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Materiel Test Procedure 10-2-107

21 March 1968 General Equipment Test Activity
U. S. ARMY TEST AND EVALUATION COMMAND D D < :
COMMODITY ENGINEERING TEST PROCEDURE m{‘p—’r‘?_ﬁ:'
METASCOPES - INFRARED, IMAGE- FORMING ii’f&
1. O3JECTTVE { { P g
) a - Miﬂ;}t:,

to determine the technical performance and safety characteristics of image=
forming infrared metascopes and associated peripheral equipment, as described
in Qualitative Materiel Requirements (QMR°s), Small Development Requirements
(SDR's), Military and/or Technical Characteristics (MC's or TC' s), and to
determine the items suitability for service tests, i

2, BACKGROUND

Combat units need a hand-held portable, all-weather surveillance de-
vice, suitable for the detection of near-infrared sources during the hours of
darkness, or as a general purpose night infrared viewer. The device, or met-
ascope, should be reliable, easy to maintain and repair, and safe to operate.

The metascopes may be used as a countermeasures device during night
operations under combat conditions. Surveillance of enemy-held positions with
the passive metascope receiver will reveal active infrared or near infrared
search activities and provide a tactical advantage. Further, under favorable
tactical conditions, the metascope may also be used with a companion infrared
source to illuminate an area of interest for observation with the metascope
receiver,

3. REQUIRED EQUIPMENT

a. Platform Scales.

b. Steel Measuring Tape.

c. till Camera and Film.

d. Light Source (grey-body) and Power Supply Combination Capable of
operation at Color Temperature of 2870 degrees X.

e. White Diffuse Screen.

f. Filter, 107 neutral.

g. Filter, 107 infrared.

h. High Gain Photo-Detector/Multiplier with Spectral Response Ap-
proximating the Sensitivity of the Photopic Eye.

i. Regulated High Voltage Power Supply, 700 to 1000 Volts D.C.,
4+ 0.1% Regulation.

j. Low Frequency Oscilloscope with at least 1 sec. persistence or
Recorder.

k. Sweep Generator.

1. Test Targets as follows:

-

G

1) Resolution - lines from 0.2 lines/mm. to 3 lines/mm,
2) Field of view - 2 vertical lines spaced in accordance with
test item field of v1ew spec1f1cat10ns. N
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3) Focus Range - Multi-lines suitably spaced tc obtain positive
focus with test item 1 yard or less from test target,

m, Collimator Lens System,
n. Pick-up Lens System or Low Power Telescope.
o. Single Vertical S1it approximately 1.5 + 0.5 mm wide and 5 mm

high.

. p. Test Bench for mounting Optical and Electronic Components.

3 q. Telescope with provision for measuring angular displacement hori-

g zontal and vertical planes, magnification typically from 1 to 2, and cross

i hairs.,

i ‘ r. Tripod for mounting test item.

E s. Meteorological Equipment to measure the following:

i E 1) Temperature
i ‘ 2) Barometric Pressure
| f! 3) Relative Humidity

i t. High Voltage D.C. Voltmeter.

: u. Standard Photometer and N.B.S. Standard Lamp.

! v. Relative Measurement Colcr Selective Photometer.

.i§ w. High-density Filter Photometer.

i X. Infrared Filter Photometer,

5 y. Insulation Test Set,

z. Drop Test Facility. j

N 4, REFERENCES

A. MIL-STD-1241A, Optical Terms and Definitions, 31 March 1967.
B. Technical Manual TM 5-1090-200-15, Weaponsight, Infrared Telescope

. Agssembly, with Light Source and Carrying Case, Fabruary 1962,

; \ C. Technical Manual TM 5-1090-203-15, Metascope Assembly, Image, In-
frared, Transistorized, dated July 1962.

] D. McGraw-Hill, American Institute of Physics Handbook, Second Edition,

3 1965,

. E. Cotton, H., Principles of Illumination, 1960.

B F. Society of Photographic Instrumentation Engineers Physioptics Manual,

] 1 September 1963,

b G. Office of Naval Research Handbook of Military Infrared Technology,

i 1965,

" H. MIL-M-45531A (MO) Metascope Assembly, Image, Infrared, Transistor-

¥ ized, 14 May 1964,

I. Machol, R. E. System Engineering Handbook, 1965.

J. MIL-STD-150A, Photographic Lens, 12 May 1959,

K. Radio Corporation of America Photosensitive Devices and Cathode-
Ray Tubes, 1960.

L. USATECOM Regulation 385-6, Safety Regulations, 13 November 1965,

-3 M. Schure, A. Phototubes, 1959,

N. USATECOM Regulation 705-4, Equipment Failure (Performance)Report,
22 October 1965,

0. MIL-STD-810B, Environmental Test Methods: Shock, 15 June 1967.
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P. National Bureau of Standards Precision Measurement and Calibra-
tion - Optics, Metrology, and Radiation, 1961,

Q. Wood, F. B, Photoelectric Astronomy for Amateurs, 1963,

R, MTP 10-2-500, Physical Characteristics,

S. MTP 10-2-501, Operator Training and Familiarization.

T, MTP 10-2-503, Transportability.

U. MTP 10-2-505, Human Factors Evaluation.

V. MTP 10-2-507, Maintenance Evaluation,

5. SCOPE
4 5.1 SUMMARY

This procedure describes the preparation for, and methods of, evalu-
ating the performance characteristics of image-forming infrared metascopes, as
follows:

a. Preparation for Test - A determination of the condition of the

test upon its arrival, and the test item's physical characteristics.
‘ b. Receiver Brightness Gain and Resolving Power Test - An evaluation
! to determine the ability of the test item image forming receiver to record fine
detail in the object as limited by diffraction, optical system aberrations,
image converter tube resolution capabilities, and the precision employed in pre-
paring and centering the test item's optical components.
¢. Receiver Linear Distortion Test - An evaluation to determine the
i degree of test item image deformation as caused by variations in the magnifica-
! tion of the optical system and imagze converter tube.
d. Receiver Field of View Test - An evaluation to determine the maxi-
mum angle at which the test item will admit object field rays as limited by
the maximum specified allowable distortion, ‘
i ¢. Receiver Focus Range Test - An evaluation to determine the test
item's ability to meet the specified minimum and maximum focus limits,

f. Infrared Light Source Characteristics and Light Source-Receiver
Alignment Test ~ A study to determine the beam candle-power distribution and the
alignment of the beam with the test item receiver optical axis.

8. Infrared Filter Characteristics Test - An evaluation to determine
the optical efficiency of the test item infrared filter as indicated by the
ratio of the filter's effective visual light transmission to the filter's capa-
bility for transmitting infrared energy at the specified wave lengthts,

h. Maintenance - An evaluation to determine the adequacy of the
manufacturer's technical and maintenance instructions provided with the test
item and to determine the degree to which the test item is designed fo facilitate

maintenance and repair,
i, Transportability ~ An evaluation to determine the capability of

the test item to withstand the shock and vibration associated with normal
handling and while being transported.

j. Safety - An evaluation to determine the safety characteristics
of the test item,

k. Human Factors Evaluation - An evaluation to determine the adequacy
of the design and layout of controls, and any operability and accessibility

design deficiencies,
1. Value Analysis - A study to reveal any unnecessary test item features.

