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Preface

NASA’s robotic solar system exploration program requires a new genera-
tion of science instruments. Design concepts are now judged against stringent
mass, power, and size constraints—yet future instruments must be highly
capable, reliable, and, in some applications, they must operate for many years.
The most important single constraint, however, is cost: New instruments must
be developed in a tightly controlled design-to-cost environment. Technical
innovation is the key to success and will enable the sophisticated measure-
ments needed for future scientific exploration. As a fundamental benefit, the
incorporation of breakthrough technologies in planetary flight hardware will
contribute to U.S. industrial competitiveness and will strengthen the U.S.
technology base. The Workshop on Advanced Technologies for Planetary
Instruments was conceived to address these challenges, to provide an open
forum in which the NASA and DoD space communities could become better
acquainted at the working level, and to assess future collaborative efforts.

Over 300 space scientists and engineers participated in the two-and-a-
half-day meeting held April 28-30, 1993, in Fairfax, Virginia. It was jointly
sponsored by NASA’s Solar System Exploration Division (SSED), within the
Office of Space Science (OSS); NASA’s Office of Advanced Concepts and
Technology (OACT); DoD’s Strategic Defense Initiative Organization
(SDIO), now called the Ballistic Missile Defense Organization (BMDO); and
the Lunar and Planetary Institute (LPI). John Appleby (NASA Headquarters)
organized the workshop, served as general chair, and headed the program L
committee. Other program committee members included Henry Brinton )
(NASA Headquarters), Scott Hubbard (NASA Ames Research Center),

Dwight Duston (BMDO), Stuart Nozette (BMDO), and Gregg Vane (Jet
Propulsion Laboratory).

The meeting included invited oral and contributed poster presentations, -
working group sessions in four subdisciplines, and a wrap-up panel discus-
sion. On the first day, the planetary science community described instrumenta-
tion needed for missions that may go into development during the next 5 to
10 years. Most of the second day was set aside for the DoD community to
inform their counterparts in planetary science about their interests and capa-
bilities, and to describe the BMDO technology base, flight programs, and
future directions. The working group sessions and the panel discussion
synthesized technical and programmatic issues from all the presentations, with
a specific goal of assessing the applicability of BMDO technologies to science
instrumentation for planetary exploration.
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Invited oral presentations are listed in the agenda with their assigned
times. Abstracts for these talks are compiled in this report. Although each of
the listed DoD specialists made an oral presentation, several did not submit an
abstract; for further information, you may phone the BMDO at 703-693-

1671. The agenda also lists contributed posters; abstracts for these investiga- -

tions were compiled in LPI Technical Report 93-02, Part 1, which was
provided to all participants at the workshop (address inquiries to the Order
Department at LPI). The executive summary presents the conclusions and
recommendations from each of the four working groups, and also incorpo-
rates some comments drawn from the panel discussion. The list of workshop
participants, including addresses and telecom numbers, is given at the end of
this report.

This report also includes a description of an extensive database called the
Technology Applications Information System (TAIS), compiled and sup-
ported by the BMDO. TAIS promises to be a valuable resource for future
collaborative efforts between the NASA and DoD space communities. It is
unclassified and available to U.S. citizens. TAIS provides synopses of
BMDO-sponsored research and development programs, including instrumen-
tation and sensor technology, and it contains points of contact (principal
investigators and program managers), institutional affiliations, and supporting
contractors. -

nmmr)
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Agenda
Wednesday, April 28
8:30 a.m. Welcome and Introduction/Objectives of the Workshop

9:00 a.m.

9:30 a.m.

9:45 a.m.

10:05 a.m.

10:25 a.m.

10:40 a.m.

11:00 a.m.

11:20 a.m.

11:40 a.m.

Dr. John F. Appleby, General Chair
Advanced Studies Branch, Solar System Exploration Division (SSED)
Office of Space Science (OSS)

Advanced Instrument Concepts
Mr. Samuel L. Venneri
Director, Spacecraft and Remote Sensing Division,
Office of Advanced Concepts and Technology (OACT)

Strategic Defense Initiative Science and Technology Program
Dr. Dwight Duston
Director, Innovative Science and Technology
Strategic Defense Initiative Organization (SDIO)

Solar System Exploration During the Next Five to Ten Years
Dr. Carl B. Pilcher
Chief, Advanced Studies Branch, SSED

Selection and Development of SSED Science Instruments
Mr. Henry C. Brinton
Chief, Planetary Science Branch, SSED

BREAK

PLUTO FAST FLYBY MISSION
Moderator: H. Reitsema, Ball Aerospace

Current Baseline Mission, Science and Measurement Objectives, and Strawman
Instrument Payload
A. Stern, Southwest Research Institute
Chair, SSED’s Outer Planets Science Working Group

Visible Imaging System
M. Malin, Malin Space Systems, Inc.

Infrared Mapping Spectrometer
W. H. Smith, Washington University

Ultraviolet Spectrometer
W. McClintock, University of Colorado
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12:00 noon LUNCH

MARS ENVIRONMENTAL SURVEY (MESUR) MISSION
Moderator: J. Appleby, SSED

1:00 p.m.  Current Baseline Mission, Science and Measurement Objectives, and Strawman
Instrument Payload
S. Squyres, Cornell University
Chair, SSED’s MESUR Science Definition Team

1:20 p.m.  Visible Imager
E. Danielson, California Institute of Technology

1:40 p.m.  Micro-Meteorological Package
W. Kaiser, Jet Propulsion Laboratory (JPL)

2:00 p.m. Alpha-Proton-X-ray (0.-p-x) Spectrometer
T. Economou, University of Chicago

2:20 p.m. Micro-Seismometer
B. Banerdt, JPL

2:40 p.m. Thermal Analyzer/Evolved Gas Analyzer (TA/EGA)
W. Boynton, University of Arizona

3:00 p.m. BREAK

MISSIONS TO SMALL BODIES (ASTEROIDS AND COMETS)
Moderator: P. Feldman, Johns Hopkins University

3:20 p.m.  Current Mission Concepts, Scientific and Measurement Objectives
M. Neugebauer, JPL

3:40 p.m. Remote Sensing Science
J. Veverka, Cornell University
Chair, SSED’s Small Bodies Science Working Group

4:00 p.m.  In Situ Measurements 7
W. Boynton, University of Arizona

4:20 p.m.  Lunar Science: Using the Moon as a Testbed
G. J. Taylor, University of Hawaii
Chair, SSED’s Lunar Exploration Science Working Group

4:40 p.m. Mars '94 Oxidant Experiment
F. Grunthaner, JPL
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4:50 p.m.  Planetary Instrumentation: Closing Comments
S. Hubbard, NASA Ames Research Center (ARC)

5:00 p.m. POSTER SESSION with Wine and Cheese Social (contributed posters are listed
at the end of the agenda)

6:30 pm. ADJOURN FOR THE DAY

Thursday, April 29

SDIO-DEVELOPED INSTRUMENT TECHNOLOGY FOR
PLANETARY EXPLORATION

8:30 a.m. Overview
D. Duston, SDIO

TECHNOLOGY SCHEDULED TO BE FLIGHT TESTED

8:45a.m. Small Satellite Sensors and Image Processing
P. Rustan, SDIO
A. Ledebuhr, LLNL
L. Pleasance, LLNL

10:15 am. BREAK

10:30 a.m. Phenomenology Sensors and Processors
J. Mill, PRA

11:30 a.m. Lightweight LIDAR
D. Holtkamp, SDIO

12:00 noon LUNCH

TECHNOLOGY STILL IN THE LABORATORY

1:00 p.m.  Interceptor Seeker Technology
W. Dyer, SDIO

1:30 p.m.  Advanced Processor Technology
C.Lau, ONR

2:00 p.m. Advanced Sensors
W. Frederick, SDIO
C. Kukkonen, JPL
D. Duston, SDIO
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3:15p.m. BREAK
3:30 p.m.  Superconducting Sensors/Processors
M. Nisenoff, NRL
3:45p.m. Neutral Particle Beam Sensing: Proposed Experiment
E. Heighway, LANL
4:.00 pm. BREAK
4:20 p.m. INFORMAL WORKING GROUP MEETINGS, POSTER SESSION CONTINUES
W/G 1: UV-Visible Remote Sensing  Chair: G. Lawrence, University of Colorado
W/G 2: IR Remote Sensing Chair: S. Chase, Electro-Optical Consultant
W/G 3: Data Processing Chair: L. Pleasance, LLNL
W/G 4: In Situ Measurements Chair: W. Boynton, University of Arizona
5:30 p.m. ADJOURN FOR THE DAY
Friday, April 30
WORKING GROUP REPORTS AND PANEL DISCUSSION
Moderator: G. Vane, JPL
8:30a.m. Working Group 1: UV-Visible Remote Sensing
Chair: G. Lawrence, University of Colorado
9:00 a.m. Working Group 2: IR Remote Sensing
Chair: S. Chase, Electro-Optical Consultant
9:30 am. Working Group 3: Data Processing
Chair: L. Pleasance, LLNL
10:00 a.m. Working Group 4: In Situ Measurements
Chair: W. Boynton, University of Arizona
10:30 a.m. BREAK
10:45 a.m. Panel Discussion: Conclusions and Recommendations

H. Brinton, NASA, SSED

W. Hudson, NASA, OACT

L. Pleasance, LLNL

G. Vane, JPL

B. Wilson, JPL

A. Delamere, Ball Aerospace Corp.

J. Martin, Martin Marietta Corp.

H. Plotkin, NASA Goddard Space Flight Center

T. Krimigis, Applied Physics Laboratory, Johns Hopkins University (APL)
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11:45 a.m. Workshop Summary Documentation
T. Krimigis, APL

12:00 p.m. WORKSHOP ADJOURNS
CONTRIBUTED POSTERS

The HYDICE Instrument Design and Its Application to Planetary Instruments
R. Basedow, P. Silverglate, W. Rappoport, R. Rockwell, D. Rosenberg, K. Shu, R. Whittlesey,
and E. Zalewski

Design of a Particle Beam Satellite System for Lunar Prospecting
D. H. Berwald and P. Nordin

Laser-induced Breakdown Spectroscopy Instrument for Elemental Analysis of Planetary Surfaces
J. Blacic, D. Pettit, D. Cremers, and N. Roessler

Clementine II: A Double Asteroid Flyby and Impactor Mission
R. J. Boain

High-Performance Visible/UV CCD Focal Plane Technology for Spacebased Applications
B. E. Burke, R. W. Mountain, J. A Gregory, J. C. M. Huang, M. J. Cooper, E. D. Savoye,
and B. B. Kosicki

Every Good Virtue You Ever Wanted in a Q-switched Solid-State Laser and More—Monolithic,
Diode-pumped, Self-Q-switched, Highly Reproducible, Diffraction-limited Nd:YAG Laser
Y. C. Chen and K. K. Lee

Planetary and Satellite X-Ray Spectroscopy: A New Window on Solid-Body Composition by

Remote Sensing
D. L. Chenette, R. W. Wolcott, and R. S. Selesnick

Polarimetric Multispectral Imaging Technology
L.-J. Cheng, T.-H. Chao, M. Dowdy, C. Mahoney, and G. Reyes

A Remote Laser-Mass Spectrometer for Determination of Elemental Composition
R. J. De Young and W. Situ

Investigation of Mars Rotational Dynamics Using Earth-based Radio Tracking of Mars Landers
C.D. Edwards Jr., W. M. Folkner, R. D. Kahn, and R. A. Preston

Design Concept for an IR Mapping Spectrometer for the Pluto Fast Flyby Mission
U. Fink, F. Low, B. Hubbard, M. Rieke, G. Rieke, M. Mumma, S. Nozette, G. Neukum, H. Hamel,
M. DiSanti, M. Buie, and A. Hoffman

Multibeam Laser Altimeter for Planetary Topographic Mapping
J. B. Garvin, J. L. Bufton, and D. J. Harding
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Acousto-Optic Infrared Spectral Imager for Pluto Fast Flyby
D. A. Glenar and J. J. Hillman

Thermal Analyzer for Planetary Soils (TAPS): An In Situ Instrument for Mineral and
Volatile-Element Measurements
J. L. Gooding, D. W. Ming, J. E. Gruener, F. L. Gibbons, and J. H. Allton

Microtextured Metals for Stray-Light Suppression in the Clementine Startracker
E. A. Johnson

Lightweight Modular Instrumentation for Planetary Applications
P. B. Joshi’

Optical Technologies for UV Remote Sensing Instruments
R. A. M. Keski-Kuha, J. F. Osantowski, D. B. Leviton, T. T. Saha, D. A. Content, R. A. Boucarut,
J. S. Gum, G. A. Wright, C. M. Fleetwood, and T. J. Madison

Multiscale Morphological Filtering for Analysis of Noisy and Complex Images
A. Kher and S. Mitra

A Unique Photon Bombardment System for Space Applications
E. J. Klein

Detection of Other Planetary Systems Using Photometry
D. Koch, W. Borucki, and H. Reitsema

An Integrated XRFIXRD Instrument for Mars Exobiology and Geology Experiments
L. N.Koppel, E. D. Franco, J. A. Kemner, M. L. Fonda, D. E. Schwartz, and J. R. Marshall

Remote Measurement of Planetary Magnetic Fields by the Hanle Effect
C. K. Kumar, L. Klein, and M. Giraud

Resolution-enhanced Mapping Spectrometer
J. B. Kumer, J. N. Aubrun, W. J. Rosenberg, and A. E. Roche

Proposal for a Universal Particle Detector Experiment
J. C. Lesho, R. P. Cain, and O. M. Uy

OPTIMISM Experiment and Development of Space-qualified Seismometers in France
P. Lognonné, J. F. Karczewski, and the DT/INSU-CRG Garchy Team

Filtering Interpolators for Image Comparison Algorithms
R. L. Lucke and A. D. Stocker

Mass Spectrometric Measurement of Martian Krypton and Xenon Isotopic Abundance
P. Mahaffy and K. Mauersberger
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A DTAIGC for the In Situ Identification of the Martian Surface Material
R. L. Mancinelli, M. R. White, and J. B. Orenberg

Onboard Signal Processing: Wave of the Future for Planetary Radio Science?
E. A. Marouf

Spaceborne Passive Radiative Cooler
S. Mathias

Systematic Processing of Clementine Data for Scientific Analyses
A.S. McEwen '

Sources Sought for Innovative Scientific Instrumentation for Scientific Lunar Rovers
C. Meyer

Honeywell's Compact, Wide-Angle UV-Visible Imaging Sensor
D. Pledger and J. Billing-Ross

Gamma Ray/Neutron Spectrometers for Planetary Elemental Mapping
R. C. Reedy, G. F. Auchampaugh, B. L. Barraclough, W. W. Burt, R. C. Byrd, D. M. Drake,
B. C. Edwards, W. C. Feldman, R. A. Martin, C. E. Moss, and G. H. Nakano

Infrared Rugates by Molecular Beam Epitaxy
M. Rona

Plasma, Magnetic, and Electromagnetic Measurements at Nonmagnetic Bodies
C. T. Russell and J. G. Luhmann

A Compact Imaging Detector of Polarization and Spectral Content
D. M. Rust, A. Kumar, and K. E. Thompson

Prototype Backscatter Mossbauer Spectrometer for MESURment of Martian Surface Mineralogy
T. D. Shelfer, R. V. Morris, D. G. Agresti, T. Nguyen, E. L. Wills, and M. H. Shen

Spacecraft Computer Technology at Southwest Research Institute
D. J. Shirley

The Backgrounds Data Center
W. A. Snyder, H. Gursky, H. M. Heckathomn, R. L. Lucke, S. L. Berg, E. G. Dombrowski,
and R. A. Kessel

The Enhanced-Mode Ladar Wind Sensor and Its Application in Planetary Wind
Velocity Measurements
D. C. Soreide, R. L. McGann, L. L. Erwin, and D. J. Morris
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Venus Interior Structure Mission (VISM): Establishing a Seismic Network on Venus
E.R. Stofan, R. S. Saunders, D. Senske, K. Nock, D. Tralli, P. Lundgren, S. Smrekar, B. Banerdt,
W. Kaiser, J. Dudenhoefer, B. Goldwater, A. Schock, and J. Neuman

Plasma Diagnostics by Antenna Impedance Measurements
C. M. Swenson, K. D. Baker, E. Pound, and M. D. Jensen

Use of Particle Beams for Lunar Prospecting
A. J. Toepfer, D. Eppler, A. Friedlander, and R. Weitz

Subnanoradian, Groundbased Tracking of Spaceborne Lasers
R. N. Treuhaft

A Team Approach to the Development of Gamma Ray and X-Ray Remote Sensing and In Situ
Spectroscopy for Planetary Exploration Missions
J. 1. Trombka, S. Floyd, A. Ruitberg, L. Evans, R. Starr, A. Metzger, R. Reedy, D. Drake, C. Moss,
B. Edwards, L. Franks, T. Devore, W. Quam, P. Clark, W. Boynton, A. Rester, P. Albats,
J. Groves, J. Schweitzer, and M. Mahdavi

Miniature Long-Life Space Cryocoolers
E. Tward

Environmental Monitors in the Midcourse Space Experiments (MSX)
0. M. Uy

Development of Miniaturized Optimized Smart Sensors (MOSS) for Space Plasmas
D.T. Young

X-Ray, Far, and Extreme Ultraviolet Coatings for Space Applications
M. Zukic and D. G. Torr
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T. Krimigis, editor

INTRODUCTION

The overall objectives of this meeting (to bring together
spacecraft designers, instrument builders, scientists. and
engineers from NASA, DoD, DOE laboratories, universities,
and industry) were by-and-large achieved, with the participa-
tion of over 300 attendees and 83 oral and poster presenta-
tions. Exchange of technical information took place not only
in the formal sessions. but also in informal discussions and
during the poster session. With so many presentations, it is
extremely difficult to summarize the salient points of each, so
a collective approach was clearly called for and arranged by
the organizers in the form of four working groups covering
UV.visible remote sensing. IR remote sensing, data process-
ing, and in sitw measurements.

The working groups met after the formal presentations
and formulated their summaries on the basis of both the pre-
pared abstracts and the oral presentation by each author. The
membership of the working groups was open and many of
the attendees participated in the discussions and formulation
of the summary and recommendations. The result of their
deliberations was presented to the participants on the last day
of the meeting. These presentations were followed by ques-
tions and discussion, some of which resulted in revisions of
the final text given in the next several pages. The content of
the summaries was accepted by the organizers without change.

