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Extended Abstract

MICAS is an integrated multi-channel instrument that includes:  an ultraviolet (UV) imaging spectrometer, two visible-wavelength imagers , and a short-wavelength infrared imaging (SWIR) spectrometer that was flown as a technology demonstration on the New Millennium Deep Space 1 Mission (Table 1).  MICAS has no moving parts, uses a shared multi-wavelength long-focal length primary telescope and provides a multi-temperature set of focal planes. with different remote-sensing scales (i.e. (radians/ mm).  The MICAS optical layout is shown in Fig. 1.

Background and History:  MICAS is a close derivative of PICS (Planetary Integrated Camera Spectrometer) that was originally developed under NASA PIDDP (Planetary Instrument Definition and Development Program) funding in response to a Pluto Fast Flyby instrument feasibility demonstration program (Beauchamp et. al. 1994).  The program goal was to demonstrate the practicality of an instrument package with a mass and power <7kg and <7w that could meet the prime scientific objectives defined for the Pluto Fast Flyby Mission.  PICS and MICAS were developed by a consortium of JPL, SSG, Univ. of Ariz., Rockwell, and the USGS.  The additional goal, self-imposed by this consortium, was that PICS would achieve the sophisticated scientific capacity of similar instrument collections flown on Voyager, Galileo, and Cassini (at 10 times mass, 10 times the power, and 10 times the cost).  More specifically this meant PICS performance goals included, for instance, high-resolution imaging (as on Mariners, Voyager, Galileo or Cassini; e.g.~10(rad IFOV) and imaging spectroscopy in the short-wavelength infrared and ultraviolet, comparable to NIMS (Near Infrared Mapping Spectrometer) on Galileo or VIMS (Visible-Infrared Mapping Spectrometer) on Cassini.

PICS was developed, demonstrated, and tested to the level of a fully functioning breadboard (Beauchamp, et. al. 1994).  The most crucial new technology key to PICS and MICAS is the monolithic SiC construction (silicon carbide) used for the integrated structure, optical bench, and optics.  This material was essential to realize the very low mass and to achieve combined thermal and optical stability requirements.  This material has 1) very high stiffness-to-mass ratio and the strength to allow it to be thinned to reduce mass while retaining rigidity and exceptional optical performance and 2) high thermal conductance and a very low coefficient of thermal expansion giving very high thermal stability.  The monolithic SiC structure meant that the instrument would expand or contract thermally as a unit and stay in alignment and focus over wide temperature ranges; the low coefficient of expansion meant it would expand or contract very little in the first place.  This allowed 1) design that could be assembled at room-temperature and would stay aligned and in focus when cooled to cryogenic operating temperatures (reducing the cost/complexity of integration) and 2) making optical alignment immune to thermal gradients across an instrument with several focal planes held at different temperatures.

To meet the exceedingly low power requirement, the PICS electronics design that was developed consists of a simple single signal chain with minimal controllability, serialized operation, and run at low clock-rates to minimize power.  State-of-the-art electronics packaging, hybrids, and gate arrays were employed to minimize mass and size.  The PICS PIDDP effort also motivated (and partly funded) an improved short-wavelength infrared detector, the Rockwell Science Center PICNIC array (a refined NICMOS detector) that provided improved radiation tolerance and lower read noise (c.f. Beauchamp, et. al. 1994).

An essential requirement that drove directly the PICS design was that it be “self-sequenced” that by its very nature its operation would result in a conflict-free timeline.  This would save enormously on the traditional science planning and sequence integration processes that are such a costly and time-consuming component of planetary mission operations.  Traditionally the hour-or-so around closest approach is jammed full of conflict because many investigations place their highest priority demands on this period.  The requirement for a conflict-free timeline, combined with restrictions on PFF data rate and power, led to an approach in which the major observations were serialized.  Sharing the long-focal-length multi-wavelength primary telescope among the cameras and the imaging spectrometers led to a situation whereby the sequence of prime observations was naturally spread out in time:  UV emission spectroscopy would be acquired days before closest approach (C/A);  the prime global SWIR map acquired ~ 1 hour before C/A;  and the high-quality, high-resolution global imaging centered at C/A.

MICAS Technology Contribution:  MICAS as selected for technology flight demonstration for the New Millennium (NMP) Deep Space 1 Mission (DS1) was a direct derivation of PICS with only minimal design changes.  Several aspects of the instrument should have been substantially revised to address the different target requirements, in particular, the electronics were designed for a very different operating environment. Severe DS1 budget and schedule constraints precluded addressing these liens.

Table 1 shows the basic characteristics of MICAS.  The four channels include the single-octave UV and SWIR imaging spectrometers as they were designed for PICS (although the UV grating was blazed for slightly longer wavelength).  Two new detectors were also key elements, the new technology contribution:  the Rockwell NICMOS-based PICNIC infrared array, which as mentioned above, was developed under the original PICS PIDDP program, and the JPL 256x256 Active Pixel Sensor (APS) imaging array, a very low power (~10mw) CMOS-based device in which amplification and readout electronics are embedded within each pixel.

The principal MICAS technology (also the major NMP DS1 development investment) is the integrated low-mass SiC multi-temperature, multi-focal plane structure, optical bench, and multi-wavelength optics.  Using methods and processes developed by SSG, both hot-pressed SiC (for the overall structure and optics) and composite SiC/SiC (for the SWIR spectrometer structure) were incorporated.  The optics was fabricated from hot-pressed SiC forms that were cladded with silicon and then diamond turned.  The optical and thermal designs of MICAS have novel elements as well.  The SWIR focal plane uses a "direct-drive" radiative cooler;  the optical configuration using off-axis diamond-turned aspheres and off-axis toroidal gratings enable higher through-put with improved point spread function performance.  The goal for multi-wavelength optical performance (e.g. providing acceptable transmission from ultraviolet through near infrared:  ~50-5000 nm) was accomplished with a series optical coatings:  Pt for the primary mirror (best compromise for full wavelength range UV-SWIR), SiC for the UV alone, Al for  combined VIS and SWIR, and Au for SWIR alone.  The triangular structure with externally mounted optical elements provided easy access to all focal planes.

