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Excerpts From The National Aeronautics And Space Act Of 1958, As Amended

AN ACT To provide for research into problems of flight within and outside the
Earth's atmosphere, and for other purposes.

Declaration Of Policy And Purpose

s .

Sec. 102 (a) The Congress hersby dectares that it is the policy of the United
States that activities in space should be devoted to peaceful
purposes for the benefit of all mankind.

() The Congress declares that the general welfare and security of
the United States require that adequate provision be made for
aeronautical and space activities. The Congress further
dectares that such activities shall be the responsibility of, and
shall be directed by, a civilian agency exercising control over
aeronautical and space activities sponsored by the United
States, except that activities peculiar to or primarily associated
with the development of weapons systems, military operations,
or me detensse of the United States (including the research and

it r y to make effective provision for the
defense of the United States) shall be the responsibiiity of, and
shall be directed by, the Department of Defense; and that
determination as to which such agency has responsibility for
and direction of any such activity shall be made by the
President in conformity with section 201(e).

() The Congress declares that the general welfare of the United
States requires that the National Aeronautics and Space
Administration (as established by title Il of this act) seek and
encourage to the maximum extent possible the fullest
commercial use of space.

(d) The aeronautical and space activities of the United States shall
be conducted so as to contribute materially to one or more of
the following objectives:

(1) The expansion of human knowledge of the Earth and of
phenomena in the atmosphere and space; *

(2} The improvement of the usefulness, performance, speed,
safety, and efficiency of aeronautical and space vehicles;

(3) The development and operation of vehicles capable of
carrying instruments, equipment, supplies, and living
organisms through space;

(4) The establishment of long-range studies of the potential
benefits to be gained from, the opportunities for, and the
problems involved in the utilization of aeronautical and
space activities for peaceful and scientific purposes;

(5) The preservation of the role of the United States as a leader
in aeronautical and space science and technology and in
the application thereof to the conduct of peaceful activities
within and outside the atmosphere;

{6) The making available to agencies directly concerned with
national defense of discoverias that have military value or
significance, and the furnishing by such agencies, to the
civilian agency established to direct and control nonmilitary
aeronautical and space activities, of information as to
discoveries which have value or significance to that agency;
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Excerpts From The National Aeronautics And Space Act Of 1958, As Amended

Declaration Of Policy And Purpose (Continued)

(7) Cooperation by the United States with other nations and
groups of nations in work done pursuant to this Act and in
the peaceful application of the results thereof, and

The most effective utilization of the scientific and
engineering resources of the United States, with close
cooperation among all interested agencies of the United
States in order to avoid unnecessary duplication of sffort,
facilities, and equipment,

(8

(e) The Congress declares that the general welfare of the United
States raquires that the unique competence in scientific and
engmeenng systems of the National Aeronautics and Space
Admini also be di toward ground propulsion
systems research and development.

(f) The Congress declares that the general welfare of the United
States requires that the unique competence in scientific and
engineering systems of the National Aeronautics and Space
Admini jon also be di d toward the development of
advanced automobile propulsion systems.

(g) The Congress declares that the general welfare of the United
States requires that the unique competence in scientific and
engmeenng systems of the National Aeronautics and Space
Admini; 1 also be di d to assisting in bioengineering
research, development, and demonstration programs designed
to alleviate and minimize the effects of disability.

(h) 1tis the purpose of this Act to carry out and effectuate the policies
declared in subsaections (a), (b), (c), (d), (e), (f). and (g).

F Of The A

Sec. 203 (a) The Administration, in order to carry out the purpose of this Act,
sh

®)

(1) plan, direct, and conduct aeronautical and space activities;

(2) arrange for participation by the scientific community in
ptanning scientific measurements and observations to be
made through use of aeronautical and space vehicles, and
conduct or arrange for the conduct of such measurements
and observations; and

@

provide for the widest practicable and appropriate
dissemination of information concerning its activities and
the results thereof.

(1) The Administration shall, to the extent of appropriated
funds, initiate, support, and carry out such research,
development, demonstration, and other related activities in
ground propulsion technologies as are provided for in
sections 4 through 10 of the Electric and Hybrid Vehicle
Research, Development, and Demonstration Act of 1976.

(2) The Administration shall initiate, support, and carry out such
research, development, demonstration, and other related
activities in solar heating and cooling technologies (to the
extent that funds are appropriated therefor) as are provided
for in sections 5, 6 and 9 of the Solar Heating and Cooling
Demonstration Act of 1974,
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NASA Installations

NASA HEADQUARTERS
Washington, DC 20546

NASA Headquarters exercises management over the space flight centers,
research centers, and other installations that constitute the National Aeronautics
and Space Administration,

Responsibilities of Headquarters cover the determination of programs and
projects; establishment of management policies: procedures and performance
criteria; evaluation of progress; and the review and analysis of all phases of the
aerospace program.

The center's major program responsibilities are concentrated in computer science
and applications, computational and experimental asrodynamics, flight simulation,
flight research, hypersonic aircraft, rotorcraft and powered-lift iechnology
aeronautical and space human factors, life sciences, space saences solar
system exploration, airborne science and applications, and i V.

HUGH L. DRYDEN FLIGHT RESEARCH CENTER
Edwards, CA 93523

Since 1947, Ames-Dryden has developed a unique and highly specialized
capability for conducting flight research programs. Its test organization,
consisting of pilots, scientists, engineers, technicians and mechanics, is

Planning, direction, and management of NASA's h and development
programs are the respcnsrbllny of the program offices which repon to and
receive overall guidance and di ) from an or it
administrator,

AMES RESEARCH CENTER
Moffett Field, CA 84035

Amaes Research Center was founded in 1939 as an aircralt research laboratory
by the National Advisory Committee for Aeronautics (NACA) and was named for
Dr. Joseph S. Ames, Chairman of NACA from 1927 to 1939. In 1958, Ames
became part of NASA, along with other NACA installations and certain
Department of Defense facilities. In 1981, NASA merged Ames with the Dryden
Flight Research Facility.

Ames specializes in scientific research, exploration and applications aimed
toward creating new technology for the nation.

anywherae in the world, This versatile organization has demonstrated
ns capability, not only with high-speed research aircraft, but also with such
unusual flight vehicles as the Lunar Landing Research Vehicle and the wingless
lifting bodies.

The tacility's primary research tools are research aircraft, ranging from a B-52
carrier aircraft and high performance jet fighters to the X-29 forward swept wing
aircraft. Ground-based facilities include a high temperature loads calibration
laboratory that allows ground-based testing of complete aircraft and structurat
components under the combined effects of foads and heat; a highly developed
aircraft flight instrumentation capability; a ﬂlght systems Iaboratory with a
diversified capability for avi system tand ions;
a flow visualization facility that allows basic flow mschamcs to be seen of models
or small components; a data analysis facility for processing of flight research data;
a remotely piloted research vehicles facility and a test range communications and
data transmission capability that inks NASA's Western Aeronautical Test Range
facilities at Ames-Moffett, Crows Landing and Ames-Dryden.
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NASA Installations

GODDARD SPACE FLIGHT CENTER
Greenbelt, MD 20771

This NASA field center has put together a multitalented spaceflight team --
engineers, scientists, technicians, project managers and support personnel --
which is extending the horizons of human knowledge not only about the solar
system and the universe but also about our Earth and its environment.

The Goddard mission is being accomplished through scientific research centered
in six space and Earth science laboratories and in the management,
development and operation of several near-Earth space systems.

After being launched into space, satellites fall under the 24-hour-a-day
surveiliance of a worldwide ground and spaceborne communications network,
the nerve center of which is located at Goddard. One of the key elements of that
network is the Tracking and Data Relay Sateliite System (TDRSS) with its
orbiting Tracking and Data Relay Satellite and associated ground tracking
stations.

Goddard's tracking responsibility extends to its Wallops Flight Facility. Wallops
prepares, assembles, launches, and tracks satellites and suborbital space
vehicles and manages the National Scientific Balioon Facility in Palestine, Texas.

JET PROPULSION LABORATORY
Pasadena, CA 91109

NASA's Jet Propulsion Laboratory (JPL) is a government-owned facility staffed
by the California Institute of Technology. JPL operates under a NASA contract
administered by the NASA Pasadena Office. In addition to the Pasadena site,
JPL operates the Desp Space Communications Complex, a station of the
worldwide Deep Space Network (DSN).

The taboratory is engaged in activities associated with deep space automated
scientific missions -- engineering subsystem and instrument development, and
data reduction and analysis required by deep space flight.

The laboratory also designs and tests flight systems, including complete
spacecraft, and provides technical direction to contractor organizations.

LYNDON B. JOHNSON SPACE CENTER
Houston, TX 77058

Johnson Space Center was established in September 1961 as NASA's pnmary
center for design, development and testing of sp aft and

for manned flight; selection and training of astronauts; planning and conducnng
manned missions; and extensive participation in the medical engineering and
scientific experiments carried aboard space flights.

Johnson has program management responsibility for the Space Shuttle program,
the nation's current manned space flight program. Johnson also has a major
responsibility for the development of the Space Station, a permanently manned,
Earth-orbiting facility to be constructed in space and operabte within a decade.
The center will be responsible for the interfaces between the Space Station and
the Space Shuttle.

JOHN F. KENNEDY SPACE CENTER
Kennedy Space Center, FL 32899

Kennedy Space Center (KSC) was created in the early 1960's to serve as the
launch site for the Apollo lunar landing missions. After the Apollo program ended
in 1972, Kennedy's Complex 39 was used for the launch of the Skylab
spacecraft, and later, the Apollo spacecraft for the Apollo Soyuz Test Project.
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NASA Installations

Kennedy Space Center serves as the primary center within NASA for the test,
checkout and launch of payloads and space vehicles. This presently includes
launch of manned and unmanned vehicles at Kennedy, the adjacent Cape
Canaveral Air Force Station, and at Vandenberg Air Force Base in California.

The center is responsible for the assembly, checkout and launch of Space
Shuttle vehicles and their payloads, landing op: 18 and the turn-around of

Space Shuttle orbiters between missions, as well as preparation and launch of
unmanned vehicles.

LANGLEY RESEARCH CENTER
Hampton, VA 23665-5225

Langley’s mission is basic research in aeronautics and space technology.
Major reseasch fields include aerodynamics, maxeria!s. strucmres ﬂlgm
controls, information sy acoustics, aer pheric sciences,
and nondastructive evaluation. Langley's goal is to devalop technologies to
enable aircraft to fly faster, tarther, safor, and to be more maneuverable,

quieter, less expensive to manufacture, and more energy efficient.

The majority of Langley's work is in aeronautics, working to improve today's
aircraft and to develop concepts and technology for future aircraft. Over 40
wind tunnels, other unique research facilities, and testing techniques as well as
computer modeling capabilities aid in the investigation of the full flight range,
from general aviation and transport aircraft through hypersonic vehicles.

Researchers also study atmospheric and Earth sciences, develop technology
for adh d space tation conduct research in laser energy
conversion techniques for space appllcanons and provide the focal point for

design studies for large space systems technology and Space Station activities.

Langley also manages an extensive program in atmospheric sciences to better
understand the origins, chemistry, and transport mechanisms that govern the
Earth's atmospheric data using aircraft, balloon, and land- and space-based
remote sensing instruments designed, developed, and fabricated at Langloy.

LEWIS RESEARCH CENTER
Cleveland, OH 44135

Lewis R h Center was lished in 1941 by the National Advisory
Committee for Aeronautics (NACA). Named for George W. Lewis, NACA's
Director of Research from 1924 to 1947, the center developed an international
reputation for its research on jet propulsion systems.

Lewis is NASA's lead center for research, technology and development in aircraft
propulsion, space propulsion, space power and satellite communication.

The center has been advancing prapulsion technology to enable aircraft to fiy
faster, farther and higher and also focused its research on fuel economy, noise
abatement, reliability, and reduced pollution,

Lewis has responsibility for developing the largest space power system ever
designed to provide the electrical powar r y to date the life
Support systems and research experiments to be conducted aboard the Space
Station. In addition, the center will support the Station in other major areas such
as auxiliary propulsion systems and communications.

Lewis is the home of the Microgravity Materials Science Laboratory, a unique
facility to qualify potential space experiments. Other facilities include a zero-
gravity drop tower, wind tunnels, space tanks, chemical rocket thrust stands, and
chambers for testing jet engine efficiency and noise.
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MARSHALL SPACE FLIGHT CENTER
Marshall Space Flight Center, AL 35812

George C. Marshall Space Flight Center (MSFC) was formed on July 1, 1960,
by the transfer to NASA of buildings and personnel comprising part of the U.S.
Army Ballistic Missiie Agency. Named for the famous soldier and statesman,
General of the Army George C. Marshall, it was officially dedicated by President
Dwight D. Eisenhower on September 8, 1960.

Marshall is a muitiproject management, scientific and engineering
establishmant, with much emphasis on projects involving scientific investigation
and application of space technology to the solution of problems on Earth.

In helping to reach the nation's goals in space, the center is working on many
projects. Marshall had a significant role in the development of the Space
Shuttle. It provides the orbiter's engines, the external tank that carriss liquid
hydrogen and liquid oxygen for those engines, and the solid rockst boosters
that assist in lifting the Shuttle orbiter from the launch pad

"The center also plays a key role in the development of payloads to be flown
aboard the Shuttle. One such payload is Spacelab, a reusable, modular
scientific research facility carried in the Shuttle's carge bay.

Marshall also is committed to the investigation of materials processing in space,
which, in a gravity-free environment, promises to provide opportunities for

understanding and improving Earth-based processes and for the formulation of
space-unique materials. Exciting new techniques in materials processing have
already been demor in past Spacelab missions, such as the formation of

alloys from normally immiscible products, and the growth of near-perfect large
crystals impossible to grow on Earth.

MICHOUD ASSEMBLY FACILITY
New Orleans, LA 70189

The primary mission of the Michoud Assembly Facility is the systems
engineering, engineering design, manufacture, fabrication, assembly, and related
work for the Space Shuttls external tank. Marshall Space Flight Center
exercises overall management control of the facility.

JOHN C. STENNIS SPACE CENTER

Stennis Space Center, MS 395290

The John C. Stennis Space Center (SSC) has grown into NASA's premier center
for testing large rocket propulsion systems for the Space Shuttle and future
generation space vehicles, Additionally, the center has developed into a
scientific community actively engaged in research and development programs
involving space, ocsans, and the Earth.

The main mission.of SSC is support the development testing of large propulsion
systems for the Space Shuttle, Advanced Launch System, and the Advanced
Solid Rocket Motor programs.

WALLOPS FUGHT FACILITY
Wallops Island, VA 23337

Established in 1945, Wallops Flight Facility, a part of the Goddard Space Flight
Center, is one of the oldest launch sitas in the world. Wallops manages and
implements NASA's sounding rocket program and the Scientific Balloon
Program. The facility operates and maintains the Wallops launch range and data
acquisition faciliies. Approximately 100 rocket launches are conducted each
year from the Wallops Island site.
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The Year in Review

HST Servicing Mission Hightights 1993 Accomplishments

On five consecutive nights in December, astronauts aboard the
Space Shuttie Endeavour thrilled the world with spacewalks to
replace faulty components of the Hubble Space Telescope. They
placed the telescope back into space on December 10. NASA
expected orbital verification of the first servicing mission in
March 1994, but focusing and alignment of the corrected optics
for the telescope proved much less extensive than expected.
Thus, already on Jan. 13, 1994, NASA officials and scientists
were able to proclaim the repairs a complete success.

NASA's space science programs in 1993 delivered an enormous
volume of data and discoveries about the planets, stars and
cosmos. Unfortunately, a major disappointment occurred when
the Mars Observer spacecraft, the first U.S. mission to Mars in 17
years, fell silent only days before entering orbit around the
planet.

In March, NASA Administrator Daniel S. Goldin, on orders from the
President, directed the agency to redesign the space station in
order to make it more efficient, effective, and capable of
producing greater returns on ir In early D ber, the
participating nations in the Space Station Program agreed to
invite Russia to join in the program, and on Dec. 16, Vice
President Gore and Russian Prime Minister Chernomyrdin
confirmed the historic joining of the U.S. and Russian human
space programs.

During 1993, NASA began to reinvigorate American investment in
aeronautical research. The agency made progress in laying the
foundation for a future sup ic airliner; inued to work to
make tomorrow's aircraft and the nation's air traffic control
system safer, more efficient, and more economical; and started
efforts to foster educational programs that will help create a
cadre of young, highly skilled aeronautical engineers for the next
century.

Space Sclence

NASA’s space science programs in 1993 kept up a vigorous pace in
delivering a huge- volume of data, remarkable images, and often
surprising discoveries about planets, stars, and the cosmos.

Hubble Space Telescope (HST)

After a one-day weathes postponement, the STS-61 HST first
servicing mission lifted off Pad 39B in a spectacular nighttime
launch at 4:27 a.m. EST on Dec. 2, 1993. The Shutile Endeavour
pursued the observatory for several orbits, culminating in a
precise and flawless rendezvous, grapple, and berthing of the
telescope in the cargo bay. The Endeavour flight crew, in concert
with controllers at Johnson Space Center, Houston, Tx., and
Goddard Space Flight Center, Greenbelt, Md., compleled all eleven’
servicing tasks during five extravehicular activities for full
accomplishment of all STS-61 servicing objectives. This
included installation of a new Wide Field & Planetary Camera and
sets of corrective optics for all the other instruments, as well as
replacement of faully solar arrays, gyr

and electrical components to restore the rellabllny 01 the
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The Year in Review

observatory subsy: . The also provided HST with a
reboost into a 321-nautical-mile, nearly circular orbit. Re-
deployment of a healthy HST back into orbit using the shuttle
robotic arm occurred at 5:26 a.m. EST on Dec. 10, and the
telescope was once again a fully operational, lree-flying
spacecraft. Orbital verification of HST's improved capabilities
occurred in early Jan., well ahead of the Mar. schedule.

During the course of the year before the servicing mission, the
HST:

Di d a double resulting from the merging of two
galaxies.
Di: a inwheel ped disk of gas in the

heart of the galaxy surrounded by clusters of young stars born as
a result of a collision of two galaxies. The HST finding provides
strong evidence explaining the origin of galaxies.

Provided greatly refined measurements of the distance of a
nearby galaxy, offering a more precrse yardsuck for measuring
the size and age of the universe.

Discovered stars with "naked cores® representing an entire new
population of very blue stars that apparently have been
cannibalized of their outer gas layers by other passing stars.

Provided si)ectacular views of a shattered comet hurlling
towards a Jul. 1994 collision with Jupiter, refining previous
ground-based observations.

Found disks of dust around newly formed stars, confirming
theories about the bisth of planets.

Provided the earliest look at the rapidly ballooning bubble of gas
blasted off an exploding star, known as a nova.

Cosmic Background Explorer (COBE)

Provided the most precise temperature measurements yet
obtained of the radiant energy r ining from the explosion that
began the universe according to the Big Bang theory--providing
the toughest test yet of that theory.

Compton Gamma-Ray Observatory (GRO)

Yielded two major breakthroughs that will enable scientists to
find remnants of old super the r ins of exp stars--
buried deep in the Milky Way galaxy.

Pinpointed an unusual star as the source of mysterious gamma
rays that have puzzled researchers since they were first detected
more than 80 years ago.

Discovered a new physical phenomenon--rare flashes of gamma
rays produced in the Earth's upper atmosphere above regions of
intense storms, possibly associated with huge electrical
discharges.

Provided new and stronger evidence that gamma-ray bursts do
not originate in the Milky Way galaxy and thesefore probably come
from cosmological distances.
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The Year in Review

Roentgen Satellite (Rosat}

Di: ed a huge ation of lled dark matter in
space about 150 mﬂhon light years {about 5.8 frillion miles)
from Earth. The y to firm that most dark

matter in the universe is concemra!ed in and around small groups
of galaxies. This dark matter is believed 1o constitute up to 95
percent of the mass of the universe.

Extreme Ultraviolet Explorer (EUVE)

Provided new information that will help astronomers understand
the evolution of stars into the white-dwarf stage and the details
of how stars like Earth's sun die.

international Ultraviotet Explorer (IUE)

The i ing board rep just after the end of the
calendar year lhat the most likely cause of the loss of

with the sp aft on Aug. 21, 1993, was
rupture of the fuel pressurization side of the propulsion system,
resulting in a leak that caused a catastrophic spin and disoriented
the ft. The ion was designed to provide a global map
of Mars and voluminous surface and weaxher data over a full
martian year.
Galileo

El d and provided high images of the asteroid
Ida in Aug. Ida is the second asteroid Galileo has flown on its
way to explore Jupiter in 1995.

Magellan

Magell p the ful first to “aerobrake® a

Provided the first direct di that red i t th
largest known stars--end their in
known as supernovae.

Mars Observer

Just weeks after transmitting its first and only image of Mars
from 3.6 million miles (5.8 kilometers) away, the mission to the
Red Planet fell silent just as the spacecraft was preparing to
enter orbit around Mars. NASA Administrator Goldin formed an
independ panel to i why me spacecraft failed to

tank
pressurization operation just two days before orbit insenrtion.

by dipping into the atmosphere of a planet when it did
so at Venus in Aug. 1993. Magellan's orbit was changed from
highly elliptical to nearly circular by this maneuver of dragging
gh the thick Ve dly over a period
of 70 days. From the new, lower, c:rcular orbit the spacecraft
was able to begin profiting the planet's gravity, especially in the
polar regions, providing a better ing of Venus' interior,

Gravity Wave Experiment

Three interptanetary spacecraft--Mars Observer, Galileo, and
Ulysses--participated in an experiment attempting to prove the
existence of elusiva waves in the universe's gravitational field,
marking the first time three spacecraft have ever made
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The Year in Review

observations simultancously. Einstein predicted the existence of
gravitational waves, but scientists have never detected one
directly. They are studying the data from the three spacecraft to
see what results they produce.

Ulysses

B the first ft to reach further south than the most
southerly dip of the sun's magnetic equator. In this previously
unexplored region, Ulysses observed that the fast-moving stream
of charged particles called the solar wind is twice as fast as, but
less dense than near the sun's equator.

Detected interstellar gas and micron-sized grains of interstellar
dust flowing into the solar system. The mission is on its way to
explore the polar regions of the sun.

Solar, Anc and

g pheric Particle Explorer (Sampex)

Pinpointed the location of a new radiation belt around the Earth
composed of cosmic rays, resulting from the solar wind's
interaction with the thin gas between the stars.

Voyager

Detected radio waves believed to come from the long-sought-
after heliopause--the boundary that separates the solar system
from interstellar space. Voyager 1, about S billion miles from
the sun at the end of the year, and Voyager 2, about 4 billion
miles from the sun, had been launched over 15 years ago.

Upper Atmospheric Airborne Research

NASA scientists, using a special low-light-fevel, all-sky camera
aboard research aircraft, recorded for the first time unexpected
huge fashes of lightning in the upper atmosphere that may affect
atmospheric ozone,

Life and Biomedical Sciences

The Spacelab Life 2 (SLS-2) . the longest Space
Shuttle mission to date (flown in October), carried 14
experiments concentrating on the
cardi ) diopul Y , neur

fatory phy gy, and k y of the body.
The experiments performed on Columbia's crew and laboratory
animals, along with data collected on the SLS-1 mission in June
1991, provided the most detailed and interrelated physiological
measurements acquired in the space environment since the Skylab
program in 1973 and 1974,

NASA established a U.S./Russian satellite telemedicine program
known as “Sp idge to A " This perative effort was
d d to of Congl in N ber. The
demonstration linked clinical consultants on Capitol Hill by
satellite with physicians in Russia and West Virginia.

Microgravity Sciences and Applications

NASA fully launched STS-55 {C on April 26, 1993,
Reterred to as Spacelab D-2, this was a reimbursable mission
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contracted by the Gesman Space Agency. Experiments, some of
which were colfaborative with U.S. scientists, dealt with
materials science, biology, and space technology. The orbiler
carried a European Space Agency (ESA)-designed research facility
to study the effects of weightlessness upon the human body.

In N ber, NASA d that it will design and build the
Space Station Furnace Facility, the first major elemént of Space
Station scientific instrumentation and the focus of microgravity
materials science.

