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FOREWORD

This document is subject tc 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
(SMSD), Los Angeles AFS, California, or higher authority within the
Department of the Air Force, Private individuals 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 coniracts.

Publication of this report does not constitute Air Force approval of

the report's findings or conclusions; it is publishked only for tt - exchange
and stimulation of ideas,
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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 prograra manage-
ment, operations, instrumentation and maintenance, calibration and
system studies, These tasks are discussed for the TRAP-6 and TRAP-T
re-entry monitoring aircraft and the TRAP-~-Transportable ground station,

In addition, work pertaining to the upgrading of the TRAP-1 aircraft is
described,
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INTRODUCTION

This Semi-Annual Program Progress Report 18 a combined progress
rerort 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-Trxansportable (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 Evere‘t 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
v;)lumes and sections is as foilows:

UNCLASSIFIED VOLUME
SECTION I: Contract AF 04(694)-865
| Task 41. 0 Program Management

Task 4, 0 System Studies

Task 5, 0 Instrumentation, Maintenance and Service

Tasgk 6, 0 Operations and Measurements

Tarek 8, 0 TRAP-1 Upgrade
SECTION 1i: Contract F04694-67-C-0047

Task 1, 0 Management

Task 2. 0 Operations and Measurementa

Subtask 4, 2 System Improvement

Task 5, 0 Calibration and Test
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CLASSIFIED VOLUME
SECTION IlI: Contract AF 04{694)-865
Task 2.0 Interpretation and Coxrelation of Data
Task 3.0 Data Processing and Reduction
Task 7.0 Data Management/STINFO Program
SECTION 1V: Contract ¥04694-67-C-0047
Task 3.0 Data Reduction and Analysis

Subtask 4.1 R/V Modification, To Enhance Optical Acguisition
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 impoxr-
tance., Task 1,0 also summarizes the efforts associated with Avco Everett!s
response to 2 CCN to the basic contract as well as an RFQ for the TRAP-6
and TRAP-Transportable platforms. In the area of Data Interpzretation and
Correlatior, 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 aad
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 anal ssis, a statistical approach towards estab-
lishing the accuracy of various instrument calibration and a suinmazry of a
recent evaluation of the photometric calibration unit utilized on the TRAP-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 & summary ¢f 2 recentiy completed
report on instrument calibration, Summarized in Task 5, 0, Instrumentation,

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

X1l

u

DA AT

3
o e -

e A a o e
>

PR

- )3 Ad- e - S = ) P
> v

o e e i o A v e e G oo e i oo Bm Mewe e e e

T b v i e, o S




*%M,‘,_
T e
PR h

¥

3

Fliad
<

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

_of a VIS/IR radiometer and a concept for automated microcensitometry,

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-T contract was that Avco Everett
assumed respensibility for the TRAP-7 instrumenta.tio;l system on February
1, and that both the operational and data aspects of the contract were success-
fully implementeci on a very short time scale, Task 1, 0, Management, sum-
marizes program sccomplishments for the peried, for all tasks. Task 2,0,
Operations and Measurements, including System Maintenance, summarizes
the takeover pericd and the experience gained in maintaining and operating
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 In\terpretation, includes R/V diag-
nostics of TRAP-7 data collecced during the period, some of which were
incorporated into -865 studies for unified subject treatment, Task 7.0
documents the data reports and TRAP Memoranda issued during the period,
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CONTRACT AF 04(694)-865
(TRAPs-1, -6and -~ T)
UNCLASSIFIED TASKS
- SECTION I
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TASK 1.0 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 arnd operation of the TRAP-7 aircraft, presented under
the -047 portion of this report, planning associated with the upgrading of the
TRAP-1 aircraft under a CCN to the - 865 contract, reprograrﬁming 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 5u wake scanning radiometer), as well as the general efforts
of a continuing nature under the basic Program.

Early in the year, sc as to keep pace with and properly direct the
expanding réquirements bf the Pro.gram, the TRAP Program Office was
significantly enlarged to add emphr.sis to the monitoring platforms and
vriraary a‘r:eas .of ;o;fractual importance. Program Managers were designated

for each of the major platforms as follows: Mr. P. Howes, TRAP-1; Mr. J.

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

Managers have the end responsibility for the performance of each platform

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

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

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

contmu:ty ac ross ‘all platforms where such commonality of approach is allowed

by the respechve contracts. The chart showing the organization of the AERL

TRAP Program Office is presented as figure I-1

. A vast amount of planning has been ass>ciated with the reconfiguration

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

in Vebruary where it is undergoing modification 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.
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Following aircraft modification ar 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
AERL's management and technical approach to those areas covered by the CCN,
heretofore mentioned, ' ‘

Algo 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-1 is presented in Task 8,0 of this report.
In June, an RFP was received from S/MSO for the follov,-on contractual
efforts under the TRAP-6 and TRAP-Transportable Programs. In response;
a Program Plan and Cost Proposal were prépared 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-1 aircraft are presently supported
by the - 865 contract whereas in October TRAP-6 and TRAP-Transporiable
will be split off and supported under SAMSO Contract F 04 694-67-C-0130.
Significant prcgress has been made in many tasks during this 6-month
period. Of particular note 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
TRAP support necessary in this area vital to the National 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-1 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 was initiated.

A system study on instrument calibration was also completed, and
an abstract of the report is cdutained herein, Calibration equipmen: recom-
mendations resulting from this study are also included.

Twc areas of effort coniprise the High Spectral Resolution study.

Of these, one has been completed by the submission to SAMSO, of a2 pre-
liminary design memoranda on a high gpectral 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 this 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 summazry
memorandum is also included in this section,

el
Cf wAZA O

Study efforts are continuing in the areas of High Resclution System

Evaluation and the TRAP-6 Peinting 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 gince 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.
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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 com-
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 TRAPJ 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 - Systeny Diescription: This section will contain a description of

the 80" FL high resolution system as installed on the TRAP-6
aircraft, ) ' :
II - Optical Evaluation: An evaluation of the design of the Jones
Cassegranian system and the results of bench tests performed
on the TRAP-6 and squivalent lens systemn. Also inclnded will
be a comprehenswe analysis of all optical system charactermt:cs
noted to date. _ ‘ \ -
11 - System Evaluation: This section will contain a presentation and
znalysis of exisling data in terms of optical quality (argéar:,
def:.mtmn, resolution, exposure, etc.j. The effects of the camera
and gxmba}./pomtmg system will be \mt?:oducecl and dmcussed.
Cc;mpsan.sscns,r as apphcable, will be wiade with a. s;mxia.‘ iigh
‘ résotution system in use T;;y AE‘RL Gn a;nwther pmgxatm. ‘
IV - Window Brrectst 'I‘he posszble nffects which airerait wmdows
““* havé on the qualxty of high regolutzon data will be dig cuased.
V Cotaclusmns and Recommendatzons' The data am& analys;&s as_
N presente& in Parts f; It and IV will be-discussed witt respe st -
T to vverall pre sent amd futur# uaafulneﬁa fo the TRA]? Program. )
Problem areas and system lnmtatmns will be 9raser{ted Thgae . '

»:. < - L - Sty

o g Cen T . s L. . - l

- o N h Mo - . T -

. R
-r. -y o b b Wt a sath aa S aenilo oo ooy o e
-




T A

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 ore 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 misalignment and the instrument was realigned and returned to the
TRAP-6 aircraft. ]

Mlthough 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 airborne envirdnment,

4,3.1 An Atomic Line Radiometer (R. Prescott)

Introduction - ‘

Méﬁy types of ablating heat shields for re-entry missiles become
incandescent during\re-entry with péak températures of the order of 3000°K
and radiation in the wisible of intensities of the order of megawatts per
steradian. In the presence of this intense radi iation, it is of interest to
measure much lowér levels of radiation due to atomic lines. Moderate
success has teen achieved in the past by the use of relatively high lineaz

~dispersioa grating spectrographs to disperse the contimmm so that a

relatively low level atoraic spectral line would be detectable above it in a
plxotographié recérdiﬁg spect%rograph Attermnpts to use nareow band filters
have resulted in ammguous data only, it was impossible to determine the
level of litesference Gue to :ne bacxgrounci continuum,

Several matrumenta.tmn Grhcepts have heen evaluated in a search

. for 2 method with suitabie senaztwlty and lack of umbiguity.

The scheime embodied in tha present instrument is a concept which

'gra‘ts a proven meth&:& of measaring atomic lines against the night sky with

the provesn raﬁmmetrm ‘metkods evolved in re-entry monitoring, It provides

-2 s1mu1taneaus measm‘e of the ,aﬁomic Iige mtenslty, the intersity of the
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continuum, and the level of sky background in the spectral region of the
acomic line. It provides suppression of sky background by means of
spatial filtering aud 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 wam:s.a/cm2 - micron, then the threshold for an atomic line would
be ~ 10"13\:va.tts/<:m2 with no continuum and ~ 103 of the continuum level
in any case within the dynamic range of the instrument.

Background Consideratica

Backgrouund may be considered to be primarily airglow, both
continuum and spectrallines, 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 Ca.rpoan’ce:r1

_and 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 region of the Milky Way, the level is significantly higher as it is also
when the moon is above the horizon.

Instrument Concept

The instrument concept is 2 combination _{ the well known birefringent
polarizing fiiter devised by L'yatz as adapted to the measurement of atomic
lines in the night airglow3 with the principles of radic.netry develoi)ed here
using simple spatial filters.

The heart of the instrument may be uhderstopd by referring to figure
I-3 (adapted from Ref. 3) in which is shown a schematic of the hirefringent
filter. Collimated light is polarized by the first Polaroid. It then passes
into the quartz crystal whose optiral axis is parallel to the surface and at
45° from the Polaroid axis. It is broken intc two equai components which

<

-10.

- 2 TR, e S [ At T g, o i \“‘ i " oy = - .. N AN e ep ot




o
e
o Ax=
100A° > 250 A®—mnr]
% 12.0 1 T 1 1}‘ T
T
Q B3O} -
-
T RO .
=
S ot 015577 A° .
g 10.0 |- A4 -
< = -
< 90
© 80t Na 5890 A° -
o 5895 A°
o MO 01 6300 A° -]
S o f §6€363A° ]
o OTHER MAIN
E sof FEATURES -
> | DUE TO OH
40 O2AND Np -
2 ol "ERT
g 30 LI
y 20|
S 10
<
’5 1 1 { 1 i ; 1
< 03 D4 05 06  O7 08 085
e

WAVELENGTH IN MICRONS

1.2 Sky background radiance vs., wavelength,

~11l~

R-3837

, 7

.- 2
A T

P

v

[AESONU

~

Cow s
fsd
3

s A o et

e
o o

BN

A

o e e e o

i sy e

%

i




¢ LN " .
3. & o ‘: R v s e
s
< ‘g.'? ¢ .
.
POLARQID *
ROYTATES
f /4 WAVE PLATE
i
90°
F i
/2 WAVE PLATE
(o
.
LIGHT
E FROM
SKY
Fig. I-3 An exploded view of the birefringent filter,
. }1
Rk ’
!
% ]L,
b 1
< E ¥ "12"
P
§
" ;’
>¢; ( Re9211
DO‘?: . = B TR S B — .
\}\:?Q‘ 4 ; - ) -




-y

travel through the quartz at different velocities. As the waves emerge

from the first quartz block, they pass through a half-wave plafe whose fast
or slow axis is parallel to the axis of the Polaroid. This cavses the fast

and slow waves to be effectively rotated through 90°, The second block of
quartz has its slow axis at 90° 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 with the slow axes at

909 from each other is to reduce the change in retardation 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, Jn emerging from the
second block of quartz, the wave passes through a quarterwave plate whose
axis is 45° from that of the quartz block, so th~t the light is now rendered
plane polarized with an angular orientation which is a function of its wave-
length. A rotating Polaroid placeld behind this block will modulate each
monochromatic wavelengthata frequency equalto twice its rotational frequency
and with a phase which is a function of the wavelength of the light, As the
retardation may be ut the order of hundreds or even thousands of orders,

it is possgible to have a phase difference of r in the rotating Polaroid or 2%

in the output for reasonably spaced doublets such as sodium., The output
from each of the two lines will then add in phasge to give their arithmetic sum
in the output., A spectral continuum on the other hand produces no outpu

as each wavelenyth is approximately matched by another x/4 difference in
phase, so that the vectozal sum of the two texms is a constant., The rejecticn
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 bizckbody continuum.
Modulation is the ratio of tue peak AC output to the DC average éutput. A
definition of the regcluticn of an insirument of this type (radiometer) might be
the effective spectral passband of the instrument divided by the rejection ratio.
Adaption of the Above Concept to 2 Radiometer for Lines and Points

In order to adapt the above birefringent filter concept to a radio-
meter for lines anud points, it must be compatible with a suitable radiometer
form. Figure I-4 is a diagram of such an instrument. The objective optics
images objects at infinity in the field stop which limits and sharply defines
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 180° of the rotating Polaroid.

It is fortunate that the combination of the two concepts gives a func-
tional concept that has many very satisfartory instrumental aspects. Some
of these will be discussed in detail in the following portioh of the veport.
Fore Optics

The fore optics are derived from a Maksutov-Cassegrain. 4 They
provide a large aperture, compact systerh of relatively simple construction.
Pertinent data are given in table I-1,

TABLE I-1
RADIOMETER FORE OPTICS DATA
Aperture, Diameter 17,8 cm
Obscuration 8.9¢cn
Area 186 cm?
Focal Length 43.4 cm
Focal Ratio, Geometric £/2.4
Effective £/2.9
Field of View 2.0°
Resolution - 0,119

(measured radially at edge
of field of view)

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

stop 1o fnoduiate the iight from a point target in the field of view. It con-
sists of = disc which has 60 radial slots and blades. It is so designed and
placed that exactly 3 periods, 3 slots and 3 blades, will cover the fiela.

of view. Under these conditions an approximate theoretical analysis
indicates that the modulation of a uniform background would be approximately

-15.
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1.25%. However, our experience indicates that in practice, probably due
to the smoothing effect of the slight but necessary distance between the
"chopper! and the stop, it is even more effective and the "re jection ratio"
is approximately 100 to 1. The parameter chosen, 60 periods when rotated
by a synchronous electric motor at 1800 rpm, gives a modulation frequency '
of 1800 Hz, This may be considered as a bacic 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 wiil be precisely oriented and made plane
parallel and polished, a half-wave plate and a quarter-wa.ve plate of
- sélected and split mica. The free spectral range will be 6A at 5900 A
The aperture is 2,4 inches, s0 a two-inch coliimated 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 spectrallines
is 150 Hz, The forefilter andthe 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 reguldted at a
chosen temperatt:ire and the temperature of the birefringent quartz filter
must zemain stable (although the exact temperature is not importanf: 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 28 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

gsecond case, This technique, immersion, effectively removes the losses ’
‘due to Fresnel reflection at fourteen glags-air surfaces which otherwise

<16~
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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
ccllimated beam effectively pivots about the center of the filter as the image
of a point object 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 R
from the center frequency and will have one-half of peak transmission at
about 6 & 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/ 2° from the
normal, the peak transmission wavelength of such a filter would shift approx-
imately 2, 8K. 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
evaluatéd 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 2-inch beam, the value is 3 1/ 2°, In considering the effect
of this on the forefilter passband and the birefringent filter, the angular
aberrations mu.t be added to the above figure.
Photormultiplier ’ ) -

" The photomultiplier will be an EMR 541E-01 with selected S-20 )
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-
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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 shown
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 photoclectrons/second from a
selected EMR 541E photomultiplier with an S~-20 photocathode. This is

16 amperes. With the photomult'plier gain of

equivalent to a current of 10~
106, this will provide 10-10 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 I-6.
The tape recorded signal will be reduced by suitable filtering to determine
the total irradiance due to the target in the passband of the forefilter and
ﬁthe 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 . 2C,
this source will contribute a noise of less than 35% which will not signifi-
cantly change the threshold.

" TABLE 1I-2 .
SIGNAL LEVELS IN RADIOMETER ELECTRONICS

PMT Cathode PMT Anode Preamp Output Scaling Amp

Electrons - Current in Volts Output in Volts
per Second in Amps Direct GChan.l Direct Chan. 2
6.25 x 102 1010 g=% - 105 5x10°2  5x10-3
6.25x 103  10-7 10-3 1074 5x1071  5x 1072
6.25x 104 108 ©1072 1973 5. 5x 10-1
6.25 % 1'05 1007 - lp"l ‘10"2 ’ non-lineax
6,25 .¢ 106 1078 1 107! _-non-~linear
6.25 x 107 1073 10 1 non-linear

~18-~
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: ~As*indmate& Er Ta.bla‘l-z the scahng amp;ifier output wﬂl be 5 mxlhvolts at
‘ ‘t‘he thres}-lol&. ‘Die to the ghay ncuae of the 625 cathode elect.rons per second
“at theeshvld, it will be necvsaaa.ry te use a filter bandpas;s of approximately
8 Hz to kave an effective 10:1 mgnai—to-nmse ratio., As the tape recorder
whise spemﬁcatzou {5 that neire is down 43 db below one volt at 20 kHz,
"tape nmse Will be approxima“cely 149 mmrovolts in this bandpass and thus
: neglig..bxe. .
‘ \.nsz,tw:lt}:t )
The thre;;ixold of the instrurent will e 625 photoelectrons per second
At 2 quantien efﬂuienay 6f 0.07 (S-20 at 0. 59[.1,), this corresponds to $000
photons pew secqnd 3 x 10~15 watts. As the aperture area is 186 cm? and
the transmission’ « 0,05 fbr tke entire instrument, the threshold level of
14watts/ cm? for sodium., For a black
body continuur, the correspending threshold is 2.7 « 19-11 watts/ cm2-
micror vhich is roughly equivalent to 2700 watts per steradian at 100 km,
or a star of -2.5 stellar magnitudes. Tkerefore, no problem is expected
with stellaz background. |
4,3, 2 A Fahry-Perot Etalon Spectrometer [{R. Prescott)

Introduction

bmce the *eport on the etalon status mcluded in the last Semi-
anmzal, the instrument has been mocked up in the laboratory and further
testing accomplished. However, a considqrable amount of further labora=-

‘irradiance is approximately 3. 23 x 10

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 sufficientiy‘ stable in a field environ-
ment to allow the achievement of resolution which has already beer obtained
in the laboratory. It is likely that in view of these difficulties, the first
field instrument mav he designed primarily 0 evajuaie these design factors.

The material presented below bhas been submitted in TRAP
Memorandum No. 7, in partial fulfillment of Task 4.3,2.

Concept of the Instrument

The etalon consists of two exirernely 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-
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5 reflected and partially transmitted. At each surface the transmittzd waves
% % are coherent, and their amplitudes add. The resuiting transmission is a

? function of 0 and is given in the first equation

VIRRTRGET Tt &7 12

TN 1o
R

2
T 1 (1)

T = 5 =
A-R7 4 @ 6 ew?

in” 7n

_ where 7T 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 2 measure of its resolving
power and is determined in part by the reflectivity oi each element according

to the second equation

WA A

3/2
fa-—-—-——ﬂR/ (2)

1-R

A plot of the transmission for various values of finesse is shown in Figure
i-17, 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 nimber of resclved elements that can be accom-
modated in a single, free spectral range. The actual finesse that can be
achieved is determined 3ot only by the reflectivity of each surface but also
by its flatness and smoothness, and in a photographic instrument is also
detérmined by the resolution of the lens and film system used to record the
‘data. The third equation ‘

"”; Fﬂ"w!?‘;”w.‘ ;

~ %

T = Tz = o )
max g .me q+a/T) (3)

e o e .
43
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< where A is the fraction of the incident energy absorbed, shows the value
| . " of the maximum transmission and indicates that if the efficiency of the .
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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. Thrée equations

A) = d/n = free spectral range. {(4)
Ao In= re;zolvin oweyx (5)

ax =fa= &P

f= ?%— = finesse (6)

indicate the relationship between the free spectral range and the resolving
power, and again define finesse. Equation {7) defines the angle to a par-
ticular fringe in terms of the order number for the central fringe of this
same wavelength. '

6y ™ Vex/n, (7

Looking again at figure I-7, we can see that resolving power may be held
constant, in this case at 1/8 angstrom, 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 ané a lens is placed behind
the etalon, the pattern on the focal plane is a measure of the transmissicn
function of the lens for the monochromatic light as indicated in equation (1).
This pattern is shown schematically in figure 1-8, It will be 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 indica.ed.
If, now, an astigmatic lens, ~ 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 sarne time spatial resolution wiil be
maintained in the direction along ine length of the line, A filter is now
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Fig., I-9a A diagram of d camera~etalon system for producmg 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 sliows 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 toth sodium lines are shown.

When one speaks of free spectrai 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 which 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 schematiczlly for a line source a
as separated by a system consisting of the grating and the camera lens only.
s sgure 1I-10c shows the broadened images which would occur when the cylinder
lens is inserted. Such a system was tested, and figure I-li shows a por-
tion of the resulting spectrum. In this case the astigmatism ca.sed by
the cylinder is excessive and, as 2 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
expected from such a system, a microdensitometer trace was made of the
mercury green line shown in figure I-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 reso.ution of more than 100, 000,

Ingtrument Davalonment

It is clear that an instrument éapable of producing extremely valuable
high spectral resolution re-entry data is theoretically feasible, and the con-
cept has been mocked up and demcnstrated 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 SOURCE PHOTOGRAPH WITH CYLINDR!CAL OPTICS,
ETALON, AND 300 4/MM GRATING

)

Hg GREEN Hg YELLOW DOUBLET
— A

- Fig. I-11 A photegraph of a portion of a spectrum using the system
diagrammed in Fig. I-10,
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MERCURY GREEN LINE ﬁ 10,500th ORDER
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Fig. I-12 A microdensitometer trace of a portion of the data shown in

Fig, I-11, A photoelectric trace from a high dispersion
laboratory instrument is shown for comparison, (Adopted
frorm American Institute of Physics Handbook, McGraw-Hill,
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1) The piates themselves must be eatremely 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 spectiral 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 etalon must be combined with a recording camera of

suitable charactieristics.