MICAS In-flight Testing:  In-flight testing of the full set of MICAS channels was deferred multiple times during the first several months of DS1 flight.  Originally, a major component of the validation was to observe the Earth-Moon system during the first few weeks after launch.  This was to provide the entire set of channels with extended targets critical for many elements of the demonstration and validation;  the loss of this opportunity adversely affected the early in-flight characterization of MICAS reducing its subsequent readiness for the Braille encounter.  The cancellation of the Earth-Moon sequence stemmed from startup problems in getting the DS1 ion engine started and running smoothly.  Once the engine was operating properly, the decision was to defer MICAS characterization even further in order to get the ion engine lifetime operating test underway and to insure the mission performance to reach the asteroid.  

Early in the DS1 flight OPNAV data were collected with the VISCCD channel of star fields and it became clear that MICAS was plagued by stray light.  The stray light was due to reflected sunlight entering the aperture.  This was caused by 1) location of MICAS on the DS1 S/C in a position that allowed scattered sunlight to reach the back of the sun shade and thereby into the aperture and 2) use of a reflective material in fabricating the occultation port in the sun-shade (leaving a reflective surface on its the inside edge).  This stray light was pervasive, severely affecting optical navigation.

Validation Results:  Validation criteria for the MICAS integrated multi-wavelength, multi-temperature, multi-focal-plane SiC structure and optics include 1) ability to easily assemble and align at room temperature, 2) retention of optical alignment as the instrument then was cooled to cryogenic operating temperatures,  3) demonstrated stable optical alignment in sustaining large temperature differences between focal planes, 4) demonstrated optical throughput over full wavelength range (ultraviolet through near infrared), and 5) maintain stable focal plane operating temperatures.

Thermal stability of the MICAS optical design was solidly demonstrated in pre-flight thermal vacuum tests.  The system was aligned at room temperate and cycled down to cryogenic instrument operating temperatures through multiple cycles.  The optical system exhibited no measurable change in alignment over these cycles; interferrometric measurement showed optical stability down to a precision of 1/10 wave.  In addition the MICAS multi-wavelength performance was demonstrated in the laboratory to provide the optical throughput over the full wavelength range, ultraviolet through infrared.

Early during flight the MICAS ultraviolet channel detector failed.  The device continues to respond to external stimuli (e.g. stray-light) and exhibits normal temperature-dependent characteristics, but the data are scrambled---pixels sheared, shifted, and summed.  Tests by reading out the MICAS buffer have isolated the cause to the data scrambling to the detector itself.  Currently the best candidate failure mode is a breakdown in a gate in the serial output circuit of the UV frame-transfer CCD.

Inflight tests of VISCCD, the APS, and the SWIR further validated the overall optical, thermal, and multi-wavelength performance of the integrated MICAS SiC optical/structural system.  One of the best examples is shown in Figures 2 and 3.  Early in November 1999 a series of APS and VISCCD images were acquired of Mars.  Mars was at a range of roughly 5.5x107 km and subtended about 7 pixels in the APS and 9 in the VISCCD.  Because they were relatively short exposures they provide excellent data to look at the point spread function (PSF) for both channels.  Figures 2 and 3 show the results of such a analysis for the APS camera.  The blue diamonds of Figure 2 represent the APS image profile across Mars (roughly equatorial from terminator to bright limb);  the phase angle was ~52.8(.  A photometric model for Mars was convolved with a Gaussian PSF function;  the resultant fit is shown as the red dashed line in Figure 3.  The model PSF derived in this process is shown in Figure 2.  The full width at half maximum (FWHM) of this PSF is ~1.5 pixels consistent with the original design for the optical system for this channel.  Similar images and analyses acquired for the VISCCD for the same November 1999 Mars sequence shows PSF with a FWHM ~2 pixels consistent with the IFOV ratios of the two channels (~1.5:1).  These are quite sensitive measures of optical stability and shows the optical system to have stayed in alignment and to deliver design performance in flight.

In addition MICAS observations of Mars can be used for inflight validation of the SWIR imaging spectrometer (demonstrating spectro-optical, detector, focal plane, and thermal performance).  This analysis shows the end-to-end performance of the SWIR was also successfully validated.  During May of 1999 three observations were made of Mars with the MICAS SWIR channel from a ranges of between 105 and 110 million kilometers at a phase angle of ~50 degrees.  Two exposure times were used (0.442s and 1.454s the second of which saturated at shorter wavelength but provided better SNR at greater than 2(m).  These observations were taken at three separate longitudes;  all are dominated by bright regions.  Mars was about 1 SWIR pixel (SWIR IFOV is 54(radian).  Fig. 4 shows all five of these calibrated and reduced spectra along with a theoretical model of the transmittance of CO2 computed by D. Crisp (1990).  The agreement of the MICAS observations with the theoretical CO2 transmittance is remarkable.  The quality of the MICAS spectra in the 1.4 to 1.9 (m range far surpasses any observations to date, either ground-based or space-based.  Two groups of features at ~ 1.74 (m and at ~1.87 (m in Fig. 4 are candidates for new surface features.  Features due to sulfates this spectral range were recently suggested.  Calvin .et. al., 1999 suggested a gypsum band might be visible in the Phobos ISM spectra at about 1.75(m and Bishop et. al. 1999 suggested that jarosite might produce a feature in the 1.85(m region.  These are by no means suggested to be definitive identifications for the MICAS features but they do suggest that reflectance imaging spectroscopy as a viable scientific tool that should be flown to Mars in the next decade.  They also constitute demonstrable validation of the overall end-to-end performance of the MICAS SWIR channel.