Mission to Pianet Earth (MTPE)

The Office of Mission to Planet Earth continued to collect and
analyze data that ulti y will allow to make informed
policy decisions about how their actions are affecting the global
environment,

Ozone Studies

Usmg data from the Total Ozone Mapping Spectrometer (TOMS),

from the Godd Space Flight Center in Apr.
determined that ozone levels over the mid-latitudes of the
Northern Hemisphere had reached record low levels in the second
half of 1992. These low readings persisted inte early 1993,

Other ozone studies, conducted by the Upper Atmasphere Research
Satellite {UARS), showed ozone levels over the Arclic were
depleted 10 to 20 percent from 1992. UARS also observed high,
persistent levels of chlorine monoxide, a key gas involved in
ozone depletion, over the Arclic.

Late in the year, scientists from NASA and the National Oceanic
and Atmospheric Administration observed the lowest ozone
values ever seen, racorded in the Antarctic "ozone hole® on Oct. 6.

TOMS aboard 7 ceased op: g in May. L in
1978, TOMS/Nimbus-7 provided more than 14 years of continuous
data on global ozone Ievels Data from TOMS and other U,S. and

inter gl provided the scieatific
underpinning for mternahonal agreements in the 1980s to phase
out the use of ozone-dep 9 in ics and other
industries,

The global-ozone data set Is being ext d without i

by the TOMS instrument aboard a Russian Meteor-3 satellite.
Launched in 1991, TOMS/ 3 will be I in 1994
with the taunch of another TOMS on NASA's first Earth Probe
satellite.

p

Deforestation

In June scientists from the Goddard Space Flight Center and the
University of New t increasing threats to
wildlife habitat in the Amazon Basin. Using data from the NASA-
developed Landsat-4 and -5 satellites, the scientists showed that
the physical extent of deforestation In the Brazilian Amazon
Basin is less than had been estimated. However, the
fragmentation of the rain forest and the “edge effects® on the
perimeters of these forest fragments are greater than had been
believed, potentially increasing the threat to biological diversity.
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Volcanology

A study by scientists at the Langley Research Center, Hampton,
Va., using data from the spaceborne Earth Radiation Budget
Experiment, indicated that the 1991 eruption of Mount Pinatubo in
the Philippines shgmly cooled the Earth well into 1992. This
was the first , direct of ges in the
Earth's climate as a result of a volcano.

ln September scientists and aircraft teams from the Jet
P Lal y (4PL), Pasad Calif,, and the Stennis
Space Center, Miss., fook part in a mission uslng infrared
instruments to conduct aerial surveys of volcanoes in the

insula of Russia. It yielded extensive data
that will be ‘used in joint U.S.-Russian studies. As part of the
mission, a new direct air corridor was defined between Shemya
Air Force Base, Alaska, and Elisova, Russia. For the first time
since 1943, a Aussian citizen flew as a crew member aboard a
U.S. research aircraft,

Oceanography

The U S.-French TOPEX/POSEIDON spacecmﬂ continued its

of ges in global sea levels. In Feb,
scianhsls used this data to predict correctly that the ongoing El
Ni_o event would be strengthened, leading to wetter and colder-
than-normal winters in the eastern U.S. In November, this data
indicated conditions were primed for development of another El
Ni_o event in the winter of 1993-84.

Using new, improved satellite-tracking technologies, along with
more accurate measurements of the Earth's gravity field,
TOPEX/POSEIDON is measuring global sea-level changes with
unprecedented accuracy: approximately 2 inches for short-term
changes and 0.4 inches for long-term changes. A cooperative
program between NASA and the Centre National d'Etudes Spatiales
{CNES), the French space agency, the satellite is providing data
that will be used to achieve a better understanding of the oceans'
role in climate change.

Space Flights

MTPE launched three space missions this year. April saw the
flight of the second A pheric Lab y for Applicati and
Science (ATLAS-2), aboard Space Shuttle Dlscovery ATLAS-2
consisted of saven ir to study at ic chemistry

tr
and solar energy, focusing on the processes of ozone depletion.

ATLAS-2 { the ne segi of MTPE that began
in 1991 with the launch of UARS. MTPE scientists continue to
acquire and analyze data from UARS, TOPEX/POSEIDON,
TOMS/Meteor-3, and the Earth Radiation Budget Satellite. MTPE
scientists have also been analyzing data from out-of-service U.S.
weather sateflites and international spacecraft.

In Aug., NASA launched the NOAA-I satellite, an operational
spacecraft used by NOAA in its weather observations. Contact
with the spacecraft was lost on Aug. 21, with a failure review
report due in early 1994,

Other Research Programs
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Ongoing aircraft and g d-based studies P d MTPE's
space-based h. An inter prog called
Tropical Ocean Global A o /Coupled Ocean-At here
Response Experiment (TOGA-COARE) studied how parts of the
Pacific Ocean exchange energy and moi with the phere.
These measurements, the most p ive ever g; on

this phenomenon, will provide new insights into the EI Ni_o
weather pattern and its worldwide effects.

An aircraft survey, using a NASA-developed remote-sensing
platform, showed that areas of the ice sheet thick

by as much as 6 to 7 feet between 1980 and 1993. Scientists
want to make repeated measurements of ico sheets and sea ice to
see how they respond to changes in climate.

Applications and Technology

MTPE programs also found immediate applications to natural
hazards in 1993. MTPE aircraft surveyed the summer floods in
the American midwest and brush fires in Calif., helping federal
and local officials estimate damage. Satellite data on African
vegetation helped the U.S. Agency for Inlternational Development
predict the likelihood of famine and locust plagues in some areas.

T ically, MTPE d lo improve techniques used to
gather i data, esp logical data. MTPE
technology applied to European satelme data was used to map the
1992 Landers ear ke with an y of appi y 0.4
inches, showing variations m seismic stress near the epicenter,
Also, NASA-- d 5 for the Defense

P P! f

Department's Global Positioning System were used in field
studies in earthquake-prone areas to gain a better understanding
of these natural hazacds.

Space Station

This was an unprecedented year of change in the nine-year history
of Space Station. On Mar. 9 Administrator Goldin notified alt
NASA participants that the President, while stating his

support for development of a space station, had directed the
agency to redesign Space Station Freedom in order to make it
more efficient, eftective, and ble of p ing greater
returns on our i The Presid also di NASA to
create an independent, senior-level review team to report and
submit its findi to the Administration by early Jun. The
resultant Advisory C on the R ign of the Space
Station was chaired by Dr. Charles Vest, President of MIT, who
was appointed on Mar. 25. To assist the panel, NASA established
a Redesign Team. The 45-member team, comprised of NASA

ploy and repr i from Freedom's international
partners, began work on Mar. 10.

On Jun. 7 the Redesign Team submmed ns fmal repon lo the
Vest Ci i ing three h for
the new Space Slauon "Option A, using a modular approach
employing existing flight-proven hardware as well as cost-
effective Freedom systems; “Option B, derived from mature
Space Station Freedom designs and making maximum use of
Freedom systems; and "Option C," which would use a Shuttle-
derived launch vehicle to place a slallon into orbit with a single
launch. Among and org i issues addressed
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by the Redesign Team was one wherein the team recommended
establishment of a 300-person core Program Office at a host
NASA Center and the naming of a single prime contractor in place
of Freedom's multi-prime contractors. The Administration
approved these recommendations,

On Jun. 10 the Vest Commlilee submitted its final report and

ions to the Administration. Seven days later, the
White House announced the President's selection of *Option A" as
the new Space Station design. On August 17 NASA announced the
selection of the Johnson Space Center, as the Host Center for the
new Space Station Program Office, it named the Boeing Defense
and Space Group as the new Space Station Prime Contractor.

On Sep. 7 a NASA Transition Team delivered its “Alpha Station®
Program implementation Plan to the Administration. It provided
cost and schedule information for "Alpha Station® to the
Administration on Sep. 20 and an to the impl

plan on Nov. 1, detailing potential Russian invol in the
program. The new plan reduced Civil Service support for the new
Space Station by more than half. And by year's end, after
unanimous invitation by all Space Station principals, Russia had
agreed to become a full-fledged international partner in the
effort. Vice President Gore and Russian Prime Minister
Chernomyrdin confirmed the histaric joining of the U.S. and
Russian human space programs during a joint commission meeting
in Moscow on Dec. 16.

Space Flight
On Shuttle mission STS-54 in Jan,, the crew deployed the sixth in
a series of NASA's Tracking and Data Relay Satellites. On STS-57

in Jun., NASA astronauts retrieved the EURECA satellite, which
had spent almost a year in orbit. After being stowed in the cargo
bay, it was brought back to Earth and the experiments aboard
were delivered to the European Space Agency (ESA). During STS-
51 in Sep. the Shuttle crew delivered a new Advanced
Communications Technology Satellite (ACTS) into geostationary
orbit.

Two Shuttle missions in 1993 carried the ESA-developed
pressurized spacelab module allowing the Shutife to become an
orbiting laboratory. The STS-55/S; lab D-2 mi
Apr. 26, saw the second flight of a mission devoted primarily to
Germany for conducting a wide range of experiments in the
mlcrogravny envuonment of space. The STS-58/Spacetab Life
d Oct. 18, lved NASA
continuing the agency's efforts to gain more knowledge of how
the human body adapts in a weightless condition. The mission
will also provide insight into medical problems experienced by
people on Earth.

The Shuttle became an orbiting astronomical observatory on
several missions during 1993. The Diffuse X-ray Spectrometer
(DXS) paytoad carried on STS-54 in Jan., the Atmospheric
Laboratory for Applicati and S 2 (ATLAS-2) payload
carried on STS—ss in Apr., and the Orbiting and Retrievable Far
and Extreme Ultraviolet Spectrometer-Shuttie Pailet Satellite
(ORFEUS-SPAS) payload deployed and retrieved on STS-51 in Sep.
investigated such issues as the origin and nature of the matter
that fills the space between stars, the relationship between the
sun's energy output and Earth's atmosphere, and the life-cycle of
stars.
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A new era in commercial development of space began in Jun.
during Shuttle Mission STS-57, when the privately-developed
mid-deck augmentation module known as Spacehab was carried in
the Shuttle's cargo bay. The module provides additional access to
crew-tended, mid-deck lockers and experiments.

Extravehicular activities (EVAs) by astronauts during STSs-54 in
Jan., -57 in Jun., and -51 in Sep. prepared for the extensive series
of EVAs associated with the STS-61 Hubble servicing mission in
Dec., already described. The five EVAs performed on STS-61 set a
new record for most spacewalks on a single Shuttle flight, and
STS-61 astronaut Tom Akers became the American with the most
EVA time in space, with a total time to date of 29 hours, 40
minutes.

Aeronautics

In 1993 NASA began to reinvig American in
aeronautical research. The agency made steady progress in laying
the foundation for a future U.S. supersonic airliner, making air
travel “better, faster, cheaper” for millions of pilots and
passengers, and creating technology that industry can use to make
its products even more competitive in the world marketplace.

High-Speed Research

In March NASA's Langley Research Center, Hampton, Va., got the
assignment of leading the agency's multi-year High-Speed
Research Program, wmch Is devetoping technology for an

y p y safe U.S. supersonic

airliner, Langley began to gt in dy

airframe materials, and several other disciplines. The center
also coordinates the efforts of other NASA facilities working on
engine technology, high-aititude atmospheric research, and flight
tests of new technology.

The start of fiscal year 1994 kicked off Phase Il of the High-
Speed Research Program. Phase Il will move promising concepts
out of the laboratory and closer to practical application. In Nov.
NASA selected the nauons two Ieadlng aircraft engine

s for 10 the first large Phase 1
contract award. The team 01 Geneval Elecmc and Pratt & Whitney
will develop critical propul under a
contract estimated at just under 5300 million.

Better Planes, Safer Skies

Many of NASA's aeronautical highlights in 1993 were pan of the
agency’s work t0 make tomorrow's aircraft and the nation's air
traffic control system safer, more efficient, and more
economical. In Apr., a NASA F-15 research plane based at Ames-
Dryden Flight Research Facility, Edwards, Calif., made the first
controlled landing using only engine power Inslead of normal
flight . The was part of a NASA
project to develop a isted engine system that lets a
plane fly and land safely wnh its engines if normal plane control
surfaces such as elevators, rudder, and ailerons are disabled. The
system makes the aircraft turn, climb, descend, and eventually
land by varying the speed of the engines, one al a time or
simultaneously.
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Among many other projects, in Oct. the F-18 started flight tests
of a new control system using fiber optics--small bundles of
light transmitting cables—that weigh less and take up less space
than the copper wiring in today's aircraft. Fiber optics also have
better immunity to signal interference, are free from short
circuit arcing, and can carry more electronic signals.

At Ames Research Center, Moumaln View, Calit., NASA did wind
tunnel tests on a full d Ducted Propulsor that could
lead to a new generation of quieter, more fuel-efficient
passenger plane engines. The joint NASA/Pratt & Whitney project
tested the large ducted fan engine under simulated landing
conditions, with an emphasis on its ability to reverse thrust for
slowing down during post-landing rollout.

In July NASA and the Federal Aviation Administration (FAA)
unveiled the Center/TRACON Automation System (CTAS), a new,
computerized tool that helps air traffic controllers schedule
aircraft arrivals more efficiently. CTAS monitors incoming
planes during the last 20 minutes of flight and develops aplan' to
handla the traffic according to lhe airport's spacing

The FAA d that it will put CTAS into
operalion at 12 selected U.S. airports and forecasts that the
system will save airlines nearly $600 million by the year 2000.

A h and Devell

Al the end of September NASA and the FAA announced the
developmem of three different types of sensors to detect

dden, violent ges in wind speed and direction.
" They also described several innovative new programs that wilt

let airports around the world handle more planes with fewer
weather and traffic delays while maintaining today's high safety
standards,

During the year, NASA finished tests of a new inflight weather
data device for pilots. The Cockpit Weather Information Needs
system, developed by Langley Research Center, draws on
commercial data sources to generate in-cockpit maps of storms
and lightni In j at Langley, pilots from
14 ﬂngm crews bumed 5 percent less fuel and flew 5 percent
fewer miles to avoid bad weather when using the system--
numbers that transfate into savings of about $6 miilion per year
for a typical airline.

In August, NASA's Lewis Research Center, Cleveland, wrapped up
10 weeks of icing tests on a one-sixth scale model of a Sikorsky
Black Hawk helicopter, a design in wide use today. The tesis,
which covered a range of icing and forward flight conditions, will
be used to develop reliable methods to reduce icing certification
costs and time.

Partnership with Industry

In March, NASA and Learjet, Inc. announced an agreement to study
aircraft size and aerodynamics, research that could let the
company produce a new, economical business jet. Also, NASA and
the nation’s largest aerospace companies began working together
in April 1993 to see how NASA computer programs can help
industry design and produce airplanes more efficiently.
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With technology flowing the other way, NASA adopted an existing
high-tech x-ray system to improve inspections of aging aircraft.
Langley Research Center began working with the system's
developer, Digiray Corp., to modify it for inspections of wings,
turbines, and propeller blades possibly affected by corrosion,
cracks, and disbonding.

Partnership with Russia
NASA and the Russian State Comminae for the Defense Branches

of Industry signed a of on Dec. 16 in
Moscow to cooperate In eight areas of aeronautical science:
an ite str and materials,
chemically reacnng flows, thermal pvolection system matenals.
in

experimental test facilities, and advanced aerospace materials.

“Better, Faster, Cheaper® Aeronautics Raesearch

Among imp! in at
Dryden came up with a design for a new englne lnlet rake that is
saving American taxpayers more than $1 million on an
aeronautics research project. The device, which will provide
airflow data in a NASA F/A-18 that flies at high angles of attack,
is more compact and requises many fewer changes to the aircraft
than previous instruments.

in Nov., NASA revealed that Lewis researchers had invented a new
silicon carblde crystal growth process called *site compemlon
epitaxy® that can be used to prod superior I s for
electronics aboard aircraft, spacectaﬂ and ground vehictes.

In Apr., an SR-71 “Blackbird® based at Dryden did high-altitude
astronomy studies with an ultraviolet camera from JPL. The
Blackbird can carry scientific experiments on much shorter

-notice than satellites and sounding rockets. NASA is also using

the plane for aeronautics studies in the High-Speed Research
Program.

Engineers for Tomorrow

The Office of Aeronautics staned three programs in 1993 to
foster ion for . Syracuse University,
the University of Maryland, and the Univelsny of Texas at
Arlington ived NASA fi g for that will

ate on h ic aer ics--flight at more than five
tlmes the speed of sound The effort is important because
d to increase, but the field is
domlnated by older englneels who may soon retire.

NASA also announced an lnniatlve to create a formal

of ing courses at the
historically black Southem University and A&M College in Baton
Rouge, La. And in November, the Office of Aeronautics picked 20
universities to receive grants for the first phase of a new
multidisciplinary design and analysis training program, =

Advanced Concepts and Technology

NASA was heavily involved in the ial d of
space technology through its Office of Advanced Concepts &
Technology (QACT) established in October 1992 by a merger of the
Office of Commercial Programs and the Space Technology
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Directorate. Under its aegis, in January 1993 the robot Dante
partially descended into the volcanic crater of Mt. Erebus in_
Antarctica until controllers aborted the mission due 1o a severed
fiber optics cable, which resulted in the loss of communications
between the robot and its contro) station. Developed by NASA and
Carnegie Mellon University, Dante tested prototype robotic
technologies tor uncrewed planetary exploration and to advance
scientific knowledge of the volcano. Despite the setback, the
project successfully tested new telerobotic technologies and the
remote operation of the robot via satellite communications with
time delay. Dante was a model for performing missions better,
faster, and cheaper, having been built in only 11 months under a
$2 million NASA grant to Carnegie Mellon University.

Other related robotic developments inchkided use of a satellite
link to maneuver a Russian-built robot in a Moscow laboratory in
collaboration among NASA's Ames Research Center, McDonnell
Douglas Space Systems, the Russian Academy of Sciences, the
Institute for Space Research, and the Russian Space Agency. The
rover robot was a prototype of a design Russian scientists hope
to land on Mars in 1996. The objective of the project was to
prove the feasibility of the teleoperator interface, developed at
Ames, and used to steer the robot,

OACT began a three-year technology commercialization
experiment in February 1993 by funding two Technology
Commerciatization Centers, one at Ames and the other at Johnson
Space Center in an etfort to foster new indusiry and create new
jobs.

Jun. 1993 saw the maiden flight of the Spacehab module in the
cargo bay of Space Shuttle Endeavour. Privately funded and
developed by SPACEHAB, Inc. of Artington, VA, the module
provides an additional 1,100 cubic feet of pressurized
experimental space on the Shuttle, quadrupling the avaitable
working and storage volume. The first flight carried 15
commercial experiments. Four of NASA's Centers for the
Commercial Development of Space (CCDSs) and the Johnson Space
Center collaborated with 24 industry affiliates to perform
biotechnology experiments. Four other CCDSs and NASA's Langley
Research Center collaborated with 11 industrial partners to
perform experiments in materials science.

Among other OACT achievements in 1993, NASA joined forces
with the NSF, DARPA, DoE's Defense Programs, DoT, and NIST to
manage the Technology Rei Project. A d by
President Clinton in Mar. 1993, this is a $472.million effort to
help U.S. industry respond to the twin chail ges posed by

d d def pending and § global i
competition. One thrust of the project is to reorient the
militaryfindustrial base toward dual-use technologies,

p and p . Comp , state and local governments
submitted 2,800 proposals to the project during a two-month
solicitation period ending in late Jul. Generally, proposals had to
include provision for ication of the tech aqy
and for the company to provide at least 50 percent of the funding.

Also, NASA y {; hed the Ady d C i
Technology Satelite (ACTS) from Space Shuttle Discovery in Sep.
1993, ACTS rep the next g ion in icati

satellites. Its fundamental goal is to test and prove advanced
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Also, the nation’s top in
Calif., in Dec. 1993 at TECHNOLOGY 2003 the fourth national
y transfer confe: and exposition. Sponsored by
NASA, NASA Tech Briefs magazine, and the Technology Utilization
Foundation, the event spotlighted leading edge technologies from
NASA and other federal agencnes that U.S. industry can use to
develop new or imp an More than 8,000
anendees toured the more than 300 exhnbn.s during the two-day
conference,

Space Communications

NASA successtully launched the Tracking and Data Relay Satellite
TDRS-6 in January aboard the Shuttle Endeavour. NASA's TDRS
System (TDRSS) :s a space-based satellite network developed to
meet tel needs ial to the of Space
Shuttle, Space Station, and other fow Earth-orbiting ft

approximately 3.5 million minutes of data to the ground, and
every subsequent Space Shuttle mission has required its
resources.

NASA established a remote inal in A lia to the
scientific return from the C Ray Ob tory (GRQ)
after failure of the on-board tape recorders. This facility will
allow sci to collect 30 p more data,
depending on GRO's attitude. In addnlon. lhe facility will allow
engineers to monitor the health of the spacecraft wnh better
success.

NASA completed an Interfacility Fiber Optic Link (IFL), which
connects the White Sands Ground Terminal and the second
Tracking and Data Relay Satellite Ground Terminal in New Mexico.
This link enhances the exchange of operational data between
these sites, i ground | pacity, and significantly
improves the reliability of the exp TORS lation that
ls being planned to meet the requirements for future data-

missions. TDRS-6 fulfiled the essential requirement of having
two fully operational satellites and a fully operational ‘ready
reserve” capability in Earth orbit. This ensures that NASA
communications, telemetry, and data acquisition capabilities
required by space missions would not be jeopardized by a single
satellite failure,

Apr. 1993 marked the 10th anniversary of NASA's TDRSS. TDRSS
began with the launch of the first satellite on April 4, 1983. At
its highest capacity, the TDRSS is able to transfer in one second
the equivalent of a 20-volume encyclopedia containing over 34
million words. Since hecoming operational, TORSS has relayed

ive scientific missions.

The NASA Communications network (NASCOM) also implemented
the German Space Operations Cemer mulllplexer system, which
was used for the p D-2) on Apr.
26, 1993. NASCOM provided diversely routed circuits from the
Goddard Space Flight Center to Germany, providing the data and
voice capability for ground control operators in Germany to

with the on board the spacecraft to
assure mission success.




The Year in Review

A new control center concept, called the Transportable Payload
Operations Control Center (TPOCC), was successfully
demonstrated with the |aunch of the first SAMPEX mission on Jul.

3, 1992. The d and sofh flom the SAMPEX

TPOCC were in the p of being applied to

missmns as the year ended. They have demonstraled a significant
cost ing: gh reuse of aver 75 percent of

existing software.

NASA's Ground Network facilities provnded communications to a
wide variety of NASA and i These i

Space Shuttle; a variety of Eanh~orbltlng spacecraft performing
numerous Earth-observing mi y and deep
space missions. Ground Network lacnmes also provided
communications services during launch, flight, and recovery of
high-altitude balloons and sounding rockets, used to enable
research in such scientific disciplines as geophysm
astrophysics, and astronomy.

The worldwide capablhty further allowed ground-based

s 10 te the sf , to g them for
scientific observations, and to the resulting data.
Notable events covered during the past year included the
encounter of the spacecraft Galileo with the asteroid Ida and the
recovery of pictures of this asteroid; likewise, the aerobraking of
the spacecraft Mageilan in orbit about Venus. Further uses of the
Ground facilities included astr | observations
employing radio and radar.

This year, additional advances were made by the Deep Space
Network (DSN). Beginning in Jan. 1993, JPL successfully

conducted a Ka-band (33 GH2) Link Expenmem (KaBLE) with the
Mars Observer sp ft. Using ad gy. the DSN
R Station at Calif., si ly acquired
and tracked this spacecraft at Ka-band and X-band (8 GHz) for

over a seven month period. This was the first Ka-band

P to receive y from and perform ranging on a
deep space missi The K | d from KaBLE were
lving into the op al DSN as the year ended.

Safety and Mission Assurance

In order to prevent repeating past fail and to capitalize on
past successes, NASA ‘omed the Air Force, Navy, and FAA in what
is fast becoming the interagency aerospace lessons learned
system. This system already contains more than 5,800 lessons
ready for immediate use, Additionally, NASA--in conjunction
with the University of West Virgini in the p of
bringing on line a new facility to support Independent
Verification and Validation of software. This facility will
provide a single NASA focal s upon the human body.