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

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 poasible 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. Onc can estimate an effi-

ciency of 0, 8 for the grating and a transmission of 0.5 for the etalon, and
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'spectral range. lLetus 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 sengitive film
will require an exposure of about 5 x 10'4 ergs/ mm?‘ for a detectable

‘image. So we have, for 1/100~second exposure
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Wattsl'l’:l:iir‘ﬂ x 100 xéﬂ 100 x 0.8 x0.5% 0.7 = ——7-—51;‘ l: :)_2 .
Watts/meter = 2 xT1l0°4 X 101%
0,28 x 104 x %
= 220 watts/ meter - Q in a resolution elernent,
It is evident that an increase of sensitivity beyond this would be
desirable. The use of an image intensifier would drop the above threshold
by at least two orde~s of magnitude.
Tentative Specifications for a High Resolution Spectral Instrument
Aperture, millimeters 100 '
' Focal Length, millimeters ’ 1000
Exposure Time, seconds 1,01
Si:atial Resolution, meters at 105 meters 4
Spectral Resolution, An_stroms 0.05
Sensitivity, watte/meter# 200

Spectral Region, Angstroms 4000 - 8000 .

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 effact of the etalon which would be egual te jte finesse.

Conclusions

An instrumental concpet has been experimentally pr« ren in the
laboratory which gives promise of providing all of the speciral resolution
which may be required for the determination of spectral line detail in re-
entry monitoring. A great deal of developraent is required before the design
of a field instrument can be carried out, and field testing of the first design
will be necessary before the ultimate resolving power which can e attained
is determined. The data from an instrument of this type can give a grexc
dsal of insight into re~entry physics through the determination of line *
broadening, self-absorption, etc., in the various flight regimes.

7 — —
‘Ina single atomic line
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Image Intensifier Cine Spectrograph System (R. Prescott)

Introdustion
An image intensifier cinespectrograph system design has been com=-
n~leted., This design is summarized in this section.

The aim of the design is to improve the instrument in respects such
as gsize, weight, and reliability while at the same time improving its data
taking capabilities with respect to spectral and spatial resolution, dynsiic
range, persistence, and ultraviolet transmission.

An image intensifier cinespectrograph has 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 lirnic the datal

a) Persistence, or a 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 cosrected for
aberration, its UV transmission will be good to below atmospheric cutoif,
and vignetting will be negligible. An attempt will be made to get & 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 Spectrograph

The dynamic range of a.‘ spectrograph may be defined in varions ways,
Cne basis for definition wouid be the range in which the spatial and/or spec-
tral resolution were within a factor of, say, two of the peak. A second

basis would be the range in which useful information could be extractad from

the data, It is obvious that the values given in the two cases would be vastly
diffarent 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 recordicg images on film. The second basis will
give, using special films and/or development techniques, ranges of perhaps
10° - 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 2-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 fubes.

The image tube will be a moedified version of RCA's C33034A, The
manufacturer ¢f the tube is being asked to modify its design to improve per-
formance witbh 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. “ A quotation is
also being sought on a sapphire faceplate to improve the uniformity of the .
resolution which is affected by local deiects in the faceplate.

An S-20 surface was chosen because it is superior to any cther phofo-

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

by the photocathode window, and we specify the substitution of 2 UV trans~

mitting glass in this window for the borosilicate glass normally used. The
resulting photocathode suffers no significant drop in sensitivity until the
wavelength is well below 3000A. This is appreciably below the eifective
atmospheric ozone cutoff of 3200A, On the other hand, the effective sensi~
tivity of this surface extends to approximately 8000 A in the infrared where
its quantum efficiency is equal to that of an S~-1 surface and its dark current
(at room temperature) a factor of 10% lower.

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

two spectral ranges in the instrument: U™, 3000 - 6000 A, and visible 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,
-36- ’
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Figure I~13 shows the required tube gain for several f{ilms as a
function of the transfer optics effective focal ratio, Two-stage irage inten-
gifier tubes investigated by AERL have gains ranging from 5250 to 9500,
With these gains and the fastest available films, an effective focal ratio of
/3 to £/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 pairsg
per millimeter, compared to the 20-25 line pairs per millimeter rating for
the 3-stage tube used in the first image intensifier fabricated by AERL, It
will be necessary to substantially improve the objective optics 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
rescolution 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 through 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 to the 40 to 50% MTF
level of the tube, As all of the optics tend to have a somaswhat 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 acquisitiocn 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, minimum vignetting, and wide dynémic
ra~qe, It is likely that as a result of the trade-offs made, the threshdld 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 OPTICS
108
5 | | .
i PLUS=X |
- PRESENT INSTRUMENT [/ TRI=X -
i
105 — ' 4-X OR —
- RXPR -
{ - wrd
e | z I N
A 4 . —
ii w 'O TTuses -
; @ | DELIVERED i
i i UNDER BTL
; - CONTRACT /7 .
103 }— —
i | RELAY LENS i
—= REQUIREMENTS
|02 l I
A | 0o 100
EFFECTIVE FOCAL RATIO = (H-‘/M) f/NC.
Fig. 1-13 A plot showing the required gain and effective aperature

ratio required for several film types to achieve maximum
sensitivity. The range of gains for four 2-stage tubes is
shown, together withthe required range of effective rocal
ratio in the transfer optics.
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f ] increase by perhaps a half ovder of magnitude, If we apply this factor to
’ . the thresholds determined for the first instrument, we have the values given

in Table I-3,

TABLE I-3

IMAGE INTENSIFIER SENSITIVITY

Point Source (Basis, Stellar Calibration) 2o
Threshold - at 100 km 1072 watts/ster

Digpersed Point Source (Line Spectrum)
(in-Lab Calibration)
Threshold - at 100 km 6 watts/p ster

Spectral "Area’ Sphurce (Wake Continuum)

. {from In-Lab Calibration)
Threshold - at 100 km bx 10'2watts/M-p.-ster
] . . -11_ 2
Night Sky Radiation 6x 107" ‘watta/cm”~ster

Resgolution Element {Both In-Lab & Stellar) '
at 100 km | 9 Meters {

3t
4

#Adapted from Chapman & Carpenter, 1961,
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Performance Specifications

The expected performance specifications of the final instrumeﬁt are )
given in Table l-4 and an outline diagram of the system is shown iu '
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 S.néi‘

correction of the fore optics will be good to 0.3 micron which is below the

Schmidt-Cassegrain with excellent correction and transmission over the
entire field of view (2.9 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 wave.engths may ovérlay the first~order spectrum. This
18 Jues 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 50% 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 film from Kodak with a speed
comparable to Type 2475 (the fastest previously available film), but with
an MTF of 70% at 30 line pairs per millimeter instead of 35%.

The focusing n ignet as currently pianned 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 leas 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

«40-~

atmospheric cutoff due to ozone. The fore optics will be a specially deeig.ned '
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P IMAGE INTENSIFIER PARAMETERS
1 .
g
| ’ Image Tube, 2 stage, magnetically focused.
’ Gain 5000 - 10, 000
’ Resolution (2% MTF') ~ 40-45
2 Photocathode Diameter, millimeters 38.1
; Magnification, Photocathcde~to~-Phospht r 1
! Photocathode S~20
Output Phosphor P-11
Photocathode Window, Ultraviolet
Transmitting ’
; Objective, Cassegrain Type
; Aperture, millimeters 150
; Focal Length, millimeters 750
f Wavelength Range, Transmisgion and }
; Correction, raicrons 0.3-0.8
1 Transfer Optics :
{ Magnification 0.5
4; Effective Aperture Ratio 3-4
\ ! Camera
| ; 35 mm, single frame, 100-foot capacity
Lo 40 frames/second for 40 seconds
.
’% Field of View
,{, Vertical 1,29
L 4 Horizontal 2.9°
] ‘
. i Gratings
! 4{ 75 lines/millimeters .
L 150 lines/millimeters
Z -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 {,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 minimur- of vignetting lnss
at the edge of the field,

The camera will almost certainly be a Traid 75 due to its small size,
light weight, and reliability,

Ag 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 incrzased, the resolution will be greatly increased, the
vignetting will be significantly reduced, the UV respor.gse will be brought down
to below the atmospheric cutofl, and the persistence will be significantly im-
proved, It is expected that the resulting instrament will be very nearly
optimum for the TRAP system requirements.

Image Converter Sight

The sgensitivity 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 is largely in the violet and uitraviolet where the sen-
sitivity of the eye is greatly reduced.

A study8 has indicated that nearly an order of magnitude in acguisition
threshold may be obtained by means of passive optical instruments while
retaining a large enough field of view for 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 fivst
image intensifier instrument with its limited ultraviolet response, it is
believed that an image converter sight is a more logical choice. A study?
has been mzde, and the results indicated that a suitable instrument co '1d

Accordingly, the preliminary design specifications of a suitable image

converter sight are shown in table I- 5, The optical layout of the sight isg

shown in figure I-15, So far, a wide-angle eyepiece of 11 mm focal length
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intensifier acquisition and tracking sight. It has a 20°
field of view and a magnification of three times.

A achematic of a simple, functional design of image
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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 degiees 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 10~16 watts/cm2 ~micron.

TABLE I- 5

SPECIFICATIONS OF IMAGE CONVERTER SIGHT

Objective Optics, Bouwers Concentric

Focal Ratio
Field of View
Focal Length

Image Intensifier
Photocathode
Phosphor
Lezminour Gain
Magnification
Resolution (referred to photocathode)
Eyepiece
Focal Length
Field of View

- 45—

£/1
200
61 mm

S-20

150-300
0.5
35 lines/mm

11 mm

60°
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4.5.1 TRAP-5 Pointing System Evaluatioa (J. E. Nunes)

AT TG

The installation cf the gimbal system on the TRAP-6 aircraft was
completed in October 1966 and the efforts relevant thereto were outlined in
the last Semi~-Annual Progress Report. Since that time, several missions
have been monitored and these, as well ar 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 plitform in the open cargo door, etc., as well as the human
engireering 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 Uctober, 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 without
extensive reference to other documents.

II, System Operation: This section will contain a pregentation 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,

III, Performance Results: Reduced data will be presented and discussed
and will include OSCAR readouts from gimbal payloads, acquisition
methods and levels, etc.

IV. Sumimary: 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 digcussed as will the results of analytical efforts
performed on system design logic, effects of the translating plat-
form et., 7

V. Recommendations: Those areas of the system in which it ig felt, as
a result of the evaluation, that further performance improvemenis

are possible will be presented here. These improvements will be

within the iiramework of modificatioi;s to the system and not major

fedesign. Also, areas in which further investigztion or evaluation

are believed warranted will be pointed out.
~46-
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4,7 Consideration of a Calibration System for the Downrange Program
(H, L, Koritz)

Introduction

Synonymous with the calibration of an instrument is the predictability
of its behavior when exposed to a known source of radiation, Implicit in
this definition is the precision of this prediction, Consequently, the main
functiorn of a calibration system is to provide a quantity (instrument
responge) 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
gource 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 oiily,

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-

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

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

which calibration ig correct when disagreement occurs,

Algo discussed are (1) the present calibration scheme, (2) concepts
adopted for the proposed calibratlion 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)

12 s bl
the dewnrangs calibiati

W sysiem, (0) the AERKL laboratory calibration
system, and (7) 2 scheme for controlling precision in the calibraticn

system,
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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-1 aircraft is presently being upgraded and the cal-
ibratoxs for this aircraft are in the design stages. The in-lab calibration
unit consists of 2 96" focal length bench. Described herein are the various
calibration procedures, calibrators, and methods for varying calibrator
irradiances. The system 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 from 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 gtandard bench is
also discussed,

Proposed Calibration Scheme

The propcsed 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 systematically
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

_of obyect image relationships encountered downrange, (2) calibrators in the

field shall be iied to the AERL standard laboratory bv a photomultiplier unit,
(3) periodic calibration of downrange instrumentation at the AERL standard
laboratory shall be required. In all, tw=lve concepts are presented.
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Functions of the Calibration System

The functions of the in-housec calibration laboratory and downrange
calibraticn 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 aﬁpropriate approach to
be utilized.

The instruments are divided into two groups: {1) those whosec 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-Pei'ot 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 system degign, i.e., th

A Pervamr 8
- —" —. ey wasw VYWD VL

SouTCesn
and the apertures to be utilized.

The response of cine cameras is digscussed 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 gpectrographs, 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 te uniformly
exposed areas, Tl: response of radiometers is discussed in terms of their
variety of spectrally sensitive surfaces, their linear response, and the re~
quirement ror complex electrical zguipment 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 measurernent 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 Fabry-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 a.tqmjc line source. These techniques are discussed.

The image intensifier technique provides photon amplification, re- .
sulting 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
bilack body scurce is discussed., The calibrator specifications for calibrating
the Image Intensifier are given and methods are suggested for calibrating
the carmera with a high temperature source. These are demagnification and/or
low reflectance attenuation. ‘ i )

The Jones High Resolution Telescopé is utilized to resolve the re-entry
Ax‘rehicle thus providing information regarding the ra.dia.ncé digtribution along the

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

it

area source. Calibrator specifications determined by the requirements for
calibration of the Jones Telescope are given., Also discussed are the problems
asgociated with interpreting the data for a resclved image yvhich, in.addition

[EURURIRIPAIIE VRISV TP,

to being non-uniform is of a conical shape, and possible solutions are sug-
gested, it is suggested that the stagnation point can be treated i~ a manner f
similar to the cine growth technique, 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 ;graph, the
Jones Telescope, the WRAP-6 GSAP No. 1., and the Barunzs Optical Tracker,

a calibrator is gpecified, The specifications are given for both a 100' 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 a2pertures required for
calibrating the Jones Telescope raust 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 £/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 AERL standard labcratory, a primary standard irradiance unit
is specified for the purpoée 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 ingtruments 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 calibration system's
precision based on the concepts adopted for designing the system, and equip-
ment and calibration procedure recommendations are made for implementing
the propoged system. This calibration approach satisfies the requirements
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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 caiibration, the pri-
mary standard of the system, which establishes the behavior of the
instrument and the precision index o” *he calibration, and the second,

a2 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 instrument's 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 Laboratery 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 for instruments
which cannot be practically removed from their pedestals, {4) that a single
type of calibrator inccrporating many of the features of the TRAP-7 J-2i6
be adopted and that a single calibration procedure for all aircraft be used,

~-52~
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(5) that a photomultiplier unit or other standard gensor be adopted as the
secondary standard for the calibration system and be present on each
aircraft and at the AERL calibration laboratory, (v) that instruments be
regularly rotated back to the AERL calibration laboratory on a yearly
basis, if possible, and (7) that 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 nacessary for implementation of
the calibration system. They imply the need for the design and construction
of additional downrange calibrators; requirements for additional tungsten
lamp and black body sources and equipment té 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 n:ed for photo-
multiplier units consisting of various detector heads, power §upplies and a
meang for recording the data, and the need for the AERL cal/bration lab-
oratory to have a primary standard irradiance unit, another tandard in-lab
collirnator in addition to the present 96" focal length collimatnr 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

-
il

J. E. Nunes

Introduction

5

N

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
these categories during this reporting pericd.

e

s i

Of particular note is the progress on new instruments, systems and
equipment in process for use in the TRAP program. Of thene, 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 autemated microdensitometry are

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

P+ SN b

=

this task, the procurement of an atomic line radiometer and new calibration
equipment, is oresented 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.

<

- L e “.

Sustaining Engineering (W. J. Wilson)

During the earlier portion of this reporting period the Engineering
Office was reorganized in order to more efficiently perforra 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.

I
b

Of considerable importance to this task is the effort now known as )
Sustaining Engineexing. This practical concept is the result of experience ‘

gained over many years of direct participation in experimental re-entry field

a0
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programs of this type. Simply stated, the Sustaining Engineering concept
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 action to be accomplished, but in addition points up those areas
requiring changes in procedures or equipment modificaticn, Individually,
each area is important, but closely joined they take on new meaning in
terms of optimum overall system performance,

Preventive Maintenance

Sustaining Engineering personnel conduct a technically sound preven-
tive maintenance program for all programs of the TRAP type. This includes
the regular review of existiné: procedures with modification occurring when
required, Additional procedu\'res are prepared when necessary due to new
or updated equipment, Thése procedures require the scheduled performance
of efforts such as clezning, adjustment and operation to specification of each
system, both primary data ccllecting and secondary support. These include
both field and in-house activities. Detailed records are maintanined with the
instrument and any noted deviation in performzace 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 leg 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
cverhaul and calibration. Data reduction equipment is similarly serviced
and maintained in optimum operating condition through a continuing preveative

fnaintenance gchedule.
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Performance Analysis

Through the Preventive Maintenance Program, there is constant
feedback of performance data to the Laboratory. Considerable additional
information nf this type is received from 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 from 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 information 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, iIn many instances,
field mod kits are prepared and sent to the fiell location in order to negate
the requirement of returning units to the Laboratory. In those instances
when the work involved is extremely complesx, 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
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Equipment Control

In order to more fully coordinate and control the flow and dissemination
of 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 hamiling 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 levele at all locations. In addition, centralized control ensures
fast resnonse to ernergency 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 system performed at that time included addition of a
simple, straight-forward, single frequency 850 Hz data good aural tone
output signal and the removal of the mixed 232 Hz envelope and 255C Hz
carrier, This will result in less ambiguity for the operator during target
acq\fisition. ‘

.
f
|
3
i

Also, the Jata 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 znabling 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, the tracker was returned to Barnes
Engineering and the following trouble areas diagnosed:

-l

a. There was an elevation error signal ambiguity with

regard to the locked condition in phase lock loop,

which reaunlted in tha random presence of either of two
DC elevation voltage leveis (approximately 0. 3 volts
apart) for a given stationary target in the instrument

field of view,
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c.

e,

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,
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,
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, .

Sensitivity in one of the Coherent Detectors in the phase lock
loop "locked" condition with regard to AC line input voltage
wayiations. The locp lost 'lock! at a line voltage condition

of between 119 V and 122 7, which resuited 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 inherext in the circuit design
and not removable unless the phase lock loop, envelope
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Also, thke differences in the circuit parameters between the
two coherent detector modules were corrected and the two
modules are now interchangeable with ¢ noticeable differences
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 more consistent with the spare module,

b, Reticle Wheel Motor and Drive System: Excessive vibration
in the gear reduction ané/or thrust bearings was found 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 satisfactotrily causing
a reduction of 10 to 20 db in the 10Hz component. The faulty
reticle drive assembly was left at Barries Engineering foi"
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 35mm 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 opticé.l system due to apparent loss of
its maximum resoluti&on 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., optiéal bench for inspection. The image of a
0.0015" point source was examined with . microscope and confirmed a
misalignment of the optical systern, Consequently, the optical system was
disassembled for .inspeci:.ion and realignment, The primary mirror was

2en e nlllac cwed blhn Ambiaal awodarn waslionad naing a laaaw
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cleaned and resst
and the collimated beam of the optical bench,

Due 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.




TRAP Transportable (W,J. 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 ¥28/40 power
supplies have been procured. These power supplies were
packaged such that they can be used as a direct replacement
for the batteries. Where feas’ dle, 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 Ami;ex 601 tape recorder, the main time
comb (MTC) signal would saturate the recorder. This
condition arose because the 10KHz carrier, which is
modulated at the MTC rate, was at the edge of pass
band of the Amplex tape recorder, To correct this
situatior, 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)

- &8 mn -
Introduciion
Rk Otuluioat

As reported in the last Semi-annual Report, a dual-chaanel VIS/IR
radiometer ig under procurement from Barnes Engineering Company. This
radiometer employs an S-20 photomultiplier tube as a sensor in the .isible
channel and a thermoelect‘ricaliy 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 I-16, and figure I-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 nutnerous
vacuum seal prohlems. 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 =arliest *ime possikle. At this writing, acceptance
and delivery of the radiometer is scheduled to occur in July.

. Fiiters

The characteristics of the filters procured for use with the instrument
are shown in table I~ 7, On acceptance and 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 contrzct, 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

Thé Ke-eéntry Monitoring Radiometer (REMRAD) was designed to
provide resolution scdming in four infrared spectral bands from 2, 5 microns
to 5.5 microns with interchangeable spectiral filters, The resultant video
data presents spatially resolved radiometric information in four selectable
spectral regions,
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TABLE I-6
TWO-COLOR RADIOMETER

Optical Units

Collecting Aperture Diameier gn

Effective Aperture 140 cm2

E.F, L. 40m

Geometric F/# ‘ - F/5

Effective F/# v F/8

Field of View 1% or 1/2°

Background Suppression 300: 1 {min)

Chepping Frequency 730 cps

Visible IR

Detector S-20 PbS (cooled)
Anticipated Sensitivity 8 x 10" 17 (w/ cm?) 8 x 10-14(w/cm2)

Typical Response Profile:

Response 1% 10% 50%
PM 1, 3.4 1.2p, 3.1 1,75u, 2,751
PbS 0.77n 0, 71p 0.37e, 0,56u
TABLE I-7

TWO- COLOR RADIOMETER FILTER SPECIFICATIONS

PM Channel

A 3300 A+ 300 A
B 3860 A+ 404
C 6132A+ 10A

PbS Channel
A 1,0 - 2,0p (blocked < 1,0u, > 2. 21)
B 2,29 - 2,54 {(blocked < 2,2, > 2, f4)
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CPTICAL DIAGRAM

SUN PRIMARY

SHUTTER  MIRROR 45. MIRROR /PM- PRE AMP

SECONDARY MIRROR P.MTUBE

=
,‘ =—DICHROIC
7"

SNSOR 0 - | s pereCToR
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j | CHOPPER
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smnTE:jE;L::U
SOLENOI

Fig, I-16 Optical diagram for two-color radiometer,
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REemoR  ASSEMBLY

ELECTRONIC SIGNAL PROCESSING BLOCK DIAGRAM TWOQ COLOR RADIOMETER

DATA RPUT géla%ggsso
METER SIGNALS

[
COMPRESSED ViS_! BANDPASS - LINEAR LOW--PASS ocC VISIBLE
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(]

< 18| BANDPASS LINEAR o LOW=-PASS oc
OPTICAL FILTER bEMODULATOR FILTER AMPLIFIFR IR
! 0

UNIT ATA
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Fig, I-17 Electronic signal processmg block f’1agram for two-coler
radiometer.
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The instrument consists of two units, an infrared optical scanner

agsembly, 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 i5 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 (3°) is definad by a five element grown junction
indium antimonide 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 monunted on the axis of the scanning rotor with
a window appropriate for the optical search, The array is cooled by liquid
nitrogen (77°K) transferred from a storage dewar by a two phase system

where the liquid travels in balls surrounded by nitrogen gas (2 pkases) 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 preamplifiers pass to five line amplifiers which provide controlled gwin

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 filaraent source whose ocutput is injected into each
optic during the dead scan time of each optical quadrant,

The electronic unit consists of three chassis suitahle
inch rack mounting.

cr standard 19
They are: the electronic control assembly consisting of
plug-in printed circuit cards, the power supply/control panel assembly and
the voltage controlled oscillator asgembly, Except for the voltage controlled

oscillator assembly, the electronics are completely transistorized.
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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
gignal to noise ratio remain within the dynamic range of the amplitude modulation
tape rocorder., The gain changes are made once per each scanner revolution
in a dead scan based upon sampling of the outputs of the previcus frame and
results in linear recording with a 100 db dynamic range. (b) The electronic
timing of the video sampling period (1 5¢ 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. (¢) 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 azirnuth vernier is gated for an output only
during the 15° of scan.