-3-
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5.2 LIMITATIONS

The test methodology and techniques prescribed by this document per-
tain only tc optical devices which utilize image converter tubes. Appendix A
describes the unique construction features imposed by this restriction, Ap-
pendix B descr.bes a range of available image converter tube performance
parameters which have been addressed by this document and may be considered
as the limiting factor of the tests summarized by 5.1 above,

6. PROCEDURES
6.1 PREPARATION FOR I EST

6.1.1 Initial Inspection

Upon receipt of the test item at the test site, the test item shall
be subject to the applicable portions of MTP 10-2-500 and the following pro-
cedures:

a. Visually inspect the test item package(s) and record the following:

1) Evidence of packaging damage or deterioration.
2) Identification markings, including:

a) Name of contractor

b) Number and date of contract

¢) Date of manufacture

d) Other markings pertaining to the test item

b. Weigh and measure the individual ﬁackage(s) of the test'item and
its accessories and record the following:

1) For each shipping package:

a) Contents

b) Weight
¢) Length, width, and height
d) Cubage

2) For the entire test item:

a) Weight
b) Cubage

¢. Unpack the test item, visually inspect it and record the following,
when applicable:

1) Evidence of defects:

a) Manufacturing
b) Material

-4~
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c¢) Workmanship

2) Evidehce of damage
3) Evidence of wear

&

NOTE: Make use of photographs, diagrams and narration to in-
dicate the condition of the test item. )

‘gﬁs d. Presence of instruction plates, if applicable, inéluding:
1) 1Identification, name and serial number

2) Caution instructions
3) Service instructions

S, Moy o TR e

e. Existence of shortages.

6.1.2 Physical Characteristics

Determine and record the following nhysical characteristics of the
test item.

a. Type, size, and serial number of each test item being tested.
b. For individual test item components, if applicable:

i
i
5
k
H
4
¥
i
¥
5
DA
P

> 1) Weight
D=k 2) Length
!g 3) Overall diameter

c. For each complete test item (fully assembled):
1) Weight

.2) Length .
3) Overall diameter

6.1.3 Operator Training and Familiarization

A Orient the test personnel in all phases of maintenance, operation,
‘ and safety of the test item according to MTP 10-2-501.

6.2 TEST CONDUCT

NOTE: During installation and operation, the operating techniques
provided in the manufacturer's instruction manual or technical
manual will be used, Any change or deviation from these in-
structions will be recorded in the test item log book.

6.2.1 Receiver Brightness Gain and Resclving Power Test

6.2,1.1 Preparation for Test

D Rt 2Lt

o a. Obtain the following components,or equivalent, and arrange them

| s-




7

MIP 10-2-107
21 Marcﬁ 1968

for the test as shown in Figure 1:

1

Electronics Lens Bench

NOTE: The electronic lens bench is an extension of the ordinary

2)

3)
4)
5)

6)

NOTE:

7)

8)

optical lens test bench. Additional provisions are made
for the adjustable mounting of electrogzoptijical devices,

such as photo-detectors/photomultipliers, onto the lens

holder track such that overall optical centering may be

accomplished in the conventional manner.

A light source (grey-body) and power source combination cap-
able of operating at a color temperature of 2870 degrees K.
(See Appendix C.).

White diffuse screen.

Filters, 107% Neutral and 10% 1nfrared

A high gain photo-detector/multiplier suitable for the detec-
tion and measurement of low light levels with a spectral re-
sponse approximating the sensitivity of the photoplc eye,
(See Appendix D).

A regulated high voltage power supply for the photo-multi-
plier which is adjustable over the range of 700 wvolts D.C.
to 1,000 volts D.C.

For a desired photomultiplier overall gain variation of
3- 1% power supply regulation must not vary by more than
1 0.12%.

Low frequency oscilloscope with a long persistence (100
millisec to 1 sec) screen phosphor or recorder.

A sweep generator as required to synchronize the oscilloscope
horizontal sweep circuits iit respect to test target frame
linear motion and the vertical oscilloscope input from the
photomultiplier.

9) A variable frequency high contrast test target.

NOTE:

10)

The test target should be suitable for sweeping across the
electronics lens bench optical axis in the horizontal
plane. The frequency range of the test target should ex-
tend from .2 lines per MM to 3 1lines per MM. The sug-
gested frequency range is based on an expected reduction
of 25X by the test set up optical components which fur-
nish the collimated test image for the test item receiver
when it is inserted and centered along the electronic lens
bench optical axis. The 25X reduction would then yield a
range of lines varying from 5,0 per MM to 75 per MM or
approximately 2.5 line pairs per MM to 37.5 line pairs per
MM per target frame.

A collimator lens system, having a focal length (a collimator
lens system speed of £/3.5 is typical) which will produce

-6-
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the reductfon ratio of the test target apecified in the
test plan,

NOTE: The test target is aligned and calibrated to scan at (M
1+ 1) focal lengths in front of the collimator lens system.
"M" is the desired reduction ratio of object to image
size,

11) A pickup lens system or low power telescope suitable for
focusing the test target image onto the plane of the single
slit,

12) A single vertical slit which is approxumately 1.5MM * .5MM
wide and 5MM high and is otherwise capable of projecting the
diffracted image onto the plane of the photomultiplier
photocathode.,

b, Carefully align each component in step a to the optical axis of
the electric lens bench.

NOTE: The high voltages at which typical photomultipliers operate are
very dangerous. Care should be taken in the design of appara-
tus to prevent the operator from coming in contact with these
voltages. Precautions should include the enclosure of high
potential terminals and the use of interlock switches to break
the primary supply when access to the apparatus is required.

6.2.1.2 Test Conduct

a. After checking the alignment of the test setup with the optical
axis of the electronic lens bench, calibrate the optical lens bench without the
test {tem installed and record the values obtained for comparison with test
data obtained with the test item installed,

NOTE: Preliminary operation including final alignment and calibration
of the test setup is required as an integral part of the bright-
ness gain and resolving power determinations. During this
phase of test conduct, reference comparison values are ob-
tained without the test item installed in the test apparatus,
Adjustments performed to calibrate the optical lens bench
and peripheral equipment should not be zltered in any way
following measurement and recording of the reference data,

This requirement, however, does not preclude test officer
directed pre-test operations of the test apparatus for the
purpose of familiarizing test personnel with test conduct
procedures and to verify satisfactory performance of the test
setup,

b, Measure and record test area temperature,

NOTE: The test conduct area temperature would typically bs maintained
at 68 degrees F., or at the temperature specified as normal

-8-
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for the test item, Test conduct should not be undertaken
at area temperatures exceeding photomultiplier specified
maximum operating parameters. Operation at or above these
maximum values or under variable ambient conditions may
result in excessive or unstable photomultiplier "dark
current' in the absence of any other input energy contri-

bution,
c. Insert the 10% neutral filter in the electronic lens bench optical
path,

NOTE: The image forming receiver is not installed at this time,

Apply the light source voltage and adjust the current flow to

d.
Measure and record

obtain operation at a color temperature of 2870 degrees K,

the voltage and current values.
e. Adjust and focus applicable test setup components to achieve a

precise test target image on the plane of the single slit aperture.
f. Record the high voltage value and the anode current value of thea

photomultiplier after performing the following:

Close the photomultiplier photocathode enclosure aperture.

1)

2) Apply primary power to the photomultiplier regulated high
voltage power supply and adjust the high voltage to produce
the photomultiplier gain required in the test plan.

3) Verify proper operation of the photomultiplier by measuring

the anode current and assuring that this current value is
the specified "dark current" for the selected tube type for

the measured test area temperatures,

g. Initiate horizontal sweeping of the test target across the electronic

lens bench optical axis.
h. Open the photomultiplier photocathode enclosure aperture and ob-

serve the resulting wave form trace on the oscilloscope. Adjust, as required,
the distance between the single slit and the photomultiplier photocathode to
achieve a clearly defined trace and maximum deflection as observed on the

oscilloscope.
i. Adjust the oscilloscope vertical gain for a wave form maximum

deflection of 50% full scale deflection and measure and record the maxim'm and
minimum values of wave form deflection,
The values recorded in the step above represent the reference

comparison data which will be used to calculate the reference
light source percentage of modulation. Changes to test setup

ad justments following this step will void the test.

