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EXeCeY "F SCun Y

The National Aeronautics and Space Act of 1958 directed the
annual Aeronautics and Space Report to include a “compre -
hensive description of the programmed activities and the accom -
plishments of all agencies of the United States in the field of
aeronautics and space activities during the preceding calendar
year.” In recent years, the
reports have been prepared
on a fiscal year (FY) basis,
consistent with the budgetary
period now used in programs
of the Federal Government.
This year’s report covers
activities that took place from
October 1, 1994, through
September 30, 1995.

A wide variety of aeronau-
tics and space developments
took place during FY 1995.
The National Aeronautics
and Space Administration
(NASA) successfully com-
pleted seven Space Shuttle
flights. A program highlight
was the docking of the
Shuttle Atlantis with the s

roto of |a‘t- was
I~y orrerta Sate te Bata a- 5 rforato- Se’r ce

Russian space station Mir.
NASA launched three
Expendable Launch Vehicles (ELV), while the Department
of Defense (DoD) successfully conducted five ELV launches
during the fiscal year. These launches included satellites to
study space physics, track Earth’s weather patterns, and
support military communications. In addition, there were 12
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commercial launches carried out from Government facilities
that the Office of Commercial Space Transportation
(OCST) within the Department of Transportation (DoT)
licensed and monitored.

NASA continued the search for a next-generation space
launch system with its
Reusable Launch Vehicle
(RLV) program. NASA
hopes to develop new kinds
of launch technologies that
significantly
more affordable and reliable

will enable
access to space.
In aeronautics, activities
included the development
of technologies to increase
safety, reduce negative envi-

ronmental and

U.S.
becoming more competitive
in the world market. Air
traffic
focused on various automa-

impacts,

assist industry in

control activities

tion systems to increase
flight safety and enhance
the efficient use of airspace.

Scientists made some
dramatic new discoveries in
various space-related fields. Astronomers gained new insights
into the size and age of our universe, in addition to studying
our solar system. Earth scientists continued to study the
complex interactions of physical forces that influence our
weather and environment and reached new conclusions



about ozone depletion. Agencies such as the Environmental
Protection Agency (EPA) as well as the Departments of
Agriculture and Interior used remote-sensing technologies to
better
researchers conducted studies to prepare for the long-dura-
tion stays of humans planned for the upcoming International
Space Station (ISS).

International cooperation, particularly with Russia,

understand  terrestrial changes. Microgravity

occurred in a variety of aerospace areas. In addition to the
Shuttle-Mir docking mission and Russian partnership on the
International Space Station, U.S. and Russian personnel also
continued close cooperation on various aeronautics projects.

During FY 1995, the Government released two significant
interagency space policy documents that are included in this
report’s appendix section. The first is a memorandum of
agreement among NASA, DoD, and the Department of
Commerce to implement an FY 1994 policy on convergence
of the Nation’s civilian and military polar-orbiting environ-
mental satellite programs. The second document is a
Presidential Review Directive calling for an interagency
space policy review.

\at.da ‘e'dastcsad a S-ace
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In the area of space science, NASA researchers made a
number of exciting discoveries during FY 1995. By precisely
determining distances to some nearby stars, astronomers used
the refurbished Hubble Space Telescope (HST) to determine
that the universe is smaller and younger than previously
thought, about 10 billion years old. In our solar system, HST
scientists confirmed the existence of the Kuiper Belt, a swarm
of comets in the outer reaches of the solar system, and discov-
ered the large Comet Hale-Bopp, which will pass near Earth
in 1997. Astrophysicists used the Compton Gamma Ray
Observatory (CGRO) to study mysterious gamma ray bursts
that have been occurring throughout the sky to try to iden-
tify their origins. The Ulysses spacecraft successfully
completed its passage over the northern pole of the Sun,
completing the first exploration of the solar wind above its
polar regions. Spartan 204, a small satellite deployed and
retrieved by the Space Shuttle in February 1995, found
evidence of hot coronal gas that may explain why the wind
speed is so high in the solar polar regions. The Voyager and
Pioneer sets of spacecraft continued their exploration of the

outer edges of our solar system. The Global Geospace Science
(GGS) Wind spacecraft was launched successfully in
November 1994 into a path upstream of the Earth’s magne-
tosphere, where it has been providing valuable information
on the solar wind. In solar system exploration, scientists
reported the discovery of a large planet orbiting the star 51
Pegasi. Astronomers also gained new insights into the evolu-
tion of stars by studying silicon carbide and aluminum oxide
grains in primitive meteorites.

In the area of Earth science, NASA’s Mission to Planet
Earth (MTPE) program continued to make a number of signif-
icant discoveries. Scientists, who analyzed several years of data
derived from satellites and aircraft, conclusively determined
that human-produced chemicals are the source of at least 80
percent of the chlorine in the stratosphere, which causes
Antarctic ozone depletion. In oceanographic studies, the joint
U.S./French satellite TOPEX/Poseidon demonstrated a new
way of precisely monitoring global mean-sea-level variations,
while another satellite helped chart the role of lightning in
severe storms. Data from the Landsat 5 satellite continued to
prove valuable in numerous practical applications, such as
forest management, earthquake and flood damage assess-
ments, and geological explorations, in addition to various
forms of environmental and global change research. MTPE
scientists worked closely with their colleagues at other agen-
cies to improve Earth science education and to approach
global change from an interdisciplinary perspective. During
FY 1995, NASA managers focused on a series of important
reshaping exercises for MTPE and its centerpiece, the Earth
Observing System (EOS) series of spacecraft, to chart the
long-term implementation planning for the program.
Computer specialists continued to develop the EOS Data and
Information System (EOSDIS) Version O and identified user
categories at the first EOSDIS Potential User Conference.
NASA also worked closely with the National Oceanic and
Atmospheric Administration (NOAA) on the Geostationary
Operational Environmental Satellite (GOES) program and
with NOAA and DoD on the National Polar-orbiting
Operational Environmental Satellite System (NPOESS)
program’s triagency Integrated Program Office.

During FY 1995, engineers accomplished many of the
1993 redesign goals on the revamped International Space
Station program. NASA personnel solidified their “core
team” management philosophy by finalizing the $5.63 billion
design and development contract with the prime contractor,
Boeing, which has been collocated in the ISS program office.
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The program successfully completed the first in a series of
incremental design reviews, and NASA held a major design
review for the Russian-supplied Functional Cargo Block
(FGB). Through the end of FY 1995, contractors had deliv-
ered more than 70,000 pounds of Station flight hardware and
completed the fabrication of the first U.S. element (Node 1),
the Structural Test Article (Node 2), and the U.S. laboratory
module. While development programs also moved forward in
Canada, Japan, Russia, and the nine participating European
nations, the Shuttle-Mir program (Phase 1) proceeded to
provide operational experience, risk mitigation, technology
demonstrations, and early science opportunities. In March
1995, a Russian Soyuz vehicle carried the Mir 18 crew to the
Russian space station; this crew included U.S. astronaut Dr.
Norman Thagard. In June 1995, the Space Shuttle Atlantis
made the historic first docking with Mir; during 5 days of
docked operations, astronauts conducted various experiments
similar to those planned for the International Space Station.
Dr. Thagard, who returned to Earth on Atlantis with some of
the Mir 18 crew, stayed aboard Mir for 115 days, providing
researchers from NASA’s Office of Life and Microgravity
Sciences and Applications (OLMSA) with valuable long-
duration biomedical data.

In addition to Dr. Thagard’s record-breaking mission,
OLMSA made other significant strides in its transition
toward the ISS era of orbital research. Protein crystal
researchers took advantage of Mir to begin the longest
period of protein crystal growth in space, with the place-
ment of samples on Mir in June 1995 and their return to
Earth in November 1995. Experiments on Mir identified a
new technique that may allow as many as 10,000 protein
crystal samples to be grown in a single Space Shuttle
experiment. Protein crystals grown in orbit are already
supporting drug development efforts by major pharmaceu-
tical companies, and this recent discovery may accelerate
that process. OLMSA outfitted the Russian Spektr and
Priroda laboratory modules for Mir with more than 2,000
kilograms of research equipment; the Russian Space
Agency launched Spektr on May 20, 1995. OLMSA, in
consultation with prospective users in the scientific
community, continued to design and prepare a series of
major laboratory facilities and a glovebox facility for the
International Space Station. OLMSA researchers made
final preparations for the launch of the second United
States Microgravity Laboratory (USML-2), a dedicated
microgravity science mission that flew aboard the Space
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Shuttle in October 1995. OLMSA also collaborated with
various researchers at the National Institutes of Health
(NIH) to develop new digital imaging techniques for
breast cancer detection and to exploit NASA’s bioreactor
technology to study the infectivity of the human immun-
odeficiency virus (HIV).

During FY 1995, NASA successfully completed seven
Space Shuttle missions. Shuttle crews deployed payloads
such as the Space Radar Laboratory-2 (SRL-2), the third
Atmospheric Laboratory for Applications and Science
(ATLAS-3), the first Cryogenic Infrared Spectrometers
and Telescopes for the Atmosphere-Shuttle Pallet Satellite
(CRISTA-SPAS-1), the Shuttle Solar Backscatter
Ultraviolet (SSBUV) instruments, the NASA Tracking
and Data Relay Satellite (TDRS-G), the Wake Shield
Facility, and the Shuttle Pointed Autonomous Research
Tool for Astronomy (SPARTAN). Before STS-71 (Space
Transpor-tation System—71st planned mission) could
achieve its historic docking with Mir in June 1995, STS-63
performed a close rendezvous with Mir in February 1995 to
validate the flight operations techniques necessary for
docking. In terms of Shuttle technology and operations,
managers made several important changes during FY 1995.
Program managers initiated a major restructuring to focus
spaceflight operations under a single prime contractor.
Shuttle managers pursued the development and implemen-
tation of safety and reliability improvements for the
Shuttle Main Engine, while engineers continued to
redesign the External Tank to improve performance.

In aeronautics, NASA’s High-Speed Research program
continued to focus on resolving critical environmental issues
and laying the technological foundation for an economical,
next-generation High-Speed Civil Transport (HSCT).
NASA officials completed key agreements with Russia to use
the Tu-144 supersonic transport as a testbed for HSCT devel-
opment. NASA’s Advanced Subsonic Technology program
continued to facilitate a safe, productive global air trans-
portation system, which includes a new generation of envi-
ronmentally compatible, economical aircraft that will
compete in international markets. In the advanced subsonic
area, managers focused on reducing engine noise levels and
on creating technologies that will improve general aviation
aircraft and air traffic management. In the supersonic area,
NASA’s SR-71 Aircraft Testbed program conducted baseline
flights for aeronautical research to assist industry in making

key decisions about developing HSCT. In its High Alpha



Technology program, NASA sought to achieve a basic under-
standing of high angle-of-attack aerodynamics, including the
effects of vectorable thrust nozzles as an advanced flight
control concept. NASA also undertook important aeronau-
tics research, using its F-18 Systems Research Aircraft, its
Vertical/Short Takeoff and Landing (V/STOL) System
Research Aircraft, and its F-15 testbed aircraft. Additionally,
NASA continued to ensure U.S. preeminence in high-perfor-
mance computing. It engaged in several projects to make the
remote-sensing data of various Federal agencies available over
the Internet in new, stimulating ways and to accelerate the
growth of a global information infrastructure, especially for
educational purposes in primary and secondary schools.

In the area of space technology, NASA explored new
launch vehicle options in addition to smaller, less costly
instruments and new methods for Government-industry coop-
eration. NASA initiated the RLV technology development
and demonstration program in FY 1995, issuing Cooperative
Agreement Notices for two experimental test vehicles, the X-
33 and the X-34. NASA managers plan to have industry take
the lead on the RLV program once it matures. NASA accel-
erated its aggressive effort to reduce mission costs and increase
performance by developing new technologies. Of particular
note, NASA tested a solar dynamic power system for future
spacecraft power needs and a planetary rover, which traversed
10 kilometers under its own control. NASA released a
comprehensive policy document, “Agenda for Change,”
which established a new way of doing business for NASA’s
transfer of technology to the private sector. NASA also estab-
lished an Advanced Concepts office to identify and develop
new, far-reaching technology concepts.

NASA personnel also continued activities in important
support areas, such as space communications, safety and
mission assurance, and international coordination. In
space communications, engineers continued to improve
the space and ground networks to provide reliable commu-
nications; NASA also consolidated some mission control
and data systems facilities, which resulted in significant
cost savings. NASA continued to emphasize a strong
Safety, Reliability, and Quality Assurance (SR&QA) pres-
ence on current and future flight projects; specific safety
activities included completing more than 30 formal inde-
pendent assessments of the International Space Station,
updating NASA’s emergency program plan, promoting
ISO (International Organization for Standardization)
9000 as NASA’s standard for quality management systems,

and implementing the NASA Engineering and Quality
Audit program. In addition to continuing negotiations on
the International Space Station, NASA international
affairs personnel supported meetings of the U.S.-Russia
Commission on Economic and Technological Cooperation
(the “Gore-Chernomyrdin Commission”), worked with
the Russian Space Agency’s Scientific and Technical
Advisory Council, negotiated an agreement with the
Russian Ministry of Science and Technology Policy on
space biomedical research, negotiated agreements on space
cooperation with Ukraine, and represented NASA at
United Nations discussions on orbital debris.

During FY 1995, NASA updated its Strategic Plan by
adding goals for its five Strategic Enterprises (Mission to
Planet Earth, Aeronautics, Human Exploration and
and Space
Technology). This was done to provide further insight into
NASA’s future direction and to enable its stakeholders,
customers, partners, and employees to assist NASA in

Development of Space, Space Science,

achieving its mission. NASA’s Strategic Plan enables it to
meet new challenges and to deliver a vibrant aeronautics and
space program that inspires the Nation.

