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ABSTRACT

A Y- to Lipm sl spectrometer emploving a novel mosaic arrayv of 35 - 62 detectors s
described. The spectrometer has been used on the University of Wyoming 2.3-1 teleseope withoa
079 per pivel irennaged: plate scale to obtain spectra of Tong-period variable stars. We charae tenize
the instramental spectral vesolution and spatiad point-spread function using spectra and spatiad
profifes extracted fron spectral images of the variable stars. In order to evabnate the cffectivencss of
oy data-acquisition and reduction procedures. our spectra are compared with examples tomd o
the Atlas of IRAS Low Resolution Spectra. The comparisons are made for smgle representatives of
cach of three diverse object classes—oxveen-rich stars with strong silicate feature endsaion
carhor-rich stars with silicon carbide emission. and latc tvpe stars exhibiting photospheric contin.
nnm radiation. We conclude that: (D The TRAS and arrav spectronieter spectra are in gualitatine
agreement if account is taken of the extension of the silicate feature luy to wavelengths shortward of
the Y-pm cut-on wavelength of our instrument. (2) The spectral resolution of our spectrometer is as
eapected for the stitwidth cmploved. (3 The width of the spatial point-spread function is nearly o
good as the design goal. (49 The formal uncertaintios of our data points are high even when the
relutively Tow responsivity of the mosaic array is considered and are suggestive of svstem noise

limited performance.

Key words: instrumentation -array detectors=1R spectroscopy

I. Introduction

Recent examiples of the use of imosaic infrared arrays in
around-based astronomical cameras in the ten-micron
region are readily fonnd in the literature (Arens et al.
1954, Blocmof, Townes. and Vanderwyek 1954, Tresch-
Fienbere et al 1987 Gezari e al. 19581 However. such
arrans also lend themselves nicely to long-shit spectro-
scopic applications for which radiation is dispersed along
one of the orray axes. Array slit spectrometers have a
substantial adr antage over single-detector wavelength
scauning spectrometers sinee all wavelength elements
are measired simultanconslhy. Heneeo the shape of the
spectrim is unaftected by variations in atmospheric trans-
misston. Using a two-dimensional array inour spectrome-

ter also permits the acquisition of long-slit spectra of

estended sonrces,

The design of the prism spectrometer discussed here is
similar in its choice of dispersing clement to a diserete
holometer array spectrometer built by Gearz, Hackwell,
and Stith (19761, our design is discussed in some detail in
warkshop proceedings (i Van and Tandy 1987 horcatter
Paper T LeVan 1989 Here we brieflv review the design.
discuss upgradings to the spectrometer, and deseribe the
vesults of recent observing runs. After reviewing the

instrinment and telescope testswe nest disens the speee-
tra obtained for our prograny stars. Next. observed noise
characteristics are compared with those expected tor o
mosaic array operated under background-timited conds
tions. Finally | the spatial point-spread function is deter-
mined from monochromatic profiles of the proeram <t
CAPOSUTES.
2. The Spectrometer

2.1 Mosaic Array Clocking

The detector arrey is a Santa Barbara Researeh Conten
ISBRCY 55 by 62 pivel SiGa photoconductor v
“Indium bump bonded™ to w CRE-228 Direct Read Ot
(DRO multipleser, whose propertios we listed m Toble
1. A circuit diagram for one of the 1795 pivel vt oot
shown in Figure 1 The DRO has two signad oatpnt fines
Fach line is driven by an on-chip MOSEFET souree fol-
lower cireuit, and a smgle arrav address code transters the
signal simultanconushy from cach of two adjacent preets
Because of the spectral resolution of the spectrometer and
the high backgronnd photon rates in the thermal infrared.
pi\(']s are clocked continuouslv at 333 KHz, givinge a 3
wsee pinel “window” during which 8-Reset Sampling
(DRS) mav be performed. Source follower hias valtaves
and load resistance values were optinized to allow for
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TABLE 1

Mosaic Array Attributes

Pixel format............. 58x62
Pixel spacing............ 75 upm
Photoconductor material.. Si:Ga
Multiplexer read mode=... Random access; direct output

