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This report describes a set of pyroelectric radiometers which have recently
been set up, successfully checked out, and are now in use for infrared flare
plume radiation measurements,at—NAYWPNSUPPCEN- Grane These radiometers meet
the criteria of system linearity, fast rise time, complete commercial
availability (no modification of electronics required, for example), ambient
temperature operation, and reasonably flat spectral response from the visible
to mid-infre-ed (¢15uh). The instruments are presently being used (with -
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20. (CONT'D)"the addition of bandpass filters) in the 3.0-4.0, 3.0-5.0, and
4.3-5.0 micrometer regions.

Calibration procedures for these radiometers are described. The basis of the
calibration procedure i< an Electrically Calibrated Pyroelectric Radiometer
(ECPR) which is traceable to the National Bureau of Standards. The ECPR is
used only as a laboralory calibration device, and is a different instrument
than the set of pyroelectric radiometers used for measurement of flare
radiation.

The ECPR is used to calibrate a blackbody. The ECPR is fitted with the band
filter identical to the filters to be used with each pyroelectric radiometer.
The blackbody is then used to calibrate each pyroelectric radiometer. These
measurements are plotted to obtain a voltage versus irradiance calibration

curve for each band being used with the pyroelectric radiometer system.
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DEFINITIONS OF TERMS FREQUENTLY USED

Electrically Calibrated Pyroelectric Radiometer (ECPR), This radiometer

will be used as a primary standard in this procedure. A1l optical
measurements will be traceable to this instrument, which is electrically
traceabie to NBS.

Blackbody. This is a commercially available blackbody simulator with

variable temperature. Since the emissivity is generally 0.99 or better, the
blackbody simulator will be referred to as a blackbody.

Pyroelectric Radiometer., This is a commercially available radiometer

consisting of a pyroelectric detector, preamp, chopper, and Tock-in
amplifier, The detector is spectrally flat in the region of intersst.

Filters. These are placed in front of the pyroelectric radiometer to
Timit the spectral bandpass to the band heing measured.

SYMBOLS

Irradiance. (Eband) Power per unit arca incident upon a surface
for the spectral band to be measured. These units are watts per square

centimeter, Weem™2.

For the purpose of this procedure, Eband is defined
as the irradiance in the band of interest as if the filter had 100%
transmittance in that band (and 0% out of band). This term, while not a

standard one, is used for convenience in calculations to be described.

Average Transmittance. (7) This is the average transmittance of the

filter in the spectral region under consideration.

Observed Irradiance. (Eobs) This is the irradiance as read on the
ECPR. This quantity differs from Eband in that the true in-band filter

transmittance is used. Accordingly,

E 1 _E

obs T band
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Radiant Intensity. (Ipand) Power per unit solid angle from a point

source. The units are watts per steradian, w-sr'l.

Radiance. (Lband) Power per unit solid angle per unit area of source
projected normal to the solid angle. The units are watts per steradian per

square centimeter, WesrLoem2,

2

Area. (A) The aperture area of the blackbody in square centimeters, cm”.

Distance. (R) Measurement, in centimeters (cm), between aperture of
blackbody (or position of flare) and detector.

Reference 1 describes tne new standard symbols that have been recently

accepted for radiation measurement quantities. For convenience, the old ard

new symbols are listed below:

oLD NEW
IRRADIANCE ) H E
RADIANT INTENSTTY J I
RADIANCE N L
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I. EQUIPMENT

1.1 General. Test equipment used should be calibrated and/or certified
by a secondary standards laboratory at established intervals (see Table 1)
against certified standards which have known valid relationships to national

standards.
1.2 Equipment List

1.2.1 Electrically Calibrated Pyroelectric Radiometer (ECPR),
Model RS-3940, Laser Precision Corporation, Yorkville, New York.

1.2.2 Lock-in Amplifier Model 186A, Princeton Applied Research,

Princeton, New Jersey.

1.2.3 Pyroelectric Radiometer, Model K7-4130/1i11, Laser Precision
Corporation, Utica, New York. See Appendix A for a further description.

1.2.4 Lock-in amplifier, Model 5101, CG&G Princeton Applied

Res.arch, Princeton, New Jersey.

1.2.5 Filter, Valtec Corporation, Waltham, Massachusetts, 3.0-5.0um

half-power points.

1.2.6 Filter, Valtec Corporaticn, Waltham, Massachusetts, 3.0-4.0um

half-power points.