WORKING GROUP ON UV-VISIBLE
REMOTE SENSING
G. Lawrence, Chair

UV-Visible Technology

The working group generally admired the cameras and
spectrographs summarized by the SDIO. The structures and
optics were well engineered and highly weight-relieved. The
structures use weight-saving but expensive materials such as
composites, beryllium, and silicon carbide. SDIO funding has
supported and created companies and trained people that can
deliver these structures.

The SDI programs made miniature camera electronics
using custom silicon gate arrays (ASICS) and the latest in
miniature packaging. The current commercial or aerospace
path of development for complicated electronics involves (1)
circuit design using individual logic functions (“jelly bean
design™), (2) breadboards using Field Programmable Gate
Arrays (FPGA), and (3) fabrication of ASICs (~$20K).

The working group noted that SDI development and fund-
ing has concentrated on IR rather than visible technologies
because of SDIO s need to observe objects both day and night.

Visible sensors are incidental to most SDI applications and
have received minimal funding. Therefore, the SDI instru-
ments use commercial-grade, imported CCDs. U.S.-made,
scientific-quality CCDs are far superior for the science of
NASA planetary observations.

We applauded the SDI effort 10 make a U.S. aerospace
product of the Oxford Stirling cycle cryogenic cooler. This
development shows promise as a silicon CCD cooler as well
as an infrared cooler.

The SDI UV instruments used fairly conventional detec-
tors and optics. Most of them were for the near UV,

A new technology was the High Band Gap Semiconduc-
tors. These are essentially insulators with conduction stimu-
lated by heat or by UV light. As an eventual substitute for
silicon, these materials show promise for high-temperature
electronics and solar-blind UV photodetectors. In principle,
aCCD-type array detector could be built for the near or far UV
that did not suffer from the red leak problem of silicon CCDs.

WORKING GROUP ON IR REMOTE SENSING
S. Chase, Chair

In the IR Remote Sensing Working Group we used the
themes presented by S. Hubbard, namely (1) identify instru-
ment technologies that are new to the planetary community,
but are still proven; (2) aggressively fund “up front” technical
development; (3) take more risk; and (4) require missions to
accept more new technology.

Clementine Mission

There was considerable discussion of the Clementine mis-
sion, much of it critical. However, the strengths and weak-
nesses of the program as viewed by our group can be summa-
rized as follows:

Strengrhs.  Theprogram hasthe flexibility to accept risk,
instruments are small and light, and the integrated data bus
and processor approach saves weight.

Weaknesses. The integrated data architecture lacks re-
dundancy, complicates software, and may be prone to single-
string failures; the small size and weight of sensors is due, in
part, to lack of redundancy and calibration features normally
found on NASA experiments; and a cooler lifetime was mar-
ginal for mission goals.

Instrument Technologies
Generally, we agree that the NASA community was well

aware of technologiesbeing applied by SDIO. The differences
lie mainly in when and how they are applied. SDIO appears
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able to apply new technologies sooner than NASA, without
extensive test veritication and heritage (more on this aspect
later). In addition, SDIO can apply them without the exten-
sive risk assessment required by NASA.

The following technologies. gleaned from the abstracts.
poster sessions, oral presentations. and even hallway conver-
sations, should be pursued for future NASA missions.

Spectral separation. There is interest in multispectral
(hyperspectral) imaging. but mainly below 2.5 pm. Hyper-
spectral means contiguous spectral coverage at high resolu-
tion, whereas multispectral implies a number of discrete
spectral bands. The following technologies may be applied to
NASA experiments:

1. Acousto-optical tunable filters (AOTF) offer the possi-
bility of a hyperspectral imager with no mechanical scan.
Liquid crystal tunable filters are another possibility. The only
other technique offering this capability is the imaging inter-
ferometer (like SPIRIT). All others. as described below, re-
quire pushbroom scan.

2. The Sagnac (no moving pans) interferometer, as de-
scribed by W. H. Smith, is functionally similar to adispersive
spectrometer.

3. Alinearvariable filter with wedged etalon, as described
by J. Kumer of Lockheed, improves the spectral resolution
and overcomes several shortcomings of LVFs.

4. Holographic grating spectrometers may offer more com-
pact packaging options than conventional designs.

Focal planes. Primary scientific interest appears to be
below 2.5 um, partly because solar reflectance spectroscopy
is well understood, and partly due to the availability of high-
performance focal planes that require minimal cooling.
Longer-wavelength devices (photovoltaic HgCdTe operating
out to 12 pm., for example) are also becoming more readily
available, and these are being applied to atmospheric sound-
ing and composition experiments.

Focal-plane enhancements such as the microlens (binary)
technology are well known and will be readily accepted by
NASA experimenters when development is further along.
Focal-plane suppliers are focused on better process control,
betteryield, and better uniformity of focal-plane arrays, Some
are addressing producing low-volume, but low-cost, IPAs for
strategic programs. This same capability could apply as well
to NASA programs.

Thermal detectors are still viable for NASA missions.
JPL MicroDevices Laboratory is developing a tunnel-diode
“Golay” detector that has performance comparable to the best
current thermal detector, but has a frequency response orders
of magnitude higher (10 kHz).

Near-ambient detectors such as the InGaAs should be
explored for planetary science applications.

Detector cooling.  The development of miniature Stirling
and pulse-tube coolers should be pushed so that longer life-
times can be validated. These devices hold the key to many

experiments that would benefit from detector temperatures in
the 65 K range. In fact, a number of EOS experiments cur-
rently depend on the successful life test of these coolers.

Passive radiative cooling is still practical for experiments
requiring temperatures in the 80-200 K range. In this tem-
perature range the choice of mechanical or passive cooling
would depend on system trades.

Calibration. Calibration has been an essential partof all
NASA planetary experiments. The apparent lack of calibra-
tionon Clementine was cause for concern. The use of ground-
truth and the Moon as a calibration source were mentioned.
In fact. H. Kieffer at the U.S. Geological Survey, Flagstaff,
has been developing a lunar calibration system, and P. Slater
at the University of Arizona has a well-developed ground-
truth calibration program using White Sands facility.

As the sophistication of science experiments grows, so
does the requirement for improved calibration (better radio-
metric and spectral accuracy and better stability).

WORKING GROUP ON DATA PROCESSING
L. Pleasance, Chair

The handling of large amounts of data generated by mod-
ern sensors was an underlying concern at the workshop. Ap-
proximately 20 conference attendees participated in the data
handling working group session. The topics for discussion
were selected by a poll of workshop participants. The group
was primarily interested in the software and hardware aspects
of spacecraft datahandling and in-ground data handling. The
equally important issues associated with onboard data gen-
eration and utilization, data storage. and transmission links
were considered only in passing by the workshop attendees.

The four principal areas of discussion and review were:
(1) advanced processors and processor system architecture
foronboard data handling, (2) software development require-
ments for high-speed processors, (3) data compression ap-
proaches and issues, and (4) ground-data processing and
archiving.

The use of advanced, high-resolution, optical sensor ar-
rayson spacecraft for mission-oriented and scientific data col-
lection has raised a significant problem in the handling of the
large amounts of data that can be generated by these devices.
A single silicon-based CCD camera with 1,000,000 pixel
array can operate at readout rates of the order of 10 Mpixel per
second. With 10-bit quantization, such a sensor can génétate
100 Mbps. Even larger arrays are under testing and develop-
ment and the technology is being extended into the IR. Ad-
vances in electronic packaging have reduced the weight and
size of these sensors. Most spacecraft do and will carry mul-
tiple sensors.

Unfortunately. the technology and efficiency of data trans-
mission have not improved commensurably. Effective use of
advanced sensor technology will require commensurate tech-



nology development intheareasof lightweight digital storage
technology.onboard processing. datacompression techniques.
and bandwidth-efficient modulation techniques.

Advanced Processors

One of the major areas of improvement in technology over
the past few years has been the rapid increase in the perfor-
mance of advanced RISC architecture processors and their
associated electronic components. spurred by the growth of
consumer electronics. Many of the DoD applications require
onboard processing of sensor images for immediate space-
craft or system control. There has recently been a growing
interest within the NASA spacecraft developers and the sci-
ence community for the possibility of applying this advanced
processing technology to establish some degree of onboard
autonomy in control and data processing.

The need for and use of advanced processors were dis-
cussed extensively by the workshop participants. The current
lack of a well-characterized RISC processor for space appli-
cations wasnoted. Thelong duration of the development cycle
(eight years or more in the conventional space development
cycle against three years in the commercial community) was
discussed. Approaches to improve radiation tolerance, both
total dose and SEU sensitivity, was discussed. Approaches
under investigation with several DoD programs for the use of
commercial advanced processors in a radiation-upset-toler-
ant architecture such as dual-lockstep processing with sofi-
ware error correction were discussed. The consensus of the
workshop participants was that there was a need for the
development of a “workhorse” radiation-hard, RISC proces-
sor for spacecraft control and data handling applications.
There was less consensus on the detailed architecture for this
processor, although it was generally agreed that none of the
available systems were optimum for all applications.

Software Development

Several of the participants in the workshop proposed the
use of a custom processing architecture with neural-net-
type configurations for spacecraft control and data-handling
applications. After discussion, the consensus was that the
techniques warranted furtherinvestigation, but that the appii-
cation of these techniques would require faster tumaround in
the design and cycle for custom processors.

It was the consensus of the group that a technology devel-
opment program for testing advanced systems in space in a
timely fashion was needed. It was noted that the DoD seemed
significantly more aggressive than NASA on this area.

Data Compression

A significant amount of discussion was directed at the
issues of data compression. The need for some form of data
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compression was universally acknowledged. However, the
loss or degradation of critical data through the compression
process continues to be of primary concem to the scientific
community. There was consensus that for maximum data
return there was a need for more intimate coupling between
the experimenter and the design of the experiment and the
capabilities and constraints of the datacompression algo-
rithms. One size does not fit all in data compression.

The increase in the power of modern processors, coupled
with the availability of larger onboard memory. has allowed
the use of more complex onboard processing and control
algorithms. As the software becomes more complex, the
issues of error and error correction become of more concern.
This has focused attention on the processes of development,
testing. and reliability of the software needed for extensive
onboard processing. The potential for adaptive techniques
such as neural nets was discussed but was considered as a
development for the future. The consensus was that the use of
advanced processors will require far more testing prior to
launch and the development of simulation and fault testing
techniques to improve reliability.

Ground Processing

One consequence concerning the trend of current space-
craft system development is the large amount of data. gener-
allyin the form of images, that must be processed and archived
on the ground if it is to be available to and used by the com-
munity at large. Concern was expressed that the technology
and facilities for handling such data were not currently avail-
able. CD-ROM technology was discussed as a potential low-
cost distribution technique, although concern was expressed
that the cost of producing a small number of disks may be
higher than expected. There was a discussion on the need for
improved coordination among the archiving centers of the
DoD and NASA.

Summary and Recommendations

There was general consensus that much more effort and
attention must be applied to the problems of data handling if
the potential of advanced processing technology is to be
effectively utilized for space applications.

NASA and the DoD should encourage the development
and testing of advanced processors for spacecraft applica-
tions. Effort should be applied to shorten the qualification
process. Increased cooperation should be encouraged be-
tween NASA and DoD communities for data archiving poli-
cies and methods.

Research and development of advanced processing tech-
niques. such as neural nets and adaptive Al algorithms,
should be nurtured while their potential is being evaluated.

While the needs and approaches of the DoD and NASA
spacecraft communities are not totally the same, there is a



12 Workshop on Advanced Technologies for Planetary Instiruments

great deal of commonality that can be exploited to benefit both
communities, In¢reased interaction between the two commu-
nitiesshouldcontinuetobe encouraged. More attention should
be applied tothe issues of data handling in modem spacecraft.
A workshop devoted to the subject or explicit sessions on the
subject should be considered for future workshops and confer-
ences.

WORKING GROUP ON IN SITU MEASUREMENTS
W. Boynton. Chair

Introduction

In situ studies. as the term is used for this workshop.
includes those studies made in direct contact with solid sur-
faces, atmospheres. and cometary comae. It also includes
measurements of particles and fields in space and any remote
sensing not included in the two remote sensing groups. which
includelR, visible. and UV spectroscopy. These studies clearly
include a broad group of instrument types, and not all the
relevant technology could be represented at the meeting.

As NASA moves from the eras of reconnaissance through
exploration to intensive study, the details of the questions
asked become greater, and the need for higher technology
generally increases to permit more detailed investigations to
be conducted. Even though we have launched few missions
that had in situ objectives of solid surfaces as a primary goal,
our ability to formulate detailed questions in this area is also
high due to detailed studies of extraterrestrial materials:
meteorites, interplanetary dust. and lunar samples, Unfortu-
nately, even though NASA is moving toward the era of
detailed study. which usually implies in situ measurements,
notmuch of the technology being developed by SDIO appears
relevant to this area of inquiry.

Specific Areas of Technology Development

These areas will be discussed below, but the discussion will
focus as much on technology needs as on new technology
identified at the meeting that may be relevant to in situstudies.

Mineralogy. Measurements in this area involve using
thermal analysis. which looks for phase transitions; Mossbauer
spectroscopy. which determines the mineralsin whichironis
located; X-ray diffraction (XRD). which measures the lattice
spacings of the minerals; and scanning electron microscopy
(SEM). which determines the elemental composition of the
individual mineral grains. None of the presentations of SDIO
were relevant, but some technology needs were discussed in
the group. One useful development is the use of a photon
conversion coating on CCDsto make them sensitive in the X-
ray region of the spectrum. This technology will be useful for
XRD and will also be useful for X-ray fluorescence, which is
discussed below. At one time a SEM was under development

for the CRAF comet mission. but we understand that devel-
opment stopped with the cancellation of the mission. A less-
quantitative. but still useful. means of studying mineralogy is
withimaging. A geologist’s hand lenscantell anexperienced
eye much about a rock. The development of a small low-
magnification microscope with a large depth of field could
make a significant contribution to in siru studies of rocks.

Elemental composition. These measurements are usu-
ally made with energetic photons or charged particles. The
common techniques are X-ray fluorescence (XRF) and gamma
ray spectrometry, either in sitw or from orbit, and alpha and
proton spectroscopy. Relevant technology outside SDIO in-
cludes the development of photon conversion coatings dis-
cussed above. and the adaptation of neutron sources devel-
oped for well logging. It was reported that nuclear-weapons-
developed neutron sources may have substantial advantages
for planetary applications, but the technology is still classi-
fied.

Molecular and atmospheric composition. The composi-
tion of gases is generally determined by gas chromatography
Or mass spectrometry. but occasionally compound-specific
detectors can be useful. One of the presentations of technolo-
gies developed within the life sciences division at NASA can
be very useful for the detection of water. This technique
actually measured the dew point of the gas, from which water
vapor pressure is readily determined. Another technology
discussed in the group that will be useful was the conversion
of nonvolatile, high-molecular-weight organic compounds to
simpler, more volatile forms to permit gaseous analysis. This
technology could be very useful for the analysis of cometary
organics.

Isotopic composition. Most scientific problems in this
area require accuracies that may be far too demanding to be
made outside the laboratory. An exception is the analysis of
noble gases. It may be possible to perform K/Ar dating,

Geophysics. Many new technology sensors are being
developed that promise to drastically reduce requirements for
mass, volume, and power on future space missions. However,
in many cases these developments are being made by technol-
ogy groups with weak linkages to the potential user commu-
nity. We recommend that these development groupsestablish
stronger linkages, determine the measurement needs of the
planetary science community, and compare the sensitivity,
linearity, and measurement ranges of these new instruments
with the traditional instruments. Examples include the tun-
neling magnetometer and broadband microseismometer.

Advances in geophysical remote sensing of planetary sub-
surfaces would probably come from some SDIO and DOE
programs that were not discussed during the workshop. Ex-
amples include very-high-pulsed power radar that could be
used to image the lunar, martian, and small body subsurfaces
to great depths. This new EM source could be combined with
advanced data handling and computer-based analysts tech-




niques for both EM and seismic data that are under develop-
ment with DOE sponsorship.

Particles and fields. There appears to be little technol-
ogy development in sensors used directly for measurements,
with the possible exception of the tunneling magnetometer.
There is. however. considerable progress in miniaturization
of electronics and in powerful processors that could perform
considerable in-flight processing and analysis. thereby reduc-
ingthe need for high-rate storage and telemetry in spacecraft.

Programmatic Issues

This workshop was seen as abeginning of communication
among diverse groups working on space instrumentation and
spacecraft/instrument components. Several participantsnoted
that there are many more organizations involved in technol-
ogy development than those represented at the meeting: SDIO,
OACT. and the NASA Solar System Exploration Division.
Others include most other divisions in NASA (e.g.. life sci-
ences, astrophysics), the DOE national laboratories. industry
(including some not traditionally in the aerospace business),
and other federal agencies. For example, national laborato-
ries have developed capabilities in areas related to in siru
analysis such as materials science, analytical techniques,
drilling technologies, and explosives and detonators that are
useful for exposing unweathered rock. The participantsinthe
in sitw working group were pleased with the results of the
meeting. even as limited as they were in this area, but would
like to see a formal effort made to explore some of these other
areas for relevant technology.

More communication is needed, and it needs to be two-
way. This includes close collaboration between instrument
developers and technology developers. This collaboration
needs to take place during the early stages of technology
development; the instrument developer cannot wait for the
technologist to develop a prototype instrument.

Although not strictly technology related. the topic of spare
components and instruments was also discussed. Theseitems
could be extremely valuable to both spacecraft and instrument
builders, but it is not clear how an individual program or
instrument team will find out about the availability, or at least
potential availability. of the spares. Some suggested an on-
line clearinghouse of available equipment. Others suggested
that program managers from different organizations meet
with managers from other organizations to exchange infor-
mation. However it is done, individual Pls building instru-
ments need to know what is available.

With all this new technology being introduced, we should
not lose sight of the importance of rigorous testing on the
ground. We need toquantitatively compare new techniguesto
the traditional tried-and-true methods. This requires con-
trolled, rigorous tests.
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Technology with General Applicability to
In Situ Instrumentation

Although there were generally not many developments in
SDIO presented that were directly applicable to in situ instru-
mentation. workshop participantsidentified afew areas where
SDIOtechnical advancescould be used in planetary missions.

