per second.

At a quantum efficiency of 0.0V7 (S-20 at 0. 59JL), this corresponds to 9000

photons pei second ,7 3 x 1015 watts. -'As the aperture area is 186 cm z and

the transmissioiin 0.05 ftr the entire instrumeat, the threshold level of

irradiance is approximately 3.23 x 10"14watts/cmZ itx sodium. For a black

body continru, the corresponding threshold is 2. 7 .:; I 11 watts/Cm Z-

micron xhich ia roughly equivalent to 2700 watts per steradian at 100 ki,

or a star of -2. 5 stellar roagnitudes. Therefore, no problem is expected

with stellar background.

_ 4.3. 2 A Fabry-Perot Etalon Spectrometer (R. Prescott)

Introductio~n

Since the report on the etalon status included in the last Semi-

annal, the "hstrument has- been mocked up in the laboratory and further

testing accomplished. However, a considerable amount of further labora-

tory work is still necessary before a field instrument can be designed.

Various techniques must be developed and evaluated. The prime objective

of this work will be to achieve a design sufficiently stable in a field environ-

ment to allow the achievement of resolution which has already been obtained

in the laboratory. It is likely that in view of these difficulties, the first
field instrument m~ be designed p*AnAy o wvaiuate these design factors.

The material presented below bas been submitted in TRAP

Memorandum No. 7, in partial fulfillment of Task 4.3. Z.

Concept of the Instrument

The etalon consists of two extremely flat surfaces which are mounted

closer together, perfectly parallel, and separated by a distance t. A beam

of light falling on the etalon with an angle to the normal of 0 is partially

-21-



reflected and partially transmitted. At each surface the transrmittzd waves

are coherent, and their amplitudes add. The resulting transmission is a

function of 0 and is given in the first equation

Tz

R)Z ~ f _ Z sinZ 7rn(I

where T is the transmission of the etalon; T is the transmission of each

plate; R is the reflectivity of each plate; f is the finesse; and n is the order

number. The finesse of a Fabry-Perot etalon is a measure of its resolving

power and is determined in part by the reflectivity of each element according

to the second equation

RI/z
- R
l-R1

A plot of the transmission for various values of finesse is shown in Figure

- 7. It will be noticed that the finesse is the ratio of the angle between

orders to the angle between the half-power points of an infinitely narrow line

and thus is a measure of the nmber of resolved elements that can be accom-

modated in a single, free spectral range. The actual finesse that can be

achieved is determined aot only by the reflectivity of each surface but also

by its flatness and smoothness, and iu a photographic instrument is also

determined by the resolution of the lens and film system used to record the

data. The third equation

T I

max (I - R)' (I + A/T)'  (3)

where A is the fraction of the incident energy absorbed, shows the value
of, the miximum transmission and indicates that if the efficiency of the

_22-Qi
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reflecting surface is high (where efficiency is defined as the sum of the

transmitted and reflected wave) then the maximum transmission of the

etalon can approach unity. Three equations

AX = X/n free spectral range. (4)

A = fn resolving power (5)

AX
f = I[inesse (6)

indicate the relationship between the ree spectral range and the resolving

power, and again define finesse. Equation1 (7) defines the angle to a par-

ticular fringe in terms of the order number for the central fringe of this

same wavelength.

0 (7)

Looking again at figure 1-7, we can see that resolving power may be held

constant, in this case at 1/8 angstron and the free spectral range increased

if the finesse can be correspondingly increased. If the entire field to the left

of the etalon is filled with monochromatic light and a lens is placed behind

the etalon, the pattern on the focal plane is a measure of the transmission

function of the lens for the monochromatic light as indicated in equation (1).

This pattern is shown schematically in figure I- 8. It willbe noticed that

if the axis of the etalon is tilted suitably with respect to the axis of the

camera a region can be found in which the field format will be filled with a

pattern of nearly straight, nearly equally spaced parallel lines as indic4ted.

If, now, an astigmatic lens, i cylinder of suitable power, is placed to the

left of the etalon, as shown in figure I- 9a a line object in space will be

blurred and its image widened until it covers just slightly more than one

free spectral range, while at the same time spatial resolution will be

maintained in the direction along ne length of the line. A filter is now

- 23-
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Fig. 1-7 Transdnission of a Wabry-Perot etalor for vz.'ious values of
i i finesse.
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FASRY- PSROT RING PATTERN
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Fig. 1- 8 A sketch of the Fabry- Perot pattern for a single monochromatic
line. A suitably chosen camera field may consist of nearly
parallel, nearly uififormly spaced lines.
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I ~' HIGH SPECTRAL RESOLUTION ErALON INSTRUMENT
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LENS (CYLINDER)
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C:,'Fig. I-9a A diagram of a~ camera- etalon system for producing high
spectral resolution images with spatial resolution in one
direction.
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placed in this system to exclude light outside of the free spectral range.

Figure I- 9b shows an image made with such an arrangement in the labor-

atory using a sodium source without the etalon. A similar image would be

seen if the source were white light. Figure I-9c shows the results when

the etalon is used. In this case, the free spectral range is approximately

0. 62 and both sodium lines are shown.
When one speaks of free spectral ranges of a few angstroms, and

here we are speaking of free spectral ranges as small as a fraction of an

angstrom, the difficulty of finding a suitable filter is great and it is im-

possible to procure such a filter vich has a tolerance of more than a

fraction of a degree in collimation or more than an inch or two in diameter.

This difficulty causes us to look for another method of isolating lines and

preventing overlap of orders for different lines. This has been done by

using a grating to replace the filter. A schematic of this instrument is

shown in Figure I-10a. In figure I-10b the zero order, the blue, the green,

and the yellow lines of mercury are shown schernatic-1ly for a line source a

as separated by a system consisting of the grating and the camera lens only.

gure I- 10c shows the broadened images vich would occur when the cylinder

lens is inserted. Such a system was tested, and figure I-11 shows a por-

tion of the resulting spectrum. In this case the astigmatism catsed by

the cylinder is excessive and, as a result, approximately four orders are

shown for the mercury green line and not quite that much for the mercury

yellow doublet. As an indication of the type of resolution that can be

expectea from such a system, a microdensitometer trace was made of the

mercury green line shown in figure 1- 11. This is shown in figure 1-12.

It is quite evident that the resolution is at least as good as 1/20 of an ang -
strom, which correspond to a resoiution oi more than 100, 000.

W natriMA11t nThmemannrt

It is clear that an instrument capable of producing extremely valuable

high spectral resolution re-entry data is theoretically feasible, and the con-
0 cept has been mocked up and demonstrated in the laboratory. However,

before such an instrument can be successfully used in the field, a number of

very difficult problems must be solved, as follows:
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LINE SOLRCE PHOTOGRAPH WITH CYLINDRICAL OPTICS
DIRECTION OF SPREADING

BY CYLINDRICAL OPTICS

SLIT WIDTH IS .01 MM"

Fig. I- 9b Image of an unresolved line as blurred by an stigrziatic
camera objective.
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LINE SOURCE PHOTOGRAPH WITH CYLINDRICAL OPTICS
AND FABRY-PEROT ETALON

SOURCE

6.5 MMI

00

.62 A - FSR

SLIT WIDTH IS .OwMM"

1- I-c Image of a sodium source with an astigmatic camera

objective and a Fabry-Perot etal.on.
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HiGH RESOLUTION ASTIGMATIC OPTICAL SYSTEM

ASTIGMATIC
LENS (CYLINDER)

CAMERA 
OPTICAL

AXIS
ETALON ETALON FILMGRATiNG CAMERA NORMAL

LENS

(A) ARRANGEMENT OF COMPONENTS

I ZERO
ORDER BLUE GREEN YELLOW

LINESOURCE IE
HEIGHT-

0I

(B) SCHEMATIC OF LINES AS SEPARATED

WITH
CYLINDRICAL- 

-LENS T

(C) SCHEMATIC OF UNES AS SEPARATED AND BROADEYEr

Fig. 1-10 Isolation of line spectra for the etalon instrunent by tI-e use
of a grating.
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LINE SOURCE PHOTOGRAPH WITH CYLINDRICAL OPTICS,
ETAL.ON, AND 300 /MM GRATING

Hg GREEN Hg YELLOW DOUBLET

SLIT

HEGH

ORDER,.9500 FOR 5890 A t 120 SEC.

Fig. I-ii A photc.,graph of a portion of a spectrum using the system
diagrammed in Fig. 1-10.

0
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1) The plates themselves must be extremely flat, well polished

and rigid enough to hold this flatness in. the aircraft environment.

2) The plates must be coated with a material of high efficiency and

high reflectivity, and these parameters must be essentially

constant over the useful spectral range of the instrument.

3) The plates must be mounted so that they can be adjusted to

perfect parallelism and held in this manner without being

twisted to the slightest degree in the aircraft environment.

4) The etalon must be suitably protected, both from the mechani-

cal vibration and severe temperature variations of its air-

craft environment.

5) The etaloa must be combined with a recording camera of

suitable characteristics.

It is proposed to make a careful evaluation of each of these prQblem

areas in the course of developing the preliminary system design.

Performance Specifications

Although at this stage a great deal remians to be learned about the

capabilities of a high spectral resolution instrument based on the concept

described herein, it is nevertheless thcught worthwhile to make such an

estimate in order to facilitate discussion of its possible usefulness in the

TRAP program.

The most important parameters of the final instrument will be

aperture and finesse. Let us assume that we can achieve a satisfactorily

stable instrument with an aperture of 4 inches. On. can estimate an effi-

ciency of 0.8 for the grating and a transmission of 0.5 for the etalon, and <1
0.7 for the lens. If a finesse of 20 is achieved, it will be necessary to

spread the image somewhat more than this number times the resolution in

order to insure a spread of at least one free pectral range. Let us assume

a focal length of one meter. A wake length of 100 meters would then appear

as an image on an area of one square millimeter. A very v ,qai Iv fil-

will require an exposure of about 5 x l0 " ergs/mni for a detectable

-image. So we have, for 1/100-second exposure
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Watts/meter- 0xlr 5 x800 4or-O x014 x T100 x 0.8 x0.5 x0.7-5 10 0.

10 10 x 10

Watts/meter=-5 x 10a 10
O.28x l04 x-

= 2Z0 watts/meter - n in a resolution element.
It is evident that an increase of sensitivity beyond tlbis would be

desirable. The use of an image intensifier would drop the above threshold
by at least two ordevs of magnitude.

Tentative Specifications for a High Resolution Spectral Instrument

Aperture, millimeters 100
Focal Length, miltimeters 1000
Exposure Time, seconds 1.01

Spatial Resolution, meters at 105 meters 4

Spectral Resolution,Anstroms 0.05
Sensitivity, watts/meter* 200
Spectral Region, Angstroms 4000 - 8000

I It is clear that the rejection of continuum background in such an
instrument would be excellent due to the effect of tne grating and due to the
added effect of the etalon which would be equal te ite finesse.

Conclusions

An instrumental concpet has been experimentally pr. -.en in the
laboratory which gives promise of providing all of the spe ral resolution
which may be required for the determination of spectra line detail in re-
entry monitoring. A great deal of development is -equired before the design
of a field instrument can be carried out, and field testing of the f?,rst design

,I will be necessary before the ltmate resolving pover which can be attained
is determined. The data from an instrument of this type can give; a gre;r.

o [deal of insight into re-entry physics through the determination of line
broadening, self-absorption, etc., in the various flight regimes.

In a single atomic line
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Image Intensifier Cine Spectrograph System (R. Prescott)

Introdu,:tion

An image intensifier cinespectrograph system design has been corn-

-leted. This design is summarized in this section.

The aim of the design is to improve the instrument in respects such

as size, weight, and reliability while at the same time improving its data

taking capabilities with respect to spectral and spatial resolution, dynamic

range, persistence, and ultraviolet transmission,
An image intensifier cinespectrograph hae limitations of sensitivity,

resolution, dynamic range, spectral range, persistence, and many others.

In our experience to date on a 3-stage instrument, we have found that the

following characteristics limlc the data:

a) Persistence, or 4 long-term afterglow from a strong image

b) "White out," or a general background increase due to objects

both within and outside of the field of view

c) Poor resolution

d) Poor UV response

e) Vignetting

f) Limited dynamic range

It is expected that each of these factors will be significantly improved in the

advanced design. The objective system will be much better coorected for

aberration, its UV transmission will be good to below atmospheric cutoff,

and vignetting will be negligible. An attempt will be made to get a great

improvement in the micro smoothness of the objective optics. These pre-

cautions will cause an improvement in "white out," resolution, UV response,

and vignetting characteristics of the instrument.
Dynamic Range of the SpKctroa h

The dynamic range of a spectrograph may be defined in var_-us w;.yc.

One basis for definition would be the range in which the spatial and/or spec-

£ tr al resolution were within a factor of, say, two of the peak. A second

basis would be the range in which useful information could be extrac.ed from

the data. It is obvious that the values given in the two cases would be vastly

different for any given spectrograph, regardless of its design. On the basis
of the first definition, one may expect perhaps an order of magnitude at
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best from any instrument recordii:g images on film. The second basis will

give, using special films and/or development techniques, ranges of perhaps

106 _ 107.

Based on the above definitions, it is expected on the basis of our

experience that a 2-stage instrument will have a dynamic range of the first

type which is about an order of magnitude and limited by the film. The

dynamic range of the second type will probably be limited by the intensifier

tube and when using a Z-stage t- be, is expected to be vastly improved over

a 3-stage tube.

The apparent limitation of dynamic range of the second type is due to

a background buildup which is proportional to the total signal. An explanation

for this has been found, and a means for alleviating it is now being explored

with the manufacturer of the tubes.

The image tube will be a mnodified version of ACA's C33034A. The

manufacturer cf the tube is being asked to modify ts design to improve per-

formance witb bright objects in the field of view. Specifically, he is being

asked to use a dark aluminum on the phosphors to prevent a feedback effect

which causes "contrast dilution" by reflecting light back over the entire photo-

cathode that is transmitted through the photocathode initially. 5 A quotation is

also being sought on a sapphire faceplate to improve the uniformity of the

resolution which is affected by local defects in the faceplate.

An S-20 surfa.ce was chosen because it is superior to any other photo-

emissive surface in sensitivity and spectral range. Its UV cutoff is dictated

by the photocathode window, and we specify the substitution of a UV trans-

mitting glass in this window for the borosilirate glass normally used. The

resulting photocathode suffers no significant drop in sensitivity until the

wavelength is well below 3000A. This is appreciably below the effective

atmospheric ozone cutoff of 3ZOOA. On the other hand, the effective sensi-

tivity of thLs surface extends to approximately 8000 A in the infrared where

its quantum efficiency is equal to that of an S'-. surface and its dark current

(at room temperature) a factor of 104 lower.

The salection of this surface, therefore, allows us to have a choice of

two spectral ranges in the instrument: U 3000 - 6000 A, and visibl. infra-

red, 4000 - 8000A. The change from one range to the other is accomplished

by substitution of a different grating and filter, easily done in the field.
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Figure 1-13 shows the required tube gain for several films as a

function of the transfer optics effective focal ratio. Two-stage image inten-

sifier tubes investigated by AERL have gains ranging from 5250 to 9500.

With these gains and the fastest available films, an effective focal ratio of

f/3 to f/4 is required to attain optimum sensitivity. As a practical matter,

a moderate loss of sensitivity could well be tolerated, particularly if

accompanied by the improved resolution, dynamic gain, and persistence

characteristics.

It should be noted that the 2-stage tube is rated at 40-45 line pairs

per millimeter, compared to the 20-25 line pairs per millimeter rating for

the 3-sage tube used in the first image intensifier fabricated by AERL. It

will be necessary to substantially improve the objective opticP, and the trans-

fer optics over those in the present instrument to take advantage of the im-

proved resolution of the 2-stage tube.

Of four 2-stage tubes on which we have seen the specifications, the

resolution has been given as 40 or 45 line pairs per millimeter in the center

of the tube and 32 line pairs per millimeter at the edge of the tube. It has

been learned throigh careful inquiry that this resolution refers to the

frequency at which the modulation transfer function (MTF) of the tube is . 02.

Tentative data on the form of the MTF curve for these devices indicates

that the MTF will be approximately 40 to 50% at one-third of this frequency.

Experience indicates that this excellent objective and transfer optics will

enable us to realiz.. a resolution on film corresponding t.) the 40 to 50% MTF

level of the tube. As all of the optics tend to have a som.awhat better resolu-
tion at the center than the edge, it is expected that the resolution at the edge
of the field will be perhaps 10 lines per millimeter referred to the tube

compared with an expected 15 lines per millimeter at the center of the tube.

Sensitivity of the Spectrograph

In view of the fact that most of the useful dynamic range of the pre-

sent instrument is below the intensity level at which acquisition normally

occurs, no particular attempt is being made to maintain the extremely high

sensitivity of the present instrument. Instead, it is being designed with the

objective of achieving high resolution, minimumn vignetting, and wide dynamic t

ra-ge. It is likely that as a result of the trade-offs made, the threshold will
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MAXIMUM USEFUL IMAGE INTENSIFIER TUBE GAIN
FOR MAXIMUM SENSITIVITY AS A FUNCTION OF THE
EFFECTIVE FOCAL RATIO OF THE RELAY OPT!CS

lOS I ... .

PLUS-X

PRESENT INSTRUMENT TRI-X

I05  4-X OR
/ RXPR

z
- , (.9 104

hi -TUBES
a .DELIVERED

' :::) UNDER BTL!

-CONTRACT

I0310-

._RLAYLENSI REQUIREMENTS

102 I I
11 10 100

EFFECTIVE FOCAL RATIO = (I+'/M) f/NO.

Fig. 1-13 A plot showing the required. gain and effective aperature
irtio required for several film types to achieve maximum

sensitivity, The range of gains for four 2-stage tubes is
shown, togetherwiththe required range of effective Yocal
ratio in the transfer optics.
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increase by perhaps a half order of magnitude, if we apply this factor to
the thresholds determined for the first instrn.ment, we have the values given

in Table 1-3.

TABLE 1-3

IMAGE INTENSIFIER SENSITIVITY

Point Source (Basis, Stellar Calibration)

Threshold - at 100 -km 10 "2 watts/ster

Dispersed Point Source (Line Spectrum)

(in- Lab Calibration)

Threshold - at 100 km 6 watts/IL ster

Spectral "Area" Source (Wake Continuum)

(from In-Lab Calibration)

Threshold - at 100 km 6 x 10"2watts/M-F-ster

Night Sky Radiation*Se 6 x 10 "l- watts/cm -ster

Resolution Element (Both In-Lab & Stellar)

at 100 km 9 Meters

4

II

*-Adapted from Chapman & Carpenter, 1961.
-9
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Performance Specifications

The expected performance specifications of the final instrument are

given in Table 1-4 and an outline diagram of the system is shown in
figure I - 14. The field of view is the total tolerance in pointing before any
of the spectrum from a point object is out of the field. The transmissicn 'nd

correction of the fore optics will be good to 0. 3 micron which is below the

atmospheric cutoff due to ozone. The fore optics will be a specially designed
Schmidt-Cassegrain with excellent correction ailt! transmission over the
entire field of view '(Z. 9 degrees) for all wavelengths from 3000-8000A.

~The photocathode window of the tube will transmit with negligible absorption

to below 0. 3 micron also. The 150 line/mm grating will be fabricated with

an ultraviolet transmitting material on a fused quartz blank. No filter will

be used with this grating, so that above 6000 A a second-order spectrum
from the shorter wavt...ngths may overlay the first-order spectrum. This

is Iue to the fact that no suitable long wavelength cutoff filters of high trans-

mission in the passband are obtainable. The spectral and spatia. resolution

is based on an expected resolution of 15 line pairs per millimeter referred to
the tube image, or 30 line pairs per millimeter referred to the film. This

target specification is based on a 5076 modulation transfer function value

estimated for this spatial frequency for the image tube based on an extra-
polation of extremely scanty data from the manufacturer. A further input

to this estimate is the availability of a new fi]m from Kodak with a speed

comparable to Type 2475 (the fastest previously available film), but with

an MTF of 70%6 at 30 line pairs per millimeter instead of 3576.
The focusing n ignet as currently planned will be a prefabricated

one piece Alnico V construction with soft iron pole pieces to shape 'he field.
A field uniformity of better than one percent is expected. An alternate
design using ferrite is being investigated, but adequate information for its

evaluation is not yet available.

The transfer lens is still unspecified. A careful search is still

being made for a suitable lens, but so far none of thoroughly satisfactory
characteristics have been found. The lens desired would need to have an
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TABLE 1- 4

IMAGE INTENSIFIER PARAMETERS

Image Tube , 2 stage, magnetically focased.

Gain 5000 - 10, 000

Resolution (2%6 MTF) -40-45

Photocathode Diameter, millimeters 38.1

Magnification, Photocathode- to-Pho spht r 1

Photocathode S-20

Output Phosphor P-11

Photocathode Window, Ultraviolet
II! Transmitting

--'_ Objective, Cassegrain Type
Aperture, millimeter s ISO

Focal Length, millimeters 750

Wavelength Range, Transmission and
Correction, microns 0.3-0.8

Transfer Optics

Magnification 0.5

Effective Aperture Ratio 3 -4

Camera

35 mm, single frame, 100-foot capacity
40 frames/second for 40 seconds

Field of View

14 !Vertical 1. Z°

, ! .Gratings _

Grain75 lines/millimeters

150 l ies/milliieters

-42-
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effective f/number in light gathering power of 3 to 4 which, at the magni-

fication of 2:1, would mean an infinity f/number of 1 to 1. 3. It should be

adequately corrected to permit a resolution of 30 to 40 lines/mm over the

entire format in P-11 light and should have a minimu- of vignetting loss

at the edge of the field.

The camera will almost certainly be a Traid 75 due to its small size,

light weight, and reliability.

As a result of all of the changes which have been made, to the design of

the original instrument, and these include all components of the system with

the exception of the gratings and the camera, it is expected that the dynamic

range will be greatly increased, the resolution will be greatly increased, the

vignetting will be significantly reduced, the UV respo-.se w3ill be brought down
to below the atmospheric cutoff, and the persistence will be significantly im-

proved. It is expected that the resulting instrument will be very nearly

optimum for the TRAP system requirements.

Image Converter Sight

The sensitivity of the image intensifier cinespectrograph is such that

it will produce excellent spectral data on bodies whose radiant intensity is

well below the visual acquisition level with the naked eye, 6, 7 as well as

those whose radiation iia largely in the violet and ultraviolet where the sen-

sitivity of the eye is greatly reduced.

A study8 has indicated that nearly an order of magnitude in acquisition

threshold may be obtained by means of passive optical instruments while

retaining a large enough field of view foe acquisition under normal field con-

ditions. However, due to the ultraviolet sensitivity of the proposed instru-

ment and the relatively large amounts of UV already shown by the first

image intensifier instrument with its limited ultraviolet response, it is

believed that an image converter sight is a more logical choice. A study9

has been made, and the results indicated that a suitable instrument co ,ld

Accordingly, the preliminary design specifications of a suitable image

converter sight are shown in table I- 5. The optical layout of the sight is

shown in figure 1-15. So far, a wide-angle eyepiece of 11 mm focal length
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SECONDARY MIRROR-

APERTURE 
STOP

7

IMAGE CONVERTER__ T U B E

IMAGE OF CENTER PIE
,. . OF CURVATURE IN

CONCENTRIC CORRECOR

PR;MARY MIRROR-

BOUWERS CONCENTRIC SYSTEM

Fig. 1-15 A schematic of a simple, functional design of image
intensifier acquisition and tracking sight. It has a ZO
field of view and a magnification of three times.

AlK
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has not been found. The substitution of the available 16 mm eyepiece will

reduce the apparent field of view to 43 degLees and the power to two. This

will result in a loss of about two in sensitivity from that quoted in Ref. 7 so

that it will still be somewhat below the threshold of the instrument which is

estimated to be 6 x 10- 1 6 watts/cm2 -micron.

TABLE I- 5

SPECIFICATIONS OF IMAGE CONVERTER SIGHT

Objective Optics, Bouwers Concentric

Focal Ratio f/l

Field of View 200

Focal Length 61 mm

Image Intensifier

Photocathode S-20

Phosphor

L"minous Gain 150-300

Magnification 0.5

Resolution (referred to photocathode) 35 lines/mm

Eyepiece

Focal Length 11 rmm

Field of View 600
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4. 5.1 TRAP.6 Pointing System Evaluatioi (J. E. Nunes)
- The installation of the gimbal system on the TRAP-6 aircraft x as

completed in October 1966 and the efforts relevant thereto were outlined in

the last Semi-Annual Progress Report. Since that time, several midssions

have been monitored and these, as well a- others to be covered over the
next few months, are being utiliz2d as one of the bases for the performance

analysis of the pointing system. Under evaluation are the effects on system

performance caused by the angular error sensor, gimbal design logic, the

translating plr.tform in the open cargo door, etc., as well as the human

engir.eering aspects of joystick acquisition. Work has been proceeding in

all of the aforer entioned areas and the report on this study, scheduled to
be published in October, will be prepared in accordance with the following

outline:

I. System Description: The initial section will contain a description
of the pointing system so as to allow the report to be read withoutAextensive reference to other documents.

II. System Operation: This section will contain a prepentation of the

significant events relevant to the evaluation and will include a
summary of missions covered and equipment performance through-

out the period of evaluation.
fIII. Performance Results: Reduced da'a will be presented and discussed

and will include OSCAR readouts from gimbal payloads, acquisition

methods and levels, etc.

IV. Summary: In this section the data presented in previous sections

will be analyzed as a whole and conclusions will be drawn as to

current and expected system performance. Problem areas will

be introduced and discussed as will the results of analytical efforts
performed on system design logic, effects of the translating plat-

9 form et,.
V. Recommendations: Those areas of the system in which it is felt, as

l. L1 !-- LL- -- - - - - -L-- -UL~ 1I &L LL 1 V IXI L

a reSUAL.&lt evlrtWl I.II LUXUA.M.A

are possible will be presented here. These improvements will be

within the framework of modifications to the system and not major
redesign. Also, areas in which further investigation or evaluation

are believed warranted will be pointed out.
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4. 7 Consideration of a Calibration System for the Downrange Erogrna.
(R. KoritzT
Introduction

Synonymous with the calibration of an instrument is, the predictability

of its behavior when exposed to a kmown source of radiation. Implicit in

this definition is the precision of this prediction. Conseqaently, the main

function of a calibration syrstein is to provide a quantity (instrument

response) with a stated precision. In addition, the calibration system must

provide a method for controlling this precision and be capable of calibrating

all instruments used in acquiring data.

There are two types of calibration, i. e., quantitative and qualitative.

By a quantitative calibration we mean that the results of the calibration will

yield a photometric quantity when the output of the detector for an unknown

source is compared to the output obtained with a known source. By a quali-

tative calibration we mean that the results of the calibration will yield in-

formation regarding the state of the instrument compared to the state of the

instrument at the time of the quantitative calibration. In this report, we

concern ourselves with quantitative calibrations only.

Included as an important part of this presentation is a discussion of

the response of each type of instrument to radiation, since this understanding

is important in determining the equipment and method for providing the

instrument with a quantitative calibration, i. e., the "black box" approach to

calibration is avoided. From this discussion the calibration problems be-

come evident and the solutions provide calibrator specifications. In addition,

this approach avoids the painful, and perhaps impossible, task of determining

which calibration is correct when disagreement occurs.

Also discussed are (1) the present calibration scheme, (2) concepts

adopted for the proposed calibration scheme, (3) functions of the various

parts of the calibration system, (4) the characteristics and response of

downrange instruments and their effect on the design of a calibrator, (5)

the do'nr ang ,bratOZ sywfst6yrm, (6) the AERL laboratory calibration

system, and (7) a scheme for controlling precision in the calibration
system. O
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Present Calibration Scheme

The present calibration system consists of a variety of on-board and

on-site calibration units. The TRAP-7 and TRAP-6 aircraft have on-board

calibrators while TRAP-I aircraft is presently being upgraded and the cal-

I ibrators for this aircraft are in the design stages. The in-lab calibration

j unit consists of 2 96" focal length bench. Described herein are the various

calibration procedures, calibrators, and methods for %arying calibrator

irradiances. The syzt-m as described is shown to consist of a variety of

calibrator designs and procedures used in instrument calibration. This is

not a desirable feature in that it increases the complexity of comparing cal-

ibrations frorn various aircraft and requires an intimate knowledge of each

calibrator. A uniform calibrator and procedure is recommended for the

system and because the environmental changes and misalignment can effect

calibrations when a source is placed at a distance from the aircraft it is

recommended that calibration be accomplished, onboard. Also discussed

is the relationship between the effect of personnel on calibration results

and the method of calibration, and it is suggested that the preferable tech-

nique is to perform on-board, in-flight calibrations. The desirability of

per mission calibration and the necessity for a primary standard bench is

also discussed.

Proposed Calibration Scheme

The proposed calibration scheme presents the philosophy of calibrating

the calibration system, maintaining its precision and therefore the precision

of the instruments being calibrated, and accomplishing this as systematcally

and simply as possible.

On the basis of the above discussion, concepts are presented upon

which the calibration system procedures and equipment requirements are

based. The concepts are enumerated. A few of these are: (1) that calibra-

tion equipment design shall be determined by the requirements of simulation

S of object image relationships encountered downrange, (2) calibrators in the

field shall be tied to the AERL standard laboratory by a photomultiplier unit,

(3) periodic calibration of downrange instrumentation at the AERL standard
laboratory shall be required. In all, twilve concepts are presented.
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Functions of the Calibration System

The functions of the in-house calibration laboratory and downrange
calibration are defined. For example, two of the functions of the AERL
standard laboratory will be to perform precision calibrations routinely
and define the limits of acceptable calibration while the primary function

of the downrange calibration will be to monitor precision under data taking

conditions.

Considerations in Calibrator Design

An important part of the calibration system is a calibrator which

can rapidly, and with precision, calibrate the downrange instruments.

Since TRAP utilizes a broad matrix of instruments with various dynamic

ranges and spectral sensitivities, the specifications of the calibrator must

be defined with this in mind. Accordingly, instruments are divided into

groups based on their response to radiation. The requirements that their

response and other special calibration problems impose on calibrator

design is then considered in conjunction with the appropriate approach to

be utilized.

The instriments are divided into two groups: (1) those whose cali-

bration with respect to the data obtained downrange is considered well

understood and therefore, application of the calibration to the data provides

unambiguous results, and (2) those which involve new concepts and for

which there is much less experience than with the instruments in the first

group. Under group (1), cine cameras, cinespectrographs, K-24 streak

spectrographs, radiometers, and ballistic cameras are discussed. Under

group (2), the Atomic Line radiometer, Fabry-Perot etalon, the Image
Intensifier cinespectrograph, and the Jones High Resolution Telescope are

discussed. The calibrator specifications required by each of the instruments

are discussed; and once dimensionally defined, the instrument requirements

impose conditions on the source nyntebrn 1, .dig the " Of Source

and the apertures to be utilized.
The response of cine cameras is discussed in terms of image growth

and an empirically arrived at equation, which describes image growth, is

presented. In discussing the response of K-24 streak spectrographs, the

effects of area images cn the determination of the exposure at a point is
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considered and it is shown that the relationships used apply only to uniformly

exposed areas. T1_ response of radiometers is discussed in terms of their

variety of spectrally sensitive surfaces, their linear response, and the re-

quirement ior complex electrical cquipment to store the data. The meaning

of effective bandpass is clarified. The response of cinespectrographs and

ballistic cameras is also developed.

The theory of operation of the Atomic-Line Radiometer for the Na.

doublet intensity measurement and its ability to measure both continuum and

line radiation as well as distinguish between point and distributed sources

are discussed. Equations indicating the response of the instrument are pre-

sented. A technique for calibrating the Atomic Line Radiometer is pre-

sented in which a tungsten lamp and a NaD Source are used.

The F abry-Perot etalon provides sufficient resolution to determine

line shapes and widths by employing a technique of light interference involv-

ing multiple reflections. Intensity calibration of the instrument can be pro-

vided with a tungsten lamp and the etalon finesse determined by using a

sharp atomic line source. These techniques are discussed.

The image intensifier technique provides photon amplification, re-

isulting in approximately a factor of 100 overall increase in sensitivity of

the photo-optical system. The response of the instrument and the problems

of calibrating a very sensitive spectral instrument with a low temperature

black body source is discussed. The calibrator specifications for calibrating

the Image Intensifier are given and methods are suggested for calibrating

the camera with a high temperature source. These are demagnification and/or

low reflectance attenuation.

The Jones High Resolution Telescope is utilized to resolve the re-entry

vehicle thus providing information regarding the radiance distribution along the

body and the wake. Equations are developed for the exposure at a point of an

4rea source. Calibrator specifications determined by the requirements for

calibration of the Jones Telescope are given. Also diacussed are the problems

associated with interpreting the data for a resolved image which, inaddition

to being non-uniform is of a conical shape, and possible solutions are sug-

gested. It is suggested tat the stagnation point can be treated in a manner

similar to the cine growth techniquet that spread function experiments can
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determine the effects of neighboring regions, and that in regions where the

density gradients are small the tungsten lamp calibration can be applied.

By applying the calibration requirements of instruments having

unique characteristics such as the Barnes UV Cinespectr raph, the

Jones Telescope, the 'TRAP-6 GSAP No. ., and the Barb.as Optical Tracker,

a calibrator is specified. The specifications are given for both a 10011 and 250"

focal length calibrator. These calibrators could be adopted for either the

in-lab or the downrange calibration and would undouLtedly incorporate many

features of the TRAP-7, J-216 calibrator. Because apertures required for

calibrating the Jones Telescope must produce resolved and partially re-

solved images, the choice of apertures is discussed on the basis of the image

sizes produced in typical trajectories for all TRAP aircraft. Calibrator

requirements are presented for all TRAP instruments for a 250" collimator

and an f/4 condensing system.

Having developed calibrator requirements, the solution to the problem

of determining whether a calibrator is operating properly is obtained by

utilizing a photomultiplier unit which has been calibrated at the laborotory.

It will be utilized to check the calibrators prior to instrument calibration.

For the AERIL standard laboratory, a primary standard irradiance unit

is specified for the purpose of calibrating the photomultiplier unit. The

present standard in-lab collimator (96" bench) capabilities are the require-

ment for an additional standard in-lab collimator, perhaps with a 250" focal

length, are discussed.