1.2.7 Filter, Valtec Corporation, Waltham, Massachusetts, 4.3-5.0um

half-power points.

1.2.8 Blackbody, Model 11-200T, Barnes Engineering Company, Stamford,

Connecticut.
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1.2.9 Precision Digital Voltmeter, Keithley - DVM iModel 168
Auto-ranging, Keithley, Inc., Cleveland, Ohio.

1.2.10 Baffle (Based on those described on reference 2, page 266).

2. SYSTEM CALIBRATION PROCEDURE

2.1 General. The system used cons®-ts of an Electrically Calibrated
Pyroelectric Radiometer (ECPR) (reference 3) which is used to calibrate a
blackbudy set at 1000 degrees Celsius (1273K). See Table 2 for specifications.
The ECPR is used only as a laboratory calibration device and is a different
instrument than the set of pyroelectric radiometers (described below) used for
measurement of Tlare radiation, The ECPR detector is fitted with the band
fiirer identical to the filters to be used with each pyroelectric radiometer.
7. bDlackbcdy is then used to calibrate each pyroelectric radiometer in the
~.0 to 5.0, 3.0 to 4.0 and 4.3 to 5.0 micrometer regions.

These measurements are plotted to obtain a voltage versus irradiance
caiibration curve for the particular bandpass being used with the pyroelectric

radiometer system,

2.2 Calibration of Standards. Calibration of test equipment should be

verified prior to each series of tests.

2.2.1 ECPR Calibration. Electrical calibration of the ECPR should be
auone in accordance with reference 4, Chapter 5, and reference 5 by a
calibration laboratory against NBS traceable electrical standards.

2.2.2 Filter Transmittance. The 3.0 to 5.0, 3.0 to 4.0 and 4.3 to
5.0 micrometer band filters used with the ECPR and the pyroelectric
radiometers should be measured for spectral transmittance with a spectrometer
to determine the bandpass and to check for transmittance of radiation outside

the desired region. Figure 1 indicates the in-band transmittance.
Transmittance in the out-of-band regions, measured from .35 to 40 micrometers,
was less than 0.001. Figure 2 shows the spectral response of the pyroelectric
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detectors. The detector response is relatively flat in the 3.0-5.0 micrometer
region, so the total radiometer response (filter + detector) will essentially .
be that of the filter.

2.2.3 Blackbody Calibration. The ECPR consists of a detector,
separate optical chopper and associated electronics (see Table 2 for
obs* The ECPR
detector-blackbody distance should be at least ten times the blackbody aperture

specifications). The ECPR readout is in irradiance, E

diameter to ensure the validity of the point source approximation. Precautions
should be taken to exclude or account for background radiation, reflections,
temperature variations and air currents. This is best accomplished by placing
the chopper as close as possible to the blackbody sc ihat a negiigible amount

of background radiation is chopped. This will also reduce fluctuation of the
readings due to vibretion and air currents induced by the chopper onto the
detector. The effect or the bhopper air current on the blackbody is negligible.

2.2.3.1 The blackbody is adjusted to 1000 degrees Celsius
(1273 Kelvin) with an aperture area of 5.06 square centimeters. Temperatures
should be gradually brought up in at least two stages allcwing not less than
90 minutes for equilibration.

~2.2.3.2 The ECPR detector is placed on the optical rail with the
é detector 30 centimeters away from the blackbody aperture, (See Figure 3), and
) with the special baffle in place in front of the blackbody aperture. (See

‘ Figure 4). '

2.2.3.3 Set the ECPR chopper freguency at 15Hz.
2.2.3.4 Set the null and readout range switches.

2.2.3.5 Set the lock-in amplifier controls as follows:

Input Low Pass . lkHz
Input A
Qutput Zero Offset . ° off

Dynamic Reserve 30K

Mode
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2.2.3.6 Sel the phase control on the lock-in amplifier by setting
the null controls on the readout to result in 9mW DVM indication.

2.2.3.7 -Set the .range switch to 20mV and adjust the phase
controls for a null indication.

2.2.3.8 Switch the quadrant either up or down 9U degrees.

2.2.3.9 Record these settings, which should not change with time.

2.2.3.10 The sensitivity control should be set so as to allow a
null resolution consistent with the desired accuracy. If the power to be
measured is quite uncertain, it may be convenient to start with a high gain
and short time constant combination and then increase the resolution after an
approximate null has been attained.