The power supply/control panel agsembly provides a central unit for
the necessary system power and control functions. The control front panel
has switches for suck functions a.: main power, heaters, calibration lamp
spin motor, heaters and calibrate plus indicator lights for videq levels and
cryogenic conditions,

" The voltage controlled oscillator (VbO) assembly is a unit used to
encode the gain setting conditions in each of the video channels, There is a
VCO for each of the five video channels and one for the calibrate unit which
encode by frequerry shifts the attenuator settings, All of the channels are
mixed and can be placed 6n one tape track. )

System design specifications are listed 5n table I- 8.
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TARLE I-8
REMRAD DESICON SPECIFICATIONS

Sranning Characteristics

Sensitivity: Noise Eguivalent Flux Density

Total Search Field

Field Rate

Frame Rate (4 spectral regions)

Instantaneous Field of View

Spectral Region

Spectral Filters
Ac - center wavelength -~ microns
BW - bandwidth ~ microns

Signal Processing

Video: 5 channels Linear Processing
Dynamic Range
Electrical Bandwidth (3db)
Gain (Nominal)

Position: Azimuth Veraier

Elevation (Individual Detectors)

Calibration Relative Reference: Drift for mission

Input Levels
Control Signals

Target Indication - Channels
20, 40, 60 db Attenuators Channels

Crzogenics

Open Cycle - Liquid Nitrogen, 2 Phase Delivery,

2,4 liter storage
Electrical Requirements
Volt- Amperes
Freqﬁenéy

Physical Characteristics

Scanner: Weighi:

Dimensions
Electronic Unit: Weight

Dimensions

67

5x 10722 at 4.

3°EL x 15°AZ
40 scans/sec
10/sec

0.02°AZ x 0. 6°EL -

2' 5 to 5. 5[J.
a) 2. 825 to 4, 225

bYA= 4,49, BW = . 175

)X_=4.81, BW=,
d)A_ = 5.265, BW=

100 db
100 kHz
40 db
+.02°
+9,3°

4

ws

. 400

400 Hz Single Phase

85 lbs,
137 dia, x 25" long
50 lbs.
19% wide x 34" high
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Laboratory Evaluation

Effort was immediately applied to equipment inspection and 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, Tae 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 electricai 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 rnount to allow field installation of the unit
rpn Manual Pedestal T-2 at the rear cargo door of the TRAP 6 aircraft,

During the course of the in-lab evaluation, preliminary results indicated
that in osder to achigve low level target measurements, it would be necessary
to operéte 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-eﬁtry
comi:lex 1000 ft x 3 f¢ in dimensions, alignment of the complex in parallel
with the detector array means that the re-entry complex is only about 1/3

ine Iengih of uns of the deteciors, With the KEMKAD oriented as designed,
i.e,, with the detector array aligned vertically, the largest angle between
getector array and complex that can be expected is 45°, 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 tc be
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expected that the re-en‘ry complex will usually illuminate only a portion of
one detector at a time. The attenuator logic for a detector i: actuated once
per revolution of the scanner on the basis nf 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 ¢f the following 100 {t.

The 0 db gain setting provides less than 40 db dynamic range (80 mv 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 tlie one of the higher
amplitude is just below the upper threshold at a particular gain setting, the
tape recovder 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
dirmaer signal will be in the noise, Removal of the zttenuators will allow
reduction of wake data ranging between 4 x 10> and 4 x 10° watts/ster per
resolution element (115 ft) at 107 cm siant 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 video channels, 1 azimuth position 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 cornpleted
and we are awaiting the return of the tape recordesf. Upon receipt, the two
units will be mated, checked and calibrated and the system will be shipped
te the field for installation, Installation drawings and instructions have been
prepared and self pressurizing dewars for the liquid nitrogen supply proc .rad,
Arrangements hove beén made to have liquid nitrogen available at the varisus
operating locations, It is anticipated that field installation will occur during

the first week of August 1967 derendent upon aircraft location and availability.
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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
and 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 resoluticn photographs are the prime sources of information
most applicable to this 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

knowu to a high degree of precision, The use of a miciodensitometer 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 microdensitometere .a the reduction of such data,

One of these, a GAF Model 652, has the necessary characteristics 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
congsiderations, 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 expoaed area, At the present time, only analog methods are available
to reduce this data, Limitations in analog recorder bandwidth and manual
operation of chart digitizers are the pacing factors in the reduction of such

data, These techniques do provide useful intengity data from spectral -

records, but if one desires to anaiyze 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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orly introduces excessive time lags but also limits the accuracy with which
the data can be reduced. This latter limitation is even more apparent in the
casgs; of detailed raster scans of high resolution images which require precise
correlation of multiple scans., In this case manual chart digitizing would be
highly impractical, if not impossible, as a means to vbtain useful analytical
outputs, It is because of the high data content that on-line analog to digital
conversion is necessary.

The second 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 preiominant amount of
data, It is also desirable to be able to sélect position.) limits for each data
scan, With these concepts in mind, in addition to on-line analog to digital
conversion, provisious 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 minures per
scan. 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 sireak spectrographe records in a 4 x 5 format, framing approximately
every Z seconds with a framing time of ~0. 4 seconds,
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per migsion, 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 I -9

DATA PROCESSING COMPARISON
Total Per Total Per

Set-up Scan Digitize Frame Camexa
(min) {rnin) {min) (hr) (hr)
Auta, 5 15 0 : 1/3 1-2/3
(1000 pps) '
Nonauto 5 60 150 3-1/2 17-1/2
(30 pps)

An equally important difference between the ‘analog‘microdensitometer

and an autorrated facility lies in the amount of data retrieved per scan,
Normally 30-50 data pointe per scan are digitized on the Gerber reader, 1
and from these, crude line and band intensities as well as contimium in-
tensities may be derived, To obtain improved line and band data the film
must be rescanned at a slower rate on the microdensitometer to obtain
expanded chart records which must then be digitized on the Gerber reader.

The extra time and labor involved in this process is so great as to make

accurate reduction of line and band data on a2 routine basis impractical,

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

record as many points ner scan as may be desired. nowever, if the sampling

rate were constant, it wo.old typically be necessary to record approximately

20. 000 points per scen in order to avoid degrading the details of molecular

and line spectra, To avoid computer overload, a programmable variable

sampling rate is highly essential to sustain an efficient through-put of the

1.,

STRAP 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)-452 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 K-24
recoxd, thereby making it feasible to reduce large quantities of line and band
intengity data, as well as continuum data, on a routine basis, Thus, an
automated microdensitometric capability would simultanecusly 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 cinespectrograph data, an automated microdensi-
tometer can accomplish two tasks which are not practic-~1 with an analog
system. ¥irst, if the densitometer has sufficiently high optical resolution
and positional accuracy, it is practical to do two-dimensional integration
of the data {o obtrain 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 which are curved due to camera distortion can be reduced
as readily as undistorted spectra by a similar raster-scan technique,

Syétem Configuration .

A systeiy configuration to accept spectrographs from the AERL GAF
Model 652 densitometer is being developed and a report is in preparation.
In this report, préssent manual data reduction procedures are described
and necessary functions to be performed are delineated; performance
specifications for an automated facility (computer-baserd) are developed
and an instrumentation model is formulated which is to be exercised in
real time, Also, an error ana;iysis is provided to show ceontrol system
conformance to performance specificati‘;)nso Computer I/0 requirements
are prescribed which will completely satisfy the necessary man~rnachine
functions which were developed from the present manual operation,

A block diagram of the hardware concept is presented in figure I~ 18,
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ENABLE

—— INTE.
n_{AT.CAL. POS.\ S
ON LINE?

- "
N END OF
| SCAN > Interrupts possible
READ COORD, ¥
DISABLE
. INTERKGPTS
CALC. TAN (&) END OF SCAN

. END OF.SCAN ' THA'
. KOUTINE mr :::N ? >

D
ACCEPT FIRAL
OPEY. INPUTS

Chic. ALL TARR
PARAM. FOREC AN

~

PLOT DATA
INTEN. v8. X

Fig, 1-18 - Automa\xte.d microdensitometer, p£eliminary block diagram., - i
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NORMAL
SPECIAL COLLECTOR FIELD) OF VIEW SAMPLING FILM SPECTRAL SPECTRAL
INSTRUMENT DESIGNATION LOGCATION PROVISIONS FOCAL LENGTH - f#  VERT. AND HORIZONTAL RATE TYPES RANGE RESOLYTION
FIXED INSTRUMEN''S
et AENYS
TWIN "NODDING" DAL K #4 Pt ROTATES DOWN~ METROGON 30° x 114° 1.4 CHOPS/SEG RXP 39- SR N A
BALLISTIC CAMEKA  FID. 27 & £28 WINDOW WARD TO STRETCH & . 16,3 PULSE WIDTH 8 x 10 SHEET
QUT 5TAR TRACES. CODED
BINARY CODED
CHOPPING
WILJU/AERL "NODDING" AYIOGON P-2 ROTATES DOWN- UNIVERSAL 4% x 74° 14 CHOPS/SEC. EO18 . NA
BALLISTIS CAMERA  FID. 2297 WINDOW WARD TO STRETCH AYIOGON PULSE WIDTH / la l/l
QU STAK TRACES. 6" . 1/5.6 CODED CLASS P
DINARY CODED
CHOPPING
SUPER STAK CAMERA  X-24 13 P-5 4+ SE AERO-EKTAR 24¥ x 24° 2 SEC/FRAME 2475 REC. 387 N A
¥ 165 wiviow  MdsEconn PR / 51/2°% 56" ROLL ®
SUPER STAR CAMERA  K-24 #4 P.$ 1/4 - STCOND AERCSEKTAR 24° x 24° 2 SEC/FRAME 2415 REC. 39-.74 N A
FID, #4128 WINDOW CHOPPING 12v . 1/2.% s 1/2"x 564 ROLL
N
BIOGON CAMERA %24 5 P 6ol SINGLE FRAME BIOGON 20° x 80° NOT PULSED 2475 REC 9. Tp N A
FID, #24 INSTRUMENT WIDE-ANGLE VIEW; FLY 779 5 1/2'x 56* ROLL
PLATFORM  UNCHOPPED
AT OPEN
DOOR
IMAGE MOTION IMC P-l PROGRAMMED AEKO-EKTAR 39% x 39° 2SEC/FRAME 2475 9e.p N A
COMPENSATION Kedb WINDOW FILM MOVEMENT ™. 4/2,5 5 IIZ" x w ROLL
CAMERA TO COMPENSATZE
FOR TARGET
IMAGE MOTION
DURING LONG
EXPOSURES.
METEOR K-24 #1 P-t GRATING: HIGH AERO-EKTAR 39° x 39° 2SEC/FRAME 2475 9.7 4A
SPECTROGRAPH FID. §7 WINDOW DISPERSION T 2.5 5 l/z-- x 56' ROLL
800 LINES/MM
S500A BLAZE
METEOR K-24 §2 ] GRATING: HIGH AERO-EKTAR 39% x 39° 2SEC/FRAME 2475 REC, 3947 L7
SPECTROGRAPH FID, #11A WINDOW DISPERSION 7 1f2.5 s |,'z-- x 56* ROLL
300 LINES/MM
6000A BLAZB
u. v, X-24 §7 P 6-4 GRATING: HILGER & WATTS 35% ¥ 35° 2SEC/FRAME 2415 REC. TR " 10A
METEOR FID, $34 INSTRUMENT 300 LINES/MM 8% /3.5 {SEE SPECIAL 5 |/~-- x 86* ROLL
SPZCTROGRAPH PLATFORM  3600A BLAZE PROVISIONS)
AT OPEN COASTING MOUNT
DOOR PROVIDES COVERAGE
OF ENTIRE TRA-
JECTORY.
13 KA bs - P 6-2 GRATING: AERO-EKTAR 39° x 39° 3SEC/FRAME LR, Sep 8%
METEOR FID, #15A INSTRUMENT 300 LINES/MM - 1/2.8 5 1/27 4 86' ROLL
SPECTROGRAPH PLATFORM  6000A BLAZE rocnksssn AT
AT OPEN CORNING K2 8000
DOOR FTLTER
 TRACKING INSTRUMENTS"
MK NA CHANNEL 1 Ph3 §-20 PHOTO BINOCGILAR 157 x 1,5° 800 C. P, S, RE D 5726 - N.A
RADIOMETER SLAVE MULTIPLIER OBJECTIVE ) ONTABE iy
CIMDAL 02 §730 FILTER ™IS .
AT OPEN
DOOR
CHANNEL 2 Pé.3 0.20 PHOTO BINOCULAR 1.5° x 1.5° 800 C.P.8. RECORDED L5887 - N.A
LAV gz MULTIPLIER OBJECTIVE - ety V890044
petpiit £893 FILTER 7. 1/3.5
DOOR
M (ETER GHANNEL 1 s wafé‘ Ge DETECTOR BINOCULAR 1,5%x 1,8 1200 C.P.8. RECORDED Lis-124 NA
BJECTIVE
CDOMALgz S FILTER 14 /3.8 ON TAPE
AT OPEN
DOOR -
CHANNEL 2 P63 PbS DETECTOR QUARTZ L5%x1.8° 1200 C.P,3 REC L17-2.25 4 R.A.
. SLAVE . . - P, 8. ORDED .
SiiELyy  CeFILTER ox')gtﬁ}r;)i;: ON TAPE
AT OPEN
DOOK
’ NOTE: IN GENERAL, INSTRUMENTS ARE SUBJECT TO CHANGE BY MUDIFICA LIUN UR REFLALEMENL.
LENSES, LENS SETTINGS, FILTERS, FILM TYPES, ETC. ARE ESPECIALLY SUBJECT TO
CHANGE DEPENDING UPON THE RECUIREMENTS OF THE PARTICULAR TEST TO BE
MONIYORED. REFER TO DATA SUK {#?1ES PUBLISHED IN THE RE-ENTRY DATA REPORTS
FOR ACTUAL INSTRUMENTATION EMPLOYED FOR EACH TEST.
FOR IDENTIFICATION OF POSITIONS SUCH AS -, ETC., REFER TO SKETCH OF AIRCRAFT.
N .
e s e e e e e e e e
“ ; e T h —

.




TABLE I-10
LM MINIMUM
Ry SPECTRAL SPECTRAL DUTECTABLE SPATIAL DYNAMIC TYPE OF DATA
RANGE RESOLUTION IRRADIANGE RESOLUTION RANGE DATA APPLICATION REMARKS
o e 9. 8 N.A. 6xlo7h? 1 M.R. - PCSITION OF OBJECTS: TRAJEGTORIES; OB- SENSITIVITY DEPENDS ON
x - WATTS/CM? TIME; LUMINOUS JECT IDENTIFICATION; TARGET ANGULAR RATE.
INTENSITY INTENSITY PROFILE
1‘\{?2!5'0!?0 Van A9.p N.A. 5 x 20"} 2 0.1 M.R. - FOSITION OF OBJECTS; TRAJECTORIES: OB- SENSITIVITY DEPENDS ON
91/ x 10 1/. WATTS/CM TIME: LUNINOUS IN- JECT IDENTIFICATION  TARGET ANGULAR RATE.
GLASS PLATE TENSITY INTENSITY PROFILE unuzg gksnzsg PLATE
FOR IN
ACCURAGY.
2475 R fe- 39..7p H.A. 2x 10" 0.2 M.R. - POSITION OF OBJLCTS: TRAJEGTORIES; OB~ GREATER SENSITIVITY
5 1/2' 56" ROLL wATTS/CM? TIME; LUMINOUS JECT IDENTIFICATION: FOR LOW INTENSITY
d INTEN: INTENSITY PROFILE OBJECTS.
g .
2415 REC. % LI 7Y M.A 2x10tM g 0.2 M.R. . POSITION OF OBJECTS; TRAJECTORIES: OB- GREATER SENSITIVITY
5 1/2'x 56" ROLL WATTS/CM' TIME; LUMINOUS JECT IDENTIFICATION: FOR LOW INTENSITY
g INTENSITY INTENSITY PROFILE OBJECTS.
o
IS REC 9.y NoAd sx10°l3 g 1M - LUMINOUS INTENSITY; INTENSITY PRODILE PROVIDES USEFUL
5 1/2'x 56' ROLL WATTS/CM P ALL EVENTS RECORDED QUALITATIVE RECORD
) OF RE-ENTRY.
%]
@
- :
SRR 2475 REC. $9eaTp N.A. 4x10°M4 S IM.R. - LOW-LEYEL LUMINOUS LOW INTENSITY SENSITIVITY DEPENDS ON
R 5 1/2" x %' ROLL wurs/cu ot INTENSITY TARGET DATA TARGET IMAGE RATE.
.
L <
© 2475 RES, 39.1p 4A 4x1a7lysopm? -p - SPECTRUM INTEGRATED  SPECIE IDENTIFICATION: SENSITIVITY DEPENDS O\
4 1/2" x %' ROLL, AT ?uu”: - OVER TARGET AND TRAIL. TEMPERATURE TARGET ANGULAR RATE.
4% <R« .
WITHOUT an'rmc
2475 REC. 9.Tp A 4 10" oM o p - SPECTRUM INTEGRATED  SPECIE IDENTIFICATION: SENSITIVITY DEPLNDS ON
L 5172 x%6° ROLL uhz 2 OVER TARGET AND TRAIL TEMPERATURE TARGET ANGULAR RATL.
s W/CM MR, o
: WITHOUT GRATING
2415 REC, Seap 10A 1x lo'"w/CMz-p -
> 5172 x $6* ROLL aT lo-lfw el L MR SPECTRUM INTEGRATED  SPECIE IDENYLFICATION: sﬁ‘;‘;’ég‘"&ﬁ ggax;s&n
WITHOUT ZEATING ER SARGET AND TRAIL. TEMPERATUR ! : ’
(.3 = +4p) (FILTERED)

S LR Se9p A 6x10"" wremtp 1M.R. - SPECTRUM INTEGRATED  SPECIE IDENTIFICATION; SENSITIVITY DEPENDS ON
5172 x56' ROLL AT BLAZE OVER.TARGET AND TRAIL TEMPEXATURE TARGET ANGULAR RATE.
RECORDED 5326 - N.A sx10°% M.A 10 INTENSITY VS TIME FOR ~ SPECTRAL
ON TAPE .5739 pb WATTS/oM? - gixé%csran WAVELENGTH  CHARACTERISTICS

BOTH ANODE AND HYNODE
RECORDED 5887 - N.A. 7x 1071 N.A. 108 INTENSITY VS TIME FOR  SPECTRAL SIGNALS OF THE MK IIA
ON TAPE 59004 WATTS/CME « |t SELECTED WAVELENGTH  CHARACTERISTICS RECORDED. DYNODE
DANDS SIGNAL OF EAGH MK 1A
CHANNE L MULTIPLLXED
" KECORDED LI3-nox N.A. 2x10°ll N.A 104 INTEBSITY VS TIME IN SPECTRAL WITH MR IIB SIGNAL
ON TAPE WATTS/CM® « 8 THE I.R. CHARACTERISTICS OF CORRESPONDING
CHANNEL,
13 2 -
$ T EeES A exw™? N.A. 10° INTENSITY VY TIME IN SPECTRAL
e ad e ‘ WATTS/cME THE LR, CHARACTERISTICS
—

o]