The calibration of auxiliary equipment and the methods for determining

the spectral characteristics of all downrange instruments are discussed. A

method is suggested for checking the behavior of a calibration system made

up of components whose individual spectral characteristics have been deter-

mined. The technique involves the use of the photomultiplier unit and the

AERL primary standard irradiance unit.
Scheme for Maintaining Precision

* Finally, a scheme is proposed for maintaining the caiibration systemt s

precision based' on the concepts adopted for designing the system, and equip-

xment and calibration procedure recommendations are made for implementing

the proposed system. This calibration approach satisfies the requirements

•-51

--------------------- --- -- t~-

Cd

LZ...1>



!Oro%

of simulating the object-image relationship encountered in actual data

acquisition by the instrument. The calibration system involves two cali-

brations of each instrument: The first, an in-house calibration, the pri-

mary standard of the system, which establishes the behavior of the

instrument and the precision index o 'he calibration, and the second,

a downrange calibration, which monitors this precision under downrange

conditions.

The use of a photomultiplier unit as the secondary standard of the

calibration system has been established to have an important function in

maintaining an instrumentts calibration precision, and a procedure in
which decisions are made on the acceptability of each calibration for the

purpose of maintaining the established precision has been arrived at. The

concepts adopted for establishing the calibration system govern this pro-

cedure for the processing of the downrange calibration data.

The choice of calibrators for the Laboratory and downrange were

predicated on the bais of (1) simulation of the object-image relationship

downrange, one of the adopted concepts, (2) calibration convenience, (3)

stability, (4) simplicity of operation, and (5) versatility. On this basis it

was recommended that the downrange calibrator design incorporate many

of the features of the TRAP-7 J-216 calibrator. Additional specifications

were suggested for the laboratory and downrange calibrators.

Conclusions and Recommendations

On the basis of this report, recommendations for providing a calibra-

tion system which has the capability of accurately and rapidly calibrating all

TRAP instruments and maintaining their precision are: (1) that all calibra-

tions downrange including IR calibrations be performed on-board, if possible,

(2) that all calibrations be performed in flight, where feasible, (3) that pro-

vision be made for calibration at an instrument location foz' instruments

which cannot be practically removed from their pedestals, (4) that a single

type of calibrator incorporating many of the features of the TRAP-7 J-2i6

be adopted and that a single calibration procedure for all aircraft be used,
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(5) that a photomultiplier unit or other standard sensor be adopted as the

secondary standird for the calibration system and be present on each

aircraft and at the AERL calibration laboratory, (6) that instruments be

regularly rotated back to the AERL calibration laboratory on a yearly

basis, if possible, and (7) th.at all instruments be provided with absolute

high precision calibrations in the in-house laboratory and a stated precision

index be made for each instrument.

Calibration Equipment

Implicit in the aforementioned recommendations is the requirement

for equipment to perform the activities necessary for implementation of

the calibration system. They imply the need for the design atid construction

of additional downrange calibrators; requirements for additional tungsten

lamp and black body sources and equipment td operate them; the need for the

design and construction of calibrators located at or having the capability of
being moved near instruments like the Jones Telescope; the rA.ed for photo-

multiplier units consisting of various detector heads, power oupplies and a

means for recording the data, and the need for the AERL cal],bration lab-

oratory to have a primary standard irradiance unit, another otandard in-lab

collimator in addition to the present 96" focal length collimator and auxiliary

equipment-all of which is necessary for providing the large namber of TRAP

instruments with quantitative calibrations.
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TASK 5.0 INSTRUMENTATION, MAINTENANCE AND SERVICE

J. E. Nunes

Introduction

This task consists of a number of diversified but closely related

engineering activities. Specifically included in this area are the design

and procurement or fabrication of new instruments and associated peripheral

equipment as well as maintenance, repair and upgrading of existing equip-

ment. Included in this section are the significant activities performed within 4
these categories during this reporting period.

Of particular note is the progress on new instruments, systems and

equipment in process for use in the TRAP progriim. Of tnese, a VIS/IR

radiometer, currently under procurement for use on the TRAP- 6 aircraft

until the gimbal system for the upgraded TRAP-1 aircraft becomes available,

an infrared scanning radiometer (REMRAD) which was Government furnished

for use on TRAP- 6, and a design study on automated microdenbitometry are

presented herein. Progress in other areas which will be completed under

this task, the procurement of an atomic line radiometer and new calibration

equipment, is presented under task 4. 0 of this report.

it should be noted that of the efforts presented herein, those which

have titles preceded by a numerical designation represent contract completion

items.

Sustaining Engineering (W. J. Wilson)

During the earlier portion of this reporting period the Engineering

Office was reorgaiized in order to more efficiently perform the various tasks

associated with programs of this type. By so doing, it became possible to

introduce a number of procedures which allow closer control of the performance

of all engineering activities associated with the TRAP program.

Of considerable importance to this task is the effort now known as

Sustaining Engineering. This practical concept is the result of experience
gained over many years of direct participation in experimental re-entry field
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programs of this type. Simply stated, the Sustaining Engineering c,,ncept

requires the cohesive joining of three basic areas of activity; namely,

preventive maintenance, performance analysis and modification.

The foundation of this concept is a sound preventive maintenance

program rigorously adhered to in the field and in the Laboratory. Such a

program consists of a series of regularly scheduled cleaning, adjustment

and performance verification tests and procedures specifically tailored to

individual instruments or types of equipment. Erected on this base is a

system of equipment performance monitoring and analysis which is carried

out by various engineering sections within the Laboratory. Resultant data

from this effort not only permits prediction of potential difficulty and allows

preventive actiorn to be accomplished, but in addition points up those areas

requiring changes in procedures or equipment rrodificaticn. Individually,

each area is important, but closely joined they take on new meaning in

terms of optimum overall system performance.

Preventive Maintenance

tv Sustaining Engineering personnel conduct a technically sound preven-

tive maintenance program for all programs of the TRAP type. This includes

the regular review of existing procedures with modification occurring when

required. Additional procedures are prepared when necessary due to new

or updated equipment. These procedures require the scheduled performance

of efforts such as cleaning, adjustment and operation to specification of each

system, both primary data collecting and secondary support. These include

both field and in-house activitieso Detailed records are maintanined with the

instrument and any noted deviation in performaice is the basis for initiating

corrective action. In the case of field activity, duplicate records are sent to

the Laboratory for a detailed review and analysis. A maintenance log is used

to document repair and maintenance performed in 'he field and during regularly

scheduled rotation of field instruments back to the Laboratory for periodic

overhaul and calibration. Data reduction equipment is similarly serviced

and maintained in optimum operating condition through a continuing preventive

maintenance schedule.

0l
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Performance Analysis

Through the Preventive Maintenance Program, there is constant

feedback of performance data to the Laboratory. Considerable additional

information of this type is received fronm the data reduction groups in the

Laboratory. It is also further supplemented by the results of specific

specialized performance tests periodically specified by engineering per-

sonnel. Continued analysis of the data fr6m these sources permits the

determination of both individual instrument and complete subsystem or

system performance. From these results, potential equipment failures

can often be prevented and the need for modification predicted.

Modification

The third step in the Sustaining Engineering concept is equipment

modification. As indicated in the preceding paragraphs, determination of

the need for modification is based on feedback from maintenance and

performance analysis activity. This infor.mation is further supplemented

by personnel contact between engineering and operations personnel, plus

on the spot observation and operation of equipment by engineering specialists.

Once the need and type of modification required has been determined,

work proceeds immediately to accomplish the task. This is done either

completely by engineering or by the original manufacturer under the supervision

of Sustaining Engineering personnel. Close attention is paid to mission

schedules in order to minimize equipment down time. In many instances,

field mod kits are prepared and sent to the field location in order to negate

the requirement of returning units to the Laboratory. In those instances

when the work involved is extremely complex, engineering personnel go

into the field to assist field personnel in performing the tasks at hand.

It should be noted that the approach and methods outlined in the

preceding paragraphs is also applied, in every respect, to all in-house

Equipment Control

In order to more fully coordinate and control the flow and dissemination

kof equipment, equipment spares, supplies and performance information, a new

section has recently been established within the Engineering Office. This
section, known as the Equipment Control Center monitors and coordinates the
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flow of all engineering equipment and data to and from the Laboratory and

field locations as well as between various areas within the Laboratory.

This group maintains a central file of all pertinent maintenance, repair

and performance information and ensures distribution of such to appropriate

areas for action. Spare parts handling and control also form a major

portion of the Center' s activity. Detailed records of parts on hand in the

field and in the Laboratory are maintained together with individual equipment

part usage histories. Such information permits maintaining spares stock at

adequate levels at all locations. In addition, centralized control ensures

fast res7)onse to ethergency requirements.

Instrumentation, Maintenance and Service Activities (J. Saulnier)

TRAP- 6 Barnes Angular Error Sensor

During May 1967, the TRAP-6 Barnes tracker was returned to AERL.

Basic modifications to syste.m performed at that time included additi3n of a

simple, straight-forward, single frequency 850 Hz data good aural toae

output signal and the removal of the mixed 232 Hz envelope and 2550 H-z

carrier. This will result in less ambiguity for the operator during target

acquisition.

Also, the data good pickoff was moved from the raw carrier output

to the first stage of the narrow band demodulator, where a bandpass filter

was added to give improved selectivity. The data good level adjustment

was brought o-, to the front panel of the control electronics and a day/night

switch added, thus enabling the operator to set the threshold level under

the varying conditions of a day or night sky background for each mission.} |  During the second week of June, he tracker was returned to Birnes

Engineering and the following trouble areas diagnosed:

a. There was an elevation error signal ambiguity with

regard to the locked condition in phase lock loop,

DC elevation voltage levels (approximately 0. 3 volts

apart) for a given stationary target in the instrument

field of view.
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b. A misalignment of the phase lock loop in one of the Coherent
. Detector modules as well as wiring and component differences

between the master and spare Coherent Detector Modules.

c. There was excessive mechanical vibration and noise in the

reticle motor drive system which resulted in a high amplitude

signal at about 10 Hz in the elevation error output, as well as °

the presence of noisy error signals even with strong targets.

d. The presence of a low frequency beat note on the power supply

voltage busses, seemingly related to the frequency difference

between the external 400 Hz and the internal precision 400 Hz

reticle motor supply.

e. Sensitivity in one of the Coherent Detectors in the phase lock

loop "locked" condition with regard to AC line input voltage

iariations. The loop lost "lock" at a line voltage condition

of between 119 V and 122 V, which resulted in the generation

of erroneous azimuth and elevation output signals in that

range.

In that process of several days of intensive bench testing, the following

repairs were effected in the following areas:

a. Error Signal Output Ambiguity and Phase Lock Loop:
Although the ambiguity of approximately 0. 3V peak to peak

still remains in the elevation channel error output with

regard to a fixed target position in the FOV, it has been

minimized by means of phase lock loop adjustments to the "-
point where it is insignificant in wide FOV mode. The

ambiguity was found to be inherent in the circuit design

and not removable unless the phase lock loop, envelope

Also, the differences in the circuit parameters between the
two coherent detector modules were corrected and the two

modules are now interchangeable with iio noticeable different.es

in system operation. With respect to the line voltage effect
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on the coherent detector, this situation was corrected by reducing the phase

lock loop error gain to a value much mcre consistent with the spare module.

b. Reticle Wheel Motor and Drive System: Excessive vibration

in the gear reduction ane /or thrust bearings was foni-d to be

responsible for noise and the large 10Hz component contained

in the error outputs. By applying small amounts of manual

"drag" to the reticle wheel, the 10Hz component could be

made to disappear altogether. The spare reticle drive sub-

assembly was installed and functioned satisfactorily causing

a reduction of 10 to 20 db in the 10Hz component, The faulty

reticle drive assembly was left at Barnes Engineering for

repairs and realignment.

c. Optics: The primary mirror was cleaned and the boresight shift

between wide and narrow FOV was investigated. It was found

to be approximately 0. 5 milliradian in both azimuth and

elevation. Although the original specification calls for a

maximum of 0. 1 milliradian boresight shift in either axis,
it was felt that due to schedule limitations, it was not advisable
to attempt to adjust the narrow FOV secondary mirror.

TRAP- 6 35mn High Resolution Camera (M. H. Gurley)

The Jones 80" F. L. High Resolution camera system was returned to

AERL in April for realignment of its optical systen due to apparent loss of

its maximum resolution capability while in field use on the TRAP- 6 aircraft.

The camera support platform was removed from the back of the lens and the

lens secured on the 96" F. L. optical bench for inspection. The image of a

0. 0015" point source was examined with - microscope and confirmed a

misalignment of the optical system. Consequently, the optical system was

disassembled for inspection and realignment. The primary mirror was

I - j~ -' -- S --- -A Z' -3 ralgne u2I.neral

,1 and the collimated beam of the optical bench.

" IDue to the tight turn around schedule which had to be met, a detailed

analysis of the cause of the poor image was not undertaken. It did appear,

however, that the secondary mirror was the element that had moved. After
? realignment, both static and dynamic tests indicated that the instrument was

providing 50 lines/mm (2 arc seconds) resolution.
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TRAP Transportable (W. 3. Wilson)

* The following maintenance and data assurance items were performed

during reporting period to the TRAP- Transportable ground station, in

addition to the routine servicing functions normally performed to the system

on its return to AERL between, missions:

a. The primary power for the system has been supplied by

two 28VDC aircraft type batteries. As the problems

associated with the transportation of these lead- acid

type batteries are numerous and since 115 VAC, 60 Hz

power is available at all site locations, two 28 VDC

Electronic Research Associates Model F28/40 power

supplies have been procured. These power supplies were

packaged such that they can ht used as a direct replacement

for the batteries. Where fsasale, the^ batteries will be

maintained as backup in case of power supply failure.

b. Unless extreme care was taken in settling the level,

control on the Ampex,601 tape recorder, the main time

comb (MTC) signal would saturate the recorder. This

conditin arose because the 10 Hz carrier, which is

modulated at the MTC rate, u was at the edge of pass

band of the Amplex tape recorder. To correct this

situation, a circuit has been designed and installed

in the Camera Control Unit which changes the carrier

frequency from 10KHz to 5 KHz. This now allows a

broad range of level control setting to be utilized and

has alleviated recording and reduction difficulties.

Vis/IR Radiometer (P. D. Howes)

As reported in the last Semi-annual Report, a dual-channel VIS/IR

radiometer is under proLarement from Barnes Engineering Company. This

radiometer employs an S-Z0 photomultiplier tube as 'a sensor in the .isible

channel and a thermoelectrically cooled PbS detector in the IR channel.

Field interchangeable filters are utilized which are located just in front of
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the detectors. The specifications, optical diagram, and signal processing

block diagram are presented in table I- 6, figure 1-16, and figure 1- 17

by way of summary.

Status

Delivery of the radiometer is being delayed due to considerable

problems encountered by Barnes Engineering in obtaining the cooled PbS

detector. These delays have been caused by a detector failure and numerous

vacuum seal problems. A second detector is available for use, although

having twice the active area as that required for this instrument. This

alternate detector is being tested to determine if it has sufficient sensitivity

to pass the acceptance criterion. If the proper detector delivery cannot

be accomplished within a reasonable time from that when the substitute

detector becomes available, the substitute will be employed. Procurement

of the correct detector will continue however, and if the sensitivity to be

gained by employing this detector is adequate, an interchange will be

accomplished at the earliest lime possible. At this writing, acceptance

and delivery of the radiometer is scheduled to occur in July.

Filters

The characteristics of the filters procured for use with the instrument

are shown in table I- 7. On acceptance ad delivery to AERL. the instrument

will be calibrated with all filters prior to installation on the TRAP- 6 aircraft.

Re-entry Monitoring Radiometer (REMRAD) (W. J. Wilson)

Introduction

In accordance with the amendment to task 5, 0 specified by CCN #1

to the basic contract, engineering group proceeded with the initial phases of

operational evaluation of the REMRAD. This instrument, together with an

Ampex AR-214 tape recorder system, was received as GFP at AERL during

the week of 17 April 1967.

Instrument Description

The Re-entry Monitoring Radiometer (REMRAD) was designed to

provide resolution scanning in four infrared spectral bands from 2. 5 microns

to 5. 5 microns with interchangeable spectral filters. The resultant video

data presents spatially resolved radiometric information in four selectable

spectral regions.
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TABLE 1-6

TWO- COLOR RADIOMETER

Optical Unit:

Collecting Aperture Diameter 8"

Effective Aperture 140 cm

E. F.L. 40"

Geometric F/# F/5
Effective, F/9 F/8
Field of View 1° or 1/20
Background Suppression 300: 1 (min)

Chopping Frequency 730 cps

Visible IR

Detector S-Z0 PbS (cooled)

Anticipated Sensitivity 8 x I0 17 (w/cm2 ) 8 x 10 1 4 (w/cm 2)

T_ ical Response Profile:

Response 1%0 10% 50%

PM 111, 3.4± l. 2p, 3. lp 1. 751, 2. 7511

PbS 0. 7711 0. 711 0. 37t, 0. 561

TABLE 1-7

TWO- COLOR RADIOMETER FILTER SPECIFICATIONS

PM Channel

A 3300 A+ 300 A

B 3860A+ 40-A

C 6132A+ IOA

PbS Channel
A .0 - 2, 0 (blockecl< 1. 0, > Z. 211)

B 2.29 - 2.. (blocked < 2. 2%, > 2.6p)
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OPTICAL DIAGRAM

SUN PRIMARYPMPRAP
SHUTTER MIRROR 40MIRROR PM R M

SECONDARY MIRROR PMTB

SUN PbS DETECTOR
SENSOR0PRAM

CHOPPER

SHFEFERENCE FIELD MASK
GENERATOR ASSEMBLY

Fig. 1- 16 Optical diagram for two- color radiometer.

ELECTRONIC SIGNAL PROCESSING BLOCK DIAGRAM TWO COLOR RADIOMETER

COPRSSD ISBADPSS LINEAR LWPASaS CVIILE

RADATION ILE EMO DULTO LTE AMPLIFIERAORDATA OODOAT4 OUTPUT COMPRESSED
METER SIGNALS

B ANDPASS LINEAR LOW-PASS DC

OPICLVILTEAR DAT

BUFFER A LTR MLFR

Ej; DATA

I R.FRECEIr i r-

IUCTONLIN EARI- DC 0REFERENCE

GENERATO0iR EMODULATOR AMPLIFIER SIGNAL

Fig. 1- 17 Ele-ctronic signal processi ng block '2 iagram for two- colorj radiometer.
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The instrument consists of two units, an infrared optical scanner
assembly, and an electronic unit. The optical scanner subassemblies are

the gimbaled mechanical scanner, the video preamplifiers and line amplifiers,

a four level reference calibration subassembly, plus an open cycle liquid

nitrogen cryogenic.

The optical scanner mechanically searches a field of 15 degrees in

azimuth by 3 degrees in elevation four times per revolution of the scanning

rotor. The azimuth scan is accomplished by four refractive optics mounted

in quadrants on the rotor, such that each of the four optics pass the detector

array once in each revolution. .

The elevation field (30) is defined by a five element grown junction

indium antimdnide linear detector array which subdivides this field into

0. 6 degree sectors. Simultaneous video data is obtained from the five

channels scanning the 15 degree azimuth field of view.

The detector array is too,mted on the axis of the scanning rotor with

a window appropriate for the optical search. The array is cooled by liquid

nitrogen (77 0 K) transferred from a storage dewar by a two phase system

where the liquid travels in balls surrounded by nitrogen gas (Z pl, ases) through

a tube from the storage 'o detector dewar.

The scanner electronics consist of five wide band, wide dynamic range

preamplifiers mounted around the end of the detector dewar. The signals from

the preamplifiers pass to five line amplifiers which provide controlled g.tn

plus electrical filtering. These amplifiers are mounted on the rear of the

scanner for ease of access to the trim adjustments.

A four-level radiometric reference calibration is introduced into the

scanner by an imaged filarment source whose output is injected into each

optic during the dead scan time of each optical quadrant.

The electronic unit consists of three chassis sknitable fcr standard i9

inch rack mounting. They are: the electronic control assembly consisting of

plug-in printed circuit cards, the power supply/control panel assembly and

the voltage controlled oscillator assembly. Except for the voltage controlled

oscillatow assembly, the electronics are completely transistorized.

-65-

,



The electronic control assembly has three main functions: (a) Control
the gains in the five signal channels to insure that signal amplitudes up to 100 db
signal to noise ratio remain within the dynamic range of the amplitude modulation
tape recorder. The gain changes axe made once per each scanner revolution
in a dead scan based upon sampling of the outputs of the previous frame and

results in linear recording with a 100 db dynamic range. (b) The electronic
timing of the video sampling period (150 AZ), the gain adjustment period, and
the gated azimuth vernier are also accomplished in the electronic control
assembly. Position reference pins on the scanner rotor and sensing magnetic
pick-ups result in the generation of pulses which activate logic circuits to
determine the desired timing characteristics. (c) The azimuth position is
generated in this assembly by circuitry which phase locks a high frequency
oscillator to a lower frequency representing the rotor speed. The rotor

positional representation is generated by a type of magnetic encoder., The
higher frequency phase locked azimuth Vernier is gated for an output only

during the 15 of scan.

The power supply/control panel assembly provides a central unit for
the necessary system power and control functions. The control front panel
has switches for such functions a : main power, heaters, c..aibration lamp
spin motor, heaters and calibrate plus indicator lights for video levels and

cryogenic conditions.

The voltage controlled oscillator (VCO) assembly is a unit used to

encode the gain setting conditions in each of the video channels. Thexe is a
VCO for each of the five video channels and one for the .calibrate unit which
encode by frequen,;y shifts the attenuator settings. All of the channels are
mixed and can be placed on one tape track.

System design specifications are listed in table 1- 8.
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TABLE 1-8

REMRAD DESIC SPECIFICATIONS

S ranning Characteristics

Sensitivity: Noise Equivalent Flux Density 5x lo- 12 at 4.71

Total Search Field 3 0 EL x 150 AZ

Field Rate 40 scans/sec

Frame Rate (4 spectral regions) 10/sec

Instantaneous Field of View 0.020AZ x 0.6 0 EL

Spectral itegion 2.5 to 5.5}t

Spectra] Filters a) 2. 825 to 4.22511

X - center wavelength - microns b) X = 4.49, BW = . 1751 1 <c c

BW - bandwidth - microns C) X = 4.8L, BW 3Z5t

d)X = 5. Z6*, BW= ,425t

Signal Processing

Video: 5 channels Linear Processing

Dynamic Range 100 db
Electrical Bandwidth (3db) 100 kHz

Gain (Nominal) 40 db

Position: Azimuth Vernier + .02 0
0

Elevation (Individual Detectors) + 3. 30

Calibration Relative Reference: Drift for mission [

Input Levels 4

Control Signals

Target Indication - Channels )

20, 40, 60 db Attenuators Channelg 5

Cryogenics

Open Cycle - Liquid Nitrogen, 2 Phase Delivery,

2.4 liter storage

Electrical Requirements

Volt-Amperes 400
Frequency 400 Hz Single Phase

Physical Characteristics

Scanner: Weight 85 lbs.

Dimensions 13" dia. x 25" long
Electronic Unit: Weight 50 lbs.

Dimensions 19" wide x 34" high

-67-



Laboratory Evaluation

Effort was Immediately applied to equipment inspection &nd familiariza-

tion. The radiometer itself was found to be in acceptable condition, and in
general, in-lab attempts to duplicate data taken during acceptance tests were

successful. As received, however, the Ampex recorder wa in relatively

poor condition and as a result major refurbishment by the manufacturer was

required.

The recorder was returned to the Ampex Service Company in New Jersey

on 1 May 1967 with work scheduled for completion by the end -of June. Due to

the age and condition of the unit the overhaul required proved to be considerably

more extensive than originally anticipated. The work performed included:

rebuilding of the reel and capstan drive motor; complete refurbishment of the

record head, rebuilding of the capstan flywheel assembly, adaptation and

installation of shock mounts plus replacement of numerous electrical and

mechanical components. Lack of availability of replacement parts and depth

of refurbishment required will delay return of the unit to AERL until the week of

17 July.

During the interim, work on the basic radiometer was completed in the

Laboratory. This included complete instrument evaluation and calibration,

and the design and fabrication of a mount to allow field installation of the unit

on Manual Pedestal T-Z at the rear Largo door of the TRAP 6 aircraft.

During the course of the in-lab evaluation, preliminary results indicated

that in oxder to achieve low level target measurements, it would be necessary

tp operate the instrument with the attenuator disabled. Consequently, field

techniques were established to utilize such a mode of operation. The design

of the REMRAD is such that detector dimensions project to 115 ft x 3450 ft

in object space at 107 cm slant range (one detector). Assuming a re-entry

complex 1000 ft x 3 fi in dimensions, alignment of the complex in parallel

with the detector array means that the re-entry complex is only about 1/3

-e x A hof unc of rLe detectors. With the REhaRAD oriented as designed,

i. e., with the detector array aligned vertically, the largest angle between

detector array and complex that can be expected is 450 . At this angle the

vertical projection of the re-entry complex model covers 707 feet which is

about one-fifth the detector length (single detector). Thus it is to be
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expected that the re-, entry complex will usually illuminate only a portion of

one detector at a time. The attenuator logic for a detector iz actuated once

per revolution of the scanner on the basis of the highest signal recorded for

any of the four telescopes (usually scope #3 because of its broad spectral

bandpass). We assume further that the first 100 ft of re-entry complex

provides 100 times the intensity cf the following 100 ft.

The 0 db gain setting provids less than 40 db dynamic range (80 my to

2. 1) while the other gain settings provide, in conjunction with the tape recorder,

exactly 40 db. That is, given two signals such that the one of the higher

amplitude ;s just below the upper threshold at a particular gain setting, the

tape recorder will record signals 40 db down from that level. With the given

model however, the wake signal would then be in the noise. Thus, if the

dimmer signal can be seen the first time around, the brighter signal will be

large enough to actuate an attenuator for the second revolution. if the brighter

signal does not now exceed the high threshold for one of the gain settings, the

dinrer signal will be in the noise. Removal of the attenuators will allow

reduction of wake data ranging between 4 x 10 and 4 x 105 watts/ster per

resolution element (115 ft) at 107 cm slant range (telescope #3). The lower

number is dictated by sensitivity, the dynamic range is imposed by the tape

recorder.

The data recording and data reduction concept involves: a) magnetic

tape recording (5 viAeo channels, 1 azimuth positior channel, and 1 timing

channel), b) playback and display on an oscilloscope in-lab, c) cine film

recording of the oscilloscope, display during selected time intervals of the

data, and d) highly selected manual amplitude measurements to obtain intensities.

As of this writing, work on the basic instrument has been completed

and we are awaiting the return of the tape recordek. Upon receipt, the two

units will be mated, checked and calibrated and the system will be shipped

to the field for installation. Installalion drawings and instructions have been

prepared and self pressurizing dewars for the liquid nitrogen supply proL.,red.

Arrangements heve been made to have liquid nitrogen available at the various

operating locations. It is anticipated that field installation will occur during

the first week of August 1967 dependent upon aircraft location and availablity.
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It is planned that the REMRAD system will be operated against targets

during the months of August through October of this year. Analysis of data
aad evaluation of instrument performance will commence immediately

following the first operational mission and continue through December. A

report covering instrument performance and recommendations for future

utilization will be issued upon completion of the evaluation.

Digital Microdensitometer

Introduction

Several forms of photographic re-entry data may be analyzed by use

of reduction techniques utilizing microdensitometers. Of these, spectral

records and high resolution photographs are the prime sources of information

most applicable to th;.s data reduction approach. Both types of data essentially

require the retrieval of photometric information which must be known in

relationship to its position on the film. Each of these quantities must be

knon to a high degree of piecision. The use of a mimiodensitometer provides

the means for obtaining this information. The information content of both

types of data (spectral and high resolution) is such that many line scans per

data frame are required for the transfer into meaningful format. AERL

presently utilizes three microderssitometers .n the reduction of such data.

One of these, a GAF Model 652, has the necessary ch.kracteristics to provide

correlated positional (x, y) and densi.ometric (density) information and as such

can be interfaced with automation equipment to provide automatic preselected

scans with on-line analog to digital conversion.

The Requirement for Automation

The requirement for automated microdensitometry arises from two

condiderations. The first of these is the basic nature of the data in that each

film possesses in the order of 105 useful pieces of information per square

cm of exposed area. At the present time, only analog methods are wailable

to reduce this data. Limitations in analog recorder bandwidth and manual

operation of chart dig7itizers are the pacing factors in the reduction of such

data. These techniques do provide useful intensity data from spectral

records, but if one desires to analyze the details of high quality spectrograms

such as are available from Barnes cinespectrographs at a rate commensurate

with the resolution of the data, the use of manually operated digitizers not
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only introduces excessive time lags but also limits the accuracy with which

the rata can be reduced. This latter limitation is even more apparent in the

cast; of detailed raster scans of high resolution images which require precise

correlation bf multiple scans. In this case manual chart digitizing would be

highly impractical, if not in.,possible, as a means to obtain useful analytical

outputs. It is because of the high data content that on-line analog to digital

conversion is necessary.

The secon#4 consideration is also related to the high information content

of the raw data. Once the data has been digitized the resulting digital informa-

tion can be so extensive that inordinately long computer runs are required.

In the case of spectral data in particular, detailed high resolution scanning

is desirable when looking at band or line radiation, but not in the case of the

background continuum which usually represents the prelominant amount of

data. It is also desirable to be able to select position.-d limits for each data

scan. With these concepts in mind, in addition to on-line analog to digital

conversion, provisions for variable digital sampling rates and a programmable

scan position would result in a marked increase in efficiency in the use of the

overall system.

The desired benefit accruing from an automated microdensitometric

facility is an increase in the speed with which data can be reduced for

absolute intensities. Such a system would increase the amount of data which

can be reduced.

Table I- 9 illustrates this point for streak spectrograph data. * With

a nonautomated microdensitometer the stage must be run at a relatively slow

rate (typically 10mm/min to prevent the data from exceeding the frequency

response limitations of the chart recorder. The charts must be digitized by

means of a manual reader, which requires approximately 10 minutes per

-can. With an automated microdensitometer the stage is run at full speed -

(50mm min in the case of the GAF) and digitization is automatic. It is

assumed in both casee that one scan is taken per 0. 1 second of mission time,

i. e., -15 scans per fiame. There are typically 5 frames of data per camera

*The streak spectrographs records in a 4 x 5 format, framing approximately , I
every 2 seconds with a framing time of ~0.4 seconds.

-71-

_ _ _ _-- -;v,-,-,__- - ,.,*., . . . ..



ell

per mission. The tabulated scanning times include time for step- overs

between scans, and logging relevant information, and as a result are not

proportional to stage speeds.
, TABLE 1- 9

DATA PROCESSING COMPARISON
Total Per Total Per

Set-up Scan Digitize Frame Camera
(min) (rnin) (min) (hr) (hr)

Auto. 5 15 0 1/3 1-2/3
(1000 pps)

Nonauto 5 60 150 3- 1/2' 17- l/2

(30 pps)

An equally important difference between the analog microdensitometer

and an automated facility lies in the amount of data retrieved per scan,

Normally 30-50 data points per scan are digitized on the Gerber reader, 1

and from these, crude line and band intensities as well as continuum in-

tensities may be derived, To obtain improved line and band data the film

must be rescanned at a slower rate on the micxodensitometer to obtain

expanded chart records which must then be digitized on the Gerber z eader.

The extra time and labor involved in this process is so great as to make

accurate reduction of line and band data on a routine basis impractical.

j This is a particularly significant loss to the TRAP program in view of

available Barnes cinespectrograph records which are capable of recording

high quality emission spectra. A wideband digital microdensitometer can

+-4 record as many points ner scan as may be desired. riowever, if the sampling

rate were constant, it wo -- d typically be necessary to record approximately

20- 000 points per sc.-n in ordet to avoid deeradina the details of molecular

and line spectra. To avoid computer overload, a prograrmable variable

sampling rate is highly essential to sustain an efficient thirough-put of the

1. "TRAP Data Reduction Procedures, Addendum to Semi-Annual Program

Progress Report, Re-entry Measurements and Analysis for the Terminal
Radiation Program (TRAP)," Contracts AF 04(694)-45Z and AF 04(694)- 623,
July 1965. SECRET
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digitized information. In this case, one can automatically digitize all of the

significant data on the film in approximately 1000 points per scan for a X-Z4

reco.d, thereby making it feasible to reduce large quantities of line and band

inter~sity data, as well as continuum data, on a routine basis. Thus, an

automated microdensitometric capability would simultaneously bring about

a large reduction in microdensitometry time per frame and considerably

increase the amount of data retrieved from each frame.

With regard to Barnes cinespectrog-aph data, an automated microdensi-

tometer can accomplish two tasks which are not practical with an analog

system. First, if the densitometer has sufficiently high optical resolution

and positional accuracy, it is practical to do two-dimensional integration

of the data to obtain accurate intensities. (This involves raster scanning

of each frame with a step-over of a few microns. Only relatively crude

intensity data can be derived from a single scan per frame.) Second,

cinespectrograms wbich are curved due to camera distortion can be reduced

as readily as undistorted spectra by a similar raster-scan technique.

Systtem Confiouration

A syster-a configuration to accept spectrographs from the AERTL GAF

Model 652 dbsitometer is being developed and a report is in preparation.

In this report, pretsnt manual data reduction procedures are described

and necessary functions to be performed are delineated; performance

specifications for an automated facility (computer-based) are developed

and an instrumentation model is formulated which is to be exercised in

real time. Also, an error analysis is provided to show control system

conformance to performance specifications, Computer I/O requirements

are prescribed which will completely satisfy the necessary man-machine

functions which were developed from tho present manual operation.

A block diagram of the hardware concept is presented in figure I- 18.
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TABLE 1- 10

NORMAL
SPECIAL COLLECTOR FIELD OF VIEW SAMPLING FILM SPECTRAL SPECTRAL

INSTRUMENT DESIGNATION LOCATION PROVISIONS FOCAL LENGTH f fi VERT. AND HORIZONTAL RATE TYPES RANGE RESOLUTION
FIXED INSTRUMENVS

TWIN "NODDING" BAL.61 1 #4 P.4 ROTATESDOWN- METROGON 0 x 1140 1-4 CHOPS/SEC RXP .39- 65 3 N A
BALLISTIC CAMEMA FID. III & 28 WINDOW WARD TO STRETCH 6" - f/6,3 PULSE WIDTH 8 x 10 SHEET

OUT 4TAR TRACES. CODED
BINARY CODED
CHOPPING

WIL J/AERL"NODDNG" AVIOCON P-z ROTATES DOWN- UNIVERSAL 74' x 740 1-4 CHOPS/SEC. TYPE 0O8 )9 - 714 N A
BAI-LISTIC CAMERA FID. 3Z97 WINDOW WARD TO STRETCH AVIOGON PULSE WIDTH 9 1/2" x I0 I/r"

OUT STAK TRACES. 61 -f/5.6 CODED GLASS PLATE
BINARY CODED
CHOPPING

SUPER STAN CAMERA X.24 f3 P-s 1/4 -SECOND AERO-EIKTAR Z4o x 24" 2 SEC/FRAME Z47$ REC. .39 -7 14, N A
FID. f16 WINDOW CItOppm 22" - 5/5 5 I/Z'x 56' ROLL

SUPER STAR CAMERA K.24 #4 P-s 1/4 - SECOND AERO-EKTAR 240 x 24
°  

Z SEC/FRAME Z475 REC. 39 - .7,J N A
FiD. #12.9 WINDOW CHOPPING I" - f/2. S i/o's 564 ROLL

BIOGON CAMERA K-24 05 P 6-I SINGLE FRAME BIOGO B0 x B0 NOT PULSED 2475 REC .39- 7 I N A
.IDo #24 INSTRUMENT WIDE-ANGLE VIEW; 3" - f/4.5 5 I/3lx $6' ROLL

PLATFORM UNCHOPPED
AT OPEN
DOOR

IMAGE MOTION IMC P-I PROGRAMMED AERO-EKTAR 390 x 390 Z SEC/FRAME 2475 REC. .39 - . ?p N A
COMPENSATION K-46 WINDOW FILM MOVEMENT 7" . f/2. 5 I/Z" x 56 ROLL
CAMERA TO COMPENSA E

FOR TARGET
IMAGE MOTION
DURING LONG
EXPOSURES.