2.2.3.11 With the blackbody blocked, set the null range switch to
0.1lmW and the null control for zero power indication. Check to see that the
null offset voltage indicated on the lock-in amplifier is approximately 15uV.

2.2.3.12 Remove the protective detector cover, and adjust the
readout null control for a minimum reading on the lock-ir amplifier.

2.2.3.13 Record the power reading.

2.2.3.14 Repeat the measurement at distances of 40, 50, 60, 70,
80, 90 and 100 centimeters.

2.2.3.15 When the series of measurements is complete, replace the
detector cover. The blackbody should be allowed to cool down gradually. The
fan should not be turned off unless tne blackbody temperature is less than-
100%.
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2.2.3.16 Eband can be calculated by the foilowing equation:
Eband = A Lband eqn (1)
RZ

where: Lband is the in-band radiance at 1273K
R is distance in cm and
A is the aperture area in cm2.

2.2.3.17 In order to compare the calculated Eband and meastred
Eobs’ it is necessary to divide Eobs by v, the average 3.0 to 5.0
micrometer filter transmittance, in order to obtain what the irradiance is in
the band as if the filter had an in-band transmittance of 100%. The
calculated Eband and the Eband obtained by dividing Eobs by T are then
compared to establish the accuracy of the blackbody. The two values should
agree within two percent.

2.2.3.18 Repeat the measurements for the 3.0 to 4.0 and 4.3 to
5.0 micrometer bands.

2.3 Pyroelectric Radiometers Calibration

2.3.1 General Description. The pyroelectric radiometers to be
calibrated consist of a pyroelectric detector/preamplifier assembly, an
optical chopper with controller, a lock-in amplifier and bandpass filters
which pass infrared radiation in the 3.0 to 5.0, 3.0 to 4.0 and 4.3 to 5.0
micrometer bands. Three pyroelectric radiometer systems are seen in
Figures 5-7. Figure 5 shows an overall view. Each system consists of a
detector (A), chopper (B), preamp (C) and lock-in amplifier (D). Three
systems are mounted on a single tripod, as shown. The chopper motor
controls {E), and aligning telescope (F) can also be seen. Figure 6 is
another view of that shown in Figure 5. Here, the amplifiers have been
replaced with the tripoi cover (A). In Figure 7 the choppers (A) and
detectors (B) can be seen in a close-up view. See Appendix A for a further
description of the radiometers.
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2.3.2 Calibration with the Blackbody.

2.3.2.1 Blackbody warm-up and cool-dowr. precautions as outlined
in paragraphs 2.2.3.1 and 2.2.3.15 should be observed.

2.3.2.2 The pyroelectric radiometer must be on the optical axis
of the blackbody perpendicular to the axis and the radiometer-blackbody
distance should be at least ten times the blackbody aperture diameter to
ensure the validity of the point source approximation. 3See Figure 8.

2.3.2.3 Precautions must be taken to exclude or account for
background radiation and reflections.

2.3.2.4 Adjust the blackbody to 1000 degrees Celsius
(1273 Kelvin).

2.3.2.5 The optical chopper and the lock-in amplifier are turned
on and the lock-in amplifier is then synchronized to the optical chopper
frequency of 360Hz.

2.3.2.6 The pyroelectric radiometer is positioned with the
optical chopper in place between source and detector at 30 centimeters from
the blackbody aperture. '

2.3.2.7 The lock-in amplifier is adjusted for sensitivity and
synchronization of the optical chopper. To adjust the lock-in amplifier for
proper rise-time, sensitivity and synchronization the fuilowing steps should
be followed before a calibration measurement is attempted:

(a) Set reference mode switch to position f.

(b) Connect the reference synchronization from chopper
control to reference input and wait until the Ref. Unlock light goes out.

(c) Connect the signal from the radiometer pre-amp to signal
in and set sensitivity switch to 100mv.
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(d) Set the zero offset to off and the post filter to off and i
K the time constant to the 3ms position.

(e) Set the phase quadrant either up or down and adjust the
3 phase reference control to peak nutput. Record the quadrant and phase setting
for these should not change from calibration to calibration.

éi; 2.2 2.8 The pyroelectric radiometer and optical chopper are

5 subsequently moved on the optical rail in steps of 10cm from 30cm through
4 150cm and the voltage readings taken and recorded at each position.