NOTE:

Replace the 10% neutral filter with the 10% infrared filter.

j.
k. Measure and record the high voltage supplied to the image forming

receiver after performing the following:

1) 1Install the image forming receiver along the optical axis

-9-
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of the electronic lens bench between the collimator and the
infrared filter,

2) Adjust the high voltage power supply to the value specified
in the test item operating manual,

1. Measure and record the maximum and minimum deflection of the re-
sulting wave form on the oscilloscope.

m. Observe and record the maximum number of line pairs per MM which
the test item can resolve,

n. Record the reduction ratic of the collimator lens system in the !
test getup,

6.2.2 Receiver Linear Distortion Test

6.2.2.1 Preparation for Test

a. Obtain the following components or equivalents and arrange them
for the test as shown in Figure 2,:

1) Electronic lens bench

2) A light source (grey-body) and power source combination capable
of operating at a color temperature of 2870 degrees K. (See
Appendix C).

3) A linear distortion test target consisting of three vertical,
equally spaced lines. (The equal-distance line should be
centered on the test target and the lines to the right and
left should be spaced to represent the angular displacement
from the optical axis for which the test item linear distor-
tion requirement is specified).

NOTE: Although line height and width are not critical, these
dimensions should be considered in respect to the selected
reduction ratio,

4) A collimated lens system, having a focal length which will
produce the reduction ratio of the test target specified
in the test plan.

5) A telescope with provisions for measuring angular displacement
in the horizontal and vertical planes. (The telescope magni-
fication may typically range from 1 to 2 power; cross hairs
are required),

ET)

b, Carefully align each component in step a, as applicable, to the
optical axis of the electronic lens bench.

6.2.2.2 Test Conduct
v NOTE: Preliminary operation including final alignment and calibration
{ of the test setup is an integral psrt of the linear distortion

determination, This requirement, however, does not preclude
test officer directed pre-test operation of the test apparatus

-10-
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a.

for the purpose of familiarizing test personnel with the test
conduct procedure and to verify satisfactory performance of
the test setup.

Measure and record test area temperature.

NOTE: The test area temperature and temperature stability requirement

b.

for this test is based on normal operating parameters specified
for the test item,

Apply the light source voltage and adjust the current flow to ob-

tain operation at a color temperature of 2870 degrees K. Record the voltage

and amperage.

NOTE: Steps b through g are performed without the test item installed

C.

in the test setup,

Set the telescope horizontal and vertical adjustment controls to

zero degrees and zero minutes,

d.

While observing the test target image through the telescope, adjust

the telescope focus to obtain a clear image of the test target center line.

e,

With the telescope, measure and record the angular height of

the test target center line.

f.

Rotate the telescope around the entrance pupil and align the tele-

scope vertical cross hair to the right test target line. Measure and record
the angular height of the right test target line.

g.

Rotate the telescope around the entrance pupil and align the

telescope vertical cross hair to the left test target line., Measure and record
the angular height of the left test target line.

h.

Measure and record the high voltage supplied to the image~forming

receiver after performing the following:

1.

1) 1Install the test item along the optical axis of the lens

bench as shown in Figure 2,
2) Adjust the high voltage power supply to the value specified

in the test item operating manual.

Repeat steps d through g with the test item in operation.

6.2.3 Receiver Field-of-View Test

6.2.3.1 Preparation for Test

a,

Mount the test item on a tripod or similar rigid structure at the

distance specified in the test plan (approximately 15 feet) from a smooth verti-
cal surface suitable for mounting a test target. (See Figure 3 for a schematic

layout of a typical test setup).

b-

Prepare a test target consisting of two vertical lines spaced

to represent the angular subtense of arc at which the test item field-of-
view requirement is specified and the distance selected for placement of the

test item from the test target.

-12-




-

R N N A RS T 1 v

P S A R

MTP 10-2-107
21 March 1968

NOTE: The test target would typically be of high contrast, i.e.,
50/1 to 100/1. Line width would typically be as narrow as
possible, but within the resolving capabilities of the )

test item. ’

c. Attach the test target to the vertical surface,

NOTE: The test setup is aligned such that the optical™axis of the
test item is perpendicular to the plane o: the test target
at a point equal distant between the test target vertical
lines.

d. Install a light to illuminate the test target with visible light.
6.2.3.2 Test Conduct

NOTE: Preliminary operation including final alignment and calibration
of the test setup is an integral part of the field-of-view
determination. This requirement, however, does not preclude
test officer directed pre-test operation of the test apparatus
for the purpose of familiarizing test personnel with the test
conduct procedure and to verify satisfactory performance of
the test setup.

a. Measure the distance between the test target and test item to con-
firm that the distance is equal to that specified in the test plan. Record the
test item to test target distance.

'b. Check the alignment of the test item to confirm that its optical
axis is perpendicular to the test target at a point midway between the vertical
lines. : ‘ ,

c. Measure the distgnce between the test‘target lines to confirm that
they are spaced as required in the test plan and record the distance.

d. Adjust the high voltage power supply for the test item to the
value specified in the test item operating manual and measure and record the
value,

e. Illuminate the test target with visible light.

f. Measure and record test area temperature.

NOTE: The test area temperature and temperature stability requirement
for this test is based on normal operating parameters specified
for the test item. .

g. Observe the test target through the test item. Record the number
of vertical lines visible.

h. 1f two test lines are visible, decrease the distance between the
point of original observation and the test target in small increments. Continue
until one or both lines disappear from the field-of-view. Record the distance
value.

i. When fewer than two lines are observed in step g, increase the
distance between the point of the original observation and the test target in

small irncrements. Continue until both lines are visible. Record the distance
value.

-13-



M3IIA 40 QT34 Y¥3IAIZDIY ONIWY¥Od 3IFOVNI

Qodiydl

(¥3A13034  ONINYO4 39VNI) W31l 1S31
{WNY¥LI3dS 3TWISIA) 3DUNOS ONILVYNINNTTI

HS¥SI =~ Q ‘IONVLSIO

2]

IIV4¥NS TVOILH3IA 139¥VL 1S3L
SIXY WIl1dO

dn-13S 1S3l
IVIIdAL V¥ 40 1NOAVTY DJILVAN3IHOS

N N T v

NOI11di¥dIS3a

r===-1
<

MIP 10-2-107
21 March 1968

L-.ﬂr—d
%
Q
N\

-14-




|

- p

R

MTP 10-2-107
21 March 1968

6.2.4 Receiver Focus Range Test

6.2,4,1 Preparation for Test

a. Mount the test item on a tripod or similar rigid structure. (See

Figure 4 for a schematic layout of a typical test setup .
b. Prepare a test target consisting of multi-lines, Individual line

width, height, and spacing to adjacent lines are chosen such that positive

test item focus may be obtained at a distance greater than 100 yards,
¢. Prepare a test target consisting of multi-lines similar to 6.2.4.1(b)

except suitable for obtaining test item positive forus at a distance of 1 yard

or less.
d. Mount the test targets so that they can be moved along the optical

axis of the test item,
e. Position visible light sources so as to illuminate the test targets.