In N . NASA that it will design and build the
Space Station Furnace Facility, the
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Summary of Announced Launches

Australia - - - - - - - - - - 1 0 0 0 [} )] 0 [} 0
CIS (USSR) 2 1 3 3 € 20 17 30 48 44 ° 66 74 70 .81 83 74 86 81 89
DSB‘ - 5 6 1" 19 34 27 35 39 42 32 26 19 17 17 13 10 8 9
E! - - - - - - - - - - - - - - - - - - -
France - - - - - - - - 1 1 2 0 0 2 1 ] 0 [} 3
india - - - - - - - - - - - - - - - - - - -
tsrael - - - - - - - - - - - - - - - - - - -
Japan - - - - - - - - - - - - - 1 2 1 0 1 2
NASA - 2 ) s 10 18 11 2 24 N 26 19 21 12 15 18 13 16 18
PRC - - - - - - - - - - - - - 1 1 0. 0 0 3
United Kingdom - - - - - - - - - - - - - - 1 0 [4] 0 Q
US C - - - - e - et e - - - - - - - - - .-
TOTAL 2 8 14 19 35 72 55 87 112 118 127 119 110 114 1420 106 109 106 125

NASA - 2 5 5 10 15 9 20 21 26 18 12 13 6 6 9 9 2 10
Cooperative - - - - - 2 0 2 2 (1] 2 3 2 0 [ 1 o 5 1
DOD - - - - - - 1 0 0 1 0 0 0 0 0 1 1 ‘o 1
USA - - - - - 1 1 .0 1 4 6 3 4 4 3 3 2 4 4
Foreign -~ - - - - - - - - - - 1 2 2 1 4 1 5 3
TOTAL - 2 5 5 10 18 11 22 24 N 26 19 21 12 15 18 13 16 19




Summary of Announced Launches
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NASA Launches By Vehicle

1 1957 1958 1959 1960 1961 1962 1963 31964 1965 19668 1967 1968 1969 1970 1971 1972 1973 1974 1975

Atlas - - - - 2 3 0
Aflas Agena - - - - 2 4 1
Afjas EfF - - - - - - -
Atlas Centaur - - - - 3
Aflas Il S/A - - - -
Delta - - -
Juno It - 1 2
Satumn | - - -
Satun 1B - - -
Saturn V - - -
Scout - - -
Shuttle - - -
Thor Able - 1 1
Thor Agena - - -
Thor De'ta - - -
Titan Il - - -
Titan Il - - -
Titan Centaur - - -
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NASA Launches By Vehicle
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Summary of Announced Payloads .

1957 1658 1959 1960 196] 1962 1963 1964 1965 1968 1967 1968 1968 1970 1871 1972 1673 1974 1975
Argentina - - - - - - - - - - - - - - - - - - -
AslaSat - - - - - - - - - - - - - - - - - - -
ASCO - - - - - - - - - - - - - - - - - - -
Australia - - - - -~ - - - - - 1 0 1] 1 (] 0 1] 0 (4]
Brazil - - - - - - - - - - - - - - - - - - -
Canada - - - - - - - - - - - - - - - 1 1 [¢] 1
China - - - - - - - - - - - - - 1 1 -] [/ [ 3
CIS (USSR) 2 1 3 3 4 20 17 35 66 44 66 74 70 88 98 88 106 95 109
Cooperative * - - - - - 2 0 2 3 0 2 3 2 [} 6 1 1 7 2
Czechoslovakia - - - - - - - - - - - - - - - -~ - - -
ESA - - - - - - - - - - - 1 1 0 0 3 0 0 1
France - - - - - - - - 1 1 2 0 [ 2 1 1 0 0 5
Germany - - - - - - - - - - - - - 1 0 0 0 1 0
India - - - - - - - - - - - - - - - - - - 1
Indonesia - - - - - - - - - - - - - - - - - - -
InMarSat - - - - - - - - - - - - - - - - - - -
Israsl - - - - - - - - - - - - - - - - - - -
Italy - - - - - - - - - - - - - - - - - - -
Japan - - - - - - - - - - - - - 1 2 1 0 1 2
Korea - - - - - - - - - - - - - - - - - - -
“Luxembourg - - - - - - - - - - - - - - - - - - -
Mexico - - - - - - - - - - - - - - - - - - -
NATO - - - - - - - - - - - - - 1 1 0 0 0 0
Pakistan - - - - - - - - - - - - - - - - - - -
PanAmSat - - - - ~ - - - - - - - - - - - - - -
Saudi Arabia - - - - - - - - - - - - - - - - - - -
Spain - - - - - - - - - - - - - - - - - - -
Sweden - - - - -~ - - - - - - - - - - - - - -
United Kingdom - - - - ~ - - - - - - - 1 1 1 0 0 3 4]
United States * = 7 11 17 38 53 54 72 88 102 78 63 51 30 36 28 22 15 26
TOTAL 2 8 14 20 40 75 71 109 158 147 149 141 125 126 144 123 130 122 150

2

* Separate Breakdown Follows
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Summary of USA Payloads
U.S. Payloads

1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1872 1873 1874 1975

AMSAT = = = = - - ~ - - - - = = - ~ 1 0 1 0
AT&T - - - - - 1 2 1 0 [} 0 [ [} 4] 0 [} )] 0 0
ASC - -- -- - - - - - - - - - - - - - - - -
COMSAT - - - - - .- - - 1 1 3 1 3 3 2 2 1 1 2
DOD - 5 6 12 23 39 44 50 €6 7 57 43 32 18 24 14 1 L] 10
GTE - - - - - - - - - - - - - - - - - - -
Hughes - - - - - - - - - - - - - - - - - - -
NASA - 2 5 5 13 13 8 21 21 27 15 17 15 8 9 10 9 2 12
NOAA - - - - - - - - - 3 3 2 1 1 1 1 1 1 1
N. Utah Univ - - - - - - - - - - - - - - - - - - -
RCA - - - - - - - - - - - - - - - - - - 1
SBS - - - - - - - - - - - - - - - - - - -
wu - = == - = = = =, = = - - - = = = = 2 Q
TOTAL - 7 1 17 36 53 54 72 88 102 78 63 51 30 36 28 22 15 26
Cooperative Payloads

1957 1958 1959 1960 1961 1962 1963 1964 1965 19668 1967 1968 1969 1670 1971 1972 1973 1974 1975
NASA/Canada = = - - = 1 0 0 1 0 0 1 0 0 0 0 0
NASA/DOD - - - - - - - - - - - - - - - - - - -
NASA/ESA - - - - - - - - - - - 2 0 0 0 0 0 0 0
NASA/France - - - - - - - - 1 0 [} 0 0 [¢] 2 [} 1 0 [}
France/Germany - - - - - - - - - - - - - - - - - 1 1
NASA/Germany - - - - - - - - - - - - 1 [} 1 0 1 0
NASA/ltaly - - - - - - - 1 0 [ 1 0 0 0 1 0 0 1 0
NASA/Japan - - - - - - - - - - - - - - - - - - -
NASA/Netheriands - - - - - - - - - - - - - - - - - 1 [}
NASA/NOAA - - - - - - - - - - - - - - - - - 1 1
NASA/NRL - - - - - - - - 1 0 0 0 0 1 0 0 0 0
NASA/Spain - - - - - - - - - - - - - - - - - 1 0
NASA/UK o = == - - 1 [+] 3 (1] (1] 1 Q Q 0 1 [1] [+] 1 Q
TOTAL - - -~ - - 2 0 2 3 0 2 3 2 0 6 1 1 7 2
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Summary of USA Payloads
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Shuttle Approach and Landing Tests

Free Flight 5

Flight Flight Date | Welght (kg) Description of Flight

Captive Inent | Feb 18,1977 | 64,717.0 Unmanned inert Orbiter (Enterprise) mated to Shuttle Carrier Aircraft (SCA) to evaluate low speed performanca and handiing quaﬁtles of Orbiter/SCA

Flight 1 SCA Crew: Fitzhugh L, Fulton, Jr., Thomas C. McMurtry, Vic Horton, and Skip Guidry. Flight Time: 2 hours 10 minutes.

Captive Inert | Feb 22, 1977 | 64,7170 Unmanned inert Orbiter (Enterprise] mated to SCA to demonstrate flutter free envelope. SCA Crew: Fitzhugh L. Fulton, Jr., Thomas C. McMurtry,

Fiight 2 Vic Horton, and Skip Guidry. Flight Time: 3 hours 15 minutes.

Captiveinert | Feb 25,1977 | 64,7170 Unmanned inert Orbiter (Enterprise) mated to SCA to compiete flutter and stability testing. SCA Crew: Fitzhugh L Fulton, Jr., Thomas C. McMurtry,

Fight 3 ) Vic Horton, and Skip Guidry. Flight Time: 2 hours 30 minutes.

Captive fneri | Feb 28, 1977 { 64,717.0 Unmanned inest Orbiter {Enterprise) mated to SCA fo evaluate configuration variables. SCA Crew: Fitzhugh L. Futton, Jr., Thomas C. McMurtry, Vic

Flight 4 Horton, and Skip Guidry. Flight Time: 2 hours t1 minutes.

Captive Inert | Mar2,1977 |} 65,1420 Unmanned inert Orbiter (Enterprise) mated to SCA to evaluate p and proced| SCA Crew: Fitzhugh L. Futten, Jr., A. J. Roy,

Fiight 5 Vic Horton, and Skip Guidry. Flight Time: 1 hour 40 minutes. -

Captive Active | Jun 18,1977 | 68,4623 First manned captive active flight with Frod W. Haise, Jr. and C. Gordon Fullerton, Jr. Manned active Orbiter (Enterprise) mated to SCA for initial

Fiight 1A - performanca checks of Orbiter Flight Control System. SCA Grew: Fitzhugh L. Fution, Jr, Thomas C. McMutry, Vic Horton, and Skip Guidry. Flight
Time: 56 minutes. '

Captive Active | Jun 28,1977 | 684623 Manned mptlve active flight with Joe H. Engle and Richard H. Truly. Manned active Orbiter (Enterprise) mated to SCA to verify conditions in

Fiight 1 p for free flight. SCA Crew: Fitzhugh L. Fulton, Jr. and Thomas C. McMurtry. Flight Time: 1 hour 3 minutes.

Captive Active | Jul 28,1977 | 684623 Mannad captive active flight with Fred W. Haise, Jr. and C. Gordon Fullerton, Jr. Manned active Orbiter (Enterprise) mated to SCA to verify conditions in

Fight3 _preparation for free flight. SCA Crew: Fitzhugh i Fution, Jr. and Thomas C. McMurtry. Flight Time: 59 minutes.

Free Flight 1 Aug 12,1977 | 68,039.6 First manned free flight with Fred W. Haise, Jr. and C. Gordon Fullerton, Jr. Manned Orbiter (Enterprise) with taiicona on, reteased from SCA to verify
handling qualities of Orbiter. SCA Crew: Fitzhugh L. Fulton, Jr. and Thomas C. McMurtry. Flight Time: 53 minutes 51 seconds.

Free Fight 2 Sep 13,1977 ] 68,0396 Manned free flight with Joe H. Engle and Richard H. Truly. Manned Orbiter (Enterprise) released from SCA to verify characteristics of Orbiter. SCA
Crew: Fitzhugh L. Fufton, Jr. and Thomas C. McMurtry. Flight Tima: 54 minutes 55 seconds

FreoFlight3 | Sep23, 1977 | 684024 Mannsd freo fiight with Fred W. Haiss, Jr. and C. Gordon Fullerton, Jr. Manned Orbiter (Enterprise) released from SCA to evaluate Orbiter handlmg

SCA Crew: Fitzhugh L. Fulton, Jr. and Thomas C. McMurtry. Flight Time: 51 minutes 12 seconds.

FreeFlight4 | Oct12,1977 | 68,8175 Manned free fiight with Joe H. Engle and Richard H. Truly. Manned Orbiter (Enterprise) with tailcone off and three simulated engine belfls installed,
released fram SCA to evaluate Orbites handling characteristics. SCA Crew: Fitzhugh L. Fulten, Jr. and Thomas C. McMurtry. Flight Time: 1 hour 7
minutes 48 seconds.

Oct 26,1977 | 68,8252 | Manned free fight with Fred W. Haise, Jr. and C. Gordon Fullerton, Jr. Manned Orbiter (Enterprise) with tailcone off, released from SCA to evaluate

of landing gear on paved runway. SCA Crew: Fitzhugh L. Fulton, Jr. and Thomas C. McMurtry. Flight Time: 54 minutes 42 seconds.
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CIS (USSR) Spacecraft Designations

The Union of Soviet fall P (USSR) the C:

of Indep

States (CIS) on Decomber 25, 1991.

ALMAZ: Study geology, cartography, oceanography, acology, and agricuiture.

BURAN (Snowstorn): Reusable orbital space shuttle.
COSMOS: Designation given to many different activities in space.
EKRAN (Screen): Geosynchronous comsat for TV services.
ELEKTRON: Dual satellites to study the radiation belts.
FOTON: Scientific sateliite to continue space materials studies.
GAMMA: Radiation detection satellite.
GORIZONT (Horizon): Geosynchronous comsat for intemational relay.
GRANAT: Astrophysical orbital observatory.
INFORMATOR: Collect and transmit information for the Ministry of Geology.
INTERCOSMOS: International scientific satellite.
ISKRA: Amateur radio satellite.
KRISTALL: Module carrying technical and biomedical instruments to MIR.
KVANT: MIR space station astrophysics module.
LUNA: Lunar exploration spacecraft.
MARS: Spacecraft to explore the planet Mars.
METEOR: Polar orbiting meteorological satellite.
. MIR (Peace): Advanced manned scientific space station in Earth orbit.
MOLNIYA (Lightning): Past of the d ic communicati systom.
NADEZHDA: Navigation satellite.

QKEAN: Qcaanographic satellite to monitor ice conditions.

" PHOBOS: Interational project to study Mars and its moon Phobos.

PION: Scientific satellite for research of the upper atmosphere.

POLYOT: Maneuverable satellite capable of changing orbits.

PROGNOZ (Forecast): Scientific interplanetary satellite.

PROGRESS: Unmanned cargo flight to resupply manned space stations.

PROTON: Scientific satellite to investigate the nature of Cosmic Rays.

RADIO: Small radio relay satellite for use by amateurs.

RADUGA (Rainbow): Geosynchronous comsat for telephone, telegraph, and
domestic TV.

RESURS: Earth resources satellito.

SALYUT: Manned scientific space station in Earth orbit.

SOYUZ (Union): Manned spacecraft for flight in Earth orbit.

SPUTNIK: Early series of satellites to develop manned spacseflight.

VEGA: Two spacecraft international project to study Venus and Halley's Comet.

VENERA: Spacecraft to explore the planst Venus.

VOSKHOD: Modified Vostok capsule for two and three Cosmonauts.

VOSTOK (East): First manned capsule; placed six Cosmonauts in orbit.

ZOND: AL aft d pment tests. Zond 5 was the first
spacecraft 10 make a cirourmlunas fight end return safely 1o Earth.

'B-13




Unofficial Tabulation of CIS (USSR) Payloads
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Unofficial Tabulation of CIS (USSR) Payloads
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NASA Astronauts

Total
Service lllnhn Position FlightTime EVA  Fiight Time

Total
Service Mission Position FlightTime EVA  Flight Time

*Lunar Surface EVA

* Suborbital Flight

Name Name
( ) (he:min) ) ) (he:min) (hr
Acton, Loren W., PhD Cwv STS81F  PS 190:45:26 190:45:26 | Blaha, John E., Col USAF  STS-29 Pr 119:38:52 789:20:37
Adamson, James C. Lt.Col  USA §TS-28 MS 121:00:08 334:22:35 STS-33 Pt 120:06:46
STS43 MS 2132227 STS-43 Cdr 2132227
Aers, Thomas D. Maj USAF  STS41  MS 98:10:03 671:26:18 STS-58  Cdr  336:12:32
STS49 MS 213:47:38 1614 Bluford, Guion S., Col USAF  STS-8 MS 145.08:43 688:36:38
STS-61 MS 259:58.35  13:25 STS61A  Ms 168:4451
Aldrin, Edwin E., Jr., Col. USAF Ret Gemini12 Pt 94:34:31 0537  289:53:08 §15-39 MS 199:23:17
Apollo 11 LMP  195:18:35  %02:15 STS-63 MS 175:19:47
Allen, Andrew M., Maj. USAF STS-46 PR 191:16:07 191:16:07 | Bobko, Karol J., Cal USAF  STS$ Pit 120:23:42 386:03:43
Allen, Joseph P. PhD Civ TS5~ MS 122:14:28 313:59:22 ST1S61D  Cor 167.55.23
STS&1A  MS 191:4456 12114 STS514  Cdr 97:44.38
A-Saud, Saiman Civ STS51G PS 169:38:52 169:38:52 | Bolden, Charles F., Col USMC  STS61C P 146:03:51 481:30:21
Anders, Wililam A, B.Gen. USAF  Apolle8  LMP  147:00:42 206:00:01 STS-3 Pr 121:16:06
Apt, Jerome PhD Cv §TS47 M$ 143:32:45 1049 334:03:08 STS-45 Cdr 214:10:24
STS-47 MS 190:30:23 Bondar, Roberta L., PhD Civ STS42 PS 193:15:43 » 193:15:43
Armstrong, Neil Cv Gemini8  Cdr 10:41:26 206:00:01 | Borman, Frank, Col. USAF RetGemini7  Cdr  330:35:01 477:36:13
Apolle 11 Cdr 195:18:35  %02:32 Apolio8  Cdr 147:00:42
Bagian, James P. MD Civ STS-29 MS 119:38:52 337:54:06 | Bowersox, Kenneth D, L1. Cdr.USN STS-50 PR 331:30:04 591:28:39
STS40 MS 218:15:14 STS-61 PR 259:58:35
Baker, Ellen S., MD Cv STS-34 MS 119:39:20 451:09:24 { Brand, Vance D. Civ Apollo SoyuzCMP  217:28:23 746:03:54
STS-50 MS 331:30:04 Cdr 122:14:26
Baker, Michael A. Capt UsN 57543 Pt 213:22:27 450:18:40 STS~413 Cdr 191:15:55
STS-52 Pit 236:56:13 STS35 Cdr 215:05:07
Bartos, John-David F., PhD  Civ STSSIF  PS 190:45:26 190:45:26 | Brandenstein, Danie! C., CaptUSN STS-8 PR 145:08:43 789:05:50
Baudry, Patrick, Lt. Col. FAF STS51G PS 169:38:52 169:38:52 STS51G  Cdr  169:38:52
Bean, AlanF,, Capt USNRet Apollo12 LMP  244:36:24 %07:45 1666:47:33 STS-32 Cdr 261:00:37
Skylab3  Cdr  1416:1109 0245 ST5-49 Cdr 21317:38
Bridges, Rey D, Col USAF  STSS1-F Pir 190:45:26 190:45:26
Brown, Curtis L. STS47 P 190:30:23 190:30:23
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Total Total
Name Service Mission Posltion FlightTime EVA  Flight Time | Name Service Misslon Posltion FlightTime EVA  Flight Time
(hrmin:sec) (hr:min) (hr:min:sec) (hr:min) (hr:min:sec)’
Brown, Mark F., Lt. Col USAF  STS-28 MS 121:0008 249:27:51 { Coclrell, Kenneth Civ STS56 MS 222:08:16 222:08:18
'STS48  MS 1282751 Collins, Michas!, M. Gen USAF  Gemini10 P 70:45:39  01:30  266:05:14
Buchil, James F., Col USMC  STSS1C  MS 73:33:23 490:24:57 Apollo 11 CMP  195:18:35
STS61A  MS 168:44:51 Conrad, Charles (Pete), Capt USNRet Gemini5 PR 190:55:14 1179:38:35
§TS-29 MS 119:38:52 Gemini 11 Cdr 7708
S§TS48  MS 1282751 Apcllo 12 Cdr  244:36:224 %0745
Bursch, Daniel W. Cdr USN STS-51 MS 2361111 236:11:1 Skylab2  Cdr  672:49:49 0551
Cabana, Robert D, L1. Col.  USMC  STS4t Pt 98:10:03 273:02:14 | Cooper, L. Gordon, Jr., Col.  USAF Ret Faith 7 Pr 34:19:49 225:15:03
STS-53 P 175:19:47 Gemini5  Cdr 190:55:14
Cameron, Kenneth 0. Col.  USMC  STS-37 [ 143:32:45 365:41:01 | Covey, Richard 0., Col USAF  STSSil Pl 170:17:42 645:10:05
STS56 Cdr 222:08:16 STS-26 P 97:00:11
Carpenter, M. Scolt, Cdr.  USNRet Aurora7  Cdr 4:56:05 4:56:05 STS38  Cdr 1175427
Carr, Gerald P., Col USMC RetSkytab4  Cdr  2016:01:16  15:48 2016:01:16 STS-61 Cdr 259:58:35
Carter, Manley, Cdr. USN S§TS33 M5 120:06:46 120:08:46 | Creighton, John O., Capt USN STS51G Pt 169:38:52 404:24:05
Casper, John H., Col USAF STS-38 P 108:18:22 249:56: 4 STS-36 Cdr 106:18:22
S§TSS54  Cdr 143:38:19 STS48  Cdr 1282751
Cenker, Robert J. Civ STS61C  PS 148:03:51 146:03:51 | Crippen, Robert L, Capt USN STS-1 Py 54:20:53 565:48:32
Ceman, Eugene A, Capt.  USNRet Gemini9A PR 722050 0208 566:16:12 STS-7 Cdr  146:23:59
Apollo 10 LMP 1920323 STS41C  Cdr 167:40:07
Apollo 17 Cdr 3015159 ‘22:04 STS41G  Cdr 197:23:33 .
Chang-Diaz, Frankiin R., PhD. Civ STS61C  MS 146:03:51 456:59:18 [ Culbertson, Frank L, Capt.  USN STS38 PR 117:54:27 354:05:38
STS-34 MS 119:39:20 STS-51 Cdr  26:11:11
STS-48 MS 191:16:07 Cunningham, Walter Civ Apollo 7 LMP . 260:09:03 260:09:03
Chilton, Kevin P, L1.Col.  USAF  STS49 PR 213:17:38 213:17:38 | Davis, N. Jan, PhD Civ STS47  MS 190:30:23 190:30:23
Cloave, Mary L., PhD Civ STS61B  MS 165:04:49 262:00:52 | Delucas, Lawrence J., PRD  Civ STS-50 PS 331:30.04 331:30.04
STS-30 MS 96:56:28 Dufty, Brian K., L1. Col. USAF  STS45 Pk 214:10:24 45:55:18
Cifford, M. Richard Lt. Col.  USA STS53  MS  175:1947 175:19:47 STSS7 PR 239:4454
Coats, Michasl L., Capt. USN STS41D P 144:56:04 463:58:13 | Duke, Chartes M., B.Gen.  USAF  Apollo18 LMP 2655105 “20:14 *265:51:05
STS-29  Cdr  119:38:52
STS-39 Cdr 199:23:17
*Lunar Surface EVA * Suborbitat Flight
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Total Total
Name Service Mission Position Flight Time o;v:i o) Flight Time | Rame Service Mission Position FlightTime EVA  Flight Time
@ ) “ (hr:min) )
Dunbar, Bonnie J., PhD Cw STSH1A  MS  168:44:51 761:17:32| Gemar, Chardes D, L. Col  USA S§TS38 MS 117:54:27 246:22:18
§TS-32 MS 261:00:37 STS-48 MS 128:27:51
STS-50 MS 331:30:04 Gibson, Edward G., PhD C Skylab4 Pt 2016:01:16 1520 2016:01:16
Durance, Samual 7., PhD  Civ §TS-35 PS 215:05.07 215:05:07[ Gibson, Robert L., Cdr. USN STS418 PR 191:15:55 632:55:48
Eiselo, Doan F,, Col. USAF RetApolio7  CMP  260:09:03 260:09:03 STS61C  Cdr  145:0351
England, Anthony W., PhD  Civ STS51F  MS 180:45:26 190:45:26 STS27  Cdr 1050537
, Joe H., Col USAF  8TS:2 Cdr 54:13:12 244:30:54 STS47  Cdr  190:30:23
STS-51)  Cdr  170:17:42 Glenn, John H,, Jr., Col USMCRat Friendship 7 Cdr 4:55:23 45523
Evans, Ronald R., Capt USNRet Apollo17 CMP 3015158 0106  301:51:59 | Godwin, Linda M. PhD Civ STS37 MS 143:32:45 143:32:45
Fabian, John M. Col. USAF  8TS7 MS 146:23:59 316:02:51 | Gordon, Richard F., Jr., Capt. USNRet Gemini11 Pt AT08 0157 31553:32
STS-51G  MS 169:38:52 Apolio 12 CMP  244:36:24
Fettman, Martin J., Dr. Civ §TS58  PS 336:12:32 336:12:32 | Grabe, RonaMd J., Col USAF  STSS14 Pt 97:44:38 827:41:40
Fisher, Anna L., MD Civ STSS1A  MS 44; 191:44:56 STS30 PR 96:56:28
Fisher, Wiliam F., MD Civ STS51) MS 172 151 170:17:42 STS-42 Cdr 193:15:43
Foale, C. Michasl, PhD Cwv STS45  MS  214:1024 436:18:40 STS57  Cdr  239:44:54
S§TS56 MS 2220816 Gregory, Frederick D., Col  USAF  STSS1B Pt 168:08:46 4550759
Frimout, Dirk D., PhD Ci STS45  PS 214:10:24 214:10:24 STS33  Cdr  120:06:46
Fullerton, C. Gordon, Col. ~ USAF  STS3 Pr 192:04:48 382:50:12 STS44  Cdr  166:5227
STS5IF  Cdr  190:45:28 Griggs, S. David Civ STSS1D . MS 167:55:23 0310  167:55:23
Furrer, Reinhard, PhD Civ STSE1A  PS 168:44:51 | Grissom, Virgil L., Lt. Col. USAF  “Lberty Bel PR 1537 50808
Gatfney, F. Drew Dr. Cv STS40  PS 218:15:14 Gemini3 ~ Cdr 4:52:31
Gardner, Dale A., USN STS-8 MS 336:53:39 | Gutierrez, Sdnsy M.Lt.Col. USAF  STS40 Pt 218:15:14 218:15:14
STSS1A  MS 12:14 Haise, Fred W. Cw Apclio 13 LMP  142:54:41 142:54:41
Gardner, Guy S., Lt. Col, USAF  STS-27 Pt 320:10:44 | Hammond, L. ma Jr.Col USAF  STS39 Pr 199:26:17 199:28:17
STS35 Pt Harbaugh, Gregory J. Civ STS39 MS 19926:17 0427  343:04:38
Gam, E. J. "Jake® Civ ST$51D  PS 167:56:23 STS64  MS 143:38:19
Garneau, Marc, PhD Cwv STS41G  PS 197:23:33 | Harris, Bernard, Jr., Dr. cv STS55 MS 239:39:59 239:39:59
Garriot, Owen K., PhD Civ Skylahd Pt 13:44  1663:58:33 | Hart, TenyJ Cw STS41C  MS 167:4007 167:40:07
§TS8 MS 247:47:24 :
“Lanar Suface EVA ™ Suboril Fight __
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Totat Total
Name Servics Mission Poskion FiightTime EVA  Fiight Time | Name Service Mission Poskion FightTime EVA  FightTime
¢ (hr:min:sec) (hr:min:sec) (rremin) Oy c)