4 '

>§ 2.3.2.9 The irradiance as if the in-band filter transmittance

were 100% is calculated by the equation

Eband * ﬂ.ﬁgﬂﬂ
R

where, Lband is the band radiance of the blackbody at 1273K

A is the blackbody aperture area
R is the distance in centimeters for each measurement position

2 3.2.10 A plot of voltage versus irradiance is made from each
distance that was recorded and a curve is drawn through the points. This
results in a calibration curve for the pyroelectric radiometer system measuring
infrared radiation in the spectral region determined by the band filter that
is in front.of “he pyroelectric detector. (See Figure 9) NOTE: If, for any
reason, the pyroelectric radiometer system has changed its sensitivity (such
that a spot check shows a deviation from the last calibration curve) a
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complete recalibration should be done. g
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FIGURE 9. CALIBRATION CURVES
|
g CALIBRATION CURVE PYROELECTRIC RADIO-
é ’ . METER SYSTEM NO. PE-3
;
"
3 g o
H -
o
§ >
: 3.0-5.0 MICROMETER
: 1 BAND CALIBRATION
SOURCE BLACKBODY
AT 1273
} Epand » mhle cm™ 2
{ [ CALIBRATION CURVE PYROELECTRIC RADIO- i CALIBRATION CURVE PYROELECTRIC RADIO-
% METER SYSTEM NO. Pc-5 METER SYSTEM NO. PE-6
n - 3
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e > e
- 3.0-4.0 MICROMETER BAND i 4.3-5.0 MICROMETER BAND ;
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TABLE 1
CALIBRATION TIMETABLE

ACTION

1. Electrical calibration of ECPR
at a qualified calibration facility

2. Electrical calibration of
precision voltmeters, power supplies

3. Calibration of Blackbody against
ECPR

4, Spectral measurement of infrared
band filters

5. Spot check of pyroelectric
radicneter calibrations

6. Complete calibration of
pyroelectric radiometers against
blackbody. .

17

TIME

6 months or whenever a problem
is encountered

Varies from 3 to 12 months,
depending on the particular
piece of equipment -

3 months or whenever a problem
is suspected

12 months or whenever a problem
is suspected

Before test series and whenever
a problem is suspected

3 months or whenever a problem
is suspected
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TABLE 2
SPECIFICATIONS FOR ELECTRICALLY CALIBRATED PYROELECTRIC RADIOMETER*

Detector Area 0.5cm2(+0.2%)

Maximum Irradiance 0.2W/cml
Uniformity Across Active Area +2% (3mm spot size)
Usable Spectral Range Vis to far IR
Chopping Rate ‘ 15Hz
Electrical Substitution Accuracy +0.1% of reading +0.04%
of full scale (10mW scale)

Scale Ratio Accuracy - #0.1% relative to 10mW scale
Uncertainty in Optical- 1%

Eiectrical Equivalence '
Readout Resolution - 0.01% of full scale
Temperature Range ' 150C to 359C for stated

: accuracy

09C to 359C, Operating
-250C to 759C, Storage

Response Time (Power Computation) 4.5 seconds to 99% of any
step change

Noise Equivalent Power 1 X 10-7 with 3 second
fock-in time constant

*Taken from reference 4
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APPENDIX A

Details of Pyroelectric Radiometers
Six main criteria were formulated for the selection of a set of radiometers:

a. Linear output-to-input characteristics for the range of irradiances
expected from current and projected future infrared decoy flares, when burned
in either static or airstream conditions in the NWSC Crane testing tunnel (30m
maximum flare-to-detector distance).

b. System rise time of better than 5 milliseconds.

c. Ability to properly measure the time-intensity history of a burning
flare.

d. Commercial availability of the complete system so that in-house
modification of electronics and/or optics is not rzquired. There is the added
advantage that the manufacturer will be much more willing to repair unmodified
systems when the need arises.

e. Ambient temperature operation (no liquid nitrogen cooling necessary,
for example)

f. Reasonably flat spectral response from the visible to mid-infrared.