Deta'tr & t & Ded se (DeD)

A major organizational change in DoD’s space activities
occurred in December 1994 when the Deputy Secretary of
Defense created the Deputy Undersecretary of Defense for
Space position. The holder of this position reports to the
Undersecretary of Defense for Acquisition and Technology
(USD (A&T)). This new office is responsible for a variety
of space and intelligence functions for DoD, such as policy,
strategy, plans, international negotiations, interface with
Congress and other executive branch agencies, and inte-
gration of space systems into the DoD force structure and
weapons systems. The office also handles oversight for the
following space programs: launch and support, reconnais-
sance and surveillance, tactical warning and attack assess-
ment, communications (including Milstar and the new
Global Broadcast System), navigation (including the space
and ground segments for the Global Positioning System
(GPS)), environmental monitoring, space control, and
research and development. This new office consists of three
smaller offices: space acquisition and management, space
policy, and systems and architectures.
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Another organizational change was the establishment
of a new DoD Space Architect position. DoD created this
position to consolidate responsibilities for DoD space
missions and system architecture development into a
single organization to achieve efficiencies in acquisition
and future operations through program integration. The
DoD Space Architect reports through the Air Force
Acquisition Executive to the Defense Acquisition
Executive, who is also the USD (A&T). The Deputy
Undersecretary of Defense for Space, on behalf of the USD
(A&T), provides departmental policy guidance and over-
sight to the Architect for the development of consistent,
integrated space architectures. The Space Architect’s
specific new responsibilities include launch and satellite
control and the space-related areas of tactical intelligence
such as targeting; surveillance and warning; command,
control, communications, and intelligence (C3I); naviga-
tion; environmental monitoring; and space control. The
Deputy Secretary of Defense identified two immediate
tasks for the Space Architect: (1) the integration of DoD
and intelligence systems architecture planning and (2) the
development of a future military satellite communications
architecture encompassing core DoD, allied, civil, and
commercial capabilities.

During FY 1995, space forces played an important role as
a force multiplier everywhere U.S. forces were employed. In
Haiti, the military deployed a space support team to advise
the task force commander on the effective use of space assets,
such as the Milstar I and the Ultra High Frequency (UHF)
Follow-On (UFO) satellites. U.S. forces supporting United
Nations efforts in Bosnia used space imagery to aid search-
and-rescue teams and the Air Force’s overall theater mission.
Space systems also directly supported exercises in Korea,
Japan, and elsewhere in Europe.

A DoD Atlas I launched the new Geostationary
Operational Environmental Satellite (GOES-8) spacecraft
into orbit for NOAA, and two commercial Atlas IIA rock-
ets carried the fourth and fifth UFO satellites into orbit for
DoD. The fourth UFO satellite was launched successfully
on an Atlas IIA on January 28, 1995, and became opera-
tional in a geosynchronous orbit over the Pacific Ocean.
On May 31, 1995, UFO-5 was launched into a geosyn-
chronous orbit over the Indian Ocean and became opera-
tional on August 1, 1995.

The Defense Satellite Communications System

(DSCS) program successfully launched its DSCS III satel-
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lite into orbit in July 1995 aboard an Atlas IIA rocket. The
Defense Information Systems Agency initiated the
Commercial Satellite Communications Initiative pilot
program in July 1995 and awarded a contract for using
commercial transponders and a network management
worldwide.

In the area of launch vehicle technology, the Ballistic
Missile Defense Organization (BMDO) transferred the Delta
Clipper—Experimental (DC-X) program to NASA, although
the Air Force’s Phillips Laboratory continued to support
NASA on this program. In addition, DoD managers selected
four prime contractors for the Evolved Expendable Launch
Vehicle (EELV) low-cost concept validation module.

DoD continued its efforts with the Department of Energy
(DoE) on the Topaz international program for nuclear space
power systems. This program is centered on a thermionic
nuclear reactor, called the Topaz II, which was developed in
the former Soviet Union.

On the Clementine mission, mission controllers success-
fully reestablished contact with the spacecraft in February
1995. This BMDO-sponsored project was a low-cost demon-
stration of a variety of new spacecraft technologies that also
provided scientists with detailed new mapping information
of the Moon.

DoD personnel also were active in a number of aeronau-
tical technology programs during FY 1995. The Navy and
Marine Corps continued to make progress on the V-22 tilt-
rotor aircraft, and DoD supported the National Wind Tunnel
Complex activities at NASA’s Lewis Research Center
(LeRC). Research on the X-31 program demonstrated the
value of vectored thrust to advanced high-performance
aircraft. The Darkstar Unmanned Aerial Vehicle (UAV) was
unveiled at the contractor facility in June 1995.

In the navigation arena, GPS continued to be deployed
worldwide. During FY 1995, DoD began to integrate GPS
into U.S. pilots’ survival radios.

DoD continued to be active in the Earth studies field
during the fiscal year. The Polar Ozone and Aerosol
Measurement (POAM-II) experiment on the French
Satellite Pour ’Observation de la Terre (SPOT—satellite for
the observation of the Earth) provided important profiles of
gases in the middle atmosphere. In negotiations on the
NASA/Centre Nationale d’Etudes Spatiales (CNES—the
French space agency) TOPEX/Poseidon Follow-On (TPFO)
mission with the Navy Geosat mission, the Navy agreed to

support the NASA TPFO mission.
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In terms of air traffic control and navigation, the FAA
undertook a wide variety of activities in FY 1995. The
FAA’s Advanced Automation System program underwent
major restructuring to contain cost growth and minimize
delays, and several new component systems were intro-
duced. The FAA ordered a new digital Voice Switching
and Control System for all traffic control centers, and the
FAA Academy replaced 30-year-old equipment. In a
significant milestone for satellite navigation, the FAA
awarded a contract to build a Wide Area Augmentation
System (WAAS). FAA personnel hope that the WAAS
will transform national navigation from ground-based to
space-based capability. The WAAS program is being
designed to serve all phases of flight, including takeoff, en
route, approach, and landing. During FY 1995, GPS
achieved final operating capability for civil aviation usage,
and the FAA continued to certify additional GPS
receivers. The FAA continued to conduct flight tests for
GPS nonprecision terminal approach instrument proce-
dures at heliports, which resulted in 35 lives being saved in
one year at a single trauma center test site.

The FAA required small commercial airplanes to be
equipped with the Traffic Alert and Collision Avoidance
System by the end of 1995. In Atlantic City, the FAA
Technical Center helped develop and define a common set
of air traffic control protocols for operational procedures
for the New York Air Route Traffic Control Center to
accommodate a reduced aircraft vertical separation stan-
dard. The FAA also worked toward the development of
U.S. and international standards for controller/pilot data
link communications to standardize interfaces for digital
messages.

In the area of weather services, the FAA continued
development of Integrated Terminal Weather Systems to
provide short-range forecast and warning notices to pilots
and air traffic controllers. Demonstrations of Graphical
Weather Services and Traffic Information Services began
in 1995 and will lead to a regional evaluation program and
then a national implementation. During FY 1995, the
FAA commissioned Terminal Doppler Weather Radar
Systems at four test sites around the country. Engineers
completed the development of the FAA’s Wake Vortex

Training Aid, addressing vortex issues from the viewpoint
of both the pilot and the air traffic controller, and distrib-
uted several thousand copies to the FAA and industry. The
FAA also worked closely with British officials to analyze
aircraft separation data relevant to wake vortices.

Flight safety and security were two additional areas of
considerable activity for the FAA during FY 1995. In
particular, the FAA worked to find environmentally
acceptable fire extinguishing systems without halon. The
FAA continued its comprehensive Airport Pavement
Research Program and its work with NASA’s Langley
Research Center (LaRC) in analyzing aircraft structural
safety through the use of Langley’s crash impact research
facility. Internationally, the FAA participated in the devel-
opment of an Air Accident Investigation Tool with the
Civil Aviation Authority in England. The FAA continued
to research various technologies and methodologies to
mitigate and prevent catastrophic failure to aircraft. In the
area of security technology, the FAA certified the first
Explosive Detection System for detecting bulk explosives
in checked baggage.

During FY 1995, the FAA continued its efforts to
improve human performance in the national airspace
system through its research and development program.
FAA personnel also developed a prototype automated
performance measurement system to provide objective
measures of crew and aircraft performance. Additionally,
the FAA produced a Human Factors Guide for Aviation
Maintenance, which provided maintenance managers with
established principles of job design in a reference work
suitable for daily use.

The FAA collaborated with NASA on a variety of
projects relating to general aviation, from aircraft noise
and emission reductions to innovative aircraft design. In
the area of noise reduction, the two agencies reported to
Congress their progress on technologies for subsonic
aircraft, particularly propeller-driven airplanes and rotor-
craft. The FAA also participated in a NASA study to
develop a scientific basis for assessing the impact of aircraft
emissions on the environment, particularly on the ozone
layer and global climate change. Cockpit display and
control technologies and civilian tiltrotor aircraft were two
other topics of FAA-NASA cooperation. Near the end of
the fiscal year, the FAA and NASA signed a Memorandum
of Understanding (MOU) on Airspace System User
Operational Flexibility and Productivity, which initiates
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joint research and development activities to improve the
efficiency of the Nation’s airspace system.

Ou.cco Cov e ca Saace
1-a s1e-tat.@ (OCS')

Since OCST was established in 1984, its responsibilities
have been to license commercial space launches and the
operation of launch facilities and to encourage commercial
space launches by the private sector. Twelve commercial
space launches were conducted by U.S. launch operators
under licenses granted by OCST during FY 1995. OCST
issued a payload determination for the Multiple Experiment
to Earth Orbit and Return reentry vehicle, the first attempt
at a ground-initiated reentry of an orbital spacecraft by a
commercial operator. In connection with the amended
Commercial Space Launch Act, OCST processed more than
a dozen maximum probable-loss determinations based on the
actual risks associated with proposed launch activities during
the fiscal year. OCST also continued a program to encourage
and facilitate the development of voluntary industry stan-
dards for launch safety. A major priority for OCST during
this fiscal year was the updating and “reinventing” of its orig-
inal 1988 regulations.

A major policy accomplishment by OCST for FY 1995
was the development of the Implementation Plan for the
National Space Transportation Policy that was adopted the
previous fiscal year. OCST also participated in several inter-
agency efforts on space policy led by the White House Office
of Science and Technology Policy.

OCST U.S. Trade

Representative’s (USTR) office in its negotiations for a new

experts also supported the
space launch trade agreement between the United States and
the People’s Republic of China. This agreement was signed
into force on March 3, 1995. OCST also supported a USTR-
led delegation to establish a commercial space launch trade
agreement between the United States and Ukraine.

In the area of launch vehicle technology, the OCST
Director provided technical assistance and policy analysis as a
member of the DoD’s Source Selection Advisory Board for
the EELV program. Similarly, OCST’s staff provided technical
and analytical support to a NASA-led review of the RLV
technology program.

Regarding orbital debris, OCST contributed signifi-
cantly to the interagency effort to develop policy on space
orbital debris for the U.S. delegation to the United Nations
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Committee on the Peaceful Uses of Outer Space
(COPUQS). To support pending and anticipated applica-
tions for licenses to launch large constellations of commu-
nications satellites in low-Earth orbit (LEO), OCST
personnel researched collision risk and the effects of service
disruptions caused by collision.

Deta'tr & te Cer v e'ce (DeC)

Within DoC, the Office of Air and Space Commercializa-
tion (OASC) ensures that U.S. commercial space interests
are represented in the formulation of space-related Govern-
ment policies and agreements. OASC activities for FY 1995
included contributing to the Clinton administration’s policy
on the use of foreign excess ballistic missiles, helping negoti-
ate launch trade agreements with China and Ukraine, imple-
menting the administration’s commercial remote-sensing
policy, and serving on the Common Spacelift Requirements
Working Group called for in the National Space Transporta-
tion Policy. Also in FY 1995, OASC supported the revision
of the National Space Policy, the development of a U.S. GPS
policy, and a review of further guidance on the Government’s
use of remote-sensing satellite data.

The International Trade Administration’s Office of
Aerospace also contributed to the Clinton administration’s
new policy on the commercial use of Russian excess ballistic
missiles and negotiations of commercial space launch agree-
ments with China and Ukraine. In addition, the Office of
Aerospace pressed for expanded export opportunities for U.S.
aircraft manufacturers through negotiations in the World
Trade Organization (WTO). The Office of Aerospace partic-
ipated in negotiations for a major coproduction project, the
Russian passenger aircraft IL-96M/T, which could set the
tone for future ventures with Russia. To promote the export
of U.S. aerospace products, the Office of Aerospace led
numerous trade missions, managed the U.S. pavilion at the
Paris Air Show, and operated “Aerospace Product Literature
Centers” at major international air shows.

The National Oceanographic
Administration (NOAA), another Commerce unit, also was
active in space activities during FY 1995. On December 30,
1994, NOAA-] (NOAA-14) of the Polar-orbiting

Operational Environmental Satellite (POES) series was

and Atmospheric

launched successfully. In May 1995, the newest in the series
of Geostationary Operational Environmental Satellites



(GOES-]) was launched into orbit for NOAA as GOES-9;
GOES-8 was declared fully operational in June 1995. In May
1995, NOAA, NASA, and DoD finalized a Memorandum of
Agreement regarding the triagency convergence planning
effort. NOAA continued to rely on Landsat-5 to provide
regular data about the Earth’s renewable and nonrenewable
resources. NOAA also continued its support for the interna-
tional satellite-aided search-and-rescue program known as
Cospas-Sarsat by signing a new intergovernmental agree-
ment. In the area of atmospheric studies, NOAA satellites
measured unusually low ozone levels over parts of the
Northern Hemisphere. NOAA scientists also integrated
ocean data from a variety of sources in the NOAA Satellite
Ocean Remote Sensing program. Finally, NOAA continued
negotiations with its European partners on a joint polar
system of satellites.