Deliverysystems. Inordertomakein situ measurements
of solid surfaces, the instruments need to be delivered to the
surface. A key area where SDIO could make a substantial
contribution is in penetrator technology, with emphasis on
guidance systems and penetration capabilities. It was noted
that many of the technologies used in interceptors are directly
applicable to penetrators. Specific technologies include the
nature of thrusters for attitude control and guidance and the
shapes of penetrators. In situ studies of atmospheres would be
aided by more aggressive development of airplanes, lifting
bodies, and balloons. These were not discussed at the meeting,
but could provide exceptional platforms for use on Mars and
Venus. Power is also a key issue. Conventional wisdom says
that missionstothe outer solar system require RTGs, but there
may be alternatives such as components that require little or
no power during cruise, or primary batteries that are not
activated until the destination is reached. New technologies
must be identified in this vital area.

Thermal control and mitigation. The development of
high-temperature, silicon-carbide-based electronics could
enable substantial science to be retumed from Venus. Cur-
rently, the only alternative is massive cooling systems, which
may not yet be practical. There is, however, the need to con-
tinue development of high-capacity, low-vibration mechani-
cal cooling systems. Cooling requirements range from small
focal-planedetectors, to large-volume detectors such as X-ray
and gammaray detectors. to entire instrument packageslanded
on Venus.

Other Technology Not Presented

There is apparently considerable new technology that was
not formally presented at the meeting but was discussed in the
in situ subgroup. Useful technologies for drilling and mining
are being developed in the DOE national labs and the U.S.
Bureau of Mines. Examples include explosive systems and
laserand electron beam drilling approaches: The 20-year-old
DOE rock-melt drilling technology is ideally suited 10 the
lunarenvironment and could easily be developed foruse there
and on asteraid/comet nuclei. In addition, very small, high-
flux neutron generators have been developed for the nuclear
weapons program. These devices are the basis for the com-
mercially available well-bore logging devices. but more ad-
vanced versions may be available if their classified status can
be accommodated.
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WORKSHOP CONCLUSIONS
AND RECOMMENDATIONS

Even though the principal objective of the meeting was
discussion of advanced technology for planetary instruments.
there were several more global issues that came to the fore-
front during the discussion. both in the plenary session and
within the working groups. One of the observations made
repeatedly by several participants was that the principal dif-
ference between SDIO and NASA programs is that SDIO is
driven by technology. while NASA programs are driven by
science. This distinction is key. in that it presumably frees
SDIO to perform technology experiments in space. with that
as the end result, whereas NASA must consider the scientific
return to be obtained by a particular technology. This particu-
lar rationale has been used to explain the very long duration
of NASA programs, and consequent use of relatively old
technology when the spacecraft is finally launched. Several
participants, however, pointed out that the reason goes be-
yond that. forin orderto have a proposed instrument accepted
for a NASA mission. a major criterion is the heritage of the
particular technology. especially its flight heritage. This, by
definition, discourages use of more current technologies and
makes the attempt to introduce new technology in NASA
programs very risky on the part of the investigators.

These considerations, in turn. brought up the issues of
technical and programmatic risk. The SDI programs are
generally nonredundant, but provide quick accessto space for
testing and evaluation of new technologies. The NASA pro-
grams. on the other hand, are generally redundant, avoid risk,
and consequently increase cost and duration of the program,
resulting in infrequent access to space. Several participants
thought that early flights of new technology on sounding
rockets, SDIO Techsats. or possible future NASA Techsats

would be very useful in proving technology and mitigating
risk. The suggestion was made that NASA can learn from the
successes and failure of the SDI program in that the NASA
programs could take prudent risk. do more experimenting,
and do less planning, without spending an excessive amount
of time on considering expensive. unrealized options.

Coming back to the general theme of “faster, better,
cheaper,” the following points became clear during the dis-
cussion. (1) Technologies and sensors were presented that
could clearly benefit planetary exploration. The SDIO instru-
ments on Clementine. for example, are light, small, and
relatively low power, and hence present reduced require-
ments for the spacecraft. This, in turn. implies that the space-
craft’s subsystems are smaller, and therefore reduces the
energy requirements for launch. (2) Sensor heads. them-
selves, are somewhat smaller, but not a lot. One still needs to
collect a certain number of photons to get adequate signal to
noise. The greatest gain appears to be in the electronics. but
to take advantage of this fact one needs substantial funding.
Therefore. what is smaller is by no means always cheaper.

Itisdebatablethat anumber of planetary missions have not
happened because the sensortechnology was not there. These
missions did not happen, by and large, because they cost too
much. The discussions during the meeting would not tend to
change that reality, unless NASA management practices
change. Some of these changes include changing the philoso-
phy of the agency to allow more risk. to strive for faster exec-
utiontimes for programs, and to eliminate unnecessary R&QA
and accompanying paperwork requirements. The agency
should consider some of the management practices of SDIO
to see to what extent these can be adopted in a way that meets
the principal NASA science requirements, but enables the
program to proceed in a cost-constrained, higher-risk, faster-
access-to-space mode in the future.
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Oral Presentations

A MICROSEISMOMETER FOR TERRESTRIAL AND
EXTRATERRESTRIAL APPLICATIONS. W. Banerd:, W.
Kaiser, and T. Van Zandt, Jet Propulsion Laboratory, California
Institute of Technology, Pasadena CA 91109, USA.

The scientific and technical requirements of extraterrestrial
seismology place severe demands on instrumentation. Performance
interms of sensitivity, stability, and frequency band must match that
of the best terrestrial instruments, at a fraction of the size, mass, and
power. In addition, this performance must be realized without
operator intervention in harsh temperature, shock, and radiation
environments. These constraints have forced us to examine some
fundamental limits of accelerometer design in order to produce a
small, rugged, sensitive seismometer.

Silicon micromachined sensor technology offers techniques for
the fabricationof monolithic, robust, compact, low-power and -mass
accelerometers [1]. However, currently available sensors offer in-
adequate sensitivity and bandwidth. Our implementation of an
advanced silicon micromachined seismometer is based on prin-
ciples developed at JPL for high-sensitivity position sensor technol-
ogy. The use of silicon micromachining technology with these new
principles should enable the fabrication of a 10-1! g semsitivity
seismomeler with a bandwidth of at least 0.01 to0 20 Hz. The low Q
properties of pure single-crystal silicon are essential in order to
minimize the Brownian thermal noise limitations generally charac-
teristic of seismometers with small proof masses [2].

A seismometer consists of a spring-supported proof mass (with
damping) and a transducer for measuring its motion. For long-
period motion a position sensor is generally used, for which the
displacement is proportional to the ground acceleration. The me-
chanical sensitivity can be increased either by increasing the proof
mass ordecreasing the spring stiffness, neither of which is desirable
for planetary applications. Our approach has been to use an ultra-
semsitive capacitive position sensor with a sensitivity of better than
10-13m/Hz 2. This allows the use of a stiffer suspension (leading to
a wider operating bandwidth and insensitivity to physical shock)
and a smaller proof mass (allowing lower instrument mass).

We have built several prototypes using these principles, and
tests show that these devices can exhibit performance comparable
to state-of-the-art instruments. The total volume of the final seis-
motneter sensor is expected to be a few tens of cubic centimeters,
with a total mass and power consumption of approximately 100 g
and 100 mW.

References: [1] Petersen K. E. (1982) Proc. IEEE, 70, 420.
[2] Melton B. S. (1976) Rev. Geophys. Space Phys., 14, 93.
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INSITUSTUDIES OF PRIMITIVEBODIES. W.V.Boynton,
Lunar and Planetary Laboratory, University of Arizona, Tucson AZ
85721, USA.

We are now completing the reconnaissance phase of planetary
exploration and are entering the detailed discovery phase, which
generally calls for in situ measurements to address the next level of
scientific questions. We have flown by all the planets except Pluto,

for which a flyby is now being planned, and we have flown by
asteroids and comets. We have made in sirw measurements of some
planetary atmospheres and on the surface of Mars. NASA has yet to
launch a mission with a small body as a primary objective, but such
missions may soon take place.

The scientific questions that can be formulated for the small
bodies of the solar system are far more detailed than might be
expected based on our limited astronomical data. This is because
NASA has been funding the study of meteorites and cosmic dust in
the laboratory for many years. These studies have brought the full
complement of laboratory instrumentation to bear onunderstanding
the information these objects contain on how they formed and
evolved. Because meteorites come from the asteroid belt and possi-
bly from comets, we know to a large extent what types of measure-
ments provide the most insight in understanding different aspects of
these bodies.

Generally, the types of measurements encompass elemental
abundances, mineralogy and texture, and isotopic studies, including
age dating. The state of the art is such that not all these measure-
ments can be made in siru, but many can. Elemental abundances can
be determined with a variety of instruments. Gamma ray spectros-
copy can determine all major elements, some minor elements, and
a few trace elements based on the emission of gamma rays from
nuclei that either have interacted with cosmic-ray-produced neu-
trons or are radioactive. A combined alpha, proton, and X-ray
spectrometer can determine most major and some minor elements,
but is not sensitive to trace elements (limit about 100 ppm). It has
the advantage over gamma ray spectrometry of being smaller and
needing less calibration, but it requires a sample to be brought torit,
whereas the gamma ray spectrometer analyzes a large volume near
the instrument. Mineralogy canbe determined via X-ray diffraction,
Méssbauer spectroscopy, or combined thermal and evolved gas
analysis. Each technique has its merits for specialized applications;
they are listed in decreasing order of specificity. Isotopic studies are
not so easy to carry out on a planetary body. Analysis of noble gases
and lightelements are probably the only isotopic measurements that
have the precisionnecessary to address science issues. Age determi-
nations by K/Ar dating may be possible in some situations.

The Comet Penetrator/Lander of the CRAF mission will be
discussed as an example of a combined approach for in siru studies.

g7
THERMAL AND EVOLVED GAS ANALYSIS FOR THE
MESUR MISSION. W. V. Boynton, Lunar and Planetary
Laboratory, University of Arizona, Tucson AZ 85721, USA.

The MESUR mission will place several landers (currently 16) on
the surface of Mars in a variety of locations selected to sample the
diversity of martian environments. The landers will be small and
will have limited resources of mass, power, volume, and data rate.
Among the instruments in the strawman payload. the thermal and
evolved gas apalyzer is probably the least mature.

This instrument is actually a combination of two instruments: a
calorimeter that heats a sample and carefully determines the heat
required and a gas analyzer that determines the molecular compo-
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sition of gases evolved from the sample during the heating process.
The calorimeter is sensitive to phase changes. e.g.. the melting of
ice. and can thus be used to characterize at least some of the phases
present. By correlating the evolution of gases with a phase change.
one can better determine the nature of the phase change. For
example, a high-temperature endothermic phase change occurring
with evolution of CO, suggests decomposition of carbonate. More
subtle information can be determined by looking at details of the
phase change. For example, ice will “premelt™ at temperatures
below 0°C in a fashion that depends on the nature of the silicate
surface with which it is in contact.

Several concepts exist for the calorimeter. The two most com-
mon are the differential scanning calorimeter (DSC) or the differen-
tial thermal analyzer (DTA). The former generally denotes a device
where sample and reference cells are actively controlled to heat at
the same rate and the difference in power is recorded. The latter
generally refers to a device in which sample and reference cells are
heated with the same power input and the temperature difference is
monitored. The DSC is more accurate but the DTA is simpler.

The evolved gas analyzer can be either a collection of a few
specific sensors, €.g.. one for water and one for CO,, or it can be a
general nonspecific analyzersuch asa gas chromatograph. Normally
a general-purpose instrument is preferred since it can detect sur-
prises, but with the limited resources of MESUR and ourknowledge
of the two Viking lander sites, it may make sense in this case to use
the simpler approach. Such an approach may preclude an exciting
discovery in the polar regions where our knowledge of the martian
volatiles is limited.

This talk describes a candidate DSC and EGA as a basis for
discussion of issues associated with using a combined thermal and
evolved gas analyzer on MESUR.

ot 7

INTERCEPTOR TECHNOLOGY. W. R. Dyer, Ballistic
Missile Defense Organization, The Pentagon, Washington DC 20301,
USA.

BMDO interceptor sensor technologies that can support NASA
planetary missions include lightweight. nuclear-hard LWIR seek-
ers; nuclear-hard LWIR HgCdTe FPA producibility, multiple quan-
tum array detectors; multianode microchannel array UV seekers;
high-speed, lightweight, nuclear-hard signal processors; and minia-
ture solid-state and CO, ladar.

Thenuclear-hard LWIR (8-14pm) Advanced Technology Seeker
(LATS) has cooled optics, microscan mirrors, and microlenses for
long acquisition range and nuclear hardness. Its mass is 4.5 kg and
itsvolume s 14,000 cc. The LATS consumes 2 W of power and uses
a 128 x 128 HgCdTe FPA 25-pm pitch. Readout noise is 190 elec-
trons, and D* at the 40K FPA operating temperature is 103 cm-
Hz**Q.5/W.

The BMDO Pilotline Experiment Technology (PET) program is
developing producible nuclear-hard HgCdTe FPAs for both low-
background (109-10!3 photons/cm¥s) and high-background (10!3-
103 photons/cm¥s) applications. Both 128 x 128 and 256 x 256
FPAs will be addressed. A total of 80-100 FPAs will be constructed
to demonstrate producibility. The detectors have 30-pm pitch, 14-
pm cutoff, 70% quantum efficiency, 10i¢ W/cm? NEFD, and a
dynamic range of 94 db.

GaAs and AlGaAs LWIR multiple quantum well arrays (128 x
128) are under development. These arrays have 8.5-10.5 spectral
bands, 60-pm pitch, and D* = 10!° cm-Hz**0.5/W. The program
goal is 2-4% conversion efficiency with a responsivity of 0.]—
0.2 amps/W).

A 224 x 224 multianode microchannel array solar blind (0.25-
0.238pm) UV seeker was under development in the BMDO Ultraseek
program. A brassboard weighing 7.7 kg was built. The seeker had
10~20% quantum efficiency, 10-100-Hz variable frame rate, 10°
FOV, and 100-prad IFOV with an off-axis telescope and 10-cm
aperture. A six-position filter wheel with 0.5-s response time was
used.

The signal processorused in the Ultraseek brassboard was from
the Signal Processor Packaging Design (SPPD) program. It has a
throughput of 396 MOPS. The SPPD uses hybrid wafer-scale inte-
gration, weighs 75 g, and consumes 10 W of power. A hardened
signal processor called the Advanced Hardened A vionics Technol-
ogy (AHAT) processor is also under development. AHAT was to
have a 3-GOP throughput and weighed 1 kg.

Miniature solid-state and CO, laser radars are under develop-
ment. They willhave 200-400-km acquisition range against -23 db
targets, with 20-cm range and cross-range resolution. Mass of the
laser radars will be 3-5 kg. Optical phased array beam steering is
also under development for use with both BMDO laser radars.

o 7T
THE APX SPECTROMETER FOR MARTIAN MISSIONS.
T. Economou, Laboratory for Astrophysics and Space Research,
University of Chicago, Chicago IL 60637, USA.

Obtaining the chemical composition of any planetary body should
be a prime science objective of each planetary mission. The APX
spectrometer has been designed to provide a detailed and complete
chemical composition of all major (except H) and minor elements
with high accuracy, in situ and remotely. From such complete
analyses a first-order mineralogy of analyzed samples can be de-
duced. Laboratory studies in the past have shown that rock types
(e-g., dunites, basalts, Philippinate 300 sample) were identified
uniquely in blind test analyses. Such identification is more accurate
than can be obtained from any other remote spectroscopic technique.

The APX technique is based on three modes of nuclear and
atomic interactions of alpha particles with matter resulting in three
different energy spectra containing the compositional information.
The instrument uses 50 to 100 mCiof 242Cm or 2#Cm transuranium
radioisotopes to provide a monoenergetic beam of alpha particles
(6.01 MeV and 5.80 MeV respectively) and solid-state detectors for
acquiring the energy spectra.

The technique has been used for the first time on the Surveyor
missions in 1967-1968 to obtain the first chemical composition of
the Moon. Since then the instrument has been miniaturized and
refined to improve its performance. The alpha and proton detectors
were combined into a single telescope with a very thin Si front
detector that acts like an alpha detector and at the same time as an
absorber of alpha particles for the protondetector in the back. An X-
ray mode was incorporated into the instrument that is by itself
equivalent to an X-ray fluorescence instrument. A rather com-
plicated logic determines if the particle is an alpha, proton, or an
unwanted background event. This arrangement has improved the



energy resolution of proton lines. eliminated the need for an addi-
tional guard detector system. and substantially reduced the size of
the sensor head. o

However, the big saving in size and powerin the APX instrument
comes from replacing the cryogenically cooled $i or HP Ge X-ray
detectors in the X-ray mode with Hgl, ambient-temperature X-ray
detectors that do not require cryogenic cooling to operate and still
achieve high-energy resolution. These detectors are being provided
by Xsirius, Inc. in Marina del Ray.

The spectromeler as il is implemented for Mars '94 and Mars
‘96 Russian missions (the Mars 94 and Mars '96 APX experiment
are a collaboration of IKI of Moscow, The University of Chicago.,
and Max Planck Institut fiir Chemie in Mainz) and for NASA's
Pathfinder mission (the APX experiment for Pathfinder will be a
collaboration of MPI Mainz and The University of Chicago) to Mars
in 1996 has a combined weight of about 600 g and operates on
250 mW of power. It still can benefit from higher-quality alpha
sources available from the Russians and more hybridized electron-
ics. -
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CLEMENTINE SENSOR PROCESSING SYSTEM. A. A.
Feldstein, Innovative Concepts, Inc., 8200 Greensboro Drive, Suite
801, McLean VA 22102, USA.