Multiplex ratio.......... 1798 pixels / output channel
Well capacity...... cere.. 3x106 e-
Responsivity®............ < 0.4 A/W

Uniformity..... e < 5 % rms

~Read-out noise is below LSB of 12 bit full-well
conversion

bManufactuircr goal ol ulyh pixel response uniformity
was obtained at the expense of lowered responsivity
({private communication with manufacturer, Santa Barbara
Research Corporation).
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Fre.. 1-Cirenit drawing of one of 1798 total pixel unit cells (UC) shown with the address electronics and two source followers. Acronyms refer to bias
and clock voltages supplied externally via the chip carrier: RA-n and CA-n refer to row and column address dlocks. VDD, VGG, and VSS are the usual
MOSFET terminology for drain. gate. and sonree hias voltage. AORST denotes the address reset clock voltage that is required prior to a new address
selection. and CORST is the signal charge reset clock voltage. Load resistors for biasing the two source followers that are shown below the shaded

horder arc supplied by the user at an off-chip location.

settling of signals during the clamp and sample of DRS. multiplied by the number of pixels per output line (1798),
The integration time per pixel, equal to the clock period — is 5.4 msec. Further details on the laboratory cryogenic
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A0 K testing of the arvay are contained in Paper 1

2.2 The Coaddition Elcctronics

Flectronies for real-time coadditions of digitized array
frames is based on Arithmetic Logic Units (AL Us and was
desigued  at the  Air Foree Geophysies  Laboratory
(AFGLY The ALU design was selected over amicropro-
cossor-based design to allow for higher frame coaddition
rates isee abso Paper L 'The coaddition electronies pro-
vides two sepurate RANM blocks of 3596 20-hit memory
sites to allow tor the standard IR astronomy technique of
secondary mirror chopping of the sonree and blank sky.
Coaddition suppression after cach chop doring the settle
time of the secondiry mirror prevents corvuption of the
summed frammes. The register contents (-nrr('sl)nn(lim.{ to
the two telescope chop positions are differenced by the
ALUs and transterred to a minicomputer for storage on
hard disk before overtlow of the 20-bit RAM block (fewer
than 236 array frames.
2.3 Electrones Testing

Farly liboratory testing disclosed significant clocking
noise on the common analog and  digital electronices
gronnds at the level of several bits of our 12-bit A to D
converter and higher than the shot noise of a full pisel
well, This resulted in onr redesigning, the analog electron-
ics Loards with considerable attention to isolation of the
digital. hius voltage. and signal grounds. The two A to D
16-bit
devices with front-cnd sample and hold and a 2.7-pscec

comverters were also upgraded  to improved

cornversion time tAnalogic Corp., Wakefield, MAj). The
npgraded circaitry is used inan equivadent 12-bit mode.

A problen that affected initial observing runs was clec-
tronic “spiking” of a signihicant percentage of the pixels
betore transter of the summed frames to the computer.
1Sottware corrections for spiking were disenssed in LeVan
and Sloan (19871 Because of their predominance on only
one of the two output channels, the origin of the spikes
was determined to be the digital clectronies. Tt was fur-
ther determined by repeating the transter of data differ-
ences between registers corresponding to the two tele-
scope chop positions that the spiking occurred during
duta acquisition. Subsequent changes in the relative tim-
ing of the A to D converter data lutching pulses sent to the
two “chop” registers significantly reduced the spiking in
the affected channel.
2.4 Prism Spectrometer Oplics

The optics design summarized in Table 2 s based ona
NaCl prism. A prism was selected as the dispersing ele-
ment for operation over a broad wavelength range (9 to 14
win) over which a erating etficieney would vary substan-
tially. Onr desien has no ervogenically cooled moving
parts. However, asimple cold blocking shutter is recom-
mended for future designs to facilitate testing. Ty con-
structing the optics (Sensors Systems Group, Wadtham,