As the lead advising agency for Government telecommu-
nications issues, the National Telecommunications and
Information Administration (NTIA) undertook a number of
policy initiatives regarding satellites and other space-based
communications systems. Specifically, NTIA provided policy
guidance on the restructuring of INTELSAT and
INMARSAT. While the Federal Communications Commis-
sion (FCC) continued to regulate the electromagnetic spec-
trum for commercial users, NTIA administered the spectrum,
helping firms clear unexpected regulatory hurdles. NTIA
engineers also were instrumental in developing a national
plan to augment the navigation signals of GPS for the bene-
fit of a wide variety of civilian and commercial users.

Scientists and engineers at the National Institute of
Standards and Technology (NIST), another entity of DoC,
performed a wide variety of research in measurement science
and technology in support of aeronautics and space activities
during FY 1995. These research areas covered a wide range of
topics, including global atmospheric science, the Hubble
Space Telescope, materials science, and microgravity science.

Deta'tr dte P e'gr (Del)

In FY 1995, DoE continued its work in the fabrication of
three General Purpose Heat Sources—Radioisotope Thermo-
electric Generators (GPHS-RTG) and 157 Radioisotope
Heater Units (RHU) for NASA’s upcoming Cassini mission
to Saturn. DoE took delivery in 1995 of 4.2 kilograms of
Russian-produced Plutonium-238 (Pu-238) to supplement its

existing inventory; this material can be used to fuel smaller,
more efficient spacecraft for future planetary exploration
missions. DoE agreed to provide three Lightweight Radioiso-
tope Heater Units (LWRHU) from its inventory (these are
actually spares from the Galileo and Ulysses missions) for
NASA’s upcoming launch of the Mars Pathfinder spacecraft.
For NASA’s Pluto Express mission, DoE studied advanced
converter technologies to provide high efficiency and light-
weight power sources.

DoE staff also supported the Defense Nuclear Agency in
managing the Topaz international program. Developed by
the Russians, the Topaz is a nuclear reactor power source for
spacecraft; unlike RTGs, it has moving parts like a ground
nuclear powerplant. In conjunction with the Jet Propulsion
Laboratory (JPL) and the Air Force, DoE explored the use of
bimodal (power/propulsion) space reactor systems, especially
in support of NASA’s New Millennium spacecraft program.
Finally, DoE’s Sandia and Los Alamos National Laboratories
continued to provide nuclear explosion sensors for integra-
tion onto DoD GPS and defense support program spacecraft.

Deia'tr dte tie Vte.o' (Do)

Dol applied GPS and other remote-sensing technologies
from satellites and aircraft in a variety of research and opera-
tional programs in FY 1995. Dol continued to cooperate with
DoD to use the Navstar GPS Precise Positioning Service
(PPS). Dol bureaus purchased approximately 180 precision
lightweight GPS receivers in 1995 and used the PPS for a
wide range of mapping, inventory, monitoring, and research
activities. The Minerals Management Service used GPS in
Federal offshore waters to determine the positions of occu-
pied and abandoned oil and gas platforms, wellheads, and
pipelines. The Office of Surface Mining Reclamation and
Enforcement expanded its use of the Navstar GPS to locate
water and mine overburden sampling sites for the
Appalachian Clean Streams Initiative, a public-private part-
nership aimed at predicting, preventing, and mitigating acid
drainage from abandoned coal mines.

Other units of Dol also used satellite data for a variety
of purposes. The Bureau of Indian Affairs (BIA) used
remotely sensed data and GPS to conduct natural resource
inventories, image mapping projects, Geographic
Information System (GIS) data base development, and
training to support the BIA Indian Integrated Resource
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Information Program. The Bureau of Land Management
used satellite data, aerial photographs, and GPS technology
to monitor the health of public lands and the effectiveness
of ecosystem-based management practices. The Bureau of
Mines continued to use Landsat and airborne multispectral
scanner data to evaluate the actual and potential impacts of
mine wastes on abandoned noncoal mine lands in
Colorado. The National Biological Service (NBS), in part-
nership with the U.S. Fish and Wildlife Service (FWS),
continued to use data from the Landsat-5 Thematic Mapper
instrument and SPOT in the Gap Analysis Program for
identifying biological resources on lands in 40 states that
are not adequately protected and managed to preserve
biological diversity. The FWS used computerized mapping,
aerial photography, and satellite data to support ecosystems
management and data-sharing initiatives with Federal,
State, and local agencies and private industry; its National
Wetlands Inventory has produced wetlands maps of more
than 80 percent of the United States and its territories. The
National Park Service worked with the NBS on several
prototype mapping projects as part of a comprehensive,
multiyear vegetation mapping program in more than 235
units of the National Park System.

U.S. Geological Survey (USGS) personnel have
collected, processed, and archived more than 60,000 daily
Advanced Very High Resolution Radiometer (AVHRR)
observations since the beginning of the Global Land 1-kilo-
meter AVHRR Pathfinder project in cooperation with
NASA, NOAA, and the European Space Agency (ESA).
USGS scientists produced a year-long time series of cloud-
free vegetation index composites for the Western
Hemisphere, Africa, and Europe. USGS scientists helped
their NASA colleagues make final preparations for the
Galileo spacecraft mission, which reached Jupiter in
December 1995. USGS personnel also worked closely in
planning and developing several other planetary science
programs, such as the Mars Global Surveyor, Mars
Pathfinder, and the Cassini missions.
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At USDA, the Foreign Agricultural Service used remote-
sensing imagery to assess and monitor domestic and foreign
agricultural crop yields. The Agricultural Research Service
used remote-sensing data to advance the development of
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precision farming, map regional vegetative disease, assess soil
salinity on crops, and monitor changes in animal habitats,
crop growth, and moisture conditions. The National
Agricultural Statistics Service used remote-sensing data to
stratify land for area-based statistical samples, to estimate
planted crop area, to create crop-specific, land-cover data
layers for GIS’s, and to assess crop conditions. Sharing costs
with other Federal and State agencies, the Natural Resources
Conservation Service (NRCS) acquired aerial photography
through the National Aerial Photography Program (NAPP).
The NRCS used NAPP as a source of imagery to produce
digital orthophotography in support of its soil survey program
and as a technical assistance tool in helping landowners and
communities conserve and protect our natural resources on
private lands. The Forest Service used remotely sensed data
to protect and manage the 191 million acres of land compris-
ing the National Forest System.
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The FCC coordinated and registered launches of spacecraft
for INTELSAT, a consortium of more than 130 countries
that own and operate the world's most extensive global
communications satellite system. INTELSAT 703, 704, 705,
and 706 were all launched during FY 1995. The FCC also
authorized FY 1995 launches of two global communications
satellites by PanAmSat, the first private company to provide
global satellite services. Similarly, the FCC authorized the
November 1994 launch of the Orion I communications
satellite. In January 1995, the FCC allocated spectrum for
satellite Digital Audio Radio Services (DARS). This action
is the first step toward providing the American public with
new multichannel, multiformat digital radio service with
sound quality equivalent to compact disks. Overall, the FCC
continued to regulate non-Government uses of the commu-
nications spectrum.
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EPA, primarily through its National Exposure Research
Laboratory (NERL), conducted research and used remote-
sensing as part of an overall environmental monitoring



program. NERL completed approximately 100 site-charac-
terization projects, using aerial photography, in FY 1995.
In studying the feasibility of remedial actions under the
Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), EPA used large-scale aerial
photographs. EPA engineers and scientists also analyzed
these aerial photos to support site selection and monitor-
ing at hazardous waste facilities operated under the
Resource Conservation and Recovery Act (RCRA). NERL
also conducted research in large-area land cover mapping
and has produced a land cover data set for EPA Region 3.

In addition, EPA developed and used remote-sensing
systems to support enforcement of the Clean Water Act.
During FY 1995, EPA used remote-sensing data in a GIS
that provided useful analytical background for various envi-
ronmental programs. Overall, EPA used aerial photographs
and satellite data in a variety of pollution-prevention,
global change, and ecosystem-monitoring studies.
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Researchers who were supported by the National Science
Foundation (NSF) and who used NSF-sponsored facilities
made a number of advances in astronomy and space physics
during FY 1995. Observations from the Very Long Baseline
Array provided observational proof of the existence of a
black hole in the center of the galaxy NGC 4258. Scientists
using observations from the Kitt Peak National Observatory
analyzed the shape and age of the Galactic Halo (an enig-
matic distribution of older stars that appears key to under-
standing the formation of our galaxy), concluding that the
formation of the Milky Way may have been the product of
both the collapse of a protogalaxy and the capture and shred-
ding of neighboring dwarf galaxies. Observations from the
Cerro-Tololo Inter-American Observatory provided for an
improved understanding of the origins of the Magellanic
Stream (a large filament of neutral hydrogen gas from the
Milky Way’s radio emission that originates at the Small
Magellanic Cloud, a Milky Way satellite dwarf galaxy, and
extends almost one-third of the way around the sky).
Researchers at the National Solar Observatory’s Vacuum
Tower Telescope used a new observational technique that
produced special time-series images to analyze the transport
of energy along the margins of hot bubbles of gas that rise as
convective cells to the Sun’s surface.
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The enhancement of Antarctic facilities also fostered
astronomy and space physics research. Wintertime astro-
physical observations made by the South Pole InfraRed
Explorer telescope indicated that the sky at the South Pole
is much darker than at any other site previously surveyed.
An additional Automatic Geophysical Observatory was
deployed during FY 1995. NASA and NSF continued their
joint program of long-duration ballooning in Antarctica,
with payloads taking measurements to study the composi-
tion of heavy cosmic particles and the presence of high-
energy gamma rays.

Upper atmospheric research supported by NSF during FY
1995 included a set of coordinated campaigns that used lidar,
radar, and all-sky optical imagery to obtain signatures of
“breaking” gravity waves at mesopause altitudes. A Magne-
tospheric Specification and Forecast Model that provides
short-term forecasts of particle fluxes associated with
geomagnetic activity was refined, and a campaign mounted
near the magnetic equator in South America contributed
critical information about the physical processes that control
the onset of equatorial scintillations.

NSF also supported the April 3, 1995, launch and oper-
ation as well as a proof-of-concept GPS-Metereological
(GPS-MET) experiment of the low-orbit Microlab 1 satel-
lite, which receives signals from the constellation of GPS
satellites. Initial interpretation of measurements taken by
GPS-MET instruments when compared with conventional
measurements indicated that temperature profiles between
5 and 40 kilometers are excellent. NSF scientists planned
to make further refinements to improve the reliability of
temperature measurements at other altitudes and the
measurement of water vapor.

In the area of technology transfer, NSF-sponsored scientists
formed a collaboration with cancer researchers to adapt astro-
nomical computer software for use in detecting breast cancer
in mammograms. Positive results from initial work on this
project heightened prospects that the products of astronomical
research can be adapted for other life-saving medical purposes.

S .tise . sttt

Scientists from the Smithsonian Astronomical Observa-
tory (SAO) made a number of important discoveries in
astrophysics and space physics. SAQO scientists were part of
teams that used the Hubble Space Telescope to recalibrate
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the universe’s expansion rate, and thus its age, and to
analyze evolution of galaxies in the early universe. SAO
scientists analyzed data from the Ultraviolet Coronal
Spectrometer (UVCS) that flew aboard the Spartan 201-2
satellite and discovered a remarkably hot gas in the atmos-
phere above the Sun’s south pole that may offer clues to
the origin and nature of the solar wind.

A scientist at the Smithsonian Institution’s National
Air and Space Museum in Washington, DC, detected the
first “natural” laser in space. Aboard NASA’s Kuiper
Airborne Observatory (KAQO), the scientist used the
aircraft’s infrared telescope to observe a young, very hot,
luminous star in the constellation Cygnus that emitted an
intense beam of infrared light. Discovery of this naturally
occurring laser has given astronomers a powerful tool for
probing the conditions in circumstellar disks where
astronomers believe planets form.

In the area of Earth sciences, the SAO-developed
Global Ozone Monitoring Experiment was launched
aboard the European Space Agency’s second European
Remote Sensing Satellite. It will monitor ozone levels in
the Earth’s atmosphere and generate a complete world
ozone map every 3 days.

Finally, scientists from the SAQO and Russian
astronomers worked to set up the U.S. Data Center for the
Spectrum-X-Gamma mission, an international collabora-
tive space x-ray observatory led by NASA and the High
Energy Division of the Institute for Space Research in
Moscow.

Deta‘t & t @ State (DeS)

DoS served as the lead agency for U.S. delegations at meet-
ings of the INTELSAT and INMARSAT member country
governments and provided relevant policy guidance to
Comsat, the U.S. signatory organization. In addition, DoS
played an active role in interagency discussions to develop
U.S. positions on INTELSAT and INMARSAT restructur-
ing and to promote them internationally. DoS also
promoted access to overseas markets for commercial satel-
lite companies and worked to resolve complex problems of
orbit and spectrum availability.
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During FY 1995, ACDA continued to support U.S. efforts to
expand and strengthen the 28-member Missile Technology
Control Regime (MTCR), which is intended to prevent the
proliferation of missiles, space launch vehicles, and other
unmanned aerial vehicles capable of delivering weapons of
mass destruction. ACDA played a significant role in impor-
tant negotiations that resulted in Russia, South Africa, and
Brazil agreeing to join the MTCR. ACDA also contributed
to U.S. regional missile nonproliferation efforts to freeze, roll
back, and ultimately eliminate ballistic missile programs in
India and Pakistan. ACDA continued to be involved in the
policy process dealing with the Strategic Arms Reduction
Treaty (START) and the use of U.S. and foreign excess
ballistic missiles as Space Launch Vehicles (SLV’s), as well as
in confirming that START provisions govern SLV’s that
employ the first stage of an intercontinental ballistic missile
or a submarine-launched ballistic missile. Finally, ACDA
actively supported the efforts of the United Nations Special
Commission on Iraq to destroy or remove from Iraq virtually
all materials, equipment, and facilities related to missiles
with a range of greater than 150 kilometers.