&

<

JC~12IC POSIIOH IDENTIFICATION (TOP VIEW)
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TABLE I-10 (Cont. )
SPECIAL coL s'i°“.?‘£~’:a FILM SPECTRAL SPECTRAL
LECTOR FIELD OF VIEW M
INSTRUMENT DESIGNATION LOCATION PROVISIONS FOCAL LENGTH - {f  VERT. AND HORIZONTAL RATE TYPES RANGE RESOLUTION
TRACKING INSTRUMENTS (SERIAL B}
3Smm HIGH RESOLUTION G-1 NONE AERL/JONES »5°x0,7° 100 FR. /SEC. XT - PAN 39 . 6
CAMERA SLAVE 19, 5- - t/i4 I5MM x 4001 N.A
GIMBAL #1
FORWARD
POSITION
IN CANOPY
‘
Tel
MILLIKEN DBM V DBM 11 FORWARD  NONE CANON s.4%x11,7° 128 FR./SLG. 2478 REC. 9. NA
CAMERA MANUAL 20 < 71,2 16MM x 4001 .
PEDESTAL {#43504)
33
LOOR
MILLIKEN DBM V DBM 2 7.2 VARO 1.C. TUBE CANON 4.2%9x8.4° 64 FR./SEC. 2478 REC. o0y or. ap
{IR IMAGE CONVERTER AFT MANUAL .75 MAGNIF. § 412 16MM x 400"
CAMERA) PEDESTAL AT RELAY LENS' (013769) FILTERED
OPEN DOOR 47 MCNIF.
IR INTERF
AVCO §5-1 FILTER
MILLIKEN DBM V DBM #3 T-2 NONE . 4° o 200 FR, /SEC. 2475 REC. L39-.1 A,
CAMERA AFT MANUAL c“g’-‘-".“g/._ 2 8.4 x 27 s 16MM x 400 K R.A
PEDESTAL Heseen
AT OPEN
DOOR
GSAP CAMERA GSAP #1 Ge1 NONE CANON ,2%x5,8° 32 FR./SFC. 2475 RE 9.7 N.A.
SLAVE 4. if2 m.m x so-
GIMBAL #1 (F15491)
FORWARD
POSITION
IN CANOPY
GSAP CAMERA GSAP #2 Q.2 NONE CANON 8.4%°x11,7° 12 FR./SEC. 247 RET, 3.7 N A
MASTER 24 - 170,48 16MM x $0°
GIMBAL (122120)
AFT POSITION
IN CANOPY
e -
GSAP CAMERA GSAP 3 I-1 ru.'r:n- CANON 4.2% % 5,8° 3 HSIR 170 - .87 N.A.
FORWARD TSRF. o . 16 FR, /SEC, R | x 100¢ [
PEDESTAL AT R tnown
OPEN DOOR
GSAP CAMERA GSAP 14 bl NONE CANON 4.2%x5.8° 32 ¥R. /SEC. 2475 REC 9.7 NoA
OLAVE 41. 1/2,0 16MM x S0
GIMBAL €2 (#15587)
AT OPEN
DOOR
.
o ©
GSAP CAMERA GSAP #% T-2 OMNITAR 1.4%x2 32 FR./SEC. 24718 9T n NoA.
AFT MANUAL OPTIONAL USE 12« 1/3,8 16MM x 100!
PEDESTAL: £ OF AIR WEDGE 119706)
OPEN BOGR = FOR MULTIPLE
ATTENUATED
IMAGES.
MERA T-2 R:-A mu MAKSUTOY 6.5°x8.9° 16 FR./SEC. 2478 . 0p N A
ﬁf:‘vz %«Ksurov OsAP #¢ AFT MANUAL BE o 77 %) 16MM x 100¢
IMAGE CONVERTER PEDESTAL AT mmnr.n 521
CAMZRA) OPENDOOR  P!/OTO-CATHODE
P20 PHOAPHOR
CINE SPECTROGRAPH  QUEMO P62 301 /MM GRAT! QUESTAR (Momm:n) 0.8%°x1.1° 20 FR. /cEC, 2475 REC, W39 -7 sA
{QUEMO) SLAVE ( RTZ 4000 BMZ!: 50,8 (/14 ~ ISMM x 160
GIMBAL §2 u:/mm DLANK
AT OPEH FOR LENS
U, V. LONG V. LEX 7.1 GRATING: HILGER & WATTS 10.2° x 6.9° 19 FR./SEC. 2478 BRI 1cn
EXPOSURE FORWARD 30 LINES/MM 87 . 1/3,8 3SMM x loor WHEN GRATING
SPECTROGRAPH MANUAL 3600 A BLAZE IS USED. OTHER-
PEDESTAL AT WISE K. A,
OPEN DCOR
IMAGE INTENSIFIER I 1.1 75{/MM AND ACHROM. CELESTRON 2° 40 FR, /SEC, TRI.X 3 - 18
CINE SPECTROGRAPH FORWARD  ATIC WEDGE TO PLACZ 407 . {/8 ISMM 2 100+ W3-,
MANUAL, ZERO ORDER IMAGE IN
ggAch%!.'«cx. FIELD OF VIEW .
M-%pm 2.20 CATHODE SURFACE
DOOR . Pe11 PFHOSPROR
BARNES 21-1282C G-} DETECTORS WIDZ FIRLD 2° WIDE FIELD 2550 Cps RECORDED N w37 (PM)
RADIOMETER/TRACKER MASTER $.20 PHOTOMULTIPLIER snn NARROW FIELD 1/2° NARROW FiELD ON TAPE LA
ity
CANOPY | COOLED PbS 115 - 275 (PBS)
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TABLE I-10 (Cont. )
MAL MINIMUM
PLING FILM SPECTRAL SPECTRAL DETECTABLE SPATIAL DYNAMIC TYPS OF DATA
T TYPES RANGE RESOLUTION TRRADIANCE RESOLUTION RANCE . DATA APPLICATION REMARKS
g FR./SEC XE-PAN 39 - 65 N.A. N.A .01 MR, NA SPATIAL RESOLUTION OF  BODY HEATING, SHAPE HIGH SPECTRAL
VEHICLE AND WAKE AND DYNAMICS, WAKE RESOLUTION FRAMING
DETAIS TELESCOPE
-
HIsREC, 39 .. N.A. wh o 1 M.R. 10t LUMIIOUS IRTENSITY: VISIBLE INTENSITY DASIC CAE TRACKING
oMM x 4 WATTS/CM TIME; RELATIVE DE~ HISTORY: SCINTILLA-  AND BORESIGHT
PLOYMENT TION HISTORY; WAKE  CAPABILITY.
CHARAGTERISTICS;
RCLATIVE SLOWDGWN
HIBREC, 7-Lpy Ol- 4p 3x10°t! I M.R. 104 INTENSITY VERSUS MULTLTARGET NEAR  EXTENDS MILLIKEN
13MO4 x 400! 25 WATTS/cMP TIME IN THS NEAR IR 1.R. INTENSITY COVERAGE TO 1. 1u;
FILTERED HISTORY; SCINTILLA-  IMAGING RADIOMETER.
TION HISTORY
I8 REC, 39T N.A. 4x10713 1 M.R. 104 LUMINGUS INTENSIT Y3 VISIBLE INTENSITY BASIC CINE TRACKING
16MM x 400" WATTS/CM? TIME; RELATIVE HISTORY; SCINTILLA-  AND BORESIGHT
DEPLOYMENT TION HISTORY; YAKE  CAPABILITY,
CHARAGYERISTICS;
RELATIVE SLOWDOWN
2415 REC, 39 -1 N.A. 1x10 12 watts/oMi] 1 m.m, 104 INTENSITY VERSUS TIME: INTENSITY HISTORY;  EORESIGHT RECORD FOR
MM x 50 POINTING POSITION AND  POINTING EVALUATION SLAVE GIMB«L #1 AND
TRACKRC INFORMATION  FOR SLAVE-GIMDAL #1;  35M) HGGH RESOLUTION
QBIECT IDENTIFICATION CAMERA
- % FOR THE HIGH RESOLU.
4 TION CAMERA
E
2473 REC, .39 - 7 N.A. 1x 10712 warrs/ond 8 1MR 10 INTENSITY VERSUS TIME: INTENSITY HISTORY;  BORESIGHT RECORD FOR
16MM x 50 POINTING POSITION AND  POINTING EVALUATION BARNES 122.21C RADIOM-
i} TRACKING INFORMATION  FOR MASTER GIMBAL,  ETER DATA AND POINTING
OBJECT IDENTIFICATION PERFORMANCE KNALYSIS
§ FOR BARNES TRACKER
BSIR T N.A, 0l i M.R. 10! NEARLR. 'Y ENSITY,  NEAR LR, INTENSITY ~ PROVIDES INTEGRATED
T6MM x 100¢ WATTS/CM TIME; RELATIV4 DE- HISTORY: SCINTILLA-  L.R. DATA BY MEAMNS OF
PLOYMENT TION HATORY: WAKE  CINE INSTP UMENT ATION.
CHARACTERISTICS;
. RELATIVE SLOWDOWN
2478 REC 39 -7 N.A ax10Pwarrs/d | P MR 104 INTENSITY VERSUS TIME:  INTENSITY HISTORY;  BORESICHT RECORD FOR
MM RS0 - FOINTING POS'TION AND  POINTING EVALUATION QUEMO “INESPECTRO-
TRACKING INFORMATION  FOR SLAVE GIMBAL §2; GRAH, MARK IIA AND
OBJECT IDEMTIFICATION MARN 1B RADIOMETERS
FOR MARK IIA, MARK 118
AND QUEMO CINE
SPECTROGRAPH
-13 4 . . -
2415 39441 N.A. 3x 10" 0.1 MR 10 LUMINOUS INTENSITY; w . GREATER RESOLUTION.
16M2s x 100+ Tk WATTS/CME TIME ,s':."‘gfs'c’“m“‘ﬁ?&‘m"
HISTORY; VISIBLE
INTENSITY Hs'rom'
e 1 J .
2418 L 35 A0 Mobe tx 107l 1 MR, 10t U.V, INTENSITY) 1, VS INTENSITY HIS-  EXTENDS GSAP
1M x 100 TTG/CM TIMZ TORY: WAKE CHARAC-  COVERAGE TO THE U. V.
ThE 30 us:c TERISTICS IN U. V.
EXPOSURE) v
2473 RER, 39 -7 A 0.02 M. R, LA, SPATIALLY RESGLYSD SPECTRAL CHARACTER- CAN BE USID AS A CINE
35MM x J60r N, A, SPECTRA OF WAKE AND  ISTICS OF WAKE TELSSCOPE WITH
GRATING REMOVED
= = - - * - i
2418 - Sl TR 104 2 x 10" wyemd. p 1 MLR 10t U, V. AND VIISLE LOW.INYENSITY P15 HIGH-SENSITIVITY CINE
35Mu x 1000 "WHEN GRATING AT BLAZE INLERSITY; TIME; TORYIN U, V. AND  » A IN UV, ANL
1S USED. OTHER+ (AT 1% MSEC TARGET SPECTRUM VISIBLE; TIME-UE. VRIBLES OR U. V. AND
, WISE N.A. EXPOSURE) SOLVED SPEGTRA VISIDLE CINE SPECTAO-
TRE-X 8 . 8 WITH ORATING w0} SPECTRUM ON VEHICLE  4PECIS IDENTIFICATION EXTREMELY HIGH SENSI-
33MM . 100 . b i5A 1x 10714 w;«m/cu“’ 07T M. R, AND WAKE FROM LOW FOR YEHICLE AND WAKE TIVITY SPECTROMETER,
A INCENSITY TARGETS CAN BE USTD As A CINE
N WITHOUT nnMn;a ;1," & oM‘%‘x’N Y REMOV.
o ¥ x 107t warTs/om .
RECORDED A LAY 1.2 2107 warrs/ond 10! 1.COLOR INTENSITY VECLE TEMERATURE PROVIDES TRACKING
ON TAPE N A N.A VERSUS TIME HISTORY FROM 2.COLG CIPORMATION FOR
~ —_ umsumx:ms GIMBAL SYSTEM
£.75 = 275 (PBS) 7.4 x 10" warrs/ond 10 POINTING

77/78
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TABLE I.11

TRAP- TRANSPORTABLE INSTRUMENT TABLE AS OF 30 JUNE 1967
AVCO EVERETT RESEARCH LABORATORY

NORMAL
SPECIAL COLLECTOR FIELD OF VIEW SAMFLING FILM SPECTRAL
INSTRUMENT DESIONATION LOCATION PROVIZIONS - FOCALLENGTH «ff  VERT AND HORIZONTAL RATE TYPES RANGE
FIXED JRSTRUMENTS
BALLISTIC CAMERA BAL. 1 CAN BE BINARY CODED o 1f6.3 % Tl 1-4 CHOPS/SEC. RXF 39 4y
FID. 921 MOUNTEDON  CHOPPING PULSE WIDTH $<x 18 SHEET
ANY STEADY ODED
FO!
BALLISTIC CAMERA BAL 12 N BE CRATTHOOPTION. &+« g/b.3 °x 00° V-8 CHOPJ/SRT RXP 33- 43u
SPECTRAL OPTION)  FID, 11 MOUNTEDON AL 300 LINEW/MM PULSE Wi & x 10 SHEET
ANY STEADY, “6000A BLAZE CONED; OK CPEN
PLATFORN DURING ENTIRE
. RE-ENTRY
SPECTRAL BALLISTIC  SPECTRALBAL ) CANBE GRATING 300 .83 (3 ad SHUTSAROSEN  RXP 39884
CAMERA FID. £28 MOUNTEDON  LINES/MM DURINGENTIRE  #'x 10~ SHEET
ANY STEADY (0094 BLAZE RE-ENTRY
PLATFORM
METEQN SPECTRO.  K.24 01 BE ORATING: S0 e/ 3 x 39° 2 8XCS/FRAME 2425 REC, 3. T
GR: PH FID. 4 MOUNTEDON  LINES/MM §1/2'x S4TROLL
ANYSTEADY  600lA TLAZE
MEZDOR S7€CTRO.  Re2d 82 aE GRATING: 300 . t728 3% x 39° 2SECS/PRAME I REC 3%
GhnmD FID. 113} MOUNTEDON  LINES/MM $imX sk noOLL
ANY STEADY  6A00A BYAZR
LATFORM
TRACRING INSTRUMENTS .
MILLIKEN DAM v DM Y . WMANUAL NOKE ‘CANCN % 12 ¥PS 2418 REC, T M
CAMERA : THACKING . WM x40
TRIPOD
PEDESTAL
. :
GSAP CAMERA csAP MAKVAL NONE * ANGENIEUR * P x24° res 2475 REC. 3 Ty
TRACKING . (0.98 16MM x 100*
¥RIPOD
PEDESTAL
3 »* Ul L3
NR TELESCOPE MANUAL SPECIAL GUESTAR (MODIFS Ak 0 ¥y 2438 REC 393
SINRT TRACKING X 2.8 N8 SSMM x 1000
TRIPOD MODIFICATION
PEOLSTAL
s ——
. DININUM
SPECTRAL DETECTABLE SPATIAL; DYNAMIG TYXPE OF DATA
INSTRUMENT AZ3OLUTION IRRADIANCE ., RESOLUTION  RAWGE - DATA APPLICATION RFMARKS
FIXED INSTRUMENTS o® ) -
v
SALLITIO CAMERA WA ex 10" ana/em? [IREIR 10 PCSITION OF ORJECTS,  TRAJECTORIES; AENSITIVITY DEPERXS ON
TIME, LUMINOUS OBJECT IDENTIFICA.  TANIFS AUOJLAR RATE
INTENSITY TION, THTERSITY
. PROFILE
BAI LISTIC CAMERA 1A MHER ‘x Io'"nm}cm £ iR 10* CAN Bt USED FOR TYPES OBIECT ASDRVER« PROVIDES USEFUL QUALL.
(SrECTRALOPTION) (32 WTH thow grating, : Of DATA LISTED ABOVE ¢ iomrxrgcarx TATIVE RECORD OF
GRATING v wittsemteoy | 1 BLLOW; OF. CONTINUOUS INSHIY PROFILE,  RE-ENTRY
A blake Q LN IRENTE omm:cxr IDENTIFL.
& GOVERAGE O/ ALL CATION. TEMPERAS
g OBJECTS TURE
SEECTRALBALLBTIC  “jg, 310 wprtofem ol B 12t 10 SPECTRUMINTEGRATED SPECILIDENTIFICA:  SENSITIVITY DEPENDS ON
§ OVERTARGETANDTRAIL, TIOW, TEMPERATURE  TARGET ANGULAR RATE
2
METEOR SPECTRO- 7 4x 10" wante/emtop MR 10° SPECTRAUM urtr.onrzo SPECIK IDENTITICA.  SENSITIVITYDEPENCS ON
OXAPH 91 J ovgﬁ TANGET AN TION; TEMPERATURE  TARGET ANGULAA RATE
METEOR SPECTRO- ' 10T yarasem? o 1R R 10% SPECTAUM INTEGRATED  SPECIE IDENTIFICA.  SENSITIVITY DEPENDS ON
GRAPH 12 OVER TARGET AND TRAIL, TION, TEMEERATURE  TARGEL ANGULAN Ra+¥
TRACKDIO INSTRUMENTS
. 12 : 18
MILLIKEN DBM ¥ N.A 14107 % wartefem LMLR. 10 LUMINGUS INCIRITY,  VISIALE INTENSITY BASIC CINE TRACKING
CAMERA 2 TIM®; RELATIYV HISTORY; SCINTILLA.  CAPABILITY
1 DXPLOYMENT TICH IEATORY, WAKT
CHARACTERITICS,
§ RELATIVE SLUVDOWN
GSAP CAMERA 3% N A 2x 16" antefzm® A 1R 1wt LUMINOUS INTERSITY, yRIRLEINTENSITY BASIC s  TaAciate
TIME, RELATIVE ORY: SCINTILLA:  CAPAB;
DEPLOYCLIENT wsrom‘ WAKE
AT RACTEAISTICS,
) RELATIVE SLOWDOWN
p— . MA _— LA WA, DETAILED PRSDIVTION  WARE DETANA HIGH CESOLITTION
TELESCOPK

FRAMING TELTRLOPE

% THX CINE TELYSCOPE AND THE USAP CAMERR ALTERNATE ON THE TRACKING PEGISTAL,

HOTEs DU GENERAL; DTAUMEXTS ARK SUBJECT TO CHANGE Bt MODIFICAZION OR REPLACEMENT, LENSYLS, LIRS SETTDICS,

FILTERS, FILM T P!!Su m ARE ESPECIALLY SUESSCY TO CHANGYE DEPXMDING OX TAE K
PAXTICILAR TEST TO B

IRUINTS OF THE
MOHITORKD,
FOR ACTUAL mnmmﬂm NR BACH 723

, -79.
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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-121 respectively) and TRAP-Transportable ground station
participated 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 misgsile
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 I-12 which, for purposes of completeness,
also includes aircraft movement and maintenance information. The location,
referred to in parerthesis after each mission insertion, indicates the staging -
area of the aircraft or the monitoring location of the ground station, as
applicable. | |

Surnrnary of Fteld Activities

The 'I‘RAP 1 aircraft, after monitoring two extremely 1mportant Air

Fofce missibns on the Eastern and Western Test Ranges, returned to
Dayton in late January where all instrumentation was removed in prepara-
tion for its input to Martin Marietta Co., Baltiinore, in February, for a
modification adding . eleven optical windows. On completion of the modifica-
tion, an airgraft 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 equlpments to be mstalled after modification are detailed in

task 8.0 of this repor?.
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TABLE 1-12 (CONT'D)
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Because of the unavailability of TRAP-1, the TRAP-6 aircraft was
called upon to move frequently and expéditiously during the reporting
period in ordexr to support SAMSO designated missions on all three of the
National Test Ranges, After supporting tests in the Kwajalein area during
the month of January, the aircraft then monitored a mission in early Feb-
ruary at WSMR, departing immediately thereafter for Aacension, When a
ground accident caused structural damage to the aircraft which could not be
repaired at that location, the aircraft departed for Patrick AFPE for repairs
after which, an uprange BOA ETR migsion was covered in early March.
The following two months saw the aircraft monitoring sevgrai 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
wae deployed to WSMR on two occasions during which the TRAP aircraft
were engaged in providing support on otker Ranges, and monitored five
misgions at that location, In late June, the system was deployed to Kwajalein
to provide low altitude coverage on an extremely imporiant missiop scheduled
in early July. ]

Cpelrations Activities

Earlier this year, a Field Operations group was established and given
the responeibility fov the operational aspects of all AERL platforms (TRAP
and NIEE-X]}, soagtoprovide a commonality of approach to field procedures
across all programas, The training of all field personnel will also fall within
the responsibilities of this group. \

Due to serions inadequacies over the past several months in the TRAP-6
Base Support at Eniwetok, AERI: representatives attended a meei:ing at
SAMSO in January to discuss critical items such as crew housing, transpor-
tation aircraft ground support equipment and POL, etc, On tke foliowing day,
the meeting was moved to Vandenberg AFB with AFWTR representatives
algo in attendance, Aill items were again discusgsed, 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 Helloman 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 requisitioneci and are pre-
sently on site,

Traix;ing‘ (G. Kaisger)

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 teat periods
when an zircraft is at a CONUS location, trainees are subjected to formal
instruction in the pfbce&ures by their counterparts. Further instrurent/
system familiarity is gained by having personnel accompany instruments
which are returned to vendor facilities for service or modzfxcatlon. Another
snnﬂarly successful tra.mmg technique is the estabhshment of training
classes on new equipment in which a vendor supplies a competent engineer
to conduct a seriegofinstructioninthe 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 ingtituted for TRAP 1.eld 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 uwnderstanding and use
of equipments containing the latest semiconductor devices.
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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 measur-
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 focuaing 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 tc con-
duct courses, since the tape is adjunct to the training program will effect
both an upgrading of individual technical skills ag well as accelerate the
entire training effort,

Tracker Training

Acquisition and tracking training at AERL is being conducted cn 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 ntilizes 2 pelarsid camera 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-
fication is completed, the tracking record will permit an analysia 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-1 UPGRADE
P. D. Howes

Introduction

The tack of ‘upgrading the TRAP-1 re-entry monitoring platform
was initiated by CCN #1 to the AF 04(694)-865 contract which was received
cdaring 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-1, 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 completicn of the upgraded
TRAP-1 system is the gimbal subsystem. At this time, proposals from
several vendors are under evaluation by AERL. These gimbals, furf aer
described in the following pages, will be 3-axis subsystems which will be
capable of opefa'tihg'in"azimuth, elevation, and fore and aft translaton to
allow the widest fiel& of view possible from behind the aircraft windcws,

The interim System is scheduled to become operational on apoproxi-
mately 1 October 1967 'I'he final upgraded system operational date i3 not
firm at this time but is expected to occur approximately one year later.
TRAP-1 Platform _ :

"~ The TRAP-1 platforrn is a specially modified USAF JKC-135A

(S/IJQ'SS‘-3134-} aircraft which is used as a re-entry monitoring platform

to acquire optical re‘-entry radiation data in support of ABRES and BMRS

experiments.,

The TRAP 1 au'craft is rurrently undergoing modifications by the
Government which will perm1t 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 requirernents

for the platform.
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Figure 1-19 shows the JKC-135 platform before modification.
During the modification, 11 optical quality windows are being installed in
the left side of the fuselage'. Thege windows will provide a clear viewing
1 diameter of 27 inches and will permit the instaliation of a matrix of instru-
% ments which will markedly enhanse the optical data acquisition capabilities
of this platform, When completed, the outward appearance will be quite
f . similar to the TRAP-7 aircraft shown in figure I-20,

a M_ﬁ'-.g'\a.,::.: .

Airecrait 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
purpcses and, at the same time, not compromise the weight and balance
of the aircraft or crew comfort.