Table A-1 is a list of the components for a complete system, as purchased
from Laser Precision Corparation, Utica, New York. The systems were mounted,
three at a time, on a tripod-mounted baseplate. See Figures 5-7 and
accompanying description in the text. Commercially available optical rails
and other optical components (Figure 7) were used on the baseplate. The
optical rails were mounted so that the outer two could be boresighted to the
middle one, for whatever distance was hecessary.
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Figure A-1 shows the equivalent circuit, while Figure A-2 indicates some
of the operating characteristics. Both of these were taken from reference A-1.
The pyroelectric detector is an AC device, so it requires a chopper. For more
details of the theory of cperation, refer to reference A-2. In order to obtain
a system response of faster than 5 milliseconds, it is necessary to select the
correct feedback module (see Figure A-1 and Table A-1) and the correct chopping
speed. Figure A-2 (a) shows the detector frequency response. The drop in
responsivity begins near 300Hz. The amplifier frequency response is
determined from Figure A-2 (b). By a selection of different feedback modules

(change in Rf) one can increase the frequency response at a loss in

sensitivity. For the present application, the 109 ohm module is usually

chosen. With the above constraints, the chopper frequency is set at 360Hz,

using the medium frequency chopper blade (Table A-1). The total arrangement

is such that micruphonics levels are acceptable. Other characteristics are

shown in Figure A-2 (c) and (d).

Rise time was verified by measuring the response of the pyroelectric -

system to an approximate square wave optical input. This response, displayed

on a fast oscilloscope, was compared to that of a very fast rise silicon

detector amplified by and displayed on the oscilloscope. The difference in

waveforms was negligible when the rise time of the waveform was adjusted to be

3msec or greater.

As a further check on the pyroelectric radiometers, flares were burned in
the NAVWPNSUPPCEN Crane tunnel. The set of pyroelectric radiometers, mounted

with infrared bandpass filters (Figure 1), were mounted in the tunnel,

side-by-side with currently used FuS and PbSe radiometers.

The outputs were placed on the same oscillograph paper, all to the same

time base. The data were then reduced using the calibration curves, such as

in Fiqure 9. Fiqure A-3, a comparison of the PbSe to a pyroelectric system,

is typical and shows that the time-intensity curves have similar shapes. The

two curves are directly comparable--that is, they are drawn to the same time

scale and to the same intensity scale after their respective ca]ibratiqn

curves have been applied.
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(TAKEN FROM. REF A-1)

FIGURE A-2. OPERATING CHARACTERISTICS OF. PYROELECTRIC DETECTORS AND PREAMPS
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System linearity is shown in Figure 9.

The spectral-response of the detectors is. shown in Fidure 2, while the
filter transmittances are shown in Figure 1. It can be seen that for the
3.0-5.0 micrometer region, the total radiometer spectral response will
essential]y'be that of the filters.

Field of view measurements weré taken of the radiometer system in order to
insure that the radiometer views the entire flare plume. In all field of view
measurements (and in all flare measurements) the detector was placed on the
optical rail so that it was as close as possible to the chopper without
actually touching it. See Figure 7. The closer the detector is to the
chopper, the larger the field of view.

The measurements were taken in the laboratory on a small scale, but on a
precisely measured basis, and verified in the tuhne] at full scale.
Figure A-4 shows a view from the 15m position as seen by a radiometer (the
tripod-mounted instrument to the right should be ignored). The heavy black
lines accentuate the end of the tunnel, opening into the burning chamber. The
flare is burnt at."A." '

'The laboratory measurements were accomplished as follows: The
pyroelectric detector and chopper are placed on an optical rail with the
detector.20cm away from a 0.3cm diameter point scurce.

The point source is mounted on a second horizontal optical rail which is
perpendicular to the first rail. The point source is then moved in 0.5cm
increments and the resultihg detector outbuts recorded. " A piot then can be
made of the detector's horizontal field of view. After a change of the setup,
the experiment is repeated with the point source moved in thé vertical
direction.

The horizontal and vertical data are combined to produce a field of view
contour plot, as seen in Figure A-5, which has been normalized to 100%.
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FIGURE A-5. PYROELECTRIC DETECTOR FIELD OF VIEMW !

DETECTOR CONTOUR PLOT (OVALS) IS OVERLAID ON THE
APPARENT SIZE OF THL EDGES OF THE TUNNEL AT
DIFFERENT DISTANCES.

0/

TUNNEL SIZE AT 10 METERS

TUNNEL SIZE AT 15 METERS
TUNNEL SIZE AT 30 METERS

0

0%
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Selected points from the laboratory data were verified in the tunnel using
an electrically heated infrared radiant source (6.5 X 5.0cm) and a
two-dimensional vertical grid with intersection points 15cm apart.