6.2.4,2 Test Conduct

NOTE: Preliminary operation including final alignment and calibration
of the test setup is an integral part of the focus range
determination, This requirement,however, does not preclude
test officer directed pre-test operation of the test apparatus
for the purpose of familiarizing test personnel with the test
conduct procedure and to verify satisfactory performance of

the test setup.

a. Adjust the high voltage power supply for the test item to the value
specified in the test item operating manual and measure and record this value,
b. Measure and record test area temperature,

NOTE: The test area temperature and temperature requirement for this
test is based on normal operating parameters specified for the

test {tem,

¢. Set the test item focus adjustment to the mechanical stop indicating

the minimum focus point.
d. Position the short range test target a few inches from the test

item objective lens and illuminate it with visible light. Increase the dis-
tance between the test carget and the test item until a sharp clearly defined
image is obtained. Measure and record this distance.

NOTE: The focus adjustment obtained above is not changed until the
final focus range test step.

Position the long range test target a minimum of 100 yards from

e.
Measure and record the

the test item and illuminate {t with visible light.

distance between the test target and test item,
f. Slowly change the test item focus adjustment until a sharp, clearly

defined image is obtained of the long range test target. Record the range
of test item focus adjustment remaining.

-15-
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6.2.5 Infrared Light Source Charscteristics and Light Source-Receiver
and Alignment

6.2.5.1 Preparation for Test

a. Mount the test item on a tripod or similar rigid structure. (See
Figure 5 for a schematic layout of the test item setup).
b. Select a new lamp of the type required by the test item at random

and install it,
c. Obtain a standard photometer and calibrate against a National

Bureau of Standards (NBS) standard lamp.

NOTE: The applicable NBS standard lamp operates at a color temperature
of 2360 degrees K.

d. Obtain a relative measurement color selective photometer.

e, Connect an external, adjustable power source capable of furnishing
the voltage and amperage specified for the test item lamp.

f. Locate the optical axis of the test item and extend this line to
the vertical test surface. Indicate the point at which the test item optical
axis is perpendicular to the vertical surface,

6.2.5.2 Test Conduct

NOTE: Preliminary operation including final alignment and calibration
of the test setup is an integral part of the beam characteris-
tics and light source-receiver alignment determinations.

This requirement, however, does not preclude test officer
directed pre-test operation of the test apparatus for the pur-
nose of familiarizing test personnel with the test conduct
procedure and to verify satisfactory performance of the test
setup,

a. Position the test item at the distance specified in the test plan
from the vertical test surface and record the distance.
b, Measure and record the test area temperature,

NOTE: The test area temperature and temperature stability requirement
for this test is based on normal operating parameters specified
for the test item.

¢. Adjust the lamp power source voltage to the value specified in the

operator's manual,
d. Apply the voltage to the lamp of the test item and measure and

record the operating voltage and current.

NOTE: The infrared filter is not installed in the light source
during this test,

e. With the standard photometer, locate the point on the vertical test
surface of peak foot-candles, Mark this "maximum hotspot' on the vertical surface.
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Measure and record the peak foot-candle at this point,

f. Measure and record the deviation, if any, of the 'maximum hotspot"
from the mark indicating the test item extended optical axis.

g. Determine the luminance distribution of the test item lamp by
the following method:

1) Draw a circle on the vertical test surface using the "maxi-
mum hotspot' as the center and a radius equal to the calcu-
lated linear distance corresponding to the manufacturer's
specified angular distribution of the test item lamp beam.
Draw a polar grid in the circle by drawing a vertical and a
horizontal line through the center of the circle and three
concentric circles with centers at the center of the circle
and radii equal to %, %, and ;| of the radius of the circle.
Place the spectral response S-4 (blue) probe of the relative
measurement color selective photometer at the '"maximum hot-
spot' on the vertical test surface and set the photometer
linear percent scale to read 100%.

Measure the beam intensity in terms of percentage of peak
candle power at each grid point drawn on the vertical test
surface in step 2,

Record the following:

a) Angular distribution of lamp beam
b) Radius of circle drawn in step 1
¢) Photometer readings at each grid point

h. 1Insert the infrared filter in the light source.

i. Adjust the high voltage power supply for the test item image former
receiver tc the value specified in the operating manual and measure and record
the voltage after the test item has been placed in operation.

j. Locate the apparent center of the image forming receiver field-of-
view on the vertical test surface. Measure and record the distance between the
receiver center of view point and the maximum foot-candle point,

6.2.6 Infrared Filter Characteristics Test

NOTE: The object of this test is to determine the optical efficiency
of the test item, This is accomplished by determining: (a)
how well the infrared filter transmits infrared light (energy)
at the specified wave lengths (EHT) and (b) how well the
infrared filter blocks the transmission of visible light (EVT)
generated by the test item light source. The ratio, then

EHT
EV?' will yield the optical efficiency factor for the test item
filter,

6.2.6.1 Effective Visual Transmission Test

6.2.6.1,1 Preparation For Test - Perform the following:
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a. Prepare a high density filter photometer for operation. The
photometer may be obtained as a unit or constructed by assembling the fol-
lowing components as shown in Figure 6:

NOTE: Since the inherent design objective of the metascope near
infrared filter is to block visual energy, a standard
photometer will prove insensitive to the low levels of
visible light transmitted by the filter.

1) A light source (grey-body) and power supply combination
capable of operation at a color temperature of 2870 degrees K.

2) A lens system suitable for focusing the light source rays
onto the plane of the filter under test.

3) A Lummer-3Jrodhun cube,

NOTE: The Lummer-Brodhun cube consists essentially of two right
angle prisms, the outer portion of the hypotenuse of one
being ground away before they are cemented together.

When illuminated from two sources, as shown in Figure 6,
the net effect to the observer, who has the capability

of viewing both light sources through the cube, will be
two light spots of unequal brightness. However, when

the current to the standard lamp is varied such that the
intensity of the standard lamp is made to equal the un-
known source intensity may be calculated from the standard
lamp calibratiou curves of candle power vs. current and

a linear proportion involving the square law of the dis-
tances. Under the most favorable conditions, an exper-
ienced observer can attain an accuracy of .2% in the mean
of a large number of tries,

4) A standard lamp and adjustable power supply capable of being
operated at 6-candlepcwer.

NOTE: The standard lamp is NBS calibrated and includes a cali-
bration curve of candlepower vs. current.

5) A diffuse screen of opal glass.
6) Color match filters for the standard lamp optical path.

NOTE: Since the transmission of visible light by the test item
infrared filter may be color selective, it is necessary
to not only match brightness, but also apparent color, as
obaserved.

b. Calibrate the photometer using the procedure provided, if a pre-
assembled unit is used, or by comparison against a record standard lamp for an
assembled lamp, in order to correct for the losses in the primary standard lamp
optical path caused by the opal glass and match filters.

6.2.6.1.2 Test Conduct - Perform the following:
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a. Insert the test item infrared filter in the test setup between
the focus lens system and the Lummer-Brodhun cube.

b. Apply power to the light source. AdJUSC the voltage and current
to produce a color temperature of 2870 degrees K and measure and record the
operating voltage and current.

c. Apply power to the standard lamp and adjust to some nominal value.

d. Observe the resulting field through the pick-up lens system.

e. Obtain a color match with the available match filters and record
the filter selected.

f. Obtain a brightness match by adjusting the current flow to the
standard lamp. Measure and record the standard lamp voltage and current values.

6.2.6.2 Effective Holo-Transmission Test

6.2.6.2.1 Preparation for Test - Prepare an infrared filter photometer for opera-
tion. The photometer may be obtained as a unit or constructed by assembling the
following components as shown in Figure 7:

a. A light source identical to the infrared filter EVT test setup.

b. A lens system suitable for focusing the light source rays onto
the plane of the image converter tube.

c. An image converter tube with an RETMA S-1 sensitivity. (See Ap-
pendix B).

d. A pick-up lens system suitable for focusing the output of the
1mage converter tube onto the photomultiplier photocathode. ‘

e. A photomultiplier tube with an RETMA S-4 sensitivity.