The preliminary aircraft layout for “he urgraded TRAP-1 system
is shown in figure I-21. Basically, the area aloung 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, powesr distribution,
and on board support equipment. ’
TRAP-1 Canopy

AERL has participated with the Martin-Marietta Company in a con-
ceptual design for a new canopy for TRAP-1. This\ canopy will be configured
to provide a convertible window area, The convertible feature will ultimately
0t allow use of the canopy in any of three modes:

a. 'I'wo 30" x 60" glass windows with a central 17" x 24“ window.
b. Two sets of openable doors ::eplacmg the 30" x 60” wmdows

¢. Any comb;.natmn of a. and b. abqve.

The primary advantage of the large wir;dow is that long, gimballed
payloads are afforded a superior field of view with no wing cutoff, whereas
payloads of this nature ctherwise might require a 4-2xis g1mba1 for the same
or less angular coverage if mounted behind a £use1ago= -located circular
window, Addxtiona!.ly, 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 poseible exception of the carge door or window Pl,

Utilization of the canopy in an open cavity configuration which
provides the optimum localion for future infrared sensors is the ultimate
usage to which the canopy design is directed, The open cavity approach
is necesearv 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 glass windows installed and with the matrix
as shown in figure I-22.

Upgraded System

In the upgraded TRAP~1 system, functional flexibility has been
incorporated to minimize futuie periurbations caused by changes in the
sensor matrix, to provide support dica for the analytical efforts on both
sensors and systems, to allow more rapid 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 and systems
testing prior to a mission to maximize the probability of success,

The upgraded system configuration for TRAP-1 is depicted in
figure I 22. This concept and configuration and performance requireinents
have heen evaluated during a preliminary design phase. The concept
exhibits a flexible solution to the prcblems arising from rsquirements
that are determined by a contiaually changing program. The systein con~
sists of the following major elements integrated into the JKC-135 aircraft:

a. Re-entry Measurement Sensors

b. Puointing Systemn

c. Data Acquisition and Recording System

d. Timing ard Sensor Control System
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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 ¢5 investigate vehicle
performance, as ig the 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 ) *lieved 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 |, whereas water -
free quartz is refined beyond approximately 1.7 uand exhibita gocd trans-
mission to approximately 3.0 L.

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 obtaia
an understanding of the physical processes involved in re-entry, Specifica-
tions of the specific sensors to be employed are summarized in table I-13
or are included below as required for the discussion of a sensor upgrade
activity, Sensor locations are shown in figure I-22, In this section,
gensors are grouped by major function into four categories: metric,
spectral, kigh resolution, and intensity,
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TABLE I - 13

SENSOR CHARACTERISTICS

Twin Streak Ballistic Camera

Lens
FoVv
Film
Spectral range

Minimum detectable
irradiance

Spatial resolution

6" focal length, /6.3 metrogon
80° vertical x 114° horizontal
8" x 10" sheet

3900 & - 6500 X

6x 1073 2

watts/cm

1 mz»

Note: Also operable with a 4 chop/sec puise width code as a mission option,

Twin Wild/ AERL Nodding Ballistic Camera

Leny
FOV

Sampling rate
Recording medium
Spectral range

Minirnum detectable
irradiance

Spatial resolution

Twin Spectral Balligtic Camera

Lens

Fov

Spectral range
Speciral resolution

Spatial resolution

Universal Aviogon, 6" focal length
/5.6

74° vertical x 74° horizontal
(single camerz)

1 - 4 chops/sec, pulse width coded
9 1/2 x 10 1/2" glass plate
3900 & - 7000 £

5% 30713 2

watts/cm

0.1 mr

6! focal length, £/6.3 metrogon
80° vert x 114° horiz

3800 - 6500 &

6 &

1 mr
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TABLEI - 13 {Cont'd)

Twin Spectral Ballistic Camera Conid,

Minimum detectable
irradiance
Grating: V
Lines per mm
Blaze wavelength

Barnes Cinespectrograph

Grating:

Lines per mm

Blaze wavelength
Central wavelength

Type
Focal length
Aperture ratio
FOV
Camera:
\ Type
Film size

Sample rate
Shutter angle
System:

Spectral range

Spectral resolution
Spatial resolution
Dispersion

-———emr v

Qeunthatisr rarn nr
Y C Zero ov

12 2

1 x 107" watts;/'cm

300
6060 £

400
4000 8
5095 £

Barnes Malsutov corrected Newtonian

12" (305 mm)
/2.7
5,2° x 10,8°

Photosonics 5C

70 mam

5, 16, 151{/s
Variable 30° - 120°

3000 - 7000 & {to $000 with different
grating)

2 8
7.8 m at 10° m

81.5 &/m
goan £

s an
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40" Telespectrograph
Manufacturer
Visible Prism}

TABLEI -13

(Cont'q)

General Electric

Grating (B & L type 35-63-71-63)

Lineg per mm

Blaze wavelength
Center wavelength

Blaze region
Prism:

Material

Angle
Infrared Prism;

200

5500 &

5100 &

3700 - 7300 &

B5C-2 glass
11° 32

Grating (B & % type 35-53-70-63)

Lines per mm

Blaze wavelength
Center wavelength

Blaze region
Prism:

Material
Angle
Telescope:
Manufacturer
Focal length
Effective f/no,
Type
Corrector

Primary

Camera;

Manufacturer
Format

200

7800 &

7100 £ -

5200 - 11,000 2

BSC-2 glass
16° 4

Wollensak
40-inch

£/8,0
Cassaegrainian
Maksutov
Spherical £/6. 3

Giannini Model 207

Double frame 35 mm
36 x 24 mm

O N
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TABLEI - 13 (Cont'd)

40" Telespectrograph Contd,

Camera Contd:

Framing
Shutter angles
Exposure times
Film capacity

Spectral resolution

Spatial resolution

FOV

Size

Weight

Moment of in..lia

Sensitivity (tetitative)
Coverage:

Visible prism

Infrared prism

Infrared In-Line Cinespectrograph

Manufacturer
Grating:

Lines per mm

Blaze wavelength

Center wavelength
Prism:

Material

Angle
Lens:

Type

Focal length
Aperture ratio
FOV

et wewwiw

—~
PO T O

-
t
3
4
c#
<t

[ T B el e

e = Ao VU USSP
B BRI R -

Fixed 10,89 f/sec

1, 7, 17 degrees

0.76, 5.3 and 13 msec
Special magazine, 100 ft

18

2 mm at 105 m

2%x%1,4°

10 x 19 x 24 inches

80 1b (less balance weigh**
3.2 lb-ft:--taec2

3% 10730 (w/cmz-p.)

4300 £ - 6100 &
6200 £ - 8000 &

General Electric
300

6000 &
7615 R

BSC-2 glass

~100-

25° 51

Kodak Aero-Ektar

12"

£/2.5

4°
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TABLEI ~13

(Cont'd)

Infrared In-Line Cinespectrograph Contd,

Camera:

sttem:

&

Type

Film size

Sample rate
Shutter angle
Exposure time {ms

Spectral range
Spectral resolutin
Spatial resolution
Dynamic range
Sensitivity

ec)

isible In-Line Cinespectrograph

Grating:

Lens;

Manufactarer

Lines per mm
Blaze wavelength
Center wavelength

Material
Angle

Type

Focal length
Aperture ratio
FOV

Traid 75A
35 mm

10, 20, 40, 60 f/sec

160°

44,5, 22,2, 11,1, 7.4

6360 - 8860 &
4 8

G, 07 mr

102

0x 107

6 w/cm?‘-p.

General Electric

300
5080 &
4878 8

BSC-2 glass
15° 331

Kodak Aevo-Ektazr
12"

£/2,5

4°

-101~
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TABLEI ~13 (Cont'd)

Visible In-Line Cinespectrograph Contd.

Camera:

*n

sttem

Type

Film size
Sampling rate
Shutter angle
Exposure time

Spectral range
Spectral resolution
Spatial resolution
Dynamic range
Sensitivity

Atomic Line Radiometer

_thic 8¢

Manufacturer

Aperture

Focal length

FOV

Spatial filter
Birefringent filter
Dielectric filter

Outputs--signal

Detector

NEPD (tentative)

Min, det, intensity

Traid 75A

35 mm

10, 20, 40, 60 {/sec

166°

44,5, 22.2, 11.1, 7.4 msec

3750 - 6050 &
4 8

0.07 mx

102

3x 10'6

w/ cm® -l

GCA/AERL

7“

18, 5"

20

60 sector, 1800 rpm

Comb spacing - 6 & at 5900 A
5893 A centex wavelength,
~24 A passband

Two ~ 2,7 decade each basic
frequency 1800 Hz sidebands
1650 and 1950 Hz sync pulse
phase refercace for polarizer

S-20 photomultiplier,
EMR type 541 E-01

5% 10‘-1'1.5

2 watts

watts/ cmz

-102~
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TABLE I -13 (Cont'd)

Atomic Line Radiometer Contd.

Optics Contd.

Modulation frequency
Dyriamic range

Ambient temperature
range

Controlled internal temp.

Barnes Vis/IR Radiometer

T et

Aperture
FOV

Detectors: Visible Channel
NEFD (1 cps BW)

IR Channel

NEFD (1 cps BW)

Spectral range (points of
1/2 max response):

Visible

IR

Background suppression
Reticle chopping frequency
Dynamic range

Output impedance

Sun shutter provided for
protection against solar
radiation:

150 cps
4,35 decades
-65% to + 135°F

o o)
7" - 80" F
8 in,
o o .
17 « 1~ both channsls, veducibie

e
to 1/2° in both channels by field
stop activated by a front panel
switch

S-20 PM

8 x 10"16 watts/ em? (tentative)
Thermoelectrically cooled PbS
8 x 10714 watts/ ¢m? {tentative)

r

3700 - 5600 &
1,75 « 2.75
300:1

730 cps

105 max

Less than 1000 ohms, Logarithmic
output channels,

Output 0 to + 10 VDC, linear + 5 VAG,
for each channel,

b

Size ~ 12" dia, 20" length
Weight (of telescope) ~ 35 lbs,
~103-
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TABLE I -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, continuously variable
by means of an external variac

Shutter angle 0 - 170° variable in 15° increments

Film load 35 mm x 400" magazine

Running time 50 sec at 128 fps

Weight , 40 1b with film

Boresight pirovision 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 ride to
that the viewfinder looks through
the lens.

Timing lights ) Neon type

Exposure Whenothe variable shutter is set
to 157, which is the first opening
abcve zero, the exposure time
at 128 fpe is 0, 325 msec,
modification could provide an
exposure as small as 22 y sec,
without reducing the light cone of
the optical system,

Optical System:

Focal length 8o

Aperture 6.25" O,D, x 2,3"1. D,, resulting
in an effective dia, of 5.7'" or /14,

>0V . 5° vertical, 7° horizontal cn the
18 x 24 mm format

Basolution (T Pan Film) i.5 to Z sec of arc

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 Str2ak Ballistic

A Twin Nodding Ballistic wiil be uced as a streak ballistic. In
this mode, the camera is normally operated unchopped and in a fixed
position and provides a valuablz total event record of the entire re~entry.
This record, uninterrupted by chopping, is extremely useful for object
identification and scintillation history a.~d provides a necessary data

reduction aid by providing a continuous record of re-entry data, Also,

th s camera will have the capzbility 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 exteat, Should voor observation conditions prevent the ready iden-
tification of star ¢races, such identification is8 made by utilizing the streak
ballistics,

The flexibility afforded by employing a set of standard ballistic
carmieras in a streak mode is of major operational importance, It allows p
the option of using the streak ballistic as a standard Twin Nodding Ballistic
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 OSF 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 baliistic 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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SuRer 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 rather than a single frame instrument, The framing pre-
vents obscuration of images sometimes caused on a regular ballistic by
the close proximity in a direction normal to the flight path or, for 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 cf 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 primary reason for"Super Star' cameras is to obtain
data cn faint objects or high altitude optical data, which is primarily utilized
to add to both the accuracy and amocunt 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,

-106-
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TABLE I-14

SUPER STAR CHARACTERISTICS

Existing
AERO-EKTAR
LENS:
Focal Length 305 mm
Diameter 122 mm
Figure of Merit* 48. 8
Resolution
Spatial 25 1/mm
Angular 1.3 x 10°% radians
CAMERA: K-24
Format 140 mm2
Field-of-view 26° x 26°
Twin System 26° x 48°
Frame Rate 2 frame/sec maximum
1 frame/sec normal
Frame Time < 0.5 sec

=“Figurv.: of Merit for a Streak Camera = (diameter)?‘/focal length

-107-

Proposed
ASTRO BERLIN

150 mm
100 mm

66,6

25 1/mm
2,7 x 10”4 radians

MAUER 70 mm
57 mm®
22° x 22°

22° x 40°

6 frame/sec maximum

1 frame/sec normal

~ .2 8ec
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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 -
ung of data on both a single object of interest as well as on all objects in
the re-entry complex, The 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 continuun,

The reason for the difference is as follows. On a -r«1l tracked
cinespectrograph record, ia order to be detected reliably (either by eye,
on an anamorphically widened print, or on a microdensitometer tracing),
based on our experience, a line must have 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 recourd 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 siew,

7 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 30°.

b, High sensitivity.

c. High angular resolution, -
Desirable featur .s include minimum cycle time between successive
frames and small physical size.
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To provide optimum and complete spectral coverage of the re-entry

complex from .35 Uto .9 U requires three separate instruments, one for
each portion of film recordable spectrum:

Ultraviolet - ,35 U - .55 u

/isible ~ JAp- T

. Infrared - Jbhu- 9pu

With a minimum field-of-view requirement of 3G”, 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.

Ultraviolet System

Three possible instruments have been considered to meet the
desired design requirements of high UV sensitivity and wide {i.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 AERL
specification, was deemed to be undesirable in terms of the higher total
cust vs, an uncertainty of the final results.

From the specifications of the two instruments in table I-15,
it would appear that the Hilger-Watts lens would be slightly more sensi-
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 bettar 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

i iti 3 K - 2o
surface irregularities in one of the leng slements and ic not nocsssar i1y

representative of this type of lens.

Figure I-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.ul.8. Jhile this wavelength region is not
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Lens

Focal Length
Diameter
Figure of Merit
Resolution
Spatial
Angular
Yiew of View

Camera

Format
Framing Rate

Framing Time

Spectril Characteristics

Grating
Order
Linear Dispersion

Spectral Resolution

Angular Coverage

Boreaight Error

% Figure of Merit for a 5reak camera (rliameter)z,/ focal length,

TABLE I-15
UV STREAK "PECTROGRAPH

Present System

Hilger Watts

200 mm
57 min
16, 25

12 1/mm
1.7 x 10~4rad
Zoo***

ASCM

140 mm sq,

Pulse 1 frame/sec

2 frames/sec capability
“.5 sec

300 gr/mm

1st

166 A/mm

7 R on axis

109 for zero order
to , 55p

+5°

%% Resolution is given for the 20% modulution on axis,

xrk 350 is total field possible but only 20° is useful due to lens vignetting,
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Proposed System
Barnes

105 mm
32 mm
9.7

35 l/mm4
2,5 x 10" "rad
3,.8°

Mauer 70 mm

57 mn s8q.
20 frames/sec

600 gr/mm

1st

174 A/mm

4 R on axis .
20° for zero order

to . 55

15°

5
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optimum: for either lens, it is well within the spectral bandpass we wish
these instruments to record and serves as a reference point in discussing
their characteristics.,

Figure I-24 shows the lateral ray error for both lenses.

Both the MTEF 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 1-25 shows the proposed spectral format of the Barnes
system compared to that of the present system. .

Sinc# the Barnes lens utilizes a 70 rnm format, the Mauer 70 mm
camera back has been chosen as a film transport. This 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 is8 an obvious improvement in our streak
cameras, maintaining equal sensitivity with a greater field of view and
smalier package size. An optiinuim system would consist of the 105 mm
lens mounted onto a Mauer 70 mm camera back, A triple UV streak
camera with a 38° x 106° field of view is shown in figure I-26. This
camera system is expected to be smaller in size ‘han our present K-24,
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R-893%
R-3960

zero order

Y 1st order
2

Dispersion 1st order Ap~ 10°
0
Barnes Lenez

70mm Format

Pointing Accuracy

+ 10° to keep zero order
and spectra on frame

Fig,1-25

\

. ¢
Ay = 3000 A°
- [+]
Az = 5500 A
zero D
order kl .¢°
A, -9 °

Disp 2, ~ 5.18°
0o
lz -~ 9. 5

Hilger Watts Lens
5" x 5" Format
Pointing Accuracy: } 50

to remain inside 20
field of view

Format comparison for UV streak spectrographs,

U.V. STREAK CAMERAS' FIELDS OF VIEW

Fig. I-26
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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, £/0. 86 lens investigated for this applicatioa was eli.ninated 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
26° field angle, but it is an excellent choice for a narrower field-of-view
instrument. A Peco 6'" focal length f/1.5 lent was not included in the
survey as it is designed for the IR and is not recommended for use as 2
visible lens. Testing of other lens systems, such as Kollmorgen, is
currently in progress.

Comparison of the 150 mm £/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-27 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 peor resolution and field
characteristics of the Astro-Berlin lens. It is expected that the increased

wvesclution of the Zenotar will increase the threshold sensitivity of the
instrument so that the proposed instrument will have a greater threshola
sensitivity across its fieid of view.

Table I- 17 shows a comparison of the characteristics of the
present instrument and the characteristics of the propesed 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 I-16
LENS COMPARISON FOR VISIBLE STREAK SPECTROGRAPH
lens Focal Length Diameter Figure of Merit Resolution
M1F* Film' ]
v RO
Peco™™* 150mm §3. 6mm 19.15 - 75 1/mm AWAR
Bk
Paxar 150mm 53. 6mm 19.15 - 38 1/mm AWAR *
Zenotay 150mm 53. mm 19.15 35 cyclez/mm 80 1/mm on axis
Aero-Ektar 178mm 71, lmm 28.4 21 cycles/mm 35 }/mm on axis
Astro-Berlin 150mm 100, Omm 66, 6 16 cycles/mm 25 1/mm
% MTF - Resolution at 20 modulation on axis
*%* Film ~ Pan-X
sk £/2, 8 designed for visible
®%%% Manufacturer's specification - 75 1/mm AWAR Pan-X
50 1/mm AWAR Plus X
TABLE 1-17
COMPARISON OF VISIBLE SPECTROGRAPHS
Lens Aero-Ektar Zenotar
Focal Length 178mm 150mm
Diameter 71. Imm 53.3mm
Figure of Merit 28.3 18 %
Resolution
Spatial 21 cycles/mm 35 cycles/mm
Angular 2.7 x 104 rad 1.9 %1074 rad
Field of View 2 ° o
(140mm? format) 387 502
{114mm?2 format) 36 42
Camera ASCM Under Study
Format MOmmz
Framing Rate 1 frame/sec
2 frames/scc poss.
Framing Time <.58¢c
Spectral Characteristics
Grating 300 gr/mm 600 gr/mm 600 gr/mm 500 gr/mm
Order 1st 1st 1st 2nd
Linear Dispersion 186 A/rem 93 A/mm 110 A/mm 66 A/mm
Spectral Resolution 8 A on axis 4 A on axis 3A 1.8 A
Angular Coverage ne° girat order 239 first order 23° first order 37°
Boresight Error +13 1 6, 5° + 140 r 6°
+12° $5.5° +10° $2°
*42% is poscible but only 38° is useful,
~117-
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a. Zenotar

b. Astro-Berlin £/1.5

c. Peco £/1.5, 6"

Test data on the Astro~Berlin /1.5 lens compares favorably with
the data availalle 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 decision 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 provices 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 the spectral history.
The instrument is an AERL standard twin ballistic equipped with
a transmission grating.

Cinespectrographs

Two gimbal mounted cinespectrougraphs will be utilized on the
upgraded TRAP-1 system., These sensors are the Barnes cinespectrograph
and the GE telespectrograph, the characteristics of which are discugsed

- below,

Barnes Cinespecirograph.

The Barnes cinespectrograph is expected 1 , be a valuable addition
to the TRAP-1 instrumentation complex,

"1;18"

——_ o = At e it s Ao o . P mg R = - - S - T I

3




The L-shaped instrument profile will present a mounting problem
and will preclude obtaining the largest possible field ol view. The calcu-~
lated FOV outline based on preliminary design information is shown in
figure I-28,

40" GE Telespectrograph

This instrument will be gimbal mounted and will provide higher
resolution spectra than any other TRAP-1 gpectrograph. 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-29 and is computed from the anticipated
mounting pesition relative to the window,

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 lumiposity history. Summary specifications of
this instrument are presented in table I-13 with a field-of-view plot
shown in figure I-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 I-22,

Other Sensors

Details on the proposed Fabry-Perot Etalon Spectrometer shown
at window 5 (fig. I-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. 1°, For
this purpose, the unsteadiness of the camera itself should be limited to
about 0, 02°, For a camera with a 4" lens, this would require a frarning
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 I-18 lists the charac-
teristics of sorne 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 I-31, The sample plots in the
figure show vertical registr.ition measurements made on two currently used
cine carneras. 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 I-18 ’
CHARACTERISTICS OF 16 mm CINE CAMERAS
Manufacturer D. B, Milliken D. B, Milliken D.B. Milljken Mitchell Traid Traid
Model Designation  DBM-3C DBM-2% DBM-2A HS-16-F2 KB«3A (GSAP) Fotopak/15
Welght 7 3/3 lbs, 4 1/2 1bs, 2 lbs. 8 ibs. 3 1bs. 13 ozs. 2 1bs. S ozs.
Size Lx Wx H 6. 7x4.4%5 T.4x3x3 6.2x1.9x 3.3 7.8x4,2x5.7 6.3 x2.4x3.4 5.2x3x4.5
Film Load 100" 50’ 50" - 100" Mig. 200" 50" or 100’ Mag.  50' Mag.
Timing Lights yes-dual no no yes-duat yes ‘ yes
Lens Moust Type "C' Mount rC Mount Special “C'" Mount “C* Mount "C* Mount
Shutter Type Fixed Rotary Fixed Rotary Fixed Rotzry Fixed Rotary Adjust. Rotary Adjust. Ruiary
[
Pin Registration yes no no yos no no
Framing Rates 64, 200, 128, 400 16-32-64 15 or 32 Fixed Contin 16.24-38-64 16-100 Fixed
' vartable
<
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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 2 solenoid actuated
shutter which is temporarily installed in front of the boresight camera lens
as shown in figure 1-32, 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 the
target. The résulting 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 thig 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 2%, or 0.04° 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-121K aircraft and is
now in the field evaluation phase. Thez same basic design appears
applicable to the TRAP-1 program with modifications to suit the particular
payload cenfigurations.