S LEVAN

MAT care was tuken to stress relieve the mirrors at the
three substrate attachment points. This design was fonnd
to have good aligriiment stability hetween room temperi-
ture and 10 K. A picture of the optical assembly s shown
in Figure 2. A detailed . sealed sehematic of the ray truce is
siven in Paper 1.
3. Data Acquisition

Setup at the observing site tor infrared observations
mvolves a range of procedies too mnmerous to mention:
we concentrate below on those aspeets of the setup

specitic to onr arvay spectrometer,

S0 Obserciag Scetup: Electronies

The relative phases of a 333 kHz master clock and three
subsidiary clocks are adjusted within the 3-psee “pivel
window™, by displaving the pisel signals resulting from
d-reset sampling onan oscilloscope. The pixel signal reset
clock pulseis delaved relative to the piseladdress pulse to
allow tor settling of the signal level, The chanp pulse
iwhich restores the signal to the zero voltage level s
delaved to just prior to pizel reset. The sanmple pulse
initiates both swple and hold and the A to D) conversion.
as discnssed in Section 2.3, The relative timing of the
sample clock is delaved to the end of the pixel “window”
gust prior to the new pixeladdresst, The reset pixel signal
settles in the form of a lincar ramp toapedestal value: the
procedure outlined heve allows a time interval sufficiently
long to accommodate increased background or hright
sonree signals that require proportionally longer settle
times. Our clectronies also generates a telescope see-
ondary mirror chop waveform. ensuring synchronization
with the arrav clocking. We tune the amplitude 27" and
offset of the chop signal square wave using the signal from
the mirror position transducer. A check is made for can-
cellation of the background signal in the positive and
negative (']mp registers.

TABLE 2

Prism Spectrometer Attributes and
Spectral Dispersion

Pixel X (mm) A (um)
1 0.04 8.9
15 1.10 10.7
30 2.24 12.3
45 3.38 13.7
60 4.52 14.5
Prism material...... NaCl
F ol 1 tmetengs oo oeoens 270 mm
raTre et e e e e e 75 mm
Lyot stop diameter.. 10 mm
Slit dimensions..... 0.9x16 mm

3.3x58 pixels
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Fic.. 2-The spectrometer optics. shown inverted relative to its attitude as mounted in the dewar, The material used for construction is Al the mirror

surtaces are coated with Ni Gaps visible in the mirror assemblies provide stress veliet by decoupling the mirror surfaces from the substrate mounting

points. The NaClprism s held in place with spring steel, The assembly was built to onr design by Sensors System Gronp of Waltham, MA.

3.2 Observing Setup: Optical Alignme:t

Optical alignment consists of ensuring that the dewar
field of view is centered on the telescope secondary mir-
ror. This is accomplished using the signal of a sclected
pixcl resulting from aowarm radiation source positioned at
the telescope secondary mirror. By displaying this signal
onan oscilloscope it may be maximized by tilting a reflect-
ing mirror. The widespread alternative method ot adjust-
ment of the reflecting mirror for minimum backgronnd
signal without the warm radiation source was attempted

without success. This may be due to scattering interal to
the spectrometer of an appreciable component of back-
ground signal fromn outside of the reflecting mirror solid
angle.

3.3 Background Subtraction

Subtraction of the sky and telescope background trom
the source frames is effectuated by chopping the sec-
ondary mirror of the telescope at 3 Hz. The chop direction
is along the north/south axis as is the orientation of the
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spectrometer slit. The chop amplitude is one-halt the 547
slit length. Atter seven pairs of source and blank sky
chops. data collection is sinpresieded whide the differences
of the frames coadded into the two chop registers are
transterred to computer. This sequence is repeated 20
times tor a tixed telescope position. The telescope is then
nodded. Care was taken in adjusting the chop and nod
amplitudes since any mismatch between them results ina
spatial smearing of the source on combination of the
positive and negative source frames. Nodding the tele-
scope removes first-order spatial variation of the back-
ground. The 20 frame transters per telescope nod position
are transported off the mountain for subsequent process-
ing.