[1] P.M. Beauchamp et. al. (1994) AIAA Conference Utah;  [2] D. Crisp (1990) JGR 95 pp. 14577-14588, [3] W. M Calvin et. al. 1999 5th Intl Conf. on Mars pp. 6125-6126, [4] J. L. Bishop (1999) 5th Intl Conf. on Mars pp. 6220-6221.
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� EMBED Word.Picture.8  ���Figure 1  MICAS optical Ray-trace of Off-axis Gregorian Multi-wavelength Telescope





Table 1  Summary of MICAS characteristics.


�
UV Imaging Spectrometer�
APS Imager�
VISCCD Imager�
SWIR Image Spectrometer�
�
Detector Type�
1024x2048 FT CCD�
JPL APS 2562�
1024x2048 FT CCD�
Rockwell PICNIC�
�
Wavelength Range (nm)�
80-185�
500-1000�
500-1000�
1200-2400�
�
Aperture Diameter (mm)�
100�
100�
100�
100�
�
Effective Focal Length (mm)�
171�
677�
677�
752�
�
F/number�
1.7�
6.8�
6.8�
7.5�
�
Detector Array Size�
35x164�
256x256�
1024x1024�
256x256�
�
Pixel Size (microns)�
54�
12�
9�
40�
�
FOV (deg.)�
0.63x0.03�
0.26x0.26�
0.69x0.78�
0.7x0.003�
�
IFOV (microrad/pixel)�
316�
17.9�
13.4�
54�
�
Spectral Sampling Interval (nm/pixel)�
0.64�
na�
na�
6.6�
�
Average Spectral Resolution (nm)�
2.1�
na�
na�
12�
�
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� EMBED Excel.Sheet.8  ���Figure 2  Model derivation of APS PSF function.  Mars photometric model is convolved with Gaussian PSF function (Fig. 3) to fit APS Mars image.





� EMBED Excel.Sheet.8  ���Figure 4  Collection of MICAS SWIR observations of Mars during May, 1999.





� EMBED Excel.Sheet.8  ���Figure 3  Gaussian PSF derived for MICAS APS Channel using Mars observations from Nov 1999.
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		1.493		-3.007		-0.9002994012		-1.1204568763		0.4352711663		-0.9002994012		-0.4539508464		0.4352711663		0		0		0		0		0		0		0		0		0		0.0014734333		0.0059671112		0.0027173997		0.0101579443				-4.5454545455

		1.826		-2.674		-0.8005988024		-0.9282938871		0.5992007657		-0.8005988024		-0.2754246459		0.5992007657		0		0		0		0		0		0		0		0		0.0029214944		0.0155578125		0.0093163921		0.0035026831		0.0312983822		180		0.0472727273

		2.159		-2.341		-0.7008982036		-0.7766560098		0.7132613183		-0.7008982036		-0.1270492269		0.7132613183		0		0		0		0		0		0		0		0.0044052424		0.0308477226		0.0242902599		0.0120086747		0.0041711779		0.0757230775				-4.5454545455		180

		2.492		-2.008		-0.6011976048		-0.6449989567		0.7991003942		-0.6011976048		0.0042635122		0.7991003942		0.024111817		0		0		0		0		0		0.0050515508		0.0465144458		0.0481622463		0.0313097416		0.0143005566		0.0047553763		0.1500939174				-4.5454545455

		2.825		-1.675		-0.501497006		-0.5253282335		0.8651593801		-0.501497006		0.1236172264		0.8651593801		0.2545938928		0		0		0		0		0.0044052424		0.0533387416		0.0726225473		0.0620803356		0.0372852744		0.0163034353		0.0052727718		0.2513083484		356		0.2072727273

		3.158		-1.342		-0.4017964072		-0.4134777273		0.915729025		-0.4017964072		0.2336060987		0.915729025		0.3974949438		0		0		0		0.0029214944		0.0465144458		0.0832772533		0.0936092574		0.0739285038		0.0425073006		0.0180772852		0.0057336563		0.3665691967				-4.5454545455		356

		3.491		-1.009		-0.3020958084		-0.3068904194		0.9532775685		-0.3020958084		0.3357224246		0.9532775685		0.5123643815		0		0		0.0014734333		0.0308477226		0.0726225473		0.1073429965		0.1114747894		0.0842826339		0.0471321891		0.0196573913		0.0061441287		0.4809778322				-4.5454545455

		3.824		-0.676		-0.2023952096		-0.203803134		0.9793039258		-0.2023952096		0.430872447		0.9793039258		0.610150247		0		0.000565127		0.0155578125		0.0481622463		0.0936092574		0.1278296427		0.1270875018		0.0934527713		0.0512519372		0.021064664		0.006507388		0.5850883483		723		0.5409090909

		4.157		-0.343		-0.1026946108		-0.1028759789		0.9947129319		-0.1026946108		0.5196032283		0.9947129319		0.6956054462		0.0001648359		0.0059671112		0.0242902599		0.0620803356		0.1114747894		0.1457329504		0.1409149038		0.1016213263		0.0549210634		0.02231007		0.0068241971		0.6763018429				-4.5454545455		723

		4.49		-0.01		-0.002994012		-0.0029940164		0.9999955179		-0.002994012		0.6022115849		0.9999955179		0.771288861		0.0017404835		0.0093163921		0.0313097416		0.0739285038		0.1270875018		0.1615890185		0.1532320467		0.1088963969		0.0581681611		0.0233962253		0.0070927492		0.7557572205				-4.5454545455

		4.823		0.323		0.0967065868		0.0968579607		0.9953129337		0.0967065868		0.6787950084		0.9953129337		0.8387059677		0.0027173997		0.0120086747		0.0372852744		0.0842826339		0.1409149038		0.1757132522		0.1642019287		0.115334678		0.0610000509		0.024316935		0.0073077814		0.8250835127		1081		0.8663636364