Hartsfield, Herry W. USAFRet STS4 M 1690031 4825026 | Jemigan, Tamara EPRD O™ STS40 MS 2181514 455:14:27

STS41D  Cdr 1445004 STS62 MS  29856:13

STS61A  Cdr  166:4451 Kerwin, Josaph P., Capt USNRet Skylab2 P 8724949 0330  672:49:49
Hauck, Frederick H., Capt USN  STS7 Pt 1462359 4350906 | Loo, Mark C. Maj USAF  §T830 MS 9656:28 2072881

STSS1A  Cdr  191:4458 STS47 MS 190:3023

1828 Cds 970011 Leetsma, David C,, Cdr USN STS4G MS 1972333 0329 5323405
Hawley, Steven A., Ph Cw STS410  MS  144:56:04 421601 §TS28  MS 1210008

STSGIC MS 1480351 STS45  MS 2141024

STSA1 MS  121:1606 Lanok, Wiliam B., PhD Cw STSS NS 1221428 1221428
Henize, Karl G., PhD Civ STSSIF  MS  190:4526 190:45:26 | Uichtenberg, Bryon K., PhD  Civ ST59 PS 2474724 481:57:48
Hennen, Thomas J. USA  STS44 PS 1685227 168:5227 STS45 PS 2141024
Helms, Susan, Maj. USAF  STSS4 MS 1433819 143:38:19 | Lind, Don Lesiie, PND ov STS61B  MS  168:08:48 168:08:48-
Henricks, Terence T. Col. ~ USAF  STS44 PR 168:52:27 406:32:26 | Lounge, John M. Cv STS611  MS 170:17:42 482:23:00

STS55 PR 239:3959 §TS28 WS 97:00:11
Hieb, Richard J Cwv STS39  MS 1992617 4124355 STS35S  MS 2150507

STS49  MS 2131738 1742 Lousma, Jack R., Cot USMC  Skylab3 Pt 1416:1109 1050 1608:15:55
Himers, David C., L. Col.  USMC  STS-51J  MS 97:44:38 494:18:54 §TS3 Cdr 1820446

S75-26 MS 97:00:11 Lovell, James A, Jr,Capt  USNRet Gemini7 Pt 3303501 715:0458

STS-36 MS  106:18622 Gemini 12 Cdr 943431

STS42  MS  193:15:49 Apolo8  CMP  147:00:42
Hofiman, Jeflery A, PRO  Civ STSSID MS 1675523 0310 8341542 Apolo13  Cdr  14254:41

57535 us 2150507 Low, G. Oavid 4 §TS-32 MS 2610037 T140758

STS46 MS 191:16:07 STS43 MS 2132221

STS61  MS 20 §TS67 PC 23954 0550
Hughes-Fullord, Mo Or.  Civ STS40 PSS  218:15:14 218:15:14 | Lucid, Shannon W..PND  Cw STSG1G MS 1693852 nas
irwin, James 8., Col USAFRet Apollo 15 LMP  205:1153  *18:35  295:11:53 STS34  MS  11939:20
ivins, Marsha S. Civ STS32  MS  261:0037 452:16:44 STS43  MS 2132227

STS48  MS  191:1607 STSS8 MS 3361232
Jarvis, Gregory B Civ STSSIL  PS NA N/A [ Malerba, Franco, PhD Cv STS48 PS 191:1607 191:18:07
Jemison, Mao C., MD Ci STS47  MS 190303 190:30:23

*tunar Suface EVA * Suborbital Flight
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Total olal
Name : Servico  Mitsion  Postion anmnnn EVA  Flight Time | Name Sorvice Misslon Position FlightTime EVA  Flight Time
.- i ) (hr:min) (hrminzgec) - [( ) (hrmin) (h )
Mattivgly, Thomas K, Capt  USN' - Apolo 18 CMP zsssms 0120 508:33:59 | Musgrave, F. Stoy, MD, PhD  Civ STS6 MS 1202342 0354 - 65706156
. STS4 Cdr  169:09:31 STS51F MS 190:45:26
STS51C  Cdr 73:3323 STS33 MS 1200646
McAsthur, William, Jr., L1 Col USA STS58  -MS  336:12:32 336:12:32 STS44  MS  166:52:27
McAudiffe, S. Christa STS6IL  PS NA NA STS-61 MS 259:59:35  22.03
McBride, Jon A, Cdr USN STS41G Pt 197:23:33 197:23:33 | Nagel, Steven R., Col. USAF  STS51G MS  169:3852 721:36:27
McCandless, Bruce, Capt ~ USN  STS41-B MS  191:1555 1137 191:15:55 STS61A P 168:44:51 .
McCulley, Michasl, Cdr USN  STSa4  Pr 1193920 119:39:20 SIS37 | Cdr  143:3245
McDivitt, James A, B.Gen 'USAFRetGeminia Cdr  97:56:12 . 338:57:06 STS55 ° Cdr  230:39:59
Netson, Bl Cw STS61IC  PS 1460351 146:03:59
McMonagle, Donald R. Lt.Col. USAF  STS-39 MS  199:23:17 343:04:38 | Netson, George D., PhD Cw STS41C  MS 167:40:07  10:06
STS64 PR 1433818 . STSBIC  MS 1460351
McNair,Ronald E., PhD Cv STS41B  MS  191:1555 191:15:55 STS26  MS 97:00:11
STSEIL  MS N/A Neri Vela, Rodolpho, PhD ~ Civ STS81B  PS  16504:49
Meade, Car J., Col. USAF  §TSa8 M5 1175427 449:24:31 | Nowman, JamesH.Dr.  Civ STS61  MS  23G:i%:11 0705
STS60 MS  331:3004 Nicollier, Claude, PhD Civ STS46  MS  191:16:07
Melnick, Brucs E., Cdr USCG  STS41  MS 98:10:03 3274 STS61  ESA
STS49 MS 2131738 Ochoa, Elien, Dr. Civ STSS56  MS
Merbold, UY, PhD Ci STS9 PS 2474724 441:03:07 | Ockels, Wubbo J., PhD Cw STS61A  PS
STS-42 PS 193:15:43 O'Connor, Bryan 0., Col USMC STS61B Pt
Messerschmid, Emest, PhD  Civ STSE1A PS  168:4451 168:44:51 STS4p - Cdr
Michell, Edger D., Capt SNRst Aadbu LMP 2160158 *09:23  216:01:58 | Onizuka, Elison S., L1.Col - USAF  STSSIC  MS
Mok, Mamoru, PhD 81547 PS  190:30:23 190:30:23 STSSIL MS
Mutane, Richard M., Col USAF STS41D MS  144:56:04 571:25:10 | Oswald, Steven S. Civ STS42 PR
STS27 " MS 1050537 STS56 PR
STS36 MS  106:1822 Overmyér, Robert F.,Col ~ USMC ~ STS5 Pt 122:14:26
STSa5 MS 2150507 - STS51B  Cdr  168:08:46
Paies, Willam A., Maj USAF  STS514  PS 97:44:38 97:44:38
Pariso, Aonakd A, PhD Civ §TS35 PS 2150507 215:05:07
—Lunar Surtace EVA = Suborbital Flight
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Total Total
Name Service Misslon Posftion FlightTime EVA  Flight Time | Name Service Misslon Position FlightTime EVA  Flight Time
{ ) (hrimin) {hr:min:sec) (hr:min) (hr:min:sec)
Parkes, Robert A., PRD Civ STS9 MS 247:47:24 462:52:31 | Scobee, Francis R, (Dick) USAF Ret STS41C  Pit 167:40:07 167:40:07
' STS35  MS 2150507 X STSSIL - Cdr NA
Payton, Gary E., Maj USAF  STSS51C  PS 733323 73:33:23 | Scott, David R., Col USAF Ret Gemini8 Pk 10:41:26 546:54:13
Peterson, Donad H. USAF Ret STS-6 MS 12023:42 © 0354  120:2342 9 CMP  241:00:54 0101
Pogus, Wiliam R., Col. USAF Ret S| PR 201601:16 1334  201601:16 . Apollo 1S Cdr  205:11:53  *19:08
Precout, cfa,‘“# Lt Col. USAF 5 MS 239:30:59 239:39:59 | Scully-Power, Paul D Civ STS41G PSS 197:23:33 197:33:23
Readdy, William F. Cv STS42  MS 183:15:43 429:26:54 | Seddon, M. Rhea, MD Civ S§TS51D  MS 167:55:23 722:23:09
§TS-51 Pit 26:11:11 STS40 MS
Reightler, Kenneth S., Jr. Cdr USN STS48 ~ Pn 128:27:51 128:27:51 §TS68 PC
Resnik, Judzh A., PhD Cwv STS41D  MS 144:56:04 144:56:04 | Shaw, Brewster H,, Col USAF  STS9 PRt 533:62:21
STS5IL  MS NA STS618  Cdr
Richards, Richad N., Cdr ~ USN STs-28 Pt 121:0008 §50:40:15 STS28  Cdr
STS-41 Cdr 98:10:03 Shepard, Alan B, Jr., R. Adm. USN Ret  **Freedom 7 P} 216:17:20
STS50  Cdr  331:30:04 Apollo 14 Cdr
Ride, Sally K.,PhD Civ S§TS-7 MS 146:23:59 343:47:32 | Shepherd, Willam M., Capt  USN ST18-27 MS 440:11:53
STS41G  MS 197:23:33 STS41 MS
Roosa, Stuart A, Cal ' USAFRet ‘Apoliol4  CMP  216:01:58 21601:58 §TS-52 MS
Ross, Jenry L, Lt Col USAF  STS61B - MS 165:04:49 1220  413:43:11 | Sherdock, NancyJ., Capt.  USA STS-57 MS 239:44:54
§T$27  MS 105:05:37 Shriver, Loren J., Col USAF  STSSIC Pk : 386:05:36
STS-37 MS 143:3245  10:49 STS-31 Cdr 121:16:06
Runco, Mario Jr., Lt Cdr USN STS-44 MS 166:52.27 310:30:46 STS-46 Cdr 191:16:07
STS54 MS  143:38:19  04:27 Stayton, Donald K. Maj USAF RErApono SoyuzCMP 217:28:23 217:28:23
Searfoss, Richard, Maj USAF  STS$8 P 336:12:32 336:12:32 | Smith, Michael J, Cdr USN PR NA NA
Schirra, Watter M., Jr., Capt  USN Ret Sigma7 Pht 81311 295:13:38 | Spring, C.UuCol USA STS«G!B MS 165:04:49 1220  165:04:49
Gemini6A Cdr 2551:24 Springer, Robert C., Col USMC  §75-29 MS 119:38:52 237:33:19
Apollo 7 Cdr 260:09:03 §T8-38 MS 175427
Schiegel, Hans (Geman) ~ Civ STSS5  PS 239:39:59 239:39:59 | Stafford, Thomas P, Lt. Gen USAF Ret Gemini6A  Pit 25:51:24 .507:44:00
Schmitt, HarrisonH.,PhD O Apollo 17 LMP  301:51:50 *22:04  301:54:59 Gemini9A  Cdr 72:20:50
Sdmﬂm. Rnsaﬂ Cw Apollo 9 LMP  241:0054 0107 241:00:54 Apollo 10 Cdr 192:03:23
Apollo Soyuz Cdr 217:28:23
*Lunar Surtace EVA * Suborbital Flight
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Total Total
Name Service Mission Position FlightTime EVA  Flight Time | Name Service Mission Position FiightTime EVA Flight Time
( (hr:min) ( ) (hr:min) (hrmin:sec)
Stewart, Robert L., Col USA STS41B  MS 191:15:55 11:37  289:00:331 Walker, David M., Capt USN STSS61A Pt 191:44:56 484:01:11
STS518  MS 97:44:38 §TS30  Cdr 96:56:28
Sullvan, Kathiyn D., PhD Civ  STS41G  MS  197:2333 0320 53250 STS63  Cdr  175:19.47
STS-31 MS 121:16:06 Walter, Ulrich (Germany) Cw STS85 PS 239:39:59 239:39:59
STS-45 MS 214:10:24 Wak, CarE., USAF  STSS1 MS 236:11:111 0705 238:11:11
Swigert, John L., Jr. Civ Apolio 13 CMP 142:54:41 152:54:41] Wang, Taylor G., Cw §TS51B  PS 168:08:48 168:08:48
Thagard, Norman E., MD Cv  STS7 MS 168:08:48 Wetz, Paul J., Capt USN Ret m 2 Pt 6724949 0144  793:1331
STS-30 MS 96:56:28 Cdr 120:23:42
STS-42 MS 193:15:43 Watherbee, James, Cdr USN STS-32 L] 261:00:37 497:56:50
Thoenton, Kathryn Civ STS-33 MS 120:06:46 593:23:00 $TS-62 Cdr 238:56:13
87549 MS 213:17:38 745 White, Edward M., Lt. Col USAF  Geminid PR 9756:12  00:23 97:56:12
STS-61 MS 259:5835  13:25 Williams, Donald E., Capt USN STS61D Pt 187:55:23 287:34:43
Thomton, William €., MD Civ STS8 MS 145:08:43 313:17:29 STS-34 Cdr 119:39:20
STS618  MS 168:08:48 Wisoft, Peter J. K., Dr. Cwv STS$7 ™S 239:44:54 0550 239:44:54
Thuct, Pierre J., Lt. Cdr USG  STS36 MS 106:18:22 319:36:00| Wo¥, David A, Dr Cwv §T858 MS 336:12:32 338:12.32
STS49 MS 2131738 17:42 Worden, Alfred M., Col USAF Ret Apollo 15 CMP  205:11:53 0039  295:11:53
Tndy, Richard K., Capt USN  STS2 Pt 54:13:12 189:21:55 | Young, John W., Capt USN Ret Gemini3 PR 452:31 835:41:56
STS8 Cdr 1450843 Gemini 10  Cdr 70:46:39
van den Berg, Lodewilk, PAD  Civ STS51B  PS 168:08:46 168:08:46 Apollo10  CMP 1920323
van Hoften, James D., PhD Civ STS41C  MS 167:4007 10:08 337:57:49 Apolio 16 Cdr 2655105 *20:14
STS51E MS 170:17.42 11:51 §TS-1 Cdr 54:20:53
Veach, Charles Lacy USAF  STS39 MS 199:23:17 436:19:30 TS0 Cdr 2474724
STS-52 MS 236:56:13
Voss, James S. Lt.Col. USA STS-44 MS 166:52:27 u212:14
STS-63 MS 175:19:47
Voss, Janice E., Dr. Civ STS-57 MS 239:44:54 29:44:54
Walker, Charles D. Cn STS410  PS 144:56:04 47756:16
STS-510  PS 167:55:23
§7S61B  PS 165:04:49
*Lunar Surface EVA " Flight
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Summary of United States Manned Space Flight

GEMINI TITAN

Gemini 3 Grissom, Young
Gemini 4 McDivitt, White
Gemini § Cooper, Conrad
Gemini 6A Schina, Stafford
Geminj 7 Borman, Lovell
Gemini 8 Armstrong, Scott
Gemini 9A Staffod, Gemnan
Gemini 10 Young, Collins
Gemini 11 Conrad, Gordon
Gernini 12 Lovell, Aldrin

45230 9:45:02

97:56:42  195:52:24
190:56:14  381:50:28
25:51:24 51:42:48
330:35:01  661:10:02
10:41:26 21:22:52
722050 1444140
70:46:39  141:33:18
71:1708  142:34:18
94:34:31  189:09:02

Mission Mission
Mission Crew Members Duration Crew Hours | Misslon Crow Members Duration  Crew Hours
MERGURY REDSTONE {Suborbital) APQLLO SATURN L
Freedom 7 Shepard 15:22 15:22 | Apolio7 Schima, Eisels, Cunningham 260:09:03  780:27.09
Liberty Bell 7 Grissom 15.37 15:37
otal Flights - 2 30:59 30:58 | APOLLO SATURN V
MERCURY ATLAS (Orbitaf) Apollo 8 Borman, Lovell, Anders 1470042 441:02:06
Apollo 8 McDivitt, Scott, Schweickart 241:00:54  723:02:42
Friendship 7 Glenn Apollo 10 Staftord, Young, Ceman :03:
Aurora 7 Carpenter Apollo 11 Amstrong, Collins, Aldrin 8;
Sigma 7 Schirra Apolio 12 Conrad, Gordon, Bean
i Cooper Apollo 13 Lovel, Swigen, Haise
Total Flights - 4 532428 5324:28 | Apolio 14 Shepard, Roosa, Mitchell
Apolio 15 Scott, Worden, lrwin
Young, Mattingly, Duke
TOTAL MERGURY FLIGHTS - 6 53:55:27 53:85:27 i

TOTAL APOLLO FUGHTS - 11

—
2502:00:37  7506:01:51

672:49:49 2018:20:27
1416:1109  4248:33:27
2016:10:16  6048:03:48

TOTAL GEMINI FLIGHTS - 10

969:50:56  1930:41:52

SKYLAB SATURN 1B

Skylab 2 Conrad, Kerwin, Weitz

Skylab 3 Bean, Gamictt, Lousma

Skylab 4 Carr, E. Gibson, Pogue
TOTAL SKYLAB FUIGHTS - 3

APOLLO SATURN B

ASTP Stafford, Brand, Skyton

4105:02:14  12315:06:42

2172823  652:25:089
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Summary of United States Manned Space Flight

Henizs, Acton, Bartos

Mission Misston
Migsion Crew Members Duration  Crew Hours | Mission Crew Members Duratlon Craw Hours
(hr:min:gec) ( ) [t ) (r
STS-1- Columba  Young, Crippen 542053  108:41:46 | STS51l-Discovery Engle, Covey, van Haften, Lounge, W. Fisher  170:17.42 851 2630
§TS-2 - Columbia Engle, Truly 54:13:12  108:26:24 STS-51J - Atlantis Bobko, Grabe, Himers, Stewart, Pailes 97:44.38  488:43:10
875-3 - Calumbia Lousma, Fullertion 192:04:46  384:09:32 STS-61A - Challenger Hartsfietd, Nagel, Buchii, Bluford, Dunbar, 168:44:51  1349:58:48
5754 - Columbia Mattingly, Hartsfield 169:09:31  338:19:02 Fumer, Messerschmid, Ockels
STS-5 - Columbia Brand, Overmye, Allen, Lenoir 122:14:26  488:57:44 STS61B- Atlantis ~ Shaw, O'Cannor, Cleave, Spring, Ross, 165:04:49  1155:33:43
5756 - Challenger ~ Weaitz, Babko, Paterson, Musgrave 120:23:42  481:34:48 Neri Vela, C. Walker
STS-7 - Challenger  Crippen, Hauch, Ride, Fabian, Thagard 146:23:59  731:59:55 STS61C - Columbia  R. Gibson, Bolden, Chang-Diaz, Hawley, 146:03.51  1022:26:57
STS-8- Challenger  Truly, Brandenstein, D. Gardner, Bluford, 1450843  725:43:35 G. Nelson, Cenker, B. Nelson
W. Thomton STS-51L - Challenger Scobes, Smith, Resnik, Onizuka, McNair, NA NA
$T5-9 - Columbia Young, Shaw, Garriott, Parker, 247:47:24  1486:44:24 Jarvis, McAuiiffe
Lichtenberg, Merbokd STS-26 - Discovery  Hauck, Covey, Lounge, Hilmers, G. Nelson 97.00:111  485:00:55
STS-41B - Challenger Brand, Gibson, McCandless, McNair, 191:15:55  956:19:35 STS-27 - Atlantis R. Gibson, Gardner, Mullane, Ross, Shepherd  105:05:37  525:28:05
Stewart STS-29 - Discovery  Coats, Blaha, Bagian, Buchi, Springer 119:38:52  598:14:20
STS-41C - Challenger Crippen, Scobee, van Hoflen, G. Nelson, Hart  167:40:07  838:20:35 | STS-30 - Atlantis Walker, Grabe, Thagard, Cleave, Lea 96:56:28  484:42:20
STS-410 - Discovery Hantsfield, Coats, Resnik, Hawley, Mullane, 144:56:04  869:36:24 STS-28-Columbia  Shaw, Richards, Lestsma, Adamson, Brown 124:00:08  605:00:40
C. Walker STS-34 - Atlantis Wiiiams, McCully, Baker, Chang-Diaz, Lucid ~ 119:39:20  598:16:40
S$TS-41G - Challanger Crippen, McBride, Ride, Sullivan, Lestsma, 197:23:33  1361:44:51 STS-33 - Discovery  Gregory, Blaha, Musgrave, K. Thornton, Carter 120:06:46  600:33:50
Gameau, Scully-Power $TS-32-Columbia  Brandenstein, Wetherbee, Dunbar, ivins, Low  261:00:37  1305:03.05
STS-51A - Discovery  Hauck, D. Walker, Gardner, A. Fisher, Allen  191:44:56  958:49:40 STS-36 - Atlantis Creighton, Casper, Hilmers, Mullane, Thuot 106:18:22  531:31:50
STS-51C - Discovery  Mattingly, Shriver, Onizuka, Buchi;, Payton 73:33:23  367:46:55 | STS-31-Discovery  Shriver, Bolden, McCandless, Hawley, Sullivan 121:16:06  606:20:30
STS-51D - Discovery  Bobko, Williams, Seddon, Hoffman, Griggs, 1675523 11752741 STS-41-Discovery  Richards, Cabana, Melnick, Shepard, Akers 98:10:03  490:50:15
C. Walker, Garn STS-38 - Atlantis Covey, Springer, Meade, Culbertson, Gemar ~ 117:54:27  580:35:15
STS51B -Cha!lenger Overmyer, Grogory, Lind, Thagard, 168:08:46 1177:01:22 | STS-35-Columbia  Brand, Lounge, Hoffman, Parkey, 215:05:07  1505:35:48%
W. Thomton, van den Berg, Wang G. Gardner, Parise, Durrance
STS51G - - Discovery Brandenstein, Creighton, Lucid, Fabian, 169:38:52  1187:32:04 | STS-37 - Attantis Nagel, Cameron, Ross, Apt, Godwin 143:32:45  717:43:45
Nagel, Baudry, A-Saud STS-39- Discovery ~ Coats, } MHarbaugh, Hieb, A le, 199:23:17  1395:42:59
STS-61F - Chaflenger Fullerton, Bridges, Musgrave, Engtand, 190:45:26  1335:18:02 Biutord, Veach
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Summary of United States Manned Space Flight