CS Vov at@ :gd c' (LS )

U.S.-Russian cooperation was an important focus for
USIA programs in FY 1995. Listeners throughout the
world tuned into the Voice of America’s live coverage of
the Atlantis docking with the Mir space station in June
1995, while television stations rebroadcast Newsfile
reports on the historic mission. USIA’s Information Bureau
produced a brochure on U.S.-Russia space cooperation for
distribution at the Moscow summit in June 1995, in addi-
tion to detailed background articles on the U.S.-Russian
space agreement and efforts to build the International
Space Station. USIA programs also demonstrated to
foreign audiences the tangible benefits of U.S. space tech-
nology, from NASA contributions to biomedical research
to data about the Earth’s atmosphere gathered by the
Perseus project and the use of Shuttle radar to locate an
ancient Cambodian city.
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During FY 1995, NASA successfully completed seven Space
Shuttle missions, the most since the record of eight in 1985.
The year began with the landing of Space Transportation
System (STS)-68, which was launched at the end of FY 1994.
This mission was followed by, in order of flight, STS-66, STS-
63, STS-67, STS-71, STS-70, and STS-69.

The launch of STS-68 on the orbiter Endeavour occurred
on September 30, 1994, and it was on orbit at the beginning
of FY 1995. Its primary payload was the Space Radar
Laboratory-2 (SRL-2). Scientists used images produced by
the radar’s instruments to detect seasonal and human-made
changes that occurred in the 6 months since SRL-1 flew on
another Space Shuttle mission. In addition, scientists used
SRL to study the surface beneath the Sahara Desert sands to
confirm the existence of ancient riverbeds and to produce
three-dimensional terrain maps through a technique that
experts hope to refine in creating an early warning system for
earthquakes and volcanic eruptions. Another element of the
SRL payload was the Measurement of Air Pollution from
Satellite experiment. This instrument compared the distrib-
ution of carbon monoxide in the Earth’s lower atmosphere
against the data taken on three previous flights. After a
highly successful 11-day mission, STS-68 landed at Edwards
Air Force Base (EAFB) on October 11, 1994.

The first complete mission of FY 1995 began on
November 3, 1994, with the launch of STS-66 (Atlantis).
The flight carried the third Atmospheric Laboratory for
Applications and Science (ATLAS-3) along with the
German Space Agency-provided Cryogenic Infrared
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Spectrometers and Telescopes for the Atmosphere—
Shuttle Pallet Satellite (CRISTA-SPAS-1) and the
Shuttle Solar Backscatter Ultraviolet (SSBUV) payload.
The objective of this set of scientific instruments was to
collect temperature and trace element data for the Earth’s
middle atmosphere and data that measure the energy input
from the Sun into the Earth system. After successfully
completing all payload operations, STS-66 landed at
EAFB on November 14, 1994.

STS-63, launched on February 3, 1995, had special
significance as a precursor and dress rehearsal for the series
of missions to rendezvous and dock with the Russian space
station Mir planned for FY 1995-1997. It validated the
flight operations techniques involved in the rendezvous,
with Discovery approaching within 40 feet of Mir, then
backing off to about 400 feet and performing a flyaround.
Equally important, it exercised and demonstrated the coor-
dination of the mission control teams at Houston and
Moscow. The 6-person crew included the second Russian
cosmonaut to fly on the Space Shuttle. After completion of
the Mir activities, the Shuttle Pointed Autonomous
Research Tool for Astronomy (SPARTAN) free-flying
spacecraft was deployed to make astronomical observations
in the far ultraviolet spectrum. The mission also included
the third operation of the commercially developed
Spacehab module, with its array of technological, biologi-
cal, and other scientific experiments performed for univer-
sity, industry, and Government organizations across the
Nation. Two of the flight crew performed a spacewalk to test
spacesuit modifications and demonstrate large-object
handling techniques in preparation for the upcoming
assembly of the International Space Station. STS-63 landed
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at the Kennedy Space Center (KSC) on February 11, 1995,
to complete its 8-day mission.

On March 2, 1995, the launch of STS-67 (Endeavour)
began the second flight of the Astro payload. Astro’s objec-
tive was to obtain scientific data on astronomical objects in
the ultraviolet region of the spectrum. Three telescopes,
taking observations in complementary regions of the spec-
trum, gathered data that will add to scientists’ understanding
of the universe’s history and the origins of stars. During the
mission, one telescope performed flawlessly, and the perfor-
mance of the rest of the observatory exceeded prelaunch
expectations. As a result, all of Astro’s mission objectives
were met. After setting a new mission duration record of 16.6
days, STS-66 landed at EAFB on March 19, 1995.

STS-71 lifted off from KSC on June 27, 1995, to begin
the series of flights to dock with the Russian space station
Mir. The docking itself took place on June 29, with Atlantis
remaining docked for 5 days. The 7-person crew included
two Russian cosmonauts who remained onboard Mir after
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Atlantis returned to Earth. Two other cosmonauts and the
American astronaut who had flown to Mir aboard the
Russian Soyuz spacecraft on March 15, 1995, returned to
Earth in Atlantis, making it the second eight-person
Shuttle crew. While docked, the crew conducted a series of
biomedical measurements in support of experiments begun
months before on Mir, in such areas as cardiovascular and
pulmonary systems, neurosensory research, hygiene, and
sanitation. The mission demonstrated the very successful
operation of the Russian-designed docking system, which
was based on the concepts used in the Apollo-Soyuz test
program flown in 1975. The crew also delivered water and
other supplies to Mir and brought back to Earth equipment
no longer needed. Atlantis landed at KSC on July 7, 1995,
to complete its 10-day mission.

Liftoff for STS-70 (Discovery) occurred on July 13,
1995. The primary objective of this flight was to deploy the
NASA Tracking and Data Relay Satellite (TDRS-G). The
deployment of this satellite in a geosynchronous orbit
marked the completion of NASA’s TDRS system. This
system provides communication, tracking, telemetry, data
acquisition, and command services that are essential to
Shuttle and other low orbital spacecraft missions. The
STS-70 crew also performed a number of important
middeck experiments, including the Physiological and
Anatomical Rodent Experiment sponsored by the
National Institutes of Health (NIH). This experiment
looked at the effects of space flight on the behavior, circa-
dian rhythms, and development of muscle, nerve, and
bone in rats. The research should contribute to a better
understanding of basic physiological processes and could
provide insight into a range of medical challenges on
Earth. Other onboard experiments included the growth of
protein crystals for use in pharmaceutical research and the
investigation of a new technique for encapsulating a drug
in a biodegradable polymer that allows for the controlled
time release of the drug. The STS-70 mission also marked
the first flight of the new Block I Space Shuttle main
engine. This engine features improvements that increase
the stability and safety of the Shuttle’s main engines.
STS-70 landed at KSC on July 22, 1995.

STS-69 was launched on September 7, 1995, carrying a
5-member crew. The mission included deployment of the
Wake Shield Facility which, flying separately from the
Shuttle Endeavour, produced an “ultra vacuum” in its wake,
allowed experimentation in the production of advanced, thin
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film semiconductor materials. The SPARTAN spacecraft also
was deployed and later retrieved with two instruments for
investigations of the Sun’s corona—an ultraviolet spectro-
graph and a white light imaging coronagraph. Scientists
planned to compare SPARTAN data with data from the
Ulysses spacecraft (launched in October 1990), which is
observing the Sun from high above its north pole. Another
SPARTAN instrument measured the extreme ultraviolet
solar flux, while another made far ultraviolet observations of
a torus around Jupiter associated with its moon lo. Toward
the end of the mission, another spacewalk confirmed
improvements in the thermal performance of the spacesuits
and added to the knowledge base needed for assembling the
International Space Station. The 11-day mission ended with

Endeavour landing at KSC on September 18, 1995.
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NASA launched three spacecraft on ELV’s and supported one
Space Shuttle launch with an Inertial Upper Stage (IUS)
during FY 1995. On November 1, 1994, a Delta II launched
the Wind spacecraft, one in a series of spacecraft in the
International Solar-Terrestrial Physics (ISTP) Program. This
spacecraft was placed in an orbit where the gravitational
fields of the Sun and Earth cancel each other out, enabling
the spacecraft to measure the solar wind. On December 30,
1994, NASA launched the NOAA-] spacecraft on an Atlas
E into a polar orbit, where it will provide visual infrared
images and vertical temperature and moisture profiles. On
May 23, 1995, NASA launched another weather satellite,
NOAA’s GOES-] (Geostationary Operational Environmen-
tal Satellite), on an Atlas I into a geostationary orbit, where
it also will provide visible and infrared imaging and sounding
capabilities. Finally, the NASA team provided an IUS to
support the upper-stage trajectory requirements for the
TDRS-G launch on July 13, 1995.

While FY 1995 included only a few NASA ELV launches,
the NASA launch vehicle team also worked to prepare for FY
1996, in which nine launches are scheduled. During FY 1995,
the team supported the Pegasus XL failure recovery and
investigations and the Med-Lite (Taurus, Delta-Lite, and
Delta II launch vehicles) contract negotiations with
McDonnell Douglas.

DoD conducted several ELV launches during FY 1995. On
December 22, 1994, a Titan IV successfully lifted Defense
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Support Program satellite flight #17 into a geosynchronous
orbit (this was incorrectly reported as a May 3rd launch in the
FY 1994 report). Two Air Force Titan IV’s also delivered clas-
sified DoD payloads into their assigned orbits on May 14 and
July 10, 1995. On March 24, 1995, the last Atlas E booster in
the Air Force inventory successfully lifted a Defense
Meteorological Satellite Program satellite into orbit to
replenish the DoD meteorological constellation. After this
launch, DoD closed the Atlas E launch complex to reduce
infrastructure costs. An Atlas IIA launched a Defense
Satellite Communications System, block three (DSCS-III)
satellite into orbit on July 31, 1995. On June 22, 1995, an Air
Force Pegasus air-launched space vehicle carrying the Air
Force Space Test Experiments Platform III (STEP-III) was
destroyed when the vehicle veered from its planned flight
path and began to break up.

In addition to Government launches, there were 12
commercial launches carried out from Government facilities
and licensed and monitored by OCST (see table). The Air
Force provided launch base and range support for these 12
commercial and civil ELV launches. This is a record number
of commercial launches in 1 year and is more than double the
launches carried out in FY 1994. These brought the total
number of commercial launches conducted by U.S. industry
to 52.

Commercial Launches in FY 1995
Company Launch Vehicle Payload Date
Martin Marietta Atlas IIAS Intelsat 703 10/6/94
Martin Marietta Atlas 1A Orion 11/29/94
EER Systems Black Brant Experimental 12/8/94
Martin Marietta Atlas IIAS Intelsat 704 1/10/95
Martin Marietta Atlas If EHF-F4 1/28/95
Lockheed Martin Atlas IIAS Intelsat 705 3/22/95
Orbital Sciences Pegasus Orbcomm 182 4/3/95
Lockheed Martin Atlas 1A MSAT 4/7/95
Lockheed Martin Atlas Il EHF-F5 5/31/95
McDonnell Douglas ~ Delta Il Koreasat 8/5/95
Lockheed Martin LLV-1 Gemstar 8/15/95
Lockheed Martin Atlas 1A JCSat 8/28/95
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During this first complete operational year of NASA’s refur-
bished Hubble Space Telescope (HST), astronomers made
many dramatic discoveries stretching to the edge of the
universe from neighboring planets in our solar system.
(HST was launched in April 1990 and serviced in
December 1993.) HST continues to be one of the most
widely used observatories in history, as at least 60 percent of
all astronomers in the United States are HST investigators
who work through the Space Telescope Science Institute to
accomplish their observations.

A team that included scientists from the Smithsonian
Astrophysical Observatory (SAO) and other institutions
used HST to derive a new, higher value for the universe’s
expansion rate, thus implying an unexpectedly young age for
the universe. By accurately determining the distance to a
galaxy in the Virgo cluster and calculating for the local
effects of the universe’s expansion rate, scientists were able to
make this precise measurement. Astronomers determined
that the universe is smaller and younger than previously
thought, about 10 billion years old—only twice the age of
the planet Earth.

Another team used HST to gather evidence that the
clouds of hydrogen gas found between galaxies at distances
of billions of light-years from Earth are at least 1 million
light-years in diameter, or about 10 times larger than previ-
ously thought, and may have a remarkable sheet-like struc-
ture. These results shed new light on the properties of
hydrogen gas clouds, whose nature has been a mystery since
their discovery a quarter of a century ago, and may provide
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clues to understanding the evolution of galaxies in the early
universe.

HST observations by SAO astronomers of faint stars deep
inside a globular cluster provided strong evidence for the
existence of cataclysmic variables. These are violently inter-
acting double-star systems that may hold clues to the evolu-
tion of the clusters, which contain some of the oldest stars in
the universe.

HST images of the most distant galaxies yet seen also
showed how the structure of galaxies evolved over most of
the history of the universe. Dramatically detailed images of
energetic stars in our own galaxy showed the process whereby
material is ejected from new stars in one direction while disks
of dust, similar in size to our solar system, accumulate around
the star. Scientists from the National Institute of Standards
and Technology (NIST) calibrated benchmark oscillator
strengths for a number of atoms calculated from the state-of-
the-art atomic structure theory; this helped NASA judge the
reliability of atomic data against the high accuracy of
observed data such as that from HST.

