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SUMMARY

Under Contract No. F19628-73-C-0265, Block Engineering,
Inc., Cambridge, Massachusetts was contracted to design, de-

velop, fabricate and test a cryogenic emittance spectrometer
system based on a rapid scanning Michelson interferometer.

The primary objective of the program was to provide a
precise measurement system for the determination of very low
sample emittance. This information is considered essential in
the design and development of high power infrared lasers with
the requirement of high reflectivity mirrors and high trans-

mission windows.

The emissometer system to be built for this program was
to utilize a rapid scanning, high spectral resolution Michelson
interferometer cooled to liquid nitrogen temperature in a spe-
cially designed vacuum chamber. The sensor was to have a
spectral range of 2.5 - 14 microns, selectable resolution capa-
bility to .5 cm—l, selectable spectral filtering and a select-
able sample viewing area capability. 1In addition, the system
was to include a data processing system for the reduction and
storage of the spectra data.

The emissometer system was designed, developed and
fabricated at the contractor's facilities in Cambridge, Mas-
sachusetts.
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SECTION I

INTRODUCTION

1.0 Program Background

The purpose of this program was to design and fabricate
a cryogenic emittance spectrometer, based on a rapid scanning
Michelson interferometer operating in the 2.5 - 14 micron region.
In this instrument, the interferometer and associated optics
are cooled by liquid nitrogen to reduce background radiation,

permitting the heated sample to ke measured to great precision.

The application of modern rapid scanning Michelsol inter-
ferometers to obtain spectral distributions of varicus samples
provides a significant increase in sensitivity over contempo-
rary dispersive spectrometers without sacrifice of spectral
resolution. This capability is of prime interest to those
concerned with the precise measurement of the weak absorptance
of high reflectivity mirrors and high transmission windows
used with high power infrared lasers. Block has developed
an extremely rugged version of the rapid scanning Michelson
interferometer in its Model 197 unit that has operated suc-
cessfully in various configurations from 77°K to 327°K, in
vacuum and under atmospheric conditions of up to 95% relative
humidity. This unit formed the‘basis of the emissometer system.

This report presents a summary of the completed 23 months
activity by Block Engineering to construct and successfully
test the emissometer system for the Air Force Cambridge Re-

search Laboratories, Bedford, Massachusetts.
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SECTION II

SYSTEM DESIGN

2.0 General

The emissometer system can be divided into two main
parts - the spectrometer/cryogenic system and the data system
(both hardware and software.) Table Number One is a summary
of the performance specifications of the complete system.

2.1 Spectrometer Chamber Description

A mechar.ical view of the spectrometer portion of the
system is shown in a sequence of photograplis, Figures 1 through
3.

Essentially, the spectrometer unit is housed in a large
cylindrical aluminum chamber which acts in much the same man-
ner as a vacuum insulated liquid nitrogen dewar. The chamber
shown in Figure 1, provides a long term vacuum environment for
the high sensitivity cryogenically cooled system in which all
components are cooled to approximately 80°k to reduce back-
ground radiation in the wavelength region of interest. Sample
access to the spectrometer optical system is accomplished via
a gate valve/ante-chamber assembly which allows rapid cycling
of samples without disturbing the vacuum integrity or tempera-
ture stability of the spectrometer chamber. The gate valve is
manually operable via a single lever control and serves as a
vacuum tight quick release interface between the main chamber
and the sample chamber. The sample chamber has been designed
for rapid cycling of samples. A quick disconnect "V"-clamp
allows removal of the top section of the ante-chamber for
insertion of the sample holder, while an independent vacuum

line provides pump out capability.
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TABLE 1