MrAnmn Fettman

Misslon Mission
Mission Crew Members Duration Crew Hours | Mission Crew Members Duration  Crew Hours
(hri ) (hr:min:sec) (hr:min:sec]
STS40-Columbia  Gutierrez, Seddon, Baglan. Jemigan, Gaffney, 215 1514 1527:46:38 [STS61 - Endeavour  Covey, Bowersox, Musgrave, Akers, Hoffman,  259:58:35  1971:57:05
X Hughes-Fufford, Thomton, Nicollier
STS-43 - Atlantis g'laha Baker, Lucid, Low, Adamson a 213:22:27  1066:52:15
STS-48 - Discovery eighton, Rsighﬂeﬂ Buchti, Brown, Gemar 12827551  642:19:15 TOTAL SHUTTLE FLIGHTS - 58 -4 5
STS-44 - Atlantis Gregory, Henricks, Musgrave, Runco, Voss,  166:52:27  1001:14:42 SBST:NN0  85519:35:30
Hennen
S7S-42 - Discovery ~ Grabe, Oswald, Thagard, Readdy, Hilmers 193:15:43  1352:50:01
Bondar, Merbold
STS4S - Atlantis Boiden, Dufty, Sullivan, Loestma, Foale, 214:1024  1499:12:48
Frimout, Lichtenburg
STS49 - Endeavour  Brandenstein, Chilton, Hieb, Melnick, Thout, ~ 213:30:04  1493:03.26
Thornton, Akers
§TS-50 - Columbia [R)Ldlards, Bowersox, Dunbar, Meade, Baker ~ 331:30:04  1989.00:24
hicas
ST5-46 - Atlantis Shriver, Allen, Hoffman, Chang-Diaz, Nicollier, 191:16:07  1338:52:49
Ivins, Malerba
STS-47 - Endeavour  Gibson, Brown, Lee, Davis, Jemison, Apt, 190:30:23  1333:32:41
Mohri
8T5-62-Columbia  Weatherbee, Baker, Shepherd, Jemigan, 236:56:13  1184:41:05
Veach
STS-53 - Discovery ~ Walker, Cabana, Bluford, Voss, Clifford 175:19:47  876:38:55
STS-54 - Endeavour  Casper, McMonagle, Runco, Harbaugh 143:38:19  718:11:35
Helms
STS-56 - Discovery ~ Cameron, Oswald, Foale, Cocrell, Ochoa 222:0824  1110:42:00
STS-55 - Columbia  Nagel, Henricks, Precourt, Hamris, Walter, 239:39:59  1437:59:54
Schlegel
STS-57 - Endeavour  Grabe, Dufly, Low, Sherlock, Wisoff, Voss 239:44:54  1438:16:36
$TS-51 - D Cul , Readdy, Newman, Bursch, Walz ~ 236:11:11 1186:41:50
STS:58- Columbia  Blaha, Searfoss, Seddon, Lucid, Wol, 336:12:32  2023:27:42
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Summary of Shuttle Payloads and Experiments

Mission Duration: 192 hrs 4 mins 46 secs

Anachad PLB Payloads:

. 0SS (Office of Space Science)-1 Pallet
. Plant Lignification Experiment
Plasma Diagnostic Package *
. Vehicle Charging and Potential
Space Shuttle Induced Atmosphere
Thermal Canister
Solar Flare X-ray Potarimeter
Sclar Ultraviolet and Spectral liradiance Monitor
. Contamination Monitor Package
Foil Microabrasion Package

T e oD

*RMS deployed/berthed

Flight Launch Date Landing Date Crew Payloads and Experiments
STS- Apr 12,1981  Apr14,1981 Cdr: JohnW. Young Deployable Payloads: None GAS (Getaway Speclal): None
Columbia KSC DFRF Pt:  Robert L. Crippen Attached PLB Payloads: Crew Compartment Payloads: None
1. Passive Sample Array Special Payload Misslon Kits: None
Mission Duration: 54 hrs 20 mins 53 secs 2. DFI(D Flight ion) Pallst
3. ACIP (Aerodynamnc Coefficient identification Package)
STS-2 Nov 12,1981  Nov 14,1981 Cdr. Joe Henry Engle Deployable Payloads: None 4. |ECM (Induced Environment Contamination Monitor)
Columbia KSC DFRF Pit:  Richard H. Truly Attached PL8 Payloads: 5. OSTA-1 {Office of Space and Terrestrial Applications)
1. OFT (Orbital Flight Test) Pallet
Mission Duration: 54 hrs 13 mins 12 secs a. MAPS {Measurement of Air Pallution From Satelite} | GAS (Getaway Special): Nons
b. SMIRR (Shuttie Multispectral Infrared Radiometer)
¢. SIR (Shuttte Imaging Radar) Crow Compartment Payloads: None
d. FILE (Features ldentification and Location Experiment)
e. OCE (Ocean Color Experiment) Special Payload Mission Kits;
2. DFI (Development Fiight Instrument) Pallet 1. RMS {Remote Maniputator System (S/N 201)
3. ACIP (Aerodynamic Coefficient Identification Package)
8TS3 Mar 22,1982 Mar30,1982 Cdr: Jack R. Lousma Deployable Payloads: None 2. DFI (Development Fiight fnstrumenty Pallet
Columbia KSC White Sands  Pi:  Charles G. Fulleton | 1. Plasma Diagnostic Package 3. ACIP {Aerodynamic Coefficient Identification Package)

GAS (Getaway Speclal):
1. Verification Canister

Crow Compartment Payloads:
1. MLR (Monodisperse Latex Reactor)
2. HBT {Hefiex Bioengineering Test)

Special Payioad Mission Kits:
1. AMS (Remote Maniputator Systern (SN 201)
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Summary of Shuttle Payloads and Experiments

Flight Launch Date Landing Date Crew l Payloads and Experiments
5754 Jun 27,1982 Jul 4 1982  Cdr: Thomas K. Mattingly, Il Deployablo Payloads: None 9. Root growth of Lemna Minor L. (Duckweed) in
Columbia KSC OFRF Pl Henry W. Hansfield, J53 1. 1ECM {Induced Environment Contamination Monitor) Microg
deployed/reberthed by RMS h. Homogeneous Experiment
Mission Duration: 169 hrs 9 mins 31 secs Aftached PLB Payloads i. Algai Microgravity Bioassay Experiment
1. DFI (Development Flight Instrument) Pallet CMI Compartment Payloads:
Department of Defense MLR (Monodisperse Latex Reactor)
1. DOD 821 2. CFES (Continuous Flow Electrophoresis &s!em)
GAS (Getaway Special): 3. SSIP (Shuttle Student Involvement Program)
1. Uiah State University 5404: Effect of Prolonged Space Traval on Lavsls of
a. {truit fly) Growth Experi Trivalent Chromium in the Body
b. Amama (Brine Shrimp) Growth Experiment $405; Eftect of Diet, Exercise, and Zero Gravity on
¢. Surface Tension Experiments Upoprotam Profiles
d. Composite Cunnq Experiment VPCF (Vapor Phase Compression Freazer)
e. Thermal Conductivity Expariment Spaclal Payload Mlulon Kits:
1. _Microgravity Solering Experiment 1. _RMS (Eemmo Manlgulator System (SN 201) .
ST5-6 Nov 11, 1982 Nov 16,1982 Cdr: Vance DeVoe Brand | Deployable Payloads: None GAS (Getaway Speci
Columbia KSC DFRF Pit:  Robert F. Overmyer 1. G-026: ERNDIS:aD«Iﬂy of Metallic Dispersions

1. SBS—CIPAMmB (Satellite Business sysems/Payload

MS: Joseph P. Allen {USC PIP 14021)
MS: William B, Lenoir 2. ANIK-C/PAM-D (Telesat Canada, Ltd/Payload Crow Compartment Payloads:
Mission Duration: 122 hrs 14 mins 26 secs Assist Modute) 1. SsiP (g\m Student Involvement Program)
Attached PLB Payloads a. SEB1-5 - Crysta! Formation in Zero Gravity
1. DFI (Development Flight instrument) Pallet b. SEB1-9 - Convaction in Zero Gravity
a, EIOM (Effects of Interaction of Oxygen with Materials) c. SEB1-2 - Growth of Porifera
b. [SAL (Investigation of STS ic Luminosities) peclal Payload Mission Kits:
ST5-6 Apr 4, 1983 Apr 9 1983 Cdr: PaulJ. Weitz Deployable Payloads: None Crow Companmom Payloads:
Challenger ~ KSC Ph:  Karol J. Bobke 1. TDRS-AIUS (Tracking and Data Relay Satellite/inertial 14 CFES {Continuous Flow Electrophoresis System)
MS: Donald H. Peterson Upper Stage) 2. MLR (Monodisperse Latex Reactor)
MS: Story Musgrave Aﬂached PLB Payloads 3. RME (Radiation Monitaring Experiment)
Mission Duration: 120 hrs 23 mins 42 secs. CBSA [Cargo Bay Stwage Assembly) 4. NOSL (Night/Day Opt:cal Survsy of Lightning)
GAS (Getaway Special) Special Payload Missiol

1. G005 Asahi Shvmban Japan
2. G-049: USS. Air Forca Academy

3._G-381: Park Seod Company

1. Mini-MADS (Mndutat Auxll‘ﬂry Data System)
2. EMU (Extravehicular Mobiity Unit)
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Summary of Shuttle Payloads and Experiments

Flight Launch Date  Landing Date Crew Payloads and Experiments
STS-7 Jun 18,1983  Jun24,1983 Cdr: Robert L. Crippen Deployable Payloads: None 4. G-009: Purdue University - Geouopusm Fhiid
Columbia KSC DFRF PIt:  Frederick H. Hauck 1. ANIK-C/PAM-D (Telesat Canada Satellite) Dynamics and Nuclear Particle Velocity
MS: John M. Fabian 2. Palapa-B1/PAM-D {Indonesian Satellite §. G-305: U.S. Air Force and National Research Labs -
MS: Sally K. Ride 3. SPAS (Shuttie Pallet Satefiitej-01 Ultraviolet Spectrometer
MS: Norman E. Thagard Unberthing/Berthing Tests 6. G-012: RCA, Camden, NJ Schools - Ant Colony
Mission Duration: 146 hrs 23 mins 59 secs Attached PLB Payloads: 7. G-345: Goddard Space Flight Center and National
1. OSTA (Office of Space and Terestrial Applications}-2 Research Labs - Payload Bay Environment
2. CBSA (Cargo Bay Stowage Assembly) Crew Compartment Payloads:
GAS (Gotaway Spacial): 1. CFES (Continuous Flow Electrophoresis System)
1. G 033; California Institwte of Tech - Pant 2. MLR (Monodisperse Latex Reactor)
ption and Liquid Di i 3. SSIP (Shutile Student Involvement Program)
2. G-088: Edsyn, Inc. - Soldenng of Material Speclal Payload Mission Kits:
3. G-002: Kayser Threde, W. Germany - Youth Fair 1. RMS (Remote Manipulator System) S/N 201
Experiment 2. TAGS (Text and Graphics System)
3. Mini-MADS {Modular Auxiliary Data System)
STS-8 Aug 30,1983 Sep5,1983  Cdr: Richard H. Truly Deployable Payloads: 5. G-346: Goddard Spacs Flight Center - Cosmic Ray
Challenger  KSC DFRF Pi:  Daniel C. Brandenstein} 1. Insa/PAM-D: Indian Nationa! Satellite Upset Experiment
MS: Dale A. Gardner 2. PFTA (Payload Flight Test Article} Unberthing/ Crew Compartment Payloads :
MS: Guion S. Biuford, Jr. [ Berthing Tests . CFES (Continuous Flow Electrophoresis System)
MS: Wiliam E. Thomton | Attached PLB Payloads: 2. ICAT (IncubaterCell Attachment Test)
Mission Duration: 145 hrs 8 mins 43 secs 1. OFI (O Flight 3. I1SAL (I ion of STS inosities)
4

. Oxygen and Heat Pipe Exp
b. Postal Covers (2 boxes)
2. CBSA (Cargo Bay Stowage Assembly)
3. SPAS (Shutile Pallet Satefiite)-01 Umbilical Disconnect
GAS (Getaway Special):
1. U.S. Postal Service - 8 cans of philatelic covers
2. G-475: Asahi Shimban - Artificia! Snow Crystal

Experiment
3. G-348: Office of Space Science - Atomic Oxygen Erosion

4. G-347: Navy Research Lab - Uttraviolet PhotoFilm Test

. AEM (Ammal Enclosure Module) - Eva!uanon of AEM
using rate

5. RME (Radiation Monitoring Experiment}

6, SSIP (Shuttle Student Involvement Program) -

Biofeedback

Speciaf Payioad Mission Kits:

1. RMS (Remote Maniputator System) SN 20t

2. MADS (Modular Auxiliary Data System) Il

3. COMSEC {Communication Security)

4. TAGS (Text and Graphics System)
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Summary of Shuttle Payloads and Experiments

Mission Duration: 247 hrs 47 mins 24 secs

PS: Ut Merbold

d. Tunnel Extension
. Tunnel Adapter

2. Experiments
a. Astronomy and Physics (6)
b. Atmospheric Physics (4)
¢. Earth Observations (2)

Flight Launch Date  Landing Date Crew . Payloads and Experiments
S§TS9 Nov28,1983 Dec8,1983 Cdr: JohnW. Young Deployable Payloads: None d. Life Sciences (16)
Coumbia  KSC OFRF Pt:  Browster W, Shaw Attached PLB Payloads: . Materials Sciences {39)
’ MS: Owen K. Gariott 1. Spacelab-1; f. Space Plasma Physics (5)
MS: Robert A. R. Parker a. Spacelab Long Module g. Technology (1)
PS: Byron K. Lichtenberg b. Spacetab Pallet GAS (Getaway Special): None
¢. Tunnel Crew Compartment Payloads: None

Special Payload Mission Kits:

1. Cryogenicsets4 and 5

2. Spacelab Utility Kit

3. TAGS (Text and Graphics System)
4. Galley

S§TS418
Challenger

Feb3,1984  Feb 11,1984 Cdr: Vance D.Brand
KSC KSC Pit:  Robert L. Gibson
MS: Bruce McCandless
MS: Robert L. Stewart

MS: Ronald E. McNair

Mission Duration: 191 hrs 15 mins 55 secs

Deployable Payloads:

1. Westar VIPAM-D - Western Union Communications
Satellite/Payload Assist Module

2. Palapa-B/PAM-D - Indonesian Communications

Satellite/Payload Assist Module

3. SPAS (Shuttle Pallet Satellite)-01 - Not Deployed
due to RMS anomaly

4. IRT (Integrated Rendezvous Target) - Failed to
inflate due lo internal failurs

Attached PLB Payloads:

1. MFR (Manipulator Foot Restraint)

2. SESA (Special Equipment Stowage Assembly)

3. Cinema 360 - High Quality Motion Picture Camera

GAS (Getaway Speclal):

1. G-004: Utah State University/Aberdeen University

2. G-008: Utah State University/University of Utatv
Brighton High School

. G-051: General Telephone Labs
. G-309: U.S. Air Force
5. G-349: Goddard Space Flight Center
(re: flight STS-8)

Crow Compartment Payloads:
ACES (Acoustic Containerless Experiment System)
. IEF (Isoelectric Focusing)
. Cinema 360 Camera
Student Experiment SE81-10 - Effects of Zero g
on Arthritis
5. MLR {Monodisperse Latex Reactor)

6. RME (Radiation Monitoring Experiment)
Speclal Payload Mission Kits:
. RMS (Remote Manipulator System) S/N 201
MMU (Manned Maneuvering Unit) - 2
. Mini-MADS (Modular Auxiliary Data System)
. Galley

& w

o

L
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Summary of Shuttle Payloads and Experiments

. SMRM (Solar Maximum Repair Missicn) - Flight
Support System

. Cinema 360 - High Quafity Motion Picture Camera

. CBSA (Cargo Bay Stowage Assembly) - Bay 2,
starboard side

(YN

GAS (Getaway Special): None

Flight Launch Date Landing Date Crew Paylaads and Expecments
STS-41C  Apr6,1984  Apr13,1984 Cdr: Robert L. Crippen Deployable Payloads: 0nw Compartment Payloads:
Challengesr  KSC DFRF Plt:  Francis R. Scobee 1. LDEF (Long Duration Exposure Facility) - Office of . RME (Radiation Monitoring Experiment)
MS: Terry J. Hart Aeronautics and Space Technology 2. {MAX Camera - Canadian Commercial Company colof
MS: James D. Van Hoften | 2. SMM (Solar Maximum Mission) Spacecraft - fitm camera using 70mm x 260mm film
MS: George D. Nelson Rendezvous/Retrieve/Repair/Deploy 3. SSIP (Shuttle Student Involvement Program) -
Mission Ouration, 167 hrs 40 mins 7 secs Comparison of honeycomb structure of bees in low g
Altachod PLB Payloads: and bees in tg

Speclal Payload Mission Kits:

1. MMU (Manned Mansuvering Units) - 2

2. EMU (Extravehicular Mobility Units) - 3

3. RMS (Remote Manipulator System} S/N 302

STS41D Aug30,1984 Seps, 1984
Discovery KSC EAFB

Mission Duration: 144 hrs 56 mins 4 secs

. Henty W. Hantsfield

Michael L. Coats

: Richard M. Mullana
: Steven A Hawley

; Judith A. Resnik

: Charles D. Walker

Deployable Payloads:

1. SBS/PAM-D (Satellite Business System/Payload
Assist Module)

2. Syncom V-2 (Leased to DOD for UHF and SHF
communications, also called Leasat)

3. Telstar/PAM-D (American Telephone and
Telegraph/Payload Assist Module)

Attached PLB Payloads:

1. OAST-1 (Offica of Aeronautics and Space Technology)
a. SAE (Solar Array Experiment)
b. DAE (Dynamic Augmentation Experiment)
¢. SCCF (Solar Cell Cafibration Facility)

GAS (Getaway Special): None

Crw Compartment Payloads:
. CFES IIt (Continuous Flow Electrophoresis System)
2. IMAX Camera - IMAX System Corporation (Canadian
Comparty) 70mm x 280mm film

3, RME (Radiation Monitoring Experiment) USAF Space
Division

. Clouds - USAF Mikon F 3/T with 105mm lens

. SSIP - (Shuttle Student Involvement Program) - Grow
single crystal of Indium, Shawn Murphy, Hiram, OH;
Rockwell Intl, Sponsor

S

Special Payload Mission Kits:
1. RMS (Remote Manipulator System) S/N 301
2. MADS (Modutar Auxiliary Data System)
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Summary of Shuttle Payloads and Experiments

Mission Duration: 197 hrs 23 mins 33 secs

: Paul D. Scully-Power

b. FILE (Feature identification and Location Experiment)
¢. MAPS (Measurement of Air Pollution from Sateliite)
2. LFC (Large Format Camera)
3. ORS (Orbital Refueling System

Croew Compartment Payloads:
. APE {Auroral Photography Experiment)
2. CANEX {Canadian Expefiments)

Flight Launch Date  Landing Date Crew Payloads and Experiments
STS41G  Oci5,1984  Oct13,1984 Cdr: RobertL. Crippen Deployable Payloads: GAS (Getaway Speclal):
Challenger  KSC KSC Pl Jon A McBride 1. ERBS (Earth Radiation Budget Satelite) 1. GOOT: Alabama Space and Rocket Cemer -
MS: Kathryn D. Sullivan Solidification of lead-anti ppe
MS: Sally K. Ride Attached PLB Payloads: student experiment
MS: David D. Leetsma 1. OSTAS (Office of Space and Terrestrial Applications) 2. G032 ASAHI National Broadcasting Corp. Japan -
PS: Marc 0. Gameau a. SIR-B (Shuttle Imaging Radar) Surtacs tension and viscasity; and materials experiment

3. G306: Air Force and U.S. Naval Research Lab - Low
Energy Heavy lons Search in the Inner Magnetosphera

4. (469: Goddard Space Flight Center - Cosmic Ray
Upset Experiment (CRUX)

5. (G038: Marshall-McShane - Vapor Deposition of Metals
And Non-Metals

8. G074: McDonnefl Douglas Company - Study Proposed
Propeliant Acquisition System

7. GO13: Kayser Threde, West Germany - Veriy

Transport Mechanism in Halogen Lamps Performance

Mi

icro-g
8. G518: Utah State University - Study Solar Flux

a. VISET
b. ACOMEX
¢. OGLOW (Orbital Glow and ic Emissions) inb
d. SPEAM ({Sun Photometer Earth Almosphsre
Measurement}

©. SASSE (Space Adaptation Syndrome Stidoes Exp)
3. IMAX Camera
4. RME (Radiation Monitoring Experiment)
5. TLD (Thermeluminescent Dosimeter)

Saparation, Capilary Waves on Water Surace, and
Thermo-Capillary Flow in Liquid Columns

Spoclal Payload Mission Kits:
RMS (Remote Manipulator System) $/N 302
Gall

EMU (Extravehicular Mobility Units) - 3

2

3. MMU (Manned Maneuvering Units) - 2
4.

5. PSA (Provisions Stowage Assembly)
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Summary of Shuttle Payloads and Experiments

Mission Duration: 167 hrs 55 mins 23 secs

communications satellite. Placed in 3 year storage
orbit

Attached PLB Payloads: None

GAS (Getaway Special):
. G035 - Asahi National Broadcasting Corp, Japan
a. Surface tension and viscosity
b. Alloy, lead oxide and carbon fiber

Flight Launch Date Landing Date Crow Payloads and Experiments
STS51A Nov8,1984  Nov 16,1984 Cdr: Frederick H. Hauck Deployable Payloads: GAS (Getaway Special): None
Discovery KSC KSC Pit:  David M. Walker 1. Telesat-H (ANIK)-D2/PAM-D - Canadian 24 channel Special Payload Mission Kits:
MS:  Josaph P. Allen communications satellite. 1. RMS (Remote Manipufator System} S/N 301
MS: Amna L. Fisher 2. Synoam I-1 - Synchranous Communications 2. MMU {(Manned Maneuvering Linits) {2)
MS: Dale A. Gardner Sateflite, also called Leasat, leased to U.S. Navy 3. EMU (Extravehicular Mobility Units) (3)
Mission Duration: 191 hrs 44 mins 56 secs Retrieved Payloads: 4. PSA (Provisions Stowage Assembly) (2)
1. Palapa-B2 - Depioyed during mission STS 41-8, failed 5. Satellite Retrieval Hardware:
to achieve proper transter orbit due to PAM-D failure a. Modified Spacelab Pallet (2)
2. Westar-Vl - Deployed during mission 41-B, failed to b. MFR (Manipuiator Foot Restraint) (2)
achieve proper transfer arbtt dus to PAM-D failure c. Stinger Adapter (2)
Attached PLB Payloads: None d. Satellite Adapter Trunnion (2)
Crew Compartment Payloads: ©. Berthing A Frame
1. DMOS (Diffusive Mixing of Organic Solutions} 3M Corp
2. RME {Radiation Monitoring Experiment}
STS61C  Jan24,1985 Jan 27,1985 Cdv: Thomas K. Mattingly | Deployable Payloads: Crew Compartment Payloads:
Discovery  KSC Ks¢ Loren J. Shriver Data not available, DOD Classified Mission Data not available, DOD Classified Mission
MS: Eliison S. Onizuka Attached PLB Payloads: Speclal Payload Misslon Kits:
MS: James F. Buchli Data not available, DOD Classified Mission RMS (Remote Manipulator System) S/N 301
PS: GaryE. Payton GAS (Getaway Speclal): z. Other data not avaitable, DOD Classified Mission
Mission Duration: 73 hrs 33 mins 23 secs Data not available, DOD Classified Mission
STS51D  Apr12,1985  Apr19,1985 Cdr: Karol J. Bobko Deployable Payloads: 2. G471 - Goddard Space Flight Center, Thermal
Discovery  KSC KSC Pit:  Donald E. Willams 1. Syncom V-3 - Synchronous Communications Engineering Branch, Capillary Pump Loop (CPU)
MS: M. Rhea Seddon Satellite, built by Hughes, third in a series of 4, leased Priming Experiment
MS: S, David Griggs totha Navy. Crew Compartment Payloads:
MS: Jeffrey A. Hoffman Failed to activate after nominal deploy from Orbiter. 1. CFES it (Continuous Flow Elactrophoresis System)
PS: Charles D. Watker 2. Telesat | {Anik C-1)/PAM-D - Canadian 2. AFE {(American Flight Echocardiograph}
PS: E.J.Gamn 3. PPE (Phase Partitioning Experiment}
4

. SSIP (Shuttle Student involvement Program) (2)
a. Com Statolith
b. Brain Cell
Speclal Payload Mission Kits:
1. RMS (Remote Manipulator System) /N 301
2. PSA (Provision Stowage Assembly)

3._MADS Ill (Modular Auxiliary Data System) |
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Summary of Shuttle Payloads and Experiments

Mission Duration: 168 tws 8 mins 46 secs

Growth System (VCGS)
. Mercury lodide Crystal Growth (MICG)
2. Technology
a. Dynamics of Rotating and Oscillating Free Drops
ROP)

3. Environmental Observations
a. phy Fluid Flow Cell £ {GFFC}
b. ic Trace Molecule Sp Py

(ATMOS)
c. Very Wide Field Galactic Carnera (VWFGC)
d. Aumva Observation
4, Astro
a  Studies of the lonization States of Solar and
Galactic Cosmic Ray Heavy Nuclei (ION)
5. Life Sciences
a. Research Animal Holding Facility (RAHF)
b. Urine Monitoring fnvestigation (UM) -
c. Autogenic Feedback Training (AFT}

Flight Launch Date  Landing Date Crow Paytoads and Experiments

STSE1B  Apr 29, 1985 May 6,1985 Cdr: R.F.Overmyer Deployable Payloads: GAS (Getaway Special):

Chaflenger  KSC FRF PI:  F.D. Gregory Refer to GAS Section . G010 - NUSAT, Northern Utah Satelite. Weber State
MS: Don L. Lind Callege, Utah, Utah State University, and New Mexico
MS: Norman E. Thagard PLB Pay S| 3 State University. First successful payload ejection from
MS: WillamE. Thomton | 1. Materials Processing in Space a GAS canister.
PS: Lodewik Vandenberg a. Solution Growth of Crystals in Zero Gravity 2. G303 - GLOMR, Global Low Orbiting Message Relay
PS: Taylor Wang b. Mercuric lodide Crystat Growth, Vapor Crystal Satellite. Defense Systems, Inc., McLean, VA, Failed

to eject from GAS canister.