In other astronomical news, the Astro-2 observatory
achieved exceptional results with three telescopes observing
ultraviolet light in a record-setting 16-day flight on the Space
Shuttle Endeavour in March 1995. The most important result
was a definitive measurement of the amount of helium spread
throughout intergalactic space, measured to be the amount
predicted by the Big Bang hypothesis. This states that the
element helium was created during a hot phase of the primor-
dial universe, only a few minutes after the Big Bang itself.
The Astro-2 mission was also the first Shuttle mission with
live Internet access, with more than 2 million requests logged
in for mission information.
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The Compton Gamma Ray Observatory (CGRO),
launched in April 1991, continued a variety of observations
of gamma rays, the most energetic form of light. By the end
of FY 1995, scientists had recorded more than 1,400 of the
mysterious gamma ray bursts, spread evenly over the entire
sky. CGRO gives astrophysicists their only tool for continu-
ing observations of this most dramatic celestial mystery.
Scientists do not know whether these gamma ray explosions,
lasting a few seconds, come from mysterious objects surround-
ing our own galaxy or whether they arise in other galaxies
near the outer edges of the universe. A public debate by astro-
physicists did not resolve the question. CGRO also
completed a new survey of the highest energy gamma ray
sources, demonstrating that about half of them are quasars
with beams of energy pointed directly toward us but leaving
the other half as yet unidentified.

Following CGRO and HST, the next Great Observatory
will be the Advanced X-Ray Astrophysics Facility (AXAF).
Figuring and polishing of the eight x-ray reflecting mirrors for
AXAF were completed during FY 1995, in preparation for
mirror coating. These are by far the most precise optics ever
developed for imaging x-rays, and the completed mirrors
significantly exceed performance requirements. In addition,
the high-resolution camera being constructed at the SAO
passed its critical design review.

The Ulysses spacecraft, launched in October 1990,
successfully completed its passage over the northern pole of
the Sun, completing the first ever exploration of the solar
wind above its polar regions. Ulysses is now moving away from
the Sun and will return again to pass over the Sun’s poles in
the years 2000 and 2001. The polar passages occurred during
solar minimum, when activity on the Sun is at its lowest and
when the polar regions are dominated by high-speed solar
wind flows. Ulysses found that the solar wind was dominated
by high-speed flow for latitudes above about 30 degrees north
or south. Scientists working on the Ulysses and Voyager
spacecraft projects detected oscillations in solar wind measure-
ments, providing clues about the deep interior of the Sun.
SPARTAN 201, a small satellite deployed and retrieved by the
Space Shuttle in September 1994 and September 1995 during
the polar passages by Ulysses, discovered the presence of unex-
pectedly hot (about 10 million degrees Centigrade) gas above
the Sun’s poles. This may explain why the solar wind speed is
so high (500 miles per second) in the solar polar regions.

Voyagers 1 and 2, launched in 1977, and Pioneers 10 and
11, launched in 1972 and 1973, respectively, continued their
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exploration of the outer frontiers of the solar system. Now
nearly twice as far from the Sun as Pluto, these spacecraft are
approaching the boundary between the solar system and
interstellar space. The Voyagers, which have sufficient power
reserves to operate until 2015, could reach that boundary by
the end of this century and become the first interstellar
probes.

NASA was also active in several international programs
devoted to space physics research. Yohkoh, a joint
Japanese/U.S. mission launched in August 1991, continued
its measurements of the solar corona and observation of the
change in its x-ray brightness, activity, and structural
complexity as it evolves from solar maximum to solar mini-
mum. In November 1994, the Global Geospace Science
(GGS) Wind spacecraft was launched successfully into a path
upstream of the Earth’s magnetosphere, where it has been
providing information on the solar wind that determines
conditions in the magnetosphere, including the downstream
tail region. The Geotail spacecraft discovered particles from
the Earth’s ionosphere in the distant magnetic tail region at
distances (210 Earth radii) beyond that of the Moon.
Yohkoh, Wind, and Geotail are key elements of the
International Solar-Terrestrial Physics (ISTP) Program for
studying solar variability and its effects on the near-Earth
space environment. This program involves spacecraft from
the United States, Japan, Europe, and Russia. Several other
ISTP spacecraft were scheduled to be launched by 1996.

In the suborbital area, NASA scientists made new discov-
eries about upper atmospheric flashes during aircraft and
ground campaigns. These flashes, called sprites (red flashes)
and jets (blue fountains), appear over intense thunderstorms
and extend as high as 60 miles into the ionosphere. Scientists
obtained the first spectra of a sprite in summer 1995 and also
obtained high-resolution images showing a new type of sprite
and its complex structuring. Another flight campaign over
intense thunderstorms in Central America detected far fewer
events than were seen over similarly intense storms over the
Great Plains last year. Scientists believe that the study of
these dramatic upper atmospheric flashes, and the thunder-
storms with which they are associated, can lead to increases
in airplane safety. In another element of the suborbital
program, NASA’s sounding rocket program had 30 consecu-
tive launch successes in FY 1995.

NASA’s Solar, Anomalous, and Magnetospheric Particle
Explorer (SAMPEX) spacecraft continued its study of the
energetic electrons and atomic ions from the Sun, as well as
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interplanetary, interstellar, and magnetospheric space.
SAMPEX data are providing critical insights into how
cosmic rays are accelerated out at the heliospheric shock,
caused by the collision of the solar wind with the interstellar
gas. SAMPEX measurements have provided data on ener-
getic particles in the trapped radiation belts, which can affect
electronic systems in spacecraft such as communication satel-
lites.

Using the Very Long Baseline Array (VLBA) of the
National Science Foundation (NSF), a team of scientists
from the SAO and Japan were able to show compelling
evidence for the existence of a black hole in the center of the
galaxy NGC 4258. The latest telescope of the NSF-sponsored
National Radio Astronomy Observatory, the VLBA’s 10
antennas simulate the magnifying power of a radio telescope
more than 5,000 miles in diameter. Astronomers from Japan’s
National Astronomical Observatory and the Harvard-
Smithsonian Center for Astrophysics pointed the VLBA to
the center of NGC 4258 to make images of such high resolu-
tion that the individual positions of water vapor masers could
be measured as well as the speed of their motion along the
line of sight to the galaxy. This is equivalent to reading a sign
on a truck in Los Angeles from New York and measuring the
speed of the truck as well. A simple calculation yielded the
mass of the central object, 30 million solar masses, much too
large a mass to be contained in the available volume except
by a black hole. The massive black hole in the center of NGC
4258 has presumably grown to its huge size through years of
accretion of matter in the densely populated region of the
galaxy’s center.

Astronomers at the NSF-sponsored Kitt Peak National
Observatory investigated the formation of the Milky Way
galaxy’s Galactic Halo, an enigmatic distribution of older
stars that appears key to understanding the formation of our
galaxy. The challenge in studying the Halo came in isolating
a sample of stars guaranteed to be members of that popula-
tion. The team of astronomers was surprised to observe that
the flattened population of “young” stars seems to be older
than the spherical population of “old” stars. Was this subsys-
tem of galactic stars formed during the collapse of the proto-
galaxy from an initial spherical distribution of gas, or was it
formed by the aggregation of smaller dwarf galaxies trapped in
the gravitational field of the larger Milky Way? One expla-
nation is that both scenarios for formation of the Milky Way
contributed, with the flatter distribution of stars coming from
the collapse phase of the proto-galaxy and the younger spher-
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ical population resulting from the capture and shredding of
neighboring dwarf galaxies. This challenging topic remained
the focus of intense observational effort.

Scientists used the NSF-sponsored Cerro-Tololo Inter-
American Observatory’s Blanco Telescope to observe and
analyze the Magellanic Stream, a large filament of neutral
hydrogen gas from the Milky Way’s radio emission that origi-
nates at the Small Magellanic Cloud (a Milky Way satellite
dwarf galaxy) and extends almost one-third of the way around
the sky. The astronomical team discovered unexpectedly
strong optical line emission from hydrogen at the leading edge
of the stream, where the density of neutral hydrogen detected
in radio increases steeply. What is the source of this energetic
emission? The association with the cloud’s leading edges
suggests that as the stream moves through high-pressure, low-
density gas, shock waves propagating into the gas of the
stream produce this emission. While radio, optical, and x-ray
observations have long shown that there is diffuse gas associ-
ated with the Milky Way up to 150,000 light-years away from
our galaxy, the origin and distribution of this hot gas remained
controversial.

Astronomers at the NSF-sponsored vacuum tower tele-
scope on Sacramento Peak used a new technique called
phase-diverse speckle imaging to take time-series images of
hot gaseous bubbles rising to the surface of the Sun. The
resulting time series of a magnetic region without sunspots
showed the highly dynamic visible layer of the solar atmos-
phere at scales of less than 200 kilometers. This new imaging
technique depicted the detailed evolution of the bright edges
of granules (the convective cells on the solar surface) for the
first time. Scientists hoped that further study of these gran-
ules will yield useful information about the hot gaseous layers
of chromosphere and corona above the Sun’s surface.

The Center for Astrophysical Research in Antarctica
(CARA), one of NSF’s 25 Science and Technology Centers,
completed its second year of year-round operations. The cold
dry atmosphere and lack of diurnal variation make the South
Pole the best site on Earth for many radio and infrared
measurements. Site measurements by the South Pole
InfraRed Explorer telescope have now indicated that the sky
at the South Pole is darker by a factor of at least 20 than any
other site previously surveyed. PYTHON, one of two tele-
scopes comprising the Cosmic Background Radiation
Anisotrophy, made measurements at the South Pole during
the past two austral summers and operated for the first time

during the winter. PYTHON confirmed the Cosmic
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Microwave Background (CMB) anisotropy, first measured by
the Cosmic Background Explorer (COBE) satellite, and
began to make a finer scale map of the CMB than COBE
could. The 1.7-meter Antarctic Submillimeter Telescope and
Remote Observatory, built by the SAO, was installed at the
South Pole during the austral summer of 1994-1995. It
quickly produced more than 10,000 spectra of neutral carbon
lines in the galaxy and the Large Magellanic Cloud and also
made measurements of atmospheric trace gases, such as ozone
and carbon monoxide. Australian and NASA investigators
working with CARA have undertaken a survey of the South
Pole atmospheric transparency in the mid-infrared (5 to 40
millimeters). Measurements made during the 1994-1995
summer were encouraging enough for Goddard Space Flight
Center (GSFC) scientists to propose that monitoring equip-
ment be wintered during 1996.

During the austral summer of 1994-1995 in Antarctica,
NSF deployed a new Automatic Geophysical Observatory
(AGOQ), bringing to four the number now operating in the
field. The AGO’s, which were built by Lockheed, provide
heat, power, and data storage for a suite of several remote-
sensing instruments for years of unattended operation. When
all the AGO’s are deployed, they will provide, in conjunction
with a few manned stations, uninterrupted and overlapping
observations of the very high magnetic latitude ionosphere
with a number of instruments. Following the lead of NSE, the
British and Japanese Antarctic programs began developing
their own AGO’s, which will provide additional data in the
lower latitude auroral zone. The AGO network will comple-
ment significantly the ISTP Program, especially the NASA
Polar satellite.

Also during the austral summer of 1994-1995, NASA
and NSF continued their joint program of long-duration
ballooning in Antarctica. NASA launched two joint
payloads during FY 1995—one carried emulsion track cham-
bers to study the composition of heavy cosmic ray particles,
and the second payload was a very large, high-energy gamma
ray detector. Both payloads were recovered after flights of
more than 10 days.

A scientist at the Laboratory for Astrophysics at the
National Air and Space Museum (part of the Smithsonian
Institution) in Washington, DC detected the first “natural”
laser in space. Aboard NASA’s Kuiper Airborne Observatory
(KAO), the scientist used the aircraft’s infrared telescope to
observe a young, very hot, luminous star in the constellation
Cygnus. Such lasers are created as intense ultraviolet light
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from the star “pumps,” or excites, densely packed hydrogen
atoms in the gaseous, dusty disk surrounding a young star,
causing the atoms to emit an intense beam of infrared light.
The discovery of this naturally occurring laser has given
astronomers a powerful tool for probing the conditions in
circumstellar disks where planets are thought to form.
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In October 1994, Swiss astronomers Michel Mayor and
Didier Queloz reported their discovery of a large planet
(about half the mass of Jupiter) orbiting the star 51 Pegasi.
American astronomers Geoffrey Marcy and Paul Butler of
San Francisco State University verified the discovery. The
only previous evidence of planets orbiting another star was
the unexpected discovery of at least two planets in orbit
around a pulsar, the remnant of a supernova. 51 Pegasi is a
normal star, somewhat older than our Sun, but the new
planet is dramatically different from anything found in our
own solar system. Despite its massive size, this planet orbits so
close (about 5 million miles) that it is within the hot, tenu-
ous outer atmosphere (the corona) of its star and completes a
revolution in about 4 days. By contrast, Jupiter orbits the Sun
at a distance of nearly 500 million miles and completes a
revolution in about 12 years.

Scientists recently gained a new understanding of the
asteroid impact that occurred 65 million years ago in modern-
day Yucatan, Mexico, that led to the extinction of the
dinosaurs. Scientists had thought that the global dust cloud
raised by the impact blotted out enough sunlight to disrupt
photosynthesis in plants for 3 to 6 months. It was not clear
that this was enough time to cause mass extinctions. A new
study, by Kevin Pope of Geo Eco Arc Research, Inc., and
colleagues at NASA’s JPL and the Institute for Dynamics of
Geospheres, Russian Academy of Science, revealed that the
region where the asteroid struck has thick geological deposits
of sulfur-containing minerals. The asteroid impact could have
vaporized these mineral deposits and released an enormous
quantity of sulfur, which rapidly became transformed into
thick clouds of sulfuric acid. These clouds might have
extended the photosynthesis blackout period slightly, but
more importantly it led to an “impact winter” of freezing or
near-freezing temperatures that lasted until the acid gradually
rained out of the atmosphere in about 10 years. Land species
that survived this long winter might have lived near
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seacoasts—in climatic “refuges” with temperatures moder-
ated by the enormous heat capacity of the oceans.