NOTE: Refer to section 6.2.1.1 for additional photomultiplier
considerations.

f. An electronic signal processor capable of rendering the photo-
multiplier output signal suitable for display on an output meter.

6.2.6.2.2 Test Conduct - Perform the following:

NOTE: Preliminary operation including final alignment and calibration
of the test setup is an integral part of the EHT determination.
This requirement, however, does not preclude test officer
directed pre-test operation of the test apparatus for the
purpose of familiarizing test personnel with the test con-
duct procedure and to verify satisfactory operation of the
test setup.
,&
a. Apply power to the lightbsource and adjust the voltage and current
to obtain operation at a color temperature of 2870 degrees K. Measure and re-~
cord the voltage and amperage. &

NOTE: The test item infrared filter is not installed in the test
setup at this time.

b. Apply high voltage to the image converter tube, Measure and
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record the high voltage value.

. Apply high voltage to the photomultiplier tube, adjust it to pro-
duce the degree of gain specified in tha test plan, and measure and record the
high voltage and ancde current values.,

d., Adjust the electronic signal processor gain to obtain a 100%
reading on the test s2tup output meter.

NOTE: Adjustments to the test setup following this step will
void this test,

e. Measure and record the test area temperature.

NOTE: The test area temperature would typically be maintained at 68
degrees F. or at the temperature specified as normal for the
test item., Test conduct should not be undertaken at area
temperatures exceeding photomultiplier specified maximum
operating parameters, Operation at or above these maximum
values or under variable ambient conditions may result in
excessive or unstable photomultiplier "dark curreat'' in the
absence of any other input energy contribution..

f. Insert the infrared filter at the photomultiplier aperture and,
using the output meter, measure and record the amount of infrared light trans-
mitted through the filter,

6.2,7 Maintenance

During the conduct of paragraphs 6.2.1 through 6.2.7, determine the
maintenance criteria of the test item as described in MIP 10-2-507 and the
following:

a. Maintain a record of scheduled maintenance conducted in accordance
with the manufacturer's instructions furnished with the metascope assembly.
b. Determine and record the following, as required:

1) The adequacy of the interchangeability of parts for replace-
ment operations.

2) The adequacy and accuracy of the technical and maintenance
instructions provided by the manufacturer,

3) Equipment deficiencies, causes, and suggested or corrective
action taken,

NOTE: All equipment failures shcll be ceported in accordance with
USATECOM Regulation 705-4.

6.2.8 Transportability

6.2.8.1 Shock Test

a. Inspect the rest item and record indications of the following:
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Defects in metascope assembly chassis,
Presence of scratches, cracks, or other damage to the
following:

a) 1Image forming receiver optics
b) Light source lamp, lens and filter

b, Pack the metascope for shipment as direct in the test plan.

NOTH: Remove self-contained batteries, if applicable, from the
test item. Wrap the batteries in acid-proof material and pack
as instructed with the test item,

¢. Subject the packaged test item to the shock test of MIL-STD-810B
Method 516, Procedure 1I.

d. At the completion of the test, unpackage the test item and perform
the following:

1) Repeat the inspection of step a.

2) 1Inspect the light source lamp with the aid of a magnifier to
determine if the lamp filament was damaged and record all indi-
cations of damage.

6.2.8.2 Vibration Test

a. Perform the inspection and packaging operations of 6.2.8.1.a and b.
b, Subject the packaged test item to the vibration test prccedures

of Equipment Category g (Shipment by Common Carrier) of Method 514 of MIL-STD-810B.
c. Repeat step 6.2.8.1.d.

6.2.9 Safety

NOTE: The principal hazard associated with the metascope assembly is
the presence of the image converter tube high voltage. De-
pending on the type of tube employed, this voltage will range
from 12,000 volts to 20,000 volts,

a. Determine the electrical hazards inherent in the test item by per-
forming the following:

1) Disassemble the metascope image forming receiver,

2) Using an insulation test set, measure and record the dielectric
breakdown of the various connectors which route the high vol-
tage to the image converter tube and the insulating materials
which protect the operator,

3) Measure and record the test area temperature, humidity, and
barometric pressure during the test.

NOTE: The parameters above should be as close as possible to the
normal operating conditions specified for the test item,
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b. Through the test period, test personnel will observe and record
any condition that might present a safety hazard, the cause of the hazard,

and steps taken to alleviate the hazard.
¢. Record special precautions required for operating and maintain-

ing the test item,

NOTE: Test personnel should never point the metascope toward the sun
or any other intense visible light source,

6.2.10 Human Factors Evaluation

Subject the test item to the applicable sections of MIP 10-2-505,
Human Factors Evaluation, and the following:

a, Throughout the test, observe and record any difficulties such as
excesglve pressure or awkwardness in the operation of controls.
b. Throughout the test, observe and record difficulties in accessi-~

bility or operation of the test item.
c¢. Record any inadequacies in the design of the viewing device ef-

fecting ease of vision, comfort, etc.
d. Measure and record the noise level of equipment, if applicable,
e, Observe and record the anthropometric effects of protective clothing

on operations.

6.2.11 Value Analysis

Conduct a value analysis of the tegt item to determine whether the
device has any nonfunctional, cost, or unnecessary features in accordance with
USATECOM Regulation 700-1, and perform the following:

a, Observe the metascope being operated and maintained. Record any
evidence that the test item incorporates features which could be eliminated
without compromising performance, reliability, durability, or safety,

b. Informally question metascope operators and maintenance personnel
in regard to their opinion of test item features which could be eliminated with-
out decreasing the functional value of the test item. Record these findings,.

¢c. Test team members shall observe the test item in use and will com-
ment separately in the daily log in regard to the elimination of unnecessary

features,
6.3 TEST DATA

6.3.1 Preparation for Test

6.3.1.1 Initial Inspection
Record the following:

a. Evidence of package damage or deterioration
b, ldentification markings:
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1) Name of contractor

2) Number and date of contract
3) Date of manufacture

4) Other pertinent markings

c. For each shipping package:
1) Contents

2) Weight, in pounds
3) Overall dimensions, in feet and inches, of:

a) Length
b) Width
c) Height

4) Cubage, in ft®
d. For the entire test item:

1) Weight, in pounds
2) Cubage, in ££2

e, Defects in:
1) Manufacturing
2) Material
3) Workmanship
f. Evidence of damage
g. Evidence of wear
h. Presence of:
1) Identification plate
2) Caution instruction plate
3) Service instruction plate
i. Shortages (parts and instructions)
Physical Characteristics

Record the following for each metascope under test:

a. Type, size &nd serial number
b, For individual test item components, if applicable:

1) Component nomenclature

2) Component weight, in pounds
3) Component length, in feet

4) Component diameter, in inches

c. For complete test item (fully assembled):

-27-
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a.
b.
c.

h.
il

a,
b'

) Weight, in pounds
2)  Length, in feet
3)  Overall diameter, in inches

Test Conduct
Receiver 3rightness Gain and Resolving Power Test

Record the following:

Calibration factors for optical lens bhench.
Test area temperature, in degrees F.
For the 2870 degrees K light source supply:

1) Voltage
2) Amperage

For the photomultiplier:

1) Voltage
?7) Anode current, in amperes

Calibration measurements of oscilloscope wave deflection:

1) Maximum deflection, in cm
2) Minimum deflection, in cm

Image converter tube high voltage.

Oscilloscope deflection with image=-forming receiver in operation:

1) Maximum deflection, in cm
2) Minimum deflection, in cm

Test target resolution, in line pairs per MM.
Reduction ratioc of collimator lens system.