METEOR K-24 #I P-% CRATING. HIGH AERO-EKTAR 390 x 390 2 SEC/FRAlE Z47SREC, 39 - .711 4A
SPECTROGRAPH1 FID. #7 WINDOW DISPERSION 7" - 1/2. S S /2" 5 6' ROLL

600 LINES/MM
5500A BLAZE

METEOR 1124 02 P-3 GRATING: HiGH AERO-EKTAR 39
°  

Z SEC/FAAME 2475 REC, .19 , 7 4A
SPECTROGRAPH FID. lIIA WINDOW DISPERSION 7" -f/2.5 5 2/1" x 6'ROLL

300 LINES/MM
000A BLAZE

U. V. X.24 17 P 6.4 GRATING: HILGER & WATTS 35
° 

y W 2 SEC/FRAME 2475 REC. .1 .7 I0A
METEOR FID. $4 INSTRUMENT S00 INES/MM a" - f/3. s (SEE SPECIAL 5 1/2" x 56' ROLL
SPZCTROGRAPH PLATFORM 3600A BLAZE PROVISIONS)

AT OPEN COASTING MOUNT
DOOR PROVIDES COVFRAGE

OF ENTIRE TRA-
JECTORY.

. .1 K.246 0 P 6.2 GRATING: AERO-EKTAR 39o x 399 2 SEC/FRAME 1.R. .6 -. 94 $A
METEOR FL. 1SA INSTRUMENT I00 LINES/MM ?-- - f/2. 5 I/,' 4 56' ROLL
SPECTROGRAPH PLATFORM 6000A BLAZE FOCUSSED AT

AT OPEN CORNING K-2 000A
DOOR ILTER

TRACING INSTRUMENTS'

MK IIA CIANNEL I P63 S-20 PHOTO BINOCULAR I.5 x .1.0 5
°  

00 C. P.S. RECORIDED .5726- N.A.
RADIOMETER SLAVE MUL7IPLIER OBJECTIVE ON TAPE .339 /

GIMISAL 02 5730 FILTER 7" 1/3.5
Al' OPEN
DOOR

CHANNEL 2 P6-3 3-20 PHOTO BINOCULAR 1. 5o 1. 5
°  

$00 C. P.S. RECORDED .537- N.A
SLAVE MULTIPLIER OBJECTIVE ON TAPE .,$900(
GgMBkL OZ 1893 FILTER 7" - f/3.5
AT OPEN
DOOR

MUK 1i CHANNELI P63 GI DETECTOR BINOCULAR I.S0 xI. 5" 1200 C.P.S. RECORDED .13. 1 72 N A.
RADIOMETER SLAVE OBJECTIVE ON TAPE

OIMICAL l St FILTER 7" - f/3. 5
AT (IPEN
DOOR

CHANNEL 2 P63 PbS DETECTOR QUARTZ 1. 5
° 
x 1.50 1200 C. P'S. RECORDED 1.77 - 2. 25 IL N.A.

- "'N Or FiL.TER OBJECTIVE ON TAPE
GOBAL 12 1" - f/3.5
AT OPEN
DOOR

NOTE: IN GENERAL. INSTRUNTS ARE ISBJECT TO CHANGE By M(DIFIUAIIN 1UK KLvtOMUI.
LENSES. LENS SETINGS. FILTE9lO, FILM TYPES. ETC. ARE ESPECIALLY SUBJECT TO
CHANGSE DEPENDING UPON THE RECUIEMENTS OF T33E PARTICULAR TEST TO BE
MONITORED. R!FER TO DATA SU& UPIES PUBLISHED IN TIHERE-ENTRY DATA REPOInTS
FOR ACTUAL INSTRUM4TATION EMPLOYED FOR EACH TEST.

FOR IDENtiFICATION OF POSITIONS SUCH AS P., ETC., REFER TO SKETCI OF AIRCRAFT.

I>
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TABLE I-10

FILM SPECTRAL SPECTRAL D'-TECTABLE SPATIAL DYNp MIC TYPE OF DATA
TYPES RANGE RESOLUTION RRADLANCE RESOLUTION RANGE DATA APPLICATION REMAR S

• RXP .39 -A.6 L N.A. 6 ax0
"  

I M.R. POSITION OF OBJECTSi TRAJEC' TORIES; Ol- SENSITIVITY DEPENDS ON- SETTscI IME; LUMINOUS JECT IDENTIFICATION; TARGET ANGULAR RATE.

INTENSITY INTENSITY PROFILE

TP 012 It .1/1..~ 0. 1 M.R. - POSITION OF OBJECTS; TRAJECTORIES; OB- SENSITIVITY DEPENDS OSGLA S PLATE WATTS/CM TIME; LUMINOUS IN. JECTIDENTIFICATION TARGET ANGULAR RATE.TENSITY INTENSITY PROFILE UTILIZES GLASS PLATE
FOR INCREASED_ _ _ _ _ _ACCURACY.

2475 REC. .3J9 - 71 P. A. 2 x Io*
" 14

02 R P$T OFOJT;IIIEC'x 6 ROLL, a 0.2 M.R. POSITIONOFOBJrCTSa TRAJECTORIES; OR. GAEATER SENSITIVITYOWATS/CM TIME; LUMINOUS JECT IDENTIFICATION; FOR LOW INTENITY
INTENSITY INTENSITY PROFILE OBJECTS.

-47"REC .39 567 NRA OXL0L
4  

0.SMR. -. POSITION OFOBJECTS; TRAJECTORIES; OR- GREATER SENSITIVITY- I/x 56' ROLL WATTS/CM
5  

TIME; LUMINOUS JECT IDENTIFICATION; FOR LOW INTENSITY
INTENSITY INTENSITY PROFILE OBJECTS.

Z475 REC .39 - .7 $ N.A. 5 x I0 9 I M.R. -- LUMINOUS INTENSITY; INTENSITY PROILE PROVIDES USEFULS5 1/2!'x S61 ROLL WIATTS/CM A ALL EVENTS RECORDED QUALITATIVE RECORD

U OF RE-ENTRY.

1475 REC. OLL WA/.A 4x 
1  

o I M.R. -- LOW-LE4EL LUMINOUS LOW L NTENSITY SENSITIVITY DEPENDS ON5 I/Z" . 561 ROLL WATTS/CM INTENSITY TARGET DATA TARGET IMAGE RATE.

I479 REC1 /29 " 4A 4 x 5'6w-M.j - SPECTRUM INTEGRATED SPECIE IDENTIFICATION SENSITIVITY DEPENDS ON4 1/' x 06' ROLL AT BIL.ZE - OVER TARGET AND TRAIL TEMPERATURE TARGET AGUAR RATE.
4 x 10"' %/CMZ I M.R. --
WITIIOUT GRATING

475 aRC. 39 - .7 L 4A 4 RO
1

Lw/CM -1 1- SPECTRUM INTEGRATED SPECIE IDENTIFICATION- SENSITIVITY DEPENDS ONSI/ x 6 ROLL AT BLE OVER TARGET AND TRAIL TEMPERATURE TARGET ANGULAR RATE.-- 4 X 10I41W/CM I M.A.,
WITHOUT GRATING

Z- 475 REC. .$ -. 71A I0A 7 x 10'"ifw/cMz_ .I /2" .6' ROLL AT BLAE 5 - SPECTRUM INTEGRATED SPECIE IDENTIFICATION; SENSITIVITY D.PENDS ON
4xIOIW/CM IM.R. OVER TARGET AND TRAIL TEMPERATURE TARGET ANGULAR RATE.

WITHOUT GRATING U.V. AND VISIBLEC. S - .4)* (FILTERED)

I.R .6 - 9& .$A 6 x 10-
9 

W/CM
2

-. L I M.R. SPECTRUM INTEGRATED SPECIE IDENTIFICATION; SENSITIVITY DEPENDS ON5 I/2 ' x 56' ROLL AT BLAZE - OVERLTARGET AND TRAIL TEMPEXATURE TARGET ANGULAR RATE.

RECORDED V5.Z6 - N.A Sx IO
1

1 N.A. 106 I6rE ITY VS TIME FOR SPECTRALON TAPE .5739 IL WATTS/CM
2 

- SELECTED WAVELENGTH CHARACTERISTICS
BANDS

BOTHU ANODE AND PYNODE
RECORDED .5887 - N.A. 7 x 10'I

13  
N.A. 106 INTENSITY VS TIME FOR SPECTRAL SIGNALS OF THE MK ILA

ON TAPE , 59001L WATTS/CM 
2 

.; SELECTED WAVELENGTH CHARACTERISTICS RECORDED. DYNODE
BANDS SIGNAL OF EACH MK ISA

--- ___ - (LUEi. MULIPLLALD
RECORDED 1.13- 1,?2.I 7.A. Zx 10.11 . N.A. 104 INTENSITY VSTIMEIN SPECTRAL WITS&MSIIBGNAL
ON TAPE WATTS/CM . A TIHE I.R. CH(ARACTER STIC OF CORRS.PONDING

RECORDED .;T'~ 1,;.5 i;I . N.A- go' INTENSITY Vb TIME IN SPECTRALON TAPE WATTS/CMT j THE C.R. CHARACTERISTICS

75 7
.JC-121C P01I3 0 IDENTIFICATION (TOP VIEW)
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TABLE I-10 (Cont.)

SNORMAL

SPECIAL COLLECTOR FIELD OF VIEW SAMPLING FIIM SPECTRAL SPECTRAL
IMENT DESIGNATION LOCATION PROVISIONS FOCAL LENGTH - It VERT. AND HORIZONTAL RATE T"PEJ RANGE RESOLUTION

IRACKSNI ISTRUMENTS (SERIAL#)

35mmHIGNRESOLUTION G-1 NONE AERL/ONES oSO .0.70 IOOFR./SEC. XT-PAN 39 - 6$ N.A.
CAMERA SLAVE 764 /J4 35MMo 400'

GIMBAL 

It3

FORWARD
POSITION
IN CANOPY

T-1MILLIKEN DBM V DaMit FORWARD NONE CANON 8.4"x 11.70 128Fr./SLC. 247S REC. 39 -7. IL N A-
CAMERA MANUAL 2" 1/1.2 16MM X 4001

PEDESTAL (f45504)
AT OPEN
DOOR

MILLIKEN DBM V DaM 12 To2 VARO i.C. TUBE CANON 4..
° 

x S. 8 64 FR./SEC. 2475 REC. 7 .21.1 01 . 4 p
OR IMAGECONVERTER AFT MANUAL .S MAGNIF.: 4- -1/2 16MM x 400'
CAMERA) PEDESTAL AT RELAY LENS: (013769) FILTERED

OPEN DOOR .47 MGNIF.
SR INTERF
AVCO 10-I FILTER

MILLIKEN DBM V DaM M3 T-Z NONE CANON 8.4
a 
00.70 200 FM/SEC. 2475 REC. .914 N. A.

CAMERA AFT MANUAL v' - /. 2 16MM x 400'SPEDESTAL (f45664)
AT OPEN
DOOR

GSAPCAMERA OSAP*I 01 NONE CANON 4,20xS8. 3zFR-/SF.C. 2475 REC. .39 7 NA.
SLAVE 4" (/ 16MI x SO'
GIMBAL it (915191)
FORWARD
POSITION
IN CANOPY

GSAPCAMERA GSAP 12 0.2 HONE CANON 8.4c 11. 70 $Z FR./SEC. 247L REe. .39 - 7 N A
MASTER 2 - f0. tS 16MM xSO'
GIMBAL (122120)
AFT POSITION
IN CANOPY

GSAP CAMERA GSAP #3 T-I FILTER- CANON 4.e .80 6 FR.SE.. .70 -37

FORWARD IR INTERF. 4" . f/2 13MM x I00
4

MANUAL ACO23(29)

PEDESTAL AT AVCO #23 (#101911
OPEN DOOR

GSAP CAMERA GSAP 14 P6-3 NONL CANON 4. Z0 X S. 8
°  

32 FR. /SEC 2475 REC .A9 - 7 N. A.
SLAVE 4 * 1/ .0 16MM x so'
GIMBAL 92 (115557)
AT OPEN
DOOR

GSAP CAMERA GSAP 0$ T-2 OMNITAR 1.4
° 

2 32 FR./SEC. 247f" 39 -. 7 N, A.
AFT MANUAL OPTIONAL USE 2'. - I/3.3 16MM X 100,
PEDESTAL.0 OF AIR WEDGE 109706)
OPEN DOOR FOR MUhTIPLE

ATTENUATED
AIMAGES.

GSAP CAMERA OSAP #6 T-2 RS 07404 MAKSUTOY 6. x 08.9
°  

16 FR./SEC. Z475 35 -40 i H, A.
(U V. MACSUTOV AFT MANUAL I.'. TUBE 4" - f/. I, I |MM a 10O
IMAGE CONVERTER PEDESTAL AT MODIFILD 3-21
CAMZRA) OPEN DOOR P.IDTO-CATHODE

P,20 PHOSPHOR

CINESPECTROGRAPH QUEMO PW6 30/MM GRATW.G QUESTAR (MODIFIED) 0.80 2. I ZO FR.,/EC. 2475 REC. .39 * 7 $A
(QUEMO) SLAVE QUARTZ 4000 ADLAZE SO., '* - f/14 35MM x 100'

GIMBAL 2 NEATER DLANKET
AT OPEN FOR LENSDOOR

U.V. LONG U.V. LEX T-I ORATING: HILOER I WATTS 10.2 x 6.9* I0 FR./SEC. z7S .3 .. "IL ICA

EXPOSURE FORWARD 302 IANES/MM 81 0/3. 35MM x loo WHEN GRATING
SPECTROGAPH MANUAL 3600 A BLAZE IS USED. OTHER.

PECESTAL AT WISE NOTHR

OPEN DOOR

IMAGE INTENSIFIER I2 T-I 751/MM AND ACIIROMo CELESrRON 2
°  

40 FR. /SEC. TRI-X
CINE SPECTROGRAPH FORWARD ATIC WEDGE TO PLACE 40. 1/8 m loo. - ISA

MANUAL ZEAO ORDER IMAGE IN
TRACKING FIELD OF VIEW
PEDESTAL
AT OPEN 8.20 CATHODE SURFACE
DOOR P-11 PHOSPHOR

BARNES T1-122C 0.3 DETECTORS SO" WIi: FIELD 20 WIDE FIELD 2550 CPS RECORDED I - 3? (PM)
RADIOMETER/TRACKER MASTER 5.20 PHOT GMULTtPLIER 80" NARROW FIELD I/Z

° 
NARROW FIELD ON TAPE N. A.

GIMBAL AFT
PCOSITION IN 2.3-57(PS
CANOPr COOLED PbS 1.7S - 2 75 (Pt l

___ _ __ _ _ _ _ _ _ _
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TABLE 1-10 (Cont.)

-MAL MINIMUM
pLING FILM SPECTRAL SPECTAL DETECTABLE SPATIAL DYNAMIC TYPE OF DATA
TE TYPES RANGE RESOLUTION TRADIANCE RSOLbTION RAN E DATA APPLICATION REMARKS

FR. ./SEC X t. PAN .39 - 65 N. A. N.A. .01 MR. H. A. SPATIAL RESOLUTIOIN OF BODY HEATING. SHAPE IOH SPECTRAL
ISMMx400- VEHICLE AND WAKE AND DYNAMICS. WAKE RESOLUTION FRAMING

DETAIWB TELESCOPE

./3EC. 2475 REC, .39 -. ?. H.A. 10IZ IM.R. I04 LVMINOUS INTENSITY; NIBLENTENSIITY BASIC C-IE TRACKING
16MM K 400' WATTS/CM TIME; RELATIVE DE- HISTORY. SCINTILLA- AND BORESIGHT

PLOYMENT TION HISTORY; WAKE CAPABILITY.
CHARACTERISTICS;
RELATIVE SLOWDOWN

/SEC. 475 REC. 7- 1.pj .01 - 4JL $10
1  

I IM.R. 104 INTENSITY VERSUS MULTI-.TARO-T NEAR EXTENDS MILLDIEN
1UMx400 As WATTS/CM TIME IN TNPSNEAR IR I.R. INTENSITY COVERAGE TO I. lIm

FILTERED HISTORY; SCtITILLA- IMAGING RADIOMETER-
TION HISTORY

/SE. 2415 REC. .539. 71 N.A. 4x10
13

1 I M.R. 104 LUMINOUS INTENSITYI VISIBLE INTENSITY BASIC CINE TRACKING
16MM x 400 WATTS/CM TIME; RELATIVE HISTORY1 SCINTILLA- AND NORESIGHT

DEPLOYME6T TION HISTORY; V*AKE CAPABILITY.
CHARACI ERLLTICS;
RELATIVE SLOWDOWN

/SEC 2475 AEC. .39 - N.A. Ix I0,1 WATTS/CM
2  

1 M.R. 101 INTENSITY VERSUS TIMEC INTENSITY HISTORY; ORRIGHT RECORD FOR
'6MM x SO' POINTING POSITION A14D POINTING EVALUATION SLAVV GIMB.SL 11 AND

TRACKINO INFORMATION FORSLAVra OMDALOI; 35MM HIGH RESOLUTION
OBJECT IDETIFICATION CAMERA

, FOR THE NIGH RESOLU;.
TI)N CAMERA

/SEC. 2475 REC. .39 - 7 NA. I 10.12 WATTS/CM' I M.R. le INTENSITY VERSUS TIME: INTFNSITY HISTORY% BORESIGHT RECORD FOR
16MM x so' POINTING POSITON AND POINTING EVALUATION BARNES 122-21C RADIOM.

TRACKING INFORMATION FOR MASTER GIMBAL. ETEP. DATA AND POINTING
OBJECT IDENTIFICATION PERFORMANCE PNALYSIS
FOR BARNES'TRACKER

VC. HSIR .7. - .71L6 N.A. 10I3 I M.R. 104 NEAR I R. '-N ENSITY. NEAR I.R INTENSITY PROVIDES INTEGRATED
16mm x 100 WATTS/CM

-  
TIME; RELATI$A DE- HISTORY; SCINTILLA- I.R. DATA BY MEANS OF
PLOYmENT TION HISTORY; WAKE CINE INSTYUMENrATION.

CHARACTERISTICS;
RELATIVE SLOWDOWN

EC. 245 REC .39 - 7 N.A. 3 xle-1 WATTS/CM
2  

I lkP 104 INTENSITY VERSUS TIME: INTENSITY HSTOOY; 01EICHT RECORD FOR
16MM 0 50' FOINTIN P MTHIN AND POINTING EVALIIATION OUEMO 'INESPECTRO-

TRACKING INFORMATION FOR SLAVE rIMBAL #2; GRA't. MARK IIA AND
OBJECT IDZNTIFICATION MAR US5 RADIOMETERS
FOR MARK IIA. MARK IS
AND OUEMO CINE
SPECTROGRAPH

SEC. Z4?5 .39 - 714s N.A. 3X I0
"1 3  

0. 1 M.R. 104 LUMINOUS INTENSITY; WAKE CHARACTER. GREATER RESOLUTION.
16MM r00' WATTS/CM TIME IST.CSi SCINTILLATION

HISTORY; VISIBILE
INTENSITY HISTOkY

SEC. 2475 35- .40 IL ",A. I x 10
!
1k I M.R. 10

'  
U.V. INTENSITY& U.V: INTENSITY HIS- EXTENDS GSAP

16MM x 100' WATTS/CM TIME TORYt WAKE CHARAC- COVERAGE TO THE U. V.
(AT 30 MSEC T.RISTICS IN U. V.
EXPOSURE) REGION

1 EC. 2475 REC. 30 - 7 A 0.02 M.R. tA. SPATIALLY RESOLYVD SPECTRAL CHARACTER- CAN BE USeD AS A CINE
35MM x 1o0' N.A. SPECTRA OF WAKE AND ISTICS OF WAKE TEleCOPR WITH

BODY GRATING REMOVED

/SEC 2475 .3 -. 7/j ICA a. x l0'&W/CM- . I M.R. 104 U.V. AND VI3ILE LOW-INTENSITY P is IWGH-rSENSITYTY .INE
35MM x 100' WIE GRATING AT BLAZE VfIFIISITY; TIMEi TORY IN U.V. AD CAMIA IN U.V ANL

IS USED. OTnER* (AT IS 4i3FC TAROIGT SPECTRUM VISIBLE; TIME-:IE. VISIBLE. OR U. V. AND
WISE N.A. EXPOSURE) SOLVED SPECTRA VISIPLE CINE SPECTRO-

OnGRAPH.

AEC. TRI-X Is I - ITIORATINC 1.S SPECTRUM ON VEHICLE lPECIE IDENTtFICATrOH EXTREMELY HIGH SENSI-

3MM4. I00' 4A Ix 1
14 
WATT3/CMt .07 M.R. AND WAKE FROM LOW FOR, VEHICLE Alo WAKE TIVITY SPECTRO)ZETEIL

pA . ,INtENSITY TARGLTS CAN BE USED AS A CINE
7LESCOPE BY AEMOV.

WITHOUTORATI G 110 ORATINGI* Ili
1 

WATTS/CM
Z

RECORDrD . -';-v (PmI)' 1. x I01
b 

WATTS/042 I7 I-COLOR INTF:NSITY VEHICLE TEMPMdRATURE PROVIDES TRACKING
ON TAPE N A. 1. A. VERSUS TIME HISTORY FROM -COLOR INFORATION FOR

AEASUAEI-ENTS GIMBAL SYSTEM

1.7$ - "T$ (PbS) 7.4 x 1014 WATT5/PM
2  

10 POINTING
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TABLE I.~11

TRAP- TRANSPORTABLE 94STRUMENT TABLE AS OF 30 jIUNE 1967
AVCO EVERETT RESEARCH LABORATORY

-409MAL~o IRIMET ~ TIN OCTIN PECVIAL. COLLECTOR F'IELD or vImw SMT'L~ffo FILM SPECTRAL
INTUET =KTOH IOAIO RVSIN OCAL LENGTH It VERT A410 HORIZONTAL RATE TYPES RANCE

P ALISTIC CAMEkA DAL, 0I CANOE BINARY CODEDI 64.3. 610 "le 1-4 CIPS/StC, RIP It- 6$11
710. lZI MOUNTED ON CHOPPING PULSE WIDTH 4- It'SEET

PLATFORM
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PLATFOERM

xlTEO SPECTRO. K.24 01I CAN BE GRATING, JO5 7. ff1.s 23 A ItSIVJ/FAME 2475 RLEC. )9.7,4OR, pit TIM I1 MOUNTEDON LINES/uM I/2. 54.AOLL
ANY STEADY W 1005 LSZE

_______________ PATFORM

MvlDOR;;4CTlRO. X(.41i CANaE GRATING, 300 1. OnS 30%3, ISECSiFRAME 2475 AEG .19 '
GRP ID. #III kfOUNTED ON INXES/MM. $I" 01 x OLLD

ANY STEADY 0011A bLA/E
PLATFORM

TRACKINO INSTRUMENTS

MILLIKEN DOlM V SMYV MANUAL WSI 'CANON IsFS27 LC 9
CAMERA TAdING 24-~ Y -I yaPS 154101 3

PEDESTAL lWx0

GSAP CAMERA OSAP MAKIIAL NONEZ ANGE13EIJt 16 &S.m4o I F1PS 5475 REG. 31. ImYPACIG * /0.5 isM IS

PEDMSAL

CNr TELESOOPP! MANUAL SPECIAL QUESTAX SIJODIF# 1 11 0 fps ZI71. JOREGC 39.A.4
TRACKIM. L.%% 5. I- (p /Il. o
TRIPOD MODIFICATION IM04PE.JISTAL,

SPECTRAL DETECTABLE SPATIAlb DYNAMIC TYPE LlP DATA
ISTRUMENT AZSOLUTION IRtADIANCE .,RESOLUTIV RANGE DATA APPLCAYSON RolmIJtK$

71SKD MYRUMENTS I

BALL~TCAIIAA A. BI0 WAe/ON - 0~ (BIYON F OSECS. T~lLTGEXS~ AF.Y4ITIVITY DEPP.NIM ON
I MR.TIME, LUMINOUS OBJECT IDXMT~iCA. TP!IF1 .0UGJLAR RATZ

ITheNSITY TION. INTENSITY
_________ 715 VF-LE_____

DAI USTLG CAMERA 0JA WHEN It1
3

.III.C - I t I 106 CASDWE IRTAS OBEC=TAVit, PRGVOES USEFUL UALI.
(S.ETRLOTINI ISEOVITH hh10.4A415D A A4TDSV~ UsENYt "ATtN. ATIVE RECORD Or'

GRATING F. 0. I./N. Darnaw1 BEOIO.OSOTEAU0 INAOCTJt.Y Ri'Ll. RE.ENTRY
At b..q LIIS8NoU I-CTC3USTT OR SPECIE IDINTIFI.

COVERACE ". ALL CATION. TrMPERA.
OwJbmT TURr

CAMERA *A SxWOtl~t-. 111t 104 SPECTRUMINTEGRATEI SPECIF.IDNTIFICA. SENSITIVITY DEPENDSA ON
OYERTARGE-JANDTAAlL. TIOW. TEMPESATURE TARGET ANGULAR RATS

METEOR sPECTRO' 41A 4 a 10*11 An/mz) I M,R. lo" SPECTRUM INTEGRATED SPECIE IDENTIrICA. SENS(TIVITYDErPENOS ONGRAPHOeI OVLR TARGET AND TIONt TEMPERtATURE TARGET ANGULAXA RATE

METEOR SPECTRO. SA 4 A to",~tl!M
5
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G.RAPH#&I OVER TARGET AND TRAIL, TION. TEMPERATURIE TARGET, ANGULA!- -F'

TRACKING IN3TA-IASIT

MILLIII.ESDBM V H.A. 14I'.a., I 1M.R 10. LUrW&154 INTESITY, VISIBLE INTENSITY BASIC CINr TRACKINGCAMERA 04 TIM74 RE'LATIVE HISWORYg SCITILLA. CAPABILTYN DEPLOYMF14T TION III TORY, WAKE F

I CIIARACITEZTICS.I RELATIcVE SLWDOWN
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TASK 6.0 OPERATIONS AND MEASUREMENTS

M. R. Twombly

Introduction

During this reporting period, the TRAP-1 and TRAP-6 aircraft

(KC-135 and JC-1ZI respectively) and TRAP-Transportable ground station

pa.zticipated in twenty-four (24) re-entry monitoring missions on the Air

Force Eastern and Western Test Ranges and the White Sands Missile Range,

the majority of missions being accomplished at the latter location. It

should be noted that a mission, as used herein, is an activity for which a

monitoring platform is on station and the missile for which measurements

are planned is launched.- Therefore successful and unsuccessful missile

flights are included; last minute test -postponements, even though platforms

were on station in the re-entry area, are not. A summary of activities for

this period is presented in Table 1-12 which, for purposes of completeness,

also includes aircraft movement and maintenance information. The location,

referred to in parev#hosis after each mission insertion, indicates the staging

area of the airc raft or the monitoring location of the ground station, as

applic able.

Summary of Field Activities

The TRAP- 1 aircraft, after monitoring two extremely important Air

Force rrIissions on the Eastern and Western Test Ranges, returned to

Dayton in late January where all instrumentation was removed in prepara-

tionfor its input to Martin Marietta Co., Baltimore, in February, for a

n6dification adding eleven optical windows. On completion of the modifica-

tion, an aircraft IRAN (Inspect and Repair as Necessary) is scheduled and,

at this writing,' it will become available again for equipment reinstallation

during the month of September. The effort associated with, and a descrip-

tion of the equipments to ba installed after modification are detailed in

task 8. 0 of thins r-eport.
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I' TABLE 1-12

OPERATIONS AND MEASUREMENTS ACTIVITY SUMMAY

RAA AIRCRAFT (JCISICl TRAP.1 AIRCRAF(KC-115)

5- DEPART NICSXAM Ara FOR ENIWETOK P

tt
DEPARTA~i .O MACRAT ~ (S DEPAR:DAYTON FOSwOMISDLAS RORX IRR

ETA7 "AAOWINDAAY DATOIIC ACNIN

ARRTR DAYTOTNK FOX EOUIPMENT REMOVAL PRIR IRCAF

ARR.IVE M.CLELLAN AFm z~~IMN~MYLOPEr

ARRIVEHOLLOMN AFA ACRAFT 149 HO1,R Pr.RbODLGWP ~.MCt~CU

5T 5. 5-.

SO '_{DIMJ, 6) OA SLOOATA WOLWM..HAFb( O TA27

I1 ~ ~ ~ ~ ~ ~ ~ ~ t H5. ARVACTSHSAI ( OUR PERIODIC INSPECTION COMPLETED

T DEPART ASCEIOON FPATAICC AF5 FORl REPAIR OF A/C
2. DAMAGE CAUSED fTGROlAUHD ACCIDENT

ARIEPATRIC AraFo- DEPART FOR MARIN AIRCRAFT CO.. BALTIMORE. FOR ACRAFT7 2

iip~~jcAFA OR IOLLMANAFA.LO .1 NGIE WINDOW MODIFICATION

30 = AN LANDEC AT KELLY .SFB 'OR AN ENINE CHANGE

.o 30.-3

z DEPART KELLY AFa FOR RAMEY AFI. PUERTO RICO
S 5_

ETA 7M7. bATA OBTAINED (RAMZY AF'B)
ARRIVE HOLLOSIAN AFB

0

CWM IS , DhTA OTIcVIOLLO7AN AFr) a5 IS~ NO TESTS MONITORED THIS MONIMH Is

~20 2D ~ 2 20

rWSR 1 DATA OBTAINED (IIOLI.OMAI4 AFra)3 512
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TABLE 1-12 (GONT'D)0
TRMP-6 A3)RArl 01-121 ,j.RAP-1 AKACRAP, 533

[WW 71 10 TARGET. NO DATA. AIACRArl IN CLeijM DUIM3

WSM*A 74. R-NR HLOA m

10.1 I03

SN 751 DATA OBTAIED (IIOLLOMAN APr)

IS 3 IS NO TESTS MDNT$0RED TIllS IAOUTILI

2. 20 20 20
DEPART FOR. UtCILLAM~AY6 301 AICRATT REPAIRS

25- 2 23 25

3030 30 L30

ARRIVE IIOLLOMAN Ar

vEPAR1v )WLoMAw Arm FOR ASCENSION

ARRIYZ ASCENSION I
100 To

DEPART ASCEMSION rOR HOLLOMAN AMR ETA WtIS SUPPED
20-' UNTIbIJUlZ 200

AARUZ HOLXOMAN AFB

25-,22

30- 30 30

ISMR I% DATA OBTAINED (SIOLOMAM AMD

S 5 ST

*SMR 901 DATA OST%=SD (NOLLOMAN Ar)
DEPART FOR ENIWZTOC

10 3~-0 100

ARRIVEENIWETIC NO TEST MONITORED INS MONTh.

WTR 3060, DATA, OBTAINED (94WXTODK) -.- 0

ITA S0223 DATA 03TAD3ED (EMlWETOI(3

235 
2.5

301T0 3 . 30

al So
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TABLE 1-17- (CONTtD)

ThAP.13AHPORTABLM M$OUND STAI 10* TRP-TP &SPORTAP.LI CAOWD 4STATION

11 M.10TRO H MR

H~~s is, O TRSTS uOOOED11$ m*11 8S OOOD Wts011tH

j220 20t2
2 I - 42

30- w 30. 30~

S5

~~tO~1 NO1 TZSTS M0OOOEO TIO MOM1T

0.:120 21D 20

so- 10 0

C~wSl 79-. OAI OSTAD (soLE SMGTS

?MP4AP- DEPLOIZ 00WM

$1~ ~ ~ ~rW 41AA -~= ($: tIMASIOTOMOSOSi~r ~
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Because of the unavailability of TRAP-i, the TRAP- 6 aircraft was

called upon to move frequently and expeditiously during the reporting

period in order to support SAMSO designated missions on all three of the

National Test Ranges, After supporting tests in the Kwajalein area during

the month of Janua.ry, the aircraft then monitored a mission in early Feb-

ruary at WSMR, departing immediately thereafter for Aacension. When a

ground accident caused structural damagb to the aircraft which could not be

repaired at that location, the aircraft departed !or Patrick AFB for repairs

after which, an uprange BOA ETR mission was covered in early March.

The following two months saw the aircraft monitoring several missions at

WSMR. Another trip was then made to Ascension in May; however, when

the designated mission slipped several weeks, the aircraft returned to

WSMR again to support missions there. In early June# when activities at

the Western Test Range increased, the aircraft then returned to Eniwetok

to provide the required TRAP support.

The TRAP- Transportable ground station continued to be a valuable

adjunct to the TRAP-program during this period of activ ty. The system

was deployed to WSMR on two occasions during which the TRAP aircraft

were engaged in providing support on other Ranges, and monitored five

missions at that location. In late June, the system was deployed to Kwajalein

to provide low altitude coverage an an extremely important mission scheduled

in early July.

Operations Activities

Earlier this year, a Field, Operations group was establishcd and given

the tesponsibility for the operational aspects, of all AERL platforms (TRAP
and NIKE-X), so as to provide a commonality of approach to field procedures

across all prograras. The training of all field personnel will also fall within

the responsibilities of this group.

Due to gerious inadequacied over the past several nionths in the TRAP- 6

Base Support at Eniwetok, AERL representatives attended a meeting at

SAMSO in January to discuss critical Items such as crew housing, transpor-

tation aircraft ground support equipment and POL, etc. On the following day,

* the meeting was moved to Vandenberg AFB with AFWTR representatives

also in attendance. All items were again discussed, and action items directed
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to appropriate individuals. The Base Support situation at Eniwetok was

reviewed in June, prior to the TRAP- 6 arrival, and was found to be
significantly improved.