The designof the DSPSE Satellite Controller (DSC) s baselined
as a single-string satellite controller (no redundancy). The DSC
performs two main functions: health and maintenance of the space-
craft, and image capture, storage. and playback. The DSC contains
two processors, a radiation-hardened Mil-Std- 1750, and a commer-
cial R3000. The Mil-Std- 1750 processor performs all housekeeping
operations, while the R3000 is mainly used to perform the image
processing functions associated with the navigation functions, as
well as performing various experiments. The DSC also contains a
data handling unit (DHU) used to interface to various spacecraft
imaging sensors and to capture, compress, and store selected images
onto the solid-state data recorder. '

The development of the DSC evolved from several key require-
ments: The DSPSE satellite was to (1) bave a radiation-hardened
spacecraft control and be immune to single-event upsets (SEUs),
(2) use an R3000-based processor to run the star tracker software
that was developed by SDIO (due to schedule and cost constraints,
there was no time to port the software to a radiation-hardened
processor); and (3) fly a commercial processor to verify its suitabil-
ity for use in a space environment.

Inorder to enhance the DSC reliability, the system was designed
with multiple processing paths. These multiple processing paths
provide for greater tolerance to various component failures. The
DSCwasdesigned sothat all housekeeping processing functions are
performed by either the Mil-Std-1750 processor or the R3000
processor. The image capture and storage is performed either by the
DHU or the R3000 processor.

The DSC interfaces to six sensors using two data and control
buses. The image data are compressed using a JPEG compression
device. The DHU is configured on a frame-by-frame basis to either
store data in an uncompressed form or store data in a compressed
form using one of the four compression tables stored in the JPEG
device. The captured images are stored in a 1.6-Gbit solid-state
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recorder that is part of the DSC for playback to the ground. Images
can be captured by the DSC either on demand. one frame at a time,
or by preloading a sequence of images to be captured by the DHU
without processor or ground intervention.

As for the future, the Naval Research Laboratory is currently
developing a fault-tolerant spacecraft controller using the RH3000
processor chip set. The processor includes shadow checker, real
time hardware rollback, fault-tolerant memory. hardware cache
coherence, and more.

omi 7
ADVANCED SURVEILLANCE SENSORS. W.G.D.
Frederick, Ballistic Missile Defense Organization, The Pentagon,

Washington DC 20301, USA.

In order to meet the surveillance, acquisition. tracking, and kill
assessment requirements for SDIO sensor and interceptor plat-
forms, research and development has been underway for the last
10 years on focal plane arrays, cryocoolers, optics and coatings.
digital and memory circuit components, and spacebased signal and
data processors. Focal plan array efforts have concentrated on
radiation-hardened SWIR, MWIR, and LWIR Hg Cd telluride;
MWIR In antimonide; visible silicon CCDs; and VLWIR As-doped
silicon. Cryocoolerresearch and development included the develop-
ment of long-life (>7 years) coolers operating at 10, 40, and 65K to
provide cooling of focal plane arrays and optics. The radiation-
hardened optics work comprised the preparation and figuring of
Be in sizes up to 1 m in diameter, as well as research and develop-
ment on the preparation and characterization of Si carbide. In
addition, techniques were developed to deposit antireflection coat-
ings on Be and Si carbide optics. Radiation-hardened digital and
memory components (such as A/D converters, SRAMs, ferroelec-
tronic memories, etc.) were developed through extension and hard-
ening of DARPA VHSIC technology. Finally, radiation-hardened,
time-dependent, and object-dependent signal processors and data
processors have been developed for spacebased applications, in-
cluding Brilliant Pebbles and Brilliant Eyes satellites.

o7
THE ULTRAVIOLET PLUME INSTRUMENT (UVPI).
D. M. Horan, Naval Center for Space Technology, Naval Research
Laboratory, Washington DC 20375-5354, USA.

The Ultraviolet Plume Instrument (UVPI) was launched aboard
the Low-power Atmospheric Compensation Experiment (LACE}
satellite on February 14, 1990. Both the spacecraft and the UVPI
were sponsored by the Directed Energy Office of the Strategic
Defense Initiative Organization. The mission of the UVPI was to
obtain radiometrically calibrated images of rocket plumes at high
altitude and background image data of the Earth, Eanth’s limb, and
celestial objects in the near- and middle-UV wavebands. The UVPI
was designed for nighttime observations, i.e., to acquire and track
relatively bright objects against a dark background.

Two coaligned, intensified charge-coupled device cameras were
used tolocate the object of interest, control UVPI, and obtain images
and radiometric data. The tracker camera and the plume camera
shared a fixed 10-cm-diameter Cassegrain telescope that used a
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gimbaled plane steering mirror to view a field of regard that was a
50° half-angle cone about the spacecraft’s nadir. Additionally. a
plane mirror on the instrument's door could be used with the
steering mirror to extend the field of regard to view the Earth's [imb
and stars near the limb in a southerly direction.

The tracker camera had a relatively wide field of view, 2.0° by
2.6°, and a single bandpass of 255-450 nm. The tracker camera had
three functions. First, its wide field of view and bright image were
used to find the object of interest. Second, images from the tracker
camera could be processed within UVPI and the results used to
control the gimbaled mirror for autonomous tracking of the target.
Third, the tracker camera was calibrated and could obtain radiomet-
ric data within its bandpass.

The plume camera had a much narrower field of view, 0.18° by
0.14°, and had a correspondingly higher resolution than the tracker
camera. The plume camera had a four-position filter wheel to
provide four bandpasses: 195-295 nm. 220-320 nm, 235-350 nm,
and 300-320 nm. Only one bandpass could be selected at a time. The
purpose of the plume camera was to obtain high-resolution images
and radiometric data within its bandpasses.

The UVPI collected high-quality, calibrated UV emission im-
ages from four rocket launches in four attempts. These successful
observations have provided more than 150 s of calibrated plume
images from space. The plume camera data obtained for these high-
altitude plumes in the 195-295 nm and 220-320 nm bandpasses is
pot obtainable from the ground because it is blocked by the Earth’s
ozone layer. All UVPI plume observation data have been processed
by the NRL LACE Program and archived in the SDIO Plumes Data
Centerat Amold AFB, Tennessee, and the SDIO Backgrounds Data
Center at NRL.

Background observations include southern auroral events, mea-
surements of the Earth’s limb under different lighting conditions,
nadir scans, measurements near an erupting volcano, and measure-
ments of emission from city and highway lighting. Data from all
UVPI observations has been processed and deposited in the SDIO
Backgrounds Data Center at NRL.

Radiometric calibration of the UVPI was done before launch and
.confirmed after launch by star observations. Stars of known emis-
sion spectrum based on measurements by other spaceborne sensors
were used. The calibration values obtained using the stars are close
to the calibration values obtained before launch.

o it

MICRO WEATHER STATION FOR EARTH AND MARS.
W. J. Kaiser, Jet Propulsion Laboratory, 4800 Oak Grove Drive,
Pasadena CA 91109, USA.

Recent trends in planetary and Earth science include the devel-
opment of compact spacecraft and planetary landers. This leads to
opportunities for advanced science return by the use of multiple
vehicles and lander networks. The wide deployment of instruments
is an important part of new programs for understanding planetary
~ atmospheres, for monitoring seismicity and probing planetary struc-
ture, and for space science. An important part of this initiative is the
development of compact, low-mass, low-power sensors and instru-
ments that enable science return by small spacecraft.

Challenges arise for sensor and instrument development be-
cause user requirements call for advances in performance with

simultaneous large reduction in device mass, volume, and cost.
Many important. conventional instruments operate at or near theo-
retical limits. Furthermore, for fundamental reasons, reducing the
scale (volume and mass) of typical conventional instruments leads
1o a sharp reduction in performance. Clearly, new methods are
required for sensor and instrument technology. The JPL microsensor
and microinstrument program is directed toward developing a class
of devices based on new measurement principles for emerging
science applications. _ : AU .

Recent developments at JPL include accurate, miniaturized
instruments for measuring pressure, temperature. and humidity in
the martian planetary boundary layer and in Earth's upper tropo-
sphere and lower stratosphere. These instruments incorporate state-
of -the-art electronics and silicon micromachined structures along
with more conventional measurement technologies to reduce their
size, cost, and power consumption. Our sensors are based on mea-
surement technologies that are inherently accurate. durable, and
offer simple calibration. In addition, these devices take advantage
of silicon micromachining batch fabrication and calibration to en-
able low-cost production. Their small size, mass, and inherent
raggedness make them ideal fordeployment on a variety of measure-
ment platforms. including the Mars MESUR landers, radiosondes,
and dropsondes.

Requirements for meteorological measurements on Mars and
Earth will be reviewed first, and the Micro Weather Station instru-
ment concept for Mars and Earth will be described. Components of
the Micro Weather Station have been demonstrated. Highlighted in
this presentation will be a new microhygrometer operating on
accurate dewpoint principles. This device combines a millimeter-
scale surface acoustic wave oscillator element with a compact
temperature control element. This compact structure, packaged on
a conventional power transistor header, has a volume of approxi-
mately 1 cm?. Precision testing of this instrument demonstrates
0.1K dewpoint accuracy. In addition, new pressure-sensor devices
bave been developed for the Micro Weather Station. These devices
employ silicon micromachined structures, including thin, free-stand-
ing membrane elements. The pressure sensors measute absolute
pressure using thermal conductance techniques. Their sensitivity
exceeds the requirements for Mars and upper atmosphere applica-
tions. The development of temperature, wind, and atmospheric
aerosol sensors will also be described.

The program described here provides new instrument capabili-
ties for a wide range of applications and many new opportunities for
Earth and planetary science. The Team Leader for this investigation
is Dr. David Crisp; team members include Drs. W. Kaiser, M.
Hoenk, and T. VanZandt, all at JPL.

7
VISIBLE IMAGING ON THE PLUTO FAST FLYBY MIS-
SION. M.C.Malin, Malin Space Science Systems. 3535 General
Atomics Count, Suite 250, San Diego CA 92121, USA.

Objectives for visible imaging of the Pluto-Charon system, as
prescribed by the Outer Planets Science Working Group, are to
acquire (1) global observations (FOV of ~-5000 IFOVs) at | km/line-
pair for the purpose of characlerizing surface morphology and
geology, (2) global observations in 3-5 broadband colors at 5-
10 kmy/line-pair for studies of surface properties and composition as



it relates to morphology. and (3) selecied observations at higher
spatial resolution for study of surface processes.

Several factors of the Pluto Fast Flyby mission make these dif-
ficult objectives to achieve: At Pluto’s distance from the Sun, there
isnearly 1/1000 the amount of light as at the Earth. the flyby velocity
ishigh (~15km/s), and the science requirements dictate a large data
volume (1 kmvline-pair implies between 20 and 50 MBytes for the
panchromatic global image. and a comparable amount for the mul-
tispectral dataset).

The low light levels can be addressed through a large aperture,
image intensification, long exposures with precision pointing and
image motion compensation (scan mirror or spacecraft movement),
or time-délay integration. The high flyby velocities require short
exposures, image motion compensation. or observations from con-
siderable distance (e.g., longer focal lengths and larger apertures).
Large data volume requires a large spacecraft data buffer, an inter-
nal instrument data buffer, or real-time data compression. The
difficulty facing the successful Pluto Fast Flyby imaging investiga-
tion will be overcoming these technical challenges within the ex-
tremely limited mass (~2 kg) and power (~2 W) available.

Ve lvel
REQUIREMENTS FOR AN ULTRAVIOLET SPECTROM-
ETER FOR THE PLUTO FAST FLYBY MISSION. W.E.
McClintock and G. M. Lawrence, Laboratory for Atmospheric and
Space Physics, University of Colorado, 1234 Innovation Drive,
Boulder CO 80303-7814, USA.

Ultravioletspectroscopy can answer fundamental questions about
Pluto’s atmosphere, including its composition, pressure and tem-
perature profile, and aerosol characteristics. Ultraviolet results will
contribute to comparative studies of Triton and Pluto, two distant
bodies known to have CH, and N, in their atmospheres. '

Potential atmospheric constituents have strong emission and
absorption signatures in the wavelength range 55-200 nm. These
species are best observed using a variety of techniques, including
disk maps, limb scans, and solar and stellar occultations. The
Voyager UVS observations of Triton provide a template to which
Pluto observations should be designed.

The mission design dictates that the UVS bave a mass and power
approaching | kg and | W respectively. The science objectives
dictate the following functional requirements for a UVS: (1) an
airglow mode with imaging spectroscopy; (2) a well-baffled tele-
scope for limb scans; (3) a solar/stellar occultation mode; (4) wave-
length coverage of 55-200 nm with a spectral resolution of 0.5 nm;
and (5) sensitivity comparable to or better than the Voyager UVS,

One instrument that meets the mission and science requirements
is a dual-channel airglow/solar occultation design. The airglow
channel is based on a single channel of the Cassini UltraViolet
Imaging Spectrometer (UVIS), which is modified to cover the range
55-200 nm. The solar occultation channel, which consists of a
concave grating in a Wadsworth mount feeding 2 vacuum photo-
diode array, looks transverse to the airglow channel through the
spacecraft antenna. We estimate that such an instrument can be
constructed using current technology that will weigh less than 1.3 kg
and consume less than 1 W of power.

The concept of combining the UVS with a visible imager and an
infrared mapper in a single remote sensing instrument package is
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attractive from a programmatic standpoint. It should be recognized
that planetary observations at extreme ultraviolet (EUV) wave-
lengths require special technologies and may be compromised by
this approach.

Cc10 7

SCIENTIFIC AND MEASUREMENT OBJECTIVES AND
CURRENT CONCEPTS FOR COMET AND ‘ASTEROID
MISSIONS. M. Neugebauer, Mail Stop 169-506, Jet Propulsion
Laboratory, California Institute of Technology, Pasadena CA 91109,
USA.

Studies of comets and asteroids address most of the major goals
of solar system exploration because (1) they are the best-preserved
samples of the material from which the solar system formed. (2) they
record the radial properties of and the degree of mixing in the
protoplanetary nebula, (3) they contain complex organic material
that may have been responsible for the origin of life on Earth, and
(4) the coma of an active comet displays a wealth of astrophysical
processes involving interactions between gas. dust, plasma, and
sunlight. The scientific and measurement objectives of space mis-
sions to comets and asteroids developed in detail in the early 1980s
by groups such as the Space Science Board and NASA's Comet
Rendezvous Science Working Group remain relevant despite the
intervening observations by the flybys of three comets and one
asteroid. The sophistication of the measurements that can be made
increases as one scales up from flybys to flythroughs to rendezvous
missions, which may carry either penetrators or soft landers, to
sample-return missions of various types, such as fast collection of
gas and dust from the coma of a comet or surface or subsurface
samples of an asteroid or the nucleus of a comet.

Viao¥i 7/
SUPERCONDUCTING SENSORS/PROCESSORS. M.
Nisenoff! and C. Byvik?, 'Naval Research Laboratory, Washington
DC 20375, USA, TW. J. Schafer Associates, Inc., 1901 North Fort
Myer Drive, Arlington VA 22209, USA. '

One requirement of an SDIO surveillance mission is the capabil-
ity of acquiring and tracking cold bodies against the cold background
of space, a requirenient paralleling the NASA mission to planets
such as Pluto. A technology that enables very high speed af very-
low-power, on-focal-plane array signal processing for large (10.000-
1,000,000 pixels) VLWIR sensors required to operate at 10 K is
low-temperature superconductivity (LTS). Significant progress has
recently been made in LTS digital signal processing. Superconduct-
ing transimpedance amplifiers (TIA), 12-bit analog-to-digital con-
verters (ADC), high-speed shift registers (SR), digital multiplexers
(MUX), and wide-band superconducting detectors have been dem-
onstrated and operated at 10K in Nb nitride technology. A proof of
concept for the conversion of photons to bits for detection by a LTS
single pixel through the ADC was demonstrated in 1992. An opera-
tional focal plane with interface electronics and an LTS analog
signal processor all operating at 10 K will be demonstrated using a
scene generator in the 4QFY94. A LTS foundryexists that is capable
of providing custom circuits with appropriate interface electronics.
Today's superconductor technology will enable the achievement of
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low-power. low-weight, high-fidelity goals for future NASA plan-
etary missions.

o 7
CLEMENTINE: A DEEP SPACE MISSION TO FLIGHT
QUALIFY LIGHTWEIGHT SPACECRAFT COMPONENTS.
P. Rustan, Ballistic Missile Defense Organization/DTI, The
Pentagon, Washington DC 20301, USA.

The Clementine mission will demonstrate and flight qualify
several lightweight spacecraft components developed by the Ballis-
tic Missile Defense Organization. The sensors and processors to be
tested in the spacecraft were developed to detect ballistic missiles.
In the Clementine mission. these technologies will be tested in a
dual-userole fora civil scientific sector application, such as looking
at cold objects. the Moon, and a near-Earth asteroid against a space
background.

Specifically, the mission will test two lightweight star tracker
cameras, a UV/VIS camera, a near-infrared camera, a long-wave
infrared camera, a lidar, and a 32-bit computer. The star tracker
cameras, 370 g each, will provide three-axis attitude determination
using only a single starfield image, with a field of view of 20° x 43°.
Each camera consumes 7 W and is accurale to 150 prad. The UV/
VIS imaging system is a CCD camera with a bandpass from 250 nm
to 1000 nm: it will carry a filter wheel with six positions at 415 nm,
750 nm, 900 nm, 950 nm, 1000 nm, and broadband from 400 to
950 nm. The UV/VIS camera weighs 500 g, uses 6 W of power, and

- hasafield of view of 4.2° x 5.6°. The near-infrared camera will have
a mechanically cooled 256 x 256-pixel Indium Antimonide Focal
Plane Array (InSb FPA) with a bandpass from below 1100 nmup to
2800 nm and a filter wheel with positions at 1100 nm, 1250 nm,
1500 nm, 2000 nm, 2600 nm, and 2780 am. The camera weighs
about 1600 g, uses 30 W of power including the cryocooler, and has
a field of view of 5.6° x 5.6°. The long-wave infrared camera will
have a mechanically cooled 128 x 128 HgCd telluride FPA. The
array will be mechanically cooled and will have a broadband re-
sponse from 8000 to 9500 nm. The camera weighs about 1550 g,
uses 30 W of power, and has a field of view of 1° x 1°. The lidar
consists of a laser transmitter and a high-resolution camera. The
laser transmitter is a diode-pumped Nd-YAG laser with a mass of
1 kg, a pulse energy of 180 mJ at a pulse length of 10 ns. and a
repetition rate of 8 Hz. The high-resolution camera is a Si CCD,
weighs 1250 g, uses 12 W of power, and has a field of view of 0.3° x
0.4°. Finally, the 32-bit processor is a reduced instruction set
computing (RISC) processor that operates at about 20 Mips and
3.5 MFlops. Tt has a mass of ~500 g and is expected to be radiation
immune to about 15 krad (Si). 7

Additionally, the mission uses advanced lightweight technolo-
gies in the electrical, mechanical, structure and materials, and
attitude control systems. The mission is expected to be launched in
January 1994 in a Titan TIG launch vehicle, spend two months
mapping the lunar orbit from a 400-km orbit, and fly by the near-
Earth asteroid Geographos in August 1994,

PRIMIS: PLUTO REFLECTANCE IMAGING-MAPPING
INTERFEROMETRIC SENSOR. W.H. Smith!. P. Hammer?,
H.Reitsma3, H. Albert3, R. Nelson*, W.McKinnon!, and K. Baines¢,
'Washington University, St. Louis MO 63130, USA. INASA Ames
Research Center, Moffett Field CA 94035, USA, 3Ball Aerospace,
Boulder CO 80306, USA, “Jet Propulsion Laboratory, Pasadena CA
91109, USA.