3.4 Optical Calibration: Positional

The array plate scale and wavelength calibrations relate
to array pixel spacing and optics magnitication and disper-
sion listed in Table 2. The array plate scale was verified by
moving a point source by fixed telescope pointing incre-
ments. The 09 per pixel slope of the it to the point-
source spatial peaks and telescope pointing offsets is con-
sistent with the telescope plate scale (3727 mm '), the
pixel spacing. and the spectrometer magnitication.

3.5 Optical Calibration: Spectral
Polystyvrene filim was inserted into the telescope beam
at the dewar window with a background source in view.

The polystyvicne spectrum shown in the lower panel of

Figwe 3 was generated as the ratio of background source
spectra with and without polvstyrene in the beam; also
shown is a reference spectrum synthesized from data
supplied with the polystyrene which also included wave-
lengths for the principal features (Beckman Instruments,
Inc.. Irvine, CA). Four weak and a single strong absorp-
tion feature labeled 11, 12, 13, 13, and 13" are visible on
the reference spectrum and have wavelengths listed in
Table 3. The Image Reduction and Analysis Facility
(IRAF) was used to fit the absorption wavelengths in
pixel coordinates and to interpolate the original flux sam-
ples onto a linear wavelength grid of 0.109-pm spacing.
This procedure was applied to all spectra discussed subse-
quently. Excerpted values of the wavelength calibration
are listed in Table 2 where 45 pixels are seen to be in the
useful range of atmospheric transmisison. Calculated
pixel wavelengths based on values of dn/d\ for NaCland
the spectrometer design are published elsewhere (LeVan
and Sloan 1987). The calculated wavelengths are in good
relative agreement with the polystyrene calibration dis-
enssed here.

The spectral resolution illustrated by the polvstyrene
spectrais for a relatively large slit width (3" at the present

'IRAF is distributed by National Optical Astronomy Observatories.
which is operated by the Association of Universities for Research in
Astronomy. Inc.. under contract to the National Science Foundation.
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F1i. 3-Spectra of polvstyrene calibration film resulting from an expo-
sure of Mars as a background source. Instrumental response and atmo-
spheric transmission variations with wavelength are eliminated in the
ratio of spectra with and without polvstyrene in the telescope heam
{hottom panel). The reference spectrum (top panelt is svnthesized from
data supplied by the manufacturer of the polystyrene sample. Absorp-
tion feature identifications correspond to those of Table 3. The spectral
resolution is not optimal since the background source (Mars) was imaged
onto a 3%-wide slit and a slit width as small as 1”7 may be used under the
appropriate conditions of atmospheric seeing. The spectral flux values
have been interpolated onto a linear wavelength grid using the IRAF
Onedspec package.

TABLE 3

Polystyrene Absorption Wavelengths

Reference A (um)
11 9.35
12 9.73
13 11.03
13- 11.91
137 13.28
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telescope plte scalerinstalled prior to cevogenicallv cool-
ing the spectrometer. However, slit widths as simall as 17
may be used under good seeing conditions. Since the
spectral resolution using the 37 slit is an approximate
factor of 3 worse than the design goal. one may expect
higher resolutions for smaller slit widths.

[t is also of interest to note that the polvstyrene spectra
obtained in June 19885 using Muars as a background source
are spatially extended over approximatelv 107 simulating
a spectrally structured extended sounree. These spectra
exhibit a shift to shorter wavelengths to the north and
indicate a rotational misalicnment between the slit edges
and spectrometer axes as defined by the prism orienta-
tion. This misalichment poses no difliculty for point
sources and may be casily corrected in extended source
observations by using the flux-conserving rotational oper-
ations in the IRAF.