Training its new and improved optics on objects in our
solar system, HST discovered a distant swarm of comets
called the Kuiper Belt that was long thought to exist in the
outer reaches of the solar system. HST obtained images of the
newly discovered Comet Hale-Bopp, showing that the solid
part of this comet is much larger than Halley’s Comet, giving
rise to predictions that Hale-Bopp may be the “comet of the
century,” when it passes closest to Earth in early 1997.

HST images and spectra also revealed unexpected
weather changes on Neptune, Mars, and Venus. There are
unexpectedly rapid cloud changes on Neptune. The atmos-
phere of Mars is much clearer and colder than 20 years ago.
Venus has less sulfur dioxide, implying less volcanic activity,
than in the 1970s.

Studies of presolar silicon carbide and aluminum oxide
grains found in primitive meteorites have led to definitive
new insights into the evolution of stars. These grains were
formed of material ejected from stars born millions or billions
of years before the Sun. They were gently incorporated into
asteroid-sized bodies during the birth of the solar system and
preserved unchanged until the present time. Scientists used
the chemical and isotopic compositions of these presolar
grains to infer physical properties of the stars, such as temper-
atures, atmospheric densities, and the degree of mixing
between inner and outer layers. The preservation of the
grains has also shed new light on the physical conditions in
the primitive solar nebula. The gas and dust in the nebula are
known to have been much cooler, on average, and much less
homogeneous; otherwise, the presolar grains would not have
survived.

New theoretical studies by a scientist at the Lunar and
Planetary Institute in Houston have suggested that Pluto’s
highly eccentric and inclined orbit is a natural consequence
of the formation and early evolution of the solar system,
rather than the result of a violent event. Pluto likely began in
nearly circular orbit with low inclination, but interactions
between giant planets and residual planetesimals during the
late stages of planet formation caused Pluto to be captured in
orbital resonance with Neptune. The resulting gravitational
perturbations by Neptune distorted Pluto’s orbit. A further
consequence of these results is that most of the remaining
planetesimals beyond Neptune, the so-called Kuiper Belt
Objects, are trapped in narrow zones at the locations of
orbital resonances with Neptune. These objects are probably
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the source of short-period comets that penetrate into the
inner solar system.

Scientists from USGS, a bureau within Dol, assisted with
final preparations for NASA’s Galileo mission, which
reached Jupiter on December 7, 1995. USGS staff developed
the software system that will be used to analyze Near-Infrared
Mapping Spectrometer (NIMS) data. In August 1995,
Galileo plowed through the most intense interplanetary dust
storm ever measured, and scientists hope to identify the
source of this dust phenomenon after further analysis of data.

To support mission planning and data analysis for NASA’s
upcoming Mars Global Surveyor mission, which is to orbit
the planet for one Martian year, USGS completed a revised
1:5,000,000-scale Mars map series of 30 quadrangles and a
series of global digital color image models of Mars. On the
upcoming Mars Pathfinder mission to explore the Martian
surface, USGS specialists in planetary photogrammetry made
several large digital image mosaics and extracted digital
terrain models of the Mars landing site for use in validating
the primary site in Chryse Planitia. On the future Cassini
mission to Saturn, USGS made major contributions to plan-
ning the observational sequences and helped define software
requirements for the uplink and downlink mission operations
phase.

The approach of asteroid 1991 JX to 0.034 astronomical
units from Earth (its closest position for at least the next two
centuries) on June 9, 1995, provided an excellent opportu-
nity for a variety of NASA-sponsored radar investigations.
These included the first intercontinental radar astronomy
observations, with transmission from the Goldstone Deep
Space Net 70-meter antenna in California to reception in
Ukraine and Japan. The 1991 JX asteroid is no more than 0.6
kilometers large, making it the smallest solar system object
imaged thus far.
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With the launch of U.S. astronaut Norm Thagard to the
Russian space station Mir aboard a Russian spacecraft in
March 1995, U.S. and international space research began a
new era of expanded opportunities for microgravity research
and technology development on orbit. Thagard’s mission to
Mir included a number of firsts for human space flight—a
record total of 10 humans were together on orbit in the
docked Shuttle/Mir spacecraft for the first time—and when
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Thagard and his two Russian colleagues returned to Earth
aboard the Space Shuttle Atlantis, they were the first humans
to ride to orbit in a vehicle from one nation and return in
that of another. During his record-breaking 116-day mission
on Mir, Dr. Thagard and the two cosmonaut crew members
conducted a wide range of research using both U.S. and
Russian research hardware. They conducted and participated
in studies on the challenges of long-duration space flight for
human physiology, behavior and performance, and advanced
life support. They worked to characterize the air and micro-
gravity environment aboard Mir and to gain insights into the
research environment that will be provided by the
International Space Station. NASA also worked with its
Russian counterparts to standardize U.S. and Russian radia-
tion-detection data.

In addition, the 1995 Mir flights allowed the longest ever
period of protein crystal growth in space, with the placement
of samples on Mir in June 1995 and their retrieval from Mir
in November 1995. In FY 1995, NASA also outfitted the
Russian Spektr and Priroda laboratory modules with more
than 2,000 kilograms of research equipment. The Russian
Space Agency launched Spektr on May 20, 1995, and
successfully docked it to Mir. Scientists expect that insights
gained aboard Mir will affect the development of technology
and research programs for the International Space Station
and future long-duration missions.

In addition to the investigations conducted during
missions to the Mir space station, NASA used middeck lock-
ers aboard other Space Shuttle missions to conduct life and
microgravity sciences experiments. NASA used the Space
Shuttle to fly a series of collaborative experiments with the
NIH to explore issues in developmental biology, basic physi-
ology, and bone loss and growth. Other middeck experiments
included cell biology, immune cell function, inorganic crystal
growth, and biotechnology investigations.

In a preliminary test of NASA’s bioreactor (an advanced
tissue-culturing apparatus) for the ISS, colon cancer tumor
cultures taken to orbit grew to be approximately twice the size
of ground controls. While the significance of these experi-
mental results is still being evaluated, the technical perfor-
mance of the experiment was excellent.

Two sounding rocket tests of the Spread Across Liquids
experiment were successfully conducted at White Sands
Missile Range on November 22, 1994, and August 28, 1995.
The experiments are investigations of flame spread charac-
teristics across a deep pool of combustible liquid in a micro-
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gravity environment. These experiments are important both
for fire safety on orbit and as fundamental research on the
nature of combustion. Materials scientists at NIST also
conducted research on the optical properties of selected
substances at high temperatures and the nature of combus-
tion and flame spread in a microgravity environment.

A newly outfitted DC-9 microgravity research aircraft
began operations in July 1995. The new DC-9 serves as a low-
gravity research facility that is capable of producing brief peri-
ods of low gravity by flying special parabolic flight paths. The
plane plays a vital role as a test platform for preparing micro-
gravity experiments for flight on both the International
Space Station and the Space Shuttle.

More Shuttle protein crystal growth experiments were
flown in FY 1995 than the total for the previous decade.
Protein crystals grown on orbit supported drug development
efforts by major pharmaceutical firms seeking improved treat-
ments for a variety of medical problems, including diabetes
and emphysema.

Experiments from the Rensselaer Polytechnic Institute
aboard the Space Shuttle produced important new insights
into a process by which the structure of metal forms. The
results of these investigations provided insights into the solid-
ification process, which could not be made precisely on
Earth. Results of this experiment may aid in the development
of stronger or more corrosion-resistant metal alloys.

In FY 1995, NASA and NIH managers completed the
selection of 32 principal investigators for Neurolab, the next
dedicated life sciences Shuttle mission. Scheduled to fly
during FY 1998, the Neurolab mission will concentrate on
neuroscience and will support a mix of prominent domestic
and international investigators.

Also during the fiscal year, NASA scientists completed
preparations for the launch of the second U.S. Microgravity
Laboratory (USML-2), a major Spacelab mission dedicated
to microgravity research. While the launch of the mission
was delayed until October 1995, scientists completed all
experimental preparation and integration in FY 1995.
Researchers prepared many investigations on crystal growth
and surface-tension-driven convection. Building on scien-
tific foundations laid by previous Space Shuttle missions,
USML-2 investigators pursued new insights into theoreti-
cal models of fluid physics, combustion science, materials
science, and biotechnology.

NASA completed Phase [ of the Early Human Test
Initiative, a 15-day experiment to evaluate the use of
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higher plants for air revitalization in extraterrestrial habi-
tats. A life sciences researcher entered the closed test
chamber on July 24, 1995. The chamber contained facilities
to maintain him for the test period without any additional
supplies and a plant growth facility containing a mature
wheat crop. The wheat crop produced sufficient oxygen
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and removed carbon dioxide to meet the requirements of
1.6-person equivalents. After 6 days of operation, the plant
photosynthesis was matched to the metabolic requirements
of the test subject by adjusting the lamps for the plants.
The experiment was successfully concluded when the
researcher exited the test chamber on August 8, 1995.
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The Space Shuttle’s primary purpose in FY 1995 continued to
be transporting people and cargo safely into low-Earth orbit.
At the end of the year, NASA had four active orbiters in its
fleet—Atlantis, Columbia, Discovery, and Endeavour. During
FY 1995, Columbia completed its orbiter maintenance down
period in the Palmdale, California, facility. As the year
ended, technicians were preparing Discovery for delivery to
Palmdale for its down period. Technicians planned to modify
Discovery so that it will be able to dock with the Russian Mir
space station and assemble the International Space Station.

The Space Shuttle program initiated a major restructuring
that will focus space flight operations under a single prime
contractor, among other changes. NASA civil service
personnel are to begin retreating from the routine daily oper-
ations and change their role to auditing and providing inde-
pendent assessments of Shuttle problems. NASA managers
are to retain sufficient technical insight into contractor activ-
ities to ensure a safe commitment to flight, in addition to
managing all Shuttle hardware development and safety
improvements.

NASA engineers continued redesigning the external tank
to reduce structural weight and thus improve the perfor-
mance of the Shuttle system. The redesign involved substi-
tuting aluminum lithium for the existing aluminum alloy to
take advantage of the new material’s greater strength per
weight. As of the end of FY 1995, the first launch of the
redesigned super lightweight tank was scheduled for late in
calendar year 1997.

Space Shuttle Main Engine project managers aggressively
pursued the development and implementation of safety and

sca VYear 1995

reliability improvements in FY 1995. In the current engine,
technicians upgraded five major components in two block
changes. Block I incorporates the new phase 11+ powerhead,
the single-coil heat exchanger, the alternate high-pressure
fuel turbopump, and the large throat main combustion cham-
ber. The Block I engine completed the certification program
in May 1995 and had its first flight in July 1995. The first of
four development/certification large throat main combustion
chambers was delivered during FY 1995 and is to be incorpo-
rated into the first development Block II engine for testing.
Engineers involved in the oxidizer turbopump development
successfully resolved all of the major technical problems they
encountered early in development. Due in large part to this
success, Congress approved the resumption of development
work on the fuel turbopump, which had been in caretaker
status since 1991. Engineers and technicians began develop-
ment testing of the Block II engine at the end of the fiscal
year, and at that time the Block II configuration was sched-
uled to enter service in September 1997.

The Solid Rocket Booster successfully supported the six
Shuttle flights during FY 1995. Redesigned Solid Rocket
Motor nozzle production remained in Utah. NASA had
wanted to move it to the former Advanced Solid Rocket
Motor (ASRM) site in Mississippi, but NASA ended up clos-
ing this ASRM site and transferring control of the site to the
State of Mississippi.

In the area of Space Shuttle systems integration, the Day-
of-Launch I-Load Update (DOLILU) system was available on
all FY 1995 missions. This system updates the flight trajectory
to account for actual winds on launch day. In June 1995, soft-
ware engineers successfully implemented the DOLILU II
system, which also incorporates the main engine control
tables, solid rocket trim data, and aerodynamic control data
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on launch day. This system further optimizes the ascent
trajectory of the Shuttle and eliminates significant flight-to-
flight trajectory design activities. Integration efforts during
FY 1995 also included analyses of structural loads; resolution
of in-flight anomalies, waivers, and changes; and software
development and testing for the control of each mission. To
support the International Space Station mission require-
ments, NASA began to identify, develop, and schedule
Shuttle performance enhancements. Engineers developed
systems integration plans to ensure the orderly implementa-
tion of these enhancements into the Space Shuttle program.
These plans specified design analyses and test requirements to
provide definition of flight margins. Engineers and techni-
cians also completed on schedule several systems analyses to
certify the safety of the Shuttle’s performance enhancements
and to ensure compatibility of design modifications to the
external tank, main engines, and the orbiter. At the end of
the fiscal year, Shuttle managers had specified all of the
necessary enhancements to support the first Shuttle-
launched International Space Station assembly flight, which
is scheduled for December 1997.

Engineers at Kennedy Space Center (KSC) redesigned
the launch and landing ground support equipment for the
Shuttle to eliminate the use of ozone-depleting chlorofluoro-
carbons (CFC). Two key items are the portable purge units,
which purge the Shuttle orbiter immediately after landing,
and the Shuttle launch pad environmental control system,
which provides clean, conditioned air to the launch vehicle
elements and the payload changeout room. KSC engineers
also began developing aqueous cleaning and cleaning verifi-
cation methods to reduce CFC freon-113 usage and associ-
ated release to the atmosphere. KSC managers plan to elimi-
nate totally the use of CFC freon-113 by the end of 1997.