The Pluto Fast Flyby Mission is among the most challenging
missions NASA has yet conceived. The challenge lies in achieving
the high level of science return sought within the extremely limited
resources available. The motivation is the distillation of the re-
sources into instruments that attain the Pluto Fast Flyby science
measurement goals. Success in this effort implies a utilization of
novel methods and instruments, but to reduce cost must use compo-
nents and mechanisms thal are readily available. Novel implemen-
tations must extend the capabilities of the optical instruments
beyond those of historically utilized designs in order to achieve the
science measurements within mass and power limitations. The
concepts, designs, and breadboard fabrication of fully integrated
sensors must therefore achieve the ground rule: PFF sensors shall
meet or exceed PFF stated science measurement requirements
withip the mass and power limitations.

PRIMIS, the Pluto Reflectance Imaging-Mapping Interferomet-
ric Sensor, centers around an unobscured telescope integrated with
a four-color simultaneous imager constructed with polarization
beam splitters and digital array scanned interferometers (DA SIs) for
the infrared and the vacuum uliraviolet. This configuration reduces
the instrument’s mass but increases the throughput to achieve very
high S/Nobservations. Very careful atientionis giventothe integra-
tion and sharing of electronics, optics, and support structures for
mass reduction while constraining powerrequirements; e.g., PRIMIS
uses o moving parts to increase reliability while reducing mass,
power usage, and complexity, eliminating many potential failure
modes. The telescope is both the light collector and the passive
radiator for cooling the focal plane and instruments, eliminating the
need for a separate passive cooler. .

The appropriate data acquisition timeline and subsequent onboard
data analysis that is consistent with anticipated computational and
memory resources is outlined. Suggested data acquisition modes
(along with examples) that can save substantial data space with
acceptable compromises on information content are shown from our
measurements with DASIs.

Vel -

THE MESUR MISSION. S. W. Squyres, Center for Radio-
physics and Space Research, Cornell University, Ithaca NY 14853,
USA.

The MESUR mission is the most ambitious mission to Mars
planned by NASA for the coming decade. It will place a network of
small, robust landers on the martian surface, making a coordinated
set of observations for at least one full martian year. The mission
addresses two main classes of scientific objectives. The first re-
quires alarge number of simultaneous observations from widely dis-
tributed sites. These include establishing networks of seismic and
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meteorological stations that will yield information on the internal
structure of the planet and the global circulation of the atmosphere
respectively. The second class of objectives requires sampling as
much as possible the full diversity of the planet. These include a
variety of geochemical measurements, imaging of surface morphol-
ogy, and measurement of upper atmospheric properties at a range of
latitudes, seasons, and times of day.

MESUR presents some major challenges for development of
instruments, instrument deployment systems, and onboard data
processing techniques. The instrument payload has not yet been
selected, but the strawman payload is (1) a three-axis seismometer:;
* (2)ameteorology package that senses pressure, temperature, wind
speed and direction. bumidity, and sky brightness; (3) an alpha-
proton-X-ray spectrometer (APXS): (4) a thermal analysis/evolved
gasanalysis (TA/EGA) instrument; (5) adescentimager: (6)a pano-
ramic surface imager: (7) an atmospheric structure instrument (ASI)
that senses pressure, temperature, and acceleration during descent
to the surface; and (8) radio science. Because of the large number of
landers to be sent (about 16). all these instruments must be very
lightweight. All but the descent imager and the ASI must survive
landing loads that may approach 100 g. The meteorology package.
seismometer, and surface imager must be able to survive on the
surface for at least one martian year. The seismometer requires
deployment off the lander body. The panoramic imager and some
components of the meteorology package require deployment above
the lander body. The APXS must be placed directly against one or
more rocks near the lander, prompting consideration of a microrover
for deployment of this instrument. The TA/EGA requires a system
1o acquire, contain, and heat a soil sample. Both the imagers and,
especially, the seismometer will be capable of producing large
volumes of data, and will require use of sophisticated data compres-
sion techniques.

—
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PLUTO FAST FLYBY MISSION AND SCIENCE OVER-
VIEW. A.Stern, Space Science Department, Southwest Research
Institute, 6220 Culebra Road, San Antonio TX 78238, USA.

Planning for the Pluto Fast Flyby (PFF) mission centers on the
launch of two small (110-160 kg) spacecraft late in the 1990s on
fast, 6-8-yeartrajectories that do not require Jupiter flybys. The cost
target of the two-spaceraft PFF mission is $400 million. Scientific
payload definition by NASA's Outer Planets Science Working
Group (OPSWG) and JPL design studies for the Pluto flyby space-
craft are now being completed, and the program is in Phase A
development. Selection of a set of lightweight, low-power instru-
ment demonstrations is planned for May 1993. According to plan,
the completion of Phase A and then detailed Phase B spacecraft and
payload design work will occur in FY94. The release of an instru-
ment payload AO, followed by the selection of the flight payload, is
also scheduled for FY94. I will describe the scientific rationale for
this mission, its scientific objectives, and give an overview of the
spacecraft and strawman payload.
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LUNAR SCIENCE: USING THE MOON AS A TESTBED.
G. I. Taylor, Planetary Geosciences. Department of Geology and
Geophysics, SOEST, University of Hawaii. 2525 Correa Road,
Honolulu HI 96822, USA.

The Moon is an excellent testbed for innovative instruments and
spacecraft. Excellent science can be done, the Moon has a conve-
nient location, and previous measurements have calibrated many
parts of it. I summarize these attributes and give some suggestions
for the types of future measurements.

Lunar Science:  TheLunar Scout missionsplanned by NASA's
Office of Exploration will not make all the measurements needed.
Thus, test missions to the Moon can alsoreturn significant scientific
results, making them more than technology demonstrations.

Location: The Moon is close to Earth, so cruise time is in-
significant, tracking is precise, and some operations can be con-
trolled from Earth. but it is in the deep space environment. allowing
full tests of instruments and spacecraft components.

Calibrations: The existing database on the Moon allows tests
of new instruments against known information. The most precise
data come from lunar samples, where detailed analyses of samples
from a few places on the Moon provide data on chemical and
mineralogical composition and physical properties. Apollo field
excursions provided in siru measurement of surface geotechnical
properties and local magnetic field strength. Orbital data obtained
by Apollo missions also supply a useful set of standards, although
not global in extent; data include chemical composition by gamma
and X-ray spectrometry, imaging, and magnetic field strength.
Observations at high spectral resolution have been obtained from
terrestrial telescopes, providing spectral calibration points for nu-
merous 1-53-km spots on the lunar surface. Finally, additional
multispectral imaging has been obtained by the Galileo spacecraft
anda global multispectral dataset will be acquired by the Clementine
mission. Thus, the Moon is a large, Earth-orbiting standard on
which to test new instruments.

Potential Instruments: The following list shows examples of
the types of instruments that could take advantage of the Moon’s
virtues as a testbed. Lunar Scout I and I do not include items 1-4.
Items 5-7 are thus essential if Scout does not fly, but even if Scout
is successful, new generations of these instruments (smaller, better
resolution, etc.) can still use the global database obtained by Scout
as calibrations. (1) Atmospheric sensors, such as UV spectrometers
and mass spectrometers. (2) Magnetic field detectors, such as
magnetometers and electron reflectometers. (3) Altimeters for to-
pography measurements. (4) Microwave radiometers, especially for
heat flow determination. (5) Imaging spectrometers to obtain min-
eralogical information about the Moon. (6) Imaging systems for
geologic mapping. (7) Devices to make chemical analyses from
orbit-present instruments, such as gamma ray spectrometers (these
are currently large and heavy, so new, smaller devices are essential
for future planetary missions).

In Situ Analyses: Excellent lunarscience could be done using
Tovers carrying experimental payloads. Possible instruments in-
clude devices to do chemical and mineralogical analyses, high-
resolution stereo imaging systems, gas analyzers, seismometers,
heat flow probes, and atmospheric sensors.
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SMALL-BODY OBSERVATIONS: REMOTE SENSING.
I. Veverka, Comell University. Ithaca NY 14853, USA.

There are a large number of widely diverse small bodies in the
solar system grouped as asteroids, comets, and small satellites. The
members of each of these groups are also very diverse. and studies
have beguntoreveal interrelationships among the groups. e.g.. 2060
Chiron. an “asteroid” that became a comet. and 4015 (1979 VA). a
comet that became an “asteroid.” Improving our understanding of
the links between these groups will involve two major types of
remote sensing scenarios: flyby missions and rendezvous or orbit
missions. Some missions may involve both types. e.g.. a flyby of one
body on the way to a rendezvous with another. A vigorous program
to study small bodies should include both flybys and rendezvous
missions to provide complementary information. Multiple flybys
will allow us to explore the diversity of small bodies, while rendez-
vous missions will allow us to gather detailed measurements of a
specific type of body. Galileo’s encounter with the asteroid Gaspra
in October 1991, at a flyby speed of 8 kin/s and a miss distance of
1600 km, highlighted some of the challenges of this type of mission.
They include the extremely short (~-30 min) time interval for acquir-
ing the best data and difficulties in keeping instruments pointed
accurately at closest approach. Dust surrounding comets poses an
additional hazard for comet close encounters.

Instrumentation for asteroid studies encompasses a wide range
of imaging devices, medium- and high-resolution spectrometers,
radiometers, and LIDAR. For example, general considerations for
IR reflectance spectroscopy include a signal to noise ratio of 100:1
or better for integration of times of 1 s or less, spatial resolution of
the surface of 10~100 m, and pixel size of 50-500 pm. An array

detector is preferred for accurate registration with imaging. Surface
mineralogy reflectance spectroscopy should include three important
spectral windows: 0.3—1.1 pm for spectral imaging. 0.7-2.8 pm for
the primary IR range. and 2.8-4.0 pm for the secondary IR range.
The relative importance of each window depends on the type of
asteroid to be studied. Thermal emission spectroscopy provides
direct information on composition and crystal structure. Instrument
requirements include a wavelength range of 6-25 pmata minimum,
630 desirable; spectral resolution of 10 cm-; signal-to-noise ratio
of 500:1; and spatial resolution ~5~10 mrad minimum. <! mrad
desirable. An IR radiometer, the best instrument to determine the
thermal inertia of the surface, should have a wavelength range of at
least 10-30 pm, with 5-100 pm desirable, and should include a VIS
channel for albedo measurements. Low spatial resolution. ~1 mrad,
is adequate, and sensitivity should be AT ~ £ | K over temperatures
of 90-300 K.

Instrumentation for comet studies is equally challenging. For
example. coma spectroscopy should include measurements at UV-
VIS and mid-IR wavelengths. In the UV-VIS, a wavelength range of
1100-9000 A is desirable; within this range it is essential to
measure Lyman-a (1216 A) and OH (3085 A). The spectrograph
should have an array detector and spectral resolution of ~1 A, and
ideally should have no moving parts that could be fouled with dust.
Several detectors are needed to cover a broad spectral range. In the
mid-IR (5-10 pm) the spectral region beyond about 5 pm is useful
for measurement of polar molecules such as H,0, CH,, CO, and
NH,;. as well as minor organic species that may include prebiotic
molecules. A very-high-spectral resolution (>105) is required. Inno-
vative designs will be needed to meet these requirements while also
achieving minimum mass and size.



LPI Technical Repor1 93-02, Parr2 23

e ran

Database on BMDO (SDIO) Technology

The following pages describe an extensive resource called
the Technology Applications Information System (TAIS),
which is available to U.S. citizens. Created and supported by
the SDIO, now called the Ballistic Missile Defense Organi-
zation (BMDO). this database is organized in a hierarchical
or nested fashion. After entering the system, you may begin
your searchin anouter shell thatallows you to access synopses
of basic research programs currently supported by the BMDO;
these descriptions help an individual user survey the many
programs in BMDO that may be relevant to his/her particular
needs and interests. This level, called “R,” does not describe
hardware. The next shell, called “D,” augments information
found in the first shell with descriptions of BMDO technolo-
gies under study but not ready for production.

The third shell. “M,” provides descriptions of mature
technologies in which at least some hardware has been built.
The “D” and “M” levels include principal investigators,
institutional and contractor affiliations, points of contact, etc.
The first three levels are now available in the database. A
fourth level is planned for addition to this existing resource:
in this innermost “P” shell, users will be able to call up
synopses of fully integrated instruments, sensors, and other
subsystems that have been produced. Inclusion of this fourth
level could begin in the next few months, depending on
resources available within BMDO. You will notice the iden-
tifiers “R,” “D,” and “M” on the following sample sheets,
which indicate that the database contains 26 entries of rel-
evance for the term “infrared sensor.”

QUESTIONS AND ANSWERS . !
ABOUT THE TECHNOLOGY APPLICATIONS
INFORMATION SYSTEM (TAIS)

What is the TAIS?

¢ A free online database that contains over 2000 abstracts of
technology supported by the Ballistic Missile Defense
Organization (BMDO, formerly the Strategic Defense Ini-
tiative Organization); it is accessed by computer modem.

¢ A national referral system that contains unclassified re-
search available for technology transfer to the U.S. com-
mercial marketplace.

* A database containing abstracts of technology from the
National Aero-Space Plane (NASP).

* An information system that is available 24 hours a day.
7 days a week.

Why Should I Use the TAIS?

e It’s free.

¢ It’seasytouse,complete with menusand keyword searches.

o It has over 2000 emerging technologies (and their points
of contact) that may solve your engineering. manufactur-
ing. or product problems and lead tocollaborations, licens-
ing agreements, or investment opportunities.

¢ It gives sources of free business assistance from over 800
state and federal organizations.

o It lists other major technology transfer databases.

e It lists ongoing research programs that may provide fund-
ing for your organization’s technology products or ser-
vices.

What Types of Technologies are in the TAIS?

Technologies in the TAIS are the result of research and
development undertaken to help build a future space defense
system. New understandings of scientific phenomena and
advances in state of the art achieved through this research
provide faster, lighter, stronger, more reliable, and more
efficient technologies in areas such as lasers, energy, elec-
tronics, optics, materials, communications, superconductors,
supercomputers, and many more.

What’s the Catch?

Although the technology abstracts found in the TAIS are
unclassified, the technology programs themselves may con-
tain information that is export restricted. Since most are
export controlled, they require yourcompletion of a “Military
Critical Technical Data Agreement” in which you certify that
youareaU.S. citizen and you are aware of export control laws
and penalties.

How Do I Become Certified to Use the TAIS?

1. Call the Defense Logistics Services Center (DLSC) at
800-352-3572 and request DD Form 2345,

2. Complete the form and mail it back to DLSC (the
address is on the back of the form). DLSC will process the
request within five days.

3. Allow 4-8 weeks for TAIS access processing. If you
require faster processing. call 703-693-1563 to ensure imme-
diate processing of your access codes.

4. You are ready to log on.
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Federal agency representatives may obtain access certifi-
cation by addressing a request on official letterhead to the
Office of Technology Applications (see BMDO address on
this page). Please identify youroffice’s pointof contact forthe
TAIS.

How Do I Log On?

Set your modem parameters to emulation: VT100; baud
rate: 2400 or 1200; parity: even: data bits; 7; start/stop bits:
1; duplex: full.

On your data phone/modem. dial 703-693-3007. (If, after
you connect, you get random characters, please enter the
break sequence specified in your communications package.)

The first prompt will ask youtotype remote. Type the word
“remote” in lower-case letters.

The next screen will prompt you for your access codes
located on DD Form 2345; note that the TAIS requires two
accesscodes. Type in your access codes, which are as follows:

Qualified Contractor’s Name: the first nine characters in
block 2a (note: spaces count as characters; periods and com-
mas do not).

Certification Number: seven-digit number in block 7a
assigned to your organization by the DLS (note: user does not
need to type in the leading zeros).

What are the Addresses and Phone Numbers for DL.SC
and BMDOQO?

United States/Canada Joint Cenification Office
Defense Logistics Services Center (DLSC)
Federal Center
74 N. Washington
Battle Creek MI 49017-3084
Phone: 800-352-3572

Deputy Director. Office of Technology Applications
Ballistic Missile Defense Organization
(BMDO/TND)

ATTN: TAIS Database (Kathy Price)
Washington DC 20301-7100
Phone: 703-693-1563
TAIS Line: 703-693-3007

Can I”Get Other BMDO Technology Transfer Assistance

Besides the TAIS?

Yes. Call the TAIS systems administrator at 703-693-
1563 with your request. Someone on our technology transfer
staff will return your call to see if we can provide any addi-
tional support. However, remember that BMDO must con-
form to federal and BMDO policy and guidelines in the
information and assistance it can provide. Qur goal is to do
everything possible to facilitate the transfer of BMDO-funded
technology to applications that will benefit the U.S. economy.
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Shelltool — SDIOZINI Technology Applications System (TAIS) Window

SDIO Technology Applications Information System
Keyword/Application Function

Current Keyword/Application
INFRARED SENSOR
26 Innovations Matched

At this point, you may Cancel the current keyword(s), combine
the current keyword with another by selecting to Perform
another keyword search, or view the matched innovations.
Select R to view by technology or S for entire listing.
Note: The same matching innovation may appear under
more than one technology.
Until a Cancel is done, only matching innovetions can be accessed.