Receiver Linear Distortion Test

Record the following:

Test area temperature, in degrees F
For the 2870 degrees K light source supply:

1) Voltage
2) Amperage

Angular height, 1in degrees (without test item) of:

1) Center line
2) Right line
3) Left line
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d. Image converter operating high voltage
e. Angular height, in degrees (with test item in test setup) of:

1) Center line
2) Right line
3) Left line
6.3.2.3 Receiver Field-of-View Test

Record the following:

a. Test area temperature, in degrees F
b. 1Image converter tube high voltage
¢. Test target lines:

: 1) Line separation, in inches
g 2) Line width, in inches
3) Line height, in inches

b d. Perpendicular distance, in inches, between the test target and the
test item:

1) Distance at time of initial setup

2) Distance at which one or both lines disappear from view
3) Distance at which both lines appear

6.3.2.4 Receiver Focus Range Test

Record the following:

a. Test area temperature, in degrees F

b, 1Image converter tube high voltage

c. Distance between test item and short range target, in inches
d. Distance between test item and long range test target, in feet
e. Range of test item focus adjustment remaining

P o h % iy oria

6.3.2.5 Infrared Light Source Characteristics and Light Scurce-Receiver and
Alignment

Record the following:
a. Test area temperature, in degrees F,
b. Distance between test item and test surface, in inches.

c. For the infrared source:

1) Voltage
2) Amperage

d. Distance between "hot spot'" and poinc at which optical axis inter-

sects the test surface, in inches.
e, Light intensity at "hot spot" in lumens,
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f. Relative light intensity at the four equally spaced points on the
0°, 90°, 180°, and 270° radii in percent of the maximum '"hot spot'.

g. Image converter tube high voltage.

h, Distance between center point of the test item field-of-view and

the "hot spot'.
6.3.2,6 Infrared Filter Characteristics Test
6.3.2.6.1 Effective Visual Transmission Test -
Record the following:
a. For the 2870 degrees K light source:

1) Operating voltage
2) Operating amperage

b. Color match filter number
¢, For the standard lamp:

1) Voltage
2) Amperage

6.3.2.6.2 Effective Holo~Transmission Test -
Record the following:
a. For the 2870 degrees K light sr ‘rce:

1) Operating voltage
2) Operating amperage

b, 1Image converter tube high voltage.
¢. Test area temperature, in degrees F.
d. For the photomultiplier:

1) Anode voltage
2) Anode amperage

e, Infrared filter transmission, in percent of intensity transmitted
without filter,

6.3.2.7 Maintenance
Record the following:

a, Data as described in MTP 10-2-507,

b. Record of scheduled maintenance,

c. Component interchangeability,

d., Adequacy and accuracy of the manufacturer's technical and mainte-
nance instructions,
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e, Equipment deficiencies.
Transportability
Record the following:
a. Prior to testing:
1) Defects in metascope assembly chassis, if anv.
2) Presence of scratches, cracks, or other damage to the following,
if any:

a) Image forming receiver optics
b) Light source lamp, lens, and filter

b. At the completion of the test:

1) Defects in metascope assemble chassis
2) Presence of scratches, cracks, or other damage to the following:

a) Image forming receiver optics
b) Light source lamp, lens, and filter

3) Damage to lamp filament
Safety
Record the following:
a. For the dielectric breakdown measurements:
1) Temperature, in degrees F.
2) Barometric pressure, in inches of Hg.
3) Humidity, in percent.
4) Dielectric breakdown values of test item electrical protective
materials.
b, Conditions that might present a safety hazard, cause of the hazard,
taken to alleviate the hazard.
c. Special precautions required for operating and maintaining the test
Human Factors Evaluation

Record the following:

a. Difficulties, such as excessive pressure or awkwardness in operation

of controls,

b, Difficulties in accessibility to or operation of the test item,
¢. 1Inadequacies in the design of the viewing device effecting case

of vision, comfort, etc.
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d. Noise level of equipment, if applicable.
¢. Anthropometric effects of protective clothing on operations,

¢

6.3.2.11 vValue Analvsis
Record the following:
»
a. Features which could be eliminated without compromising performance,
reliability, durability, or safety.
. b. User opinion of features which could be eliminated without decreasing
functional value.

6.4  DATA REDUCTION AND PRESENTATION

6.4,1 Receiver Brightness Gain and Resolving Power Test

4. Determine the percentage of modulation, MREF’ of the test setup
(without the test item), as follows:

D ., _D
Megr = REF ;1&\ REF MIN 100
REF MAX
where: DREF MAX Maximum oscilloscope
DREF MIN = Minimum oscilloscope deflection
b. Determine the percentage of modulation, M, of the test item, as
follows:
D -D
M = MAXD MIN % 100
MaX
where: DNAX = Maximum oscilloscope deflection
DMIN = Minimum oscilloscope deflection

c. Determine the resolution factor ratio, as follows:
<
MReF
d. Prepare a graph of the resolution factor ratio vs. test target

lines per MM,
e. Determine the receiver brightness gain as follows:

D
_%E_F_MAL_ x 100
MAX

Resolution factor =

% Srightness gain =

f. Display the results, as appropriate.
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6.4, 2 Receiver lLinear Distortion Test

A, Determine the test setup (without the test item) linear distribu-
tion, as follows:

t
b
[
-~
=
—~
()

7% Linear DisrortionR = h

7% Linear Distortion x 100

L. h

where: h . angular height of the center line
LALO

h = angular height of the right line
CALR

=
ir

CAL angular height of the left line

b. Determine the test item linear distortion, as follows:

by Mg
% Linear Distortion = -~————————— x 100
R h
0
ho ~h
% Linear Distortion_ = -2 L 4 100
L ho
where: hO = angular height of the center line
hR = angular height of the right line
hL = angular height of the left line
c. Display the results, as appropriate.
6.4.3 Receiver Field-of-View

a. Calculate the actual field-of-view of the test item.
b. Display the results of so as to compare the actual field-of-view
with the required field-of-view.

6.4.,4 Receiver Focus Range

Display the results directly, as appropriate.

6,4.5 Infrared Light Source Characteristics and Light Source-Receiver Align-
ment
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a. Display directly, as appropriate, the deviation of the light
source "hot spot" from the light source optical axis.
b. Plot the candlepower distribution of the light source in polar
form. ’ !
¢. Calculate the angular deviation of the receiver apparent field-of-
view center from the "hot spot' maximum point. Display, as appropriate,

6.4.6 Infrared Filter Test >

a. From the standard lamp curve of candlepower vs. current, determine
the EVT of the infrared filter.

b. Display directly the EHT output meter reading.

c. Determine the ratio of EVT to EHT and plot the results, as ap-
propriate.

6.4.7 Results of Other Test

Other data obtained will be summarized using charts, narrative reports
and graphs, as appropriate.
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APPENDIX A

TYPICAL NEAR INFRARED IMAGE FORMING METASCOPE DESIGN AND CONSTRUCTION

A. Near Infrared Image Forming Metascope

A typical infrared metascope, shown in Figure A-1, consists of the following
assemblies:

4./0\

A. [IMAGE FORMING RECEIVER

B. LIGHT SOURCE, AND POWER SUPPLY

C. HIGH VOLTAGE POWER SUPPLY AND
LOW VOLTAGE POWER SUPPLY

0. INFRARED FILTER

FIGURE A-|
B. Image Forming Receiver

A typical image forming receiver consists of an optical system designed to
focus a scene either emitting near infrared radiation or reflecting near in-
: frared radiation on the semitransparent imsge tube photocathoda, As a result,
t electrons released from the photocathode are electrostatically focused on the
: fluorescent screen at the other end of the imags converter tube by electron-
optical methods to form a reduced image which can be viewed with an optical
magnifier. The inverted image sroduced by the optical systeam on the photo-
cathode is reinverted by the image converter tube to give an observed image
that is erect. The foregoing dascription of the near infrared metascope image
forming receiver is illustrated in Figure A-2.