In Figure A-5, superimposed on the_contodr plots.are the outlines of the
end of the tunnel (drawn to scale) as seen by the radiometer from distances of
10, 15, and 30m. The radiometers are oriented such that the 100% response
point coincides with the center of the flare plume.
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TABLE A-1

Pyroelectric Radiometér System (Laser Precision Corp., Utica, NY)

MODEL DESCRIPTION
kT-4130 Pyroelectric detector, high
sensitivity model, 3mm dia.
sensor
kTM-909 109 ohm feedback module
. KTM-910 1010 ohm feedback module ‘
KTM-911 1011 ohm feedback module
kTH-111 Low noise detector
preamplifier
1 CTX-534 Variable speed optical
gi“ chopper
¥ CTD-503 " Low frequency chopper
& blade, 5 to 333Hz
f CTD-504 " Medium frequency chopper
E blade, 15 to 1000Hz
; CTD-505 High frequency chopper
A blade, 60 to 4000Hz
3 KTS-215 +15VDC power supply for
;| ' kTH-111 preamp.
4 § PAR 5101° Princeton Applied Research
s lock-in voltmeter
;
%
|
;‘
3 A-10 R
bov: § -
o §
o T - - - - s




AT - AR S 0 v e ete oo P :,«;u«(.,‘\‘-‘;}w,:(\ngg_:;;:%‘b’vr‘n\ﬂ(.(vm\\v«\v\-,nv.).ﬂ%“ﬁ‘!\'ﬂ";‘?i‘/\!"f"'"r’"““"‘ %%

REFERENCES i

A-1. (UNCLASSIFIED) kT-4000/100 Radiometric Detection Systems, Bulletin ;

PS-40-05, Laser Precision Corporation, Utica, NY (Apiil 1975) 5

A-2. (UNCLASSIFIED) Doyle, W. M., "Guide to Pyraelectric Detection," in ,
Electro-Optical Systems Design, p. 12, (Movember 1978) ;

i

4 1

St el A ety

A-11 iR

PSRN

o S Z 2anbSei x| itian i SRt foo




DISTRIBUTION LIST

Address

Administrator:

Defense Technical Information Center (DTIC)
Cameron Station

Alexandria, Virginia 22314

Headquarters

U.S. Marine Corps

Washington, DC 20380

Attn: Code AAW-61, LCOL F. Regan

Ccmmander

Naval Air Systems Command

Washington, DC 20361

Attn: Code AIR-310C, Dr. H. Rosenwasser
Code AIR-350F, Dr. R. Wasneski
Code AIR-54112A, Mr. Michael Fish
Code PMA-25322, Mr, Stan Bender
Code AIR-954, Technical Library
Code AIR-54922B, Mr. W. Whiting
Code PMA-253A, Mr. A. Grieco
Code AIR-360D, Mr. P. Luppino

Commanding Officer

Naval Weapons Center

China Lake, CA 93555

Attn: Code 324, Mr. D. Williams
Code 233, Technical Library

Commander
Headquarters
U.S. Army Armament Research and Development Command
Dover, NJ 07801
Attn: Code DRDAR-LCE-T, Mr. Leo Frey
Code DRDAR-TSS, Technical Library
Code DRDAR-LCE-T, Mr. C. Knapp
Code DRDAR-LCE-T, Dr. F. Taylor
Code DRDAR-LCT-T, Mr. J. Matura
Code DRDAR-LCE-T, Mr. F. Klosowski

commander

Air Force Armament Laboratory

Eglin Air Force Base, FL 32542

Attn: Code AFATL/DLJW, Mr. A. Beach
Code AFATL/DLMI, Mr., D. Edwards
Code AFATL/DLMT, Dr. D. B. Ebeoglu
Technical Library

Commander

3246th Test Wing/TEGM

Air Force Systems Command

Eglin Air Force Base, FL 32542
Attn: Code 3246, LT G. Cipperly

T, TR T xw@,,mwv:@:?}mwmmw ¥

1673G/33

No. Copies

12

[ S S gy GNP O G Y [y P 3 e ped b ped bed ped

frad pod b b

S f!»ﬂnfx«w REXNYUAEN

- GRRNlaRus

i
i
:
;
3
1
3

Y PIRTRE AP ITEH KRt

W XN YW

SR T geos TRDNA § 7B O T 9 SRRV, T TR | ST 0

LRV

cwava




T oo,

DISTRIBUTION LIST (CONT'D)
Address

Commander

Rome Air Development Center
Griffiss Air Force Base, NY 13441
Attn: Code RADC/IRAD, Mr, M. Manor