3.6 Flux Calibration

Obsenvations of bright, variable infrared stars were
made at varions positions along the spectrometer slit. The
relative siguals for spectral pixels at a fixed slit position
result in correction coetlicients for atmospheric and in-
strumental transmission variations with wavelength, for
the “mean” detector responsivity variation with wave-
length, and for pixel-to-pixel variations in responsivity.
The stellar lax-based calibration is obtained with longer
integrations on nonvariable standard stars (¢.¢. . a Bootis,
o Tauri. and B Geminorum? at a single position in the slit
that overlaps any of the wlorementioned positions. Sky-
cmission measurements were taken at zenith and at larger
senith angles with the telescope chopper oft in order to
flat field pivels parallel to the slit length. The sky signals
are composed of a constant offset term (the telescope
background and electronics offsets) and a term propor-
tional to air mass. The diffterence of the signals at the two
air masses is thus proportional to detector responsivity.
Relative responses result for monochromatic pixels paral-
lelto the long slit edge. The relative responses of all pixels
in the array were set by combining the spectral and spatial
cafibrations. In practice. the responsivity variation for
pivels in the present array is very low (less than 3% rins)
which is due in part to the low overall array responsivity
tsee Table 1

4. Data Reduction

L1 Output Frame Coaddition

Data frames transferred from the coaddition electron-
ics have been coadded electronically over a 2-sec interval
reorresponding to 3 or 7 secondary mirror chop eveles).
We define an exposure as 80 such frames, in groups of 20
corresponding to a fixed telescope nod position. Expo-
sures are processed by pair-wise differencing of frames
corresporrding to the positive and the negative nod posi-
tions. The running sum of pair-wise-differenced frames
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has the residual due to the skyvand telescope hackgrounds
removed G opposed to the case of coadding the frames in
the sequence they were collected). Spikes are eliminated
during the coadding, and the number of acceptable values
for cach pixelis used in the caleulation of the average. The
sum of the squares of pisel signals is used for the caleula-
tion of the standurd deviation of the mean. The standard
deviations of the mean are the formal uncertainties for
subsequent analysis,

4.2 Atmospherie Correction Coefficients

An average spectral correction for mean atmospheric
and instrumental spectral variations was applied to all
pixels in columns perpendicular to the slit long axis. Next,
these pisels were multiplied by their unigue flat-field
coeflicients that account for difterences from the average
spectral correction. Finally, columns of spectral pixels
were ndtiplied by their inverse relative responses as
determined by the sky emission flats.

4.3 Rotational Misaligznment Correction

A 17 misalignment of the prism axes relative to the
mosaic array edges results in svstematic changes in the
slopes of spectral rows of pixels about the peak spectral
row. The eftects of the rotational misalignment are also
evident by shifts of peak spatial emission with wavelength
in the amount of .012 spatial pixel per speetral pixel. We
correct for the misaligninent by removing the slope resid-
nals using a model that assumed a Gaussian form for the
point-spread function. The functional form for the Gauss-
ian cxponent in our model included the usual spatial
dependence along with a coupling term between the
spatial and spectral axes. The coupling term was deter-
mined in aleast-squares fashion as the value given above.
The Gaussian fit removed both the slope bifurcation and
the shift of spatial peak with wavelength.

5. Observational Results

5.1 Observed Stars

For the purposes of the present paper we limit our
discussion to a set of three stars taken from the larger
observing list of LeVan and Sloan (1989). The three stars
are representative of three distinet classes: oxvgen-rich
stars with strong silicate emission (IRC + 10420), carbon
stars with silicon carbide emission (V Cvgni), and late-
tyvpe stars having presumed photospherie radiation for
which a blackbody spectral distribution is adopted (Arctu-
rus). These three stars were observed on 1988 June 4 UT
with at least four exposures (as defined in Section 4.1)
cach. The absolute flux levels of the spectra were set using
the 1l1-pm flux shown in Figure 4 for Arcturus. The
uncertainty in the absolute levels given by repeated expo-
sures is estimated at 25% . We plot the sum of spectraover
the spatial point-spread function in Figure 4. Spectra
have been regridded on a linear wavelength scale using
IRAF, as described in Section 3.5.
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sition and reduction techniques. we compare our spectra
with those obtained with the IRAS Low-Resolution Spec-