SYSTEM SPECIFICATIONS

Spectrometer

Spectral Range

Detector

Resolution

Emissivity Limits*
Operating Temperature
Sample Area Limits
Filter Holder

Sample Temperature Range

Calibration Source
Temperature Range

Data Processing System

Processor
Data Input Capability
Maximum Transform Size
Display Devices

Storage Devices

Operator Interface

2.5 to 14 microns
Si:As at 4°K

0.5, 1, 2, 4 cm~ L

6 at 10 microns

Less than 1 x 10
80°k

1.0, 0.5, 0.25, 0.125 cm
Four positions, selectable

80°K to 350%

80°K to 500°K

NOVA 1200 with 4K of Core

16 bit A/D Converter

16 K

CRT Display and Digital Plotter

Digital Magnetic Tape and
128 K Disk

ASR 33 Teletype

Measurement Conditions:

300k sample temperature, 0.1

micron resolution, 100 second integration time.
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Figure 3. Warm Operating Mode
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Access to the spectrometer and optics for routine main-
tenance and alignment purposes is provided through the remov-
able top secticn of tiie instrument housing which, when removed,
exposes an aluminum cold shield which encloses the entire in-
ternal system. This removeble cold shield, which is maintained
at approximately 800K, provides total isolation from the 300°K
warm outer housing, minimizing radiative loading on the optical
assembly as well as minimizing stray background radiation on
the detector. The cold shield also improves the system per-
formance from a reliability point-of-view by eliminating any
need for low temperature vacuum seals, since all pressure in-
terfaces are located on the room temperature outer housing.

Removal of the top section of this instrument housing and
the cold shield, see Figure 2, reveals that the spectrometer
and optics are mounted on a 1 inch thick optical mounting plate
which forms the ceiling of the internal liquid nitrogen reser-
voir. This mounting plate is designed to maintain flatness to
.005" T.I.R. over the teuperature range 300°K to 77°k. The LN2
reservoir area utilizes the lower half of the assembled chamber,
and under normal operating conditions can maintain the optical
components at cryogenic temperatures in excess of 60 hrs. of

unattended operation.

Alignment of the instrument is facilitated by having the
optical mounting plate the top most surface with the outer
housing and cold shield removed. Provision has also been made
allowing operation of the liquid helium (4OK) cooled infrared
signal detector in this ambient temperature/pressure mode of
operation via an auxiliary warm detector dewar housing, see
Figure 3. Under normal cperating conditions, the detector
dewar utilizes the vacuum that exists within the instrument
chamber for thermal isolation. In the warm mode, however, it
is necessary to evacuate only the warm auxiliary housing to
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maintain the proper thermal isolation. The hold time of the
liquid helium dewar in either arrangement is enhanced by a
liquid nitrogen outer jacket surrounding the helium r: servoir
which enables a design hold time of 1 hour. Access to both
the liquid nitrogen and the liquid helium reservoir is through
the top section of the detector dewar. Detector alignment is
preserved in either mode of operation by a stanch.on located
on the optical mounting pPlate which serves as a reference sur-

face in the vertical axis.

Manual control of various assemblies, including the two
axis sample scanning mirror, the field stop wheel and th: filter
wheel are accomplished through low thermal conductivity stain-
less steel connecting rods attached to the particular assembly
via stainless steel bellows couplings which accommodate the
dimensional shift due to the low temperatures. Dynamic seals
at the warm outer housing allow complete rotational freedom of
the control rods without loss of vacuum integrity.

Due to the critical temperature dependence of ¢iass en-
velope lasers, the HeNe laser, which provides the necessary
reference signal for proper operation of the interferometer,
is mounted on the outside of the chamber with a small optical
access window in the chamber wall for the beam passage, see
Figure 1.

In addition to the reference interferometer laser window,
a sample access path, including window, has also been provided,
allowing localized heating or irradiation of the sample from
an external source.

2.2 Spectrometer Description

The rapid scanning Fourier spectrometer used in this
system, see Figure 4, is of the conventional Michelson design,
utilizing the phenomenon of interference to produce a spectral-
ly encoded signature of the input energy reierred to as an inter-
ferogram. The recovery of the spectral information is obtained

-8
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by performing a Fourier transform on the resulting signal which
may re thought of as a simple harmonic analvsis of the interfero-

gram.