Interim System

Prior to the completion of the upgraded system components pre-
viously discussed, the TRAP-1 aircraft will b. equipped with an interim
system. This system will be provided from currently avzilable egqnipment
and such new egquipments as can be feasibly phased in during the interim
period of operation. Figure I-33 shows the final interim system installa-
tion. An existing Aeroflex gimbal system will be utilized in the interim
system as well as in the upgraded system and will provide an automatic
tracking capability for the TRAP-1 platform in its initial configuration,
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Fig, 1I-32

~— TRACKING PLATFORM

BORESIGHT SHUTTER ROTARY SOLENOID
IN CLOSED FOSITION

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

4, Manual Pedestals

The preliminary configuration of these components is shown in
figure I-22, 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
cornmand or can be switched automatically from acquire to track.

A system block diagram for the gimballed pedestals is shown in
figure I-34. Only one master tracking pedestal and acquisition sight
pedestal is shown with six sldve ped=zstals 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 provigions will be made for a capability of employing two
master gimbals rather than only one. This will be accomplished by
reconfiguring ar~ of the five slave pedestals with an automatic tracker
and position iransducers capable of pointing a preselected number of

slave pedestals, Both master tracking pedestals with their respactive
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Fig., 1-34 System block diagram for TRAP-1 Gimballed Pedestals. i
~130-
i
R-8438 %




PR Y

slave pedestals can be pointed independently of one another. Each pedestal
will be capable of pointing an inertial load of 3. 5 slug —ft”z 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-+y 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 during missions. These will
include angular position and rate transducers and servo error generators,
The recerding devices for on-line diagnostics will include multichannel
strip chart recorders and CRT'a. 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 filn. 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 eights 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 acquisiﬁon 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"l
and 3 degree sec'z. 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, '
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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 carnot 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.
Al} 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
wiil 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 *
trpical instruments mounted on these translating gimbals has been shown
in figures I-28 and I-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
pos sible 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 function of shock and vibration igolatinn for the TRAP-1 aim-

SRR —— m———

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 cou{:ling through cg offsets of the optical instru-
ment pacléage attached to the gimbal.
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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-E 5272) can be successfully flown aboard
the TRAP-1 aircraft,

Undzeirable coupling that degrades image quality can arise frem
at least four different sources, These are:

a. Shock mounts having different gradients

b. Total platform cg offset

c. A gimballed element cg offset

d. Gyro unbalance

The first two iter.:s 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™ -2 is a difficult task.
It is this source of vibration error that the servo system must minimize,
This is accomplisned by havirg the servo attenuate the low freguency
disturbance with the vibration isclators eliminating the high frequency
disturbtances. 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 (t 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,

Tse 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 be
minimized 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 shoeckmount bandwidth will ke chosen
to minimize disturbances from optical instrument
cg 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 performanze with the Model 21-124C.

The major system parameters are as follows:

Tracking Sensitivity ~5x 1071 watts em™?
Pointing Accuracy 0. 1 millirad.

{at S/N of 10:1

referred to 25 Hz BW)
Error Signal Drift 0. 1 millirad in 4 hours
Field of View ’ Selectable: 2° and 0. 5°
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Size:
Optical Unit
Electronics Unit
Weight:

ey Y

11 in dia. x 21 in length
10. 5 in high (in 19" rack)

Optical Unit 35 1bs
Electronics Unit 30 1lbs

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 hecome
apparent that a new class of proven optical error sensors has become avail-
able due to the star tracking requirements of space probes and satellites.
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-tha-art

device does exigt. The important features of the proposed device arw:

1. Low volume and weight

2. Low power consumption

3. Automatic field of view svsntchmg after acquxsnm«n
Field of view during track is smaller to improve
sensitivity and discrimination

4. High signxl 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 techpnique. By using a high frequency TV type ecan, filtering can smooth
the sampled data. with no decrease in total sensor. bandwidth, thus decreasing
system noise. Signals from the sensor can be used for CRT inputs 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.
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The final selection wiil be made between all of these devices hased
on optimum system performance. In any case, the performance will equal
or exceed that shown above.

Manuzal Pedestals

Two manual tracking pedestals are included in the system for the
purpose of providing versatile tracking platforms, with adequate tracking
accuracy for instruments of approximately 2° field of view or larger.

Their design will permit convenient rearrangement of payloads when new
instrumerits 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 I-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-1 A/C and on the TRAP-6 A/C.

In both cases the design has proved successful for pointing instruments of

2° field of view. Evidence of this performunce is shown in two figures
which are reproduced from Research Note 612 entitled "TRAP-6 Radiometry
Study Program. ' The first figure, Figurel -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. T. 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 2° field of view or larger. Furthermore, this evaluation
may be considered ccaservative for the TRAP-] 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
ig 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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Fig. 1-38 Side view of manual pedestal,
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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 center 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 i:..,ortant compon-
ents of the Agsisted Manual Tracking System. This system is described in
RN 592 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 the track-
ing sight. In operation, the cperator 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 betweern the master gimbal and the
mazual pedestal establishes the pointing input to the operator. In order to
provide a means of measuring t;he pointing angle of the manual pedestal the
O'Conner Head must be modified to accept potentiometers connected through
gearing to the azirnuth and elevation axes. n Figure I-38this 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.
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ith the crossed needle display, it
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 through both sights simultaneously. The felescope 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 20° 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 12! In-Line
Cinespectrographs has the more restricted field of view. At Q° azimuth,
the primary instruments will cover an elevation r:ange from -16° to + 50°
with no vignetting. At 0° elevation, the pedestal will rotate up to +52° in
azimuth before the payload touches the airframe. Stops will be provided to
avoid contact with the airframe. However, at this angle, the 27" width of
the window is foreshortened causing approximately 50% vignetting of the
forward instrument when pointed forward and 50% vignetting of the aft
instrument when pointed aft,

Datfa Acquisition and Recording System

This section will discuss the subsystems which together camprisge
the Data Acquisition and Recording System. dhe subsystem complements
the other by collecting data in redundancy and neif:her 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 as a
controller. The overall system design is directed toward reliability and
flexibility for future needs.

Analog Recording Subsysten:

The functions of the analog recording subsystem are to provide both
& primary and a redundant method for cblléctir{g and recordiﬁg 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. i )
Formulation of the requirements for the analog recording subsystem

provides an indication to: the direction of design. 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-590 record/reproduce 14-channel systerm. 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:

Frequency Response:

8 seconds at any speed

Tape Speed (ips) FM System Direct System
120 0 to 500 KHz 400 Hz to 1.5 MHz
1+ 1 db to 200 KHz +3db
< 6 db down to 500 KHz :
60 0 to 250 KHz 400 Hz to 750 KHz
£1db +3db \
39 0 to 125 KHz 400 Hz to 375 KHz <
+1db +3db N
o
15 0 to 62.5 KHz 400 Hz to 187.5 KHz K
( +1db + 3 db
Event Recording Subsystem.
To record the large number of event signals necessary to monitor o

the combined TRAP-~1 system and sensors will require an even greater

number of discrete event record channels since certain of the typical evente

relevant thereto will require multiple record tracks.

For example, it is

desirable to record gimbal limits, and one can accumulate a need for 36

nacard channela {2 nar gimhbhal avig nlue 2 for tranelatinonl far thiea nnrnnas
T RS AL IS i WaAmTesAmsmeass N Pl - ke TmeNeS pETTT T STS e mmemoTmesmEssy TS Sfmes peemrv e
It is anticipated that the total number of discrete event channels required
will be between 125 and 150 by the time the upgraded TRAP-1 system is

operational.
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5{ : A 150-channel recorder has been selected for the upgraded TRAP-1
: ‘ system. The selected unit is the Brush Operations Monitor. This type of
T 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 gpeed
Number of Channels: 150
A Response: Instant to 1. 25 milliseconds at maximum
chart speed
Chart Speeds: 5, 10, 20, 50, 100 and 200mm/sec plus
[ ’ 0.05, 0.1, 0.2, 0.5, 1, 2mm/sec with a
1 divider switch in operation
Chart Format: 15 inches wide, 500 feet long
N Temperature Range:
3 Operating: 0°C to 55°C
Storage: -40°C to 70°C
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
ﬁpgraded TRAP-1 system.
Digital Subsystem

A digital subsyetem is planned for inclusion on the TRAP-1 aircraft.
' This system will perform three major functions, those of data collection and
storage, system testing and test data retrieval. The overall block diagram
is shown in Figure I -39.
Data Colisction and Stora

BE

—rie

The primary function of the digital subsystem is to accomplish the
on-line collection of data from both analog and digital sources and stozre 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

“on a digital magnetic tape. Prior to the actual coliection of dats, the operator
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Major components block diagram, digital subsystem,
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loads and initiates the proper program and enters setup information neces-
sary to perform tne 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
data collection ceases, the 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-
fu;‘xctions, iisting ihe probable cause or causes whenever possible. The
system will also provide automatic procedures to check and validate the
instrurnentation and gimbal control equipment. This automatic checkout will
greatly reduce time consuming pre—fest 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 ocutput. 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.

Analog-to-Digital Converter (ADU) - When the analog muiti-
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 2 12~bit binary word--11 data bits plus a sign bit, and is presented in
parallel'to the data processor section.
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Digital data acquisition system, detailed block diagram.
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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 Muitiplexer - The digital multiplexer 18 capable of multi-
plexing 32 (expandable to 128) channels of 16-bit digital inlormation. 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 are presented in parallel to the digital multipiexer. Each word
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 3nd presented
in parallel to the digital multiplexer. On cominand, these words are selected
and transferred ir parallel to the data processor. Unused hiis in any word
are commonly filled with zeros.

Operator Control Section (Location)

The operator contcol 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 proces-
sor and for initiating these programs.
Operator Control Panel - The operator control panel contains
the necegsary displays aind switches for convenient control cf an operating
program, Since the operator control panel is the main link between the
. operator and the system, its design ie critical for effective system operation.
For this 1eanon, the operator control panel will be designed in conjunction
with the detail design of the systemn. Thev bperator control panel contains,
as a minimur, 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 iliurainated

digplays for monitoring oi'the acquiréd data.
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Ancillary equipment provided for input/output use wiil be a key=-

board printer, a paper tape input/output unit for program entry and a printer
for test and quick-look data presentation.

d Data Processor Section

1 . The data processor consists of a general purpose digital computer

coupled with the necessary input/output interface to allow it to communicate
%

Wwith the other systermn components. The data processor exercises primary

system control in all phases of operation.

Data Processor - The data processor is a standard general

<
P -

I | S SR e e

purpose digital computer consisting of a magnetic core memory and an arith-

e
23

metic nnit. The meomory containg 8, 192 memory words, each consisting of
16 binary bits of information. The memory has a complete read/write cycle

time of 2.0 microseconds or less. The arithmetic unit has full general

purpcse computing capability and its speed is characterized by an add time

e

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 whick is used for maintenance and checkout purposes only.
Input/Output Interface ~ The data processor is provided with an
input/output (I/0) interface to allow it to communicate efficiently with the

a5 z&wﬂm;ﬁ»-wnem"":»%ﬂwm s, & e

other system components. This interface includeg separate channels for
each device to transfer data to or receive the data from the processor. In
addition, a single direct mefnory access (DMA) chamnnel is provided which
allows 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
3 2 Channel uillizing the DMA multiplexer. This allows each device to transfer

words directly to or from the memory of the data processor withont program
intervention.
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Data Gontrol

The data control unit accomplishes a transfer of data between the
digital and analog input sections and the data processor. 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 muitiplexer. The data
control unit obtains the addresses of the desired channels from the memory
of the processor, outputs the addrese to either the digital or analog input
gection as specified, receives the digital data from selected channel, and
transfers the data directly to the memozry 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 te
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 Stora_gf 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
format. All tape recording is done in IBM 360 format with the necessary
gaps and check characters automatically inserted. Error checking is per-
formed on all read and write operations with erroneous results indicated as
tape system maliunctions.

Tape control provides the necessary logic to direct the operation of
the magnetic tape fransport to produce computer compatible tape in the
desired format. All check characters, gaps, etc., required for IBM tape
compatibility are automatically generated and checked to verify data accuracy.
Timing and Sensor Control System

The timing and camera control units provide the fundamental means
for correlating all re-entry data. These units provide coherent coded time
signals and camer: sequenting cornmands which are recorded and,
congequently, permit comparison of all data to a time resolution limited

only by the <lata 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 WWYV or rangse
time receiver. This is used to periodically synchronize the airborne clock
and, when transmission allowa., 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 diifexrences required
by cine, framing, and ballistic cameras. The flow of inf-rmation and control
; within these units can be seen readily as well as their relationship to ancil-
lary 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 grovad 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 neces sity to operate in loca-

tions where neither range time nor NBS transmissions are readily available

and ar. alsc due to our poor experience in the reliability with which WWV, etc.,
can be received on the Ranges. The specifications for this unit are ;,s

follows:

Stecifications

Physical

Front Panel Indicators: 7,4 Hour clock movement with stepping
sweep second hand )
Time and Frequency etror indicators
Servo loop null meter
Battery current meter

Front Panel Controls: Power on-off switch
Fast-slow battery charge switch
Fine tuning COMtrol
Crystal oscillator bias control
Servo-loop svitch
Time error indicator
Automatic sync. actuator

|
R
|
l
+
{

-152-

S U

D I o

- - s i e et i — " g o . — -
o P R T m, T e W e - . A - e R Y A . R “ “ ~ g




.

PORTABLE RUBIDIUM
CLOCK

SYNCHROSCOPE

(A Secondary Time Stondard)

* IMH3 e,

}

WWYV OR RANGE TIME
RECEIVER

[ )

DIGITAL SYNCHRONOMETER
EENERAL RADIO TYPE (123A

¥

TIME & FREQUENCY

DISTRIBUTION

REMOTE SYSTEM CLOCK:l
AS REQUIRED

INSTRUMENT CALIBRATION
PROURAMMER

AMPLIFIERS

\

A 4

CINE CAMERA CONTROL
UNIT

FRAMING CAMERA
CONTROL UNIY

BALLISTIC CAMERA
CONTROL UNIT

CINE TIMING GENERATOR
AND
PROGRAMMER

FRAMING CAMERA
PROGRAM GENERATOR

BALLISTIG CAMERA
PROGRAM GENERATOR

y
MAGNETIC TAPE
RECORDERS [ | 3

REMOTE
CAMERA PROGRAM ACTIVATE
v ! ! ! CONTROLS
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Fig, I-41 Timing and sensor vontrol system block diagram,
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Electrical

Initial F'requency Setting:
Accuracy:

Long-Term Stability:
Systematic Drift:
Medium-~-Term Stability:
Short-Term Stability:
Tunability:

Digital Synchronometer

-11
+5x%x10 relative to customer pre-
scribed time scale

After initial setting, accuracy is
determined by the Long~-Term Stability
and Systematic Drift

5x 1011 (standard deviation) per year

Less than 1 x 10™!! pew month; 5 » 10712

typical

5 x 10712 {standard deviation) for 100
second averaging

1x 10”11 {standard deviation) for 1
second averaging

At least+ 1 x 10"9 about the initial -9
frequency setting; total range 4 x 10

The digital synchronometer, General Radio Type 11234, is a fully

electronic modern method of precise local timekeeping when used in con-

junction with a standard frequency oscillator.

for comparing the local frequency standard against bkroadcast 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.

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

The synchrogcope choaen for the TRAP-] timing aystem
&

- an

1

v

— o

y -

Tektronix Type RM561A with 2 Type 2A60 vertical amplifier unit and a

Type 2B67 time base unit.

The device provides a means

This unit, in addition, pro-

Its purpose is to permit comparison of time signals as received from

WWYV or range broadcasts with thcse of the on-board time standard and

digital time distribution systera.
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Cine Camera Control Unit

The Cine Camera Control Unit (CCCU) is a switching and program-
tning control for all cine cameras. Each camera of this type regardless of
location in the TRAP~1 aircraft weuld 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 astatic 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 numeroug and a matrix approach is in order. The CCCU wouid 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 .ing 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 deterrnined 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 bugses may be activated or reactivated at will during a miesion.

A static card reader and a programming tab card serve, then, as a
crossbar switching complex to determine up to a dozen inElependent cine
camera programs for each migsion. The twelve programs will be remnotely
controllable and will facilitate the sequencing of cameras during the coverage
‘ of multiple vehicle re-entries. ) )

The flexibility offered by this camera controlling system rep: ssents
. 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 pulsec 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-enfry 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 coded 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" in the code.

In addition to the framing and shutter functions, the coatrol 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 centrolled 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 ar \inambiguous record of camera
settings and prevent human errors in the'op‘erati:bn of the gystem.

Re-entry Measurement Sensor Calibration

toaen AL aan
ANAL VA CLAL

The function of a field calibrator iz to maintsin the vreci
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 operaticn. Implicit in (ay and {b} is the
versgatility of the calibrator, e. g., it is degirable to keep the source temper-
ature constant and to vary apertures and/or filters, in order to obtain the

calibration of an ingtrument from threshold to saturation. In é.ddition, 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
dirmensional relationship to the system resolution.

Experience with other TRAP aircraft clearly indicates the desirabil-
ity of accompglishing calibrztions from an on-board calibrator as the primary
field type nf 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 cf the TRAP-1 calibra-
tor will incorporate many of its features.

For an instrument which is inconvenient to remove £rom its gimbal
because of weight, diificulty of realignment, the possibility of marring
surfaces critical to alignment as well as the possibility of damage to the
instrument itself, it is propesed 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
obstiruction, the diameter of the unobstructed portion of the calibrator should
be la;rger 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-1 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 combination of film and
optics, while for radiometers it is determined by the . sticle blade width.
Column 6 indicates whether an obscuration is present ia the instrum.ent,
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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, column 7 indicates, for a 100" focal length calibrator, the maximum
aperture diameter allowed for simulating the object-image dimensional
relationsghip to the system resgolution. All instruments but two, namely, the
high resofution telescope and the 40" cinespectrcgraph, 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-1 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
Zmin. . The image size on 'he 40" cinespectrograph varies from ., €7 times
the system resolution at acquisition to the system resolution at Zmin. .
This means that the image varies from partly resolved to resolved for the
Jones Telesrope 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 cdmplicated. 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 TableI -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 the collimator beam has an obstruction of say U. 5%, tie 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", _

Column 6 indicates the wavelength region over which the ingtrument
is sensitive. The minimum wavelength is in the UV at a 3x, and the max-
imun is in the IR at 3y, 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

e e = i Bt et o e

tungsten ribbon lamp extends tn» approximately 4, 54 (50% of peak transmis-
sion}, the decrease as well as the uncertainty in the values ol emissivity in
the IR would indicate that both a tungsten ribbon lamp and a black body source
are required for the TRAP-1 calibrator.
Photomultiplier Unit for the TRAP-1 Aircraft

The unit which will assure that the downrange calibrator itself

N SV NS O

remains in calibration is a photomultiplier or photodiode unit which has been
calibrated in the AERL calibration laboratory. It is anticipated that the unit
used in the TRAP-1 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 a.ad ruggedly built with enough sensitivity for the TRAP-1
and Jones Telescope calibrators. The two photodetector units which are
available have an S-20 and S-1 surface. The S-20 surface covers a wave-
length region of approximately . 350-. 80'v while the S-1 surface extends this
range into the IR to approximately 1.2,

’ This range does not include thore wavelengths covered by a PbS

A detector. Two possibilities exist: (a) if the wavelength regions covered by

» the urit show that the calibrators are in calibration, extrapolation is made
to the PbS region; and (b) provision of another head which contains a PbS

3 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

lf with an on-board calibrator; (b) All instruments except the Jones telescope
g will be calibrated on the TRAP-1 calibrator and will be easily removable

) from their gimbals; (¢) A photomultiplier or photodiode will be used on the
’ TRAP-1 aircraft to assure that the calibrator remains in calibration;

i ) (d) The photomultipliexr unit will provide wavelength coverage from . 75 to
@ 1.2p; {e) Extrapolation of the calibrator's performance into the IR will be

made on the results obtained from the . 35xto 1. 2K response of the photo~
multiplier ‘unit.
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_&equirements for the TRAP-1 Field Calibrator
Based on the data shown in Table I -19, the initial specifications -
ior the TRAP-1 calibrator can be determined. They are: (1) A collimator
diameter of 13. 5" 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 scurce 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 aperturss 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-1 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).
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| TASK 1,0 MANAGEMENT
R. M. Xadle

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-
The contract, F04694-67-C-0047, was issued
by the Air Force Ballistic Systems Division, now part of the Space and

entry monitoring aircraft.

Missile Systems Organization, and commenced on January 16, 1967 for
the management portion, with the remainder of the contracteal effort
becoming effective on February 1, 1967. System Studies and Data Inter-
pretation Studies are also included under the contract. Prior to February lst,
Aerojet-General Corporation was the agency which outfitted the TRAP-7
ai- .rafr with the instrumentation system ia_nd operated the system during
its checkout phases.,

The reporting period covered is from February lst through
June 30th, 1967,

The following discussion will dwell on the major aspects of management

with a few pertinent inputs from later points in time.

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
commenced in the la.st half of January, while at the same time TRAP-7
was covering its last missions under Aerojet-General operation and
returned to Wright-Patterson Air Force Base. On January 3lst, an
Avco Everett team arrived at Dayton to commence the takeover phase.
For various reasons, there was no interface with Aerojet-Geneval
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 systern. The basic information available
was that which was contzined in the system manuals written by Aerojet.

Gradually all portions of the system were actuated, followed by operation
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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 report to Aerospace
designated as TRAP Memorandum #1,"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 24th of February.