Engineers began developing a propulsion advisory system
as an advanced software tool to aid in data analysis and prob-
lem resolution during launch, landing, and dynamic testing.
Propulsion system experts used this software to monitor a
wide range of data to assess propulsion system health. This
software includes an intelligent graphical interface and
display capability that provides enhanced data representa-
tion, including saturation curve plotting. The new software
system has simplified the task of performing trend analysis,
system health monitoring, and diagnosis.

Approximately 36,000 photographs were taken of critical
Space Shuttle mission closeout activities. Technicians began
to digitize these photos and store them on electronic media
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that provide better storage, records management, and
retrieval. Archivists hoped to configure a system in which
users can review these photos online in their offices to
increase the ease of efficiency of future closeout activities.
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NASA initiated the RLV technology development and
demonstration program in early FY 1995 in response to the
National Space Transportation Policy of 1994. DoD worked
with NASA on this program, bringing expertise in such areas
as flight test, operations, and composite structures. NASA has
structured the RLV program differently from previous similar
programs, with new relationships between Government and
industry, a faster program pace, and a streamlined manage-
ment structure. NASA managers designed the RLV program
to benefit the broad range of future space launch needs, from
the emerging small payloads market to the future supply needs
of the International Space Station.

In FY 1995, the Air Force’s Phillips Laboratory contin-
ued the series of flight experiments begun in 1994, using the
McDonnell Douglas Delta Clipper—Experimental (DC-X)
launch vehicle. The DC-X was designed to test the feasi-
bility of a vertical landing liquid oxygen and hydrogen
rocket operated with the same simplicity as conventional
aircraft. While the DC-X is a simplified demonstration
vehicle, many of the concepts that it incorporates would be
necessary for an actual cost-effective RLV. The year began
with the repair of damage to the DC-X vehicle from an
explosion in a ground utility trench during the previous
flight test in June 1994. The vehicle, which had success-
fully completed a controlled emergency landing after the
explosion, required repairs to the aeroshell and the liquid
hydrogen tank. On May 16, 1995, the DC-X resumed test
flights, traveling vertically 1,150 feet and then moving
laterally until it was positioned over its landing pad located
350 feet from the flight stand. On June 12, 1995, the DC-X
climbed to 5,700 feet and demonstrated for the first time
the use of four gaseous oxygen-hydrogen thrusters. In the
eighth and final test flight of the DC-X configuration, on
July 7, 1995, the DC-X demonstrated a reentry rotation
maneuver, first pointing its nose 10 degrees below the hori-
zon and then rotating 138 degrees to land with the nose
pointing up. This maneuver would be required by a full-
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scale vertical landing RLV. At the conclusion of the flight
tests, the Air Force transferred the DC-X to NASA to be
upgraded for a series of flight tests in 1996 as the DC-XA
(Delta Clipper—Experimental Advanced).

NASA initiated a second element of the RLV program,
the X-34, through a Cooperative Agreement Notice
(CAN) with Orbital Sciences Corporation in the early
part of 1995. The X-34 was to demonstrate advanced vehi-
cle technologies in flight for a fully reusable booster that
has the promise of reducing costs in the small launcher
market by about 50 percent. The X-34 was to progress
rapidly through hardware design and development to flight
demonstrations in 1997.
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NASA also initiated the X-33 program, the third RLV
flight test program, through a CAN in early 1995. As in the
total RLV program, the X-33 is a NASA partnership with
industry, with industry as the lead. The X-33 will demon-
strate critical operations and component technologies on the
ground and in flight to permit a decision at the end of the
decade on the technical feasibility of single-stage-to-orbit
(SSTQO), as well as the viability of private financing for the
next generation of launch vehicles. During FY 1995, the X-
33 program was in the design phase, with three industry
teams led by Lockheed Martin, McDonnell Douglas
Aerospace, and Rockwell International in competition
through 1996.

RLV program managers have committed themselves to
developing new operations and component technologies, as
well as to producing an industry-Government relationship
that will revolutionize the space launch industry worldwide.
If successful, the RLV program will deliver “leapfrog” tech-
nology that will permit the U.S. space launch industry to
regain worldwide leadership in low-cost space launch opera-
tions. The staff of DoT’s Office of Commercial Space
Transportation (OCST) provided technical and analytical
support, as part of the Non-Advocate Review Team for the
RLV technology program, to ensure that commercial launch
services requirements will be taken into account in the devel-
opment of this technology.

A significant first step in modernizing America’s spacelift
fleet took place in August 1995 when DoD selected four
prime contractors for its Evolved Expendable Launch Vehicle
(EELV) Low Cost Concept Validation program. The EELV is
to use existing technology to develop a family of ELV’s to
replace the current medium- and heavy-lift vehicles and
supporting infrastructure. The goal is to reduce overall launch
system costs by 25 to 30 percent by moving away from current
space launch vehicles such as the Titan, Atlas, and Delta
vehicles, while also maintaining or improving these current
systems’ operability and reliability. OCST provided technical
assistance and policy analysis as a member of DoD’s Source
Selection Advisory Board for a review of the EELV program.
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During FY 1995, engineers accomplished many of the 1993
Space Station redesign goals on the revamped International
Space Station program. NASA personnel solidified their
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“core team” management philosophy with the definitization
of the $5.63 billion design and development contract with
the prime contractor, Boeing. The collocation of Boeing in
the ISS Program Office represented a new way of doing busi-
ness at NASA, yielding significant decision-making author-
ity to the contractor.

In March 1995, the International Space Station program
successfully completed the first in a series of incremental
design reviews. This review was a comprehensive assessment
of the design and technical feasibility for the first six
American and the first five Russian International Space
Station assembly flights and a forward planning review of all
assembly flights. In April 1995, NASA held a major design
review for the Functional Cargo Block (FGB), which certi-
fied readiness to proceed with the manufacture of this impor-
tant first element of the International Space Station. The
FGB will provide propulsion, guidance, and control in the
early stages of the Station, and then will serve as a fuel and
equipment storage facility in the later stages. Also in FY
1995, the program completed the final major design review of
the solar dynamic flight demonstration for fundamentally
new power technologies.

Contractors have delivered more than 70,000 pounds of
International Space Station qualification and flight hardware.
Fabrication of the first U.S. element (Node 1), the Structural
Test Article (Node 2), and the U.S. lab module have been
completed. The contractor also completed machining of the
two nodes and nearly completed machining of the U.S. lab
module at the end of FY 1995. Contractors delivered a wide
variety of components, including the solar array mast and
panels, the thermal radiator rotary joint mockup, truss
segments, common berthing mechanism simulators, demulti-
plexers, rack structure assemblies, and hatch assemblies.

Throughout the fiscal year, development programs
continued in other partner countries as well. The Canadian
government, after resolving difficult budget limitations in
1994, continued its development program for the mobile
servicing system, which will provide external ISS robotics.
Japan has continued to remain on schedule in developing the
Japanese Experiment Module, consisting of a multipurpose
pressurized laboratory element, an unpressurized exposed
facility, a remote manipulator (robotic) system, and experi-
ment logistics modules. In Europe, the nine nations involved
in the International Space Station program continued discus-
sions on both the content and individual country financial
contributions for the program. By the end of the fiscal year,
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European space and research ministers were poised to give
the final approval for a European contribution consisting of a
pressurized laboratory called the Columbus Orbital Facility
laboratory support equipment for early use in the U.S. labo-
ratory and the Automated Transfer Vehicle (ATV), which
will be used in conjunction with the Ariane 5 launch vehicle
for delivery of logistics and propellant for Station reboost. In
August 1995, while already working on the FGB, Russia’s
Khrunichev Enterprise and the Boeing Company reached a
formal agreement on a contract for the development, launch,
and on-orbit checkout of the FGB.

While ISS development work continued, the Shuttle-
Mir program (Phase 1 ISS) was proceeding on schedule to
meet its objectives of providing operational experience,
Station risk mitigation, technology demonstrations, and
early science opportunities. Major milestones achieved
during the year included the flight of a second Russian
cosmonaut, Vladimir Titov, on the Space Shuttle in
February 1995. During that mission, Russian and American
space and ground crews operated jointly for the first time in
more than two decades as the Shuttle approached to within
10 meters of the Mir space station. In March 1995, a Soyuz
TM-21 vehicle was launched from Baikonur, Kazakhstan,
carrying the Mir 18 crew, including U.S. astronaut Dr.
Norman Thagard, to the Mir space station. Dr. Thagard’s
115 days aboard Mir provided the first long-duration
medical data on an American astronaut since the Skylab
mission during the 1970’s. Also in May 1995, the Russian
Spektr module, carrying 750 kilograms of U.S. life sciences
hardware, was launched to the Mir space station. In June
1995, the Space Shuttle Atlantis made the historic first
rendezvous and docking with the Mir. While the vehicles
were docked, the crew of Atlantis, consisting of five astro-
nauts and two cosmonauts, and the Mir 18 crew conducted
experiments similar to those planned for the International
Space Station. After 5 days of docked operations, Atlantis
departed, leaving two new cosmonauts aboard Mir and
returning the Mir 18 crew to KSC.

In the area of microgravity research for the International
Space Station, NASA, in consultation with prospective
users in the scientific community, continued to design and
prepare a series of seven major laboratory facilities and a
glovebox facility. In July 1995, NASA released a Request for
Proposal (RFP) for the centrifuge facility, and a selection
decision was planned for the first quarter of FY 1996. NASA
conducted a successful preliminary design review for the ISS
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furnace facility early in 1995 and made considerable progress
in design/development activities. In May 1995, the Fluids
and Combustion Facility entered its definition phase for
multi-user hardware development for experiments in fluid
physics and combustion science. Low Temperature Research
Facility definition activities began in 1995.

In the commercialization arena, NASA’s commercial
Space Station utilization program selected four areas of effort
for space processing payloads for Phase I Shuttle-Mir flights.
These
Government partnerships accomplished through the Centers
for the Commercial Development of Space.

activities involve industry, university, and

Megr

In FY 1995, the Department of Energy (DoE) continued its
work in the fabrication of 3 General Purpose Heat Source
Radioisotope Thermoelectric Generators (GPHS-RTG’s)
and 157 Radioisotope Heater Units (RHU’s) for NASA’s
upcoming Cassini mission to Saturn. RTG’s directly convert
the heat from the decay of the radioisotope Plutonium-238
(Pu-238) into electricity without any moving parts; they
have been employed successfully on more than 20 space-
craft of long-duration missions. Technicians completed all
of the Pu-238 processing required for the RTG’s and RHU’s
and completed fabrication of the first RTG’s heat source
during FY 1995. The prime system contractor completed
the production of all thermoelectric elements and assem-
bled and acceptance-tested the first thermoelectric
converter. Finally, DoE supported NASA in developing
environmental documentation and performing safety test-
ing for the safety analysis reports required for the launch
approval process of Cassini.

In addition, DoE took delivery in 1995 of 4.2 kilograms
(for a total of 9.2 kilograms) of Russian-produced Pu-238
to supplement the existing U.S. inventory of Pu-238. This
Pu-238 is to fuel the power sources for future planetary
exploration spacecraft. This is the first foreign-produced
material capable of being pressed directly into pellets to
fuel RTG’s.

DoE and NASA officials signed a Supplemental
Agreement to the basic Memorandum of Understanding on
radioisotope power systems for the Mars Pathfinder mission.
DoE is to provide three Lightweight Radioisotope Heater
Units (LWRHU’s) from its inventory (these are actually
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spares from the Galileo and Ulysses missions) for this
upcoming launch. DoE also began preparing a Final Safety
Analysis Report on the LWRHU’s for the Mars Pathfinder
mission.

For NASA’s Pluto Express mission, DoE engineers and
scientists studied advanced converter technologies to provide
high-efficiency and lightweight power sources. DoE engineers
also initiated technology development work to investigate
and demonstrate the viability of advanced power converters
using thermophotovoltaic, alkaline metal, and Stirling
engine technologies.

In conjunction with JPL, DoE has been exploring the use
of a bimodal (power/propulsion) space reactor system to
support NASA’s New Millennium spacecraft program. In a
joint program with the Air Force, DoE developed design
concepts for three bimodal space reactor power systems.

DoE staff also participated in an interagency technical
working group on space reactor systems sponsored by the
Defense Nuclear Agency to review its Topaz International
Program. This program is centered on a thermionic space
power system developed in the former Soviet Union, called
the Topaz II. Unlike RTG's, the Topaz reactor has moving
parts like a ground nuclear powerplant. At the component
level, under the DoE-managed 40-kilowatt (of electric
power) thermionic space reactor program, technicians
completed the initial evaluation of a single-cell thermionic
fuel element that is to double the power of past designs. At
the basic research level, work continued on the cesium effects
on bulk and surface conductivity of seal insulators and collec-
tor sheath insulators and the cesium plasma erosion of inter-
electrode gap ceramic spacers.
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NASA continued to emphasize a strong contributing safety,
reliability, and quality assurance (SR&QA) presence within
current and future flight projects. In FY 1995, seven Space
Shuttle missions, including the historic Space Shuttle/Mir
rendezvous and docking missions, were completed safely and
successfully. NASA initiated new quality management
support activities and integrated SR&QA expertise into its
aeronautics, microgravity programs, Mission to Planet Earth
(MTPE), access to space and space processing activities, and
space science programs. NASA SR&QA experts supported
critical design reviews, program design reviews, independent
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assessments, and technical reviews for safety and mission
assurance and guided the development of quality plans for
new aeronautics programs.

The International Space Station independent assess-
ment activity resulted in technical and management
improvements in such areas as end-of-life disposal, micro-
gravity reliability, supportability/availability for micrograv-
ity, integrated test and verification planning, and configu-
ration and risk-management processes. Also, the Station’s
software independent verification and validation (IV&V)
activity found and helped the program correct several crit-
ical flight software problems.