The resolution Av(cm_l) of a Fourier spectrometer
is inversely proportional to the difference in optical path
length (retardation) of the two interfering beams and is constant
in wavenumbers throughout the spectrum. Spectrally encoded sig-
nals in the audio frequency range are produced by continuously
varying this path difference in the form of a scanning mirror
smoothly driven at a uniform speed. The instrument is designed
to scan at a retardation rate of 2.5 cm/sec yielding output
signal frequencies in the 1.7 to 8.3 kHz region. Four select-
able retardations, .25, .5, 1, and 2 cm, are available corres-

ponding tc a nominal resolution of 4, 2, 1, 0.5 cm-l respectively.

There are actually three main areas comprising the spectro-
meter assembly; namely, the signal or main interferometer, the
moving mirror transducer assembly, and a second "reference" in-
terferometer assembly which provides accurate information con-

cerning the position and velocity of the moving mirror.

2.2.1 Signal Interferometer

The signal interferometer consists of the beamsplitter
assembly and the adjustable fixed mirror which can be aligned
in two orthogonal axes via piezoelectric elements. As a unit,

this assembly is attached to the transducer assembly.

The spectrometer beamsplitter/compensator substrates are
of solid germanium. By multilayer coating applied to one side
of the beamsplitter substrate and to both sides of the compen-
sator, undesirable reflections and energy losses are reduced.
The beamsplitting is accomplished by the Fresnel reflection
from the uncoated beamsplitter surface. This high index mater-
ial (n = 4) is a nearly perfect beamsplitter over the required

spectral region.

-10-
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2.2.2 Transducer Assembly

The bearing and transducer assembly which supports the
moving mirror in the signal interferometer also supports the
moving optical element in the reference interferometer as well.
This transducer assembly consists of the two moving mirrors,

a coil, and a spring loaded inner bearing. The coil is placed
within the field generated by a permanent magnet. Scanning is
thus accomplished by applying the proper voltage waveform to

the coil, causing the assembly to move in a manner similar to

the voice coil moving in a loudspeaker assembly. The moving
assembly is supported by a cylindrical outer bearing manufactured
to extremely close tolerances such that the tilt and wobble char-
acteristics of the bearing are held within predetermined speci-
fications commensurate with the wavelength coverage of the in-
strument.

2,2.3 Reference Interferometer

The most complex of the three major subassemblies within
the spectrometer is the reference assembly. The reference
interferometer generates electrical signals from both a mono-
chromatic source (HeNe laser at -6328 um) and a tungsten lamp
source to provide position as well as velocity information to

the mirror drive servo loop.

e The reference interferometer for this particular instrument
{ utilizes a double pass approach with corner cube retroreflectors
' inserted in place of plane mirrors as in a standard interferometer.

The advantage of using retroreflectors in this situation is their
) insensitivity to tilt or wobl le. This stability ie of prime con-

cern due to the low temperature operation of the system.

2.3 Opticz2l Description

I The optical layout for the emissometer system is shown
in Figure 5. Table 2 tabulates the pertinent .ystem design
] numbers and dimensional relationships. Figure 5 reveals that

l -11-

g TN v g oA MG i L o PR T —— ———— S RE Lo g TR .




=]

R !.-.
R T JRRFD D i

P Ty - - -

e el e e 2

i, W
e BN A

IR g Y 4
e ST Al i SR EE L

i Wl N - | —
R Tt e N

I R ||

L
et rgrifen Sy
e

Fawe s L
g ey T 0

TTT1
Y

i

R
SR W ST R -

LR JER e

e

% --|m..|#lw_.;
S ! i s

|
|

Figure

=12=

System Optical Diagram




B8¥EZ9
99v£29

¥9¢£Z1008

8ET1008

(Y444 %]
b-TLveEZ9
E-TLVEZY

t-TLvee9
T-TLveey

0S61VYS sasbaer

0S6TVYS saabaep

¥8zZeTe9

0S6TVS saabsep

08STE9
V65229

0BSTE9

0S61vSs saabaep

vgeeze9

056TVS saabaer

(A T44%]