The first mission was unsuccessful la(rgely 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 systems,
but the time required for maintenance of the aircraft itself, such as 109-
hour inspections and fuel leak repaire, and the time spent in flying between
Dayton and the Pacific made it difficult to scheduie 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 available 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
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 pointing the
gimbal gystem.
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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-
gscale 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, aithough 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 hdd been made and were awaiting an opportunity for in-
stallation. In the meantime, the aircraft operated at lower altitudes than
usuzl and the personnel ahoard were harnessed to minimize 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 vuccess-
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 instri 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 peviod 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 t};brough attention during the reporting period. The Aerojet
J216 calibration unit is an on-board system on which instruments in the
main cabin car be calibrated immediately following a mission, The J 216

calibration unit was thoréughly evaluated, and a comprekensive 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 variouc
portions throughout this progress report. Whether the discrepancies or
corrective actions eniployed pertain to calibration information, #ystem
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 1espect to studies, there are two categories incorporated inte
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 interpratation;
because of a closely related study issued under the -865 contract, we re-
quested that realignment of this effor: concentrating on 2 special inission
to be flown this fail. This study is discussed in the ciassified volum.e under
Subtask 4.1, The other system study effort pertains to system upgrading,
and a“summary discussion of this subject can he found under Subtask 4,2
in the unclassified volume.
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The basic intent of the data interpretation study i& to provide R/V
diagnositcs based on the data collected by TRAP-7. Okbvicusly, 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 therecf., In another case, TRAP-7 collected some unique

spectra and the analysis of this data is discussed undecs 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 wﬁere extensive data was collected have been published
and distributed, and letter reports sent to SAMSQO and Aerosg ‘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 such as this, or in
research notes.
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TASK 2.0 OPERATIONS AND MEASUREMENT
R. S. Warner

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 1 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 postponermnents, even tll';ough TRAP-7 was on station, are not in-
cluded.) A summary of TRAP-7 aircraft activity is given in Table II-1,

The first weeks in Eebruary were devoted to the operational takeover
cf the TRAP-7 system under the new AERL contract, Details of checkouts,
repairs, and adjust;ne_nfs of the TRAP-7 equipment during this period are
include'd,,ip the’TRAP-'-?I Takeover Report (TRAP Memorandum #1) and are
summarized in tie mext section, Aircraft availability during the first part
of this period was somewhat 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 rmssions and tracking targets from the ground for dynamic
pointing evaluation a.nd complete airborne system checkouts and tracking.

The 1RAP77 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 '\lv'ozjk, TRA-xP-7 did not leave Wright-Patterson AFB until
approximately 15 bours 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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TABLE IX-1|
ACTIVITY LOG FOR TRAP-7 AIRCRAFT
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shortly before takeoff and the premission checkouts on the system were
underway, Several 'doubleheaders! were schcduled; 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 N
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 o
of the TRAP-7 system rnust provide for sufficient time when the aircraft is '
totally available for systems work as required,

Extensive data was collected on seven of 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 experimental through operational

vehicles, Locations of monitoring included one missinn on the ETR, one at i
WSMR, and the remainder on the WTR,
Summary of Takeover Effort
The operaiional 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 it

several subsystems for the purpose of learning, testing, and making opera-

tional checkouts, A lead person and support team were assigned for each f:
area, As manuals on the system arrived from Aerospace, they were copiad ‘%:
and distributed to the perssnnel involved in each task, Several meetings {
were held in which each group leader presented the system information in i
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 i
X

to 19 persons for the first two weeks of February, ¢

b

ST
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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 gystem 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 e:iperience with
similar systems, Arrival of the taleover crew at Dayton started on 31 Jaauary.
After the first few duys 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 betwzen 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 takeover period were taken up with inventory
of the TRAP-7 system ..opoard 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 approximsntely two
and a half days., At the end of this time, several persons were checked
out on the syastem and we were ready to proceed into specific instrument
and subsystems testing., The camera control system and the J216
calibration unit were among the first subsystems undertaken and, concurrently
with continuning system '"turn-on, !' the camera checkouts and calibration

evaluation began.

-176-




e+ et e m e s e e e

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 were 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 4M1l) cameras, As these were checked and any discrepan-
cies corrected, they were calibrated on the J216 and the films returned
to the laboratory for processing and evaluation,

Several TRAP-7 cameras and a DEM V frcm the laboratory were
calibrated both on the J216 calibrator ard on the AERL in-lab facility.

A photomultiplier was also calibrated on the AERI facility and on
the J216 unit (two days of measurements). (An evaluation of the J216
unit is reported under Task b,$ 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 (electrical check)
Test equipment

Lack of documentation was a major delay factor in the tracing of
power and signal distribution throughout the system,
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Radiometers, Tracker, and Video Systems

The radiometers 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 1000° black body from Avco's
laboratory, and the R-71 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 ¢ps reference supply would trip to line power,
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 spikes 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:: 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, evalnation, 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 tesc on several occasions, but
due to the unavailability of the aircraft, there was no flight test made before
the first mission,

The Mtakeover! phase of TRAP-7 was essentially completed on
17 February. at which time the schedul

”~
A R
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uel 1éak work on the zircraft
(during which no contracto personnel are allowed on the aircraft) prevented
any further work,
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Chronological Summary

A chronological summary of the takeover effort is given below,

February 1

10

11

12

13

A/C Inventory

A/C and Building 67 inventory complete
1530 hrs, - start turn-on at 1600 hrs,
System turn-on {high res, removed to
bench in Building 67)

System turn-on - calibrator evaluation ~
cameras

System turn-on ~ calibrator evaluation ~
cameras

System turn-on (complete) - cameras ~
radiometers ~ calibrator evaluation
measurements (complete)

Radiometers - cameras ~ tracker -~
gimbals

Radiometers - Vidicon - Orthicon ~
tracker - gimbals ~ cameras (complete)
Radiometer and tracker (complete) -
gimbals

Gimbals ~ operations training

Gimbals - operations training (Electronics
calibration)

Gimbals -~ operations training (boresight
and calibrations)

Operations training - individual checklists
run through - full-scale ground test
(including complete calibration)

Cleanup work ~ gimbals - operational
procedure review (flight test scheduled)
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Aircraft
Location

H = Hangar
R = Ramp
H

H

H

H

H

H 2100 hrs,
R

R

- H 223 hrs,

R (AERL on
A/C 1300 hrs, )
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February 15 Cleanup work - operations training ~

gimbals (flight test scheduled) R
16 Ground test Jab feedback - adjustments

and repairs made as required -

operat’sns training ~ gimbals (flight

tegt sc. luled if WSMR cancelled) R
17 ASD schedule announced: fuel leak work

to start 2/18, to last ~2 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), h
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

1} 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 maintenance not being completed,

System Performance and Maintenance

The following sections summaxrize important aspects of system per-
formance and maintenance ofcurring over the reporting pericd,
Pointing System

During the takeover period in February it was noted that there were
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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
request was made for aircrait availability for the necessary time to complete
thege tests, but because of the monitoring schedule and aircraft maintenance
work, this time di¢l 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 ppinting 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 the circuit breaker installed
in this circuit was not rated properly and was tripping on the normal current
drawn by the system. It was subsequently 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, )
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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, BSeveral
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
within system specifications; in several cases the rate loops could not be
adjusted with the potentiometer provided for this purpose, and fixed resistors
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 mechanic.al rotation of the gyros.

Figure II-1 shows the readout of the T-9 tracker boresight
camera for a re<ent test, WTR 0510, in both azimuth and elevation, Twunty
seconds of autotrack or the re-entry vehicle were achieved on this test,
Readouis of ihe siave gimbais on this mission show generally good results
and are now being analyzed,

Translation Axis

1
;
The translation axis motors/clutch assemblies have been . 3
!
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Fig, II-1 Target position readouts from the field of view of the boresight
camera mounted with the T-9 tracker for WTR #0510, The
autotrack lock-on portion extends from ~ 4 seconds to ~ 24
BSTOnAS on the abritrary time scale, Note tkat the elevation
and azimuth scales are in milliradians, not degrees,
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cleaned and readjusted, an alignment jig made and a torque setting procedure
established to assure reliable operation, One of these motors (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 #] in the R~5] operated intermittently on several

occasions and the troubl: was traced to a broken detector lead, Because of
the construction of the detector/cooler/field lens assembly, the repair will
be accomplished by the manufacturer (Aerojet),

Image Orthicon

A Bendix representative was contracted to perform repair
and overhaul of tke BX-8 Image Orthicon system at Davton,

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, O, tube which was in the camera
was burned in sever 1places, 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 were
made for proper filtering for use with a new I, O, tube,

Other recommendations were made by the Bendix represens
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 ‘w,ell on the first few missions, The receiver which was for-
merly on TRAP-1 was borrowed and installed in TRAP-7 to provide k-*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,

Mechanical/Optical Systems

The cameras underwent comg ete 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 isolzie the cause of image distortion,

J216 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 II-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 a¢ the aircraft and in the laboratory,
Extensive maintenance maruals have been prepared for each of the four
subsystems which comprise the TRAP-7 system.

The following sections summarize the rmajor aspects of the program,

Obiectives

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.
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TABLE -2

TRAP-T KGC-135 INSTRUMENT TABLE AS OF 30
AVCO EVERETT RESEARCH LABORATOF

COLLLCTOR
INSTRUMENT STATION, SPECIAL FOCAL LYNGTH FILLD OF VI'W SAMPLING BATE FILM TYPE SPECTHAL RANGE NSECTRAL BRSO
WINDOW MATERAL PROVISIONS 7
HIGH RESOLUTION 420 s% . ae® 7OOMAR BYPER« L ARSI 30, 45, A0 F PO BT PAN VNI F A A
GAMERA CROWN PLATE SHUTTERS IN STAMLIZED
SEQUENCE AT L A1, 175,06
BALY SPERD;
.0, FILTLRS
CINESPECTROGRAPH 360 360 Linas /e MARSUTOV ssx10.5% 5,20, 5 FPS 4-X » ke, blu > o R owinh ax
9213 UV VIS FUSED SILICA GEATING BLAZED L300 i €21
AX 32004
CINESPECTROGRAPH o2 309 Lines fmen MARSUTOY s sx10 s® 5,10, 15 FPy MSIR RN 6.0 K Wit 3
214 CROWN PLATE GIATING BLAZLD FL- 300 me 72,5
AT 6000A, SCHOTT
0G.£ FILTER
FILTER WHEEL 7v0 FILTERS SYNCH. IINOPTIK £2x5.0° 32 ¥Ps 2.813-0 427
CAMERAS #) & 42 CROWN PLATE FOMZED BETWEEN  APOCHFOMAT " T AS TIVYLRRD
DBM.4nt RAS FLs 399 mm 1/2,% i
0. 6920, Thon
22 UMR 0,710, Iviu
© 8110 852
HUCH SPEED CAMERA 060 KINOPTIK o2x5,8" “ad00 FRS 2473 0. 4-0. T HA
DBM.SA CROWN PLATE APCCHROMAT
FL« 100 rom (/2,9
WIDE ANGLE CAMZRA 920 FLs 50 mmo/1,4 20,1 % 21,2° 20, 30, 40 FPS 215 0.4.0 % hoA
CROWN PLATE
SODIUM.D CAMERA 92¢ FILTER KINOPTIK 4256 16 TPS 247% 0,5887 4 05897 LA
DBM-4A CROWN PLATE APOCHROMAT
FL v 100 mm 1/2,%
BORESIGHT #) SWITAE sLexn® axps s 9.3940.% b
TRAIN 15 FOTOPAK FWD CANOPY: Flo 2N, £/43
WATER FREE QUARTZ
BORESIGHT #2 580 KIROPTIK “2x88" 16, 32FPS un 0.39-0. 7% NA
KB 3 AFT CANOPY( APGCHROMAT |
WATER FREE QUARTZ FL* 100 om 1720
PALLISTIC CAMERAS 1120 ROTATES LD HEERBRUGS 74 x421° 3 CHOPS/SEC 018 PLATE 0,39.0, 65 NA
CROWN PLAYE DOWNWARD AVIOGON Combined PULSE WIDTH
TO STPETCH Bl 6IN, 1/3,6 CODED
YT STAR
TRACES. BINARY
LODEL CHOPFING
THREEL CHANNEL $90° THREE DESECTOR/ CASSEGRAINAN 1x1° 280 cp5
RADIOMETER; R.51 AF £ CANOPY; FILYER CHANNLLS (/4 610 rom (/0,4 TRUNCATED RECORDER 1S DETECTOR FE ety NA
WATIR ¥ REE QUARTZ USING SAME F/ELD LENSER WEDGE TAPE bt
PRIMARY - Vet cin
271 PHOTOMETER 860 FLv 50 mm 1 pia, 1330 Con PUOTOMULTIPLIER 0,35.0, 6% H.A
CROWN PLATE RECORDER Bell & Sa20 0, 850,
TAPE -
T-9 TRACKER 350 CASSEGRAINIAN 1* DA, 208 €15 PYS UNCOOLED L2 6 N A
5 WD CANOPY, Floo 127240, RECORDER DETECTOR
WATER FREE QUARTZ A
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S TRUMENT TABLE AS OF 30 JUNE 1967
SPECTRAL RANGE: SPECTRAL RESOLUTION MY/ “‘{‘,ﬁ‘pb’f"“"“"n SPATIAL RESOLUTION JNAMIC RANGE TYPY OF DATA DATA APPLICATION REMARKS
VISIBLE N.A 0.0 R DETAILED PESOLUTION OF COMBINED AODY AND NEAR WAKE
. 62, N 4 2 3
M. 8 3.0 R WITI4X FILM ",-“‘r’;,‘e;‘;“ A ,‘:’n/fi:‘ . 9T MR $x10 UV AND VISIBLE TIME RESOLVED GOOD SPECTRAL
1950 A Tegion) SPECTRUM; TIME: SPECTRA IN UV AND SPATIAL
INTENSITY AND VISIDLE: RESOLUTION
INYENSITY BODY AND WAKE
SPECTRA
RIS 6,0 RWITH MSL. FILM 2,0~ 20713 w/e 2 MR 10* VISIBLE ANDIR TIME RESOLVED GOOD SPECTRAL
(Ior atomic line tn SPECTRUM: TIMEL SPECTRA IN AND SPATIAL
7000 A rexion) INTENSITY VISIBLE AND RESOLUTICN
NEAR 18; INTENSITY BODY AND WAKE
SPECTRA
10
0.413:0, 427 2x 100 2 INTENSITY IN
0.510.0, 82 AS VILTERED 4x 10013 wie 1M 4 SELECTED REGIONS
RO exetl? ® ® IN VISIBLE AP ERATUREAMD
o g0, yx0cl2 INTENSITY IN WHEN CONTINUUM
17340, 0' 2a 30710 wred L MR 10% SELLCTED REGIONS
o £31-, ssz,. 2x 10012 INIR
0,440, 70 NA, 8.8 x10°? wemd A MR 104 BROADDAND INTERS:TY:  VISIDLE INTENSITY) DASICCINE
TIME) RELATIVE SCINMLLATION HISTORYs  TRACKI
DEPLOYMENT WAKE FHARAC TERISTICS! BORESIONT CAPABILITY
RELATIVE SLOWDOWN
—_—
0.4.0.% NA 9.5 2061 wiond I MR 10 BRCADDAND INTENSITY;  VISIBLE INTENSITY:
REALTIVE DEPLOYMENT WAKE CHARACTERISTICS;
RELATIVE $LOWDOWN
ST 2
0.3887 - 0,589 A, .5 w10t WO I MR 1t SODIUM INTENSITY; MEASURES SODIUM
TIME DOUBLET RADIATION
4
0.39-0. 7 N.A .- t MR 10 BORESIGHT INFORMATION FOR T+9 TRACKER
0.39.0, 7 NA, - I MR 10t PORESIGHT INFORMATION FOR Ra3) RADIOMETER
0.39.0, 6% N.A, sx 10" wiemd I MR .- POSITION OF GBJECTS;  TRAICTORIES; SENSITIVITY
TIME: LUMIHOUS OBJECT IDENTIFICATION; DEPENDS Ol
INTERSITY INTENSITY PROFILE TARGET RATE
) .
2 3
L 18-1.3 M.A. $x 10717 W/CM' N, 103 /CHANNEL R V. INTENSITY IN IR INTENSITY AND 3:GAIN AMPLITIER
Sy 1:: 4x10°l2 w;cu‘ A / IR REGION SCINTILLATION IATED WITH
L0731 5.3 x 10" llx .“;"’".l, " HISTORY EAeT HATNEL
INGLY FILTER
5 INTENSITY VS TIME VISIBLE AND NEAR 3.GAIN AMPLIFIER
0, 5.0, 65 A ;;' §' }g-u w/em? N A 10 IN VISIBLE RECION IR INTENSITY AND ASSOCATED WITH
0, 6520, % 20 3x SCINTILLATION EACH CHANNEL
HISTORY
—
162, b N.A. sx1oh N.A, 10* (USED AS OPTICAL TRACKER ¢OR SYSTEM POINTING)
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b, To insure maximum data return from
the system, both quantitatively and
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, lubricutions, 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 i~ che field or in the labora-
tory or returned to a vendor for repalr and overkeruling, The naintenance
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.

Impiementation

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 ingtr»ugt

A - L -
-~

ns and schedule

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, Fer 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
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 operztion 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
downtime, . .

Continuing analysis will be performed on the records, including the
maintenance log and data sheets and information returned from data re- .
duction, Repoerts will be prepared analyzing all significant malfunctions or

discrepancies ohserved.
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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.1l, 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 5° and 40° 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 cperatingj,
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: 7

1) The Zoomar lens, which has a Rayleigh resolution limit at
5500 & of 266 lines per millimeter {less than one arc second) resolved
between 200 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 ras also verified by micro-
densitometer scans of the image from a USAF high contrast bar target,
Figure II-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 sf:ops initially installed on the TRAP-7 3-axis and 4-axis
gimbals were not sirong enough to arrest gimbal rotation, cither 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 possese 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 beenr 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 .
TRAP-7 are placed close enough to the viewing windows so that if these

high forces were applieﬂ 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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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 siops 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 the
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 gimbal 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,

Pigure 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 ins;talled 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 mocunting 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-axis rotation in

azimuth and elevation, A pellet of 1/2-inch diameter and l-inch length is
sufficient for the case of 3-axis rotation in elevation, Thus, pellet sizes
and attendant extrusion bushings can be reasonably standardized, Furthex,

f
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Fig, 1I-3

- -y By e pp—

Three-exis gimbal with AERL stops installed for the azimuth
and elevation axes. For azimuth rotation, a strong bar (1),
attached to the mcving portion of the gimbal, strikes a piston

at (2) which in turn forces a lead pellet {3) throngh an extrusion
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 motien 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 periormed in a location apart
irom the usual impact areas, These situations indicated the desirability of
employing a supplementary complement of fixed cameras, particularly
ballastics, to provide capability for sequential ballistic camera operation
and to enhance the probability of obtaining ballistic camera trajectories,

It was thus decided to borrow TRAF~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-1, these cameras had been mounted

on a special frame which {it into the canopy. This package of cameras and
frame could convehiently 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 angies
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 II- 4, was installed at Station No, 1000 on the TRAP-7
aircraft, 4

A camera control unit was fabricated for control of this instrumenta-
tion, The drive pulses (4 pps ccded) for the ballistic cameras are taken
from the TRAP-T timing amplifier, the basic drive concept being the same
as for the Aviogon shuttei’ﬁ. The ballistic camera shutters are driven in a
coinpiementary mode, i.e, shutters open when the Aviogon shutters (regular
TRAF-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
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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.
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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
she most desirable manner to make a final boresight c¢f 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 periormance is acquired,

The Westamp power amplifiers have exhibited a high failure rate,

and it has also heen found that thers swiere special 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 i1n system gain,

Support Systems

The Beckman WWYV 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. 7
o . The tape recording system on TRAP-7 consists ¢f three Ampex 800B
g recorders. This system has vacuum tube electronics, and the FM reczrding -
electronics tend to drift mcre than the allowable Y1%. Consideration will be
made to consider a complete new recording system which will return data
. to the lab which is compatible witit 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 twin ballistic camera nodding inount is desirable.

{ Malfunctions have occurred; these wors & sh¢ared pin in the drive train, and
' the nodding mechanism stopped on occag‘i’on, which may be attributed to the
weak nodding drive motor and a slight imbalance,

[
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Methods cof increasing ballistic camera capability for monitoring
of multiple rc-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 wés 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 r.efsults 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
gimplicity orf'its' theory and the experimental eqdipment and the ease with
which data_rr;ay be obtained. The photomultiplier tube satisfies these
“.requirements and was chosen a5 the evaluation unit. It has a linear response
to radi‘ation, réquiréé only a regulated high voltage power supply and a
picoammeter, and produces precise data easily.

L In this report; ‘we discuss the following subjects: (1) Using Aerojet
i calculated irradiances, the-output of the J216 is compared with the expected
response of the photomu.ltipiier; (2) Using Aerojet calculated iiradia.nce s,
_.the‘_rgspon's,e 'of"ir»a’r_ious TRAP-7 instruments is compared with their expected
response; (3) Direct 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 'co_mpafed; (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 J216 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 cinespecirograph where apertures 5 and 6 are used.

The photomultiplier tube chosen was the Dunrnont 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 (10% - 90%) of 1 to
3 seconds, depending on scale. The entrance aperture of the photomultiplier
wasg 1Y, and a 1-3/4" diameter sleeve, 6'" long, was placed arcund the tube
for the purpose of preventing scattered light from entering the photomultiplier.

In addition, so that evaluation could be made speéﬁlarly as well as
broadband over the S-11 bandpass, a series of Optics Technology interference
filters were placeg in front of ghe photomultiplier. The centeg wavelengths
are 5000 A, 5330 A, and 6000 A, with a 50% bandpass of 200 A,

Figure II-5a is a schematic diagram of the TRAP-7 J216 calibrator.
Figure II-5b shows the experimental setup used in evaluating the J 216
calibrator. It depicts the photomultiplier with an interference fiilter as they

_are positioned on the calibzatox.
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1" APERTURE
3, o INTERFERENCE FILTER
134 BLACK TUBE, 6" LONG
6291 PM TUBE (SII)
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METER
/ \
SECONDARY —] .
MIRROR ULATED
4216 POWER
CALIBRATOR I SUPPLY

PRIMAR ~ABOLOIDAL MIRROR

Fig. Y-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 aperture 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 radiarce, Figure II-6 shows the results for a series of four
experiments. The linearity is good to approximately + 2%.