		5.156		0.656		0.1964071856		0.1976923831		0.9805224207		0.1964071856		0.7492671871		0.9805224207		0.8987489269		0.0035026831		0.0143005566		0.0425073006		0.0934527713		0.1532320467		0.1882925637		0.1739100385		0.120949693		0.0634005809		0.0250541561		0.0074581513		0.8860605416				-4.5454545455		1081

		5.489		0.989		0.2961077844		0.3006151065		0.955154532		0.2961077844		0.8133442939		0.955154532		0.9518856551		0.0041711779		0.0163034353		0.0471321891		0.1016213263		0.1642019287		0.1994249839		0.1823767675		0.1257094162		0.065322708		0.0255696875		0.0075199176		0.939353538				-4.5454545455

		5.822		1.322		0.3958083832		0.4069479566		0.9183331224		0.3958083832		0.870496612		0.9183331224		0.9982277638		0.0047553763		0.0180772852		0.0512519372		0.1088963969		0.1739100385		0.2091338962		0.1895538254		0.1295205718		0.0666668326		0.0257814483		0.0074295426		0.9849771511		1228		1

		6.155		1.655		0.495508982		0.5184207116		0.8686028141		0.495508982		0.9198442214		0.8686028141		1.0375109386		0.0052727718		0.0196573913		0.0549210634		0.115334678		0.1823767675		0.2173639251		0.1953005637		0.1321856754		0.0672189482		0.0254716049		0.0067545106		1.0218579001				-4.5454545455		1228

		6.488		1.988		0.5952095808		0.6375264355		0.803570504		0.5952095808		0.9599402541		0.803570504		1.0689653495		0.0057336563		0.021064664		0.0581681611		0.120949693		0.1895538254		0.2239537874		0.1993192013		0.1332803994		0.0664111059		0.0231573103		0		1.0415918041				-4.5454545455

		6.821		2.321		0.6949101796		0.768294986		0.7190965458		0.6949101796		0.9882818835		0.7190965458		1.0909611094		0.0061441287		0.02231007		0.0610000509		0.1257094162		0.1953005637		0.2285620133		0.2009699059		0.1316786257		0.0603771373		0		0		1.0320519117		1167		0.9445454545

		7.154		2.654		0.7946107784		0.9183662145		0.6071191899		0.7946107784		0.9999949831		0.6071191899		1.099996137		0.006507388		0.0233962253		0.0634005809		0.1295205718		0.1993192013		0.2304548984		0.1985546347		0.1197145922		0		0		0		0.9708680927				-4.5454545455		1167

		7.487		2.987		0.8943113772		1.1068898174		0.4474451481		0.8943113772		0.9828707085		0.4474451481		1.0867763023		0.0068241971		0.024316935		0.065322708		0.1321856754		0.2009699059		0.2276852745		0.1805143926		0		0		0		0		0.8378190885				-4.5454545455

		7.82		3.32		0.994011976		1.4613065137		0.1092711832		0.994011976		0.8578255384		0.1092711832		0.9880341719		0.0070927492		0.0250541561		0.0666668326		0.1332803994		0.1985546347		0.2069982858		0		0		0		0		0		0.6376470577		719		0.5372727273

		8.153		3.653		1.0937125749		0		0		0		0		0		0		0.0073077814		0.0255696875		0.0672189482		0.1316786257		0.1805143926		0		0		0		0		0		0		0.4122894353				-4.5454545455		719

		8.486		3.986		1.1934131737		0		0		0		0		0		0		0.0074581513		0.0257814483		0.0664111059		0.1197145922		0		0		0		0		0		0		0		0.2193652977				-4.5454545455

		8.819		4.319		1.2931137725		0		0		0		0		0		0		0.0075199176		0.0254716049		0.0603771373		0		0		0		0		0		0		0		0		0.0933686598		255		0.1154545455

		9.152		4.652		1.3928143713		0		0		0		0		0		0		0.0074295426		0.0231573103		0		0		0		0		0		0		0		0		0		0.030586853				-4.5454545455		255

		9.485		4.985		1.4925149701		0		0		0		0		0		0		0.0067545106		0		0		0		0		0		0		0		0		0		0		0.0067545106				-4.5454545455

		9.818		5.318		1.5922155689		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		128		0

		10.151		5.651		1.6919161677		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455		128

		10.484		5.984		1.7916167665		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		10.817		6.317		1.8913173653		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		11.15		6.65		1.9910179641		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		11.483		6.983		2.0907185629		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		11.816		7.316		2.1904191617		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		12.149		7.649		2.2901197605		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		12.482		7.982		2.3898203593		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		12.815		8.315		2.4895209581		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		13.148		8.648		2.5892215569		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		13.481		8.981		2.6889221557		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		13.814		9.314		2.7886227545		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		14.147		9.647		2.8883233533		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		14.48		9.98		2.9880239521		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		14.813		10.313		3.0877245509		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		15.146		10.646		3.1874251497		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		15.479		10.979		3.2871257485		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		15.812		11.312		3.3868263473		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		16.145		11.645		3.4865269461		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		16.478		11.978		3.5862275449		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		16.811		12.311		3.6859281437		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		17.144		12.644		3.7856287425		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		17.477		12.977		3.8853293413		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		17.81		13.31		3.9850299401		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		18.143		13.643		4.0847305389		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		18.476		13.976		4.1844311377		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		18.809		14.309		4.2841317365		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		19.142		14.642		4.3838323353		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		19.475		14.975		4.4835329341		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		19.808		15.308		4.5832335329		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		20.141		15.641		4.6829341317		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		20.474		15.974		4.7826347305		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		20.807		16.307		4.8823353293		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		21.14		16.64		4.9820359281		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		21.473		16.973		5.0817365269		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		21.806		17.306		5.1814371257		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		22.139		17.639		5.2811377246		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		22.472		17.972		5.3808383234		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		22.805		18.305		5.4805389222		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		23.138		18.638		5.580239521		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		23.471		18.971		5.6799401198		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		23.804		19.304		5.7796407186		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		24.137		19.637		5.8793413174		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		24.47		19.97		5.9790419162		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		24.803		20.303		6.078742515		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		25.136		20.636		6.1784431138		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		25.469		20.969		6.2781437126		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		25.802		21.302		6.3778443114		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		26.135		21.635		6.4775449102		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		26.468		21.968		6.577245509		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		26.801		22.301		6.6769461078		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		27.134		22.634		6.7766467066		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		27.467		22.967		6.8763473054		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		27.8		23.3		6.9760479042		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		28.133		23.633		7.075748503		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		28.466		23.966		7.1754491018		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		28.799		24.299		7.2751497006		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		29.132		24.632		7.3748502994		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		29.465		24.965		7.4745508982		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		29.798		25.298		7.574251497		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		30.131		25.631		7.6739520958		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		30.464		25.964		7.7736526946		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		30.797		26.297		7.8733532934		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		31.13		26.63		7.9730538922		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		31.463		26.963														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		31.796		27.296														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		32.129		27.629														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		32.462		27.962														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		32.795		28.295														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		33.128		28.628														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		33.461		28.961														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		33.794		29.294														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		34.127		29.627														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		34.46		29.96														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455