~Bmg 139
@jetaxdoaddy

9s°s

MOpUTM I3s®7]

SsSeT9 (-9 0Z21°0 0T 1 93TUTIUI - aqn) adulaaagzay
9pTuayes S90°8 - MODUTM
ourz 80°0 01°1 93 TUTJUY = SS§addv Teos13do
uodT1TS
padop-otuasay - 80°0 93TUTJIUY 12 I1030833Q
|pTanITaL 6Zz°1 0S1°¢ (114
umtwpe veET"0 05°0 99¢ "1 61 SuU’dT protrg
(41u0
8pTuUaIas 005°0 81 uor3iriadpo wiepm)
ourz 0Z1°0 00°T 93TUT3juUy LT MOpUTM BdeJIB3UY
- 6v0°0
= 860°0
. L6T"0
umutumyTy 00S°0 v6£°0 93TUTIUY 91 do3; pPI8T4 3TX3
005°0 ST '
- $80°0 88°0 9TUTJIUY VI I93T1Td pPIOD
xa14q 0s°1 SL°T X 62°1 33TUTJuUI €1 I0XITW Teuoberq
xa144 8E"S SL°T X 62°1 @3TUTJUI A I01aTW Teuoberg
prOoTOqeaed
EOTTTIS pesng S90°0T ov-1 s8°8 1T SIXe-3jo 31x3
x814k4g 8g°g SL°T ¥ G271 93TUTIUI 01 d01aTR Teuoberg
ao3jesuadwo)
untuewrsn 000°¢ 000°2 93TUuT U] 6 /193311dsweag
JOIITW
z3aend 00S°T 000°T @3 TuUTIUI 8 Butaow/paxtg
I03esuaduo)
umyuewIan 00s°1 000°2 93TUTIUI L /x93311dsuweag
x81kqg 000°¢ SL°T X §Z2°1 93TUTyUI 9 I01aTW Teuoberg
protToqeaeg
BOTITTIS pPasng G96°8 oV 1 s8°8 S STXY-330 adueajug
xa1kq 09°0T1 SL°T x §2°1 93TUTJUT 14 I0IITW BTqqOoM
- 60°¢ £
= = - - z aTdweg
Apoqyoetd
wnuiumiy 3s2D 00°1 002 - 1 UOTIBIGqTTED
1eTIajen 3dejans 3xaN Jejawetq 8aInjeain) Jaquny Juswaty
aoue3siq aanjaady aear)d Jo snipey aosejang
(S®ysur ur suorsuauwrp)
SYALIWNVIVd WHILSXS TYDILdO
Z J149vYL
- ewmim L

a3~

R e T L L e Ao g,



reflective optics are used as much as possible in this instru-
ment to minimize losses over the spectral range of interest.
In addition, off-axis paraboles with relatively long focal
lengths are employed to minimize the effect of the dimen-
sional shift in cooling from 300°k to 80°k. Angular shifts

of the parabolic elements with temperature are minimized,
since the entire optical system is attached to a relatively

massive structure designed for minimum warp at low temperature.

In a typical optical sample or responsivity measurement,
the radiation from the optical specimen or the blackbody pro-
ceeds to the entrance parabola (Rl) by means of the diagonal
mirror (M1l), which can be manually rotated +2°10' or *1 cm in
two axes, to provide sample scanning capability. The enerqgy
collimated by parabaloid (Rl) enters the spectrometer thrcugh
diagonal mirror (M2). After passing through the spectrometer,
the energy is directed to the exit paraboloid (R2) by the diag-
onal mirror (M3) where it is refocussed throught diagonals M4
and M5 on the exit field stop (S). This stop is manually select-
able, providing the fo.lowing sample viewing area capability:

Field Stop Stop Diameter (cm) Sample Area (cm)
sl . 0.394 1.0
S2 0.197 0.5
S3 G.098 0.25
sS4 0.049 0.125

A filter wheel (F), which is also manually selectable, is in-
cluded in the system, illowing various spectral bands to be
utilized as desired. I"inally, the cadmium telluride field
lens (Ll) images the interferometer mirror on the detector (D).