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 the 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 II-7 and II-8 fog apertuges
7and 9 a%d interference filters with center wavelengths of 5000 A, 5330 A,
and 6000 A, The differences in current levels for the same irradiance are
due todifferences in the S-11 spectral sensitivity and spectral transmissions
of the interference filters,

The characteristics of these curves that 2re 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 ] 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 foz aperture 9 is indicative of an insgtability in the J216 cal-
ibrator.

Correction of Aerojet Irradiance Calculations

The variation in photomultiplier current for a givan aperture is a
result of thé 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 transdmission 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 filtersare nottransmitting inthe manner predicted by Aerojet.

~207-

T e ettt i) o 9
- P




-w?o A~ Z. S e © T e O S A Gl T a2
| 1 | |
10-5 AERL STANDARD IN-LAB COLLIMATOR ]
- PHOTOMULTIPLIER OUTPUT i
:
< 0% -
= L
z
] _ N
o
[
=
o - N
107 .
N - .J
° L4
~ Aox5000A,1000 V— .
A0=6000 A,1000 V—o>
68 | L ! | L
107 06 " 105 1004 2 10°3
96" BENCH APERTURE AREA, IN
Fig. II-6 Photomultiplier response curve for AERL 96'" bench
showing linearity, '
[ 4
~208-
A1t
ST TR




|o'4 I 0
» 10°3 |- ] “
e O7r Ao=6000A I \
= 1 ’
< Ao=5330 A |
"- [-]
Z Ao =5000A
m -
&
3 1076 4
10~7 H l
1079 1078 T4 10°6 1075
AEROJET SPECTRAL IRRADIANCE, WATTS/CMZ-F' ”
Fig, II-7 PM Output on J216 for Ape%ture-?.
N
-209~ %
R-5104
. .

[N




NFS " N & v [ LR

B D N IS Sy prey

' s

_ | i
o 10-91_ —
Q. 10 N D // _
s B / g o _
< 2 —~%— 7025000 A
= o/n/ / / / ]
=2 / /
Lef / (o 4
e | 7 7 i
3 100 |- AP —
N /\/7§EXPECTED SLOPE OF 1 i
- / —
- / i
Pl ! | |
10713 10712 10°H 10”10 io~9

AEROJET SPECTRAL IRRADIANCE, WATTS/CM2- &

Fig, 11-8 PM Output on J216 for Aperturc-9,

-210-




Figure II-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 photormultiplier were used to correct é&erojet transmrissions.
These corrections are shownin Table II-3 for the 5000 A curves of figures II-7
and II-8is the filter transmission, By applying these corrections to each point
and if this is the cause of thepoor results, one expects the slopes to b¢ cor-
rected to a value of 1.

Figure II-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 relate a current to an irradiance. Application of the correction
factors of Table II-3 produces the expected slope for each aperture and
results in a single curve for aperturcs 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 5-11 response for the 6291 pliotomultiplier 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~ 11, the correc-

tions producing the expected results., Note that the Aerojet point for filter 10
does not fall on the 1mrorrected curves for 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-T7 Instrument Calibration Corrections

The filter corrections were applied to varicus TRAP-7 instruments
whose calibraiions 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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- TABLE II.3

J216 FILTER CORREGTIONS, Ay 5000 £

SN

i et o St e

© e

T

|

Filter TP M. Tp. M. Tp.M, TAerojel Corr. Corr, 'Carr.'
Aperture 7 Aperture 8 Apnrture 9 Aperture 7 Aperture 8 Aperture 9

! 1. 00 1. 00 1,00 1,00 1,00 1.00 1. 00
2 454 L 443 491 452 1,00 .98 1. 09
3 264 . 300 297 .243 1,99 .23 .22
4 . 127 143 . 152 . 100 .27 1.43 1.52
5 . 068 . 075 .091 . 053 1.28 1.42 .72
6 . 036 . 040 . 054 . 024 1.50 1.67 2,25
7 .019 .019 . 033 R 1.90 1.90 3,30
8 , 0087 . 0096 . 020 . 0041 212 2,34 7 4,88
9 . 0068 ., 0075 . 016 . 0024 2,83 3. 12 i 6. 67

10 . 0030 . 0032 * . 0010 3.00 3,20 *

% Signat Less Than 1,5 Times Noide Current -
B
’
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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 II-4 shows the corrections which must be applied to the
novizontal slits, apertures 5 and 6. These apertures are used to calibrate
the cinespectrographs on TRAPR-7., The expected result is a slope of VY.

FigureIl-12isa calibrationofa cinespectrographon TRAP-7, Plottedis

the Seidel Functionofthe spectral irradiance forA = SOOOX . Thediscontinuityinthe
curve for differentapertures is evidert, Inaddition, theslopes ofy = 1, 24 differ from

the expectedy ofl, 41 as measuredwitha steptable, Applicationofthe filter correc-

tions of Table II-4 produces an approxirnately single curve witl.a 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 photomuitiplier in the above experiment to
subsequent TRAP-7 calibrations on the J216, a set of maximum and min-
imum filter corrections were determined. Thé hesitancy to simply average
is- exactly because of the scatter and the pbservation that an entire set of
filter~-current neadiﬁgs resulted in either a set of minimum carrections or a
set of maximum corrections. Table II-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 1566 exl _oits the same discontinuity
between apertures as observed in the photomultipiier experiment., Applica-
tion of the minimum corrections tothis data effectively eliminates the dis-

céntinuity. This is shown in figure II-13.
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TABLE 1I-4

J216 FILTER CORRECTIONS, CiNESPECTROGRAPHS

Filter *r P. M, Tp. M. T Aerojet 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 .71 1,79
7 . 020 ' . 021 N ~010 2’. 00 2,10
8 .010 . 011 . 0042 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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Fig, II-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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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 II-~14, II-15, and II-1%6, 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 ir figure II-16.

Again, the lines for each aperture do not exactly coincide aftev the
corrections, perhaps indicating sorme 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 correcticns 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 i not clear that one ought to expect
this aperture to provide a contizdation of apertures 8 and 9 both of which are
unresclved, alfhngli the differences between the corrected curves of apér-
tures 7 and 8 are comparable to the differences betweenthe correcied curves
of apertures 9 and 8. Figure II-17 ~ ulso shows that the corrected TRAP-7
curve ié’approximé.tely a factor of 2,5 lowér than the curve obtained on the
AERL 96° bench. The reason for thie Hiscrepaney is in the process of being
determined. | B
Digcusgsion

At this stage of the investigation, the observeq data and the differencee

“in the filter transmissions as reported by Aerajet' and as measured in the
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R~-7]1 Photometer, Channel 2, response curve obtained on the
J216 and the effect of filter corrections, This shows the wide

scatter in Aperture-9 data observed with the PM unit used
in the evaluation,
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J216 calibrater 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, manifesied 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 filiars, 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 ar 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 filter dcnsity, resulting in an increase in correc-
tion factor with density. Similarly, the percentage of reflected radiation
increases somewhat with density. One expects a systematic type error,
independent of aperture, Table 1I-5 indicates that such an erroxr 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/o: 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
transmission.
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TABLE II-.5
J216 FILTER CORRECTIONS, CINE CAMERAS, RADIOMETERS,
APERTURE 7 <
Filter *Dau Points Tpﬁnﬁ_l. rpMm“ T Aerolet Carrmin Corrm“
1 6 1.00 1,00 .00 1,00 1.00
2 .480 .500 .452 1.06 1,31 *
3 264 .283 .243 1.09 1.16
4 127 43 . 100 .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 . 0624 2.7 3.00
10 .0028 . 0031 ,0010 2,80 3.10
APERTURE 8 \
1 6 1.00 1.00 1.00 1.00 1.00
2 .484 .527 .452 1.07 1.16 . g
3 .272 .309 .243 L2 127 .
4 . 126 .143 . 100 1.26 1.43
5 . 069 081 .053 1.30 . 1,53
' 3 .036 .048 .024 1.50 2.00 P
7 .017 . 024 .010 1,76 2.40
3 .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
T2 6 .491 .530 - .452 1.09 1.17
3 6 .300 .352 .243 1.23 1,45,
4 6 .142 L2131 . 100 1.42 2,11
5 6 .080 153 , 083 1.5 2,89
6 6 .034 113 .024 1.42 4,7
7 4 .033 . 087 010 - 3,30 8.70 .
8 3 .020 .07¢ . 0041 4.88 17,1
9 3 .016 . 060 . 0024 6. 67 25.0
10 2 . 021 .053 .0010  21.0 53,0 *
L
*S!gnall.greatet than 1. 5 times noise current . -
¢
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Neither (2) nor (b) explains "observed data' statement (2), the
scatter in data as the aperture is decreased. The scatter must be explained
on the basis of two conditions which must exist simultaneocusly, namely:

(1) the przsence of pinhcles, 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.

Inconel 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 figutres II-18, [1-19, and II-20,

The photomicrograph clearly shows the presence of pinholes of the
order of .04mm and inhomogeneities in the dexasity 3.0 filter. The dark
string-like structures are dirt on the lens or filter. Figure II-19 shows
the density variation across the same filter, WNote the presence of a pinhole
at the point marked A transmitting at 100%, 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
2.6 represents a factor of 2.5, The order of the dimensions of the non-
uniformities are indicated in the figures.

Figure II-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 II-21 shows the uniformity of this latter type of filter,

Specular and Diffuse Density

To determine what type of densitjr the J216 was measuring and whether
it depended on position within the system, the Kodak Wratten filter of figure
II-21 was taken to the TRAP-7 aircraft on June 5th, and placed in the J216
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Fig, II-18 Photomicrograph of a thin film products inconel coated filter,
N.D. = 3.0,
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GAF Microdensitometer trace of thin film products inconel
coated filter, N.D, = 3,0.
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calibrator in three positions: (1) immediately in front of the plane mirror,
(2) between the filter wheel and aperture wheel, and (3} at the exit of the
hole in the secondary mirror. These positions are alse indicated in
figure II- 5b, In each case, the transmissions as measured by the R-71
photometer was approximately 6 x 10,_4 correspoanding 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 spectirophotometer, an instrument very similar to the Beckman
spectrophotometer. To compare the spectral transmission with the broad-
band transmission measured with the R-71 and GA\."E‘ microdensitometer
requires knowledge of the spectral irradiance of éhe source, the spectral
transmission of the optical elements, and the spectral senasitivity of the
phototube of the GAF and the R-71. The broadband transmission is given

by‘ L)
f Hy 7,5\ d)

T (1)
; Hy §, 4
" where HA 1s the spectril irradiance of the source which is as sumed to be

either a black bbdy or grey body, 7) is the spectral transmission of the
filter, and Sy 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-11 surface,

‘Typical normalized sensitivity curves are shown in figure II-22, It is

seen that they are similar in shape.

The black-body te;'nperaturés of gsources used in densitometers and
also in calibrators iike the J21¢ 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 chrves simila.r to those
in fzgure I1-22  would show that the produc‘. S, H X peaks at appro:nmately
5500 A and approaches very close to zero rapidly at approximately 3500 A.
Thus, 1t is seen from the transmiesion curve that the contributions to the
integral in the numerator from the regions Lelow approximately 4500 A {and
above 6000 A because the S = curve is approaching zero) is small and the
tranemission measured broadband by the above systems is approximately the
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Fig, II-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"4 shown in figure II- 22 , This value compares
favorably with the value of 6 x 10-4 (shown in fig, I1I-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 ¢f density. The presence of these
reflections was clearly observed back at the tungsten lamp source on the
vigit to the TRAP-7 aircraft on June 5, 1967. However, discussion below
will show that these reflections do not provide an important contributica to
the observed differences.

Discussion

Observation of the figures shows that approximately the same densities
(D = 3.22) were measured on the GAF 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 instrumerits 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 J216 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 discussgion, 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

-234-

e o
mlm T T »Z-L, %




%

L T JC e =t s

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 demnonstrated 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, ihe presence of these non-uniformities makes itadvisable
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 J216 calibrator
on June 17th and returned to AERL for the purpose of determining whether the
obsexrvations suggested above would be confir med. FiguresIl-23a, b and
¢ are photomicrecgraphs 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 Tary-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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Fig, lI-23c Photornicrographs oi J216 caiibrator inconel coated (Fiiter 10,)
Filter 10 consists of two filters designated above as 10A and 10B.
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measured with the PM unit on the J216 Calibrator and on K
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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 20% of each other
for filter 10. ‘

Figure II-24 shows general agr¥eement 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 II-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 nen-uniformities and/or pinholes, the density is generally quite
uniform. )

Figures II-26, II-27, 1I-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 a}Sertures. 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 geen that for filter 10 the Cary-14 agrees more closely with the
measured value on the J216 than docs the GAF microdensitometer,

If there were agreement with the Aerojet values not only is a slope
of unity expected, but 2 one-to-one relationship between the absolute value
of the transmission, The line for agreement is indicated in figures II-26,
-27, 1-28, 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 anc
scatter in transmission observed with aperture 9 are possible when the
dimension of the pinho’es approaches the dimension of the aperture, the
scanning aperture of the GAF raicrodensitometer was reduced to approximate
the diameter of aperture 9, i.e., 10u. Filters 4, 8, 9, and 10 were searched

for pinhrles with a dimension approximately that of aperture 9, i.e., 10y in
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Comparison of J216 filter transmissions as measured with
the PM Unit on the J216 calibratox, the GAF Microdensito-

meter; and the Cary-14 Spectrophotometer with the Aerojet
FPublished Filter Transmiagions, Shown also are the fiiter
transiissions obtained on the GAF Microdensitometer with
a scanning slit approximating the diameter of Aperture-9,
i.e, 10y, when over a pinhole of the same dimensions (See

figure 11-29), This was done to simulate the filter behavior
in the J216 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

e

produced. Because the pinholes were s0 small, the microdensitometer was
operated manually so as not to degrade the data by preducing rise times to
which the instruments and the recorder could not respond. Figure II-29 t
shows the results of the microdensitometer traces thus produced. The
values obtained are plotted on figure II-28, the data for aperture 9.
They compare quite well with the maximum values obtained on the J216
calibrator with the PM unit.
Absolute Calibration of J216 Calibrator
It was indicated above that, except for the tilter 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 which
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)t N A Aap
A\ £

where E is the tungsten lamp emisgivity, N, is the tungsten lamp radiance,
A ap/is the area of the aperture and f is the distance between the aperture and
“the detector, the photomultiplier unit., The calculations were performed for
the PM unit with an interference filter with center band wavelength at 5000 3;,
the same filter used to check the J216 calibrators (see figure II-10).
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 104 diameter pinhole.
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ur are shown as the black points in figure II-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 Liscussion has shown that position of uniform filters in the
optical system is not critical. It also confirms that whereas Kodak Wratten
gelaun filters have extreme density uniformity over their surface. Iuconel
filters can have present in their surfaces, holes and inhomogeneities.

The effect of inhomoge::c:ous filters placed close to the focus, resulting
in the production of a non-uniform image, very likely accounts for one of the
reasons for the differences between filier transmissions in the J216 and the
measured values reported by Aerojet.

The difference in internal refleciion and the type of density measured
in the transmission measuring system (Beckman) and the J216 calibrator do
not xplain the observed data andare not considerecasa 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% ctange in transmi. -ion
over a period of 10 to 12 months is censidered 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,

Ir. view of the above discussion, the following statements can be made;
(1) Filter transmission is the presence of pir.holes in the Inconel coatings of
the order of the smallest aperture diameter and probably ircorrect measure-
ment of the transmissions; {3) Scatter produced at aperture 9 results from
variation of the filters and aperture positions with respect to each other;

(4) Aerajet calculations for calibrating the J216 are correct except for the
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filter transmissions and the average spectral irradiance calculation for the
R-71, S-11 surface, filter 10; (5) Aerocjet apertures areas are approximately
correct.

On the basis of the above results, to produce predictable results for
the 5216, 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 to a
location close to the spherical mirror.

As an alternative to modifying or correcting the filters or the filter
wheel, J216 behavior predictability can be attained by eliminating the filter
wheel and obtaining the irradiance range of the J216 by using apertures alone
and varying the temperature of the tungsten ribbon.

Figure II-3c1> is a plot of the irradiance range covered by the J216
calibrator at 5000 A. The abscissa is the aperture diameter required to
produce the sarne irradiance as each of the filters, Table II- 6 shows the
black body temperatures required to produce a filter factor change in irrad-
iance, approximately 2. By choosing aperture diameters corresponding to
filter aperture combination 7-1, 7-3, 7-5, 8-1, 8-3, 8-5, 9-1 and decreasing
the temperature to 1600°K, the range of the J216 can be duplicated. 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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TABLE II-6
BLACK BODY TEMPERATURES CORRESPONDING APPROXIMATELY .
TO J216 FILTER CHANGES IN IRRADIANCE v
J216 Filter Black Bogy Temperature Spectral Irradiance,
b W/cm2-Ster~-cm
1 *2600 5,98 x 10*
2 2460 3,18 x 10%
3 2320 1,57 x 10
4 2200 8.01 5 10°
5 2080 3.8 x 10°
6 1980 1.5 x 193
7 1900 1,02 x 10°
8 1800 . 4.3 x 10% .
9 1700 1.7 x 10%
10 1600 6.0 x 101 *
*Black body temperature corresponding to the J216
calibrator tungsten lamp at 35 amps,
¢
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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 frequency distri-
bution, They are discuss.  inthic 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 insiruments 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 this
report is the R-71 photometer consisting of an S-11 detector and an S-20
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-
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 (16)"® 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 Cinespectrograph

The fractional standard deviation in irradiance, Oy for spectral
caraeras is given by equation (16)2 as: £

oer = = Oy (1)
where 7 is the logarithmic slope of the D-log E curve and op 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 Y. A value of 1.5 is agsumed

for 7, as was obtained from one of the mission films. At Y = 5000 A,
equation (1) then becomes:

O'Hf = L, 5o, (2)
*The title of the appropriate section is "An Approach for Estimating the
Precision of Calibration of Downrange Instiuments, ' and will be designated
as Reference” for the remainder of this discussion.
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Figure II-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 number and framing rate. The per-

tinent data required for determining Oy and the values of Ogg » are shown

fThe number of samplei is too small
for a confident indication of precision; however, it is felt that the precision
estimated here is indicative of the magnitude of the precision experted when
the number of samples increases, |

in table II-7 a number of wavelengths.

The general precision of the spectral calibrations is a fractional
etandard deviation, oy
£

is some indication that emulsion number affects the precision, in that the

,» of +.20 with a maximum value of +.31, There

fractional standard deviation for emulsion number 87 - 23 is generally + .02,
approximately a factor of ten improvement, Itis recognized that only two
samples have provided this result and its validity must await further sam-
pling. Also at shorter wavelengths and/or small irradiances the precision
of the calibrations improves. For example, at A= 3800 )3 and a framing
rate of 15 frames per second, oy = + . 0542 while at N = 6000 R, Oy = +.194.

The same trend appears to be occfurring with the data for a framing fz:at;e of
10 frames per second.

R-71 Radiometer

The fractional standard deviation for radiometers is given by equa-~
tion (10)* as:

(3)
H, Oy

where Oy is the fractional standard deviation of the volfage, V.
£

Figure II-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 aperturs~filter combinations and gain channels
of the R~71, detector 1 (S-11 surface) and R~71, detector 2 (S~20 surface).
The pertinent “ata required for determining oy, , and the values of

a. are
H H

shown in table II-8 for the data shown in ﬁguref 1I-33, The number fof
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Fig. II-32

R-9144

TRAP-7 BARNES UV CINESPECTROGRAPH
MICRODENSITOMETER SCANNING
SLIT 20p x 20p !

]

3000 4000 5006 6000 6600
WAVELENGTH (A)

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 dengity as a function of wavelength,
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R-9106

aperture-filter combinations, from a group of TRAP-7
mission calibrations, The number of samples and the
J216 aperture~filter combination are indicated. Shown

is the radijometer output voltage as a function of irradiance.
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samples used are enough to provide a precision which is representative of
the precision to be expected in radiometer calibration.

The general precision of radiometer calibration is a fractional stand-
ard deviation, Oy of +.15. The table indicates that this precision is

preserved irxespéfctive of irradiance, at least for the values used in the
analysis,

High Speed Camera

The fractioxnal standard deviaticn in irradiance, Opg for cine cameras
is given by equation (26)a as: £

1
O'I_If = ‘-T_ O'B (4)

for the spot densitometer method used at AERL in measuring image growth.
Here g is the absolute standard deviation of an integral, g , where

R (H)

B =[N dr (5)

o)
and

B = AlnH/Ho.

Here A is the local lgoarithmic slope and varies for different irradiance
values as indicated in Reference® » and T 1 is the transmiscion of the pogitive,
after the background transmissioz Las been subtracted. The voltage output

of the spot densitometer is proportional to 8 . The value of A for J216
aperture 9, filter 1, used for estimating Oy for the high speed camera was
obtained from Referencea, Equation (4) becfomes:

_ 45
o = 3.10x107° o4 . (7)

Figure II-34 shows microdensitometer trazes of the positives of the images
for five calibrations of the high speed camera obtained on the J216 calibrator
with aperture 9, filter 1. While they appear on ti.e same plot there are dif~
ferences in emulsion number and framing rate. Shown 2lso is the positive
transmission, ¥ T It is this curve that {8 integrated in equation (5).
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The pertinent data required for determining Oy » and the values of
oy for figure II-34 are shown in table II-9. Here, as ffor the cinespectro-
grgph 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 II-8 indicates a

precisior of the high speed camera calibration of a fractional standard devi-

ation’ O.H ? of j"o. 175'
£
Conclusi.ins

Usging equations previously derived® in which the irradiance is
assumed to be precisely known, an estimate has been made of the precision
of 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 fra:tional 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 cinespectrograph calibration. More confidence in these conclusions must
await an increase in the nmumber of samples, *
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High Speed Camera, J216 calibration dr'4, Aperture-9,
Filter 1, for a group of TRAP-7 mission calibrations.
Shown are microdensitometer traces of the positive images
and the transmission varia‘son acress images after the
background has been subtracted. The image transmission
is the guantity to which the spot densitometer is sensitive,
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