Crew Compartment Payloads:
1. UMS: Urine Monitoring System

Special Payload Misslon Kits:

1. Airock

2. Long Transfer Tunnel

3. Galley

4. MPESS - Mission Peculiar Equipment Support
Structure, carried ATMOS and ION.
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Summary of Shutile Payloads and Experiments

Mission Duration: 169 hrs 38 mins 52 secs

Al-Saud

Organization

Flight Launch Date  Landing Date Crow Payloads and Experiments
STS-51G  Jun17,1985 Jun24,1985 Cdr. Daniel Deploy Pay GAS (Getaway Special);
Discovery ~ KSC EDW Pit:  John O. Creighton 1, Telstar-30/PAM-D: Hughes 376 Communications 1. G007 - Alabama Space and Rocket Center/Marshall
MS: John M. Fabian Satellite with McDac Payload Assist Module Amateur Radio Club -
MS: Steven R. Nagel Booster, Owned by AT&T Co. a. Solidification of Metals
MS: Shannon W. Lucid 2. ARABSAT-A/PAM-D: Aerospatiale Communication *b. Crystal Growth
PS: Patrick Baudry Satellite with McDac Payload Assist Module Booster. ¢. Radish Seed Root Study
PS: Prince Sultan Salman Owned by Saudi Arabian Communications d. Radio Transmission Experiment

2. G025 - ERNO - Dynamic Behavior of Liquid
in low-

3. MORELOS-A/PAM-D: Hughes 376 C

Satelfite with McDac Payload Assist Modute Booster,

Owned by Mexican Communications and
Transponrtation Agency

4. Spartan-1: Shuttle Painted Autonomous Research
Tool for Astronomy
a. SPSS: Spartan Flight Support Structure
b. REM: Release/Engage Mechanism
c. SEC: Scientific Experiment Carrier
The SEC was released and retrieved using REM and
RMS {Remote Manipulator System)

Attached PLB Payloads: None

FTop

. -9
3. G027: DFVLR of West Germany - Sfipcasting

in micro-g.

4. G028: DFVLR of West Germany - Manganese -
Bismuth production in micro-g.

5. GO034: Dickshire Coars, Texas High School Students
a. 12 Bi ysical science
b. 1 Microprocessor controller

6. G314: USAF and USNRL - SURE (Space Ultraviolet
Radiation Experiment)

Xp

Crew Compartment Payloads:

1. ADSF - Automated Directional Solidification Fumace
2. FEE - French Echocardiograph Experiment

3. FPE - French Postural Experiment

4, HPTE - High Precision Tracking Experiment

Special Payload Mission Kits:
1. RMS (Remote Manipulator System) S/N 301
2. Galley




Summary of Shuttle Payloads and Experiments

Payloads and Experiments

b. Plasma Depletion Experiments for lonospheric
and Ragio astronomical Studies (Exp 4)
2. Asirophysxml Research
a.  Small Helium Cooled Infrared Telescope (IRT}
(Exp5)
b. Hard X-ray Imaging of Cluster of Galaxies and
Other Extended X-ray Sources (XRT) (Exp 7)
¢. Elemental Composition and Energy Spectra of
Cosmic Ray Nuclei (CRNE) (Exp 4)
3. Solar Astronomy
a. Solar Magnetic and Velocity Field Measurement
System (SOUF) (Exp )
b. Coronal Helium Abundance Spacslab Experiment
(CHASE) (Exp 9)
c. HighF ion Telescope and Spx
(HRTS) (Exp 10)
d. Solar Ultraviolet Spactral irradiance Monitor
(SUSIM) (Exp 11)
4. Technology
a. Properties of Superfluid Helium Zero-g (SFHe)
{Exp 13}

Flight Launch Date Landing Date Crew
STS-51F  Jul29,1985  Aug6,1985 Cdr: Charles Fullerton Deployable Payloads: GAS (Getaway Speclal): Nons
Challenger ~ KSC EDW Pt: Roy D. Bridges 1. Ejectable Plasma Diagnostic Package, Exp No 3, ’

MS: F. Story Musgrave second fiight of POP (STS-3 first flight). First flight Crow Compartment Payloads:

MS: Anthony W. England as free fiyer to sample plasma away from Shuttle 1. Life Sciences

MS: Kar G. Henize a. Vitamin D and Bone D

PS: Loren W, Acton PLSB Pay P 2 (SR}

PS:  John-David Bartoe 1. Plasma Physics b. The Interaction of Oxygen and Gravity Induced
Mission Duration: 190 hrs 45 mins 26 secs a D le Plasma Di Lignification (Exp 2)

Package (PDP) (Exp 3)

¢. Shuttle Amateur Radio Experiment (SAREX)

d. Disp T Experiment D i
Carbonated beverages in Micro-g

e. Protein Crystal Growth

Special Payload Mission Kits:
1. RMS (Remote Manipulator System) S/N 302
2, Galley




Summary of Shuttle Payloads and Experiments

MS: William F. Fisher
Mission Duration: 170 hrs 17 ming 42 secs

Continental Telecon inc. PAM-D Payload Assist
Module buit by McDonnell Douglas. *D* indicates
used for fightweight sateflites, less than 2,250 [bs.
2. AUSSAT-1/PAM-D: Australian Communications
Satelite, owned by Aussat Proprietary Ltd., buit by

Hughes Communications International, Model HS376.

3. SYNCOM iv4: Synchronous Communications
Satellite. Last in a series of four satelites built by
Hughes Communication Services and leased o the
Navy. Referred to as LEASAT when deployed.
Failed to function after reaching correct
geosynchronous orbit.

Flight Launch Date Landing Date Crew Payloads and Experiments
STS51l  Aug27,1985 Sepd, 1985 Cdr: Joe H.Engle Deployablo Payloads: Aftached PLB Payloads: None
Discovery  KSC EDW PR Richard O. Covey . ASC-1/PAM-D: American Satellite Company, first
MS: James van Hoften of two satellites built by RCA and owned by a GAS (Getaway Special): None
MS: John M. Lounge partnership between Fairchild industries and

Crew Compartment Payloads:
1. PVTOS - Physical Vapor Transport Organic Sofid
Experiment, 3M Corporation.

Special Payload Mission Kits:

1. RMS (Remote Maniputator System) S/N 301

2. Galley

3. leasat-3 Salvage Equipment. Leasat-3 was
successfully retrieved, repaired, and sedeployed.

STS51J 03,1985  Oct7,1985  Cdr: Karol Bobko
Atlantis KsC EDW Pit:  Ronald J. Grabe
MS: Robert C. Stewart
MS: David C. Hilmers
PS:  William A, Pailes
Mission Duration: 97 hrs 44 mins 38 secs

Deployable Payloads:
Data not available, DOD Classified Mission

Attached PLB Payloads:
Data not available, DOD Classified Mission

GAS (Getaway Special):
Data not avaiable, DOD Classified Missicn

Crew Compartment Payloads:
Data not available, DOD Classified Mission

Speclal Payload Mission Kits:
Data not available, DOD Classified Mission
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Summary of Shuttle Payloads and Experiments

Mission Duration: 168 hrs 44 mins 51 sacs

(Federal Ministry of Research and Technology) and
DFVLR (Dautsche Forschugs-und Versurchanstalt
Fur Luft-und Raumfahrt),

. WL-Werkstoff Labor; experiments relating to
metallurgy, crystal growth, glasses/ceramics, and
fluid physics. Experiment facilities include:

a, Mimor Heating Facility

b. Isothermal Heating Facility

¢. Gradient Heating Facilty

d. High Teniperature Thermostat
6. Fluid Physics Module

f. Cryostat

2. PK-Progresskammer; experiment relating to Bubble

Transport Media. Experiment Facilities include:

a. Holographic Intert ic App

b. Marangoni Convention Boat
<. Interdiffusion in Salt Melt
3. MD-MEDEA: A material science double rack,
Experiment facilities include:
a. Gradient Heating Facility
b. Mono-eflipsoid Mirror Heating Facility
c. High Precision Thermostat Facility

Flight Launch Date  Landing Date Crew Payloads and Experiments
STS61A 0c30,1985 Nov6,1985 Cdr: Henry Hansfield Deployahle Payloads: 4. BW-Biowissenschaften: Experiments relating to Lna
Challenger  KSC EDW P:  Steven Nagel . GLOMR - Global Low Orbiting Message Relay Sciences. Experiments includa:

MS: Bonnie Dunbar Sateflite. Built by Defense Systems, nc, for a. Biologicaf (1)

MS: James Buchli DARPA. First launch attempt was on STS 518 b. Medical (2)

MS: Guion Bluford which failed. Deployed from GAS camster c. Botanical (3)

PS: EmstM Attached PLB Payloads: S| 5. VS-VesnbuIar Sled: Expenmems in Life Science

PS: Reinhard Furrer First wmpleted Spaeelab mission under German ination system and

PS: Wubbo Ockels Mission Management. Joint controt by BMFT sensory perceptlon process. Experiment tacilities include:

a. Mechanically accelerated sled
b. tnstrumented helmet
6. BR-Biorack: Mumpurpose facility for biological research
in cell devek cell fertilization, and
radiobiology. "Facilties include:
a. 2 Incubators
b. Cooler freeze
¢. Glove box
7. NX-NAVEX: Navigation Experiment; located in payload
bay attached to USS (Unique Suppon Structure)
8. ME-MEA: Materials Experiment Assembly: mounted on
USS containing three materials, processing experiments.
GAS (Getaway Special): None
Crew Compartment Payloads: None
Speclal Payload Mission Kits:
1. Airlock

2. Long Transfer Tunnel

3. Galley

4. USS - Unique Support Structure

6. RMS (Remote Manipulator System) S/N 302
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Summary of Shuttle Payloads and Experiments

between the Canadian IMAX Corp and NASA,
consists of a 70mm film camera in pressurized
container used to document EASE/ACCESS
experiments.

1.

Flight Launch Date Landing Date Crew Payloads and Experiments
STS61B  Nov26,1985 Dec3, 1985 Cdr: Brewster H. Shaw Deployable Payloads: GAS (Getaway Special):
Atlantis KSC EAFB Pit:  Bryan D. O'Connor 1. MORELOS-B/PAM-D: Hughes 376 Comm Sateliits 1. G479- Telesat-Canada
MS: Mary L. Cleave with McDAC Payload Assist Module booster. a. Primary surface mirror production
MS: Sherwood C. Spring Qwned by Mexican Communications and . Metallic crystal production
MS: Jerry L. Ross Transportation Agency. Crew Compartment Payloads:
PS: Rudoffo Neri Vela 2. AUSSAT-2/PAM-D: Hughes 376 Comm Satellite 1. CFES (Continuous Flow Electrophoresis System):
PS:  Charles Walker with McDAC Payload Assist Module booster. Qwned by McDonnell Douglas, separates biological
Mission Duration: 165 hrs 4 mins 49 secs Owned by Aussat Proprietary Ltd samples using electrophoretic process. Third flight of
3. SYNCOM KU-2/PAM-D: RCA buit/owned 16 this experiment.
channel Ku-band communication satellite. First of 2. DMOS (Diffusive Mixing of Organic Solutions);
four satellites. McDAC Payload Assist Module D2 Sponsored by 3M Corporation, used to study organic
is an uprated version of the PAM-D used for heavier crystal growth/kinetics, test molecular orbital model,
payloads. and produce new materials for electro-ptical
Attached PLB Payloads: applications.
1. EASE (Experiment Assembly of Structures in 3. MPSE (Morelos Payload Specialist Experiments):
Extravehicular Activity): A study of EVA dynamics includes experiments in transportation of nutrients
and human factors in construction of structures in inside bean plants, inoculation of group bacteria
space. An inverted tetrahedron consisting of six viruses, germination of three seed types, and medical
12-feat beams was constructed by EV-1 and EV-2. experiments testing intemal equilibrium and volume
2. ACCESS (Assembly Concept for Construction of change of tie leg due to fluid shifts in zero-g.
Erectable Space Structures): A validation of ground 4. OEX (Orbiter Experiments): An onboard experimental
based timelines based on simulations. A 45-feet digital autopilot software package designed to provide
truss was assembled/disassembled by the two EV precise stationkeeping capabilities between space
Crew members. vehidles.
3. ICBC (IMAX Cargo Bay Camera): A joint effort Special Payload Mission Kits:

Food Warmers (2), galley not flown.

2. RMS (Remote Manipulator System) S/N 301
3. PSA (Provision Stowage Assembly)
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Flight Launch Date Landing Date Crew Paytoads and Experiments
STS61C Jan12,1986 Jan 18,1986 Cdr: Rober L. Gibson Deployable Payloads: 8. (G494: PHOTONS (Photometric Thermospheric Oxygen
Columbia KSC KSC P C.F. Bolden, Jr. 1. SATCOM KU-1/PAM D-2: RCA builjowned 16 channe) Nightglow Study). Canada Cantre for Space Science,
MS: F.R. Chang-Diaz Ku-band communications satelite. Second of four satellites{  Nationa! Research Council of Canada.
MS; George D. Nelson McDAC Payload Assist Module D2 is an uprated version of | 7. Net N d: EMP (Envi g Package)
MS: Steven A. Hawiey the PAM-D which is used for heavier payioads. maasures the environment for GSFC.
PS:  Robent J. Cenker Attached PLB Payloads: 8. G481: Unprimed, Prepared linen and painted canvas
PS:  C.Wiliam Nelson 1. MSL-2 fals Science L ctions to space travel. Vertical Horzons.
Mission Ouration: 145 hrs 3 mins 51 secs MSL carrier; MPE (Mission Peculiar Eqmpmem) and 9. G062: 4 part from PA State University/GE.
3 experiments: 10. GA49: JULIE (Jum Utilization of Laser intograted

a. 3AAL (3-Axis Acoustic Levitator}
b. ADSF {Automated Directional Solidification Furnace}
c. SEECM (Shuttle Environmental Effects of Coated Mirror)
2. Hitchhiker G-1: A Goddard Space Flight Center (GSFC)
program i of3
a. PACS {Particle Analysis Camera for Shuttie)
b. CPL {Capiflary Pump Loop)
¢, SEECM (Shuttle Environmental Effects of Coated Mirror)
3. IR-IE (Infrared-Imaging Experiment) consisting of an RCA
IR TV camera mounted in Orbiter CCTV panviilt unit.
GAS (Galaway Speclal):
. G464 UVX {Uttraviolet Experimen), reterred to ag UCB
Umversny of Calfornia at Berkley) contains a Bowyer UV
spectromeler GSFC riment.
2. G483: UVX, referred to as JHU (John Hopkins Umversny)
contains a Feldman GSFC

ACCESS expenmems

3. G462; UVX, referred to as GAP (GSFC Avionics Package)
contains Telemetry System, Tape Recorder, and Battery.
GSFC experiment.

4. GO07: Alabama Space and Rocket Center/Marshall
Amateur club. Contains 3 student experiments and 1 radio

transmission experiment.
5. G446 HPLC (High Parf Liquid Chi

analytical columns. All Tech Assoc. Inc.

Experiments) 4 part experiment from St. Mary's
Hospital, Miwaukee, WI.

11, G332: 2 pant i from Booker T. Washil
Senior High School and High School for Engineering,
Houston, %’X

12. G310: USAF Acade

Note: Above 12 listed

Bnd Carrier

70: Experiment from GSFC and US Dept of Agriculture

me Compartment Payloads:

1. IBSE {Initial Blood Storage Experiment) package in
4 middeck lockers.

2. CHAMP (Comet Halley Active Monitoring Program}
uses cameras, spectroscopic grating, and fiters to
observe comet through aft flight dack averheat window.

3. HPCG (Handhed Pratein Crystal Growth) experiment

4. SSIP (Shuttle Student involvement Program)

a. SE83-4, Production of Paper Fiber in Space

b, SE834, Argon Injection as an Alternative to

Huneyeombmg

c. SEB82-19, Measurement of Auxin Levels and Starch

Spoc ‘grams in Plant Rootsm
1al Paytoad Mission K

GAS Br"l‘dogae Carrier

2 Galley

experiment.
canisters mounted on GAS

B-39



Summary of Shutille Payloads and Experiments

Mission Duration: NA

1) 2 UV Spectrometers from Univ of Colorado
2) 2 Nikon F3 Cameras
3) Optic Bench
b. Halley's Comet Experiment; measure Halley's
Comet composition/activity
Attached PLB Payloads: None

GAS (Getaway Special): None

Crew Compartment Payloads:
1. Fluid Dynamm Experiment (FDB Hughes Aircraft

ny B P

a. Fluid posmon and ullage

b. Fluid motion due to spin

¢. Fluid self-nertia

d. Fluid motion due to payload deployment

o. Energy dissipation dus to fiuid motion

f.  Fluid transfer
. Comet Hallsy Active Monitering Program (CHAMP),

second flight.

»

Flight Launch Date Landing Date Crew Payloads and Experiments
STS-51L  Jan28,1986 Jan28,1986 Cdr: Francis R. Scobes Deployablo Payloads: 3. Phase Partitioning Experiment (PPE} dissolves two
Challenger  KSC PY:  MichaelJ. Smith . TDRS-B/IUS: Tracking and Data Relay Satellite/ polymer solutions in water to observe their separation
MS: Judith A. Resnik * Inertial Upper Stage. 4, Teacher in Spaca: Six experiments including
MS: Eliison S. Onizuka 2. SPARTAN-203/Halley: Shuttle pointed A hydrophoni gnetism, N s laws,
MS: Ronald E. McNair Research Tool for AstronomylHalley 's Comet fh phy, and simple
PS: Gregory Jarvis pl using 5. SSIP (Shuttle Student involvement Program) packages:
PS: 8. Christa McAulifte RMS . a. SE824: "The effects of weightlessness on grain
(Teacher) a. SPARTAN experiment package: formation and strength in metals® - L. Bruce,

St. Louis, MO - Sponsor: McDonneli Douglas
§E82-5: "Utilizing a semi-permeable membrane to
direct crystal growth in zero gravity® - S. Cavou,
Mariboro, NY - Sponsor: Union College
*Chicken Embryo Development in Space” -
J. Vellinger, Lafayette, IN - Sponsor; Kentucky
Fried Chicken Corporation

14

24

Special Payload Mission Kits:

1. RMS (Remote Mampulator System)
2. Galley

3. MADS
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Summary of Shuttle Payloads and Experiments

Mission Duration: 105 hrs 5 mins 37 secs

Data not available, DOD Classified Mission.

Flight Launch Date Landing Date Crew Payloads and Experiments
STS-26  Sep29,1988 0Oct3,1988  Cdr. FrederickH, Hauck | Deployable Payloads: 6. PPE - Phase Partitioning Experiment, MSFC, second
Discovery ~ KSC EAFB Plt:  Richard O. Covey 1. TORS-C/IUS: Tracking and Data Retay Satefiite/ flight, photograph fluid phase partitioning phenomena in
MS: John M. Lounge Inertial Upper Stage. zero0Q
MS: David C. Hilmers Amched PLB Payloads: 7. ARC - Aggregation of Red Blood Cells, MSFC and
MS: George D. Netson 0ASIS-1 Orbiter Experiment Autonomous Australia, investigate aggregation ch of
Mission Duration: 97 hrs 0 mins 11 socs System and human red blood cells in zero g.
records payload bay environmental data. 8. MLE - Mesoscale Lightning Experiment, MSFC, first
Crew Compartment Payloads: ﬂnghl photograph atmospheric lightning activity from
1. PVTOS - Physical Vapor Transpart ot Organic
Solids, 3M Corporation. Second flight 9. ELRAD Earth Limb Radiance Experiment, JSC, first
2. ADSF - Automated Directional Solidification Furnace, flight, photograph earth limb radiance pre-sunrise/
MSFC, third flight, test material solidification in post-sunset.
26810 Q. 10. Student Experiment SE82-4 - *Effects of weightlessness
3. IRCFE - Infrared Communication Flight Experiment, on Ti grain formation and strength.” L. Bruce,
.lSC first ﬂlgm Test infrared transmitting crew St. Louis, MO, Sponsor: McDonnell Douglas
11, Student Experiment SE82-5 - “Utilizing a semi-permeable
4. PCG Protem Crystal Growth, MSFC, flown four mambrane to direct crystal growth in zero gravity.”
previous flights in less complicated configurations to S. Cavou, Mariboro, NY, Sponsor: Union College
examine growth of protein crystals in zero g. GAS (Getaway Special): None
5. [EF - Isoelectric Focusing, MSFC, second flight, test Speclal Payload Misslon Kits:
isoelectric transport through a permeable membrana in 1. Galley
zer0g. 2. MADS
STS27 Dec2,1988 Dec8,1988 Cdr: RobertL Gibson Deployable Payloads: Crew Compartment Payloads:
Atlantis KSC EAFB Pit: Guy S. Gardner Data not avaitable, DOD Classified Mission. Data not available, DOD Classified Mission.
MS; Richard M. Mullane Attached PLB Payloads: Special Payload Misslon Kits:
MS: Jeny L. Ross Data not available, DOD Classified Mission. Data not available, DOD Classified Mission.
MS: William M. Shepherd GAS (Getaway Special): None
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Flight Launch Date  Landing Date Crew Payloads and Experiments
S§TS-29  Mar13,1989 Mar17,1989 Cdr: Michae! L. Coats Deployable Payloads: GAS (Getaway Speclal): None
Discovery ~ KSC EAFB Pit: JohnE. Blaha 1. TDRS-DAUS: Tracking and Data Relay Satellite/ Crew Compartment Payloads:

MS: James P. Bagian Inertial Upper Stage. One of four identical 1. Protein Crystal Growth (PCG-111-1)

MS: James F. Buchli communications satellites providing support for STS 2. Chromosome and Plant Cell Division in Space

MS: Robert C. Springer and other customers. {CHROMEX}
Mission Duration: 119 hrs 38 mins 52 secs Attached PLB Payloads: 3. IMAX Camera

1. SHARE (Space Station Heat Pipe Advanced 4. Air Force Maui Optical Site Calibration Test (AMOS})
Radiator Element) 5. Chicken Embryo Development (CHIX) in space.