A meeting was held at Holloman AFB in March to discuss the Base

Support requirements of the TRAP- 6 aircraft at that location over the next

eighteen-month period. In attendance were representatives from the SAMSO

Athena, Field Office, AERL and Holloman AFB. The Base Support require-

ments listed in the TRAP- 6 contract were reviewed, and it was determined

that all items could be supplied with a few exceptions which were not

available. These items have subsequently been requisitioned and are pre-

sently on site.

Training (G. Kaiser)

Training activities have been increased to upgrade the efficiencies of

the data gathering personnel. A program has been established whereby new

personnel are assigned to their experienced counterparts as part of a "total

immersion" training technique, in which the experienced individual tutors

his supernumerary in all pertinent phases of instrument and system charac-

teristics. As part of this, during equipment installations or test periods

when an ircraft is at a CONUS location, trainees are subjected to formad

instruction in the procedures by their counterparts. Further instrument/

system familiarity is gained by having personnel accompany instruments

which are returned to vendor facilities for service or modification. Another

similarly successful training technique is the establishment of training

classes on new equipment in which a vendor supplies a competent engineer

to conduct a serie4ofinstructioninthe theory, operation and maintenance

of subject equipment. All of the aforementioned have proved to be extremely

successful in advancing the education of newly assigned personnel,

Also, a training course in semiconductor theory and applications has

been instituted for TRAP ileld personnel who operate and maintain electronics

equipments. This consists of a correspondence course augmented with class

presentations by AERL engineers to expand the knowledge of field personnel

with respect to semiconductor theory, devices and applications of these

devices.. The course is considered to be a thorough, easily understandable

source of information which will aid trainees in the understanding and use

of equipments containing the latest semiconductor devices.
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2J, Improved Training Aids

Evaluation of tests conducted both at AERL and in the field indicated

the necessity of improving individual skills in the use of pyrometric mneasur-

ing devices associated with photometric calibration. As a result, a training

aid was designed and fabricated which consists of a variable, calibrated

light source, with a pyrometer mounted on an adjustable rack. This new

training unit allows field personnel to quickly develop focusing and scale

reading skills, thereby increasing the accuracies of brightness temperature

readings performed during field calibrations.

The efficiency of the training program is expected to be increased by

the acquisition of audio/visual training aids. Plans are underway to video--
tape subject matter which will enable the training department to conduct

more intensive instruction, especially in those areas which, by their nature,

are complicated and necessarily repetitive. An example of the specific use

of video tapes is illustrated by an existing pilot tape which introduces train-

ees to the intricacies of servicing a high speed cine camera. In addition to

allowing a wide scope of readily available subject matter, the video tape

medium will greatly reduce the demands on personnel now required to can-

duct courses, since the tape is adjunct to the training program will effect

both an upgrading of individual technical skills as well as accelerate the"

entire training effort.

Tracker Training

Acquisition and tracking training at AERL is being conducted on a

continuing basis with the goal of introducing the basic art of tracking to

new trainees and maintaining the proficiency of experienced trackers. It
is planned to upgrade the tracking simulator in the near future by the

addition of gear driven position indicating output potentiometers on the

tracking pedestal -nd a recording device which will allow tracking efforts

tobe accurately recorded on atime andposition basis. The present method

of recording trainee performance "ii-.es a e .-^-nera mounted on the

tracking pedestal, and while extremely useful in evaluating tracking accur-

acies, it does not allow a time-based analysis to be made. When this modi-

A fication is completed, the tracking record will permit an analysis of every

motion made by the tracker and an evaluation of those exact areas of mis-

track as well as the time delay involved in target acquisition.
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TASK 8.0 TRAP-I UPGRADE

P. D. Howes

Introduction

The task of upgrading the TRAP-1 re-entry monitoring platform

was initiated by CCN #1 to the AF 04(694)-865 contract which was received

during this reporting period. What is presented in this section by way cf

an activity summary is the proposed design for the upgraded and interim

operational systems for TRAP-i. The interim system is that complex of

equipments which will be operational until procurement of the major system

components for the upgraded system has been completed.

The pacing item in terms of schedule for completion of the upgraded J

TRAP-I system is the gimbal subsystem. At this time, proposals from 4

several vendors are under evaluation by AERL. These gimbals, fur' ner

described in the following pages, will be 3-axis subsysterrs which wi.ll be

capable of operating in'azinuth, elevation, and fore and aft translat" on to

allow the widest fi.eld of view possible from behind the aircraft windows.

The interim system is scheduled to become operational on apiproxi-

mately 1 October 1967. The final upgraded system operational date i3 not

firm at this time but is expected to occur approximately one year later.

TRAP-i Platform

The TRAP-I platform is-a specially modified USAF JKC-135A

(S/N'55-31341 aircraft which is used as a re-entry monitoring platfornt

to acquire optical re-entry radiation data in support of ABRES and BMRS

experiments.

The TRAP-i aircraft is currently undergoing modifications by the

Government which will permit the implementation of an upgraded measure-

ment system capable of meeting the present and future optical data needs

of the TRAP program and its users. AERL has been providing close

support to SAMSO and Aerospace in defining the modification requirements

for the platform.
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Figure 1-19 shows the JXC-135 platform before modification.

During the modification, 11 optical quality windows are being installed in

the left side of the fuselage. These windows will provide a clear viewing

diameter of 27 inches and will permit the installation of a matrix of .nstru-

ments which will markedly enhanc,-e the optical data acquisition capabilities

of this platform. When completed, the outward appearance will be quite

similar to the TRAP-7 aircraft shown in figure 1-20.

Aircraft Configuration--A basic aircraft configuration and equip-

ment layout for the TRAP-1 aircraft was conceived by AERL after con-

siderable thought had been given to the optimum location for the various

components in an effort to gain the maximum viewing area for monitoring

purposes and, at the same time, not compromise the weight and balance

of the aircraft or crew comfort.

The preliminary aircraft layout for the upgraded TRAP-1 system

is shown in figure 1-ZI. Basically, the area along the left side of the

fuselage has been allocated as the location for all of the sensors and their

mounts, while the right hand side has been allocated for the installation of

all of the supporting systems, controls, and displays, power distribution,

and on board- support equipment.

TRAP - Canopy
AERL has participated with the Martin-Marietta Company in a con-

ceptual design for a new canopy for TRAP-I. This canopy will be configured

to provide a convertible window area. The convertible feature will ultimately

allow use of the canopy in any of three modes:

a. Two 30 t" x 60". glass windows with a central 171" x 2411 window.

b. Two sets of openable doors replacing the 30" x 60" windows
to allow USa Of the Canpy in an nnAn t~v~~ epn4Ia?,+46-n

c. Any combination of a. and b. above.

The primary advantage of the large window is that long, g'mballed

payloads are afforded a superior field of view with no wing cutoff, whereas

payloads of this nature otherwise might require a 4-axs gimtal for the same

or less angular coverage if mounted behind a fiselage-located circular
window. AdditionaUly, fixed instrumentation placed in the canopy will have
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less field of view obstruction than from any fuselage-mounted position,

with the possible exception of the cargo door or window Pl.

Utilization of the canopy in an open cavity configuration which

provides the optimum loca.ion for future inrfrared sensors is the ultimate
QQ ,Z usage to which th, canopy design is directed. The open cavity approach

is necessarv for mid- and long-wavelength infrared measurements, where

optical window material is not obtainable. The canopy location for such

instruments also places them well away from the engine exhaust area

which creates severe optical signal degradation in the IR wavelength regions.

The scope necessary to realize and utilize the open cavity configura-

tion is outside of the present upgrade task. The canopy will be utilized in

the upgraded system with the glas windows installed and with the matrix

as shown in figure 1-22.

Upgraded System

In the upgraded TRAP-1 system, functional flexibility has been

incorporated to minimize futui e perturbations caused by changes in the

sensor matrix, to provide support daca for the analytical efforts on both

sensors and systems, to allow more eapid recall of recorded data for

analysis, to insure a high quality and reliability of all data collected and,

in addition, to include sufficient capability to facilitate sensor ant systems

testing prior to a mission to maximize the probability of success.

The upgradedt system configuration for TRAP-1 is depicted in

figure I 22. This zoncept and configuration and performance requirements

have been evaluated during a preliminary design phase. The concept

exhibits a flexible solution to the roblems arisng from requiremeats

that are determined by a contiaually changing program. The system con-

sists of the following major elements integrated into the JKC-135 aircraft:

a. Re-entry Measurement Sensors

b. Pointing System

c. Data Acquisition and Recording System
d. Timing and Sensor Control System
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_______________________ ________________



wi 0

Md: 0-

V) CL 2 a C-WU

030 <OZ~1 R

m Q 0: PZ WO C-igL - .
>CD : (W~l jzhiitJ4Io z j n

cr 0 -j 
6 z

ZO11 c I-.I0

cc (1 140 *x N -

a.. u) W<
z (tz0

Z w-J4~

0 W (DZ 

) I,- <

oD <2~ u) (

ti) 01 L.- w U I
2 N

p CD (/)! w 1- 4

iW L l. LL

a. 1- < o-1

(a Ma. P

_ _ _ _ _



Measurements to be made by TRAP-1 must be self-contained

and, consequently, a mixed instrumentation complex which meets or

exceeds the program needs is required. These measurements will include

metric, spectral, radiant intensity, and optically resolved data. The

metric data, while closely related to all measurements, is uniquely

oriented to measurement of trajectories and re-entry complex definition.

Spectral data is required both to determine and to investigate vehicle

performance, as is t*-1he radiant intensity data. The optically resolved

data has major usefulness in determining and measuring precise perform-

ance or anomalies. This, then, is the framework within which the TRAP-1

instrument system, its sensors, support equipment, and subsystems have

been defined and system design is being accomplished.

TRAP-1 Windows

The existing TRAP-1 window material consists of crown glass in

eight of the eleven fuselage windows. Two of the remaining three windows

are water-free quartz and one is fused silica. The cargo door windows

are '. Aieved to be fused silica and will be tested for verification.

Fused silica is required for instruments with wavelength responses

extending into the ultraviolet past approximately 0. 38 p., whereas water -

free quartz is refined beyond approximately 1.7 A and exhibits good trans -

mission to approximately 3. 0 /1.

Sensors

The sensor complex for the upgraded TRAP-1 system is configured

to produce interpretable data for use in the evaluation of re-entry systems

being tested by BSD and to serve as a basis for studies designed to obtain

an understanding of the physical processes involved in re-entry. Specifica-

tions of the specific sensors to be employed are surmmnarized in table 1-13

or are included below aj required for the discussion of a sensor upgrade

activity. Sensor locations are shown in figure I-ZZ. In this section,

3ensors are grouped by major function into four categories: metric,

spectral, high resolution, and intensity.
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TABLE 1- 13

SENSOR CHARACTERISTICS

Twin Streak Ballistic Camera

Lens 6" focal length, f1/6. 3 metrogon

FOV 800 vertical x 1140 horizontal

Film 8i x 10" sheet

Spectral range 3900 R - 6500 A

Minimum detectable 6 x I013 watts/cm 2

irradiance

Spatial resolution I mr

Note: Also operable with a 4 chop/sec pulse width code as a mission option.

Twin Wi d/AERL Nodding Ballistic Camera

Leni Universal Aviogon, 6" focal lengthf/5.6 <
FOV 740 vertical x 740 horizontal

(single camera-)

Sampling rate 1 - 4 chops/sec, pulse width coded

Recording medium 9 1/2" x 10 1/a" glass platoe'

Spectral range 3900 A - 7000 A

Minimum detectable 5 x. O 13 watts/cm2

irradiance

Spatial resolution 0. 1 mr

Twin.Spectral Ballistic Camera

Lens 6" focal length, f/6. 3rmetrogcn

FOV 800 vert x 1140 horiz

Spectral range 3800 - 6500 .<
Ppectral resolution 6 A

Spatial resolution I mr

C¢
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TABLE I - 13 (Cont'd)

i I Twin Spectral Ballistic Camera Contd.

Minimum detectable 1 x 10O1 watts/ cm 2

riradiance

Lines per mm 300

Blaze wavelength 60 60

Barnes Cinespectrograph

Gratin S:

Lines per mm 400

Blaze wavelength 4000,R
Central wavelength 5095

Lens:

Type Barnes Maksutov corrected Newtonian

Focal length 12" (305 mm)

Aperture ratio f/. 7

FOV 5.2 zn 10.8 °

Camera-

Type Photosonics 5C
Film size 70 mm

Sample rate 5, 10, 15f/s
Shutter angle Variable 300 - 1Z °

System:

Spectral range 3000 - 7000 R (to 9000 with different
grating)

Spectral resolution Z

Spatial resolution 7.8 m at 105 m
V Dispersion 81.5 R/m

-98-
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TABLE I - 13 (Cont'd)

40" Telespectrograph

Manufacturer General Electric

Visible Prism:

Grating (B &L type 35-63-71-63)

Lines per mm 200

Blaze wavelength 5500.9

Center wavelength 5100 R
Blaze region 3700 - 7300R

Prism:

Material BSC-2 glass

Angle 11 032,
Infrared Prism;

Grating (B & L type 35-53-70-63)

Lines per mm Z00

Blaze wavelength 7800.

Center wavelength 710 ,

P Blaze region 5200 - 11,000 R
Prism:

Material BSC-2 glass

Angle 160 4,

Telescope:

Manufacturer Wollensak

Fccal length 40-inch

Effective f/no. f/8, 0

Type Cassegralnian

Corrector Maksutov

Primary Spher.*.cal f!6.3 
Camera:

Manufacturer Giannini Model 207

Format Double frame 35 mm
36 x 24 mm

-99-.
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TABLE I - 13 (Contld)

40" Telespectrograph Contd.

Carnera Contd:

Framing Fixed 10.89 f/sec

Shutter angles 1, 7, 17 degrees

Exposure times 0.76, 5.3 and 13 msec

Film capacity Special magazine, 100 ft

System:

Spectral resolution 1

Spatial resolution 2 mm at 10I m

FOV 20x 1.4

Size 10 x 19 x 24 inches

Weight 80 lb (less balance weigh"'

Moment of in.--Ia 3.2 lb-ft-sec 2

Sensitivity (telitative) 3x 1010 (w/cm-11)

Coverage:

Visible prism 4300 k - 6100 .

infrared prism 6200 R - 8000 R

Infvared In-Line Cinespectrograph

Manufacturer General Electric

Grating:
Lines per mm 300

Blaze wavelength 6000 X
Center wavelength 7615.R

Prism:

Material BSC-2 glass

Angle 25053

Lens:

Type Kodak Aero-Ektar S

Focal length 12"

Aperture ratio f/2. 5: 40A; tov40

-00-
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TABLE I - 13 (Cont'd)

Infrazed In-Line Cinesectro raph Contd.
Camera:

Type Traid 75A

Film size 35 mm

Sample rate 10, 20, 40, 60 f/sec

Shutter angle 160 °

Exposure time (msec) 44.5, 22.2, 11.1, 7.4
System:

Spectral range 6360 - 8860

Spectral resoluton 4 R

Spatial resolution 0. 07 mr

Dynamic range 10

Sensitivity 9 x 10 "6 w/cm 2 -1

Yisible _In-Line Clne spectrograph

Manufacturer General Electric

Gratirg:

Lines pex mm 300
Blaze wavelength 5080 R
Center wavelength 4878 .R

Prism:

Material BSC-Z glass

Ln Angle 15° 331
tens: * .

Type Kodak Ae-o-Ektar

Focal length 12"

Aperture ratio f/2. 5

FOV 40
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TABLE I -13 (Cont'd)

Visible In-Line Cine spectrograph Contd.

Camera:

4 Type Traid 75A

Film size 35 mm

Sampling rate 10, 20, 40, 60 f/sec

Shutter angle 1600
Exposure time 44.5, 22.2, 11.1, 7.4 msec

System:
Spectral range 3750 - 6050 A

Spectral resolution 4 R

Spatial resolution 0. 07 mr

Dynamic range 10Z

Sensitivity 3 x I0 -6 w/cm2 -M

Atomic Line Radiometer

Manufacturer GCA/AERL

Optics:

Aperture 7"

Focal length 18.5"

FOV °

Spatial filter 60 sector, 1800 rpm

Birefringent filter Comb spacing - 6 R at 5900 R
Dielectric filter 5893 A center, wavelength,

-24 A passband

Outputs--signal Two - 2. 7 decade each basic
frequency 1800 Hz sidebands
1650 and 1950 Hz sync pulse
phase reference for polarizer

Detector S-Z0 photomultiplier,
EMR type 541 E-01

NEPD (tentative) x watts/c2

Z watts
Min. det. intensity at Il km
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TABLE I - 13 (Cont'd)

Atomic Line Radiometer Contd.

Optics Contd.

Modulation frequency 150 cps
Dryamir range 4.5 decades 0

Ambient temperature -65 to+ 135°F
range

Controlled internal temp. 75' - 800 F

Barnes Vis/IR Radiometer

Aperture 8 in.

FOV 1 0 o both ch-n-el- reducible
to I/Z° in both channels by field
stop activated by a front panel
switch

Detectors: Visible Channel S-20 PM

NEFD (1 cps BW) 8 x 10 1 watts/cm (tentative)

IR Channel Thermoelectrically cooled PbS
NEFD (I cps BW) 8 x I0 " 14 watts/cm2 (tentative)
Spectral range (points of

1/2 max response):

*risible 3700 - 5600 A

IR 1. 75 - 2, 75
Background suppression 300:1

Reticle chopping frequency 730 cps

Dynamic range 105 max

Output impedance Less than 1000 ohms. Logarithmic
output channels.
Output 0 to + 10 VDC, linear + 5 VAC,
for each channel.

L Sun shutter provided for
protection against solar
radiation:

Size - 11" dia,'2 0" length

Weight (of telescope) - 35 lbs.

-103-

A o~



TABLE 1 - 13 (Cont'd)

80" Jones High Resolution 35 mm Camera
Camera:

Type Mitchell 35 mm GC

Format 18 x 24 mm (single frame)
Framing rate 0 - 128 fps, continuous17, variable

by means of an external variac

Shutter angle 0 - 170 °0 variable in 150 increments

Film load 35 mm x 400' magazine

Running time 50 sec at 118 fps

Weight 40 lb with film

Boresight pt'ovision A viewfinder is attached to the door
on the side of the camera. A rack-
over device provides a means of
sliding the camera to the cide to
'that the viewfinder looks through
the leno.

Timing lights Neon type

Exposure When the variable ehutter is set
to 150, which is the first opening
above zero, the exposure time
at 128 fps is 0.325 mse:. A
modification could provide an
exposure as small as 22 p. sec,
without reducing the light cone of
the optical system.

Optical System:

Focal length 80"

Aperture 6.25" 0. D. x 2. 3" I D., resulting
in an effective dia. of 5. 71 or f/14.

FOV .50 vertical, 7 horizontal c'an the
18 x 24 mm format

12 .: Zla i-n ( , Filw) 1. 5 to 2 sec oi arc

1 Rayleigh limit 1 0 sec

-104-
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Metric Sensors

Three types of metric sensors will be installed on TRAP-1 to

insure comprehensive trajectory determination. The three types, Twin

Streak BallisticS, Wild Ballistics, and Super Stars, have been employed

successfully on TRAP platforms for several years. Reduction methods

have been well documented.

Twin Stizak Ballistic

A Twin Nodding Ballistic will be u ee as a streak ballistic. tn

this mode, the camera is normally operated unchopped and in a fixed

position and provides a valuabl3 total event record of the entire re-entry.

This record, uninterrupted by chopping, is extremely useful for object

identification and scintillation bistory a.,d provides a necessary data

reduction aid by providing a continuous record of re-entry data. Also,

th s camera will have the capt.bility of being utilized in a nodding configura-

tion, depending on mission objectives. While the Nodding Twin Ballistics

and Nodding Wild Ballistics, with their stretched out star traces, are

generally the best for reduction, the nodding does dim the star traces to

some extent. Should Door observation conditions prevent the ready iden-

tification of star traces, such identification is made by utilizing the streak

ballistics.

The flexibility afforded by employing a set of standard ballistic

cameras in a streak mode is of major operational importance. It allows

the option of using the streak ballistic as a standard Twin Nodding Ballibtic

for multiple object re-entries whenever it is desirable to time phase the

ballistic data to preclude severe overtracing of objects, In addition, the

different location of the streak ballistic allows it to be used as a standard

twin ballistic if OSP changes cause wing cutoff of the re-entry phenomenon.

Wild/AERL Nodding Ballistic

A Twin Wild/AERL Nodding Ballistic camera will be utilized to

acquire high spatial resolution ballistic data for all objects in the re-entry

complex. The Wild camera has been of great value in identifying closely

spaced objects and in obtaining deployment data and has been installed on

all of the AERL TRAP aircraft for some time.

-105-
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Super Star

A Twin or Triple Super Star camera will be utilized to provide

increased sensitivity over the Wild and AERL ballistic cameras. The

gain in sensitivity allows recording of higher altitude images or faint

objects which are below the thresholds of the other ballistics. Such an

instrument has successfully been used to record decoy position data in

lower altitude regions.

Although the field of view of the Super Star camera is small in

comparison to the standard ballistics, star images are sufficiently

recorded for use in nighttime re-entry trajectory analysis. These "Super

Stars will be aligned in parallel with the flight path and have slightly over -

lapping fields of view to monitor a substantial portion of a re-entry.

An additional advantage of the Super Star cameras is that they

are a framed racher than a single frame instrument. The framing pre-

vents obscuratiou of images sometimes caused on a regular ballistic by

the close proximity in a direction normal to the flight path orfor instance,

a faint R/V image and an overexposed rocket body image. If any time lag

exists along the flight path between objects, the angular separation is

immediately evident and relative angular position information between

objects at any instant is readily determinable in both a qualitative and a

quantitative sense provided the objects fall within the field of view. Super -

imposing all frames of data via alignment of fiducial marks on the film

will comprise the total portion of the re-entry covered and readily indicates

images writing on the same area of the film at later times.

In essence, the pr-imary reason for"Super Star" cameras is to obtain

data on faint objects or high altitude optical data, which is primarily utilized

to add to both the accuracy and amount of trajectory data available from

other ballistic camera reduction.

* Characteristics of the existing Super Star presently employed on

the TRAP-6 aircraft are compared in table I- 14 to one of the choices

being considered for the upgraded instrument planned for TRAP-1.
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TABLE 1-14

SUPER STAR CHARACTERISTICS

Existing Proposed
AERO-EKTAR ASIRO BERLIN

LENS:

Focal Length 305 mm 150 mm

Diameter 122 mm 100 mm

Fig%,,ee of Merit* 48. 8 66. 6

Resolution

Spatial 25 1/mm Z5 1/mm

Angular 1.3 x 10. 4 radianb 2.7 x 10- 4 radians

CAMERA: K-24 MAUER 70 mm

Format 140 mm 2  57 mm2

Field-of-view 260 x 260 220 x 220

Twin System 260 x 480 22 x 400

- Frame Rate 2 frame/sec maximum 6 frame/sec maximum

I frame/sec normal I frame/sec normal

Frame Time < 0.5 sec - .2 sec

*Figure of Merit for a Streak Camera (diameter)2 /focal length

10
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Spectral Sensors

Spectral data on re-entry objects is obtained by both fixed and

tracking sensors. Both types of sensors are utilized to permit the gather-

ng of data on both a single object of interest as well as on all objects in

the re-entry complex. ThL fixed sensors to be utilized on the TRAP-1

aircraft will be framing sti eak spectrographs and a twin spectral ballistic

camera.

Streak Spectrographs

Framing streak spectrographs are superior to cinespectrographs

for the purpose of detecting isolated, moderately weak spectral lines and

bands in the presence of a continuum.

The reason for the difference is as follows. On a ",1 tracked

cinespectrograph record, in order to be detected reliably (either by eye,

on an anamorphically widened print, or on a microdensitorneter tracing),
based on our experience, a line must ha cre a peak density at least - 0. 3 D

above the background continuum. Lines weaker than this will not be

distinguishable from random emulsion grain. However, on a streak

spectrogram, lines having a peak density of - 0. 1 D above the continuum

can be detected readily by eye because the eye automatically performs an

integration along the time axis of the spectrogram, thereby improving the

effective signal-to-noise ratio. Similar statements apply to the molecular

bands. The validity of this argument is easily demonstrated by masking

all but a narrow strip of a streak spectrograph recvrd to simulate a cine-

spectrogram. It will be found that weak features will not be seen which

are readily identified when the entire streak spectrograph record is

exposed to ,-ew.

The existing class of streak spectrographs currently in use by

AERL will be upgraded for the TRAP-1 platform. Primary requirements

for the upgraded instruments are:

a. Field of view in excess of 300.

b. High sensitivity.

c. High angular resolution. ,

Desirable featuz s include minimum cycle time between successive

frames and small physical size.

-108-
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To provide optimtun and complete spectral coverage of the re-entry

complex from . 35 i to . 9 g requires three separate instruments, one for
each portion of film recordable spectrum:

Ultraviolet - .35 j-.55

/isible - .4,- .7*i

Infrared - .6 u- . 9/1

With a minimum field-of-view requirement of 30, the la-gest film format

practical is desired to allow use of the longest possible focal length to

maximize angular resolution. The specific lens requirements for each

wavelength interval are described below.

U1traviolet System

Three possible instruments have been considered to meet the
desired design requirements of high UV sensitivity and wide iL,ld of view

with as high a spectral resolution as possible. The characteristics of two

of the instruments, the Hilger -Watts presently utilized on the TRAP-6

aircraft and the Barnes UV lens, are summarized in table I- 15. A third

lens system was also considered. This lens, to be designed to AEEZL

specification, was deemed to be undesirable in terms of the higher total

cost vs. an uncertainty of the final results.

From the specifications of the two instruments in table 1-15,

it would appear that the Hilger-Watts lens would be slightly more sent>-

tive, 1. 65 to 1, for unresolved streaked targets, whereas the Barnes

instrument would have a greater angular coverage and a smaller physical

size. We were able to obtain one of the Barnes lenses for testing so that

a direct comparison between these two lenses was possible.

Two of the Hilger-Watts lenses were analyzed. The better of the

two, #61, was used for all further comparisons with the Barnes lens.

The other Hilger-Watts lens' poorer performance was probably due to

representative of this type of lens.

" Figure 1-23 shows the on-axis modulation transfer function for

both of these lenses utilizing an interference filter to prevent chromatic
shift from masking the re.l.s. hile this wavelength region is not
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TABLE 1- 15
UV STREAK "PECTROGRAPH

Present System Proposed System

Lens HuIger Watts Barnes

Focal Length 200 mm 105 mm
Diameter 57 mm 32 min
Figure of Merit 16.25 9.7
Resolution**

Spatial 12 1/mm 35 I/mm 4
Angular 1.7 x lO 4 rad 2. 5 x 1O-4rad

Fiew of View 20o * 3.80

Camera AISCM Mauer 70 mm

Format 140 mn sq. 57 m-n sq.
Framing Rate Pulse I frame/sec 20 frames/see

2 frames/sec capability
Framing Time 4.5 sec

Spectral Characteristics

Grating 300 gr/mrn 600 gr/mm
Order Ist Ist
Linear Dispersion 166 A/mm 174 A/mm
Spectral Resolution 7 R9 on axis 4 A on axis
Angular Coverage 100 for zero order 200 for zero order

to. 551. to. 5511Boresight Error + 50 so5

* Figure of Merit for a ,reak camera (diameter)2 / focal length.
** Resolution is given for the 20% modulation on axis.

*** 350 is total field possible but only 200 is useful due to lens vignetting.

I11
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2. 105MM f/3.3
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Fig. 1-23 On-axis MTF for UV streak spectrographs.
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optimum for either lens, it is well within the spectral bandpass we wikh

these instruments to record and serves as a reference point in discussing

their characteristics.

Figure 1-24 shows the lateral ray error for both lenses.

Both the MTF comparison and the lateral ray error plots indicate
that the spatial resolution of the Barnes UV lens will be about 1. 5 times

greater than that of the Hilger -Watts lens.

For use as streak spectrographs, the angular resolution of both

lenses must be considered also. The angular resolution of the Hilger-

Watts lens is a factor of 1. 5 better than that of the UV Barnes, recording

1.7 x 10 - 4 radians to the Barnes UV lens angular resolution of 2.5 x 10 - 4

radians. However, the lenses will be the cause of limiting resolution in

both instruments so that when we multiply the lenses' sensitivity for

streaked, unresolved targets both will have the same sensitivity while the

Barnes lens still has a wider field of view and smaller package size.

For equal spectral resolution, the angular dispersion of the grating

used with the Barnes lens must be increased to maintain the same spectral

resolution. This can be done by utilizing a 600 groove per millimeter

grating. Figure I-Z5 shows the proposed spectral format of the Barnes

system compared to that of the present system.

Sinc-) the Barnes lens latilizes a 70 mm format, thie Mauer 70 mm

camera back has been chosen as a film transport. ThhI transport allows

a smaller physical size and less time between frames than the existing

system, in addition to being a highly reliable, field-tested instrument.

Mauer 70 mm camera backs are being used extensively in various field

locations and provide the best possible choice of recording system.

The Barnes UV lens is an obvious improvement in our streak

cameras, maintaining equal sensitivity with a greater field of view and

smalier package size. An aptlitiuni system wo&- cOnet - th 05
lens mounted onto a Mauer 70 mm camera back. A triple UV streak

camera with a 380 x 1060 field of view is shown in fEgure I-Z6. This

camera system is expected to be smaller in size than our present K-24.
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3000 A
0

x 2  5500 A
0

__________ zero order

1st 0. der zero
X' 2 order 1 .00
X,

0.

200=300A

i 1 st order r00

Barnes Lene

70mm Format Disp A1 - 5.180

Ponting AccuraX 2 - 9. 50

+ 100 to keep zero order Hilger Watts Lens
and spectra on frame

5" x 5" Format

Pointing Accuracy: + 50
to remain inside 206
field of view

Fig. 1-25 Format comparison for UV streak spectrographs.

c<o

U.V. STREAK CAMERAS' FIELDS OF VIEW

Fig. 1-26 UV streak spectrograph field of view.
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Visible System

A survey of possible lenses to improve upon the characteristics

of the presently utilized Aero-Ektar was made, with the results tabulated

in table I- 16. The Zenotar 6" focal length f/2. 8 lens produced the best

results of the lenses tested and compares very favorably with the data

supplied by manufacturers. Co.pled with type 2475 film, this lens should

produce the most sensitive streak instrument presently available. A

150 mm, f/0. 86 lens investigated, for this application was elininated due

to the severe mechanical difficulties imposed by a 0. 025" lens-to-film

sparing requirement which does not allow room for a focal plane shutter.

The Astro-Berlin lens was eliminated due to its poor resolution past a

260 field angle, but it is an excellent choice for a narrower field-of-view

instrument. A Peco 6" focal length f/l. 5 len- was not included in the

survey as it is designed for the IR and is not recommended for use ab a

visible lens. Testing of other lens 3ystems, such as Kollmorgen, is

currently in progress.

Comparison of the 150 mm f/2. 8 Zenotar lens with the Peco lens

of the same specifIcations shows that they are practically identical.

Further information concerning the Peco lens is expected from the raanu-

facturer, but it is doubtful that the Peco lens will show significant gain

over the Zenotar to justify the high cost differential between the lenses.

Figure I-Z7 shows the MTF curves for the Zenotar lens and its

expected performance across the field. The Zenotar lens was chosen over

the apparently faster Astro-Berlin due to the poor resolution and field

caracteristics of the Astro-Berlin lens. It is expected that the increased

i-esolution of the Zenotar will increase the threshold sensitivity of the

instrument so that the proposed instrument will have a greater thresholi

sensitivity across its field of view.

Table I- 17 shows a comparison of the characteristics of the

present instrument and the characteristics of the proposed instrument.

Infrared Streak Spectrograph

These spectrographs will utilize a lens system focused for the

infrared, Three lenses have been considered for these instruments to-

date. They are as follows:
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TABLE 1-16

LENS COMPARISON FOR VISIBLE STREAK SPECTROGRAPH

Lens Focal Length Diameter Figure of Merit Resolution

M.F 0  FnmM

Peco 150mm 53. 6mm 19. 15 - 75 i/mm AWAR

Paxar 10mm 53.6mm 19.15 38 l/rm AWAR*L**

Zenotar I 50mm S3. 6mm 19.15 35 cycles/mm 80 I/ram on axis

Aero-Ektar 178ram 71. Imm 28.4 21 cycles/ram 35 If rm on axis

Astro-Berlin 150mm 100.0mm 66.6 16 cycles/mm 25 1/mm

MrF - Resolution at 20 modulation on axis

* Film - Pan-X

' f/Z. 8 designed for visible

_ * Manufacturer's specification - 75 i/mm AWAR Pan-X
50 1/mm AWAR Plus X

TABLE 1-17
COMPARISON OF VISIBLE SPECTROGRAPHIS

Lens Aero-Ektar Zenotar

Focal Length 178mm 150mm
Diameter 71. 1mm 53.3mm
Figure of Merit 2.8.3 18 9
Resolution

Spatial 21 cycles/mm 35 cycles/mm
Angular Z. 7 x 10

4 
rad 1.9x 10-4 rad

Field of View
(140rm

2 
format) 38 50

(ll4mmZ format) 360 42'

Camera ASCM Under Study

Format 140mm
2

Framing Rate 1 frame/sec
2 frames/sec paso.

Framing Time <.5 s6c

Spectral Characteristics

Grating 300 gr/mm 600 gr/mm 600 gr/mm 500 gr/mm
Order Ist 1st lst 2nd
Linear Dispersion 186 A/mm 93 A/mm 110 A/mm h6 A/mm
Spectral Resolution 8 A on axis 4 A on axis 3 A 1.8 A
Angular Coverage 110 first order 230 first order 230 first order 370
Boresight Error + 130 4 6. 50 + 140 60

_ _ _ _ _ 0 000
+ 12 + 5.5 + 10°  +2

* 420 ia possible but only 38) is useful.
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Sa. Zenotar

b. Astro-Berlin f/i. 5
c. Peco f/i. 5, 6"
Test data on the Astro-Berlin f/1. 5 lens compares favorably with

the data available on the Peco lens. Testing is being completed on both
the Astro -Berlin and Zenotar lenses to establish which has the better

characteristics in the photographic infrared. This test data will be com-
pared with that obtained from Perkin-Elmer to reach a final dedision on

lens choice for the infrared streak spectrograph.

Field of View Considerations
Three instruments per wavelength interval are required to permit

adequate coverage of the required field of view. Three instruments,

rather than a single instrument on an indexing mount, are required due
to planned re-entry configurations with multiple object re-entries, etc.
Use of an indexing mechanism and a single instrument would lead to loss

of data through its limited field at any given time.

Twin Spectral Ballistic

A Twin Spectral Ballistic will be utilized on the TRAP-1 aircraft.