C. Light Source and Power Supply

A typical infrared light source consists of basically a flashlight with an
infrared filter placed over the raplaceable prefocused lamp and reflector. The
assembly would typically contain the required battery power source for the lamp

A-1
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) = g o

A

OBJECT - EITHER EMITTING NEAR INFRARED ENERGY
OR REFLECTING NEAR INFRARED ENERGY.

IMAGE FORMING RECEIVER OBJECTIVE LENS SYSTEM.

INVERTED IMAGE OF OBJECT FOCUSED ON IMAGE TUBE
PHOTOCATHODE SURFACE.

IMAGE CONVERTER TUBE.
FLOURESCENT SCREEN.

MAGNIFIER LENS SYSTEM.
EYE-RELIEF.

IMAGE FORMING RECEIVER BODY.

FIGURE A-2

or a flexible cable for connection to an external lamp power source. The fore-
going description of the infrared light source is illustrated in Figure A-3,

D. Image Forming Receiver High Voltage Power Supply

The image forming receiver high voltage power supply is required to furnish
the image converter tube accelerating and electro-focusing voltages. High vol-
tage values depend on the type of image converter tube employed and may typicaily

range from 1OKV tc 20KV.




NGO

@3 :

INFRARED FILTER
PREFOCUSED LAMP
MIRROR REFLECTOR
BATTERY (S)

‘LIGHT SOURCE BODY

mooop»

FIGURE A-3
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APPENDIX 3
TYPICAL NEAR INFRARED IMAGE CONVERTER TUBE CHARACTERISTICS
A. General

Available near infrared image converter tubes have a semitransparent photo-
emissive cathode at the input end of an evacuated glass envelope. Electrons
emitted in a pattern corresponding to the image falling on the surface are
accelerated and focused onto an output surface of electroluminescent phosphor
at a high potential to produce a bright picture. Near infrared image converter
tubes use a silver-oxygen-cesium photocathode and are used to convert an image
formed in near infrared radiation to a visible image. 1f a fast optical system
is used to image the object scene on the photosurface, the output phosphor image
can be made brighter than the scene, For 2870 degree K tungsten illumination
of monocolor selective objects, the screen brightness/scene brightness ratio is
given by:

CONVERSION INDEX

4 where,
f = £/ ratio of the optical system
M = magnification (M 1mage)

input image

3. Detailed Near Infrared Converter Tube Characteristics

1. Spectral Response

Input photocathode Surface Response: The relative response of a photo-
sensitive surface to energy of various wavelengths is known as its spectral
sensitivity. Image converter tubes are available with input photocathode wave-
length sensitivities in two regions of the photoelectric spectrum (See Figure

3-1):

a) Tubes with a range of maximum response from 7000 Angstroms to 90C0
Angstroms., (S1)

b) Tubes with a range of maximum response from 4000 Angstroms to 5000
Angstroms., (S21)

The spectral responses of photosensitive devices are ordinarily indicated
by "s" designations and reflect RETMA Standards, Only image converter tubes
with the S-1 response are suitable for near infrared metascope application; the
$-21 occurs in the visible light region., The following image converter tubes
are typical of those available with photocathode surfaces exhibiting the S§-1
(near infrared) response:

a) 6032
b) 6032-A
c) 6914
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d) 6914-A
e) 6929

Consult Figure B~2, '"§-1, Relative Sensitivity vs Waveiength'", for an illus~-
tration of the spectral response characteristics of the listed image converter
tubes,

2. Output - Electroluminescent Screen Surface Emission: A1l known image con-
verter tubes employ the identical output fine-grain screen phosphor. This phos-
phor type is identified by the RETMA designation: P-20. When excited, the P-20
phosphor fluoresces to produce a yellow-green luminescense characterized by
good visual qualities and a high luminous efficiency, The spectral-energy emis-
sion characteristics of phosphor P-20 are shown in Figure B-3. The presistence
exhibited by phosphor P-20 is termed "medium-short' and may be used in applica-
tions requiring relatively short persistence and good visual efficiency. A des-
cription of the phosphor persistence modifier terms commonly used is shown by
Figure B-4, "Persistence Terms vs Time Decay to 10%."

The foregoing image converter tube characteristics have been common to a
near infrared image converter tubes, however, other pertinent characteristics
such as resolution, conversions factors, magnification, distortion, and tube
anode voltage current requirements will vary depending on the selected tube type.
To illustrate the performance range which may be expected from typically available
near infrared image converter tubes applicable to metascope engineering tests,
two types have been selected for disclosure of other performance data, The
selected image converter tubes are:

a) 6032 and,
b) 6929

NOTE: It should be noted that the characteristics required for engineering
tests on the near infrared metascope types will depend almost en-
tirely on the capabilities of the applicable image converter tube,
This stems from the fact that the optical components used in these
devices will exhibit superior performance in the order of several
magnitudes above the expected performance of image converter tubes,
especially in the areas of resolution and distortion.

Characteristics of these representative tubes which do not vary as a function

of radial distance from the photocathode center or other parameters are presented
in Table B-1, Performance characteristics of these representative tubes which are
suitable for graphical compsrison are presented by Figures B-5 through 3-7, and
are briefly described as follows:

Figure 8-5: A comparison of image ftube resolution in line pairs/MM vs
the radial distance on photocathode from center,

Figure 3-6: A comparison of image tube magnification vs the radial dis-
tance on photocathode from center.

Figure B-7: A comparison of image tube distortion vs the radial distance
on photocathode from center.

8-2




SOILSIVALOVIVHD d& il ¥ALYFANOD IJOVRI IV¥OIdAL °I-t 21qel

umi xad
sated

=dulf <7

sdue
-0101W
oy°

uw xad
s310Aa sated
000°0¢ 1-S 050 -dury 8i

01

SC9°0

#00°1

ce09

INTEYID
JGOHIVD

-010Hd
JIVEIAY

ASN04S3Y
YOHd SOHd

INID
-S349001714

(0Qy dSNOdSad  d0I10vd NOIX WAIN3D

IOVL  IVE1DdAdS ~¥OIAINOVH FAOHIVD

-10A IVIXVIVd -0IOHd 1V)

AAONY NOILIIOSHY
WOHINIW

XJaNI
NOIS
=4dANOD
WININIR

YALTNVIA
TAIISH W
=ININ NIT4DS
INIISTEON1A

dILIRVIC
104380 RN
-INIW LNAYVd
-SKVILINIS
JAOHLYD
-0LOHd

ALl LNl
YILIAANOD
JOVHI
ATAVIAN]T
gvaN




b bt A i st e .