With this system then, the detector serves as an exit pupil,

=1~
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with the entrance pupil located at the sample position. The

interferometer mirrors in this arrangement act ¢s intermediate

pupils.

In addition to the optical system described above, in
the warm mode of operation, a zinc selenide interface window
mounted on the detector dewar warm housing is inserted in the
optical system. During normal operation, this window is not

necessary.

Optical access to the sample in the standard mode of opera-
tion is provided through a zinc selenide window mounted on the
warm outer housing of the system. A small cavity at the end
of the optical access path allows maximum dissipation of 100
watts to the internal structure without adversely affecting
the temperature stability of the optical components.

Stray radiation entering the field of this system is mini-
mized through use of liquid nitrogen cooled baffles on the opti-
cal mounting plate, as well as the system cold shield described

ecarlier, to effeztively isolate the optical beam.

A single multipurpose blackbody source is provided with
this system. The source, which can be force cooled to cryogenic
temperatures (80°K) directly from the internal LN, reservoir,
is located behind the sample position, thermally isolated from
the optical mounting plate. The source in its cooled state
provides controlled background radiation during sample measure-
ment. For calibration of the spectrometer, the sample is re-
moved from the system and the blackbody is raised in tempera-
ture to provide the calibration signal. The overall tempera-
ture range of the source is 80°K to 500°k.

The design of the optical system incorporates an arsenic
doped silicon (SiAs) photoconductive infrared detector cooled

-15~




to liquid helium temperature, 4°K, to achieve photon noise
limited performance down to very low background levels. The
sensitivity of the detector is enhanced by use of a 1::uid
helium cooled filter combination of zinc sulfide and barium
fluoride, which serves to limit the response of the system

to 14 microns while increasing the overall sensitivity in the
2.5 - 14 micron region. The detector filter assembly along
with the field lens are mounted in the side looking liquid
helium dewar.

The preamplifier designed to complement the low noise
signal detector consists of a liquid nitrogen cooled FET in-
put stage coupled to a standard operational amplifier circuit
whose gain has been optimized for this particular detector.

The noise contribution of the preamplifier, less than 2 nano-
volts per root cycle input noise voltage, is such that the
photon generated noise of the detector is the limiting noise
in determining the sensitivity c¢f the instrument and results in
a significant increase in performance over a similar room tem-

perature system.

2.4 Sample Holder

A mechanical view of the sample holder is shown in
Figure 6. The unit cansists of a split ring sample mount
designed to accomodate 1.5 inch diameter samples. The split
ring approach provides a uniform thermally conductive edge con-
tact on the sample which can be heated to 350°K. The heater
element consists of a single 51 inch electric heating cable
wrapped around the perimeter of the split ring sample mount
in a spool arrangement. The cable has a sheath diameter of
0.04 inches and a resistance of 70 ohms. Temperature control
of the sample is accomplished through a calibrated thermistor
attached directly to the sample surface. Variations in the
sample temperature are monitored by the operator via a digital

temperature readout and controlled via a variac heater supply.
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2.5 Cryogen System

Two cryogenic fluids are used in the emissometer zystem,
both liquid nitrogen and liquid helium. ‘he LN2 is used us the
coolant for the optics while the LHe is used as the coolant
for the Si:As detector. The fabrication of the system is
simply a single nitrogen reservoir, the top surface of which
is used to carry the optical system and spectrometer which are
thereby cooled by conduction. The optical system is surrounded
by a radiation shield conductively cooled by thermal contact
with the nitrogen reservoir. This entire assembly is then
wrapped in blankets of super insulation and the assembly is
placed inside a room temperature outer jacket which is sub-
sequently evacuated. (The liquid nitrogen reservoir is vented
to ambient pressure and is not pumped.) The detector dewar
is inserted into the system through a hold in the warm shell
and a port in the radiation shield. Access is provided for
insertion and removal of the samples by means of a gate valve
in the warm shround and a simple shutter in the radiation
shield. The system (less detector) will remaia cold for up
to 60 hours of unattended operation.