This instrument provides a valuable aid, in data reduction by presenting

the total uninterrupted spectral history of all objects. It also provides

continuity to the framed spectral data and produces a qualitative gross

overall evaluation of thespectral history.
The instrument is an AERL standard twin ballistic equipped with

a transmission grating.

_ •Cinespectrographs

Two gimbal mounted cinespectrographs will be utilized on the

upgraded TRAP-1 system. These sensors are the Barnes cinespectrograph
and the GE telespectrograph, the characteristics of which are discussed

below.

Barneis Cinespecirograph.

The Barnes cinespectrograph is expected I be a valuable addition
to the TRAP-1 instrumentation complex.
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The L-shaped instrument profile will present a mounting problem

and will preclude obtaining the largest possible field of" view. The calcu-

lated FOV outline based on preliminary design infor~mation is shown in

figure 1-98.

40" GE Telespectrograph

This instrument will be gimbal mounted and will provide higher

resolution spectra than any other TRAP-1 spectrograph. The instrument

will be evaluated with both the visible and infrared prisms and will have

a field-change capability between prisms for mission flexibility.

An AZ/EL field of view plot for this instrument and its boresight

camera is provided in figure I-Z9 and is computed from the anticipated

mounting position relative to the window. .V

12" In-Line Cinespectrographs

The two GE in-line cinespectrographs will be evaluated upon

receipt and are planned to be utilized on a manual pedestal. These instru-

ments will provide a useful redundancy in cinespectrograph instrumentation.

The 4° field of view of these instruments does not require gimbal mounting.

High Resolution Sensor
A Jones 80" High Resolution 35 mm Camera System is under con-

sideration for employment on a gimbal to produce spatially resolved

details of wake and body luminosity history. Summary specifications of

this instrument are presented in table 1-13 with a field-of-view plot

shown in figure 1-30. This field of view plot shows the no vignetting

AZ/EL contour for the Jones telescope and boresight camera. This plot

is computed from the anticipated mounting position relative to the window.

Intensity Sensors

Inasmuch as the Barnes two-color radiometer and the atomic line

radiometer are under procurement under the existing contract, their

merits have been well documented in the past. These instruments will

be mounted on gimbals in the locations shown in figure 1-22.

Other Sensors

Details on the proposed Fabry-Perot Etalon Spectrometer shown

at window 5 (fig. 1-22) and the Image Intensifier System shown at windows

4 and 7 are presented in task 4. 0 of this Semi-Annual Report.
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Boresight Cameras for TRAP-1

Where feasible, the payload of each gimballed pedestal and each
manual pedestal will include a 16 mm cine camera for the purpose of

providing a convenient record of the target appearance and its location

with respect to the pointing axis of the pedestal. This record will greatly

facilitate the analysis of the data from the primary instrument on the

pedestal. Furthermore, the record will provide an additional means for

evaluating the tracking performance of the pedestal.

In order to be useful, it is desirable that the boresight camera

have a higher degree of steadiness than the gimbal itself. In many cases,

it is desirable to detect jitter amplitudes of approximately 0. 10. For

this purpose, the unsteadiness of the camera itself should be limited to

about 0. 020. For a camera with a 4" lens, this would require a framing
accuracy of 0. 0015". This degree of accuracy would seem to indicate th-

need of a "pin-registered" type of camera or one of equal performance.

However, presently used pin-registered cameras are sometimes too large

to fit into a gimbal configuration with enough clearance for use of the
boresight tool, access for loading, etc. Consequently, a survey was

undertaken to determine what small cameras are available and what

framing accuracy can be achieved with them. Table 1-18 lists the charac-
A

teristics of some of the cameras considered in this survey.
A measure of the framing accuracy was not available from the

manufacturers in all cases. However, certain manufacturers expressed

a willingness to provide a sample film which we could use to measure

steadiness ourselves. Final selection of boresight cameras will be accom-

plished after analysis of these films are complete. The type of measurement

made in this analysis is shown in figure 1-31. The sample plots in the

figure show vertical registr tion measurements made on two currently used

cine cameras. In each case, the camera was clamped to a platform facing

a point source and run at its maximum framing rate. The resulting film

was then measured frame by frame to determine the variation in image

location with respect to the perforations.
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TABLE 1-18

CHARACTERISTICS OF 16 mm CINE CAMERAS1Manufa :urer D.B. Mtlliken D.B. Milliken D.B. Mliken Mitchell Traid Traid"

Model Designation DBM-3C DBM4C DBM-ZA HS- 16- FZ KB-3A (GSAP) Fotopak/15

Weight 7 3/3 lbs. 4 1/2 Ilbs. Z lbs. 8 lbs. 3 lbs. 13 ozs. 2 lbs. 5 ors.

Site LxWxH 6.7x 
4

.
4 

x 5 7.4 x 3 x 
3  

6.Zx 1.9x 3.3 7.8x4.Zx 5.7 6.3x 2.4x 3.4 5. 2x3x4.5

Film Load 00. 50 50 - 100' Mig. ZOO 50' or 100' Mal. 50' Mag.

Timing Lights yes-dual no no yes-dual yes yes

Lena ,Mou.At Type *C" Mount "C" Mount Special "C" Mount "C', Mount "C" Mount

Shutter Type Fixed Rotary Ficed Rotary Fixed Rots.?y Fixed Rotary Adjust. Rotary Adjust. Rwary

Din Registration yes no no ycs 'no no
Framing Rates 64, 200, 128, 400 16.32-64 16 or Z Fixed Cotlin 16-Z4-3U,-64 16-100 Fixed

ii4
Il

I
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Boresight Shutter

Associated with each radiometer in the system will be a boresight

camera. In order to reduce the radiometric data effectively, it is important

to establish a representation of the radiometer field of view on the boresight

film record. The "Boresight Shutter" is a device which provides this capa-

bility accurately and with a high confidence level.

< The device is a simple attachment consisting of a solenoid actuated

shutter which is temporarily installed in front of the boresight camera lens

as shown in figure I-3Z. The solenoid is powered by the output signal of

the radiometer. As the pedestal is panned back and forth across a distant

target, the shutter is opened automatically only when the target is within

the field of view of the radiometer and the boresight camera records theii target. The resulting record is a series of lines defining the field of view

of the radiometer recorded on a single frame of the boresight film.

An important advantage in this approach is that the relationship

between the radiometer and the camera is known to a high degree of

accuracy without the need of a great deal of precision during the installa-

tion. Measurements indicate that the field of view can be established

readily to 276, or 0. 040 in the case of a 2° radiometer.

Implementation of this concept is underway on a BTL-sponsored

program. A system has been installed on the EC-1Z1K aircraft and is
now in the field evaluation phase. The same basic design appears
applicable to the TRAP-1 program with modifications to suit the particular

payload configurations.

Interim System

Prior to the completion of the upgraded system components pre-

viously discussed, the TRAP-l aircraft will b, equipped with an interim

system. This system will be provided from currently avi ilable eqnipment

and such new equipments as can be feasibly phased in during the interim

period of operation. Figure 1-33 shows the final interim system installa-

tion. An existing Aeroflex gimbal system will be utilized in the interim

1 4 system as well as in the upgraded system and will provide an automatic

"I tracking capability for the TRAP-1 platform in its initial configuration.

SI.
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Fig. 1- 32 Boresight shutter attached to Boresight. Camera.
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Pointing Subsystems

The major support elements of the TRAP-1 sensor matrix are

the pointing subsystems. These subsystems consist of the following

primary components:

a. Acquisition Sight Pedestals

b. Master Tracking Pedestal

c. Slave Pedestals

d, Manual Pedestals

The preliminary configuration of these components is shown in

figure 1-2. This arrangement is based on one master tracking pedestal,

five slave pedestals, two acquisition sight pedestals, and two manual

pedestals.

The system will be capable of acquiring a desired target by using

a manual acquisition sight pedestal. The master tracking pedestal will

have mounted on it an optical error sensor for developing servo errors.

These signals will be used to automatically track the desired target upon

command or can be switched automatically from acquire to track.
A system block diagram for the gimballed pedestals is shown in

figure 1-34. Only one master tracking pedestal and acquisition sight

pedestal is shown with six slave pedestals commanded from either source.

The exact array will be determined prior to each mission with appropriate

switching to arrange the array as desired. Switch positions, indicated by

1 and 2, allow presetting fixed angles for standby and fixed line of sight

(FLOS) respectively. Switch position 3 allows slaving all pedestals

including the master from the acquisition sight pedestal. The basic sys -

tem is capable of commanding up to nine slaved pedestals.

Master-Slave Array

Design provisions will be made for a capability of employing two

master gimbals rather than only one. This will be accomplished by

reconfiguring or-' of the five slave pedestals with an automatic tracker

and position transducers capable of pointing a preselected number of

slave pedestals. Both master tracking pedestals with their respective
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slave pedestals can be pointed independently of one another. Each pedestal
another. cpt2

will be capable of pointing an inertial load of 3. 5 slug-ft whose weight
does not exceed 150 pounds including an appropriate counterweight.

All gimballed pedestals will be inertially stabilized and decoupled
from aircraft dynamics including relative aircraft structural dynamics.
Vibration and shock isolation will be provided for all pointing subsystem
components to insure component and instrument saf-+V as well as for
decoupling aircraft perturbations from the pointing system.

The design of the pointing system will include on-line diagnostic
aids for monitoring system performance daring missions. These will
include angular position and rate transducers and servo error generators.
The recording devices for on-line diagnostics will include multichannel

strip chart recorders and CRT's. For off-line diagnostics of system
performance, these signals will also be recorded on magnetic tape by
the data acquisition and recording system. Additional off-line diagnostics
will be provided by reducing the normal mission boresight data as recorded
on film. The position transducers will be incremental optical encoders
with 16-bit (19. 8 arc -sec) resolution. This resolution will allow position
correlation of all pedestals to within 20 arc-sec.
Acquisition Sight Pedestals

The acquisition sights will have two angular degrees of freedom

for rotating in azimuth and elevation. Position transducers will be pro-
vided for remote positioning of up to ten preselected gimballed pedestals,
including the master tracking pedestal, onto the selected target. The
total error signal between the line of sight of the acquisition sight and the
remotely pointed pedestal line of sight will be within one-half degree
assuming that inputs to the acquisition sight do not exceed 15 degree sec - 1

and 3 degree sec " 2 . An integral part of these pedestals will be mode
control switches for switching from manual control to automatic track.
The inner gimbal will be designed to allow adaptability to new acquisition

aids in the future.

1
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These pedestals will be equipped with servo-assisted drives to

facilitate their pointing when being directed to the target line of sight by

the master tracking pedestal during the automatic tracking mode. Capa-

bility will be provided for manual correction of the master tracking

pedestal prior to automatic tracking, and an override of automatic track-

ing will be provided at these stations.

When automatic track cannot be achieved, the acquisition sight

pedestals will be pointed manually. All pedestals will be capable of being

pointed by the acquisition sight pedestals in this mode,

All servo-controlled pedestals to be used for pointing instruments

during a re-entry will have two angular degrees of freedom and one

translational degree of freedom. This configuration will make optimum

use of the aircraft windows considering instrument fields of view.

Instruments will be mo nted on the inner gimbal. Design of the gimbal

will be consistent with state-of-the-art and will have maximum adaptability

and flexibility to future expansion and instrument assignment.

Translation of the gimbals will consist of plus and minus 15 inches

of travel in the fore and aft direction. The field-of-view coverage of

t",pical instruments mounted on these translating gimbals has been shown

in figures I-Z8 and 1-35. The field of view coverage is limited by the

distance that the instruments (thus the axes of rotation) must be kept from

the window to maintain adequate clearance.

Rotational and linear motion of the gimbals in its three axes will

be limited mechanically by stops designed to dissipate the maximum

possible stored energy. These stops will be designed with maximum

consideration given to the safety of instruments mounted on the gimbals.

Shock and Vibration Isolation

The- fin~tinn nf ai1'ora1 andr %Ahvatin-n 4P^1n+4tui fn? 4hs TTRAP..1 V_

bals is twofold. The first is to minimize instrument image blurring

caused by aircraft disturbance motion. One such motion will arise through

aircraft linear vibration coupling througn cg offsets of the optical instru-

ment package attached to the gimbal.

-132-



60'

-" RACE OF CENTER RAY

Z 300
0

F4

EXTREME AFT TRANSLATION
/EXTREME FWD TRANSLATION

150,
6"30* 0' 30" 60AFT 

FWD
AZIMUTH

Fig. 1-35 Field of view plot for A- Line Radiometer.

-133-

R-6430

~~0



The second vital function of the isolation system is to prevent

aircraft shock and vibration from damaging an optical instrument. This

precaution must be taken so that future optical instruments (not necessarily

designed to MIL-E 5400 or MIL-jE 5272) can be successfully flown aboard

the TRAP-1 aircraft.

Uw.'sirable coupling that degrades image quality can arise from

at least four different sources. These are:Ia. Shock mounts having different gradients

b. Total platform cg offset

c. A gimballed element cg offset

d. Gyro unbalance

The first two iter. is produce a base rotation that couples into gimbal

motion through bearing friction and torque motor back emf. Back emf

coupling will be minimized through use of current amplifiers to drive the

gimbal torque motors.

Cg offsets of the gimballed elements can be reduced to a minimum,

but never completely eliminated. Under field conditions, changing an

instrument package while retaining the gimbal ba. -s is a difficult task.

It is this source of vibration error that the servo system must minimize.

This is accomplished by having the servo attenuate the low frequency

disturbance with the vibration isolators eliminating the high frequency

disturbances. Rate integrating gyros are an important feature for this

isolation.

Gyro sensitivity to acceleration is 24 deg/hr/g maximum. This

corresponds to 0. 1 (mrad/sec)/g. For no isolation whatever and the

peak acceleration (± 2 g' s) of the KC- 135 survivance test envelope, the

maximum relative rate error will be only 0. 2 mrad/sec. Under tracking

conditions, the error should be negligibly small.

Use of shock mounts does introduce additional uncertainties into

the pointing accuracy. These uncertainties arise from shock mounts with

different gradients and shock mount hysteresis. The former will bejninimi.ed by an in-flight boresight procedure. The latter will be mini-
mized by design and testing.
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Vibration Isolation Summary

1. Effects of platform rotation about the shock mounts
will be minimized through use of high output
impedance amplifiers to drive the gimbal torquers.

2. Servo loop and shockmount bandwidth will be chosen
to minimize disturbances from optical instrumentcg offsets. Rate-integrating gyros provide an
inertial reference to achieve this isolation.

3. Gyro drift errors from vibration will be negligibly
small.

4. Steady-state pointing errors resulting from use of
shockmounts will be minimized by inflight boresight
alignment and use of low hysteresis shockmounts.

Optical Error Sensor

Mounted on the master tracking pedestal will be an optical error

sensor capable of tracking the re-entry target once it has been acquired and

discriminated from the background and from other objects in the re-entry

complex. Automatic tracking will be accomplished by using the errors

generated by the optical error sensor as the input to the master pedestal.

This will provide accurate tracking of selected targets at specified target

kinematics in the presence of a night sky background. Capability of auto-

matically narrowing its field of view after initial acquisition will be provided

including an override of this same feature.

For many years, the best proven performance for optically tracking

re-entry objects has been obtained from the Barnes Engineering Company

error sensor Model 21-122C. AERL is. intimately familiar with this unit

and was instrumental in the modifications which have in recent years brought

improved performance with the Model 21-124C.

The major system parameters are as follows:

Tracking Sensitivity ' 5 x 10 1 4 watts cm "-

Pointing Accuracy 0. 1 millirad.
(.9 A/W ri4 10:.1
referred to 25 Hz BW)

Error Signal Drift 0. 1 millirad in 4 hours

Field of View Selectable: 20 and 0. 5
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Size:

Optical Unit 11 in dia. x 21 in length

Electronics Unit 10.5 in high (in 19" rack)

Weight:

Optical Unit 35 lbs

Electronics Unit 30 lbs

Power Input

Voltage 115 VRMS

Frequency 400 Hz

Power 150 watt max

Power Factor 0. 8 min

Although the initial intention was to use this sensor, it has become
apparent that a new class of proven optical error sensors has become avail-
able due to the star tracking requirements of space probes and aatellites.

As a result, AERL is investigating the availability and capability of these new
optical error sensors and their applicability to our tracking requirements.

Preliminary evaluation of proposed equipments indicate a state-of-tb a-art
device does exist. The important features of the proposed device are:

1. Low volme and weight

2. Low power consumption

3. Automatic field of view switching after acquisition
Field of view during track is smaller to improve
sensitivity and discrimination

4. High signal to noise ratio
5. Electronic scan of photo conductive sensing element

6, Electronic circuits comprised of integrated circuits

The other salient features of this cype of tracker are the improve-
ment of background discrimination because of the electronic signal process-
ing technique. By using a high frequency TV type scan, filtering can smooth

the sampled data, with no decrease in total sensor bandwidth, thus decriea.ing
system noise. Signals from the sensor can be used for CRT inputa to display

the field of view of the tracker with the target and background included.
This display should enhance acquisition and also provide additional on-line

monitoring of tracking performance.

13
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The final selection will be made between all of these devices based

on optimum system performance. In any case, the performance will equal

or exceed that shown above.

Manual Pedestals

Two manual tracking pedestals are included in the system for the
purpose of providing versatile tracking platforms, with adequate tracking

e.ccuracy for instruments of approximately Z0 field of view or larger.

Their design will permit convenient rearrangement of payloads when new

instruments are to be aaded.

The instrument payloads for one of the manual pedestals will be

arranged in a manner such as that shown in Figure 1-36. The exact

arrangement will be determined after careful consideration of loading

accessibility, clearance for boresight tools, etc.

The pedestal design will be patterned along the lines of similar

platforms formerly used on the TRAP-I A/C and on the TRAP-6 A/C.

In both cases the design has proved successful for pointing instruments of

2 0 field of view. Evidence of this performance is shown in two figures

which are reproduced from Research Note 612 entitled "TRAP-6 Radiometry

Study Program. " The first figure, Figure I -37a is a plot of manual track-

ing proficiency for various fields of view. Proficiency is defined in a manner

which indicates the percentage of time that the target stayed within various

circles of specified size. TI.- second figure, Figure I -37b is a plot of

tracking error measurements made from a boresight film record, and illus-

trates the performance of an experienced operator. From either of these

figures it can be seen that manual pedestals of this design are well suited to

instruments of 20 field oZ view or larger. Furthermore, this evaluation

may be considered ccnservative for the TRAP-1 installation because the

operator will not be subjected to the buffeting conditions at an open door, as

were the conditions for the above data.

An illustration of the design concept to be employed on the two manual

pedestals is shown in Figure I - 38. The essential component in the design

is a tracking head such as the O'Connor Head, which is provided with fluid

damping'for smooth tracking in both the azimuth and elevation axes. The

vertical or azimuth axis of the head is located almost under the center of the
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sloping window in order to provide maximum azimuth coverage through the
window. Likewise, for maximum elevation coverage, an elevation pivot is

provided as close to the zenter of the window as possible without causing

interference with the line of sight of the instrument payload. In order to
*utilize the fluid damping action of the tracking head, a connecting rod is

used to couple the instrument mounting plate to the elevation damper.

This pivot arrangement maximizes azimuth and elevation coverage,

but also creates a cantilevered payload. In order to counterbalance the

payload, a spring housing with compression springs is required. An arrange-

ment similar to this has been in use for quite some time on TRAP-1 with

good results obtained.

The pedestal configurations will include certain L-.., ortant conpon-

ents of the Assisted Manual Tracking System. This system is described in

RN 59Z by J. Foust, et al, entitled, "An Airborne Pointing System. " The

AMTS system makes it possible for the operator to follow a pointing input

supplied by a master gimbal. The pointing input is displayed to the operator

by means of crossed meter needles superimposed on the reticle of th-e track-
ing sight. :n operation, the operator keeps the crossed needles centered on

the reticle in order to follow the pointing input, while at the same time, he
-* can observe the target within the tracking reticle,

The difference in pointing angle between the master gimbal and the

ma::ual pedestal establishes the pointing input to the operator. In order to

provide a means of measuring the pointing angle of the manual pedestal, the

O'Conner Head must be modified to accept potentiometers connected through

gearing to the azimuth and elevation axes. :n Figure 1-38 this addition is

contained in the housings attached to the lower portion of the tracking head.

In addition, the manual pedestal pointing angles will be recorded for analysis

of manual tracking performance.
Bii om agn -itin. Tteoscp .1 I. Osighoute WALon side %A the C %Anit Y powe

has been found helpful to provide a tracking telescope with a certain amount

of magnification. The telescope is mounted along side of the anit power
sight at the proper interocular separation so as to enable the operator to

look thro.ughboth sights simultaneo..isly. The telescope increases the appar-

ent brightness of the target and magnifies the tracking error. Unfortunately,
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increased magnification in the telescope is achieved at the expense of field

of view. This trade-off is discussed in RN 638 by R. Prescott entitled

"Visual Aids in Acquisition. " A suggested compromise is in the region of

3 power and Z0 ° field of view. As a result of this recommendation a 3 power

sight was recently constructed for comparison with the 7 power sights

presently in use.

Manual Pedestal Look Angles

Of the two manual pedestals, the one containing the 1Z" In-Line

Cinespectrographs has the more restricted field of view. At 00 azimuth,

the primary instruments will cover an elevation range from -10 ° to + 500

with no vignetting. At 00 elevation, the pedestal will rotate up to + 52 °0 in

azimuth before the payload touches the airframe. Stops will be provided to

avoid contact with the airframe. However, at this angle, the Z7" width of

the window is foreshortened causing approximately 50%6 vignetting of the

forward instrument when pointed forward and 500 vignetting of the aft

instrument when pointed aft.

Data ,Acquisition and Recording. System

This section will discuss the subsystems which together comprise

the Data Acquisition and Recording System. One subsystem comilements

1'" the other by collecting data in redundancy and neither one may be taken to

replace the other since each has its own particular function. The analog

recording system may be regarded as a completely passive system in that

its primary purpose is to collect data, while the digital subsystem is'both

passive and active because it is capable of collecting data and can act .s a

controller. The over-all system design is directed toward reliability and

flexibility for future needs.

Analog Recording Subsystem,

The functions of the analog recording subsystem are to provide both

a primary and a redundant method for collecting and recording data from the

sensors and timing system. The system design which is based upon these

considerations is also applicable to future expansion and to additional input

assignments.

Formulation of the requirements for the analog recording subsystem

K provides an indication toz the direction of desigrz. The system will be of
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proven airborne construction adaptable to the possible future needs of expan-

sion, and sufficiently flexible to include new input assignments. The design

will have the capability for providing additional channels plus sufficient

bandwidth to accommodate the outputs of foreseen instruments.

The equipment selected for use on the TRAP-1 platform is a Mincom

PC-500 record/reproduce 14-channel system. This unit combines the flex-

ibility of extended wideband coverage with a multichannel capability. AERL

has recently purchased and installed such a unit on the BTL funded EC-121K

aircraft. Solid-state, modular-type circuits and a coaxial reel assembly

are combined to yield a compact assembly. The specifications for this unit

are summarized below.

Mincom PC-500 Specifications

Start Time: 8 seconds at any speed

Frequency Response:

Tape Speed (ips) FM System Direct System

1Z0 0 to 500 KHz 400 Hz to 1. 5 MHz
+ i db to Z00KHz +3 db
< 6 db down to 500 KHz

60 0 to 250 KHz 400 Hz to 750 KHz
1 db + 3 db

30 0 to 1Z5 KHz 400 H{z to 375 KHz
S1db + 3 db

15 0 to 62.5 KHz 400 Hz to 187.5 KHz
1_ db + 3 db

Event Recording Subsystem.

To record the large number of event signals necessary to monitor

the combined TRAP-I system and sensors will require an even greater

number of discrete event, record channels since certain of the typical events

relevant thereto will require multiple record tracks. For example, it is

desirable to record gimbal limits, and one can accumulate a need for 36

It is anticipated that the total number of discrete event channels required

will be between 1?,5 and 150 by the time the upgraded TRAP-1 system is

operational.
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A 150-channel recorder has been selected for the upgraded TRAP-I

system. The selected unit is the Brush Operations Monitor. This type of

unit has been used on another AERL program for approximately two years
with quite reliable results.

The specifications for this unit are as follows:

Power Requirements: 150 VAC, 60 Hz, 150 watts nominal,
350 watts at maximum chart speed

Number of Channels: 150

Response: Instant to 1. 25 milliseconds at maximum
chart speed

Chart Speeds: 5, 10, 20, 50, 100 and Z00mrn/sec plus
0.05, 0. 1, 0,2, 0.5, 1, 2mm/sec witha
divider switch in operation

Chart Format: 15 inches wide, 500 feet long

Temperature Range:

Operating: 0°C to 55°C
Storage: -400C to 700C

Weight: 124 pounds

Voice Recording Subsystem

A recorder for the specific purpose of recording voice from intercom

systems on the aircraft will be the Ampex 602. AERL has used this type of

recorder for the past five years and again plans to use this instrument in the

upgraded TRAP-1 system.

Digital Subsystem

A digital subsystem is planned for inclusion on the TRAP-1 aircraft.

This system will perform three major funct'ons, those of data collection and

storage, system testing and test data retrieval. The overall block diagram

is shown in Figure 1 -39.

The primary function of the digital subsystem is to accomplish the

on-line collection of data from both analog and digital sources and store the

data in an efficient, easily recoverable form. In this mode, the digital system

acquires data from external instruments, packs the data in the memory cf the

data processor, and records the packed data in computer compatible format
I ~. on a digital magnetic tape. Prior to the actual collection of data, the operator
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loads and initiates the proper program and enters setup information neces-

sary to perform the function required for the specific test. The operator

normally enters such information as scan rate, number of channels (analog

and digital), scanning sequence (sub- and super-commutating permitted), etc.

When the operator has entered all required information, the system

then runs through a final internal component check and awaits a signal to

begin collecting data. Once data collection begins, the system assumes

control of its own operation with the operator serving as an observer. When

<1 data collection ceases, thb system returns to operator control.

The system will be capable of scanning at operator specified rates

varying up to 25 thousand data samples per second (25 KHz) with continuous

scanning, and up to 40 KHz with burst scanning.

System Testing

The digital subsystem will be capable of testing not only its own

status but will be capable of exercising the gimbal system through program-

med rates, velocities, etc. The gimbal control section of the subsystem
includes the necessary equipment to drive the master pedestal which, in

turn, points the slaved pedestals. Each pedestal, as noted previously, is to

be equipped with shaft angle encoders which will provide the processor with

pedestal angle through a digital input. Test procedures for the gimbal system

include driving the system with known functions and a comparison with the

resultant pedestal motions. From these tests, one will be able to obtain,

in the field, pedestal diagnostic data which will permit rapid systems analysis,

pre-mission testing and positive corrective maintenance.

To aid in maintaining the system and to increase reliability, extensive

self-checking features will be available. The system will be able to test and

calibrate any of its internal components and identify actual or potential mal-

functions, listing ihe probable cause or causes whenever possible. The

system will also p,:ovide automatic procedures to check and validate the

instrumentation and gimbal control equipment. This automatic checkout will

greatly reduce time consuming pre-test efforts and minimize downtime due

to the early and accurate diagnosis of malfunctions.
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Data Playback and Retrieval Mode

Previously recorded tapes may be played back and the data retrieved

at any time the system is not being utilized for other purposes. The retrieval

proceeds at maximum processor speed, with the time required determined

by the complexity of the calculations and the quantity of output. Output is

via perforated tape, magnetic tape, digital printer, keyboard printer, or

visual display. Since the data processor is a high speed general purpose

digital computer, complex processing can be accomplished in very little time,

the main limiting factor being the speed of the output devices.

System Description

Figure I -40 shows the detailed components of the planned system.

These functions are as follows:

Analog Input Section

The analog input section consists of an analog multiplexer and an

analog-to-digital converter. The analog multiplexer connects the input of a

desired data channel to the analog-to-digital converter which then converts

the analog voltage to a proportional digital number for input to the data

processor. The data processor provides control and timing signals to the

analog multiplexing and the analog-to-digital converter, as well as providing

the address of the channel to be selected and converted.

Analog Multiplexer - The analog multiplexer provides the capabil-

ity for 48 (expandable to 96) distinct channels of high level (± 5 volts DC)

analog signals to be connected to the analog-to-digital converter. Upon

receipt of the channel address and a start command from the data processor,

the analog multiplexer selects the addressed channel and connects its output

to the input of the analog-to-digital converter. In the system application, the

analog multiplexer is used at a maximum rate of 40 KHz, although capable of

operating at a 60 KHz rate.

Anal..g-to-Digital Con.ve.te (ADC) - When the anlaog muLTi-

plexer selects a channel, the analog-to-digital converter converts the voltage

on its input to a proportional digital number. This digital number consists

of a 12-bit binary word--ll data bits plus a sign bit, and is presented in

parallel'to the data processor section.
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Digital Input Section

The digital input section allows several digital inputs to be time multi-

plexed to the data processor. These inputs are presented as 16-bit parallel

words.

Digital Multiplexer - The digital multiplexer is capable of multi-

plexing 32 (expandable to 128) channels of 16-bit digital information. After

receiving an address and an initiate command from the data processor, a

digital multiplexer connects the address channel input to a common output

presented to the data processor and signals that the data is ready.

Gimbal position words (one word for each axis) from shaft angle

encoders az e presented in parallel to the digital multiplexer. Each %ord

consists of a 16-bit binary data word (15 data bits plus sign). These words

are presented in parallel and are the output of accumulators registering the

current azimuth and elevation for each pedestal.

On/Off event signals are grouped into 16-bit words -nd presentecd

in parallel to the digital multiplexer. On command, these words are selected

and transferred it. parallel to the data processor. Unused bits in any word

are commonly filled with zeros.

Operator Control Section (Location)

The operator control section includes provisions for the operator to

direct the progress of a test or checkout procedure and to monitor the

results while the test is running. The operator control section also includes

provisions for loading various programs into the memory of the data proct',0-

sor and for initiating these programs.

Operator Co'trol Panel - The op--rator control panel contains

the necessary displays And switches for convenient control cf an opeeating

program. Since the operator control panel is the main link between the

- operator and the system, its design is critical for effective system operation.

For this x eason, the operator control panel will be designed in conjunction

with the detail design of the syste-n. The operator control panel contains, &

as a minimum, push-button and decimal thumb wheel switches for entering

control information into the data processor, status ligbts indicating the

operational condition of the various system components, and illuminated

displays for monitoring ofithe acquired data. ,
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Ancillary equipment provided for input/output use will be a key-

board printer, a paper tape input/output unit for program entry and a printer

for test and quick-look data presentation.

Data Processor Section

The data processor consists of a general purpose digital computer

coupled with the necessary input/output interface to allow it to communicate

with the other system components. The data processor exercises primary
system control in all phases of operation.

Data Processor - The data processor is a standard general

pu-rpose digital comuputer consisting of a magnetic core memory and an arith-

metic unit. The memory contains 8, 192 memory words, each consisting of

16 binary bits of information. The memory has a complete read/write cycle

Atime of 2. 0O microseconds or less. The arithmetic unit has full general

purpose computing capability and its speed is characterized by an add time

of 4 0 microseconds or less. The processor exercises all arithmetic and
control functions for the system. A control panel for the data processor is
also provided which is used for maintenance and checkout purposes only,

Input/Output Interface - The data processor is provided with an
input/output (1/0) interface to allow it to communicate efficiently with the

other system components. This interface includes separate channels for

each device to transfer data to or receive the data from the processor. In

addition, a single direct memhory acceso (DMA) channel is provided which

alows an external device to transfer a word directly to or from the core

memory of the data processor without program intervention.

Direct Memory Access Multiplexer - Since two devices in this

system require direct memory access (the data control and the magnetic

tape unit), they must time share the single existing direct memory access

c..haiuxl -utilizing the D.AA multiplexer. This allows each device to transfer

r words directly to or from the memory of the data processor withot program

intervention.
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Data Control
The data control unit accomplishes a transfer of data between the

digital and analog input sections and the data process-or. To allow the high

system scan rates that are desired, the data control unit operates using one

of the direct memory access channels from the DMA multiplexer. The data

control unit obtains the addresses of the desired channels from the memory

-of the processor, outputs the address to either the digital or analog input

section as specified, receives the digital data from selected channel, and

transfers the data directly to the memory of the processor.

Gimbal Control Section

The gimbal control section provides for the output of analog voltage

signals to control direction of pointing of the various gimbals. The input to

the gimbal control section is a digital word from the data processor. This

digital word is converted to an analog voltage and output by the appropriate

channel to the specified gimbal control servo circuit.

Data Storage Secti n

The data storage section consists 'of a digital magnetic tape transport

and associated control electronics. 'Complete read/write capability is pro-

vided and the tapes produced by the system are standard computer compatible
40 fforrrt. All tape recording is done in IBM 360 format with the necessary

gaps and vheck characters automatically inserted. Error checking is per-

formed on all read and writet operations with erroneous res-alts indicated as

tape system malfunctions.

Tape control provides the necessary logic to direct the operation of

the magnetic tape transport to produce computer compatible tape in the

desired format. All check characters, gaps, etc., required for IBIM tape

compatibility are automatically generated and checked to verify data accuracy.

Timing and Sensor Control SyA i 1

The timing and camera control units provide the fundamental means

i4 , for correlating all re-entry data. These units provide coherent coded time

signals and camera sequencing 'commands which are recorded and,

consequently, permit comparison 'of all data to a time resolution limited

only by the .data sensor.
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The block diagram is shown in Figure I -41. The basic timing

reference is the airborne rubidium clock. Also shown is the WWV or range

time receiver. This is used to periodically synchronize the airborne clock

and, when transmission allowo, also be recorded. The digital synchronometer

and distribution amplifiers complete the basic timing reference system. The

ccntrol function is shown as three blocks to identify the diifetences required

by cine, framing, and ballistic cameras. The flow of inf-rmation and control

within these ,%nits can be seen readily as well as their relationship to ancil-

la.y and related equipment. The major items are discussed more in detail

below.

Airborne Rubidium Clock

This unit is the primary input to system timing and data reliability.