RIALO3dS OTMIOATAOIOHNd °1-9 MANOLA

SHOULSONV - HIONTITAVM

I T
1
3
¥
T s
: or
:
s :
o
B ; LY
3 3
e H g i 3
] T 1 e .
¥ t 1t H
‘H -
T s = L 4
¥ T
" " ‘v > -
& T =X m
uEi
H ]
=an et .
+ e ¢ e + Tt 3]
o 1 -t
e -1 -t
¥ 2 s 52} oS omans { aaDeala 85 Cooid AAtas L oacssena sasess esr ity 13
- . 14 ¥ it
= . 1 Tt
[ T
1T : + ¥ = o
1 . 3 +
3 H T t
H T
] $ : ¥
T > tasarssee
Jesim 3% Y Sanie
L o s
- ee o
2soios
Tt 3
T 3 14
1
1t
1
ettt =3 55 58 55 trs e ~=t H

MI'P 10-2-107
22 March 1968




MTP 10-2-107
22 March 1968

, , . @ FCTET IOV IR T ST PP
e t +rt : isaceeuvs s t 141 i i : .
+ + 2 ve b e FBas SEas) ke Y o0 e 1Lt 3 nens 1 " oed.
1 - = rso =t : T it
b e e -
r. hadt e <X
i
SR sesit
. v oY
> 350 Tow =
: T T s 85 3= p: i
ye: + iR sl
e o 's ous " T .
e sam 1t = _
S e =+ }
e T a
s 1 T + H Tvese
o 3 ¥ H
1
-+ F—fr T ¥
e 3 2e3e
> 3 : H
minn =
131 - +- T
T He
i is
= 4
: T 13 -y
i : 1t s
< 3 = <
£ i Hi
+ 1T : ] + =
H Hit s
} . 3 5 s
—t ue 4 :
1 ¥+ :
2 * ]
e 3 : sl
: :
b + 4o 4
xnr#ulx- 2-Eped - - A
e - o et u -l w
T a + ] u
T 3 £ T 2
e - e + ol s anas . - L
- . Tt . H oy 43 33
i : it s =3
i 3% bel ¥ 3
3 1 ! 2 2t 3
H suis
= : ¥ ¥ 3 BET 3 >
. £ T H .
T 1 H
o sepayey sy T T 1 ryeas [ad
1 t T 3 >
} T
. H i H T -
. 5 = X
3 > 1 3t : sl o
1 s ' [ ad
F + ;oo : : et
i1 : $H ¥ 3t n
T + £ H :
- 38 ATy » 8 pe o . 1
£ : + it 14 (] L
: HE Biiisiiiaiis o
FEERotas o3t - ud ST
T s <
T : : i
¥ 3
3 o “es & i
H B aiaide H -
1 -+ StHT K
1. u a T
~ 59 - =
' i Taanaar m
-
1 X
T 3 32
T
"o -
T T
¥ reas el m 4
1974 ze '
e
s ¥ i d aatarie 2 0ea s [
T ¥
¥ : :
23 - - on = e
< seat 1
1 1 i ¥ T .
T H 4 H T :
1l 4G L » -
+ -+t 3 cesesos fretts: o~
T 2 14 3t : 8400 [
I -~ - -
A s RO o0
: > = i :
HaH
1) 1+ e
bor 1 = 5 e & asiene anes 2 o
+ i B . I
as Taes, : ataaiing, =1 : =
T ] s :
= < : (]
1. : T I - "y iy IS0 E B s R » » =]
41 H b4 o% t—3— e - i I ¥ as nres seeesaenan reave:
B - feaie - sisas aeates Setine SEiT RsNRT RN 3 i Tt i = 2
T bty e b . .. ol . - -
Py T ] SYp g e neea. oy =4 e o oo e Ty e nm H ¥ ¥ f:
1 £ : e H = Y !
o 3 : ? H: o s 1 T = . 23 i
r =t + : He  ox: it + s3iine T
Lo t et : ﬁm t siiss *
e 3 < T be *np b Il X
e et Saisesss S e e i ¥ .u H 3 3
+ f—4 - o gt Eee b g . .- £ i 14 Iy ol
3 f : I R s R R T i
I Y
T adpans ot 31 -3t 3 LS Rt taneit T b 1 H-3¢ essatals




tH

ondl

vony

H4

]

1322001011

iy

3s

+ ' b d
= ¥
e .
: 82 iz
s e
= H
s H
o Eif i
: + 331
— " .3 . o
b

P-20 SPECTRAL ENERGY EMISSION

Aees

1]

v i

S48

14

t1

MIP 10-2-107
22 March 1968

) smnes Ao Ag)shtobesudabad

i3t 3

T

J33a1

1t

Figure B-3,

1z
"

ges

21itd

111t

ee

1T
o4

11

It
¥

It
39 ¥ 24
29

it

ysees

e upoes

3
seddng

trenaanyoag

Jsedisadfidi

H

e

13
o
pided
B
aee
4

"




____________-—”

MTP 10-2-107
22 March 1968

Description of Time to decay 10% "
Persistence of initial brightness
VERY LONG 1 second and over
LONG 100 millisec to 1 sec
MEDIUM 1 millisec to 100 millisec
MDIUM SHORT 10 ‘microsec to 1 millisec
SHORT 1 microsec to 10 microsec
VERY SHORT ~ Less than 1 microsec
Reproduced From
Best Available Copy

Figure B-4. DEFINITION OF PERSISTENCE TERMS
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APPENDIX C
NEAR-INFRARED MEASUREMENT STANDARD

The spectral sensitivity characteristics of near-infrared image converter
tubes and other photoelectric devices designed for the infrared spectrum are
usually stated in reference to the particular energy spectrum generated by a
black body source operating at a color temperature of 2870 degrees K. Figure
C-1 is provided to illustrate the energy spectrums generated by a black body
operating at various temperatures,

A number of black body sources are in common use and include:

Black Body Operating Tempersature
Nernst Glower 1500 deg K - 2000 deg K
Globar 2200 deg K
Welsbach Mantle 2400 deg K
Carbon Arc, low-intensity 3900 deg X
Carbon Arc, high-intensity 5000 deg K - 9000 deg K
Tungsten Ribbon-filament lamp 2800 deg K

0f these standard sources, the tungsten ribbon-filament lamp is generally
used for the near-infrared source applications., It should be noted, however,
that for a color operating temperature of 2800 degr:es K, approximately 50
amperes is required. The life-time of the tungsten lamp at this elevated temp-
erature is relatively short and external cooling is required.

Reproduced From
Best Available Copy
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CURVES OF BLACK BODY RADIATION

AT VARIOUS TEMPERATURES

SPECTRAL DISTRIBUTION
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APPENDIX D

STMULATION OF HUMAN EYE CHARACTERISTICS . ¢

A. Sasic Visual Capacities:

Just as photographic film is sensitive only to certain wavelengths of light,
the human eve is also restricted to sensitivity. The eye's-sensitivity is
voverned bv two basic receptor systems present in the human retina:

1B

" Scoptpic System - This system is the most sensitive and is effective

only in the dark-adapted eve. Also, the wavelength of maximum re-
sponse is shifted toward the blue region as compared to the daylight
adapted eve.

Photopic Svstem - The photopic sensitivity curve, dominant under
davlight jillumination conditions, has been adopted as the standard
visibility or luminosity function specifying human sensitivity to
light as a function of wavelength.

3. Sensitivity Curves:

1)

Eve Svstems Sensitivity Curves - Figure D-1 is provided to illustrate
the relative visual sensitivity of the receptor systems as a function
of wavelength. These curves show the relative energy required to
produce a threshold response.

Photomultiplier Cathode Sensitivity - Figure D-2 is provided to illus-
trate the relative response characteristics of a typical photomulti-
plier tube with the REMTA S-4 spectral response sensitivity.. This
response curve was obtained with radiant fiux from a tungsten source
at 2870 degrees K and closely approximates the photopic system wave-
length sensitivity response required for certain metascope tests.

Reproduced From
Best Available Copy

o




i3

‘Best Available

RELATIVE VISUAL SENSITIVITY

b4

saeavan:

name

Figure D-1,

X

TR

080 0snns

18naaon s

ronvas

1T

aew

MTP 10-2-107
22 March 1968

[+
a8p
B R %
HERE
CLME
CEY
EoEg
Cmms
% n 2
AR J
SYER
RUS8
- A
i
R
ACEE
o BEE
™ °
usw o
SEEES
FTWF?_
i
"m -m . m :
m i f
i
i R
S i