Sheet1

		



Mars obsv'd APS 9911

Mars Model (cosi^0.7)

Convolved w/Gaussian PSF

Pixels

Scaled Intensity



Sheet2

		



Gaussian PSF fitted to Mars APS 9911

Pixel

Response



Sheet3

		





		






_1011190566.doc
[image: image1.png]IR DETECTOR RADIATOR

XXXXXXXXXXXAXXXXXXX KX XX XXXXXX XXX XXX

ARRAY—  C—— — —
— -_— 1




[image: image2.png]0.5-1.0
micron CCD ¥





[image: image3.png]o

PECTROMETER

S





[image: image4.png]





[image: image5.png]



[image: image6.png]26 cm

10 cm




[image: image7.png]



[image: image8.png]



[image: image9.png]SiC
GRATING





[image: image10.png]UV DETECTOR





[image: image11.png]




_1011163410.xls
Chart3

		-1.665

		-1.332

		-0.999

		-0.666

		-0.333

		0

		0.333

		0.666

		0.999

		1.332

		1.665



Gaussian PSF fitted to Mars APS 9911

Pixel

Response

0.0068363127

0.0234377626

0.0611083493

0.1211644249

0.182700556

0.2095051889

0.182700556

0.1211644249

0.0611083493

0.0234377626

0.0068363127



Sheet1

		radius=		3.34

		delta=		0.333

		Phase=		52.8		0.9215338451

		Exp=		0.7																beta=		0.9

		Coeff=		1.1																0.03		0.11		0.29		0.58		0.87		1.00		0.87		0.58		0.29		0.11		0.03		4.77		134

														cosine(i)		cosine(e)				-1.67		-1.33		-1.00		-0.67		-0.33		0.00		0.33		0.67		1.00		1.33		1.67

				y		y/r		phi		x		y		n dot sun		n dot S/C				0.01		0.02		0.06		0.12		0.18		0.21		0.18		0.12		0.06		0.02		0.01				134

		1.16		-3.34		-1		-1.5707963268		6.1257422745431E-17		-1		-0.796529918		6.1257422745431E-17		0		0		0		0		0		0		0		0		0		0		0.000565127		0.0017404835		0.0023056105				-4.5454545455		134

		1.493		-3.007		-0.9002994012		-1.1204568763		0.4352711663		-0.9002994012		-0.4539508464		0.4352711663		0		0		0		0		0		0		0		0		0		0.0014734333		0.0059671112		0.0027173997		0.0101579443				-4.5454545455

		1.826		-2.674		-0.8005988024		-0.9282938871		0.5992007657		-0.8005988024		-0.2754246459		0.5992007657		0		0		0		0		0		0		0		0		0.0029214944		0.0155578125		0.0093163921		0.0035026831		0.0312983822		180		0.0472727273

		2.159		-2.341		-0.7008982036		-0.7766560098		0.7132613183		-0.7008982036		-0.1270492269		0.7132613183		0		0		0		0		0		0		0		0.0044052424		0.0308477226		0.0242902599		0.0120086747		0.0041711779		0.0757230775				-4.5454545455		180

		2.492		-2.008		-0.6011976048		-0.6449989567		0.7991003942		-0.6011976048		0.0042635122		0.7991003942		0.024111817		0		0		0		0		0		0.0050515508		0.0465144458		0.0481622463		0.0313097416		0.0143005566		0.0047553763		0.1500939174				-4.5454545455

		2.825		-1.675		-0.501497006		-0.5253282335		0.8651593801		-0.501497006		0.1236172264		0.8651593801		0.2545938928		0		0		0		0		0.0044052424		0.0533387416		0.0726225473		0.0620803356		0.0372852744		0.0163034353		0.0052727718		0.2513083484		356		0.2072727273

		3.158		-1.342		-0.4017964072		-0.4134777273		0.915729025		-0.4017964072		0.2336060987		0.915729025		0.3974949438		0		0		0		0.0029214944		0.0465144458		0.0832772533		0.0936092574		0.0739285038		0.0425073006		0.0180772852		0.0057336563		0.3665691967				-4.5454545455		356

		3.491		-1.009		-0.3020958084		-0.3068904194		0.9532775685		-0.3020958084		0.3357224246		0.9532775685		0.5123643815		0		0		0.0014734333		0.0308477226		0.0726225473		0.1073429965		0.1114747894		0.0842826339		0.0471321891		0.0196573913		0.0061441287		0.4809778322				-4.5454545455

		3.824		-0.676		-0.2023952096		-0.203803134		0.9793039258		-0.2023952096		0.430872447		0.9793039258		0.610150247		0		0.000565127		0.0155578125		0.0481622463		0.0936092574		0.1278296427		0.1270875018		0.0934527713		0.0512519372		0.021064664		0.006507388		0.5850883483		723		0.5409090909