2.6 Data Processing System

The data processing is a commercial system based on a
NOVA 1200 mini-computer with 4K of core. The system is outlined
in Figure Number 7. 1In addition to the NOVA there is a Digilab
generalized input/output device which interfaces the spectro-
meter with the data system, contains the analog-to-digital con-
verter, the hardware multiply-divide, and the interfaces for
the CRT display and the hard copy digital plotter. In addition
to these items the system is provided with a 128K fixed head
disk for storage of the system software and working spectral
files as well as digital magnetic tape for archival storage

-18~
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of the system programs and spectral data files. Operator
interaction with the data processing systern is by means of

the teletype.

2.6.1 Software Description

The system has been programmed with a custom set of
software specifically designed to perform all processing of
the data that is collected in order to calculate the emissivity
of a sample. To this end the software allows the op2rator to

- collect and transform the interferograms from the
calibration blackbody and the sample and to normalize
this collected data for the instrument gain and the

number of scans:

- perform the necessary operations on the calibration
spectra (such as subtraction of background and calcu-
lation of the theoretical blackbody functions) to
prcduce and store for future use an instrument re-

sponse “unction;

- correct the sample spectrum with the instrument
response function resulting in a sample radiance
spectra which is then divided by the theoretical
blackbody to obtain the emissivity of the sample;

- plot the resultant spectra along with any of the
intermediate results in publishable form.

To assist in the performance of the above functions the
system is also able to perform addition, subtraction, multi-
plication or division of any twn spectral files in addition
to computing of the blackbody functions.
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SECTION III

ACCEPTANCE TESTING

3.0 General

This section presents the results and conclusions of a
series of tests and demonstrations performed by the contractor
for the purpose of verifying conformance with certain perform-

ance requirements .

3.1 Spectral Resolution

The spectral resolution of the emissometer cystem in the
4 cm-1 mode of operation was verified via the evaluation of
computer processed spectra of a 3.39 um HeNe laser illuminating
a diffusely scattering sample. Figure 8 reveals the unapodized
instrument resolution indicating a half height line width of

4 cm_l which agrees with the design constraint.

3.2 Field-of-View Verification

The jnstrument field-of-view directly corresponds to a
fixed viewing area at the sample site and can be measured by
scanning the field across a small aperture placed in front of
the heated calibration source. The scanning was accomplished
using the two axis adjustable mirror which scans the instrument
field at the sample site, .91 cm per control rod revolution

The results of this test are tabulated below:

BBl Measured Sample Area (cm) Design Specification (cm)
1 0.120 0.125
9 0.26 0.25
3 0.58 0.50
4 not nieasured due to mech- 1.0
anical failure on test
apparatus

In each case the measured field was in good agreement with the
expected result. As an | lustration of the field definition.

at the sample site, see Figure 9.
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3.3 Sensitivity Verification - NESR

Numerically, the noise equivalent spectral radiance is
equal to the ratio of the radiance to the rms signal to noise
in the spectrum and is calculated by first computing the system
net response at a particular temperature and wavelength expres-

sed as

r. = Al(source) - A(bkgd)
A N(source) - N(bkgd)

where
Ry = spectral responsivity at a wavelength A (microns)
in:arbitrary units/watts/cm2—ster—cm—l,
A(x) = amplitude of the spectra (arbitrary units) at
the specified A,
N(x) = radiance of the blackbodies at the specified

temperature and ).

Once RA has been determined, a measurement of the rms noise
ievel at the specified wavelength is obtained and substituted
into the following expression to determine the system NESR

_ -1 :
NESR = R K (NOlserms)'

The sensitivity measurement for the emissometer system was
conducted under the following conditions:

Resolution: 4 cm-'l

Throughput: 2 x 10_3cm2-ster

Source Temperature: 169°K

Integration Time: 3.2 sec (32 scans).

-24-
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It should be noted that the measurement was performed with the
emissometer in a fully operational mode, that is under vacuum

and at low temperature.