2. OASIS-1 (Orbiter Experiments Autonomous
Supporting Instrumentation System

6. Effects of Weightlessness of Bones (SSIP 82-08)
Special Payload Mission Kits: None

1530  May4,1989  May8,1989  Cdr: David M. Walker Deployable Payloads: GAS (Getaway Special): None
Atlantis KSC EAFB Plt:  Ronaki J. Grabe 1 JS -\ d th is aftitude- Crew Compartment Payloads:
MS:  Norman E. Thagard ploration sp ining systems 1. Fluids Experiment Apparatus (FEA}
MS: Mary L. Cleave required to achieve orbit of Venus and map its 2. Mesoscale Lightning Experiment (MLE)
MS: Mark C. Les surface. 3. Air Force Maui Optical Site Calibration Test (AMOS)
Mission Duration: 96 hrs 56 mins 28 secs Attached PLB Payloads: None Special Payload Mission Kits: None
STS-28  AugB,1989  Aug 13,1989 Cdr: Brewster H. Shaw Deployable Payloads: Crew Compartment Payloads:
Columbia KSC EAFB PHt: - Richard N. Richards Data not available, DOD Classified Mission. Data not available, DOD Classified Mission.
MS: David C. Leetsma Attached PLB Payloads: Speclal Payload Mission Kits:
MS: James C. Adamson Data not available, DOD Classified Mission. Data not available, DOD Classified Mission.
MS: Mark N. Brown GAS (Getaway Speclal):
Mission Duration: 121 hrs 0 mins 8 secs Data not available, DOD Classified Mission.
STS-34  Ocl18,1989 0ct23,1989  Cdr: Donald E. Wiliams Deployable Payloads: Crew Compartment Payloads:
Atlantis KSC EAFB Plit:  Michael McCulley 1. Galileo/IUS - L pi il i 1. Polymer Morphology
MS: Ellen S. Baker spacacraft comprising a Jupiter orbiter and a Jupiter 2. Growth Hormone Concentration & Distribution in Plants
MS: Frankiin R, Chang-Diazl  atmospheric entry probe mated to the IUS. 3. Sensor Technology Experiment
MS: Shannon W. Lucid Attached PLB Payloads: 4, IMAX Camera
Mission Ouration: 119 hrs 33 mins 20 secs 1. Shuttle Solar Backscatter Uttraviolet (SSBUV) 5. Mesoscale Lightning Experiment
GAS (Getaway Special): 6. Air Force Maui Optical Site Catibration Test (AMOS})
1. Zero Gravity Growth of Ice Crystals Speclal Payload Mission Kits: None
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Summary of Shuttle Payloads and Experiments

Mission Duration: 121 hrs 16 mins 6 secs

2. Ascent Particle Monitor (APM)

GAS (Getaway Special): None

Crew Compartment Payloads:

1. Air Forcs Mawi Optical Stte Calitrelion Test {(AMOS)

Flight Launch Date Landing Date Crew Payloads and Experiments
STS33  Nov22,1989 Nov27,1989 Cdr: Frederick D, Gregory | Deployable Payloads: Crew Compartment Payloads:
Discovery  KSC EAFB Pit:  John E. Blaha Data not available, DOD Classified Mission. Data not available, DOD Classified Mission.
MS: Manley L. Carter Attached PLB Payloads: Special Payload Mission Kits:
MS: Franklin Musgrave Data not available, DOD Classified Mission. Data not available, DOD Classified Mission.
MS:. Kathryn C. Thomton | GAS {(Getaway Special).
iMission Duration; 120 hrs 8 mins 46 secs Data nm avallable DOD Classified Migsion.
STS82  Jan9, 1980  Jan20,1990 Cdr: CanielC. Deployable 4. Fluids Experiment Apparatus
Columbia KSC EAFB Pli:  James D. Wetherbee | 1. Syncom N 5,a gmaunnary communications 5. IMAX Camera
MS:  Bonnie J. Dunbar satellite also known as Leasat; feased to U.S. Navy 6. Latitude/Longitude Locator (L3)
MS: Marsha S. lvins Attached PLB Payloads: None 7. Mesoscale Lightning Experiment (MLE)
MS: G. David Low Returned Cargo: 8. Protein Crystal Growth (PCG)
Mission Duration: 261 hrs O mins 37 secs . LDEF, a non-powered space vehicle containing GAS (Gotaway Special): None
experiments - Deployed on STS-41C. Special Payload Mission Kits:
Crew Compartment Payloads: 1. Remote Maniputator System (RMS}
1. American Flight Eal'umrdm(q'aI . Gall
2 Air Forca Maui Optical Sit ibratlon Tss1 (AMOS) 3. MADvé
¢l i CR)
STS36  Feb28, 1990 Apr 14 1990 Cdr: John D. Creighton Dopbyablo Payloads: Crew Compartment Payloads:
Atlantis KSC Plt:  John H. Casper Data not available, DOD Classified Mission, Data not available, DOD Classified Mission,
MS: David C. Hilmers Attached PLB Payloads: Speclal Payload Misslon Kits:
MS: Richard M. Mullane Data not available, DOD Classified Mission. Data not available, DOD Classified Mission.
MS: Pierre J. Thuot GAS (Getaway Special):
Mission Duratio Dat: ilable, sitied Misgi
STS1  Apr 24 1990 Apr 29 1990  Cdr: Loren J. Shriver Deployable Payloads: 2. IMAX Camera
Discovery  KSC EAFB Plt:  Charles F. Bokien 1. Hubble Space Telescope (HST), a kargs aperture 3. into Palymer M ; g (IPMP}
MS: Bruce McCandless optical telescope. 4. Protein vastal Growth (PCG)
MS: Steven A. Hawley Attached PLB Payloads 5. Radiation Monitoring Experiment (RME)
MS: KathrynD. Sullivan | 1. IMAX Cargo Bay Camera (ICBC) 6. Investigation of Arc and lon Behavior in Microgravity

(Student Experiment 82-16)
Speclal Payload Misston Kits:
1. gemota Manipulator System (RMS)

gf HgvT%VA Tools
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Flight Launch Date  Landing Date Crew Payloads and Experiments
STS41  0ct§,1990  Oct 10,1990 Cdr: Richard N, Richards Doployable Pa ds 3. Voice Command System (VCS}
Discovery ~ KSC DFRF Pi:  Robert D. Cabana 1. 4. Physiological Systems Experiment é
MS: Bruce E. Melnick Anac od PLB Pa loads 5, Radiation Monitor Expenmem (RMI lll)
MS: William M. Shepherd Shuttle Solar Backscatter Ukraviolet (SSBUV) 6. ion into Polymer M P ing (IPMP)
MS: Thomas D. Akers 2. Intelsat Solar Array Coupon (ISAC) - Attached to 7. Air Force Mauj Optical Site (AMOS}
Mission Duration: 98 hrs 10 mins 3 sacs RMS arm Special Payload Mission Kits:
GAS (Getaway Special): None 1. Remote Manipulator System (RMS)
me Compartment Payloads: 2, Galley
Chromosome and Plant Cel Division in Sgaoe (CHROMEX) 3. Radioisotope Generator {TRG) Cooling System
1538 Nov 15,1890  Nov 20,1990 . Richard Y Doployable Payloads: Crew Compartment Payloads
Atlantis KSC KSC PH: Frank L. Culbertson Data not available, DOD Classified Mission. Data not available, DOD Classified Mission.
MS:  Robert C. Springer Attached PLB Payloa s Special Payload Mission Kits:
MS: Carl J. Meade Data not available, DOD Classified Mission, Data not available, DOD Classified Mission.
MS: Charles D. Gemar GAS (Getaway Speclal):
Wﬂmlmm i ion, i _Data not available, DOD Classified Migsion,
T Dec2,1990 Dec11,1990 Cdr: Vance Brand Deployable Payloads: None GAS (Getaway Special): None
Columbia KSC DFRF P Guy S. Gardner Aftached PLB Payloads: Crow Compartment Pa: !m“
MS: John M. Lounge 1. Astro-1 - Three ultraviolet telescopes attached to an 1. Shuttle Amateur Radio Experiment (SAREX)
MS:  Jeffrey A, H Instrument Pointin 8hsystem (IPS): 2. Air Force Maui Optical Site (AMOS)
MS: Robert A. 8. Parker a. Wisconsin UV olupolanmeter Experiment (WUPPE) Speclal Payload Mission Kits:
PS: Ronald A, Parise b. UV Imaging Telescope (U
PS:  Samuel T. Durrance ¢. Hopkins UV Telescope (H 2 Aergynamlc Coefficient Identification Package (ACIP)
1M‘mion Duration: 215 hrs 5 mins 7 secs BBXRT Bmad Band | X-ray Telescope. Attached to
STS37 AprS, 1997 Apr 11,1891 Cdr: Steven R. Nagel Deployable Payloa 5: GAS {Getaway Special): None
Atlantis KSC EAFB Pit:  Kenneth D. Cameron Gamma Ray Observatory (GRO), an unmanned Crew Compartment Payloads:
MS: Linda M. Godwin astronomical obsarvatory designed to image objects 1. Protein Crystal Growth é CG)-Il
MS:  Jerome Apt at high energy {gamma ray) wavelengths. . Air Force Maui Optical Site (AMOS})
MS: Jeny L Ross Anacma PL8 Payloads: Radiation Monitoring Equipment (RME)-iIl
Mission Duration: 143 hrs 22 mins 45 secs . Crew and Equlpment Translation Aids (CETA) - . Shuitle Amateur Radio Experiment (SAREX)-II
designed to evaluate g p Bi Te

iates Materials Di {BIMDA)
peclal Payload Mission Kits:
Remote Manipulator System (RMS) S/N 301

for EVA crewmember translation
2. Ascent Particlo Monitor (APM) - designed to assess the
particulate contamination in the Orbner PLB during ascent.

—nONBWN
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Summary of Shuttle Payloads and Experiments

@«

. 1 Renal/Endocrine System
Gas Bridge Assembly (GBA)- 12 GAS experiments
mounted on a truss structure in the PLB.

GAS (Getaway Special):
12 Experiments on GBA

1.

Solid State Microaccelerometer Experiment

Flight Launch Date Landing Date Crew Payloads and Experiments
STS39  Apr28,1991 May6,1991 Cdr: Michael L Coats Deployable Payloads: 3. Muli-Purpose Experiment Container (MPEC) - An
Discovery  KSC EAFB Plt:  Blaine L. Hammond, Jr] 1. Shuttle Payload Autonomous Sateliite (SPAS)-Il/ additional USAF experiment mounted on STP-1.
MS: Guion S. Bluford Infrared Background Signature Survey (IBSS) - GAS (Getaway Special): None
MS: Gregory J. Harbaugh SPAS-I/IBSS was designed to observe rocket Crew Compartment Payloads:
MS: Richard J. Hish plume firings at infrared wavelengths. 1. Cloud Logic to Optimize Use of Defense Systems
MS: Donald R. McMonagt F {CLOUDS)-1A
MS: Charles L. Veach 1. Air Force Program (AFP)-675 - The objective of 2. Radiation Monitoring Equipment (RME)-!If
Mission Duration: 199 hrs 23 mins 17 secs AFP-675 was to observe near-Earth space and Special Payload Mission Kits:
celestial objects at infrared & ultraviolet wavelengths, 1. Remote Manipulator System (RMS) S/N 301
2. Space Test Payload (STP)-1 - Five USAF
experiments mounted on a Hitchhiker-M carrigr.
STS-40  Jun5,1991  Jun14,1991 Cdr: Bryan Q. O'Connor Deployable Payloads: None 2. Experiment in Crystal Growth
Columbia  KSC DFRF P Sidney M. Gutierrez PLB Pay S Life {SLS)-1 | 3. Orbital Ball Bearing Experiment
MS: James P. Bagian a. Spacelab Long Module 4. In-Space Commercial Processing
MS: Tamara E. Jernigan b. Tunnsl 5. Foamsd Uhralight Metals
MS: M. Rhea Seddon c. Tunnel Extension 6. Chemical Precipitate Formation
PS: Drew F. Gaffney d. Tunnel Adapter 7. Microgravity Experiments
PS: Millie Hughes-Fulford Experiments 8. Flower and vegetable seeds exposure to Space
Mission Duration: 218 hrs 15 mins 14 secs a. 6 Body Systems 9. Semi Crystal Growth i
. 6 Cardiovascular/Cardiopulmonary 10. Active Soldering Experiments
c. 3 Biood System 11, QOrbiter Stahility Experiment
d. 6 Musculoskeletal 12. Effects of cosmic Ray Radiation on Floppy Disks and
©. 3 Neurovestibular Plant Seeds Exposure to Microgravity
f. 1 immune System Crew Compartment Payloads:

1. Physiological Monitoring System (PMS)

2. Urine Monitoring System (UMS)

3. Animal Enclosure Modules (AEM)

4. Middeck Zero-Gravity Experiment (MODE)
Speclal Payload Misslon Kits:

1. Airlock Transter Tunnel
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Summary of Shuttle Payloads and Experiments

Flight Launch Date Landing Date Crew . . Payloads and Experiments
STS43  Aug2,1991  Augi1,1991 Cdr: John E. Blaha Deployable Payloads: GAS (Getaway Special):
Atlantis KSC KSC Pit:  Michael A. Baker 1. TDRS-E/US: Tracking and Data Relay Satellite/ 1. Tank Pressure Gontrol Experiment (TPCE)
MS: James C. Adamson Inertial Upper Stage. One of four identical Crow Compartment Payloads:
MS: G. David Low communications sateflites providing support for STS 1. Air Force Maui Optical Site (AMOS)
MS:  Shannon E. Lucid and ather customers, 2. Auroral Phatography Expemrenf mPB
Mission Duration: 213 hrs 22 mins 27 secs Attached PLB Payloads: 3.
1. Space Stauon Heatpipe Mvanced Radiator Element Malenals Dispersion Apparatus (BIMDA)
(SHARE: 4. lnvestigations into Polymer Membrane Processing (IPMP)
2. Shuttle Solar Backscatter Utraviolet (SSBUV) 5. Protein Crystal Growth (PCG)
3. Optical Communications Through the Window 6. Space Acceleration Measurement System (SAMS)
(OCTW) 7. Solid Surface Combustion System (SSCS)
Experiments 8. Ultraviolet Plums Instrument
Gas Bridge Assembly (GBA) Speclal Payload Mission Kits: None
STS-48  Sep12,1991 Sep 18,1991 Cdr: John Q. Creighton Deployablo Payloads: 3. Radaation Monftoring Experiment (RME)
Discovery KSC EAFB Ptt:  Kenneth S. Reightler Upper Atmosphere Research Satellite (UARS) 4. lnvestigations into Polymer Membrane Processing (IPMF)
© MS: MarkF. Brown Anached PLB Payloads: 5. Protein Crystal Growth (PCG)
. MS: James F. Buchli Experiments 6. Middeck 0-Gravity Dynamics Experiment (MODE}
MS: Charles D. Gemar 1. Gas Bridge Assembly (GBA) 7. Shullls Activation Monitor (SAM)
Mission Duration: 128 hrs 27 mins 51 secs Crew Compartment Payloads: 8. Physi and A ical Rodent Experi {PARE)
1. Ascent Particle Monitor (APM) GAS (Gelaway Speclal): None
2. Cosmic Radiation Effects and Activation Monitor Speclal Payload Mission Kits: None
(CREAM)
STS44  Nov 14,1991 Deci,1991 Cdr: Frederick D. Gregory | Deployable Payloads: 3. Air Force Maui Optical Sile (AMOS)
Atlantis KSC EAFB Pit: Terence T.Henricks | 1. Defense Support Programllnemal Upper Stage 4. Cosmic Radiation Effects and Activation Monitor
MS: F. Story Musgrave satellite (DSP/IUS) Rl
MS: Mario Runco, Jr. Attached PLB Payloads: 5. Shuttle Activation Monitor (SAM)
MS: James S. Voss 1. Interim Operational Contamination Monitor ({OCM) 6. Radiation Monitoring Experiment (RME-{if)
PS: Thomas J. Hennen Experiments 7. Visual Function Monitor (VFT-1)
Mission Duration: 166 hrs 52 mins 27 secs 1. Gas Bridge Assembly (GBA) 8. Ultraviolet Plume Instrument (UVPI)
. Crew Compartment Payloads: GAS (Getaway Special): None
1. Terra Scout Special Payload Mission Kits: None
2. Miltary Man in Space (M88-1)
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Summary of Shuttle Payloads and Experiments

. Radiation Monitoring Container/Dosimeter - Measure

effect of spaca radiation on bickogical material

Flight Launch Date  Landing Date Crew Payloads and Experiments
STS42  Jan22,1992 Jan30,1992 Cdr: Ronald J. Grabe Deployable Payloads: None GAS (Gotaway Spaclal) Bridge consisting of 12 canisters:
Oiscovery  KSG EAFI Pt Steven S. Oswald Amched PLB Payloads G-086 - Effects of microgravity on cysts hatched in space;
MS:  Norman E. Thagard b 1 (S, Long Module thermal conductivity and bubble velocity of air in water
MS: Wiliam F. Readdy Objective: Conduct 9 Maxenals Saenee and 7 Life Sciences  |2. G-140 - Marangoni convection in a floating zone
MS: David C. Hilmers experiments in microgravity: 3. G-143 - Glass bubbles in glass meks
PS:  Roberta L. Bondar 1. Fluid Experiment System - Crystat growth and fiuid behavio4. G-329 - Solidification of phenomena in metal afloys
PS: Uit D. Merbold 2. Vapor Crystal Growth System - Reflight from Spacelab3  {5. G-336 - Measurement of diffuse zodiacal and galactic
Mission Duration: 193 hrs 15 mins 43 sec 3. Mercury lodide Crystal Growth - Reflight from Spacelab 3 emissions at 8, R, and Vstandard
4. Protein Crystal Growth - Reflight from STS 26,29, 32,37 [6. G-337 - Perf
{Middeck) under microgravity
5. Organic Crystal Growth Facility - Crystal growth 7. G457 - Gag-liquid separation under microgravity
6. Cryostat- Crystal growth 8. G609, G610 - Ultraviolet observations of deep space
7. Space Acceleration Monitoring System - Measure on-orbit 9.  G-614 - Motion of debris under microgravity canditions:
shuttle acceleration to support other microgravity low melting point materials processing
experiments 10. Middeck 0-Gravity Dynamics Experiment (MODE)
8. Critical Poirt Facility - Measure material properties at the | 11. GAS ballast payload no. 1 (GPB #1)
critical point 12. GAS ballast payioad no. 2 (GPB #2)
9. Gravitational Plant Physiology Facility - Biological Crew Compartment Payload:
Investigation of plants during spacefiight . Gelation of Sols: Applied Microgravity Ressarch
10. Biorack - Biological investigation of various life forms (GOSAMR) - Objective: Investigate processing of gelled
during spacsfight sols in microgravity
11. Space Physiology Experiments - Investigate human 2. Student Experiment SE 93-2 - Objective: Study zero
spaoa adaptatlon and monon snekness gravity capillary rise of liquid through granular porous
12. M igations - Study space media
motion sickness 3. Student Experiment SE 815 - Objective: Study
13. Biostack - investigate space radiation effects on convswon in zero gravity
biological materials 4 igation into Polymer Membrane P g (IPMP}
14. Mental and Perft Evaluation - Test Objective: Manufacture polymers in space
human performance of computer tasks in Zero-G 5. Radiation Monitoring Experiment (RME-1I}) - Objective:

Special Payload Misslon Kits: None

Measure radiation environment on-orbit
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Summary of Shuttle Payloads and Experiments

Flight Launch Date_Landing Date Crew Payloads and Exp
Mar24,1392 Apr2,1992  Cdr: Charles F. Bolden Deployable Payloads: Nona Umavm]et Astronomy:

|Atlantis KSC KSC Pt:  Brian K. Dufly Attached PLB Payloads: . Far Ultraviolet Space Telescope (FAUST) -
MS: KathrynD. Sullivan | ATLAS-1 (2 Spacelab Pallat and Iglao) - Objective: Study Previously flown on Spacelab 1
MS: David C. Leestma the composition of the middie and its 2, Shuttle Solar Backscatter Ukraviolet/A (SSBUV/A) -
MS: C. Michael Foale variations over an 11 year solar cycle. This is the first of Objective; To provide more accurate and reliable
PS: Dirk D. Frimout 10 planned ATLAS missions over the next 11 years. readings of global ozone to aid in the calibration of
PS:  Bryon K. Lichtenburg Atmosphe:e Physics: backscatter ultraviolet instruments being flown on

Mission Duration: 214 hrs 10 mins 24 secs

. Atmosphere Trace Molecula Spectroscopy (ATMOS) -
Previously flown on Spacelab 1, Reflight from Spacefab 3

2. Milimeter Wave Atmospheric Sounder (MAS) - First fight

3. p Lyman Alpha Emissions (ALAE) - Previously
flown on Spacefab 1

4, Grille Spectrometer (GRILLE) - Previously flown on
Spacslab 1

5. Imaging Spectrometric Observatory (1SO) - Praviously
fiown on Spacelab 1

Solar Science:

1. Active Cavity Radiometer Irradiance Monitor (ACRIM) -
ACRIM 1 flown on the solar maximum sateflite

2. Measurament of the Sofar Constant (SCLCON) -
Previously flown on Spacelab 1

3. Solar Spectrum Measurement from 180 to 3200

Nanometers {SOLSPEC) - Previously flown on Spacelab 1

4. Solar Ultraviolet Spectra) Imadiance Monitor (SUSIM) -
Previously flown on Spacelab 2 and on the Upper
Atmosphers Research Satellite (UARS)

Space Plasma Physics:

1. Atmaspheric Emissions Photometric Imaging (AEPI) -

Praviously flown on Spacelab 1

2. Space Experimants with Particle Accelerators (SEPAC) -
Previously flown an Spacslab 1

3. Energetic Neutral Atem Precipitation

free-flying satellites

GAS (Getaway Speciai):

1. Getaway Special 229 (GAS-229) - Objective: To melt
and regrow galfium arsenide crystals with convective
effects absent

ch Compartment Payload:

i into Polymer M Py g (IPMP)-
Ob;ealve To flash evaporate mixed solvent systems in
the absence of convection to contro! the porosity of the
polymer membrane in microgravity

2. Space Tissue Loss-01 (STL-01) - Objective: To monitor
the activities of tissue samples at the cellular level under
the influence of microgravity

3. Radiation Monitoring Equipment-lll (RME-IIf) - Objective:
To measure ionizing radiation over repeated time intervals
and digitally store the resutting data

4. Visual Function Tester-2 (VFT-2) - Objective: To measure
basic vision performance parameters in an orbital space
fight environment

§. Cloud Logic to Optimize Use of Defense System -
Objective: To obtain photographic sequences of cloud
fields of interest as targets of opportunity

6. Shuttle Amateur Radio Experiment (SAREX I1) - Objective:
Tod voice, sl (SSTV), and
pocket radio. All transmitted on 2 meter capabilities and
fast scan television (FSTV) transmitted on 70 cm capability |
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Summary of Shuttle Payloads and Experiments

o w

Flight LaunchDate Landing Date Crow Payloads and Experiments
STS49  May2,1992 May 16,1992 Cdr: Daniel C. ployable Pay Crew Compartment Payloads:
Endeavour  KSC EAFB Pit:  Kevin P. Chilton 1. Intelsat VI F3 (International Telecommunications 1. Commercial protein crystal growth (CPGC)
MS: Richard J. Hieb Satellite)/periges kick motor (PKM) 2. Air Force Maui Optical Site Calibration (AMOS})
MS: Bruce E. Melnick 3. Uttraviolet Plume instrumert {UVPY)
MS: Piere J. Thout Attached PLB Payloads:
MS: Kathryn C. Thomton | 1. Assembly of station by EVA methods Special Payload Mission Kits: None
MS: Thomas D. Akers
Mission Duration: 213 hrs 17 mins 38 secs GAS (Getaway Special): None
STSS0  Jun25,1992  Jui9, 1992  Cdr Richard N. Richards | Deployable Payloads: None GAS (Getaway Special): None
Columbia KSC KSC PR Keneth D. B A d PLB Pay Crew Compartment Payloads:
MS: Bonnie J. Dunbar 1. U.S. Microgravity Laboratory {USML-1) 1. Zeolite Crystal Growth
MS: CarlJ. Meade 2. Investigation into Polymer Membrane Processing (IPMP) | 2. Generic Bioprocessing Apparatus with 1
MS: Ellen S. Baker 3. Shuttle Amateur Radio Experiment-Il (SAREX-I)) Refrigerator/incubator Module (R/IM)
PS: Lawrence J. Delucas | 4. Ultraviolet Plums Instrument (UVPT) 3. Astroculture (ASC)
Mission Duration: 331 hrs 30 mins 04 secs 5. Orbital Acceleration Research Experiment (OARE) 4. Prmem Crystat Growth {PCG) Block 1 with 3 R/iMs
6. Zeolite Crystaf Growth (ZCG) 5. igation into Polymer g (IPMP)
7. Astroculture 6. Shuttle Amatour Radio Experiment-ll (SAREX Il)
8. Generic Bioprocessing Apparatus (GBA) 7. Uttraviolet Plume Instrument (UVPT}
9. Protein Crystal Growth (PCG) Block 1 Special Payload Mission Kits: None
STS46  Jul31,1982 Aug8,1992 Cdr: Loren J. Shriver Deployahle Payloads: GAS (Getaway Special): None
Atlartis KSC KSC P:  Andrew M. Allen * EURECA
MS: Jeffrey A. Hotfman Attachod PLB Payloads Crnw Campartment Payloads:
MS: Frankiin R. Chang-Diaz] 1. Tethered Sateflte System (TSS-1) . Gas Autonomous Payload Controller (GAPC) for Use in
MS: Claude Nicollier 2. Evaluation of Oxygen Interation with Materials-l|UThermal ICBC Operations
MS: Marha S, lvins Energy Management Processes 2A-3 (EOIM-lIVTemp 2A) | 2. Pituitary Growth Hormone Cefl Function (PHCF)
PS:  Franco Malerba 3. IMAX Cargo Bay Camera (ICBC) 3. Air Force Maui Optical Site Calibration (AMOS)
Mission Ouration: 191 hrs 18 ming 07 secs 4. G ium for Matertal Devel in Space Complex {Passive Requirements Only)

Autonomous Payload-Il (CONCAP -1

., CONCAP-lIl
. Limited Duration Space Environment Candidate Materials
Exposure (LDCE)

4.. Uitraviolet Plume Instrument (UVPT}

Special Payload Mission Kits: None
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Summary of Shuttle Payloads and Experiments

Mission Duration: 236 hrs 56 mins 13 secs

Flight LaunchDate Landing Date Crew Payloads and Experiments.