5.2 Spectra: Comparison with IRAS Low-Resolution Spectra
In order to evalmate the eflectiveness of onr data-acqui-
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tronieter LRS andd contamed in the Avlas of TRAS Low
Resolution Spectra Olnon and Raviond 1956 1RS Atlas
The LRS Athas includes cntvies for b three of

the stars considered here First, we note the acrecment

heveatter

tor the twoinstruments in the blackhody it to the contin-
e of Arcturus, ITn the cases for the canssion featire
stars. blackbaody tits to the continumany are made tor the
purpose of comparing the LRS and wras spectrometen
speetri e are not to be taken as representative of tem-
peratines of cither dust crane oe the anderlving star.
Based on the LRS spectrmn of the stheate ennssion star
IRC - 1020 we see that the continnum blueward ot the
sthcate feature s not sampled by one spectrometer. This
is hecanse the way elength coverage of our mstrunment as
shatted Toneward toa G- ent-on warelength as aresualt
of translational nusaliznment of the opties assembly reli
tive to the wmosaic arran . At the seale of about 001 wan in
w.avelenath per pinel the observed o wanvelenath
it coreesponds to abont 007 o of translation. For
sthicate teatire spectra observedwith the arra spectrom -
cter the blackbody fits to the continna must bhe chosean
snuch that the short was eleneth ratio ot teature and contin-
i lvels s cqnal to that of the LRS spectraat 9 e In
order to Lcilitite this procedore we list in Table Fawave-
|(-n:i||\rurl'(-\|mm||n:tu.l«_1<-<n|u'triv|)|'<)ur<-\\iunnh'.thns
of stheate feature to continmnm fnves obtained from the
blackbody fits to the TRS spectra ob IRC - 10420 and p
Cepher We note that this featiee i the tormer st with
it Lu':('l‘ «'qnl\.llvnt width is adso niore extended to the
shorter wan eleneths The results in Fable Findicate that
tor TR - 10120 the sihcate feature streneth relative to
the contimmum at Y poncis approviniatel 075 This ratio s
incheated araphicadhy for TRC - 10420 in the hottom pan-
cis of Fianre 4 The corvection to the overall feature thin
due toleatire Coission shoetward of 9 pmis Tess than 109
for TRC - 104820 and involves 4 correspondingly simall

uncerbunty . A lareer souree of nneertanty in the copiva-

lentawidth deternination resalts from the placement of

the short-w.neleneth mtereept e voa somewhat under-
estimated continunm levelwill significantly overestimate
the cquivalent width, The ancertainty of the reported
vahie of siticate feature cquivadent width which combines
both corvections is 1077 For o Cep the value of the

Featire to continmmm ratio at 9w is closer to 0.8 The
TABLE 3

wWavelengths for Fixed Low Resolution Spectra
Feature to Continuum Ratios

Feature Lo(um)
star Erquivalent A Freav [ poonT
Width (um) 51 10% 20% 403 B80O%
[RC +10420 3.2 8.i4 8.25 8.39 8.63 9.05
u Cep 2.0 8.34 8.44 8.66 8.97 9.42
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estimation of silicate feature cquivalent sadth for most
other stars anvolves sualler vatios of 4 o teatine to
contpnman flay than that for TRC - 10420 and sadler
nnecrtamtios

\ Ol

the P tral coveraze of the area spoectronieten cibraces

For stars exhnbntime SiC Heatire cindsston v o

the contimuni both short and lonaward of the teatore
The \||(||)\-\nl the spectraof V COvator the twomstroments
are i satistuctory agrecment. The shitt m the absolate
Huv devess excecds de level of photoretne ancertanty
aund may he attvibited to fong pernod varability LeVan
and Sloan 1989

A sl comparson between the ERS and array spee-
tromcter spectra indicates the presence of more sl
scale structure i the wrray spectra This stracture reflects
the Tinmtations ot our correction for atmospheric attenua-
tion and s hest qpantitied by the deviations between the
RS and e spectrometer spectra o Aretarus The
relative stoothuess of the LRS spectra resalts from the
abscnee of residuals rom atiospheric correction and the
hicher sensitivities possible swith a ervocenmcally cooled
h~|ku|n- npn-r.m-(l nnder the lower l».u‘l\*_'mun(l fev els
ontside the Farth's atmosphere s Bewlman ot ol 1955

The standard deviations of the mean of the array spec-
trometer spectraae large viven the 2-minute imtegration
e and the hrightnesses of the program stars Part ot the
reason for the low sivnal-to-noise ratio s traceable to the
overal Tow resporsivity of the mosaic array osee Table 1
which acconnts for perhaps afactor ol 5 of the totad Lactor
ol 200 dearadation of our snectrometer relative to the
expected sensitivity, Therctore additiona noise sonrees
i our system mnstacconnt for e wagority of the degra-

dation and these are |m'wntl\ under iny estigation.