P-Per form Keyword Search H-Help
R-Return to Innovation Data M-Return to Main Menu
C-Cancel Current Keyword S-Show Matching Innovations

Enter Selection [l
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Shelltool - SDIO/INI Techne

logy Applications System (TAIS) Window

SDIO Technology Applications Information System
Innovations Found in Keyword Search

Current Keyword/Application: INFRARED SENSOR

1. (R) Acquisition Range Enhancement for Infrared Sensors

2. (D) Adaptive Electro-Optical Signal Processor

3. (D) Advanced IR-Focal Plane Array Concept

4. (D) Cryocooler Thermal Switch Analysis

S. (D) Cryocooler for High Acceleration Systems

6. (D) Cryocooler for Space-Based Infrared Sensors

7. (R) Hardened Electronics for Cryogenic Temperatures

8. (R) HgCdTe for Long Wavelength Infrared Sensor Applications

—— -

The above designations preceding the innovation titles represent
the status for the corresponding innovation. Specifically,
(R) Research In-Progress, (D) Developing Technology, (M) Maturing Technology.

##-Review Innovation Abstract R-Return to Previous Screen H-Help
K-Search Keyword/Application M-Return to Main Menu N-Next Page
I-Change Industrial Classification

Enter Selection [
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shelltool - SDIO/INI Technology Applications System (TALS) Window

SDI0 Technology Applications Information System
Innovations Found in Keyword Search

Current Keyword/Application: INFRARED SENSOR

9. (D) High Speed Infrared Sensor
10. (M) Infrared Detector Characterization Tool

11. (R) Infrared Sensor Calibration Techniques and Standards
12. (R) Infrared Sensor and Imaging System

13. (D) Infrared Sensors

14. (R) Infrared Sensors Using High-Taﬂgerature Superconductors
15. (M) MicroMinjature Refrigerator (MMR)

16. (R) Nuclear Environment Simulation Requirements

The above designations preceding the innovation titles represent
the status for the corresponding innovation. Specifically,
(R) Research In-Progress, (D) Developing Technology, (M) Maturing Technology.

##-Review Innovation Abstract R-Return to Previous Screen H-Help
K-Search Keyword/Application M-Return to Main Menu N-Next Page
I-Change Industrial Classification P-Prev Page

Enter Selection [IN
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Shelltool - SDIV/INTD Technology Applications System (TAIS) Window

SDIO Technology Applications Information System
Innovations Found in Keyword Search

Current Keyword/Application: INFRARED SENSOR

17. (R) Passively-Cooled, Indium-Antimonide Detector Arrays
18. (R) Protection of Optical Components by Diamond Coatings
19. (R) Rugate Laser Filters

20. (R) Shottky Barrier Array Infrared Sensor

21. (D) Sorption Compressor Refrigeration System

22. (R) Structures and Materials %or Infrared Nonlinear Optics
23. (R) Target Discrimination Using Polarized Signatures

24. (D) Two-Stage Rotary Reciprocating Refrigerator

The above designations preceding the innovation titles represent
the status for the corresponding innovation. Specifically,

#¥-Review Innovation Abstract R-Return to Previous Screen
K-Search Keyword/Application M-Return to Main Menu

Enter Selection [l

(R) Research In-Progress, (D) Developing Technology, (M) Maturing Technology.

H-Help
N-Next Page

I-Change Industrial Classification P-Prev Page
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Shelltool - SDIO/ZIND Technology App

lications System (TAIS) Window

SDIo Technofbgy Applications Information System
Innovations Found in Keyword Search

Current Keyword/Application: INFRARED SENSOR

25. (M) Visible Image-Emulation of Infrared Sensors
26. (D) Wet Turboexpander for Cryocoolers

T T —
The above designations preceding the innovation titles represent
the status for the corresponding innovation. Specifically,

(R) Research In-Progress, (D) Developing Technology, (M) Maturing Technology.

#4-Review Innovation Abstract R-Return to Previous Screen H-Help
K-Search Keyword/Application M-Return to Main Menu
I-Change Industrial Classification P-Prev Page

Enter Selection |




IPAGE_______INTENTIONALLY BLANK



List of Workshop Participants

LP] Technical Repor1 93-02, Parr 2 3]

PRECEDING PAGE BLANK NOT FH.MED

Robert Afzal
Mail Code 1924
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 302-286-5669
Fax: 301-286-2717
E-mail: rob@eibl.gsfe.nasa.gov

Paul Albats
Schlumberger Technology Corp.
0ld Quarry Road
Ridgefield CT 06877-4108
Phone: 203-431-5441

J. Fred Aldnich
E01/CI50
Hughes Aircraft Co.
P. 0. Box 902
El Segundo CA 90245
Phone: 310-616-5035
Fax: 310-616-8262

John Antoniades
Mail Code 6756
Naval Research Laboratory
Washington DC 20375
Phone: 202-767-2077
Fax: 202-767-3553

John Appleby
Mail Code SL
NASA Headguariers
Washington DC 20546
Phone: 202-358-0788
Fax: 202-358-3097

Tony Amstrong
SAIC
Route 2
Prospect TN 38477
Phone: 615-468-2603
Fax: 615-468-2676

Anthony Arrott
Arthur D. Little, Inc.
Acorn Park
Cambridge MA 02140
Phone: 617-498-5886
Fax: 617-498-7213

David H. Atkinson
Deparmenrt of Electrical Engineering
Universiry of Idaho
Moscow ID 83843
Phone: 208-885-6870
Fax: 208-885-7579
E-mail: atkinson@maxwell.ce.uidaho.edu

Sachi Babu
10289 Aerospace Road
Seabrook MD 20706
Phone: 301-286-7304
Fax: 301-286-4536
E-mail: sachi@heasfs.gsfc.nasa.gov

Adelin Baiget
CNES French Space Agency
11 Avenue E. Belin
31055 Toulouse Cedex, FRANCE
Phone: 33-6128-2677

Wayne Bailey
Mail Siop 128
Teledyne Brown Engineering
300 Sparkman Drive
Hunsville AL 35807-7007
Phone: 205-726-4514
Fax: 205-726-4528
E-mail: wbailey@nebula.tbe.com

Shyam Bajpai
NOAA Polar Satellite Program
Washingion DC 20233

Bruce Banerdt
Jer Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-5413
Fax: 818-393-6069
E-mail: bbanerdi@nasamail.nasa.gov

Dave Bartine
Mail Srop 8063
Y-12 Plamt 9201-3
Oakridge National Laboratory
Oakridge TN 37830
Phone: 615-241-3149
Fax: 615-574-2241

Jacob Becher
Old Dominion University
Norfolk VA 23529-0496
Phone: 804-683-4500

Brian L. Beers
SAIC
1710 Goodridge Drive
McLean VA 22090
Phone: 703-556-7144



32  Workshop on Advanced Technologies for Planetary Insiruments

MicHael J. Belton "~ =~~~
Kitt Peak National Observarory
950 North Cherry Avenue
P. 0. Box 26732
Tucson AZ 85719
Phone: 602-326-5511
Fax: 602-325-9360
E-mail: NOAO::BELTON

Kathleen A. Beres
Hughes Danbury Optical Systems
1100 Wilson Boulevard
18th Floor
Arlingion VA 22209
Phone: 703-284-4395
Fax: 703-243-0126

J. Bergstralh
Mail Code SLC
NASA Headquarters
Washington DC 20546
Phone: 202-453-1580
Fax: 202-358-3097
E-mail: NHQVAX:.JBERGSTR

David H. Berwald
Mail Srop B28-25
Grumman Aerospace and Electronics
South Oyster Bay Road
Bethpage NY 11714
Phone: 516-346-3182
Fax: 516-575-8231

James Blacic
Mail Stop D462
Los Alamos National Laborarory
Los Alamos NM 87545
Phone: 505-667-6815
Fax: 505-665-3285

Rollo Black
121 Lincoin Avenue
Rochester NY 14653-8021
Phone: 716-253-2342

Vincent Bly
Mail Code 718.1
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-1580
Fax: 301-286-4653

Ronald Boain
Mail Siop 301-170U
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-5122
Fax: 818-393-9815

George Bossers
Hughes Danbury Optical Systems
100 Wooster Heights Road
Danbury CT 06810-7589
Phone: 203-797-6676
Fax: 203-797-6259

Mary Bothwell
Mail Stop 186-134
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-2399
Fax: 818-393-6285

William V. Boynton
Lunar and Planerary Laboratory
Universiry of Arizona
Tucson AZ 85721
Phone: 602-621-6941
Fax: 602-621-4933

John E. Brandenburg
Research Support Instruments
635 Slaters Lane, Suite G101
Alexandria VA 22314
Phone: 703-548-6410
Fax: 703-684-0697

John C. Brasunas
Mail Code 693-2
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-3488
Fax: 301-286-3271
E-mail: LEPVAX::ZIJCB

J. Breckinridge
Mail Code T-1712
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-6785
Fax: 818-393-4053

Henry C. Brinton
Mail Code SL
NASA Headquarters
Washingron DC 20546
Phone: 202-358-0292
Fax: 202-358-3079

A. L. Broadfoot
Lunar and Planetary Laboratory
90! Gould Simpson Building
Universiry of Arizona
Tucson AZ 85721
Phone: 602-621-4303
Fax: 602-621-8364
E-mail: LOONEY::BROADFOOT



William Brunk
Universities Space Research Association
300 D Srreet SW, Suire 801
Washingron DC 20024
Phone: 202-479-2609
Fax: 202-479-2613
E-mail: bbrunk@usra.edu

Jack Bufton
Mail Code 920
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-8591
Fax: 301-286-9200
E-mail: jbufion@lipsun.nasa.gsfc.gov

Corinne Buoni
SAIC
400 Virginia Avenue, Suire 810
Washingron DC 20024
Phone: 202-479-0750
Fax: 202-479-0856

Joseph Burt
Mail Stop 773.1
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-3828
Fax: 301-286-7914

Robert L. Burton
Kennedy Space Flight Center
521 Bahama Drive
Indian Harbour Beach FL 32937
Phone: 407-676-6825
Fax: 407-984-8278

Michael A. Butler
Microsensor Deparmment, 1315
Sandia National Laborarory
Albuguerque NM 87185
Phone: 505-844-6897
Fax: 505-844-1198

E-mail: mabutle@somner.sandia.gov

Cy Butner
GRC
1900 Gallows Road
Vienna VA 22182
Phone: 703-506-4905

Charles E. Byvik
WISA
1901 North Fort Myer Drive
Arlingron VA 22209
Phone: 703-958-7900

LP! Technical Report 93-02, Par: 2

Marc Caffee
Mail Siop L237
Lawrence Livermore National Laboralory
Livermore CA 94550
Phone: 415-423-8395
Fax: 510-422-3160
E-mail: caffee@lll-winken.linl.gov

Michael J. Cantella
Lincoln Laboratory
Massachuserrs Institure of Technology
P.0O.Box 73
Lexington MA 02173
Phone: 617-981-7965

Richard Capps
Mail Siop 180-404
Jer Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-0720
Fax: 818-393-4468

Michel Cathala
Aerospatiale Espace and Defense
BP 99 06322
Cannes la Becca
Cedex, FRANCE
Phone: 33-92-92-79-80
Fax: 33-92-92-34-60

D. P. Cauffman
Lockheed
D/91-30 Bi252 3251
Hanover Streer
Palo Alio CA 94304
Phone: 415-424-3390
Fax: 415-424-3994
E-mail: SAG::CAUFFMAN

Stillman Chase
1077 San Anionio Creek Road
Santa Barbara CA 93111
Phone: 805-967-7750

David Chenette
Lockheed
0/91-20 B1255 3251
Hanover Street
Palo Alio CA 94304
Phone: 415-424-3449
Fax: 415-424-3333
E-mail: LOCKHD::CHENETTE

Andrew Cheng
Applied Physics Laborarory
Johns Hopkins Universiry
Laurel MD 20707
Phone: 301-953-5415
E-mail: APLSP::CHENG

33



34 Workshop on Advanced Technologies for Planerary Insirumenis

Li-Jen Cheng
Mail Stop 300-329
Jet Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-9510
Fax: 818-393-4820

David B. Cline
Department of Physics
University of California-Los Angeles
405 Hilgard Avenue
Los Angeles CA 90024
Phone: 310-825-4649
Fax: 310-825-4649
E-mail: UCLA::MARYANNE

Michael L. Cobb
Mail Code 7213
Naval Research Laboratory
Washingron DC 20375
Phone: 202-767-2749
Fax: 202-404-8894
E-mail: cobb@rira.nrl.navy.mil

Randall E. Coffey
Ball Aerospace
P. 0. Box 1062
Boulder CO 80306
Phone: 303-939-4570
Fax: 303-939-5357
E-mail: rcoffey@ball.com

Alicia G. Collier
Honeywell Inc.
7900 Westpark Drive, Suite A530
McLean VA 22102
Phone: 703-734-7836
Fax: 703-734-7889

David Content
Mail Code 717.1
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 30]-286-6706
Fax: 301-286-2376
E-mail: C717::AGRKK

Michael Corson
Research Support Instruments
635 Slaters Lane, Suite G101
Alexandria VA 22314 o )
Jack T. Coulson
Ideas, Inc.
7120 Columbia Gateway Drive
Columbia MD 21046
Phone: 410-312-2054
Fax: 410-312-2250

Steve Coy
Massachuseuts Institure of Technology
Chemistry 6-234B
18 Vassar Sireer
Cambridge MA 02139
Phone: 617-253-1539
Fax: 617-253-7030
E-mail: coy@ppgeno.mit.edu

Gretchyn Creswell
General Research Corp.
1215 Jefferson Davis Highway, Suite 900
Arlingron VA 22202
Fax: 703-271-0272

Michael Chrisp
Jer Propuision Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-2985

Michael Curcio
SSG, Inc.
150 Bear Hill Road
Waltham MA 02154
Phone: 617-890-0204
Fax: 617-890-1267

James A. Cutts
Mail Stop 180-703 -
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-4120
Fax: 818-393-1492

George Daelemans
Mail Code 410
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-6522

Ann Dalton
Mail Stop 301-485
Jet Propulsion Laborartory
4800 Oak Grove Drive
Pasadena CA 91007
Phone: 818-354-1767
Fax: 818-393-6871
E-mail: adalion@dsfvax.jpl.nasa.gov

G. Edward Danielson
Division of Geology and Planetary Sciences
Mail Stop 170-25
California Insritute of Technology
Pasadena CA 91125
Phone: 818-356-6861
Fax: 818-792-3518
E-mail: ged@soll.gps.caltech.edu



Leonard David

Space News

P. 0. Box 23883
Washingron DC 20026-3883
Phone: 202-546-0363

Fax: 202-546-0132

Russell DeYoung

Mail Siop 493

NASA Langley Research Center
Hampron VA 23665

Phone: 804-864-1472

Fax: 804-864-7730

Alan Delamere

Ball Aerospace

P. 0. Box 1062

Boulder CO 80306

Phone: 303-939-4243

Fax: 303-939-6177

E-mail: adelamere@ball.com

Dominick M. DellaValle

Hughes Danbury Optical Systems
100 Woosier Heights Road
Danbury CT 06810-7589

Phone: 203-797-5795

Upendra D. Desai

Mail Code 682

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-3032

Fax: 301-286-1617

Michael DiSanti

Laborarory for Extraterrestrial Physics
Mail Code 693

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-7036

Tammy Dickinson

Mail Code SLC

NASA Headquarrers
Washingron DC 20546-0001
Phone: 202-358-0292

Fax: 202-358-3097

E-mail: rdickimon@nasamail.nasa.gov

Dwight P. Duston

BMDO

The Pentagon
Washingron DC 20301
Phone: 703-693-1671

LPI Technical Report 93.02, Part 2

T. Economou
Laboratory for Astronomy and Space Research
Universiry of Chicago
933 East 56th Streer
Chicago IL 60637
Phone: 312-702-7829
Fax: 312-702-6645
E-mail: tecon@recon.uchicago.edu

Henry F. Eden
MM Astro Space
P. 0. Box 8000
Princeton NJ 08543
Phone: 609-951-7872
Fax: 609-951-7900

Charles D. Edwards
Jet Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-4408
Fax: 818-393-4965
E-mail: chad@logos.jpl.nasa.gov

Dean Eppler
SAIC
17049 El Camino Real, Suite 202
Houston TX 77058
Phone: 713-244-3821
Fax: 713.244.3830

AlanJ. Eskovitz
Applied Technology Divison
Mail Srop R1/1096
TRW
One Space Park Drive
Redondo Beach CA 90278
Phone: 310-812-0291
Fax: 310-814-3363
E-mail: asekovit@amelia.sig.trw.com

T. M. Eubanks
Mail Code TSEC
U.S. Naval Observatory
Washington DC 20392
Phone: 202-653-0529
Fax: 202-653-0587
E-mail: me@usno0].usno.navy.mil

Paul D. Feldman
Department of Physics and Asronomy
Johns Hopkins Universiry
Baltimore MD 21218
Phone: 410-516-7339
Fax: 4]0-516-5494
E-mail: pdf@pha. jhn.edu

35



36 Workshop on Advanced Technologies for Planetary Instrumenis

Andy Feldstein
NRL
4555 Overlook Avenue, SW
Washingron DC 20375-5000
Phone: 703-893-2007
Fax: 703-893-5890

Warren Fersler
Space Exploration Technology
1925 North Lynn Streer
Arlingron VA 22209
Phone: 703-522-5655
Fax: 703-522-6448

Dennis J. Flood
NASA Lewis Research Center
21000 Brookpark Road
Cleveland OH 44135
Phone: 216-433-2303
Fax: 216-433-6106
E-mail: piflood@umsol.lerc.nasa.gov

Ronald B. Follas
Mail Code 924
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-6609
Fax: 301-286-9200
E-mail: ron@eibl.gsfc.nasa.gov

William Frederick
BMDO
The Pentagon
Washington DC 20301
Phone: 703-695-8832
Fax: 703-693-1696

Joseph Freitag
Mail Stop R9/1076
TRW
One Space Park
Redondo Beach CA 90278
Phone: 310-812-2371
Fax: 310-812-0513

John Garvey
Mail Stop 13-3 5301
McDonnell Douglas
Bolsa Avenue
Huntington Beach CA 92647
Phone: 714-896-3604
Fax: 714-896-6930
E-mail: garvey@apit.mdc.com

James B. Garvin
Mail Code 921
NASA Goddard Research Center
Greenbelt MD 20771
Phone: 301-286-6565
Fax: 301-286-1616
E-mail: spectral@Irp.gsfc.nasa.gov

Fred Gilligan
Littoni{tek Oprical Systems
10 Maguire Road
Lexingron MA 02173
Phone: 617-276-3081
Fax: 617-276-3449

David A. Glenar
NASA Goddard Space Flight Cenrer
Greenbelt MD 20771
Phone: 301-286-3354
Fax: 301-286-2929
E-mail: u3dag@Iepvax.gsfc.nasa.gov

Dan Glover
Mail Siop 54-2
NASA Lewis Space Center
Cleveland OH 44135
Phone: 216-433-2847
Fax: 216-433-8705
E-mail: cagolve@lims0l.lerc.nasa.gov

Robert E. Gold
Applied Physics Laboratory
Johns Hopkins University
Laurel MD 20723
Phone: 301-953-5412
Fax: 301-953-1093
E-mail: APLSP::GOLD

James Gooding
Mail Code SN2
NASA Johnson Space Center
Houston TX 77058
Phone: 713-483-5126
Fax: 713-483-2911
E-mail: SN::GOODING or gooding@sn.jsc.nasa.gov

Jonathan Car Gradie
TerraSystems, Inc.
169 Ku'ukama Streer
Kailua HI 96734
Phone: 808-261-0954
E-mail: 71673.3304@compuserve.com

Martin Greenfield
Mail Stop CI150
Hughes Aircraft Co.
P. 0. Box 902
Building 81
El Segundo CA 90245
Phone: 310-616-0219
Fax: 310-616-8262



John E. Gruener
Mail Code C23

Lockheed Engineering and Space Sciences Co.