		4.157		-0.343		-0.1026946108		-0.1028759789		0.9947129319		-0.1026946108		0.5196032283		0.9947129319		0.6956054462		0.0001648359		0.0059671112		0.0242902599		0.0620803356		0.1114747894		0.1457329504		0.1409149038		0.1016213263		0.0549210634		0.02231007		0.0068241971		0.6763018429				-4.5454545455		723

		4.49		-0.01		-0.002994012		-0.0029940164		0.9999955179		-0.002994012		0.6022115849		0.9999955179		0.771288861		0.0017404835		0.0093163921		0.0313097416		0.0739285038		0.1270875018		0.1615890185		0.1532320467		0.1088963969		0.0581681611		0.0233962253		0.0070927492		0.7557572205				-4.5454545455

		4.823		0.323		0.0967065868		0.0968579607		0.9953129337		0.0967065868		0.6787950084		0.9953129337		0.8387059677		0.0027173997		0.0120086747		0.0372852744		0.0842826339		0.1409149038		0.1757132522		0.1642019287		0.115334678		0.0610000509		0.024316935		0.0073077814		0.8250835127		1081		0.8663636364

		5.156		0.656		0.1964071856		0.1976923831		0.9805224207		0.1964071856		0.7492671871		0.9805224207		0.8987489269		0.0035026831		0.0143005566		0.0425073006		0.0934527713		0.1532320467		0.1882925637		0.1739100385		0.120949693		0.0634005809		0.0250541561		0.0074581513		0.8860605416				-4.5454545455		1081

		5.489		0.989		0.2961077844		0.3006151065		0.955154532		0.2961077844		0.8133442939		0.955154532		0.9518856551		0.0041711779		0.0163034353		0.0471321891		0.1016213263		0.1642019287		0.1994249839		0.1823767675		0.1257094162		0.065322708		0.0255696875		0.0075199176		0.939353538				-4.5454545455

		5.822		1.322		0.3958083832		0.4069479566		0.9183331224		0.3958083832		0.870496612		0.9183331224		0.9982277638		0.0047553763		0.0180772852		0.0512519372		0.1088963969		0.1739100385		0.2091338962		0.1895538254		0.1295205718		0.0666668326		0.0257814483		0.0074295426		0.9849771511		1228		1

		6.155		1.655		0.495508982		0.5184207116		0.8686028141		0.495508982		0.9198442214		0.8686028141		1.0375109386		0.0052727718		0.0196573913		0.0549210634		0.115334678		0.1823767675		0.2173639251		0.1953005637		0.1321856754		0.0672189482		0.0254716049		0.0067545106		1.0218579001				-4.5454545455		1228

		6.488		1.988		0.5952095808		0.6375264355		0.803570504		0.5952095808		0.9599402541		0.803570504		1.0689653495		0.0057336563		0.021064664		0.0581681611		0.120949693		0.1895538254		0.2239537874		0.1993192013		0.1332803994		0.0664111059		0.0231573103		0		1.0415918041				-4.5454545455

		6.821		2.321		0.6949101796		0.768294986		0.7190965458		0.6949101796		0.9882818835		0.7190965458		1.0909611094		0.0061441287		0.02231007		0.0610000509		0.1257094162		0.1953005637		0.2285620133		0.2009699059		0.1316786257		0.0603771373		0		0		1.0320519117		1167		0.9445454545

		7.154		2.654		0.7946107784		0.9183662145		0.6071191899		0.7946107784		0.9999949831		0.6071191899		1.099996137		0.006507388		0.0233962253		0.0634005809		0.1295205718		0.1993192013		0.2304548984		0.1985546347		0.1197145922		0		0		0		0.9708680927				-4.5454545455		1167

		7.487		2.987		0.8943113772		1.1068898174		0.4474451481		0.8943113772		0.9828707085		0.4474451481		1.0867763023		0.0068241971		0.024316935		0.065322708		0.1321856754		0.2009699059		0.2276852745		0.1805143926		0		0		0		0		0.8378190885				-4.5454545455

		7.82		3.32		0.994011976		1.4613065137		0.1092711832		0.994011976		0.8578255384		0.1092711832		0.9880341719		0.0070927492		0.0250541561		0.0666668326		0.1332803994		0.1985546347		0.2069982858		0		0		0		0		0		0.6376470577		719		0.5372727273

		8.153		3.653		1.0937125749		0		0		0		0		0		0		0.0073077814		0.0255696875		0.0672189482		0.1316786257		0.1805143926		0		0		0		0		0		0		0.4122894353				-4.5454545455		719

		8.486		3.986		1.1934131737		0		0		0		0		0		0		0.0074581513		0.0257814483		0.0664111059		0.1197145922		0		0		0		0		0		0		0		0.2193652977				-4.5454545455

		8.819		4.319		1.2931137725		0		0		0		0		0		0		0.0075199176		0.0254716049		0.0603771373		0		0		0		0		0		0		0		0		0.0933686598		255		0.1154545455

		9.152		4.652		1.3928143713		0		0		0		0		0		0		0.0074295426		0.0231573103		0		0		0		0		0		0		0		0		0		0.030586853				-4.5454545455		255

		9.485		4.985		1.4925149701		0		0		0		0		0		0		0.0067545106		0		0		0		0		0		0		0		0		0		0		0.0067545106				-4.5454545455

		9.818		5.318		1.5922155689		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		128		0

		10.151		5.651		1.6919161677		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455		128