3.3 Spatial Profiles

The spectral images obtained for the three stars dis-
cussed above are nsetulin the determination of the pomnt-
spread function (PSEY of our spectrometer. The experi-
mentallyv determined PSE can be compared with that
expected from the spectrometer design. the prondes dis-
plaed in Figure 3 vesnlt from simiming normalized.
monochromatic profiles extracted from single exposures
at ten equally spaced wavelengths between 10 and 115
i The two ontermost points have been averaged for-
ther over 3 pinels within 27 of cach point. The three
profiles shoven appear equivalent within the uncertaintios
and imay be characterized by a Ganssian with a o value of
0°S. In comparing with our evpected value of a) we use
the brightness distribation tor dittraction at a civenlar
aperture displaved graphicallv in Born and Wolt (19646,
We note the very good agrecment of a Gaossian fit to the
priomary maximium of the normalized brightness profile
down to 5% of peak fevel bevond which the first mini-
minn: Lalls sharply below the Gaussian fit. From the
Gaussiun fit to the calentated diffraction profile at a wave-
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Leen tirther averaged oves 3 pnels within 27 o cac b endponmit

fength of 1T we tind telescope ditfraction contributes
a Ganssian o vidue of 0739 The spectrometer contribu-
tion to the Psie derives from diftraction of the 1-cm-di-
ameter collimated heam at the Tyot stopoand econtribrtes
a 33-pan blur (Ganssian o on the mosaie arrav, which

corresponds for the array plate scade to 0735 o the sky . i
order toreproduce the observed Canssean g valne of 078,
4 combmation of secing cHeots and seatternme within the
spectrometer i amonnts not exceeding 074 Ganssian o

IS l(‘l||lil'(‘(|
6. Conclusions

The evaluation of a slit spectrometer nsimg i mosaic
array i the ten-micron region has shown promising re-
sults, Spectra were obtained whose qualitativ e attributes
are comparable to those seanncd by the TRAS satellite and
published in the Atlas of TRAS Fow-Resolution Spectra
TOlnon and Ramond 1956 The comnparison s nade for
three complementary abject classes  onvvgenarich stars
with strong silicate teature emssion. carbon stars with
SiCHeature emission. and Lite-ty pe nonvariable stars with
photospheric radiation-—and permits the following con-
clusions. 1 Overall shapes of the TRAS and arras spee-
trometer spectraadree ifaccountis taken of the extension
of the silicate feature Hus to was elengths shortward ot the
Y- cut-on wan elength of our instriment. 20 The spec-
tral resolution of our spectrometer matches valines ex-
pected tor the relatively Targe shit width emploved. 3
The width of the spatial point-spread function is close to
the design coal but. nevertheless, consistent with either
scattering within the spectrometer or a 17 FWHN seeing
disk. £ The noise values of our data points are high even
when the relatively Tow responsivity of the miosaic array s
dacconnted for and are sngeestive ot non-backagronnd-lim-

ited perfornance.

We acknowledwe the statt ot the Wioming TR ( Yhserva-
tory SWIRO tor providing observational time on the 2.3-
m telescope and sabstantial mterface support for the
spectromcter deseribed here, WIRO graduate students §.
Benson, Ko Klett, 1 Havward, and G Sloan all con-
tribated on varions observing rmns. Peter Tandy of the
GCeophivsies Laboratory was the electronies engineer re-
spontisible tor many of the electronies subsystems. Dr.
Richard Puctter is gratefullhy acknowledeed for having
provided comments feading to the clarification of the
original manuseript. This rescarch was supported during
its observational phase by the Air Foree Oflice of Scien-
titic Research.
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