P. 0. Box 58561
Houston TX 77258-7290
Phone: 713-283-5504
Fax: 713-283-5818

Paula Grunthaner
Mail S1op 302-306
Jer Propulsion Laboratory
Pasadena CA 91206
Phone: 818-354-0360
Fax: 818-393-4550
E-mail: paulg@waxeb jpl.nasa.gov

Samuel Guikis
Jer Propulsion Laboratory
4800 Qak Grove Drive
Pasadena CA 91103
Phone: 818-354-5708
Fax: 818-354-2946

Yudi P. Gupta
ECG Inc.
8150 Leesburg Pike, Suite 401
Vienna VA 22182
Phone: 703-448-8900
Fax: 703-488-8984

Neil Hahn
Lockheed
OGN 90-22
Building 201 3251
Hanover Streer
Palo Alro CA 94304-119]
Phone: 415-424-2315
Fax: 415-424-3548

Leslie C. Hale
Pennsylvania Stare Universiry
Room 303 EE
East Universiry Park PA 16803
Phone: 814-865-2366
Fax: 814-865-7065

Joshua B. Halpern
Chemisrry Department
Howard Universiry
Washington DC 20059
Phone: 202-806-6895
Fax: 202-806-5367
E-mail: jbh@scsla.howard.edu

D. Hamilton
Department of Physics
Universiry of Maryland
College Park MD 20742
Phone: 301-405-6207
Fax: 301-314-9547
E-mail: UMDSP::HAMILTON

LP! Technical Repor1 93-02, Pari 2

Steve Hamimonds
USASSDC
P. 0. Box 1500
Huntsville AL 35807-3801
Phone: 202-955-4816
Fax: 205-955-1432

Brantley R. Hanks
Mail Code CD
NASA Headquarters
Washingion DC 20546
Phone: 202-358-4679
Fax: 202-755-4068

Jeff Hayden
Mail Stop B-0560
Mariin Marietta
P.0O.Box 179
Denver CO 80201

Michael Hecht
Mail Siop 302-231
Jer Propulsion Laboratory
4800 Qak Grove Drive
Pasadena CA 91109
Phone: 818-354-2774
Fax: 818-393-4540

Ed Heighway
Mail Stop H804
Los Alamos National Laboratory
P.O. Box 1663
Los Alamos NM 87545
Phone: 505-667-1543
Fax: 505-665-2904

Mark Herring
Mail Stop 11-116
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-6817
Fax: 818-393-4773
E-mail: maherring@nasamail.nasa.gov

Roger Heyman
NOAA Advanced Systems Planning
Geostationary Saiellires
Washingion DC 20233

John J. Hillman
Mail Code 690
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-9529

37



38 Workshop on Advanced Technologies for Planerary Instrumenis

Jobn Hipsky
PSF/Mereorire
28272 W. Cuba Road
Barringion IL 60010
Phone: 708-381-7222
Fax: 708-304-8571

John H. Hoffman
Universiry of Texas at Dallas
P. 0. Box 830688, F022
Richardson TX 75083-0688
Phone: 214-690-2840
Fax: 214-690-2848
E-mail: jhoffman@uid.edu

Robert Housley
Rockwell Science Center
1049 Camino Dos Rios
Thousand Oaks CA 91360
Phone: 818-356-3819
Fax: 805-373-4775

Ed Howard
NOAA
1325 East-West Highway
Starion 11400
Silver Spring MD 20910
Phone: 301-495-8416
Fax: 301-565-0439

G. Scott Hubbard
Space Projects Division
Mail Stop 24-10
NASA Ames Research Center
Moffer: Field CA 94035-1000
Phone: 415-604-5697
Fax: 415-604-6997
E-mail: gshubbard@nasamail.nasa.gov

Wayne Robert Hudson
NASA Headquarrers
Washingron DC 20546
Phone: 202-358-4680

E. A. Johoson
Spire Corp.
One Parriots Park
Bedford MA 01730
Phone: 617-275-6000
Fax: 617-275-7470
E-mail: ejohnson@aip.org

Laune Johnson
Systems and Research Center
Honeywell Inc.
10701 Lundale Avenue South
Bloomingron MN 55331
Phone: 612-887-4375
Fax: 612-887-4517
E-mail: johnson.laurie@src.honeywall.com

Lou Jones
Space Indusiries Inc.
101 Courageous Drive
League Ciry TX 77573
Phone: 713-538-6000
Fax: 713-334-4010

Jim L. Jordan
Earth and Space Resources Laborarory
Lamar Universiry
P. 0. Box 10031
Beaumont TX 77710
Phone: 409-880-8240
Fax: 409-880-8007

Prakash B. Joshi
Physical Sciences Inc.
20 New England Business Center
Andover MA 01810
Phone: 508-689-0003, exr. 231
Fax: 508-689-3232

Darrell Judge
Space Sciences Center
University Park
University of Southern California
Los Angeles CA 90089-1341

Stephen Jurczyk
Mail Siop 472
NASA Langley Research Center
Hampron VA 23681
Phone: 804-864-1865

William Kaiser
Mail Srop 302-231
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-8238
Fax: 818-339-9216

Jordin Kare
Mail Stop L-278
Lawrence Livermore National Laborarory
P. 0. Box 808
Livermore CA 94550
Phone: 510-423-5781
Fax: 510-423-9178

Warren C. Kelliher
Mail Srop 416A
NASA Langley Research Center
Hampron VA 23665
Phone: 804-864-4172
Fax: 804-864-8812



Brian C. Kennedy
Space Physics Research Laboraiory
Universiry of Michigan
2455 Hayward Street
Ann Arbor MI 48109
Phone: 313-764-6561
Fax: 313-763-5567

Robert Kennedy
BDM Federal
409 Third Streer, SW. Suite 340
Washingron DC 20024
Phone: 202-863-9959
Fax: 202-479-5269

Alok Kher
Compurer Vision and Image Processing
Mail Srop 3102
Texas Tech Universiry

Lubbock TX 79409

Steve Kinaman
General Research Corp.
1215 Jefferson Davis Highway. Suite 900
Arlingron VA 22202
Fax: 703-271-0272

William Kinard
Mail Code 356
NASA Langley Research Center
Hampron VA 23665-5225

Ermnest J. Klein
P. 0. Box 2550
Winnipeg R3C 4B3 CANADA
Phone: 204-237-5840

David Koch
Mail Stop 245-6
NASA Ames Research Center
Moffert Field CA 94035
Phone: 415-604-6548
E-mail: koch@icthus.arc.nasa.gov

Lou Koppel
ARACOR
425 Lakeside Drive
Sunnyvale CA 94086-4701
Phone: 408-733-7780
Fax: 408-732-1996

Bernard B. Kosicki
ML 20!
MIT Lincoln Laborarory
P.0.Box 73
Lexingron MA 02173-0073
Phone: 617-981-7874
Fax: 617-981-3433
E-mail: bernie@ccd.ll.mit.edu

LPI Technical Repor1 93-02, Part 2

Theodor Kostiuk
Mail Code 693
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-8431
Fax: 301-286-3271
E-mail: LEPVAX::U32TK

John Krehbiel
Mail Code SLC
NASA Headquariers
Washingion DC 20546
Phone: 202-358-0298

Greg Krehbill
Thompson Publishing
1800 M Streer
Washington DC 20036
Phone: 202-833-9422

S. M. Krimigis
Applied Physics Laboratory
Johns Hopkins University
Johns Hopkins Road 4-274
Laurel MD 20723-6099
Phone: 301-953-5287
Fax: 301-953-5969
E-mail: APLSP::KRIMIGIS

George Kuhr
Mail Siop CISO
Hughes Aircraft
P. 0. Box 902
El Segundo CA 90245
Phone: 310-616-8926
Fax: 310-616-5528

D. J. Kukulka
SUCB
1300 Elmwood Avenue
Buffalo NY 14222
Phone: 716-878-4418, 6018
Fax: 716-878-3033

Cidambi K. Kumar
Deparrment of Physics and Astronomy
Howard Univer,iry
Washingion DC 20059

John B. Kumer
Lockheed Research and Development
LPARL 9750 201 2
3251 Hanover Sireer
Palo Alio CA 94304
Phone: 415-424.2327
Fax: 415-424-3115
E-mail: kumer@claes.space.lockheed.com

39



40  Workshop on Advanced Technologies for Planetary Instrumenis

Glenn Kweder
DNA 6801
Telegraph Road
Alexandria VA 22310
Phone: 703-325-6620

Gerald Lamb
Nichols Research Corp.
1604 Springhill Road
Vienna VA 22182-7510

Peter Landecker
Space and Communicarion Group
Hughes Aircraft Co.
P. 0. Box 92919
Los Angeles CA 90009
Phone: 310-364-7825
Fax: 310-416-3088

Arthur L. Lane
Mail Stop 171-225
Jer Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-2725
Fax: 818-393-4679

George M. Lawrence
Laboratory for Armospheric and Space Physics
University of Colorado
1234 Innovation Drive
Boulder CO 80303-7814
E-mail: PISCES::LAWRENCE

Taylor W, Lawrence
Mail Code XA
NASA Johnson Space Center
Houston TX 77058
Phone: 713-244-8289
Fax: 713-283-5818

Robert Lebair
NASA Goddard Space Flight Cenier
Greenbelt MD 20771
Phone: 301-286-0711

Amo G. Ledebuhr
Mail Siop L-285
Lawrence Livermore National Laboratory
P.0. Box 808
Livermore CA 94550
Phone: 510-423-1184

Kofik K. Lee
Department of E. C. E.
University of Colorado
Cold Springs CO 80933-7150
Phone: 719-593-3551
Fax: 719-593-3542
E-mail: kkiee@uccs.edu

Frank Lemoine
Mail Code 926
Space Geology Branch
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-2460
Fax: 301-286-2562
E-mail: mwfgl@charney.gsfc.nasa.gov

Jeffery C. Lesho
John Hopkins University
APL Building 13-5377
John Hopkins Road
Laurel MD 20723
Phone: 301-953-6000, ext. 8057
Fax: 301-953-6119
E-mail: leshojci@aplmail jhuapl.edu

ArkL.Lew
Applied Physics Laborarory
Building 4-352
Johns Hopkins University
Johns-Hopkins Road
Laurel MD 20723
Phone: 301-953-5000. ext. 5425
Fax: 301-953-1093

Don Light
U.S. Geological Survey
511 National Center
Resron VA 22092
Phone: 703-648-5106

Robert Lucke
Mail Code 7604
Naval Research Laborartory
Washington DC 20375-5352
Phone: 202-767-1760

Henry Lum
Mail Stop 269-1
NASA Ames Research Center
Moffent Field CA 94035-1000
Phone: 415-604-6544
Fax: 415-604-3594
E-mail: hlum@nasamail nasa.gov

William B. Mabe
Mail Stop 79-6
Jer Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-6664
Fax: 818-393-0068



Pau] Mahaffy

Mail Code 915.0

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-8184

Fax: 301-286-2630

E-mail: pmahaffy@nasamail.nasa.gov

Michael C. Malin

Malin Space Science Systems

3535 General Atomic Court. Suite 250
San Diego CA 92121

Phone: 619-552-6980

Fax: 619-458-0503

E-mail: malin@msss.com

Rocco Mancinelli

Mail Stop 239-12

NASA Ames Research Center

Mofferr Field CA 94035-1000

Phone: 415-604-6165

Fax: 415-604-0092

E-mail: EXO::ROCCO or rmancinelli@nasamail.nasa.gov

James Marcisz

Departmenr of Energy

Lawrence Livermore National Laborarory
P. 0. Box 808

Livermore CA 94550

Phone: 510-422-2574

Andrew Marshall

Mail Code 926

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-3044

John Marshall

Mail Siop 239-12

NASA Ames Research Center
Moffert Field CA 94035
Phone: 415-604-4983

Fax: 415-604-0092

Joseph P. Martin

Mail Siop B-0560
Mariin Marietta
P.0.Box 179

Denver CO 80201
Phone: 303-971-9006
Fax: 303-971-9141

C.L. Massey

Fairchild Space

20301 Century Boulevard
Germantown MD 2030!
Phone: 301-353-1715
Fax: 301-428-6641

LPI Technical Repor1 93-02, Par1 2

Siegfried Mathias
Arthur D. Little, Inc.
20 Acorn Park. Room 554
Cambridge MA 02140
Phone: 617-498-6302
Fax: 617-498-7206

William E. McClintock
Universiry of Colorado
1234 Innovation Drive
Boulder CO 80303-7814
Phone: 303-492-8407
Fax: 303-492-6444
E-mail: PISC4E3S::-MCCLINT

Alfred S. McEwen
U.S. Geological Survey
2255 North Gemini Drive
Flagstaff AZ 86001
Phone: 602-556-7194
Fax: 602-556-7014
E-mail: ASTROG::AMCEWEN

John Mclver
Mail Siop 8K-32
Boeing Defense and Space Group
P. 0. Box 3999
Searrle WA 98124
Phone: 206-773-8280
Fax: 206-773-6365

Ralph L. McNutt Jr.
Applied Physics Laboratory
Johns Hopkins Universiry
24-W153 Johns Hopkins Road
Laurel MD 20723-6099
Phone: 301-953-6000, ext. 4638
Fax: 301-953-6670
E-mail: menutt@uers.mag jhuapl

Barry Meredith
NASA Langley Research Center
Hampion VA 23665
Phone: 804-864-1960
Fax: 804-864-1649

Charles Meyer Jr.
Mail Code SN2
NASA Johnson Space Center
Houston TX 77058
Phone: 713-483-5133
Fax: 713-483-2911
E-mail: SN::MEYER

Rex Miller
Consulianr
319 North Streer. SW
Washingion DC 20024
Phone: 202-863-0225

41



42 Workshop on Advanced Technologies for Planeiary Insirumenis

Andrew H. Milstead
McDonnell Douglas Space Systems Co.
7404 Execurive Place
Seabrook MD 20706-0001
Phone: 301-464-7400. ext. 7564
Fax: 301-464-7413

Larry Mitchler
Mail Stop R9/1076
TRW
One Space Park
Redondo Beach CA 90278
Phone: 310-812-2371
Fax: 310-812-0513

Sunanda Mitra
Compurter Vision and Image Processing
Mail Srop 3102
Texas Tech Universiry
Lubbock TX 79423
Phone: 806-742-1381
Fax: 806-742-1245
E-mail: numir@rniacsi.ttu.edu

Richard V. Morrtis
Mail Code SN4
NASA Johnson Space Cenier
Houston TX 77058
Phone: 713-483-5040
Fax: 713-483-5347

D. Brent Mott
Mail Code 718.1
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-7708

Stefano Mottola
DLR German Aerospace
Ruddwer Chaussee
Berlin-Adlershof, GERMANY
Phone: 49-8153-28595
Fax: 49-8153-2476

James T. Mueller
Building 4-352
Applied Physics Laboratory
Johns Hopkins University
Johns Hopkins Road
Laurel MD 20723
Phone: 301-953-6134
Fax: 301-953-1093

Patricia Mulligan
NOAA
Advanced Systems Planning
Washingron DC 20233

Daniel J. Murawinski
Nichols Research Corp.
1604 Springhill Road
Vienna VA 22182-7510

Arthur Murphy
Mail Srop 180-602
Jet Propulsion Laboratory
Pasadena CA 91109
Phone: 818-354-3480
Fax: 818-354-7354

Ichiro Nakatani
Institute of Space and Astronautical Science
3-1-1 Yoshinodai
Sagamihara-shi
Kanagawa 229, JAPAN
Phone: 81-1427-51-3988
Fax: 81-427-51-3988
E-mail: nakarani@202 newslan.isas.ac.jp

Marcia Neugebauer
Mail Stop 169-506
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-2005
Fax: 818-354-8895
E-mail: JPLSP::MNEUGEB

Curtis Niblack
Cincinnati Electronics
7500 Innovarion Way
Mason OH 45040
Phone: 513-573-6238
Fax: 513-573-6290

Bruce Nichols
Mail Srop 3K28
Westinghouse
P.O. Box 1521
Baltimore MD 21203
Phone: 410-765-3216
Fax: 410-993-7556

Oran W. Nicks
203 Administration Building
Texas Space Grant Consortium
Texas A&M University
College Station TX 77843-1125
Phone: 409-845-5293
Fax: 409-845-6358

John E. Niesley
General Dynamics
Commercial Launch Services
9444 Balboa Avenue
San Diego CA 92123
Phone: 619-496-4002
Fax: 619-496-4055