The unit will give a much closer time correlation, reliability and freedom

from grovnd stations than before possible. The drift rate is such that a

1 msec accuracy is easily achievable,, It is designed for portable use under

environmental conditions comparable to our need. The desired freedom

from ground stations is due to the occasional necessity to operate in loca-

tions where neither range time nor NBS transmissions are readily available

and ar. also due to our poor experience in the reliability with which WWV, etc.,

can be received on the Ranges. The specifications for this unit are as

follows:

Specifications

Physical,

Front Panel Indicators: 7,4 Hour clock movement with stepping
sweep second hand
Time and Frequency error indicators
Servo loop null meter
Battery current meter

Front Panel Controls: Power on-off switch
Fast-slow battery charge switch

Crystal oscillator bias control
Servo-loop s\itch
Time error indicator
Automatic sync. actuator
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E lectrical

Initial Frequency Setting: + 5 x 10 I relative to customer pre-
scribed time scale

Accuracy: After initial setting, accuracy is
determined by the Long-Term Stability
and Systematic Drift

Long-Terrn Stability: 5 X 10 " 1 1 (standard deviation) per year

Systematic Drift: Less than 1 x 10 1 1 pe- month; 5 - 10 "l1

typical

Medium-Term Stability: 5 x 10 12 (standard deviation) for 100second averaging

Short-Term Stability: 1 x 10- 11 (standard deviation) for 1
second averaging

Tunability: At least + 1 x 10- 9 about the initial
frequency setting; total range 4 x 10

Digital Synchronometer

The digital synchronometer, General Radio Type 1123A, is a fully

electronic modern method of precise local timekeeping when used in con-

junction with a standard frequency oscillator. The device provides a means

for comparing the local frequency standard against broadcast time signals

in addition to providing several decimally related pulse rates and the time

of day in parallel in binary coded decimal form.

Distribution Amplifiers

A distribution amplifier unit provides a low impedance coaxial line

driving capability for the high impedance (100 kohm) time-of-day outputs of

the General Radio Type 1123A synchronometer. This unit, in addition, pro-

vides the complements of these time-of-day signals and special once per

minute and once per six-minute system synchronizing signals as well

Synchroscope

Tektronix Type RM561A with a Type 2A60 vertical amplifier unit and a
Type ZB67 time base unit.

Its purpose is to permit comparison of time signals as received from

WWV or range broadcasts with thcse of the on-board time standard and

digital time distribution systern.
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Cine Camera Control Unit

The Cine Camera Control Unit (CCCU) is a switching and program-

ining control for all cine cameras. Each camera of this type regardless of

location in the TRAP-i aircraft would be controlled, where functionally

possible, from this central unit. Functions include camera on or off and in

some instances slow or fast framing rate control. The basic method of set -

up control for the CCCU is by means of a static punched card reader utilizing

a standard IBM card. With the increase in control functions and operating

flexibility necessitated by the TRAP-1 upgrading, individual switches become

too numerous and a matrix approach is in order, The CCCU would provide

up to twelve independent pre-set programs, one corresponding to each row

in a standard IBM tabulator card, for each camera for each mission.

This pre-programming capability is a matrix outlined by the rows

and columns of a tabulator card. Columns or groups of columns correspond

to variables'of a camera such as framing rate and tit iing lamp intensity and

rows represent programming busses. Holes in the programming tab card

at the intersections of variables and a buss cause cameras to operate in. a

mode determined by the chosen variables whenever that buss is activated.

A camera may operate at a slow rate when one buss is activated, not

at all when another is powered and the same camera may frame at its fastest

rate when yet another row (or buss) is activated. A complete absence of

holes in the columns representing the variables of a particular camera at

any row means the camera will be inoperative when that row is activated.

A camera may be programmed to operate from any of the twelve busses and

any of the busses may be activated or reactivated at will during a mission.

A static card reader and a programming tab card serve, then, as a

crossbar switching complex to determine up to a dozen independent cine

camera programs for each mission. The twelve programs will be remotely

controllable and will facilitate the sequencing of cameras during the coverage

of multiple vehicle re-entries.

The flexibility offered by this camera controlling system repi .sents

-an operational capability an order of magnitude greater than presently avail-

able in any TRAP monitoring aircraft.
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Framing and Ballistic Camera Control Units

The Framing and Ballistic Camera Control units are used to pre-set

and functionally control all framing cameras and ballistic shutters.
Framing cameras require pulses of sufficient duration to initiate

camera operation. The pulse repetition rate is that rate equal to the number

of frames per second of data that is desired. Multiple choices of framing
rates are required and are utilized for various types of sky background and
re-entry configurations. Faster framing rates, with lower exposure times,

in the case of a streak framing camera, are used on multiple object tests

and with high sky background levels. Rates available must be from the

highest speed desired (6 fps) to the lowest (4 seconds per frame).

Ballistic camera shutters are Zoded- with the AERL main time format,

pulse width code. This code permits unambiguous identification of the time

sequence and time intervals. Two major options are available, with the

shutter being open or closed for the binary 1"11 in the code.

In addition to the framing and shutter functions, the control units will

provide precise voltages for proper exposure of fiducial markers on the film.

These voltages are adjustable to optimize fiducial exposure to film type.

System trigger or turn-on functions are also controlled from these

units, with the capability of sequentially initiating action on a pre-programmed

basis. This technique has been in field use for several years, and is highly

useful to sequence units for multiple re-entries and to assure proper time

phased camera turn-on.

The assembler concept mentioned above in the cine section will be

extended to these units. This will permit an unambiguous record of camera

settings and prevent human errors in the operatibn of the system

Re-entry Measurement Sensor Calibration

The function of a field calibratnr if to maint._v the prec-on of an

instrument's calibration under data taking conditions. The primary charac-

teristics desired in a field calibrator are: (a) calibration convenience,

(b) stability, and (c) simplicity of operation. Implicit in (a) and (b) is the

versatility of the calibrator, e. g., it is desirable to keep the source temper-

ature constant and to vary apertures and/or filters, in order to obtain the

calibration of an instrument from threshold to saturation, In addition, the
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design of the field calibrator should be based on the criteria of simulation

of the object-image relationship encountered downrange. This means simu-

lating the illumination of the entrance perture as well as the object-image

dimensional relationship to the system resolution.

Experience with other TRAP aircraft clearly indicates the desirabil-

ity of accomplishing calibrations from an on-board calibrator as the primary

field type of calibration. Further, evaluation of the calibration unit presently

in use on the TRAP-7 aircraft has shown it to have the characteristics

described above, and it is anticipated that the design of the TRAP-1 calibra-

tor will incorporate many of its features.

For an instrument which is inconvenient to remove from its gimbal

because of weight, difficulty of realignment, the possibility of marring

surfaces critical to alignment as well as the possibility of damage to the

instrument itself, it is proposed that calibration external to the aircraft be

considered. Consideration of the instrumentation on the TRAP-1 aircraft

indicates that only the high resolution telescope (80" Jones Telescope) falls

into this category.

Design Considerations
To determine the specifications which the TRAP-1 calibration unit

must have, it is necessary to evaluate the characteristics of the data
gathering instruments which are to be calibrated. For it to be suitable it

must satisfy the simulation of object-image relationship in the field as

described in the introduction. This means (a) the image, when unresolved

downrange, must also be unresolved on the TRAP-1 calibrator: (b) the dia-

meter of the collimated beam of the calibrator must be larger than the
entrance aperture of the instruments to be calibrated for instruments which

contain central obstruction; and (c) if the instrument does not contain a center

obstruction, the diameter of the unobstructed portion of the calibrator should

be larger than the entrance aperture of the instruments to be calibrated.

Table I -19 lists some of the important characteristics of the instru-

mentation on the TRAP-I aircraft. The first 6 columns list some of the

optical properties of the instrument. It should be noted in column 4 that for

cameras the system resolution is determined by a camlbinatin of film and

optics, while for radiometers it is determined by the . eticle blade width.

Column 6 indicates whether an obscuration is present i:a the instrurr.ant.

-157-



-(

I

Adopting the criteria that an image is unresolved when its dimension

is less than or equal to 1/3 the system's resolution and that it is resolved

when its dimension is greater than or equal to 3 times the system's resolu-

tion, cqlumn 7 indicates, for a 100" focal length calibrator, the maximum

aperture diameter allowed for simulating the object-image dirnensional

relationship to the system resolution. All instruments but two, namely, the

high resolution telescope and the 40" cinespectrograph, do not resolve the

image. Special attention must be given to these two instruments regarding

the satisfaction of the simulation criteria.

Figure I -42 is a curve showing the image size variation with the

slant range Z for a typical re-entry for the TRAP-I aircraft for these two

instruments. The image size on the Jones Telescope varies from 2. 2 times

the system resolution at acquisition to 3. 3 times the system resolution at

Z min.. The image size on She 40" cinespectrograph varies from . 67 times

the system resolution at acquisition to the system resolution at Z min..

This means that the image varies from partly resolved to resolved for the

Jones Telesope and that it is partly resolved for the 40" cinespectrograph.

For these regions where the image is neither resolved nor unresolved,

the simulation of the object-image dimensions relationship to the system

resolution becomes more complicated. The requirement is that to produce

simulation, the image size must approximate the dimensions obtained during

re-entry. Thus, for these two instruments, column 7 of Table I -19 shows

two maximum aperture diameters, at acquisition and at the vertical point,

respectively.

Columns 8 and 9 indicate the diameters of the calibrator beam which

is required for calibrating instruments with and without obstruction. Thus,

if-----'. bem, a O...uin coa' fsy 0. 5", fe beam diameter

must be 13. 5" to satisfy the object-image dimensional relationship for all

instruments. While, if the collimator beam has no obstruction, the beam

diameter must be 8. 5 .

AColumn 6 indicates the wavelength region over which the instrument

is sensitive. The minimum wavelength is in the UV at a 3 y, and the max-

imun is in the IR at 3&. It is clear that contemplated instruments will
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probably extend further into the IR.

While it is true that the transmission of the quartz end window of the

tungsten ribbon lamp extends to approximately 4. 5/A (5076 of peak transmis-

sion), the decrease as well as the uncertainty in the values uf emissivity in

the IR would indicate that both a tungsten ribbon lamp and a black body source

are required for the TRAP-! calibrator.

Photoinultiplier Unit for the TRAP- I Aircraft

The unit which will assure that the downrange calibrator itself

remains in calibration is a photonmultiplier or photodiode unit which has been

calibrated in the AERL calibration laboratory. It is anticipated that the unit

used in the TRAP-I aircraft will be one manufactured by EG & G provided

that the evaluation of the unit, which is now in progress, proves it to be

sufficiently stable aaid ruiggedly built with enough sensitivity for the TRAP-I

and Jones Telescope calibrators. The two photodetector units which are

available have an S-20 and S-1 surface. The S-20 sttr!face covers a wave-

length region of approximately. 350-. 80,'uwhile the S-1 surface extends this

range into the IR to approximately 1. 2 A.

This range does not include thoe.e wavelengths covered by a PbS

detector. Two possibilities exist: (a) if the wavelength regions covered by

the unit show that the calibrators are in calibration, extrapolation is made

to the PbS region; and (b) provision of another head which contains a PbS

detector. It would appear that (a) is sufficient and that extrapolation can be

made confidently.

Calibration Philosophy

The field calibration scheme proposed for use on the TRAP-1

aircraft will satisfy the following: (a) All field calibrations will be performed

with an on-board calibrator; (b) All instruments except the Jones telescope

will be calibrated on the TRAP-I calibrator and will be easily removable

from their gimbals; (c) A photomultiplier or photodiode will be used on the

TRAP-1 aircraft to assure that the calibrator remains in calibration;

(d) The photomultiplier unit will provide wavelength coverage from. 7514 to

1. 2s; (e) Extrapolation of the calibrator's performance into the IR will be

made on the results obtained from the . 351A to 1. 2/A response of the photo-

multiplier 'unit.
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Requirements for the TRAP-1 Field Calibrator

Based on the data shown in Table I - 19, the initial specificaitions
for the TRAP-1 calibrator can be determined. They are: (1) A collimator

diameter of 13. 5"1 if it is obstructed or 8. 5" if it is not; (2) A collimator

focal length of 100", (3) A complex of aperatures varying in diameter to a

maximum of. 009" and containing apertures with diameters of . 0021" and

. 0033" to satisfy the simulation criteria for the 40" cinespectrograph;
(4) A black body source and a tungsten lamp. A schematic of this prelim-

inary design is shown in Figure I -43.

The following subjects must be considered before finalizing the
design specifications for the upgraded TRAP-1 aircraft calibrator and its

ancillary equipment: (a) Consideration of the combinations of calibrator

source irradiance and the various apertures and filters for the purpose of
determining whether they will provide each instrument with a calibration

over the range from minimum detectable irradiance to saturation;

(b) Evaluation of the EG & G photodetector units for the purpose of deter-

mining their acceptability as the secondary standard of the AERL calibration

laboratory on-board the TRAP-I aircraft; (c) Consideration of the problem

of object-image simulation for systems like the 40" cinespectrograph where

the image is not completely unresolved (< 1/3 the system resolution).

I b

A
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Fig. 1- 43 Schematic of TRAP- I oni-boad calibrator.
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TASK 1.0 MANAGEMENT

R. M. )kadle

This semi-annual program progress report is the first such report

issued by Avco Everett Research Laboratory under its new contract for

the operation, data reduction, and reporting for the TRAP-7 KC-135 re-

entry monitoring aircraft. The contract, F04694-67-C-0047, was issued

by the Air Force Ballistic Systems Division, now part of the Space and

Missile Systems Organization, and commenced on January 16, 1967 for

the management portion, with the remainder of the contractual effort

becoming effective on February 1, 1967. System Studies and Data Inter-

pretation Studies are also included under the contract. Prior tc February 1st,

Aerojet-General Corporation was the agency which outfitted the TRAP-7

a:.: -raft with the instrumentation system and operated the system during

its checkout phases.

The reporting period covered is from February 1st through

June 30th, 1967, with a few pertinent inputs from later points in time.

The following discussion will dwell on the major aspects of management

during this period and will summarize all tasks included in the contract.

The first important phase was preparation for and execution of

the takeover of the TRAP-7 instrumentation system. The preparation

ccrnenced in the 1F.st half of January, while at the s6.-. e time TRAP-7

was covering its last missions under Aerojet-General operation and

returned to Wright-Patterson Air Force Base. On January 31st, an

kvco Everett team arrived at Dayton to corunence the takeover phase.

For various reasons, there was no interface with Aerojet-General

personnel. The first step executed was the inventory of the system on

the aircraft. Immediately thereafter the team commenced . careful

turn-on and evaluation of the system. The basic information available

was that which was contained in the system manuals written by Aerojet.

Gradually all portions of the system were actuated, followed by operation

-167-

i_ A

cot ."



and checkout of individual instruments and subsystems.

Quite a few items required attention in the form of repair, mainte-

nance, or adjustment, which were detailed in a reportto Aerospace

designated as TRAP Memorandum #I,"TRAP-7 Takeover Report. " The

,. takeover period reached an arbitrary conclusion in the middle of February

when maintenance on the aircraft itself by Wright-Patterson personnel

resulted in the aircraft being no longer available to the Avco Everett team.

There was no opportunity for an actual flight test prior to takeoff for an

ETR mission on the Z4th of February.

The first mission was unsuccessful ldrgely due to human error,

and the third mission was conducted under daylight conditions on the WTR.

All remaining missions (one at White Sands; six others on the WTR) were

successfully covered, and a Re-entry Data Report was issued for the data
obtained.

Items requiring maintenance were taken care of as time permitted.

The maintenance of a complex instrumentation system which includes 10

gimbals requires considerably more attention than manual-tracking by3tems,

but the time required for maintenance of the aircraft itself, such as 100-

hour inspections and fuel leak repairs, and the time spent in flying between

Dayton and the Pacific made it difficult to schedule and actually obtain

sufficient access for instrumentation system maintenance. The first

time period attained for a comprehensive system alignment was between

May 27th to June 5th.

Significant attention has been directed towards the T-9 tracker

and its acquisition capability. It employs a lead sulfide detector, which

with its lesser sensitivity than photomultiplier trackers, means that

there is less time avallable when the signal is great enough for an auto-

track lock-on. Also, there are special techniques for target acquisition

and adjustment for this tracker. Thus with respect to autotracking of
i targets, extensive autotrack was achieved on one mission in June (and

another in July), with lesser amounts on several other missions. However,

at all times the tracking operator stayed with the targets so that data con-

tinued to be obtained whether he or the T-9 tracker were poincing the

gimbal eystem.
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System documentation is a very important item, especially in the

takeover of an instrumentation system which the laboratory did not fabricate.

The system manuals available initially were helpful, but not complete for

proper system maintenance. Much attention was devoted to obtaining full-

scale drawings. The system drawings eventually were made available;

however, these contain some inaccuracies, and considerable time was

also spent in tracing the real-life situation with respect to system inter-

connections, location of power supplies, etc.

During the takeover phase, it was promptly noted by Avco Everett

that it was possible for the downstairs g.mbal system to shear the existing

stops and strike the windows of the aircraft if gyro failure, although a low-

probability occurrence, were to occur. This resulted in an immediate

effort on the design and implementation of a set of much stronger gimbal

stops for the 3- and 4-axis gimbals in the main cabin. By the end of the

period the stops had been made and were awaiting an opportunity for in-

stallation. In the meantime, the aircraft operated at lower altitudes than

usual and the personnel aboard were harnessed to m..imize hazard in

event of rapid decompression. The need for these gimbal stops resulted

in the initiation of the first Contract Change Notice to Avco Everett's

TRAP-7 contract.

Turning to the data aspects of the contract, data has been :uccess-

fully and continuously obtained and reduced from all of TRAP-7's wide

range of instrumentation except the R-51 radiometer, whose gimbal

requires the most sensitive alignment. Among the best instruments

aboard from the standpoint of data have been the Barnes cinespectrographs

whose excellent sensitivity and spectral resolution have provided important

additional spectra on R/V's and emanations which heretofore have not been

detected. The techniques for data reduction for all TRAP-7 instrt ments

already existed at Avco Everett, and the processing of TRAP-7 data loads

commenced immediately and effectively. The highlights for each type of

data collected are summarized under Task 3, and the TRAP-7 Re-entry

Data Reports issued for missions covered for the reporting pereiod are

listed and abstracted under Task 7. In summary, the employment of
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TRAP-7 by Avco Everett Research Laboratory was promptly successful

from both the operations and data viewpoints.

Calibration is of course the basis for deriving valid data. For this

contract calibration is a separate task (Task 5), and this subject received

prompt and thorough attention during the reporting period. The Aerojet

J216 calibration unit is an on-board system on which instruments in the

main cabin can be calibrated immediately following a mission. The J216

calibration unit was thoroughly evaluated, and a comprehensive report is
given under Task 5 in this progress report. In general, the unit was found
to be usable from both the operation and data viewpoints; however, it was

found that irregularities in the attenuating filters used in the system com-

bined with their location in the unit's beam produced some results different

from those which had been previously documented.

At this point it is appropriate to discuss the aspect of discrepancies

with previously documented information which may be noted in variour,

portions throughout this progress report. Whether the discr-epan-cies or

corrective actions enployed pertain to calibration information, r tstem

condition or alignment, or instrument capability, they are documented

not with the intent to be derogatory but because of the necessity for Avco

Everett to establish the actual capability of a system and veracity of the

re-entry data obtained. Whenever a discrepancy was found or a correction

required, we proceeded to ascertain the cause of the problem and to take

constructive steps wherever possible within the scope of the contract.

With iespect to studies, there are two categories incorporated into

the present contract: system studies and data interpretation studies. Within

system studies, there are two types of efforts, The first pertains to modi-

fication of R/V's to enhance optical acquisition and data interpretation;

because of a closely related study issued under the -865 contract, we re-

quested that realignment of this effoz z concentrating on a special nission

to be Ilown this faii. This study is discussed in the classified volume under

Subtask 4. 1. The other system study effort pertains to system upgrading,

and a summary discussion of this subject can be found under Subtask 4. 2

in the unclassified volume.
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The basic intent of the data interpretation study is to provide R/V

diagnositcs based on the data collected by TRAP-7. Obviously, with Avco
Everett's operation of TRAP-7 having just commenced, there is not a great

backlog of data to be analyzed. However, there have been some very in-

teresting results obtained during these first nine missions. Some of these

analyses, e. g. on body dynamics, were incorporated into one study to

provide a cohesive discussion of the subject. in this case the study was

issued under the -865 contract (Subtask 2. 1. 2) but incorporates TRAP-7

data and analysis thereof. In another c:ase, TRAP-7 collected some unique

spectra and the analysis of this data is discussed undex the TRAP-7 contract

(Task 6). An examination of TRAP-7 data from the standpoint of F/V sur-

vival is also discussed under Task 6.

Re-entry Data Reports for each mission are listed and abstracted

under Task 7. These are to be issued seven weeks after receipt of data at

the laboratory; however, the contractual data load level is two loads a

month, so that when missions bunch in occurrence there must necessarily

be some delays in issuing the reports on these missions. Reports for all

seven missions where extensive data was collected have been published

and distributed, and letter reports sent to SAMSO and Aerosp ,ce on the

two other missions.

A new type of report was instituted during the period, termed

TRAP Memoranda for the purpose of reporting promptly to SAMSO and

Aerospace on topics which had been requested and/or pertain to subjects

which would not necessarily receive wide distribution. TRAP Memoranda

were issued for both the -865 and -0047 (TRAP-7) contracts, and those

issued for TRAP-7 are given under Task 7. These reports are not avail-

able to the community at large, although in some cases portions of the

information are being published in progress reports sucb as this, or in

research notes.
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TASK 2.0 OPERATIONS AND MEASUREMENT

R. S. Warner 2

For the -0047 contract (TRAP-7), Task 2. 0 encompasses both field

operations and system maintenance and repair.

Field Mission Coverage and Aircraft Activity

During the period from I February to 30 June 1967, the TRAP-7

KC- 135 aircraft participated in nine re-entry monitoring missions plus an

additional mission resulting in no target. (A mission is defined as an activity

for which the aircraft was on station and the missile was launched. There-

fore, both successful and unsuccessful missile flights are included; last

minute test postponements, even though TRAP-7 was on station, are not in-

cluded.) A summary of TRAP-7 aircraft activity is given in Table II-I. 4

The first weeks in -February were devoted to the operational takeover

cf the TRAP-7 system under the new AERL contract. Details of checkouts,

-epairs, and adjustments of the TRAP-7 equipment during this period are

include'din the TRAP-7 Takeover Report (TRAP Memorandum #1) and are

summarized in ti.e next section. Aircraft availability during the first part

of this period was spmewhat limited but in general alluwed an eight to twelve-

hour working day. Due to aircraft maintenance and fuel leak work starting

approximately 18 February, several items which were planned to be accom-

plished before the first re-entry mission could not be done. These included

running practice missions and tracking targets from the ground for dynamic

pointing evaluation and complete airborne system checkouts and tracking.

The TRAP-7 system covered its first mission under the AERL con-

tract on .February 25,at Ascension Island, Because of the aircraft mainte-

nance and fuel leak work, TRAP-7 did not leave Wright-Patterson AFB until

approximately 15 hours before re-entry time; thus, after the flight from

WPAFB to Ramey AFB in Puerto Rico and refueling, the mission was staged

from Ramey.

As shown in Table II-I, TRAP-7 has been active during the reporting

period; not shown on this table are the many times that tests were scrubbed
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shortly before takeoff and the premission checkouts on the system were

underway. Several "doubleheaders" were scheduled; on these TRAP-7

covered one at most because of fuel shortage, test cancellations, or missile

difficulties. This type of operation on the Western Test Range entails stag-

ing from and recovering at Wake Island to give the longest possible on-station

time. The ferry flight to Wake from Honolulu often has to be arranged for

arrival many hours before a schedulcd departure for the mission, because

of the limited servicing facilities at Wake.

The aircraft monitoring activity, along with air .raft maintenance and

fuel leak work when TRAP-7 is at WPAFB, has reduced the amount of time

available for required system adjustment and alignment. Future operation

of the TRAP-7 system must provide for sufficient time when the aircraft is

totally available for systems work as required.

Extensive data was collected on seven uf the nine re-entry missions,

with the first (human error) and the third (daylight conditions) being the ex-

ceptions. The types of targets ranged from experlmental through operational

vehicles. Locations of monitoring included one mission on the ETR, one at

WSMR, and the remainder on the WTR.

Summary of Takeover Effort

The operational takeover by AERL of the TRAP-7 re-entry monitoring

system began at Dayton with the start of the contract on 1 February. Prior

to this time two weeks of planning effort had resulted in a plan-of-attack and

a schedule of milestones. The schedule was based on working two shifts per

day for two weeks, and the proper arrangements were made with ASD at

WPAFB for the support required. The TRAP-7 system was divided into

several subsystems for the purpose of learning, testing, and making opera-

tional checkouts. A lead person and support team were assigned for each

area. As manuals on the system arrived frnm Aerospace, U- -crc Clopied

and distributed to the personnel involved in each task. Several meetings

were held in which each group leader presented the system information in
his area to the rest of the takeover team, and discussions were held con-

cerning the plans of each group and the interface and coordination of the

work. The personnel level at Dayton during the takeover period ranged up

to 19 persons for the first two weeks of February.
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Consumable items such as film, magnetic tape, chart paper and other

expendables were procured and shipped to Dayton during the last week in

January and first week in February. Test equipment needed for the takeover

period and for operation of the TRAP- 7 system was shipped to Dayton in the

first few days of February.
Preliminary operational procedures and documentation were prepared

prior to 1 February and continually updated during our familiarization with

the system. Much of this documentation was derived from the Aerojet systems

manuals, with some modifications made on the basis of our experience with

similar systems. Arrival of the takeover crew at Dayton started on 31 January.

After the firat few days of working on the aircraft at Dayton it became apparent

that a one-shift, twelve-hour day was preferable to a two-shift day. This was

possible because there was minimum interference between the various groups,

and the original plan of limiting the number of persons on the plane to approxi-

mately six (and the number of separate tasks to two) was not necessary.

The first two days of the takoover period were taken up with inventory

of the TRAP-7 system ooard the aircraft and with associated equipment lo-

cated in Building 67 at WPAFB. All of the inventory lists available at this

time were signed by the afternoon on February 2nd, and the system turn-on

commenced immediately.

System Turn-on

System familiarization and turn-on encompassed approximntely two

and a half days. At the end of this time, several persons were checked

out on the system and we were ready to proceed into specific instrument

and subsystems testi.ng. The camera control system and the J216

calibration unit were among the first subsystems undertaken and, concurrently

with continuing system "turn-on, the camera checkouts and calibration

evaluation began.

i1
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Cameras, Mechanical and Optical Systems

A thorough checkout was made on each camera in accordance with

a checklist which was accomplished for each instrument where applicable.

The first cameras to be checked were those which wvere to be used for

the initial evaluation of the J216 calibration unit; these were the Wide

Angle camera (35 mm Giannini 207), the High Speed DBM V, and the

Sodium D (DBM 4M1) cameras. As these were checked and any discrepan-

cies corrected, they were calibrated on the J21 6 and the films returned

to the laboratory for processing and evaluation.

Several TRAP- 7 cameras and a DEJM V frcm the laboratory were

calibrated both on the JZl 6 calibrator az.d on the AERL in-lab facility.

A photomultiplier was also calibrated on the AERL facility and on

the J216 unit (two days of measurements). (An evaluation of the J216

unit is reported under Task 5. ^ of this semi-annual progress report.)

Time, Control and Recording Systems

This area encompassed operational checkouts and calibrations

of the systems listed below.

Power distribution

Timing

Camera Control

Recorders, tape and chart

Interphone

Calibration unit (el.ectrical check)

Test equipment

Lack of documentation was *a major delay factor in the tracing of ,3'
power and signal distribution throughout the system.

C
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Radiometers, Tracker, and Video Systems

The radiometera and tracker were tested for: electronics calibra-

tions; transfer characteristics from preamp input to recorder input;

dynamic range and gain; and absolute intensity calibrations.

Preliminary checks of R-71 and R-51 radiometers indicated that

both instruments were in working order. The T-9 tracker was used to

track slow moving targets and behaved normally. Both the Image Orthicon

and Vidicon were operational, although difficulty Was encountered in turning

on the Vidicon due to a hidden undocumented power supply.

Tape recorders were operated and calibrated. Both radiometers

and the T-9 tracker were calibrated. The R-51 and T-9 were calibrated

using the 27- 1/2 ft collimating lens and a 10000 black body from Avco' s

laboratory, and the R-7 1 using the J216 calibration unit. The tapes were

returned to data reduction at the laboratory.

Gimbal System

On initial turn-on, the gimbal system (except for the 4-axis) operated

in a gross sense, that is, all gimbals moved in both of the rotational axes and

in translation. However, each gimbal followed commands differently, some

greatly overdamped and others overshooting, Each of the axes of the three-

axis and the two-axis gimbals were adjusted according to procedures outlined

in the AGC manuals. When the entire system was run, several malfunctions

and problems were noted.

Primarily, the 400 cps reference supply would trip to line power,

H. causing the system to shut down for about a minute, after the system had

been on for - 10 minutes. Isolation of this problem was traced to the hori-

zontal translational axis of the 4-axis gimbal. At this time it was decided

to concentrate on the rest of the system and get that operating properly

before attacking the 4-axis gimbal.

Another problem became evident while attempting to adjust the rest

of the system which was eventually traced to noise spikea- coming from the
reference supply. When this problem was traced to the reference supply,

it was decided to run the gimbal system on aircraft line power until there

was a resolution of the reference supply malfunction.
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Mechanical checks were made of all gimbals. The most prevalent

problem rust on the clutches of the horizontal drive motors (translation axis);

these had to be disassembled, cleaned, lubricated, and reassembled. All

gimbals were electrically actuated and the checks as outlined in the manuals

were made. Adjustments, repairs or replacements included damping, inte-

grator amplifiers, isolation amplifier converters, and pow-i amplifiers,

Axes of all gimbals were adjusted according to the AGC manuals.

Operational Procedures Training

Upon completion of system familiarization and systems engineering

tasks (during which the operations crew worked closely with the laboratory

engineering personnel) the system was turned over to the operations crew.

The operations training actually started prior to completion of trouble-

shooting of the gimbal system because of time limitations and because this

parallel effort could be accomplished with little interference.

Check lists, which had been constantly updated during the takeover

period, were run through by the crew, and premission, mission, and post-

mission procedures practiced. This included boresighting and alignment,

electronic calibrations, and other setup and checkout items, On the evening

of 13 February a complete system ground test was run in the form of a

simulated mission. "Data" from this test were immediately forwarded to

the laboratory for processing, evaluation, and feedback of information to

Dayton.

The next few days were spent performing cleanup of tasks previously

left incomplete, of minor malfunctions occurring during the test, and again

running through the mission procedures.

Preparations were made for a flight t,-s. on several occasions, but

due to the unavailability of the aircraft, there was no flight test made before

the first mission.

The "takeover" phase of TRAP-7 was essentially completed on

17 February. at which time the ochedulcd 'Ma-l leak work on the airccaft

* (during which no cont-acto personnel are allowed on the aircraft) prevented

any further work.

-179-



Chronological Summary

A chronological summary of the takeover effort is given below.
Aircraft
Location

H = Hangar
R = Ramp

February 1 A/C Inventory H

2 A/C and Building 67 inventory complete

1530 hrs, - start turn-on at 1600 hrs, H

3 System turn-on (high res. removed to

bench in Building 67) H

4 System turn-on - calibrator evaluation -

cameras

5 System turn-on - calibrator evaluation -

cameras H

6 System turn-on (complete) - cameras -

radiometers - calibrator evaluation

measurements (complete) H 2100 hrs,

7 Radiometers - cameras - tracker -

gimbals R

8 Radiometers - Vidicon - Orthicon-

tracker - gimbals - cameras (complete) R

9 Radiometer and tracker (complete) -

gimbals H ZM4 hrs,

10 Gimbals - operations training R (AERL on
A/C 1300 hrs.)

11 Gimbals - operations training (Electronics

calibration) R

12 Gimbals - operations training (boresight

and calibrations) R

13 Operations training - individual checklists

run through - full-scale ground test

(including complete calibration) R

14 Cleanup work - gimbals - operational
procedure review (flight test scheduled) R

-180-



February 15 Cleanup work - operations training -
gimbals (flight test scheduled) R

16 Ground test lab feedback - adjustments

and repairs made as required -

operat'ans training - gimbals (flight
test sc., luled if WSMR cancelled) R

17 ASD schedule announced: fuel !eak work

to start 2/18, to last -Z days. ,From
this date on, flight tests were scheduled
to be held as soon as the aircraft was
available,) R

18 Part of AERL crew to Lab (3 persons

left in Dayton), r,

19 Sunday

20 Gimbal measurements relative to hitting
windows - fuel leak work started H

21 Fuel leak and maintenance H
22 Fuel leak and maintenance (100 hr.

run-up); AERL crew return to Dayton H
23 Fuel leak and maintenance H
24 0530 hrs, - takeoff for Ramey, test,

Ascension (ETR)

Notes

I) Aircraft undergoing maintenance until
just prior to departure for ETR test,

2) During fuel leak work, no contractors
were allowed on the aircraft,

3) Flight test cancellations were due to
aircraft m i tntt bein InMpete. 1-_ .e

System Performance and Maintenance
The following sections summarize important aspects of system per-

formance and maintenance occurring over the reporting period,
Pointing System

During the takeover period in February it was noted that there were

-181-

. . ~--.-~- - - - -



several discrepancies in the operation of the pointing system (see discussion

above), Due to the limited time and availability of the aircraft at the end of

February prior to the first mission, a complete system realignment was not

performed, For several weeks attempts were made to adjust the pointing

system in the field, but due to the nature and extent of the misadjustments,

it was determined that a complete system readjustment was required. A

irequest was made for aircralt availability for the necessary time to complete

these tests, but because df the monitoring schedule and aircraft maintenance

work, this time di not become available until the end of May. Efforts con-

tinued in the field to make system readjustments and significant progress

was made. At the completion of the scheduled pointing system readjustment

in May and June, the entire system was operating within test procedure

specifications.

Some of the more significant items pertaining to the pointing system

are discussed below:

400 Hz Reference Supply

During the takeover period when the system was first ener-

gized, the Reference Supply circuit breaker would trip after several minutes

of operation, Because of limited testing time prior to the first mission it

was decided to run the system on "filtered line, " A spare static inverter

was rewired and installed in the reference supply unit; this also resulted

in the circuit breaker tripping although fewer noise spikes were evident.

Further investigation after this revealed that ihe circuit breaker installed

in this circuit was not rated properly and was tripping on the normal current

drawn by the system. It was subsequer.tly learned that this unit had not been

used previously as an operating part of the pointing system. When using

aircraft line power, the system did not operate properly on several occasions
when faulty ground power units were supplying aircraft power. The reference

supply and associated circuits have now been modified and the unit is used in

the system.

18
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Power Amplifiers

The power amplifiers for the gimbals are modified Westamp

Model A466, Some of the spare units which came with the system were not

modified and could not be used in the system in this unmodified condition,

A study was performed along with contacts with the gimbal system manu-
facturer (Aerojet) and the amplifier manufacturer (Westamp) to determine
modifications, specifications, and reasons for the modifications. Several

amplifiers will be sent to the manufacturer for modification and upgrading

to provide greater reliability and better system performance. Several pro-
blems encountered with gimbal adjustments are possibly attributable to the

power amplifiers,

Buffer Amplifiers

Boresight shifting caused by the buffer amplifier has been
noted. (Shifts can be seen as the buffer amplifier is tapped with a finger.)