Commanding Officer

Pacific Missile Test Center

Electro Optics Division

Point Mugu, CA 93042

Attn: Code 1233, Mr. J. Wad<worth
Code 1232, Mr. D. Stowell
Technical Library

Commancer

U.S. Army Electronic Command

Electronic Warfare Laboratories

Fort Monmouth, NJ 07703

Attn: Code DRSEL-WL-A, Mr. G. Spaeth
Code DELEW-P, Mr. G. Newsom
Technical Library

Commanding General

U.S. Army Armament Command

Rock Island Arsenal

Rock Island, IL 61201

Attn: Code DRSAR-RDT, Mr. R. Freeman

U.S. Army Foreign Science and Technology Center
220 Seventh Street, N.E.

Charlottesville, VA 22901

Attn: Code DRXST-CSX, Mr. J. Jacoby

Commander

Naval Surface Weapons Center

White Oak Laboratory

Silver Springs, Maryland 20910
Attn: Code X-21, Technical Library

Commander

Naval Avionics Center

Indianapolis, IN 46218

Attn: Code PC-010, Mr. P. Collignon

Commander
Air Force Wright Aeronautical Laboratories (AFSC)
Wright-Patterson Air Force Base, Ohio 45433
Attn: Code AFWAL/AAWKW-3, Mr, F. D. Linton

Code AFWAL/AAWW-3, Mr. R. D. Hunziker

Code AFWAL/AAWD-2, Mr. G. W. Schivley

16736/33

No. Copies

poad pond e

=t g ped

e

kol

soes
. e L. M

S o T mas

v N . e Lo ?'/,::s‘.?&:i,,‘ﬁh "

O P PP, YU P T L s v sy b,

Aot & e . 2l ki s

. —— A W

T

T T e R




e pree - FIAN RN - - PR Ty M H-r“ s wec, £ b3 e
. TR R e D e 4 P S R WA ISR AT o SR ZANIPR S B appn 22 m“\mﬂw
9

DISTRIBUTION LIST (CONT'D) 16736/33 !

Address ' No. Copies

Commander
Aeronautical Systems Division (AFSC) .
Wright-Patterson Air Force Base, OH 45433
Attn: Code ASD/RWH-E/ENADC, Mr. R. Sorenson
Code ASD/ENADC, Mr. H. Wigdahl
Code ASD/ENADC, Mr. P. Douville
Code ASD/RWWS, Mr. D. Graves
Technical Library

— DN e

Commander and Director

Office of Missile Electronic Warfare

Army Electronic Warfare Laboratory

White Sands Missile Range, New Mexico 88002
Attn: Code DELEW-M-FM, Mr. Donald DeMoulin

ot

Commander

US Army Missile Command

Missile Intelligence Agency

Redstone Arsenail

Huntsville, Alabama 35809

Attn: Code DRSMI-YTS, Mr. Curley W. Mann, Jr. 1

Commanding Officer

Naval Research Laboratory

Optical Sciences Division

Washington, DC 20375

Attn: Ccde 5530, Dr. R. A, Patten 1

Mail Services

Sandia Laboratories

Division 1535, Building 9925

Albuquerque, New Mexico 87185

Attn: Mr, Dave Bickel 1

SWL Incorporated

Suite 700, Park Place

7926 Jones Branch Drive

McLean, Virginia 22103

Attn: Mr. Otis Inge 1

Commander

4950th Test Wing

Wright-Patterson Air Force Base, Ohio 45433

Attn: Code FFAO, Mr, Bruce Noren : 1

Thiokol Corporation

P.0. Box 1149

Marshall, TX 75670

Attn: Dave Dillehay 1

rya o

o .
It il et L.

7

355,

BN § SR PGl M B
<

' Yo W S A e 25
3
. ) "‘:!" ,“J, Y R O
~ . ‘& * o -
i i s x Azl 2
. $a o2 Fovcer e Dt m.m@*’&%‘gmxm__q ——— _.\’:“‘ ‘ﬁ ‘m"” e A T o

I
H
g !