Robert E. Noll

Mail Siop 3K28
Westinghouse Electric Corp.
P. 0. Box 152]

Baltimore MD 21203
Phone: 410-765-3251

Fax: 410-993-7556

. Nonnenmacher
Hughes Danbury Oprical Systems
100 Woosrer Heights Road
Danbury CT 06810
Phone: 203-797-5249
Fax: 203-797-6259
E-mail: anonnenm@dps.hdos.hoc.com

Paul Nordin

Grumman Aerospace
Bethpage NY 11714-2231
Phone: 516-575-3566

Joseph Nuth

Mail Code 691

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-9467

Fax: 301-286-3271

E-mail: LEPVAX::ULJAN

Makoto Ohtsuka

NEC

4035 Tkebecho Midoriku
Yokohama 226, JAPAN
Phone: 81-45-939-2405

David Okerson

saic

400 Virginia Ave. SW, Suite 810
Washington DC 20024

Phone: 202-479-0750

E-mail: dokerson@nhgvax.hq.nasa.gov

Denny Ometz

Mail Srop 3K28
Wesringhouse Space Division
P. 0. Box 746

Baltimore MD 21203

Phone: 410-765-5825

Fax: 410-993-7556

John F. Osantowski

Mail Code 717.0

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-3873

Fax: 301-286-2376

E-mail: STOVAX::AGJFO

LP! Technical Report 93-02, Part 2

Georges Otrio
CNES
18 Avenue E. Belin
31055 Toulouse, FRANCE
Phone: 33-6127-3893

C. Thompson Pardoe
Applied Physics Laborarory
Johns Hopkins Universiry
Johns Hopkins Road
Laurel MD 20723
Phone: 301-953-6421
Fax: 301-953-1093

Dan Pascu
U.S. Naval Observarory
Washingron DC 20392
Phone: 202-653-1178
Fax: 202-653-1744
E-mail: pas@clem.usno.navy.mit

Ronald F. Paulson
Lockheed
OGN 90-22, Building 201
3251 Hanover Streer
Palo Alto CA 94304-1101

Pete Perkins
TRW
1001 19th Streer North, Suite 800
Arlington VA 22209
Phone: 703-276-5159
Fax: 703-276-5029

Frank J. Perry
SAIC (BMDO/DTCSETA)
1710 Goodridge Drive 2-6-4
McLean VA 22102
Phone: 703-448-6538
Fax: 703-790-9476
E-mail: peryf@cpva.saic.com

Mark Pesses
SAIC
400 Virginia Avenue, Suite 810
Washingron DC 20024
Phone: 202-479-0750
Fax: 202-479-0856

Gordon H. Pettengill
Center for Space Research
Room 37-641
Massachuserrs Institure of Technology
Cambridge MA 02139
Phone: 617-253-4281
Fax: 617-253-0861
E-mail: ghp@space.mit.edu

43



44

Workshop on Advanced Technologies for Planetary Instirumenis

Robent F. Pfaff

Mail Code 696

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-6328

Fax: 301-286-1648

E-mail: LEPVAX::UGRFP

Carl Pilcher

Mail Code SLB

NASA Headquarrers

300 E Street SW

Washington DC 20546

Phone: 202-453-1509

Fax: 202-426-1023

E-mail: cpilcher@nasamail.nasa.gov

Lyn Pleasance

Mail Stop L-285

Lawrence Livermore Laborarory
P. 0. Box 808

Livermore CA 94550

Phone: 510-422-6155

Fax: 510-423-1243

Doug Pledger

Honeywell Inc.

10701 Lyndale Avenue
Bloomington MN 55420
Phone: 612-887-4392
Fax: 612-887-4517

Henry H. Plotkin

Mail Code 700

NASA Goddard Space Flight Center
Greenbeli MD 20771

Phone: 301-286-6185

Fax: 301-286-1600

Jonathan A. R. Rall

Mail Code 924

NASA Goddard Space Flight Center
Greenbelt MD 20771

Phone: 301-286-7397

Fax: 301-286-2717

James Randolph

Mail Stop 301-170U

Jet Propulsion Laboratory
4800 Qak Grove Drive
Pasadena CA 91109
Phone: 818-354-2732

Robert C. Reedy

Mail Srop D438

Group SST-9

Los Alamos Narional Laborarory
Los Alamos NM 87545

Phone: 505-667-5446

Fax: 505-665-4414

E-mail: 080405@essdp2.lani.gov

Harold Reitsema
Ball Aerospace
P. 0. Box 1062
Boulder CO 80306
Phone: 303-939-5026
Fax: 303-939-6689
E-mail: BALL::HREITSEMA

Rex Ridenoure
Mail Si0p 301-490
Jer Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-2740
Fax: 818-393-6871

Ron Rieder
Visidyne Inc.
10 Corporate Place
South Bedford Sireet
Burlingron MA 01803
Phone: 617-273-2820
Fax: 617-272-1068

Paul Rodriguez
Naval Research Laborarory
4555 Overlook Avenue
Washingron DC 20375
Phone: 202-767-3329
E-mail: rodrige:@unrlpla.nrl.navy.mil

Gerald J. Romick
Applied Physics Laborarory
Johns Hopkins University
Johns Hopkins Road
Laurel MD 20723
Phone: 301-953-6353
Fax: 301-953-6670
E-mail: APLSP::ROMICK

Mehmet Rona
Arthur D. Little, Inc.
Acorn Park
Cambridge MA 02140
Phone: 617-498-5070
Fax: 617-498-7213

Gary T. Rsoiak
Mail Stop R1/2211
TRW
One Space Park
Redondo Beach CA 90278
Phone: 310-812-0141



Chris T. Russell
2436 Slichrer Hall
Institute of Geophysics
University of California-Los Angeles
405 Hilgard Avenue
Los Angeles CA 90024-1567
Phone: 310-825-3188
Fax: 310-206-3051
E-mail: ctrussell@igpp.ucla.edu

David M. Rust
Applied Physics Laborarory
Johns Hopkins Universiry
Johns Hopkins Road
Laurel MD 20723
Phone: 301-953-5414
Fax: 301-953-6670
E-mail: drusi@aplsp.span.nasa.gov

Pedro L. Rustan
BMDO
The Peniagon
Washingron DC 20301
Phone: 703-693-1671
Fax: 703-693-1695

Steven J. Sackett
Mail Siop L-285
Lawrence Livermore Narional Laboratory
7000 East Avenue
Livermore CA 94550
Phone: 510-422-8709
Fax: 510-423-1243

John A. Sand
Ball Aerospace
2200 Clarendon, Suite 1006
Arlingion VA 22201
Phone: 703-284-5412
Fax: 703-284-5449

Allison Sandlin
National Reaseach Council
ASEO HA-292
2101 Constitutional Avenue NW
Washingron DC 20418
Phone: 202-334-3275
Fax: 202-334-2482

Andrew Santo
Applied Physics Laborarory
Johns Hopkins Universiry
Johns Hopkins Road
Laurel MD 20723
Phone: 301-953-5000
Fax: 301-953-6556

LPI Technical Reporr 93-02, Par1 2

Alfred Schock
Fairchild Space
Germaniown MD
Phone: 301-428-6272

Gerhard H. Schwehm
Space Science Deparrment
European Space Agency
ESTEC Postbus 299
2200 AG Noordwijk. THE NETHERLANDS
Phone: 31-1719-83539
Fax: 31-1719-84697
E-mail: ESTCSL::GSCHWEHM

W, Cooper Scott
Aerojet Elecrronic Systems
1025 Comm Avenue NW
Washingron DC 20036
Phone: 202-828-6833

Bernard D. Seery
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-8943
Fax: 301-286-2929

P. K. Seidelmann
U.S. Naval Observarory
Washingron DC 20392
Phone: 202-653-0529
Fax: 202-653-1744
E-mail: omd@ariel.usno.navy.mil

Mark Selker
Mail Code 924
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-1013
Fax: 301-286-2717

David Senske
Mail Srop 230-225
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-393-0533
Fax: 818-3393-0530
E-mail: dzf342@ipl jpl.nasa.gov

Peter Shames
MIPS
Jer Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-5740

45



46  Workshop on Advanced Technologies for Planerary Insirumenis

Tad Shelfer
Mail Code SN4
NASA Johnson Space Center
Houston TX 77058
Phone: 713-483-5134
E-mail: shelfer@sn.jsc.nasa.gov

Don Shirley
Southwest Research Instirute
6220 Culebra Road
San Anronio TX 78238
Phone: 210-522-3477
Fax: 210-647-4325

K. Shivanandan
General Research Corp.
1215 Jefferson Davis Highway. Suite 900
Arlingron VA 22202
Phone: 703-685-0435
Fax: 703-271-0272

Peter Silverglate
Hughes Danbury Oprical Systems
100 Wooster Heighrs Road
Danbury CT 06810
Phone: 203-797-5566
Fax: 203-797-6259

Jeff Simmonds
Mail Srop 11-116
Jet Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-4187
Fax: 818-393-4773
E-mail: jsimmonds@nasamail.nasa.gov

Richard S. Simon
Mail Code 7210
Naval Research Laboratory
4555 Overlook Avenue
Washingron DC 20375
Phone: 202-404-7877
Fax: 202-404-8894
E-mail: simon@rira.nrl.navy.mil

David Skillman
Advanced Missions Office
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-5253
Fax: 301-286-2526
E-mail: skillman@amaosunl.gsfc.nasa.gov

David H. Smith
Space Srudies Board HA-584
National Academy of Science
2101 Constitution Avenue NW
Washingron DC 20418
Phone: 202-334-3477
Fax: 202-334-3701
E-mail: dhsmith@nas.edu

William H. Smith

Deparrment of Earth and Planetary Sciences

Washingron University

St. Louis MO 63130-4899

Phone: 314-935-5638

Fax: 314-935-7361

E-mail: wmsmith@wups.wustl.edu

William Lloyd Smith
Mail Code XV
NASA Headguarters
Washingron DC 20546
Phone: 202-358-1951
Fax: 202-358-4336

W. A. Snyder
Mail Code 7604
Naval Research Laborarory
4555 Overlook Avenue SW
Washingron DC 20375-5352
Phone: 202-404-8083
Fax: 202-404-8445

Martin M. Sokoloski
Science and Technology Corp.
409 Third Street SW, Suite 203
Washingron DC 20024
Phone: 202-863-0012
Fax: 202-488-5364

Sean C. Solomon
Depariment of Terrestrial Magnetism
Carnegie Institute of Washingron
5241 Broad Branch Road NW
Washingron DC 20015
Phone: 202-686-4444
Fax: 202-364-8726
E-mail: scs@clrsl.ciw.edu

Hartmut Sommer
10242 #202 Hickory Ridge Road
Columbia MD 21044
Phone: 410-792-5000, ext. 4205

David Soreide
Mail Stop 8H-29
Boeing
P. 0. Box 3999
Searnrle WA 98124
Phone: 206-773-1787
Fax: 206-773-1249



Steve Squyres
Space Sciences Building
Cornell Universiry
Ithaca NY 14853
Phone: 607-255-3508
Fax: 607-255-5907
E-mail: squyres@astrosunita.cornell.edu

Carl Stahle
Mail Code 718.1
NASA Goddard Space Fiight Center
Greenbelt MD 20771
Phone: 301-286-1580

Alan Stern
Division 15/Space and Life Sciences
Southwest Research Insritute
6220 Culebra Road
San Anionio TX 78238
Phone: 510-522-5127
Fax: 512-647-4325
E-mail: SWRI::ALAN

Christopher Stevens
Mail Siop 168-227
Jet Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-5545
Fax: 818-354-8887

Stanley E. Stigdon
Westinghouse Electric Corp.
P. 0. Box 1521-MS3K21
Baltimore MD 21203
Phone: 410-993-7773
Fax: 410-993-7556
E-mail: stigdon.s.e. wec@dialcom.tymnet.com

Albert R. Stoner
College of Morris/SSI
214 Center Grove Road
Randolph NJ 07869-2086
Phone: 908-475-8894
Fax: 20]1-328-1282

Steven N. Suchard
Mail Siop C150
Building 81
Hughes Aircraft Co.
P. 0. Box 902
El Segundo CA 90245

Frank Surber
Mail Stop 301-1700
Jer Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-2338

LPI Technical Repor: 93-02, Part 2

Bill Sweatt
Deparrment 9225
Sandia National Laborarory
Albuquerque NM 87185
Phone: 505-845-8566

Charles M. Swenson
EE Deparmment
UMC 4120
SDL-Usah Stare Universiry
Logan UT 84322
Phone: 801-750-2958
Fax: 801-750-3054
E-mail: chucks@pippin.ee.usu.edu

G. Jeffrey Taylor
Planerary Geosciences Division
Universiry of Hawaii
2525 Correa Road
Honolulu HI 96822
Phone: 808-956-3899
Fax: 808-956-6322
E-mail: gjraylor@esther.pgd.hawaii.edu

Richard J. Ternle
Mail Srop 183-30!
Jet Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-6158

Dennis A. Thompson
Eastman Kodak
90! Elmgrove Road
Rochester NY 14653-8119
Phone: 716-253-2684
Fax: 716-253-2566

Karl Thompson
Applied Physics Laborarory
Johns Hopkins University
Johns Hopkins Road
Laurel MD 20723
Phone: 410-792-5000

Alan J. Toepfer
sarc
2109 Air Park Road SE
Albuquerque NM 87106
Phone: 505-842-7704
Fax: 505-842-7886
E-mail: ajtoepfer@cpva.saic.com

47



48

Workshop on Advanced Technologies for Planerarv Insiruments

Denise Traver
Mail Code 5§
NASA Headquarers
Washingron DC 20546
Phone: 202-358-0897
Fax: 202-358-3987
E-mail: NHQVAX::DTRAVER

Robert N. Treuhaft
Mail Srop 238-700
Jet Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-6216
Fax: 818-393-4965
E-mail: rmi@logos.jpl.nasa.gov

Jack Trombka
Mail Code 690
NASA Goddard Space Flight Center
Greenbeir MD 20771

Anthony Turkevich
Universiry of Chicago
3690 Sourh Ellis Avenue
Chicago IL 60632
Phone: 312-702-7110

Kenneth C. Turner
Innovarive Systems
130 Wing Road
Ramey PR 00604
Phone: 809-890-2356
Fax: 809-890-0327
E-mail: rurner@naic.edu

Emanuel Tward
Mail Stop R1/1126
TRW
One Space Park
Redondo Beach CA 90278
Phone: 310-812-0389
Fax: 310-812-1363

Maximillan Ullmann
Fiar Space
1776 I Sireet NW
Washingron DC 20006
Fax: 202-429-2959

O.M. Uy
Applied Physics Laborarory
Johns Hopkins Universiry
Johns Hopkins Road
Laurel MD 20723
Phone: 301-953.5334
Fax: 301-953-6119

E-mail: manuel.uy@apimail jhuapl edu

A. Valenzuela

Kayser-Threde Germany
Wolfrarshauser Strasse 48
8000 Munich 70. GERMANY
Phone: 49-89-7249-5148
Fax: 49-89-7249-5291

David Van Dyke

§8C. Mail Srop 39529
Sverdrup Technology Inc.
NASA Srennis Space Cenrer
Stennis Space Center MS 39529
Phone: 601-688-1806

Fax: 601-688-3769

G. Vane

Mail Srop 180-703

Jet Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109

S.K. Varmaa

STS Inc.

3 Bethesda Metro Center. Suite 750
Berhesda MD 20814

Phone: 301-961-1694

Gerald E. Voecks

Jer Propulsion Laborarory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-6645
Fax: 818-393-6682

Richard Vondrak

Deparmment 91-20 B255
Lockheed

3251 Hanover Street
Palo Alro CA 94304
Phone: 415-424-3250
Fax: 415-424-3333

Rich Vorder Bruegge

SAIC

400 Virginia Avenue SW, Suite 810
Washington DC 20024

Phone: 202-479-0750

Fax: 202-479-0856

E-mail: rvorderb@nasamail.nasa.gov

Hunter Waite

Southwest Research [nsriture
P. O. Drawer 28510

San Antonio TX 78228-0510
Phone: 512-522-3493
E-mail: SWRI::HUNTER



Jerry Walberg
Mechanical and Aerospace Engineering
Norih Carolina Stare Universiry
Raleigh NC 27695
Phone: 919-515-5939

Ronald Weitz
SAIC
2109 Air Park Road SE
Albuquerque NM 87106

Richard Wesenberg
Mail Siop 409
NASA Goddard Space Flight Center
Greenbelt MD 20771
Phone: 301-286-0693
Fax: 301-286-2324

Frederick R. West
520 Diller Road
Hanover PA 17331-4805
Phone: 717-632-6055

Alan Willoughby
Analex Corp.
Mail Siop AAc-2
NASA Lewis Research Center
Cleveland OH 44135
Phone: 216-977-7077

B. Wilson
Mail Srop 302-205
Jer Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-2969
Fax: 818-393-5143

Brenda Wilson
W. J. Schafer Associates
1901 North Fort Meyer Drive, Suite 800
Arlingron VA 22209

Layton J. Wittenberg
Universiry of Wisconsin
1500 Johnson Drive
Madison W] 53706-1687
Phone: 608-263-1709
Fax: 608-236-4499

S. Rao Yadavalli
Lewis Research Center Group
Sverdrup Technologies Inc.
2001 Aerospace Parkway
Cleveland OH 44142
Phone: 216-977-7005

LPI Technical Repor1 93-02, Par: 2

Marvin Yeater
Jet Propulsion Laboraiory
4800 Oak Grove Drive
Pasadena CA 91109
Phone: 818-354-3580

David T. Young
Southwest Research Institute
P. O. Drawer 28510
San Antonio TX 78228-0510
Phone: 210-522-2743
Fax: 210-647-4325
E-mail: SWRI::DAVE

Maria T. Zuber
Deparrment of Earth and Planetary Sciences
Johns Hopkins Universiry
Baltimore MD 21218
Phone: 410-516-8241
Fax: 410-516-7933
E-mail: zuber@rharsis.gsfc.nasa.gov

Muamer Zukic
Optics Building, Room 300
University of Alabama ar Hunisville
Humnsville AL 35899
Phone: 205-895-6238, ext. 374
Fax: 205-895-6717
E-mail: zukic%cspara.decner

49