		10.484		5.984		1.7916167665		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		10.817		6.317		1.8913173653		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		11.15		6.65		1.9910179641		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		11.483		6.983		2.0907185629		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		11.816		7.316		2.1904191617		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		12.149		7.649		2.2901197605		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		12.482		7.982		2.3898203593		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		12.815		8.315		2.4895209581		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		13.148		8.648		2.5892215569		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		13.481		8.981		2.6889221557		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		13.814		9.314		2.7886227545		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		14.147		9.647		2.8883233533		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		14.48		9.98		2.9880239521		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		14.813		10.313		3.0877245509		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		15.146		10.646		3.1874251497		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		15.479		10.979		3.2871257485		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		15.812		11.312		3.3868263473		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		16.145		11.645		3.4865269461		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		16.478		11.978		3.5862275449		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		16.811		12.311		3.6859281437		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		17.144		12.644		3.7856287425		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		17.477		12.977		3.8853293413		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		17.81		13.31		3.9850299401		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		18.143		13.643		4.0847305389		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		18.476		13.976		4.1844311377		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		18.809		14.309		4.2841317365		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		19.142		14.642		4.3838323353		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		19.475		14.975		4.4835329341		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		19.808		15.308		4.5832335329		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		20.141		15.641		4.6829341317		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		20.474		15.974		4.7826347305		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		20.807		16.307		4.8823353293		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		21.14		16.64		4.9820359281		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		21.473		16.973		5.0817365269		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		21.806		17.306		5.1814371257		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		22.139		17.639		5.2811377246		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		22.472		17.972		5.3808383234		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		22.805		18.305		5.4805389222		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		23.138		18.638		5.580239521		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		23.471		18.971		5.6799401198		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		23.804		19.304		5.7796407186		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		24.137		19.637		5.8793413174		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		24.47		19.97		5.9790419162		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		24.803		20.303		6.078742515		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		25.136		20.636		6.1784431138		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		25.469		20.969		6.2781437126		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		25.802		21.302		6.3778443114		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		26.135		21.635		6.4775449102		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		26.468		21.968		6.577245509		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		26.801		22.301		6.6769461078		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		27.134		22.634		6.7766467066		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		27.467		22.967		6.8763473054		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		27.8		23.3		6.9760479042		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		28.133		23.633		7.075748503		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		28.466		23.966		7.1754491018		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		28.799		24.299		7.2751497006		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		29.132		24.632		7.3748502994		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		29.465		24.965		7.4745508982		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		29.798		25.298		7.574251497		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		30.131		25.631		7.6739520958		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		30.464		25.964		7.7736526946		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		30.797		26.297		7.8733532934		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		31.13		26.63		7.9730538922		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		31.463		26.963														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		31.796		27.296														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		32.129		27.629														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		32.462		27.962														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		32.795		28.295														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		33.128		28.628														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		33.461		28.961														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		33.794		29.294														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		34.127		29.627														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455

		34.46		29.96														0		0		0		0		0		0		0		0		0		0		0		0		0				-4.5454545455
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Mars obsv'd APS 9911
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May 7, 1999 0.442s

May 7, 1999 1.454s

May 9, 1999 0.442s

May 23, 1999 0.442s

May 23, 1999 1.454s

Mars Model CO2 Transmittance (Crisp, 1990)

Wavelength, microns

Normalized at 1.7 microns

0.8743082737

-0.8044070899

0.7712965301

0

0.7684841621

-0.912920399

0.6860140734

0

-0.1864734765

0.6079792985

-0.9027750937

0.5905605067

0

-0.111978833

0.5726478199

-0.8154412888

0.6177087376

0

-0.304795128

0.6104561337

-0.6315847989

0.6916719405

0

-0.2863254685

0.7146520722

-0.5831195172

0.7936605365

0

-0.0737102777

0.7886202288

-0.5652761022

0.8029362325

0

-0.1648265833

0.8025335396

-0.5492515683

0.772305806

0

-0.0274930152

0.6754916839

-0.4539187192

0.5250258793

0

-0.0742436463

0.4288413367

-0.4967918613

0.3690980288

0

0.1303207646

0.361256744

-0.4038120848

0.3814369992

0

0.0371239629

0.4311547242

-0.3477149952

0.5229931864

0

0.0279598762

0.5955292034

-0.0243143728

-0.3983930127

0.6565762097

0

0.0093544676

0.6956828659

-0.0243178373

-0.3367409809

0.6955838622

0

0.1806121498

0.7238181217

0.0972529666

-0.3554194354

0.7094006208

0

0.0385098058

0.7145703508

0.0182159475

-0.202453264

0.6533974473

0

0.2813962228

0.6485517958

0.1513989559

-0.1863350791

0.5952799603

0
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0.1265140628

-0.3035422694

0.6194444807

0
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0.6539617143

0
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0
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0
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0
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0.1774336181
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0
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-0.0061457733
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0.9223053465

0
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0.1308406512

0.9787586134
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0
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0.9733814708

0
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0.9796141537

0.1782780212
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0

1.2016286449

0.9905591553
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0.9925116462

0
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1.1666109955
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0
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0
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1.1228366712
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0
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0
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0.9569402795

0
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1.002464682

0
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1.0202833562

1.1123810999

0.9086763965

0.9555985325

0

1.0697432466

0.9959768896

1.2252227598

0.9283290219

0.9353227028

0

1.0284361236

1.0212486469

1.2897749934

0.8981799924

0.9699641679

0

0.9787807879

0.9897917446

1.3705044518

0.8750905352

0.9433787278

0

0.9612854424

0.9879146355

1.3606884263

0.9262373256

0.9395063081

0

0.9503566168

0.9880023276

1.3248016666

0.9192473744

0.9243142626

0

0.9323258072

0.9852925293

1.3350463059

0.9264901556

0.9350033108

0

0.9338748428

0.9772773428

1.3095403677

0.9485908455

0.9101760302

0

0.9501160758

0.9661191233

1.2468608491

0.9457131794

0.905498299

0

0.9501359628

0.9547118172

1.1773023638

1.0177542364

0.8890132619

0

0.9747984048

0.9524693688

1.1351144193

1.0458992019

0.8930356803

0

0.9595791244

0.9444757223

1.0996739703

1.0265906528

0.8835539519

0

0.9810363956

0.9508611217

1.0402311404

1.0815134018

0.8778602434

0

0.988164065

0.9498961828

0.999008519

1.0605595958

0.8706750294

0

1.0156924389

0.9250850172

0.9730453889

1.025819039

0.8584192822

0

1.0011055395

0.9408804409

1.0446329542

0.8612522235

0

1.0212203568

0.9263749333

0.9817455366

0.8453201534

0

1.0124471292

0.9037414503

1.0080515136

0.8390425761

0

1.0043421031

0.9089303099

0.957394805

0.8325491971

0

1.0065443983

0.9328302441

0.973626345

0.8369301402

0

1.0172738353

0.9704377141

0.9720529195

0.8294971086

0

1.0044097002

0.970844598

0.9308856957

0.8001105319

0

1.0061844386

1.0097645205
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0.8355426404

0
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0.7945691914

0
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1.0484306927
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0
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1.0596887111
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0
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1.0400831155