An investigation is now underway to eliminate this problem. Several of the
amplifiers were not balanced when checked, and two could not be adjusted

to balance; these were all adjusted or repaired as required.

Dynamic Slaving

All gimbals required considerable adjustment to be brought
wlihin system specifications; in several cases the rate loops could not be
adjusted with the potentiometer provided for this purpose, and fixed resistars

had to be replaced in the summing amplifier before adjustment could be per-
formed.

Crosstalk in the elevation axis of several gimbals, when the

gimbal rotated ir azimuth, was corrected by mechani.al rotation of the gyros.
r gure II-I shows the readout of the T-9 tracker boresight

camera for a re~ent test, WTR 0510, in both azimuth and elevation. Twonty
seconds of autotrack or the re-entry vehicle were achieved on this test.

"eauda6 of ihe ozave gimbals on this mission show generally good results

and are now being analyzed,

Translation Axis '1
The translation axis motors/clutch assemblies have been
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cleaned and readjusted, an alignment jig made and a torque setting procedure
established to assure reliable operation. One of these fAOtors (at Station 560)

sheared a shaft during operation and a subsequent study resulted in the adjust-
ment procedures.

Radiometer and Video Systems

R-51 Radiometer

,Detector #1 in the R-51 operated intermittently on several
occasions and the troublz was traced to a broken detector lead. Because of
the construction of the detector/cooler/lield lens assembly, the repair will
be accomplished by the manufacturer (Aerojet).

Image Orthicon

A Bendix representative was contracted to perform repair
and overhaul of the BX-8 Image Orthicon system at Dayton.

The major repair consisted of the replacement of a transistor
in the input circuit of the video preamp in the BX-8 camera. This component
was noted by the Bendix representative as being a high failure item in the

BX-8 1.0. systems.
The system could not operate in the "line-lock" configuration

since a unijunction transistor w,.s missing, This component was replaced
and the system completely rcaligned.

The photocathode of the I. 0. tube which was in the camera
was burned in sever 1 places, probably due to the operational mode employed
with the system over a long period, i. e., pointing at a bright boresight target
and "burning-in" the point image on the tube, The burning of the tube had
deteriorated its sensitivity, and apparently neutral density filters had been

replaced with less dense filters to compensate. Recommendations wore
made for proper filtering for use with a new I. 0. tube.

Other recommendations were made by the Rpendic r .n' -,n-

tative regarding changes in the circuitry and an Image Orthicon tube which
is very "burn" resistant; these will be further evaluated and incorporated

into the system where practical.

Support System
The WWV receiver which came with the TRAP-7 system did not have
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the capability of receiving range time (4. 815 mc and 7. 355 mc) and did not

receive WWV well on the first few missions. The receiver which was for-

merly on TRAP-I was borrowed and installed in TRAP-7 to provide b ,'ter

timing reception. This unit has been modified by AERL and has the range

time capability.

Timing lamps in the Barnes cinespectrographs were changed from

argon to neon to provide greater reliability.

Mechanic al/Optical Systems

The cameras underwent comp ate overhauls and repairs during the

takeover period and in general have provided good performance. The High

Resolution camera was returned to the laboratory for a complete checkout

and evaluation in February and a summary is included in this report.

The Sodium D camera has frequently produced distorted images in

the data and is being evaluated to isol;e the cause of image distortion.

1216 Calibration Unit

The filters were removed from the calibration unit in June and re-

turned to this Laboratory for inspection (cf. Task 5. 0). They were re-

installed and calibrations show no system change due to their replacement.

The TRAP-7 Instrument Table is given in Table U-2.

TRAP-7 Preventive Maintenance Program

The Preventive Maintenance Program was developed during the

period to insure system performance. Maintenance schedules have been

formulated for each subsystem element, and procedures established for

feedback of reduced data on past performance. Srchedules and records of

system work are being maintained both ac the aircraft And in the laboratory.

Extensive maintenance manuals have been prepared for each of the four

subsystems which cunprise the TRAP-7 system.

The following sections summarize the major aspects of the program.
Obi ectiveB

Objectives of the Preventive Maintenance Program for TRAP-7 are:

a. To keep all components and subsystems of the

TRAP-7 re- entry monitoring system operating

at a specified performance level.

-186-

-- t- -

I.i



TA L 1-

TRP- KC15ISRMN AL SO 0

CAIAERA~~~~~~T BL CRW LAE1-2LL I TISL1

31ND~W MATER AT PRISON.

CIOIIESOL'TORP 40 40 IA/ y40-m IOMY s132. 3".10 '74 0 0 PS rT. I'M.R S.00 40. A )Wt L
021.4E CROWN3 PL0ATE2 ORATIN NTAO l. ?LD0

0' ~ ~ ~ ~ A 000A CHOATT F.4 0 1.
OG?.t FILTERS

OAI o0woin
CAMERAS 2 CROWNEL PLATE OPAONO LZED ETEE A )0..OMAT 4/.

DDMl4' CR03.0 PLT CAMER0.AS O FL. 1"0 Mo. 112. S05101
C'00. FILTE

DAMERAS 10 CROWN PLATE PIZE)BTE APrCIIPQMAT 000434
DBR.4541 CAMERAS FL - 10 n- 1/2.0 5.0..l,

WID ANLE A~fRA 20 L. O -(/A 4 0. mz zo so 40FPS0.7 0,4. T1o

S1101SPED .ASERA 440 FILTE XINPT11 4.2.. Z 5A 6 16 's 2475 0.4.0.7. I0.69NA
DBM.OA CROWN3 PLATE APOC3IROMAT

FL - 10 0 -11. 5

IRDA) IfECOPA FW CNOY FL. 00- ofL 201.0. IN. 30. 40F0 27 .407.
CAErOWN PLAT

XIORESKHIT01 St0 SWITAPr 4 *. 4I 1 a FPS Z475 0.19.0.7..N 0A.

lOB )A AFrT CANOPYi APOCHRIO34AT
WATER FREE QUOARTZ FL 1 100 _o. 0/2. o

BSALLISTC CAMERAS 1120 ROTATM W.OLD.3IEv".ROJCO 74 . 02* 1 CilOPS/2.EC 016 PLATE 0.!1-000 N.A
CROWN4 PLATE DOWN.WARD AVIOON C-obi'Soi PUW0E WIDTHI

TOSTPIETCII kL,'411. f/5,6 CODED
TRACE. BINARY
COVE"'(IOPRO

THREE CIANNEL $to THR1EE DETECTOR/ CASSEOP.AINIAN I'1 50 CPSN
J3ADSOMETER; A-51 AFZ'CANOPT; FILTER CIAS.NLL3 f14 410 -,o (1. TRONATED RE2COR.DE p'4s DETECTOR I.011.

WATER )REQUARTZ USINO SAME FEVLD LRN20. WEIIOE TAPE 1.07.2,27,PIMOARY

13.41 PHODTOMETER 660 FL. S0 I*.. DI2A, I13JOC;A P]IOTOZAVLTIFLIER 0,.340403 M A.
CR103.0 PLATE RECORDER S.1I& .0 4,0400.0.13.

TAFC

T-9 TRACKER 350 CV69012OPAINIAN 1.? FAA. 700 C00 Pbs w.coolst 1. 4. . hNA
kDCAN4OPY. FL. 12,724 IN. FICORDER DVITPCTIDR

WATER FREE QUJARTZ IAPE

Ali



TABLE Ir-2
TRUMENT TABLE AS OF 30 JUNE 1967
ETT RESEARCH LABORATORY
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b. To insure maximum data return from

the system, both quantitatively and

S .qualitatively.

c. To insure minimum downtime of the

system or subsystems.

Scope

The maintenance program is designed to keep the TRAP-7 system

performing to established performance criteria. These criteria will be

defined by manufacturers' specifications or by specifications used for

acceptance testing of the system. Procedures have been established for

each instrument to cover electronic adjustment, mechanical adjustment,

inspections, cleaning, lubrications, overhauling, and complete system

readjustment. Performance of these procedures leads to system adjustment

within the tolerances of performance criteria. Maintenance tasks and their

time requirements have been established, and scheduling planned on calendar/

or mission/or running time basis. The maintenance program also establishes

the necessary spare parts levels to be stocked and the test equipment required.

Tasks are denoted as to whether they will be done --- ie field or in the labora-

tory or returned to a vendor for repair and overh,uling. The maintenance

program will be continually updated as new procedures are defined as the

system changes, and as experience provides better information on the fre-

quency required for maintenance procedures.

Implementation

The TRAP-7 system is categorized into four subsystems: Pointing

Systems, Radiometer & Video Systems, Mechanical/Optical Systems, and

Support Systems. Maintenance manuals are provided for each subsystem.

For each element of a subsystem the following information is included:
: Performance criteria °

Maintenance instructions and achadule

Procedures for testing, adjustment, alignment, and calibration
Test equipment required

Reference to all drawings, manuals, and other documentation
.Applicable to the instrumentation, and spare parts lists.
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A data sheet is provided to record results of adjustments and testing

where required. These are filed both on the aircraft and in the laboratory.

Premission checkouts and postmission system performance evaluation

provide the first echelon of the system maintenance. The field missior report

contains checklists on performance of tasks and records of per mission elec-

tronics readings. Per mission performance of portions of the system are

analyzed by review of the visicorder event records both in the field and in the

lab.

A maintenance log is being kept on the aircraft and a duplicate file in

the laboratory. This log records the type of maintenance and corrective action

required along with spare parts used.

An important part of the preventive maintenance plan is the feedback

of information from various data reduction groups in the laboratory. This

4 provides monitoring of most parts of the system on a per-mission basis,

Information will be supplied from data reduction in forms of data commen-

taries and special evaluation reports. Continuing analysis of the data re-

duction feedback will allow monitoring of system drifting and will provide a

tool by which systems maintenance requirements can be predicted. For the

pointing system, the readouts of the boresight camera records provide a

means by which the performance of the pointing system can be continually

evaluated without going throagh the process of a complete electronics check-

out. The radiometers, cameras, and support systems are constantly checked

for proper oper:.ion through evaluation of data and calibration on each mission.

The advantages of monitoring system performance by data reduction

are that this will: supplement pcriodic field and laboratory evaluations of the

instrumentation; provide system performance information between scheduled

electronics readjustments; allow observation of system drifting; provide a

means of establishing better scheduling of maintenance for the system based

on observed performance; lead to less system, subsystem, or instrumentation

ii downtime.

Continuing analysis will be performed on the records, including the

ii maintenance log and data sheets and information returned from data re-

duction, Reports will be prepared analyzing all significant malfunctions or

Idis crepancies observed.

-190-

Itt .



The maintenance charts provided for each instrument of subsystem ele-

ment include a) the maintenance to be performed, b) frequency of the main-

tenance, c) location where it is intended tobe performed, d) schedule showing

when maintenance should occur, and e) compliance with maintenance schedule.

The frequency of performing maintenance procedures will be reviewed

periodically as drift and malfunction history is accumulated, and may result

in revising the maintenance cycles. Test, adjustment, and alignment pro-

cedures will also be reviewed and updated as required.

Evaluation of the TRAP-7 High Resolution Camera

As was noted in the previous discussion of system performance, the

high resolution camera provided with the TRAP-7 system was returned to

the laboratory in late February for an evaluation. The instrument consists

of a 40-inch e.f. 1. Zoomar hyper-stabilized optical system and a 70 mm

Giannini Model V-A camera capable of framing rates of 30-45-60 frames

per second. The shutter provides 50 and 400 sectors operating in sequence

at half speed. A filter wheel between the optics and the camera permits the

use of any one of four densities for attenuation for a given mission.

Tests were performed in the optics laboratory to determine the

following parameters for the Zoomar lens:

1) Spatial Resolution

2) Optical wavefront deformation

3) Depth of focus

4) Modulation Transfer Function
The image formed by the Zoomar lens of a point source was also

examined. Dynamic tests of resolution (i.e. with camera operating),

using 4X and XT-Pan films, were also made in conjunction with the film

plane focus test.

The tests were run to find the resolution of the lens and -the camera

assembly, to find the aberrations, to establish the field-of-view, and to

give any other data that would help establish the parameters of the instru-

ment. A complete report of the testing was prepared as TRAP Memorandum

#4 and sent to BSD/Aerospace.

The results are as follows:

1) The Zoomar lens, which has a Rayleigh resolution limit at
IL

5500 A of 266 lines per millimeter (less than one arc second) resolved

between 00 and 245 lines per millimeter visually (approximately one arc

second) using a USAF high contrast bar target.
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2) The lens is not diffraction limited, showing some spherical

aberration on-axis, and coma, classical with this type of system, off-axis.

3) The image of a point source (approximately 2 arc seconds)
on-axis showed considerable amounts of flare as well as color. The aber-

ration pattern was not symmetrical and indicated that some constraint may

be present on the reflector optics.

4) Depth of focus of the lens was measured as 0. 008 inch.

5) The instrument, in a dynamic mode of operation, resolved

30 lines per millimeter (approximately 6 arc seconds) as determined from

a visual inspection of the XT-Pan film. Thir .,as also verified by micro-

densitometer scans of the image from a USAF high contrast bar target.

Figure 11-2 shows the MTF curves of the system operating with XT-Pan

and 4X films.

Possibilities for improving the performance of the system appear to

be good, and we are presently in contact with the Zoomar Corporation con-

cerning the improvement of this lens system to more closely approach its

theoretical capabilities.

Gimbal Stops

Background

The stops initially installed on the TRAP-7 3-axis and 4-axis

gimbals were not strong enough to arrest gimbal rotation, either in elevation

or azimuth, in the event of gyro failure during operation. These gimbals

are located behind large viewing windows in the main cabin of the TRAP-7,
KC-135, The gimbale presently possess stops which are sufficient to stop

gimbal motion in the two rotational axes (azimuth and elevation) under

normal operating conditions. Gyro failure, while a remote probability, is

a possibility which could occur. There have been cases elsewhere in which

the existing type stops on similar gimbals have been sheared when unusually

high rotational rates have been applied, and the gimbal and payload instru-

ment proceeded to move beyond these stops. These cases did not occur

aboard the TRAP-7 aircraft; however, the gimbals and payloads aboard

-F TRAP-7 are placed close enough to the viewing windows so that if these

high forces were applied and the present stops sheared, the payloads would

strike the viewing windows. Under mission operational conditions, impact

of the payload could possibly break the windows and cause rapid decompres-

sion of the aircraft.
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TRAP-7 HIGH RESOLUTION CAMERA
ZOOMAR 40" F/5.6 WITH 4X XT
PAN FILMS

1.0
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Fig. 11-2 Modulation transfer function for the TRAP-7 High Resolution
system using 4X film and XT-Pan film for recording media.
Higher resolution is achieved with the XT-Pan, and this film
has been used with the system in the field. Thirty cycles/mm
results in a resolution as recorded of - 6 arc seconds. The
visual limits shown were determined from inspection of
recorded images of USAF high contrast bar targets.
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The discussion which follows summarizes the design and testing of

stronger stops as designed by AERL. Complete stop assemblies for all of

the 3-axis gimbals and the 4-axis gimbal are now ready for installation

whenever the aircraft is available. Until the new stops are installed, the

crews aboard TRAP-7 are harnessed or strapped while the gimbals are

actuated in-flight.

Design and Testing

The AERL-designed stops will eliminate the problem by providing
much stronger stops for the gimbal elevation and azimuth axes. The bas: '

concept is to employ rugged housings with bushings, attached to various

portions of the gimbal by screws of proper strength; inside the bushings are

inserts of a material (lead was chosen) which dissipate the force of th

moving gimbal by extruding the cylindrical lead insert of a properly specified

diameter through an orifice of smaller diameter. This method provides the

excellent advantage of decelerating the girnbal at a steady force, while pro-

viding an impact decleration limited to approximately 5 g's. The design was

reviewed and approved by Aerospace Corporation at a meeting in April.

Figure II- 3 shows how the finished gimbal stops appear when

installed. The gimbal in the photograph is identical to those on the aircraft.

The various fixtures resulting from this design can be installed on

the aircraft with hand tools, and do not require removal of the gimbals from

the aircraft.

Stress analyses have been performed to demonstrate that the design,
both of structure and of mounting bolts, will survive the high gimbal acceler-

ations with adequate safety factors.

Tests have shown that lead inserts (pellets) of approximately 5/8-inch

in diameter and approximately 2-inches in length will be sufficient to stop

*the energy resulting from 3-axis rotation in azimuth. and 4-.cj_ rnf 4-

azimuth and elevation. A pellet of 1/2-inch dibmeter and 1-inch length is
sufficient for the case of 3-axis rotation in elevation. Thus, pellet sizes

and attendant extrusion bushings can be reasonably standardized. Further,
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Fig. 11-3 Three-axis gimbal with AERL stops installed for the azimuth
and elevation axes. For azimuth rotation, a strong bar (1),attached to the mc-ing portion of the gimbal, strikes a piston
at (2) which in turn forces a lead nellet (3) through an e-tru,---
die bushing (4) which extends beyond the housing. In elevation
rotation, a special fixture with offset fingers (5) is employed
to strike the lead pellet (6) which is provided with a steel cap
for uniform force transfer. The housing with pellet for stopping
elevation motioi in the other direction is indicated by (7).
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by careful design, it is possible to emplace the bushings with lead inserts

on the gimbals without detriment to the gimbals.

Supplementary Fixed Camera Installation

Several types of impending missions were to involve multiple targets

or were to require that optical monitoring be performed in a location apart

from the usual impact areas. These situations indicated the desirability of
employing a supplementary complement of fixed cameras, particularly
balh vtics, to provide capability for sequential ballistic camera operation

and to enhance the probability of obtaining ballistic camera trajectories.

It was thus decided to borrow TRAP-1 's canopy complement of fixed cameras,

which consisted of twin nodding ballistic cameras and three K-24 spectral

cameras, for use on TRAP-7 while TRAP-1 was down for window reconfig-

uration and IRAN. As used on TRAP-i, these cameras had been mounted

on a special frame which fit into the canopy. This package of cameras and

frame could conveniently be employed behind one of the available large 27-

inch diameter (clear) viewing windows on TRAP-7 by constructing a special

support stand for the package and fabricating a control unit for camera

actuation.

In order to locate the camera complement with proper look angles

behind the TRAP-7 window, the support stand was designed and fabricated

at AERL. Stress analysis for the stand was performed by AERL and sub-

sequently accepted by ASTMP of WPAFB. During the period 20 - 22 June

1967, the mechanical portion of the supplementary camera package, as

shown in figure 11- 4, was installed at Station No. 1000 on the TRAP-7

aircraft.

A camera control unit was fabricated for control of this instrumenta-

tion. The drive pulses (4 pps coded) for the ballistic cameras are taken

from the TRAP-7 timing amplifier, the basic drive concept being the same

as for the Aviogon shutters. The ballistic camera shutters are driven in a

co- npla cnary mode, i.e. shutters open when the Aviogon shutters (regular

TRAP-7 ballistics) are closed. The pulses (1/2 pps) for driving the K-24

spectrographs were obtained by counting down the available time code generator

V4
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Fig. TI- 4 Supplementary fixed cameras shown on the special supportstand fabricated for use behind a TRAP-? vvindo.
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outputs, and were staggered to reduce surge loading of the aircraft's 28VDC

system. The K-24 shutter return is mixed in the control unit and recorded

on one of the TRAP- 7 event charts. Installation of the electrical portion

was completed on 30 June.

, 8
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TASK 4. 0 SYSTEM STUDIES

Subtask 4. 2 System Improvement

During the operation of the TRAP-7 system, several areas which

may be considered for upgrading or replacement have been noted. Descrip-

tions are given below of these areas of interest and the reasons for consid-

ering them for system improvement.

Pointing System

The T-9 optical tracker, which is the primary system pointing instru-

ment, lacks sensitivity and has proven difficult to use in the TRAP-7 re-entry

monitoring environment. Boresighting of the system cannot be accomplished

by locking on a star because of the tracker's lack of sensitivity. (This is

the most desirable manner to make a final boresight of the system prior to

re-entry.) The amount of time during which a typical target is bright enough

for optical tracking is much less for the PbS T-9 tracker than for other

available trackers.
The T-51 tracker from the TRAP-3 program will be evaluated for

possible use on TRAP-7, which may also include the feasibility of converting

a spare 3-axis slave gimbal to a master. In addition, possible detector sub-

stitution in the T-9 will be considered.
Tne buffer amplifiers in the G-10 gimbal in the main cabin have been

the cause of boresight shifting noted in the field. These will be evaluated to

determine the cause of the errors and recommendations made to eliminate

the problem. Other component analyses will be performed as more infor-

mation as to system perzormance is acquired.
The Westamp power amplifiero have exhibited a high failure rate,

and it has AlR en und that hcra weire zptuiaO modifications made to
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those amplifiers used on the aircraft but not made to the spares. Working
with the manufacturer, efforts are being undertaken to improve the reli-

ability and performance of these components.

Radiometer/Video Subsystems
Although there is a boresight reticle available to define the theoretical

field of view of the R-51 radiometer, there is no boresight defining reticle or

device associated with the R-71 photometer. Data reduction of the radiometric

data and pointing system performance would be assisted if there were a

"boresight shutter" or other means of permitting a radiometer to trace its
precise field of view on the boresight camera film.

The R-51 radiometer decade amplifiers used have low frequency roll-

off which places their response at the edge of the bandpass at the chop fre-

quency of the radiometer. A small shift in chop frequency could cause a

rather large change in system gain.

Support Systems

The Beckman WWV receiver on TRAP-7 did not have the capability

of receiving range time, which is broadcast from ETR and WTR stations,

and did not receive WWV (H) well on the first several missions. This unit

will be replaced by a better receiver which will also have range time capa-

bility.

The tape recording system on TRAP-7 consists of three Ampex 800B

recorders. This system has vacuum tube electronics, and the FM recosrding
electronics tend t0 drift mcre than the allowable tl.1%. Consideration will be

made to consider a complete new recording system which will return data
to the lab which is compatible with other systems and data reduction equip-
ment.

Mechanical/Optical 
Systems

The high resolution camera has been evaluated at AERL and the

possibility of improving the image quality of the Zoomar lens is being dis-
cussed with the manufacturer.

A redesign of the twiii ballistic camera nodding znount is desirable.

Malfunctions have tShrred; these -cr eared pin in the drive train, and

the nodding mechanism stopped on occas.ion, which may be attributed to the

weak nodding drive motor and a slight imbalance.
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Methods of increasing ballistic camera capability for monitoring

of multiple ro-entries is another area of consideration.

A general review of data requirements pertinent to missile system

testing and the type of data now available from TRAP- 7 will be made to

determine the types of new instruments for the TRAP-7 system.
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TASK 5.0 CALIBRATION AND TEST

EVALUATION OF THE J216 CALIBRATOR

H. E. Koritz

Introduction

Control of TRAP-7 instrumentation was transferred from Aerojet-

General Corporation to AERL during the month of February, 1967. Cal-

ibration of this instrumentation is accomplished with an on-board calibrator

designated as the J216. This Task pertains to the evaluation of this calibra-

tor to determine whether the analysis and the calibration of it, as reported

by Aerojet-General correctly described its behavior, and to verify that the

unit could be used for downrange calibrations.

The overall effectiveness of a calibration unit can be evaluated by

comparing the expected results of a- detector, when it is exposed to the unit's

output radiation, with the observed results.

The: choice.of-detector should be determined on the basis of the

simplicity of its theory and the experimental equipment and the ease with

which data may be obtained. The photomultiplier tube satisfies these

requirements arid was chosen as the evaluation unit. It has a linear response

to radiation, required only a regulated high voltage power supply and a

picoammeter, and produces precise data easily.

In this report, we discuss the following subjects: (1) Using Aerojet

.calculated irradiances, the output of the J216 is compared with the expected

response of the photomultiplier; (2) Using Aerojet calculated irradiances,

*the response of various TRAP-7 instruments is compared with their expected

response; (3) Difect comparison is made between the results obtained with

the R-'71 and-the photomultiplier unit, (4) Calibrations of the TRAP-7 high

.speed cine camera on the J216 calibrator and at the AERL calibration lab-

oratory are compared; (5) The uniformity of samples of Inconel coated

filters are investigated; (6) The types of density measured in various
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systems including the J216 calibrator are investigated; (7) Internal reflec-
tions caused by inconel coated filters are discussed; (8) The J216 filters
are examined; (9) absolute calibration of the 3216 calibrator is investigated;
and (10) the alternatives are discussed for modifying the J216 to enable us

to more uniformly predict the J216's behavior.

Experimental Description

The J216 calibrator contains (1) a source focussing system consist-
ing of two mirrors; (2) an aperture wheel consisting of three circular aper-
tures of. 04", . 04", . 004", and . 004" in diameter identified as apertures
7, 8, and 9, respectively; two horizontal slits with dimensions .01" x . 12"
and . 001" x . 12" identified as apertures 5 and 6, respectively; two blanks;
two vertical slits; and another circular aperture of a larger diameter; (3) a
filter wheel containing nine inconel coated filters and a clear aperture, the
clear aperture being identified as filter 1 and the remaining filters as filter
2 through filter 10, filter 10 being the most dense; and (4) a collimating
system consisting of a reflecting mirror and a collimating mirror with a
40" focal length. Apertures 7, 8, and 9 are used in this evaluation with the
exception of the TRAP-7 cinespectrograph where apertures 5 and 6 are used.

The photomultiplier tube chosen was the Dunmont 6291 with a S-11
surface. The auxiliary equipment was a Northeast Regulated Power Supply
and a Keithley picoammeter. The output from the photomultiplier was fed

directly into the picoammeter which has a time response (101 - 90%) of 1 to
3 seconds, depending on scale. The entrance aperture of the photomultipliez

was 1", and a 1-3/4" diameter sleeve, 6" long, was placed around the tube
for the purpose of preventing scattered light from entering the photomultiplier.

In addition, so that evaluation could be made specularly as well as
broadband over the S-11 bandpass, a series of Optics Technology interference
filters were placed in front of the photomultiplier. The center wavelengthsn 0

are 5000 A, 5330 A, and 6000 A, with a 50% bandpass of 200 A.

Figure I-Sa is a schematic diagram of the TRAP-7 J216 calibrator.
Figure 11-5b shows the experimental setup used in evaluating the J216Jj calibrator. It depicts the photomultiplier with an interference filter as they

are positioned on the calibrator.
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J21 APERTUR

MIRRORORSUPL

PRIMAR 'ABOLOIDAL. MIRROR

Fig. 1E- 5b Sketch of experimental set-up on J216.
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The photomultiplier linearity was checked by placing the unit in the

collimated beam of the Avco 96" focal length bench and obtaining the current

variation as a function of apertu)'e area - a quantity precisely known from

measurement of aperture diameter. A plot of this functional relationship

should be a straight line on log-log paper with a slope of 1, since the

photomultiplier current is directly proportional to the aperture area for

constant radiance. Figure 11-6 shows the results for a series of four

experiments. The linearity is good to approximately + 276.

The precision of the experiment based on the standard deviation has

been established to be, at worst + 10%.

J216 Results with PM Unit

The current obtained from ths PM unit when placed in the collimated

beam of the J216 calibrator was plotted as a function of the Aerojet calculated

irradiance values. This is shown in figures 11-7 and 11-8 for apertures
0 0

7 and 9 and interference filters with center wavelengths of 5000 A, 5330 A,
0

and 6000 A. The differences in current levels for the same irradiance are

due to differences in the S-11 spectral sensitivity and spectral transmissions

of the interference filters.

The characteristics of these curves that ae indicative of the per-

formance of the J216 calibrator, are their slopes and the reproducibility of

these slopes. Comparison of these slopes to the expected slope of I are

shown in the figures. Their disagreement with the expected slope indicates

that the J216 is not producing the irradiance as calculated by Aerojet. In

addition, the reproducibility of the slopes for aperture 7 and their non-

reproducibility for aperture 9 is indicative of an instability in the J216 cal-

ibrator.

Correction of Aerojet Irradiance Calculations

The variation in photomultiplier current for a given aperture is a

result of the variation of J216 filter transmissions. Since filter 1 is clear,

the ratio of the current for each filter and filter 1 should be the measured

filter transmission in the J216 calibrator system. If the scatter in the slopes

of aperture 9 and the reproducibility of slopes of aperture 7 can be shown to

be present similarly in the current ratios for these apertures, one must

conclude that the filters are not transmitting in the manner predicted byAerojet.
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105  AERL STANDARD IN-LAB COLLIMATOR /

-- PHOTOMULTIPLIER OUTPUT

EXPECTED SLOPE OF I

1i ~-)ox56000A',, O00V-

10"7 1- 10" -5O' 10 2 0"3

96" BENCH APERTURE AREA, IN2

Fig. 11-6 Photomultiplier response curve for AERL 96" bench
showing linearity.
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/ 0

/, Xo=6oooA

/X =0U5330 A

Z 0w // = X5000 A

0 &EXPECTED SLOPE OF i

10/ 

10- 9  10- 8  10-7 10-6 10-5

AEROJET SPECTRAL IRRADIANCE, WATTS/CM2oP

Fig. 11-7 PM OutpLt on J216 for Ape rture-7.
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o 10-10 /
EXPECTED SLOPE OF i

10-13 10-12 10-1l 10-0 0
AEROJET SPECTRAL IRRADIANCE, WArTS/CM 2-,tL

Fig. U1-8 PM Output on J216 for Aertru9.
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Figure 11-9 shows the current ratio for a series of six experiments

for apertures 7, 8, and 9. It is seen that the scatter increases for smaller

apertures and lower transmitting filters. As a result the transmissions as

measured by the photomultiplier were used to correct Aerojet transrrissions.
0

These correctionsare shownin Table II-3for the 5000 A curves of figures 11-7

and 11-8 is the filter transmission. By applying these corrections to each point

and if this is the cause of thepoor results, one expects the slopes to bc: cor-

rected to a value of 1.

Figure 11-10 is a plot of apertures 7, 8, and 9 showing their output as

a function of Aerojet calculated irradiances. The result which makes it im-

possible to re'ate a current to an irradiance. Application of the correction

factors of Table H-3 produces the expected slope for each aperture arid

results in a single curve for apertures 8 and 9. The reason for aperture 7does

not precisely coincide with apertures 8 and 9. Nevertheless, these results

indicate that the aperture areas as measured by Aerojet are approximately

correct.

Corrections were made similarly to results of a broadband experiment

in which no filters were used. In this case, the irradiance is obtained by

averaging the spectral irradiance over the S-11 spectral response curve. It

was assumed that the S-11 response for the 6291 plhotomultiplier used in the

evaluation unit is the same as that shown by Aerojet in the TRAP-7 Summary

Test Report, June 1966. The results are shown in figure II- 1I , the correc-

tions producing the expected results. Note that the Aerojet point for filter 10

does not fall on the zinrorrected curves fGr apertures 7 and 8. Investigation

has shown this point to have been incorrectly calculated by Aerojet. The

corrected point is shown in the figure and it is seen that it now falls on both

the corrected and uncorrected curves.

TRAP-7 Instrument Calibration Corrections.
The filter corrections were applied to various TRAP-7 instruments

. uzAo ittiuns were obtained on the J216 calibrator, in each case, the

calibration resulted in the same discontinuity in going from aperture to

aperture as was seen in the photomultiplier results above. In each case
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Xo=5000
PM OUTPUT ON d216 APERTURE 7

~/
6----- CORRECTED10 -- - UNCORECTED

APERTURE 8 /

I - 9 - /
a': /

o /

/ --- APERTURE 9

li10 - 0 i- 10-8
AEROJET AVERAGE SPECTRAL IRRADIANCE, WATTS/CM2-.

Fig. I-10 PM Output on J216 at X 5000 R and the effect of filter
corrections.
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TABLE 11-3

1216 FILTER CORRECTIONS. A 5000

Filter T p.M. 'P.M. 1" p.4. Aerojet Corr. Corr. Corr?

Aperture 7 Aperture 8 Ap.rure 9 Aperture 7 Aperture 8 Aperture 9

1 1.00 1,00 .00 1.00 1.00 1.00 , 00

2 .454 .441 .491 .452 1.00 .98 1.09

1 .264 .300 .97 .243 1.09 1.23 h 22

4 .127 .143 ,15Z .100 1.27 1.43 3, 5z

5 .068 .075 .091 .053 1.28 3.42 1.72

1 6 .036 .040 .054 .024 !.50 3.67 2.25

7 09 .019 .033 .010 1.90 1.90 3.30

8 :0087 .0096 .020 .004 Z, 12 2.34 4.88

9 .0068 .0075 .016 .0024 2.83 3.12 6.67

10 .0030 .0032 * .0010 3.00 3. 20

*Signal Less Than 1. 5 Times Nolie Current

1

9 8
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S-11 SURFACE/

I AEROJET CALCULATED APERTURE-e,'-
PT FILTER 10/

r r.C 65 2 CORRECTLY CALCULATED, A(L PT. FILTER 10

2 2,

z

APERTURE 8A

0100

~CORRECTED
-UNCORRECTED

APERTURE 9

10-1t 10-10 10-90-
AEROJET AVERAGE SPECTRAL IRRADIANCEtWATTS/CM 2..

Fig. Il- 1 PM Output on J216 for S-1l bandpass and the effect offilter corrections.
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where the response of the instrument could be predicted, the J216 calibra-

tion did not produce the expected results. The filter corrections applied to

this data gave the expected results.

Table 11-4 shows the corrections which must be applied to the

horizoital slits, apertures 5 and 6. These apertures are used to calibrate

the cinespectrographs on TRAP-7. The expected result is a slope of y.

Figure II-12 is a calibration ofa cinespectrograph on TRAP-7. Plottedis

the Seidel Function of the spectral irradiance for X = 5000d. The discontinuity in the

curve for different apertures is evident. In addition, theslopes of y = 1.24 differ from

the expectedy of 1.41 as measuredwitha step table. Applicationofthe filter correc-

tions of Table 11-4 produces an approximately single curve witLa slope of y = 1. 43.

The photomultiplier experiment showed that the filter corrections may

have substantial scatter, particularly for aperture 9. It is therefore desirable

to obtain the filter corrections for each TRAP.7 instrument simultaneously

with its calibration. This could be accomplished with the photcmultiplier.

Unfortunately, this was not possible and in order to apply the

corrections obtained with the photomultiplier in the above experiment to

subsequent TRAP-7 calibrations on the J216, a set of maximum and min-

imum filter corrections were determined. Thd hesitancy to simply average

is- exactly because of the scatter and Lhe observation thai. an entire set of

filter-current readings resulted in either a set of minimum corrections or a

set of maximum corrections. Table 11-5 shows the set of corrections adopted

by Avco for the subsequent TRAP-7 instrument calibrations. Note the small

differences between the minimum and maximum corrections for aperture 7

and the large differences for aperture 9.