A plot of the source spectrum at the eievated temperature
of 169K is shown in Figure 10. A(source) ‘s determined from
this plot to be 1.5 x lOl arbitrary units at 1000 cm_l (16 um).
In a similar manner, A(bkgd) can be determined from Figure 11
to be essentially zero arbitrary units due to the cold back-
ground, 90°k. This result is consistent with the theoretical
estimates on the radiance levels involved with blackbodies at
169°Kk and 90°k at 10 ym in which [N(source) - N(bkgdﬂ " N(source)
= 2.4 x lO“7 w/cmz-ster-cm_l. The remaining number to be deter-
mined for the sensitivity calculation is the spectrum noise which

can readily be obtained from Figqure 1l as

] _ -2 . .
N01serms = 1.1 x 10 arbitrary units

therefore

1 2

(2.4 x 10_7w/cm2-ster—cm- ). (1.1 x 10 ° Arb units)

(1.4 x 10l Arb units)

NESR =

1.76 x 10_lO w/cmz-ster-cm-l.

On a 1 minute integration basis, this corresponds to

NESR (10 um, 1 min, 4 cm-l) = 4.06 x 10"]']'w/cm2--ster-cm"l
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The predicted NESR for the sensor can be determined from

the relation

B LJA,
wesr - VA0 VBe

D*. 0 . n . Av

where
"

A, = Area of detector, 2.24 x 10_2 cm‘,
Af = 1/T, where T is the integration time, 1 minute,

D* = detector figure of merit, 1.8 x 1012 cm.Hz%/watt-

(measured) ,

© = throughput 2 x 10_3 cmz-ster,

n = optical efficiency, 5 x lO-l,

Av = resolution, 4 cm_l

so that the predicted

NESR = 3.2 x lO-ll w/cmz-ster-cm-l.

These figures can be converted to NER (noise equivalent radiance)
for a 0.1 micron band at the specified wavelength which in turn
can be manipulated to determine the minimum detectable emissi-
vities (NEAE) in a 1 minute observation time for a typical 300°k
sample measurement according to

NER
N(300°K, 10 um, A = .1 um)

NEAE =

-10 2. 2

NEAE (measurcd) = 4:06 x 195 w/gm EDEL 4.1 x 107°
9.9 x 10 "w/cm“-ster

- 3.2 x lO_low/cmz-ster 6

NEAe (predicted) = 3.2 x 107",

9.9 x lo-sw/cmz-ster

28




fhese numbers are in good agreement considering the number

nf parameters experimentally determined.

3.4 Typical Response Function

Figure Number 12 represents a typical response function
from the emissometer showing a useable response from 700 cm-l
(14.5 microns) to beyond 2000 cm-l {5 microns). Low background
measurements at ten microns have demonstrated that the system
has a noise equivalent emissivity limit (under typical 1 minute
observation times) of better than 5 x 10_6. By examining the
response function one conciudes that the noise equivalent emis-
sivity is better than 2 x 10-5 over the spectral range of 5

to 14.5 microns.

3.5 Emissivity Measurement

Figures 13 and 14 are spectral plots of the emissivity of
a ZnSe sample measured on the emissometer system in a fully
operational mode, 1 minute observation time, 4 cm-1 resolution.
The spectra are fully calibrated and back~sround corrected and
clearly indicate the capability of the system.
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E RADC is the pr;ncipal AFSC orramwmon charqged with

planning and executing ‘the USAF exploratory and advanced .
development programs for information sciences, intelli- 1
gence, command, control and communications tochnoloqrj, )
products and services oriented to the needs of the USAF. L
Primary RADC mission areas arc communications, electro- 0 '
magnetic giridance and control, surveillance of ground

~and aercspace objects, intelligence data collection and
handiing, informaticn system technology, and electronic
reliability, maintainability and compatibility. RADC
has mission responsibility as assigned by AFSC for de-
monstration and acquisition of sclected subsystems and
systems iIn the intelligencé, mapping, charting, comﬁd,
sontrol and communications areas.
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