0.8441547353

0
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1.0564171182

0.8913991387

0
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1.0294692479

0.9245381493

0
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1.0216965225

0.9188113733

0

0.8830251878

1.0024457642

0.9184329682

0

0.9315426172

0.9862366491

0.9114070769

0

0.9558973585

0.9570325515

0.8987014747

0

0.9423834962

0.9703117447

0.9072243058

0

0.9326819301

0.9566344671

0.9087581609

0

0.9425529999

0.9520680656

0.9091227295

0

0.954058809

0.9255075188

0.9252576053

0

0.9536747248

0.8909036069

0.92025992

0

0.9456854956

0.8515440114

0.9062165819

0

0.9450594198

0.8311623347

0.906150048

0

0.9577226455

0.8783976452

0.9200472481

0

0.9596856745

0.9094607799

0.9140961144

0

0.9389675707

0.9295831568

0.9353568295

0

0.9385620787

0.9288008359

0.9330955619

0

0.9616511702

0.9291313015

0.8755474965

0

0.9712643345

0.9294429843

0.8454913859

0

0.9577666214

0.9312705019

0.8873394909

0

0.9332295866

0.933469032

0.8783773113

0

0.8639720169

0.9118359932

0.8812548771

0

0.8982759131

0.938560089

0.8632805952

0

0.9297518021

0.9533674603

0.8762599566

0

0.9308247884

0.9420244678

0.9311046641

0

0.8951362682

0.9207540025

0.9405785356

0

0.8903996834

0.9287361099

0.9307283814

0

0.9283098092

0.9406703599

0.940114874

0

0.9581326478

0.9513274499

0.9425279637

0

0.9918790092

0.9551713023

0.936550772

0

0.9560678594

0.9212158688

0.9691522373

0

0.9789080491

0.8604681237

0.980359752

0

0.9745720176

0.866832698

0.966370667

0

0.9979848063

0.9181453973

0.9922170277

0

1.0015258379

0.9002853124

0.9736811436

0

1.015700361

0.895240456

1.0066015244

0

0.9987519627

0.8812816568

0.9974392992

0

1.0187824976

0.9107805876

1.0099425368

0

1.0106201824

0.936878877

1.0014355608

0.7828910503

1.0015411548

0.9666101804

0.9976931142

0.7841958687

1.0010204518

0.9348190886

0.9498350795

0.7807542275

1.0164006787

0.9339008428

0.9153267211

0.776552186

1.0097932709

0.9545113337

0.9781250695

0.7807970947

1.0137209618

0.9656170055

1.0016482627

0.787575498

0.9897209852

1.0210271274

0.7933685281

0.9753080569

0.9706691754

0.7969130144

1.0281448395

0.976019849

1.0039639182

0.7911794039

1.0295772522

0.9663364223

0.9802333677

0.786460319

1.0262125569

1.0071262042

1.018036397

0.7785407216

0.9878799068

1.0000517584

0.9974031519

0.7731489129

1.0124987064

0.9701060665

1.0047079567

0.7785138667

1.0368634074

1.0045200492

1.0161594135

0.783624846

1.0293022651

1.0077133554

1.0106874882

0.7910907796

1.04799778

1.0032042816

1.0293673428

0.7969662996

1.0353639651

0.9875883564

1.0101531626

0.7978262588

1.0392814783

0.9664057989

0.9829117434

0.7979468196

1.0138713077

0.9883546062

0.9622384912

0.7976325118

1.030208806

1.0094071216

0.9900053165

0.7976917814

1.0454457794

1.0204596756

0.9831915565

0.7984372392

0.998890809

0.9993954132

0.9986617335

0.7989389647

1.0248795719

1.0238732198

0.9486566193

0.7996866834

1.0175461656

1.0369279264

0.9032038869

0.7999316039

0.9928326127

1.0252538037

0.9497376753

0.7997261343

0.985251593
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0.9466141442

0.7995710431

0.9010535258

1.0399027951

0.9314834335

0.7992978322

0.9566059252

0.9940101459

0.9568792151

0.7992293333

0.9822797037

0.9878374745

0.9828429728

0.7993920676

0.9794941125

1.0071508077

0.9482674145

0.7993132961

0.9880856774

1.0157520773

0.9521022527

0.799389098

1.0085911378

1.0174337882

0.9232566197

0.799193502

0.9745882706

1.0338497692

0.8438814701

0.7992242941

0.9597920446

1.0339405018

0.6983705156

0.7994615196

0.9443423152

1.02516538

0.6190161391

0.799640101

0.901122062

1.0211283164

0.5980649292

0.7999006902

0.7871403052

0.9330694067
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0.7959014873
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0.7934137961
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0.7934807428
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0.7990519843
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0.7998760517

0.7995373647

0.7975526496

0.7960685453

0.794083885

0.7918598771

0.7921463843

0.7940374275
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0.7976949542
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0.7998213368

0.7998893176

0.7999443242

0.7999934514
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0.7982801141
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0.7999331192
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0.7919380928
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0.7783682039
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0.7996556157
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Mars Model CO2 Transmittance (Crisp, 1990)
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Normalized at 1.7 microns
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