The Aerojet calibration of the wide angle camera which appears in the

TRAP- 7 Summary Test Report, June 1'66 exz .. its the same discontinuity

between apertures as observed in the photomultiplier experiment. Applica-

tion of the minimum corrections tothis data effectively eliminates the dis-

continuity. This is shown in figure 11-13.
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TABLE H-4

J216 FILTER CORRECTIONS, CINESPECTROGRAPHS

Filter 'P. M. T P.M. TAerojet Corr. Corr.

Aperture 5 Aperture 6 Aperture 5 Aperture 6

1 1.00 1.00 1.00 1.00 1.00

2 .493 .500 .452 1.09 1.11

3 .282 291 .243 1.16 1.20

4 .140 .145 .100 1.40 1.45

5 .076 .078 .053 1.43 1.47

6 .041 .043 .024 1.71 1.79

7 .020 .021 .010 2.00 2.10

8 .010 011 .0041 2.44 2.68,

9 .0081 0083 .0024 3.38 3.46

10 .0038 .0040 .0010 3.80 4.00

*Average of 6 Runs
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ii

Io -
CAL 159 70 MM 4X X-5000 A1. _CINESPECTROGRAPH /
TRAP-7 CALIBRATOR

H 102 .
APERTURE 5,Y=1.24 APERTURE 6, CORRECTED

/ Y=1.43

APERTURE APERTURE 5, CORRECTED
6,Y1.24 "-1/=/.43l. -7/-STEP TABLE CALIBRATION FOR YONLY

100, II

10"9 IO- 10-7 10-6 10-5

AEROJET SPECTRAL IRRADIANCE, W/CM 2-I

Fig. TT-12 Barnes cinespectrograph film response curve in terms of
seidel function (T = Transmittance) obtained on the J216 and
the effect of filter corrections.
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FIG.176 P.319 AFBSD-TR-66
AGC REPORT NO.3256

z k~-AAARTE8RE7

-------- APERTURUE 8

to CORRECTEDW
I~iO

"1 - APERTURE 9

CCORRECTED4

lo-"Io -1o  Io.9  Io-8  1o-7 1-6

AEROJET SPECTRAL IRRADIANCE, W/CM 2 -IL

Fig. 11- 13 Aerc'jet photometric calibration of wide angle camera on
3216 and the effect of filter corrections.
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The R-71, which is also a photomultiplier unit containing an S-11

surface photomultiplier and an S-20 surface photomultiplier, ought to

exhibit the same behavior as the photomultiplier unit used in the evaluation

of the J216 calibrator. Figures H-14, 11-15, and 11-16, show this

to be the case.

Although the minimum-maximum corrections were applied, exact

corrections can be obtained for those cases where an output voltage was

obtained for filter 1, the clear aperture, by simple ratioing the voltage for

the remaining filters to it. When this is done, the points fall exactly on the

line with a slope of 1. This is seen in- figure 11-16.
Again, the lines for each aperture do not exactly coincide aftev the

corrections, perhaps indicating some area inaccuracy. Again, in figure 10,
the incorrect Aerojet irradiance for the S-11 band for filter does not fall on

the uncorrected curve. The corrected point for aperture 8 improves the fit

to the uncorrected curve while for aperture 9 it falls exactly on the uncorrected

curve.

Filter corrections were also applied, to a calibration of the TRAP-7

high speed camera made on the J216 and a comparison made of the corrected

curve with an AERL calibration performed on the same camera. The cali-

brations at AERL were made on an optical bench with a 96" focal length

collimating mirror. Figure 13 shows that the corrections essentially eliminate

the discontinuities between apertures, resulting in an approximately single

curve. Aperture 7 is resolved and it iii not clear that one ought to expect

this aperture to provide a conti=Uation of apertures 8 and 9 both of which are
unrejolved, although the differences between the corrected curves of aper-

i tures 7 and 8 are comparable to ifferrencc, lba-... ... ithe.orreced curves

of apertures 9 and 8. Figure 11-17 -41so shows that the corrected TRAP-7

curve is approximately a factor of 2. 5 lower than the curve obtained on the

AERL 9611 bench. The reason for this diecrepancy i in the process oZ being

determined.
Discussion

At this stage of the investigation, the observed data and the difference0

"in the filter transmissions as reported by Aerojet and as measured in the
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CAL TAPE 2/12/67 APERTURE8
R-71 CH I (SII)

I AEROJET CALCULATED a 0 a 0
PT. FILTER 10 / I I

0-I 22
2 CORRECTLY CALCULATED,

PT. FILTER 10 J

' APERTURE 9

0 MEDIUM GAIN /

CORRECTED

UNCORRECTED

I 0

\A /
o- ,II I

o-1.4 IO-13 1o-12 jo-1- 10-I0

AEROJET IRRADIANCE, W/CM,

Fig. 1-14 R-71 Photometer, Channel 1, response curve obtained on the
JZ16 and the effect of filter corrections.
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CAL TAPE 2/12/67 0
R-71 CH2 (S20)

APERTURE 7
10-1_

--- CORRECTED
U.) - UNCORRECTED / PERTURE 8

0>/

10-2 LOW GAIN /

r' (A -APERTURE 9
1 -i0-3  I I

1-4 10-13 10-12 I0-11 1o-10

AEROJET IRRADIANCE, W/CM 2

Fig. Il-15 R-71 Photometer, Channel 2, response curve obtained on
the J216 and the effect of filter corrections.
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10-0

R-7I
ATN# 170 CH 2

APERTURE 8

10-1 0

/

) APERTURE 9
_j)

0

10-2A. A,,

CORRECTED
- UNCORRECTED
A FILTER CORRECTIONS

USING R-71 CURhENT

-0-I - VALUES
13o-,I2 10-1 10-10 Io-9

AEROJET IRRADIANCE, W/CM 2

Fig. H- 16 R- 71 Photometer, Channel 2, response curve obtained on the
J216 and the effect of filter corrections. This shows the widescatter in Aperture-9 data observed with the PM unit used
in the evaluation.
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S10-A

y HIGH SPEED CAMERA 4

CALIBRATION f*=2, T=2,2' '3 SEC

TUNGSTEN LAMP CURRENT/

0-6 AMPS
1010 0-20

6-28

96" BENCH APERTURE 7

wS

APERTURE 8

0i0"B2 APERTURE 9 "

162O0O 1 101

RELATIVE Ctl DEFLECTION

Fig. U-17 High speed camera response curve obtained on JZ16 and the
effect of filter currections. The corrected curve is comparedto the calibration curve obtained on the ABERL standard in-lab
collimator (96", bench).
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J216 calibrator system could be attributed to three causes: (a) the differences

between the J216 calibrator system and the system in which the filter trans-

missions were measured, and (b) pinholes and/or irregularities in the inconel

coatings of the filters. (c) The filter transmissions were measured incor-

rectly.

Observation of the data shows that: (1) The filter correction increases

with increasing density for a given aperture; (2) The filter corrections, (par-

ticularly the maximum corrections), in many cases increase with decreasing

aperture for a given filter; (3) The s-atter, manifested in the differences

between maximum and minimum corrections, increases with decreasing

aperture for many filters.

Referring to (a), the filter transmissions as reported by Aerojet were

measured in a Beckman Spectrophotometer, Model DK-2, an instrument

which apparently measures a specular type density. The terms specular and

diffuse generally do not apply to reflective type fil-zrs, e. g., Inconel coated

filters, provided the coating and the quartz surface are smooth. If this is

not the case, there will result a diffuse transmission similar to that for

photographic type neutral density filters. In addition, the presence of

reflective type filters in an optical system can produce internal reflections.

Either or both of these effects can effectively increase the filter trans-

missions and satisfy "observed data" statement (1). Diffusion of the trans-

mitted light increases with fi.ter dcnsity, resulting in an increase in coi:rec-

tion factor with density. Similarly, the percentage of reflected radiation

increases somewhat with density. One expects a systematic type error,

independent of aperture. Table U1-5 indicates that such an error may be

occurring. See, for example, the minimum corrections for apertures 7and8.

Referring to (b), "observed data" statements (1) and (2) are consistent

with the assumption of the presence of pinholes and/ot irregularities of some

dimension whose contribution to increasing the filter transmission increases

(1) with the increasing density of the filter, and (2) as the aperture diameter

approaches the aggregate of the pinholes and/or irregularities dimensions.

This does not presuppose that a single pinhole is not the cause of the increased

transmis-sion.
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TABLE H-5

JZ1 6 FILTER CORRECTIONS, CINE CAMERAS. RADIOMETERS,

APERTURE 7
Filter Data Points TPMmin TpM e Cri rOrrm

1 6 1.00 1,0.0 1.00

z .480 .500 .452 1.06 1.11

3 .264 .283 .243 1.09 1.16

4 .127 .143 * .100 1.27 1.43

5 .068 .074 .053 1.28 1.40
6 .036 .043 .024 1.50 1.79
7 .018 .020 .010 1.80 2.00
8 .0086 .0093 .0041 2.10 2.27
9 .0065 .0072 .0024 2.71 3.00

10 .0028 .0031 .0010 2.80 3.10

APERTURE 
8

1 1.00 1.00 1.00 1.00 1.00
2 .484 .527 .452 1.07 1.16
3 .272 .309 .243 1.,12 1.27

4 .126 .143 .100 1.26 1.43

5 .069 .081 .053 1.30 1.53

6 .036 .048 .024 1.50 2.00
7 .017 .024 .010 J.70 2.40

8 .0072 .013 .0041 1.76 3.17
9 .0062, .010 .0024 2.58 4.17

10 .0030 .0066 .0010 3.00 6.60

APERTURE 9
1 6 1.00 1.00 1.00 1.00 1.00

2 6 .491 .530 .452 1.09 1.173 6 .300 .352 .243 1.23 .45

4 6 .142 211 .100 1.42 2.11

5 6 .080 .153 .053 1.51 2. 89

6 6 .034 .113 .04 1.42 4.71

"74 .033 .087 -. 010 - 3.30 8.70

8 3 .020 .070 .0041 4.88 17,1
9 3 .016 .060 .0024 6.67 25.0

10 2 .021 .053 .0010 21.0 53.0

'Signals.greater t!an 1. 5 times noise curvent
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Neither (2) nor (b) explains "observed data" statement (3), the

scatter in data as the aperture is decreased. The scatter must be explained

on the basis of two conditions which must exist simultaneously, namely:

(1) the presence of pinholes, and (2) the variation in the positions of the

apertures and filters with respect to each other. Although this positioning

is not critical when the diameter of the pinhole is small compared to the

aperture diameter, this is not the case when the diameters are comparable

as for aperture 9.

tnconel Coatings

To continue the investigation an examination was made of the

uniformity of the surfaces of two Inconel coated filters of neutral density 2, 0

and 3.0 manufactured by Thin Film Products, Incorporated and available at

the laboratory.

To determine the uniformity of the coatings, a photomicrograph was

taken of the density 3. 0 filter, and microdensitometer traces made across

the surfaces of both filters with a General Aniline and Film microdensitome-

ter. The results are shown in figures 11-18, IU-19, and H-20.

The photomicrograph clearly shows the presenct of pinholes of the

order of. 04mm and inhomogeneities in the density 3. 0 filter. The dark

string-like structures are dirt on the lens or filter. Figure 11-19 shows

the density variation across the same filter. Note the presence of a pinhole

at the point marked A transmitting at 100%6, with other less-transmitting

pinholes in its vicinity. A density change between 3. 0 and 2. 8 represents

a factor of 1. 6 increase in transmission, while a change between 3. 0 and

Z. 6 represents a factor of 2. 5. The order of the dimensions of the non-

uniformities are indicated in the figures.

Figure 11- 20 shows a similar behavior for the density 2. 0 filter,

but with less variation. Comparison of the microdensitometer trace of the

Inconel coated filter of density 3. 0 with a trace of a Kodak Wratten Gelatin

shown in figure 1-21 shows the uniformity of this latter type of filter.

Specular and Diffuse Density

To determine what type of density the J216 was measuring and whether

it depended on position within the system, the Kodak Wratten filter of figure

H-21 was taken to the TRAP-7 aircraft on June 5th, and placed in the J216
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Fig. 11- 18 Photomicrograph of a thin film products inconel coated filter,
N. D. =3. 0.
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coated filter, N.D. = 3.0.

-229-

R'8526

Es



0*0

4)

0

*4

0 )

0 40

M, 0

J4)

o cQ 4 It

-2300



4.0

3.8

>- 3.6 -SCANNING-SLIT 50/-P x 50/

(i) 3 .4z
w

~3.2

3.0
-+-.0025"

Fig. 11-21 GAF Microdensitometer trace of Kodak Wratten Gelatin
Filter, N.D. = 3.0.
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icalibrator in three positions: (1) immediately in front of the plate mirror,

(2) between the filter wheel and aperture wheel, and (3) at the exit of the

hole in the secondary mirror. These positions are also indicated in

figure II- 5b. In each case, the transmissions as measured by the R-71

photometer was approximately 6 x 10- 4 corresponding to a density of 3.22,

indicating that it was independent of position in the J216.

The spectral transmission of the Kodak filter was measured on a
Cary 14 spectrophotometer, an instrument very similar to the Beckman
spectrophotometer. To compare the spectral transmission with the broad-

band transmission measured with the R-71 and GAF microdensitometer

requires knowledge of the spectral irradiance of the source, the spectral

transmission of the optical elements, and the spectral sensitivity of the

phototube of the GAF and the R-71. The broadband transmission is given

by 00

fH S, d

where H is the spectril irra iance of the source which is assumed to be

either a black body or grey body, TX is the spectral transmission of the

filter, and SX is the normalized shape function which includes the optical

elements transmission and the phototube sensitivity.

The GAF microdensitometer uses an RCA 931A phototube with an

S-4 surface, while the R-71, detector 1. is a tube with an S-Il surface.

Typical normalized sensitivity curves are shown in figure II- 22 It is

seen that they are similar in shape.

The black-body temperatures of sources used in densitometers and

also in calibrators like the JZ16 have maximum spectral irradiance at a

wavelength between 1. 0 and 1.5 with the spectral irradiance rising rapidly

from the blue to the red. Application of sensitivity curves similar to those

in figure 11-22 would show that the p-oduct S H. ,peaks at approximately
0 1X0

5500 A and approaches very close to zero rapidly at approximately 3500 A.
Thus, it is seen from the transmission curve that the contributions to the

0
integral in the numerator from the regions ijelow approximately 4500 A (and

0
above 6000 A because the S - curve is approaching zero) is Small and the

transmission measured broadband by the above systems is approximately the
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Fig. TI-22 Cary 14 Spectrophotometer trace of Kodak Wratten Gelatin
Filter, N. D. = 3. 0. Shown are typical spectral sensitivity
curves for the GAF Microdensitometer and R-71 photometer
photomultipliers. These curves in combination with their
tungsten source radiance distribution corresponds to a
spectral transmission shown by the horizontal line.
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constant value of 5 x 10 - shown in figure II- 22 . This value compares

favorably with the value of 6 x 10, 4 (shown in fig. U-22 as a horizontal

line over the approximate band contributing to the integral of Equation (1)

obtained on the GAF microdensitometer and the J216 calibrator.

Internal Reflections

The effect of internal reflections on the observed data is difficult to

ascertain. Reasonable values of reflection from Inconel filters appear to

be on the order of 50%, independent of density. The presence of these

reflections was clearly observed back at the tungsten lamp source on the

visit to the TRAP-7 aircraft on June 5, 1967. However, discussion below

will show that these reflections do not provide an important contribution to

the observed differences.

Discussion

Observation of the figures shows that approximately the same densities

(D = 3.22) were measured on the GAP microdensitometer, the Cary 14 spec-

trophotometer, and the J216 for the Kodak Wratten filter of density 3. 0.

Since the density of 3. 0 corresponds to a diffuse density, the result indirates

that these instrumetts measure a specular type density. The fact that the

J216 density agrees with the Cary 14 and probably the Beckman would indicate

that the cause of the differences intransmission between Aerojet and that

measured on the 216 is probably not due to density measurement difference.

The effect of internal reflections on the increase in transmission is

somewhat more subtle, but on the basis that the percentage of reflected

radiation is independent of density, one expects a constant error or correction

factor. Even if all the reflected radiation were repassed through the filter,

one would not obtain the magnitude of errors observed for aperture 7, where

the data is reproducible. This would indicate that the cause of the differences

in transmission between Aerojet and that measured on the J216 is probably

not due to internal reflection differences in their density measurement.

On the basis of the above discussion, it appears that there remain two

possible causes of the observed differences: (1) Homogeneities and (2)

incorrect measurement of the filter transmissions. The presence of in-

homogeneities places a severe requirement on the placement of the filter in

the optical system. Placement of the filters in the J216, shown in
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figure II-5b, close to the image of the tungsten ribbon, results in the

production of a nonuniform tungsten ribbon image. The reason for placing

filters in parallel beams is that every point of the object will have the same

transmission history through the filter. For uniform filters, placement in

the J216 is independent of position. This was adequately denonstrated in

the placement of the Kodak Wratten filter in various positions of the J216;

no variation in output signal was observed.

For a non-uniform image, the dimension of the aperture relative to

the inhomogeneities on the image becomes significant in determining the

observed transmission. This applies as well to the positioning of the

aperture with respect to these inhomogeneities, variation in positioning

causing scatter in transmission values.

In addition, tIe presence of these non-uniformities makes it advisable

that the transmission measurements be made over the area to be used in the

calibrator. The Beckman measures over a region of approximately 6 mm

square while the Cary 14 can be adjusted up to a beam dimension of 3.2 mm.

x 15.8 mm. A smaller region than this in the system, depending on the

number and location of the pinholes or inhomogeneities, and the regions

dimensions compared to these irregularities, could produce a greater trans-

mission value than the measured value.

J216 Filters

The filter wheel was subsequently removed from the 3216 calibrator

on June 17th and returned to AERL for the purpose of determining whether the

observations suggested above would be confir-nned. Figures II-23a, b and

c are photomicrographs taken of filters 4, 7, and 10. Filters 0 and 10

consist of a combination of two filters to obtain the desired density. It is

seen, as suspected, the filters contain numerous pinholes and scratches.

Inspection of the remaining filters showed the same conditions to be present.

It was indicated above that the General Aniline and Film microdensito-

meter, the J216 and Zary-14 spectrophotometer measure essentially the

same type of density i. e., a type of specular density. It was of interest to

compare the densities of the J216 filters measured on these transmission

measuring instruments with the values obtained on the J216 using the photo-

multiplier unit. Figure II- 24 compares the spectral transmission of the
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.01 mini/DIVISION

FILTER 4

Fig. II-23a Photomicrographs of J216 calibrator Inconel Coated Filters
(Filter 41'.

F1 FITER 7

Fig. HI- Z3b photomicrogaphs of J21 6 Calibrator Inconel Coated Filters
(Filter' 7).
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Fig. II-23c Photom~icr'ographs oi J216 ca~idbrator inconel coated (Filter 10.)
Filter 10 consis~ts of two filters designated above as 10A and 10B.
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Fig. Lt-24 Comparison of Aerojet Spectral Transmissions with those

measured with the PM unit on the JZ16 CalibratoT and on
the Cary- 14 spectrophotometer.
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filters as measured (1) by Aerojet on the Beckman spectrophotometer,

Model DK-2, (2) with the photomultiplier unit on the J216 calibrator, and

(3) on the Cary-14 spectrophotometer for filters 7 and 10 only. The agree-

ments between the photomultiplier and Cary-14 measured transmissions are

excellent for filter 7 and generally within approximately 207 of each other

for filter 10.

Figure 11-24 shows general agreement with Aerojet with respect

to the filters being neutral density over the wavelength region observed.

Thus, one should be able to compare the GAF microdensitometer reading

with the spectral measurements made on the J216 with the PM unit and on

the Cary-14 spectrophotometer. Figure 11-25 shows the microdensitometer

traces obtained across a diameter of each J216 filter with the GAF micro-

densitometer. It is seen that, except for occasional decreases in density

due to non-uniformities and/or pinholes, the density is generally quite

uniform.

Figures H-26, II- 27, 11-28 are plots of filter transmissions

obtained on the J216 with the PM unit as a function of the Aerojet filter

transmission for the various apertures. The densities obtained with the

GAF microdensitometer and Cary-14 spectrophotometer are also shown.
It is seen that the agreement between the measurements is generally good.

It is also seen that for filter 10 the Cary-14 agrees more closely with the

Smeasured value on the J216 than does the GAF microdensitometer.

If there were agreement with the Aerojet values not only is a slope

of unity expected, but a one-to-one relationship between the absolute value

of the transmission. The line for agreement is indicated in figures 11-26,

1i-27, 1I-28. Also, if the densities are uniform across the filter, the

transmission values should be independent of aperture. Observation of the

figures shows this not to be the case.

In order to establish that the observed large discrepancies ane

scatter in transmission observed with aperture 9 are possible when the

dimension of the pi-iho'es approaches the dimension of the aperture the

scanning aperture of the GAF microdcnsitometer was reduced to approximate

the diameter of aperture 9, i.e., 101i. Filters 4, 8, 9, and 10 were searched

for pinholes with a dimension approximately that of aperture 9, i.e., 10 in
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Fig. 11-26 Comparison of 3216 filter transmissions as measured with the
PM unit, c= wt. 7""'cl,-rtor to the GAF Microdensitorineter,
and the Cary-14 Spectrophotometer with the Aerojet Published
Filter Transmissions. (Aperture 7).
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Fig. U-27 Comparison of J216 filter transmissions as measured with
the PM unit, 3n the J216 calibrator, the GAP Micr'odensito-

I] LIA L1,11t %.le ~y'-1k Spectrophotometer with the AerojetPublished Filter Transmissions. (Aperture 8).
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Fig. 11-28 Comparison of J216 filter transmissions as measured with
the PM Unit on the J216 calibrator', the GAP Microdensito-
meter, and the Cary- 14 Spectrophotometer with the Aerojet
Published Filter Transmiqlon-s. Shown aiso are the filter
transmissions obtained on the GAF Microdenditometer with -

t a scanning slit approximating the diameter of Aperture-9,
i. e0 lOl, when over a pinhole of the same dimensions (See
figure U-29). This was done to simulate the filter behavior
in the 321 6 calibrator.
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diameter and the densities measured when the aperture was outside and

inside the pinhole to see if the same effects observed on the' J216 could be

produced. Because the pinholes were so small, the microdensitometer was

operated manually so as not to degrade the data by producing rise times to

which the instruments and the recorder could not respond. Figure 11-29

shows the results of the microdensitometer traces thus produced. The

values obtained are plotted on figure 11-28, the data for aperture 9.

They compare quite well with the maximum values obtained on the 3216

calibrator with the PM unit.

Absolute Calibration of J216 Calibrator

It was indicated above that, except for the filter transmissions and

the calculation of the irradiance for the S-11 channel of the R-71 for filter 10,

the irradiance calculations and calibrations performed by Aerojet were

apparently correct. To check the irradiance as observed in the J216 cali-

brator system, the photomultiplier unit was calibrated on a bench whic.h

contained a minimum of optical components.

The calibrator system study recently completed (refer to Task 4. 0

under the -865 contract) indicated the need for such a primary standard

irradiance unit. It was proposed that this unit consist simply of a source

and apertures. A schemetic of the unit is shown in figure II- 30. A proto-

type of this unit was constructed for the purpose of calibrating the PM unit.

The calculation of the spectral irradiance is simply given by

E N; Aa

H Xap

where EX is the tungsten lamp emisqivity, Nx is the tungsten lamp radiance,

A _As the area of the aperture and f is the distance between the aperture and

"the--detector, the photomultiplier unit. The calculations were performed for
0

the PM unit with an interference filter with center band wavelength at 5000 A,

the same filter used to check the 3216 calibrators (see figure 11- 101.

The irradiances determined from the PM unit curients after calibra-

tion of the unit on the prototype of the AERL Primary Standard Irradiance
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Fig. 11-29 GAF Microdensitometer Traces of J216 Filters in the region
"with 10 diameter pinhole.
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Fig. 11-30 Schematic of AERL primary standard irradiance unit used
for calibrating PM unit.
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ur are shown as the black points in figure 11- 10 . It is seen that the

' ca. bration of the J216 calibrator as determined by the Aerojet is in agree-

ment with the values determined by the calibrated PM unit.

Conclusions and Recommendation

The above tiscussion has shown that position of uniform filters in the

optical system is not critical. It also confirms that whereas Kodak Wratten

gelatLn filters have extreme density uniformity over their surface. Liconel

filters can have present in their surfaces, holes and inhomogeneities.

The effect of inhomoge-(.ous filters placed close to the focus, resulting

in the production of a non-uniform image, vezy likely accounts for one of the

reasons for the differences between filer transmissions in the J216 and the

measured values reported by Aerojet.

The difference in internal reflect'on and the type of density measured

in the transmission measuring system (Beckman) and the J216 calibrator do

not xplain the observed data anaare not considereC.as a significant contributing

cause of the filter transmission differences.

The fact that the Cary-14 and the GAF microdunsitometer measure

transmission values which generally agree with the values obtained on the

J216 calibrator with the PM unit indicates that the Aerojet measurements

were either performed incorrectly, or at sometime between the process of

coating the filter and placing them in the J216, the coating physical charac-

teristics changed. In discussing this latter reason with various people

familiar with coating filters, it was indicated that a 1% cl-2nge in transmi. -ion

over a period of 10 to 12 months is considered reasonable. Therefore it

strongly suggests that the other of the causes of the observed transmission

differences is attributable to incorrect measurement of the filter trans-

missions.

In view of the above discussion, the following statements can be made;
IC' _(1) Filter transmission is the presence of pii.holes in the Inconel coatings of

'' Sthe order of the smallest aperture diameter and probably ir.=orrect mc-asure-

ment of the transmissions; (3) Scatter produced at aperture 9 results from

77 variation of the filters and aperture positionb with respect to each other;

(4) Aerojet calculations for calibrating the J216 are correct except for the
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i filter transmissions and the average spectral irradiance calculation for the

R-71, S-11 surface, filter 10; (5) Aerojet apertures areas are approximately

correct.

On the basis of the above results, to produce predictable results for

/ the J216, modification or correction must be made to the filters or the filter

~wheel.

/ The alternatives are: (1) Replace the filters in the present wheel
~with more uniform filters; (2) Provide an arrangement for the collimation

~of the beam prior to focusing the tungsten ribbon, and place filters in this

location; (3) to provide a very nearly uniform image, move the filters toa

location close to the spherical mirror.

As an alternative to modifying or correcting the filters or the filter

Swheel, J216 behavior predictability can be attained by eliminating the filter
-- wheel and obtaining the irradiance range of the J216 by using apertures alone

i and varying the temperature of the tungsten ribbon.

Figure 11-31 is a plot of the irradiance range covered by the J216
0

calibrator at 5000 A. The abscissa is the aperture diameter required to

~produce the same ir:radiance as each of the filters. Table HI- 6 shows the

black body temperatures required to produce a filter factor change in irrad-

iance, approximately 2. By choosing aperture diameters corresponding to
fit er aperture combination 7-1, 7-3, 7-5, 8-1, 8-3, 8-5, 9-1 and decreasig
thfe temperature to 1600K, the range of the J216 can be daplicated. The

number of points would be reduced.

Replacement of the filters, if adequate uniformity can be attained, is

clearly the simplest approach.
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Fig. 11-31 J216 Calibr'ator irradiance range, ; 5000 g.
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TABLE 11-6

BLACK BODY TEMPERATURES CORRESPONDING APPROXIMATELY
TO J2 16 FILTER CHANGES IN IRRADIANCE

JZ 16 Filter Black Body Temperature Spectral Irradiance,

Bo0 K /cm 2.. Ster-.cm

1 2600 5.98 x 10 4

4
2 2460 3.18 x 104

3 2320 1.57 x 104

4 2200 8.01 x 103

5 2080 3.8 x 103

6 1980 1.9 x 103

7 1900 1. 02 x 103

8 1800 4.3 x 102

9 1700 1.7 x I2

9I
10 1600 6.0 x 101

Black body temperature corresponding to the J216
calibrator tungsten lamp at 35 amps.

°I
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INITIAL CONSIDERATION OF CALIBRATION PRECISION
FOR TRAP-7 INSTRUMENTS

Introduction

Equations have been developed for determining the precision of the

calibration of downrange "nstruments assuming a normal freqaency distri-

bution. They are discus5, " inthis progress report under Task 3. 0 of the

_ -865 contract. * In the sections given below, these equations are applied

to a number of calibrations of various TRAP-7 inf, ruments performed on

the J216 calibrator.

The TRAP-7 instruments are of two types: (1) radiometric -optical

and (2) photo-optical. The radiometric-optical instrument analyzcd in thisireport is the R-71 photometer consisting of an S-11 detector and an S- :0

detector. The photo-optical instruments analyzed are: (1) the Barnes UV
cinespectrograph, and (2) the High Speed camera.

About five calibration samples were analyzed for each of the photo-

4 optical instruments, while for the R-71 photometer approximately 13 cali-

bration samples were analyzed for each of several aperture-filter combinations

of the J216 calibrator. Equation numbers shown in the ensuing text such as
"equation ( 1 6 )Ifa are those in the section referred to above which appear

under Task 3 of -865.
Application of Statistical Analysis to TRAP-7 Instruments

Barnes UV Cinespectrograpi

The fractional standard deviation in irradiance,a oH for spectral

cam~eras is given by equation (16) a as:

a. 2.,3

..J where 7 is the logarithmic slope of the D-log E curve and aD is the absolute
standard deviation in the density, D. Implicit in the variation of the density

for a number of samples is the variation in 7. A value of 1. 5 is assumed
for Y, as was obtained from one of the mission films. At 7 = 5000 R.
equation (1) then becomes:

-~ = 5tSD. (2)

*The title of the appropriate section is "An Approachf or Estimating the

Precision of Calibration of Downrange Insti aments, and will be designatedaas Reference for the remainder of this discussion.
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Figure 11-32 is a plot of the density as a function of wavelength for

five calibrations of the Barnes UV cinespectrograph obtained on the TRAP-7

J216 calibrator with aperture 6, filter 1. While they appear on the same

plot, there are differences in emulsion iumber and framing rate. The per-

tinent data required for determining aH , and the values of aH, are shown
f f

in table 11-7 a number of wavelengths. The number of samples is too small

for a confident indication of precision; however, t is felt that the precision

estimated here is indicative of the magnitude of the precision expected when

the number of samples increases.

The general precision of the spectral calibrations is a fractional

standard deviation, a, of +. 20 with a maximum value of +. 31. There

is some indication that emulsion number affects the precision, in that the

fractional standard deviation for emulsion number 87 - 23 is generally +. 02,

approximately a factor of ten improvement. It is recognized ,that )nly two

samples have provided this result and its validity must await further samr

pling. Also at shorter wavelengths and/or small irradiances the precision

of the calibrations improves. For example, at X = 3800 A and a framing

rate of 15 frames per second, . = + .0542 while at X = 6000 R, aH  +.194.
f f

The same trend appears to be occurring with the data for a framing rate of

10 frames per second.

R-71 Radiometer

The fractional standard deviation for radiometers is given by equa-

tion (1 0 )a s:

a a (3)'I V

where a is the fractional standard deviation of the voltage, V.!V

K Figure 11-33 indicates the number of samples (and their spread) used

in the statistical analysis. It shows approximately 13 calibrations each for

a number of J216 calibrator aperturx.-filter combinations and gain channels

of the R-71, detector I (S-Il surface) and R-71, detector 2 (S-20 surface).

The pertinent -ata required for determining a, , and the values of aH , are
f H

shown in table I1-8 for the data shown in figure 11-33. The number of

0
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Fig. J1-32 Barnes UV Cinespectrograph J216 calibration data, Aperture-6,
Filter 1, from calibrations made after a group of TRAP-7
missions, (The 3-digit numbers are internal Avco Test Numbers.)
Shown is the film density as a function of wavelength,
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samples used are enough to provide a precision which is representative of

the precision to be expected in radiometer calibration.

A The general preciion of radiometer calibration is a fractional Btanci-

ard deviation, aH, of +. 15. Tile table indicates that this precision is

preserved irres -p~ctive of irradiance, at least for the values used in the

analysis,

High 5peed Caraera
T~efractional standa-rd deviatic-n in irradiance, a , frcn aea

ahe foxc aea
is given by equation (26) aas,.

1 0H= A (4)

foir the Bpot densitometer method used at AERL~ in m easuring image growth.

Hier,- a- is the absolute standard deviation of an integral, 3 where

(rd r (5)

and
A3 InH/H.#

Here A is the local lgoaritbmic slope and varies for different irradiance
aValues as indicated in Refe~rence .,and -ris the transmission of the popitive,

,after the background transmiBBsi- s been subtracted. The voltage output

of the 'spot densitometer is prop-ortional to f3.The value of A for 3216
aperture 9, filter 1, used for estimating a, for the high speed camera was

,obtained Irom Refer encea '. quation (4) becomes,.

a =3. 10 x 1O+ ap (7)

Figure 11-34 shows microdensitoxmeter traces of the positives of the im'ages

for five calibrations of the high Speed camera obtained on the J21 6 calibrator

with aperture '9, filter 1. While they appear on the same plot there are dif-
ferences in emulsion number and fraraing zate. Shown also is the positive

tranamission, T ~ It is this curve tha s integrated in equation,(5).
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The pertinent data required for determining ; , and the values of

a for figure 11-34 are shown in table 11-9. Here, as for the cinespectro-

graph data, the number of samples is too small. However, it is felt that

the precision estimated here is indicative of the magnitude of the precision
expected when the number of samples increases. Table I-8 indicates a

precisioL of the high speed camera calibration of a fractional standard devi-

ation, aH of+0. 175.
f

Conclusi, ns

Using equations previously deriveda in which the irradiance is

assumed to be precisely known, an estimate has been made of the precision

df the calibration of TRAP-7 instruments using the J216 calibrator. Al-

though the number of samples was small, the statistical analysis indicates

a precision given by the fractional standard deviation in irradiance of between

+. 15 and +. 30 for the TRAP-7 instruments, analyzed, with the most con-

sistent precision occurring in the R-71 radiometer calibration. There are

indications that there may be an effect of emulsion number on the precision

in ciuespectrograph calibration. More confidence in these conclusions must

await an increase in the n,=nber of samples.
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.6 -TRAP-7 I
HIGH SPEED

* FILM POSITIVE ATN170

.5
172

S.3.2-- i174
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1188

MICRODENSITOMETER
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Fig. U-34 High Speed Camera, J216 calibration dr 'a, Aperture-9,
Filter 1, for a group of TRAP-7 mission calibrations.
Shown are microdensitometer traces of the positive images
and the transmission varia on across images after the
background has been subtracted. The image transmission
is the quantity to which the spot densitometer is sensitive.
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