In the safety policy, requirements, and standards area,
NASA updated its emergency program plan and developed
new preparedness exercises to heighten its emergency
response capabilities. NASA worked closely with the
Federal Emergency Management Agency (FEMA) in plan-
ning and executing “Response ’95,” the largest peacetime
emergency preparedness exercise ever accomplished.
NASA developed an international agreement with Japan
on hydrogen and oxygen propellant explosions tests. The
work done under this agreement will result in further
understanding and better definition of safety requirements
for protecting against these types of explosions.
Additionally, NASA promulgated standards and guidelines
addressing software safety, orbital debris risk assessment,
and risk assessment for large-scale programs.

NASA promoted International Organization for
Standardization (ISO) 9000 as NASA’s standard for quality
management systems and inaugurated the NASA
Engineering and Quality Audit and Advance Quality
Concepts programs to improve the way it does business with
its industry and educational institution partners. NASA
conducted developmental work on new SR&QA tools, such
as hand-held fire detection cameras, the spacecraft test effec-
tiveness program, and improved electrical, electronic, and
electromechanical parts qualification to set the stage for
further reduced costs with improved safety and reliability in
flight vehicles and payloads. The NASA-wide safety, reliabil-
ity, maintainability, and quality assurance installation self-
assessments and Headquarters spot checks continued to serve
as effective assessment tools. NASA placed additional
emphasis on safety training and professional development,
and NASA’s cost of quality workshops for program and
system managers continued to provide value-added, practical
tools for improving performance while reducing costs.
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NASA’s software assurance and software IV&YV efforts
included a comprehensive assessment of software for the ISS
Interim Design Review 1 and software assessments for Space
Shuttle flights and wind tunnel control systems. The NASA
Software IV&V Facility in Fairmont, West Virginia, was
selected to become the NASA Center of Excellence for soft-
ware [V&V.
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In FY 1995, NASA addressed the challenge of reducing
mission costs without reducing performance and payoffs by
focusing technology development on the following key
objectives: (1) reducing the mass and increasing the effi-
ciency of spacecraft systems to enable the use of smaller
launch vehicles; (2) increasing spacecraft and ground system
autonomy to reduce overall mission operations cost; and (3)
exploiting microfabrication technology to develop miniatur-
ized components and instruments with equal or better perfor-
mance than current components and instruments. NASA
continued to pursue these objectives through specific tech-
nology development programs.

In FY 1995, NASA completed the 2-kilowatt (of electric
power) solar dynamic ground test demonstration, the first
end-to-end demonstration of a complete solar dynamic power
system designed for space operations. Engineers completed
the program significantly ahead of schedule and under budget.
The system performed as designed under conditions simulat-
ing the thermal and vacuum environment of low-Earth orbit.
In FY 1995, Lockheed Martin adopted for commercial use an
advanced arcjet spacecraft propulsion system, developed by
NASA, because of its significantly reduced propellant use.

In FY 1995, NASA’s instrument and sensing technology
program demonstrated large-format infrared arrays, which
can be produced for both Earth science and astrophysics
mission applications. This included demonstration of a new
256 by 256 element array with the potential for reducing the
mass, power requirements, and complexity of Earth-observing
instruments in the 15- to 20-micron range, which is critical
for studying Earth’s environment from space. Progress in the
development of microelectromechanical systems compo-
nents in FY 1995 led to a flight demonstration of a microhy-
grometer that outperforms current, large instruments. Also in
FY 1995, Hughes Danbury Optical Systems delivered the
primary mirror for the advanced infrared telescope to JPLs
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cryogenic optical test facility. NASA’s advanced infrared tele-
scope will have twice the collecting area, half the mass, and
one-third the diffraction wavelength of the previously flown
Infrared Astronomy Satellite.

The instrument and sensing program also supported the
development of a viable, commercial remote-sensing industry
by supporting the prototyping of specialized packaging of
space-based data products into usable, customer-defined
information products. Researchers completed eight projects
in FY 1995, including projects in agricultural production
management, marine vessel surveillance, and gas pipeline
monitoring. Scientists also began a variety of new coopera-
tive projects, ranging from sensor development and desktop
mapping software design to rangeland management and tele-
vision weather forecasting.

In FY 1995, NASA’s operations and autonomy technol-
ogy program developed an artificial intelligence application
that searches massive image data bases and finds phenomena
of interest. This tool, when applied to astrophysics data,
discovered 10 quasars in a small fraction of the time and cost
it would have taken humans to analyze the data.

As a step toward the Mars Pathfinder mission, a NASA
planetary rover conducted a 10-kilometer autonomous
traverse across natural terrain, with human control limited to
the designation of the vehicle’s heading and end goal. The
program also continued to develop, in conjunction with
industrial partners, the robotically assisted microsurgery
system, a robotic system for the precise manipulation of surgi-
cal tools for ocular surgery. These manipulations are
constrained to a l-cubic-inch work envelope and must
achieve very high levels of precision and repeatability.
NASA is developing such robotic surgery tools for potential
telemedicine uses on long-duration human missions.

The Advanced Smallsat Technology program progressed
towards NASAs first small spacecraft demonstrations, as
systems integration work was completed on the “Lewis and
Clark” satellites. At the end of FY 1995, each experimental
satellite, which is no bigger than a console television set, was
scheduled for launch in mid-1996. The Lewis spacecraft is to
be the first “hyper-spectral” imaging system, with wide appli-
cations in Earth science and commercial remote sensing.
NASA engineers have designed the Clark spacecraft to help
city planners and developers evaluate sites and construction
needs through the use of a very high-resolution optical
element with stereo imaging capabilities. Both spacecraft are
to carry additional instruments that will provide global
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atmospheric pollution dynamics information for NASA’s
MTPE. NASA managers hope to learn from the Lewis and
Clark program how to reduce the development and operating
costs of scientific spacecraft, while simultaneously increasing
the yield of useful scientific data from them.

In FY 1995, NASA’s space communications program
accomplished an extensive number of experiments using
NASA’s Advanced Communication Technology Satellite.
Researchers performed unique experiments in the areas of
telemedicine and tele-education and demonstrated high rates
of data transmission via satellite.

In July 1995, the DoD-sponsored Hercules project flew
successfully aboard the Space Shuttle on mission STS-70.
Jointly funded by the Naval Research Laboratory (NRL) and
the Army Night Vision and Electronic Sensors Directorate,
Hercules investigated the utility of multispectral video
imagery to support DoD objectives. Using mostly commer-
cially available instruments, Hercules recorded multispectral,
geolocated images of Earth from space. DoD hopes to make
further use of this project both from the Space Shuttle and
the future ISS.

Mission controllers from the Ballistic Missile Defense
Organization (BMDOQ) reestablished contact with the
Clementine spacecraft in February 1995, after a software
problem in May 1994 hampered communications with the
satellite. Launched in January 1994, the Clementine mission
was successful in terms of space-qualifying 23 advanced, light-
weight technologies during its 17-month mission. During FY
1995, scientists continued to analyze data obtained from the
mission’s lunar mapping. They also investigated the exciting
possibility that Clementine discovered ice trapped in a dark
region of the Moon’s south pole. The Clementine mission
also provided scientists and the general public with unprece-
dented access to data by placing most of the information on
the Internet. A single site maintained by the NRL, for exam-
ple, averaged more than 800 accesses per day.

The Space Technology Research Vehicle (STRV)-1b
program was nominally completed in June 1995, 1 year after
its launch, but mission controllers extended the program to
evaluate the Satellite Communications Protocol System, an
initiative sponsored by the U.S. Space Command, NASA,
and Britain’s Ministry of Defence. The successful collabora-
tion on the STRV-1b program resulted in the establishment
of a second joint venture, the STRV-2 program, which is to
combine a British midwavelength infrared optical system
with a U.S. vibration isolation system to demonstrate the
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ability to detect nonafterburning aircraft from space and to
acquire the data needed for the development of missile track-
ing software.

Sandia National Laboratories and Los Alamos National
Laboratory continued to provide nuclear explosion sensors
for integration onto DoD GPS and defense support
program spacecraft. These sensors are designed to detect,
identify, and locate any atmospheric or near-Earth space
nuclear explosions. The sensors are used to verify interna-
tional compliance with nuclear test-ban treaties, to moni-
tor nuclear proliferation, and to meet military needs in the
event of a nuclear attack.

In FY 1995, NASA’s Office of Space Access and
Technology formed the Advanced Concepts Office (ACQO)
to identify and develop new, far-reaching concepts that may
later be applied in advanced technology programs. The
ACQO initiated a wide-ranging program of feasibility studies
and experiments in FY 1995 in areas such as affordable in-
space transportation, space solar power, highly reusable
space transportation, very large and lightweight adaptive
optics, orbital debris removal, International Space Station
downmass disposal using tethers, structureless cooperating
space swarms, and very large lightweight structureless
antennas. The ACO also formulated a process for advanced
concept creation, external to NASA, and issued an initial
CAN solicitation for the Advanced Concepts Research
Projects program. In addition, the ACO defined a potential
process for competitive creation of innovative concepts by
NASA’s own inventors. Moreover, the ACO supported the
NASA Administrator’s Seminar Series, which covered a
wide range of cutting-edge questions in science and explo-
ration. NASA also created the Virtual Research Center
concept, involving a dedicated collaborative computing
environment for NASA advanced concepts studies. The
ACO began developing this innovative Internet-based tool
for geographically distributed team activities.
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In FY 1995, NASA released the “Agenda for Change,” a
comprehensive policy document that sets out a new way of
doing business for NASA’s transfer of technology to the
private sector. NASA also established a new national

computer system to track the technology transfer potential of

NASA programs.
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The following are just two of 1995’s hundreds of instances
of NASA’s ongoing efforts to foster and transfer space and
aeronautics technologies with secondary applications in the
private sector:

O NASA’s Langley Research Center (LaRC) introduced a
new technology to reduce lives lost from carbon monox-
ide poisoning. LaRC granted licenses for a NASA low
temperature carbon monoxide oxidation catalyst tech-
nology for specific commercial applications to three
different companies. NASA engineers and scientists
developed these catalysts to provide a capability for recy-
cling carbon monoxide produced during the operation of
closed-cycle carbon dioxide lasers in space environments.
This technology recombines carbon monoxide, a poten-
tially lethal gas to humans, and oxygen into carbon diox-
ide, a comparably harmless gas.

O Firefighters and other emergency rescue workers now
have access to a new generation of emergency rescue
equipment that weighs 70 percent less and is 70 percent
cheaper than other similar rescue equipment. Hi-Shear
Technology Corporation, using NASA technology,
completed the development of a new generation of light-
weight, hand-held, emergency rescue equipment specifi-
cally designed to allow for the rapid removal of auto
accident victims. The Lifeshear incorporated NASA-
developed pyrotechnical technology called the initiator
or power unit. As the industry leader in developing
pyrotechnic-actuated thrusters, explosive bolts, separa-
tion nuts, pin pullers, and cutters, Hi-Shear has supplied
these items for nearly all of NASA’s major deep-space
missions over the past 23 years. The Lifeshear cutters
weigh less than 15 pounds, are about 2 feet long, take
about 30 seconds to set up, and require no pumps or
motors for operation. In 1995, the Lifeshear cutter was
used at the site of the Oklahoma City Federal Building
disaster. After this successful use, FEMA immediately
ordered 40 of the and 7,000 of the
initiators/power units. FEMA has also recommended the
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purchase of the Lifeshear cutters by all urban search-and-
rescue groups throughout the United States.

FY 1995 also saw significant progress in NASA’s ongoing

efforts to develop and transfer technology with biomedical
applications. Early in the fiscal year, NASA began a cooper-
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ative effort with the National Institute of Child Health and
Human Development to exploit NASA’s bioreactor technol-
ogy. This effort has developed into a highly successful trans-
fer of technology and expertise. Other NIH researchers have
been using NASA technology to grow cultures of human
lymph tissue to study the infectivity of the virus (HIV) that
causes AIDS. NASA expanded on this activity by awarding
grants to the Massachusetts Institute of Technology in
Cambridge and the Wistar Institute in Philadelphia to trans-
fer this technology to university researchers.

Working with technologies developed by the Ames
Research Center (ARC), pediatric surgeons at the University
of California at San Francisco initiated a program to use
NASA-developed biosensor and telemetry technology to
monitor the condition of fetuses with life-threatening
congenital conditions. Ames shared its innovative technolo-
gies with surgeons at the university’s Fetal Treatment Center,
which expects to develop additional life-saving medical
procedures because of its collaboration with ARC.

With support from the NSF medical doctors and
astronomers from Georgetown University, the Space
Telescope Science Institute, and Johns Hopkins University
formed a collaboration to apply computer software, originally
crafted for HST, to look at the heavens for scanning digitized
mammograms. Over recent decades, the processing of astro-
nomical images has become very sophisticated, spawning
techniques to reconstruct and filter images, as well as to
detect faint objects. The collaborative project got its start
when scientists realized that stars in the sky look remarkably
similar to the signs of breast cancer, called microcalcifica-
tions, for which radiologists search. After having a radiologist
point out the microcalcifications in two mammograms, a
team of astronomers was able to find the signs of cancer in the
other two images without being shown. Project scientists
then proceeded to scan more mammograms to assess the util-
ity of the technique on a broader scale and possibly use the
software to detect other types of cancers.

Also in the area of breast cancer screening, NASA’s
Office of Life and Microgravity Sciences and Applications
teamed with the National Cancer Institute (NCI) to
cosponsor applied research and development projects
designed to lead to new digital imaging techniques for the
early detection of breast cancer. Innovative breast cancer
imaging techniques that were recently selected from a
NASA/NCI competitive solicitation are expected to lead to
highly effective