STS-47  Sep12,1992 Sep20,1992 Cdr: Robert L Gibson Deployable Payloads: None Crew Compartment Payloads:

Endeavowr  KSC KSC Ptt:  Curtis L. Brown . Israali Space Agency Investigation about Homets
MS: MarkC. Lee Attached PLB Payloads: {ISALAH)
MS: N, Jan Davis 1. Japanese Spacelab (Spacelab-~J) Long Module Gas 2. Shuttle Amateur Radio Experiment {SAREX)
MS: Mae C. Jemison Bridge Assembly (GBA) with 12 Gas Canisters 3. Solid Surface Combustion Experiment (SSCE}
MS: Jerome Apt 4.. Ultraviolet Plume Instrument (UVPI) -
PS: Mamoru Mohri GAS (Getaway Speclal): None Payload of Opportunity

Mission Duration: 190 hrs 30 mins 23 secs Speclal Payload Misslon Kits: None

STS-62  Oct22,1992 Nov1,1992  Cdr: JamesD. Wetherbee | Deployable Payloads: None 4, Orbrler Glow-2

Columbia KSC KSC Pit:  Michael A. Baker 1. Laser Geodynamics Satellite (LAGEOS) 5. ial Maienals Di \pp:
MS: Wiliam M, Sheperd | Attached PLB Payloads [ gy Associates B
MS: TamaraE.Jernigan | 1. United Stated Microgravity Payload (USMP-1)
MS: Charles L. Veach GAS (Getaway Special): None

Crew Compartment Payloads:

1. Queens University Experiment in Liquid Metal
Diffusion (QUELD)

2. Phase Partition in Liquid (PARLIQ)

3. Sun Photo Spectrometer Earth Atmosphere

3. Sun Photo Spectrometer Earth Atmosphere
Measurement-2 (SPEAM)

STS-53
Discovery

Jul31, 1992

Aug 8, 1992
KSC EAFB

Mission Duration: 175 hrs 19 mins 47 secs

Cdr.

Loren J. Shriver
Andrew M. Allen

: Jeftrey A, Hoffman
: Frankiin R. Chang-Diaz
: Claude Nicollier

Deployable Payloads:
Attached PLB Payloads

(CMg
8. Cn/slal by Vapor Transport Experiment (CVTE)
7. Heat Pipe Performance (HPP)
(CMX)
8. Commercial Protein Crystal Grawth (CPCG)
Shuttle Plume Impingement Experiment (SPIE)
tD Physiological System Experiment (PSE)

Speclal Payload Mission Kits: None
GAS (Gataway Speclal): None

Crow Compartment Payloads:
Special Payload Mission Kits: None
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Summary of Shuttle Payloads and Experiments

|Fight  LaunchDate Landing Date Crew Payloads and Experiments
ﬁsm Jan 13,1993  Jan 19,1988 Cdr. John M. Casper Deployable Payloads: None 2. C i Generic Biop ing App CGBA)
Endeavour  KSG KSC Pit: Donakd R McMonagte | 1. Tracking and Data Relay Sateflitefinertial 3. F iica) Rodent iment(PARE)
MS: Mario Runco, Jr Upper Stage(TDRS/IUS) 4. Sold Surface Combusumn Expeﬂment(sSCE)
MS: Gregory Harbaugh | Attached PLB Payload: Special Payload Mission Kits: None
MS  Susan Hefms 1. Diffuse X-Ray Spectrometer(DXS)
Mission Duration: 143 hrs 38 mins 19 secs GAS(Getaway Special): None
Crew Compartment Payloads:
1. Chromosome and Plant Cell Division
in Spaca{CHROMEX)
STS-56  Apr9,1993  Apr17,1993 Cdr. Kennseth Cameron Deployable Payloads: 4. Cosmic Radiatiion Effects and Activation Monitor(CREAM)
Discovery KSC XSC P Steven S, Oswald 1. Shuttle Point Autonomous Ressarch Tool for 5. Shunle Amateur Radno Expenmem lI(SAREX ll)
MS: C. Michae! Foale Astronomy - 201(SPARTAN-201) 6. ial Mat
MS: Kenneth Cockrell Anached PILB Payioads Expemnems (CMIX)
MS: Eflen Ochoa y for and Science 7. Space T&sue Loss Expemnem(STL)
Mission Duration: 222 hrs 08 mins 24 secs (ATU\S ?) 8. and A Rodent & (PARE)
GAS (Getaway Speclal): None Spoclal Payload Misslon Kits
Crow Compartment Pa: 3 1. Remote Manipulator System
1. Solar Utraviolet Spectometer(SUVE)
2. Hand-Held, Earth-Oriented, ReafTime, Cooperative,
User-Friendly, Location Targeting, and Environmental
System(HERCULES)
3. Radiation Monitoring E¢ N{RME-II])
STS-55  Apr 26, 1933 May 6,1933 Cdi. StevenR. Nagel Deployable Payload: None GAS (Gateway Special):
Columbia ~ KSC Pn. Terence T. Hendricks | Attached PLB Payload; Reaction Kinetics in Glass Melis(RKGM)
MS. Charles Precourt 1, D2 payload user support structure: German(SPACELAB) Crew Compartment Payloa
MS. Bernard Haris, Jr. 2. Material Science Autonomous Payload{MAUS) 1. Crew Telesupport Expenmen\
PS. Ulrich Walter 3. Atomic Oxygen Exposure Tray{AOET) 2. Shuttle Amateur Radio Experiment(SARAX)
PS  Hans Schlegel 4. Galactic Utrawide Angle Schmidt System Camera(GAUSS) | Special Payload Misslon Kits: None
[Missioin Duration: 239 firs 39 mins 59 secs §. Modular Opto-Electronic Multispectral Stereo Scanner
(MOMS)
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Summary of Shuttle Payloads and Experiments

2. CPCG: (Commercial Protein Crystal Growth)

3. CHROMEX: (Chromosome and Plant Cell Dmspon in Space)
4. HRSGS-A: {High Resolution Shuttle Glow ov)

5. APE-B: {Auiroral Photography Expenmem)

6. RME-{Il: (Radiation Monitoring Experiment-Hll)

7. IPMP: (Investigations into Polymer Membrane Processing)
8. AMOS: (Air Force Maui Optical Site Calibration Test)

GAS (Getaway Special): None

Flight Launch Date Landing Date Crew Payloads and Experiments
STS567  Jun21,1993 Jul1,1993  Cdr. Ronald J. Grabe Deployable Payloads: 7. G-454: Crystal Growth
Endeavowr  KSC KSC Pit:  Brian J. Duffy 1. EURECA 8. G-535: Poot Boiling
PC: G.David Low Attached PLB Paylaods 9. G-601: High Frequency Variations
MS: Nancy J. Sherlock 1. Spacehab- 10. G-647: Liquid Phase Electroepitaxy
MS: Peter J. K Wisoff a. Experiments(22) Crow Compartment Payloads:
MS: Janice E. Voss GAS (Getaway Speclal): 1. SAREX-Il (Shuttle Amateur Radio Experiment -if}
Mission Duration: 239 hrs 44 mins 54 secs 1. G-022: Pedriodic Volume Stimulus 2. FARE (Fluid Acquisition and Resupply Experiment) ~ -«
2 G-324: Earth Photographs 3. AMOS (Air Force Maui Optical Site Calibration Test)
3. G-399: Insulin/Atemia/lon Expts Special Payload Mission Kits:
4. G-450: Crystal Growth/Fluid Transfer 1. SHOOT: (Superfiuid Helium On-Orbit Transfer)
5. G-452: Crystal Growth 2. CONCAP-IV: {C: for
6. G-453: Semiconductor/Boiling Expts Space Complex Autonomous Payload N)
STSS51  Sept12,1993 Sep‘ 22 1993 Cdr: Frank Culb Jr. | Deployable Payload: Crew Compartment Payloads:
Discovery KSC Pt:  William F. Readdy 1. ACTS: (Advanced Communication Technology Satellite)
MS: James H. Newman 2, TOS: (Transfer Orbit Stage)
MS: Daniel W. Bursch 3. ORFEUS/SPAS: (Orbiting Retrievable Far and Extrems
MS Ultraviolet Spectrometer-Shuttle Paflet Satellite)
Mission Duration: 238 hrs 11 mins 11 secs 4. LDCE: {Limited Duration Space Environment Candidate
Materials Exposure}
Aftached PLB Payloads:
1. IMAX: Camera

Special Payload Mission Kits:
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Summary of Shuttle Payloads and Experiments

Mission Duration: 259 hrs 58 mins 35 secs

Attached PLB Payloads:

1. MFR (Manipulatos Foot Restraint)

2. SESA (Speciat Equipment Stowage Assembly)

3. IMAX Cargo Bay Camera (ICBC-04)

4. Air Force Maui Opitical Site Calibration Test {AMOS)

GAS (Getaway Special): None

Flight Launch Date  Landing Date Crow Payloads and Experi
STS-58  Oct18,1993 Nov1,1993 Cdr JohnE. Blaha Deployable Payloads: None Crew Compartment Payloads:
Columbia KSC EAFB P Richard Searfoss Attached PLB Payloads: 1. Urine Monitoring System {UMS
. : PC. Margaret Rhea Seddon] 1. -Spacelab Life Sciences-2(SLS-2) 2. Shuttle Amateur Radio Experiment (SAREX
MS:  Shannon W. Lucid a. Spacelab Long Module
. MS:  David A. Wolf b. Spacelab Pallet Spacial Payload Mission Kits:
- MS:  William McArthur, Jr. c. Tunnel
B N . PS: Mattin J. Fettman d. Tunnel Extension
Mission Duration: 335 hfs 12 mins 32 secs GAS (Getaway Spetial): None
STS61  Dec2, 1993  Dec13,1993 Cdr: Richard O, Covey Deployable Payloads: Crew Compartment Payloads
Endeavour .. KSC © KSC Pit: “Kenneth D. Bowersox | t. Hubble Space Telescope (HST) 1. Hubble Space Telescope Special Tools
MS: F. Story Musgrave Servico Mission - 01 2. Shuttle Orbiter Repackaged Galley (SORG)
MS: Thomas D. Akers a. Solar Array (SA) 3. El ic Still Camera Photography Test
MS: Jeffery A. Hoffman b. Wide Fisld/Planetary Camera (WFPC) 4. Global Positioning System (GYS)
MS: Kathryn C. Thomton c. Corective Optics Space Telescope
MS: Claude Nicollier Axial Replacement (COSTAR)

Special Payload Mission Kits: None
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The Planets
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Mercury |  Venus Earth Mars Jupiter Saturn Uranus | Neptune Pluto
Mean Distance from Sun
Millions of Kilometsrs 57.9 108.2 149.6 227.9 7783 _j1.429 2,875 4,504 5,900
Millions of Miles 36 67.2 93 141.6 483.6 888.2 1,786 2,799 3,666
Period of Revolution {in Earth time) _[87.97 days [224.7 days ]365.26 days |686.98 days | 11.86 years | 29.46 years | 84.07 years |164.82 years| 248.6 years
Period of Rotation (in Earth time) 58.65 days |243.01 days, {23 hrs 24 hrs ghrs 10hrs 17 hrs 16 hrs 6.39 days,
Retrograde {56 mins 37 mins 56 mins 40 mins 14 mins 6 mins Retrograde
Inclination of Axis (Degrees) 0.0 177.3 23.5 25.2 3.08 26.7 97.9 29.6 122
Inclination of Orbit to Ecliptic (Deg) 7.0 3.39 0.0 1.85 1.31 2.49 0.77 1.77 1715
Eccentricity {Degrees) 0.206 0.007 0.017 0.093 0.048 0.056 0.046 0.010 0.248
Equatorial Diameter
Kilometers 4,878 12,104 12,755 6,790 142,796 120,660 51,118 49,528 2,300 Appx.
Miles 3,031 7.521 7,926 4,219 88,729 74,975 31,763 30,775 1,429 Appx.
Atmosphere Essentially [Carbon Nitrogen, Carbon Hydrogen, [Hydrogen,” { Hydrogen, | Hydrogen, Methane
None Dioxide Oxygen Dioxide Helium Helium Helium Helium
Satelites None None i 2 16 18 15 8 i
Rings None None None None 1 Thousands |11 5 Probably
None
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Our automated spacecraft have traveled to the Moon and to all the planets beyond our world
except Pluto; they have observed moons as large as small planets, flown by comets, and samgpled
the solar environment. The knowledge gained from our journeys through the solar system has
redefined traditional Earth sciences like geology and meteorology and spawned an entirely new
discipline called ay. By yudymg the geology of planets, moons, asteroids,
and comets, and dnﬂerences and similarities, we are learning more about the origin
and history of these bodies and the solar system as a whole. We are also gaining insight into
Earth's complex weather systems. By seeing how weather is shaped on other workds and by
investigating the Sun's activity and its influence through the solar system, we can better
understand ciimatic conditions and processes on Earth,

The Sun

Many spacecraft have explored the Sun's environment, but none have gotten any closer to fts
surface than approximately two-thirds of the distance from Earth to the Sun. Pioneers 5-11, the
Pioneer Venus Orbiter, Voyagers 1 and 2, and other spacecrafi have all sampled the solar

. The Ulysses sp ft, launched Oct 6, 1990, is a joint solar mission of NASA and
the European Space Agency. After using Jupiter's gravity to change its trajectory, Ulysses will fly
over ihe Sun's polar regions during 1994 and 1995 and will perform a wide range of studies using
nine onboard scientific instruments.

The Sun dwarls the other bodies in the solar system, representing approximately 99.86 percent of
all the mass in the solar system. All of the planets, moons, asteroids, comets, dust, and gas add
up to only about 0.14 percent. This 0.14 percent represents the material left over from the Sun's
formation. One hundred and nine Earths would be required to fit across the Sun's disk, and #s
interior could hokd over 1.3 million Earths.

As a star, the Sun generates energy by the process of fusion. The temperature at the Sun's core
is 15 million degrees Celsius (27 million degrees Fahrenhett), and the pressure there is 340 billion
times Earth's air pressure at sea level. The Sun's surface temperature of 5,500 degrees Celsius
{10,000 degrees Fahrenheit) seems almost chilly compared to its core temperature. At the solar
core, hydrogen can fuse into helium, producing energy, The Sun produces a strong magnetic
field and streams of charged particles, extending far beyond the planets,

Tha Sun appears to have been active for 4.6 billion years and has enough fuel for another 5 billion
years o 50, Al the end of its ifa, the Sun will start to fuse hefium into heavier elements and begin
to swell up, ultimately growing so large that it will swallow Earth. After a billion years as a “red
giant," it will suddenly collapse into a “white dwarf - the final end produdt of a star like ours. It
may take a trilion years to cool off completely.

Mercury

Obtaining the first close-up views of Mercury was the primary objective of the Mariner 10
spacacraft, unched Nov 3, 1973. After a journey of nearly 5 months, including a fiyby of Venus,
the spacecraft passed within 703 km (437 mi) of the solar system's nnermost planet on Mar 29,
1974. Until Mariner 10, (ittle was known about Mercury. Even the best telescopic views from Earth
showed Mercury as an indistinct object lacking any surface detail. The planet is so ciose to the
Sun that it is usually lost in solar glare. When the planet is visible on Earth's horizon just after
sunset or before dawn, it is obscured by the haze and dust in our atmosphers. Only radar
telescopes gave any hint of Mercury’s surface conditions prior to the voyage of Mariner 10.

Mariner 10 photographs revealed an ancient, heavily cratered surface, closely resembling our
Moon. The pictures also showed high cliffs crisscrassing the planet., apparently created when
Mercury's interior cooled and shrank, buckling the planet's crust. The clffs are as high as 3 km (2
mi) and as long as 500 km (310 mi).

Instruments on Mariner 10 discovered that Mercury has a weak magnetic field and a trace of
atmosphere - a trillionth the density of Earth's atmosphere and composed chiefly of argon, neon,
and helium. When the planet's orbit takes it closest to the Sun, surface temperatures range from
467 degrees Celsius (872 degrees Fahrenheif) on Mercury’s suniit side to -183 degrees Celsius (-
298 degrees Fahrenheit) on the dark side. This range in surface temperature is the largest for a
single body in the solar system. Mercury fterally bakes and freezes at the same time.

Days and nights are long on Mercury. The combination of a slow rotation relative to the stars (59
Easth days) and a rapid revolution around the Sun (88 Earth days) means that one Mercury solar
day takes 176 Earth days or two Mercury years, the time it takes Mercury to complete two orbits
around the Sun.
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Mercury appears to have a crust of light silicate rock like that of Earth. Scientists believe Mercury
has a heavy iron-rich core making up slightly less than half of its volume. That would make
Mercury's core larger, proportionally, than the Moon's core of those of any of the planets.

After the initial Mercury encounter, Mariner 10 madse two additional flybys ~ on Sep 21, 1974, and
Mar 16, 1975 - before control gas used to orient the spacecraft was exhausted and the mission
was concluded. Each fiyby took place at the same local Mercury time when the identical half of
the planet was ifluminated; as a result, wa still have not seen one-half of the planet's surface.

Venus

Veiled by dense cloud cover, Venus — our nearest planetary neighbor — was the first planet to be
explored. The Mariner 2 spacecsaft, launched Aug 27, 1962, was the first of more than a dozen
successful American and Soviet missions to study the mysterious planet. On December 14, 1962,
Mariner 2 passed within 34,839 kilometers (21,648 miles) of Venus and became the first
spacecraft to scan another planst; onboard instruments measured Venus for 42 minutes. Mariner
5, launched in June 1957, flew much closer to the planet. Passing within 4,094 kilometers (2,544
miles) of Venus on the second American fiyby, Mariner 5's instruments measured the planet's
magnetic field, ionosphere, radiation betts, and temperatures. On its way to Mercury, Mariner 10
flew by Venus and transmitted uftraviolet pictures to Earth showing cloud circulation pattems in
the Venusian atmosphere.

On Dec 4, 1978, the Pioneer Venus Orbiter became the first spacecraft to orbit the planet. Five
days kater, the five separate companents making up a second spacecraft, the Pioneer Venus
Muttiprobe, entered the Venusian atmosphere at different locations above the planet. The four
small probes and the main body radioed atmospheric data back to Earth during their descent
toward the surface. Although designed to examine the atmosphers, ane of the probes survived its
impact with the surface and continued to transmit data for another hour,

Venus resembles Earth in size, physicat composition, and density more closely than any other
known planet. However, significant difterences have been discovered. For example, Venus'
rotation (west fo east) is retrograda (backward) compared to the east-to-west spin of Earth and
most of the cther planets.

Approximately 96.5 percent of Venus' atmosphere (95 times as dense as Earth's) is carbon
dioxide. The principal constituent of Earth's atmosphera is nitrogen. Venus' atmosphere acts like a
greenhouse, permitting solar radiation to reach the surface but trapping the heat that would
ordinarily be radiated back into space. As a result, the planet's averaga surface temperature is 482
degrees Celsius (900 degrees Fahrenheit), hot enough to mel lead.

A radio altimeter on the Pioneer Venus Orbiter provided the first means of seeing through the
planet's dense cloud cover and determining surface features over aimost the entire planet. NASA's
Magellan spacecraft, launched on May 5, 1989, has orbned Venus since August 10, 1990. The
spacecraft used radar-mapping techniques to provide ultrahigh-resofution images of the surface.

Mageflan has revealed a landscape dominated by volcanic features, faults, and impact craters.
Hugh areas of the surface show evidence of multiple periods of lava flooding with flows lying on top
of previous ones. An elevated region named Ishtar Terra is a lava-filled basin as large as the
United States. At one end of this plateau sits Maxwell Montes, a mountain the size of Mount
Everest. Scarring the mountain's flank is a 100-km (62-mj) wide, 2.5-km (1.5 mi) deep impact
crater named Cleopatra. {Almost all features on Venus are named for women: Maxwell Montes,
Alpha Regio, and Beta Regio are the exceptions.) Craters survive on Venus for perhaps 400
million years because there is no water and very fittle wind erosion.

Extensive fault-ine networks cover the planet, probably the result of the same crustal flexing that
produces plate tectonics on Earth. But on Venus the sun‘aoe temperature is sufficient to weaken
the rock, which cracks just about h g the of major plates and large
eanhquaka faufts fike the San Andreas Fauft in California,

Venus' predominant weather pattern is a high-altitude, high-speed circulation of clouds that contain
sulfuric acid. Al speeds reaching as high as 360 km (225 mi) per hour, the clouds circle the planet
in only 4 Eanth days. The circulation is in the same direction — west to east - as Venus' slow
rotation of 243 Earth days, whereas Earth's winds blow in both directions — west to east and east
to west — in six bands. Venus' serves as a simplified laboratory for the
study of our weather.
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Earth

As viewed from space, Earth's distinguishing characteristics are its blue waters, brown and green
land masses, and white clouds. We are enveloped by an ocean of air consisting of 78 percent
nitrogen, 21 percent oxygen, and 1 percent other constituents. The only planet in the solar
system

known to harbor [ife, Earth orbits the Sun at an average distancs of 150 million km (93 million mi).
Earth s the third planet from the Sun and the fiith largest in the solar system, with a diameter a
few hundred kilometers larger than that of Venus.

Our planet's rapid spin and molten nickel-iron core giva rise to an extensive magnetic field, which,
along with the atmasphere, shields us from nearly all of the harmful radiation coming from the Sun
and other stars. Earth's atmosphera protects us from meteors as well, most of which burn up
before they can strike the surface. Active geological processes have left no evidence of the
pelting Earth almost certainly received soon after it formed - about 4.6 billion years ago.

From our jouneys into space, we have leamed much about our home planet. The first American
sateflite - Explorer 1  launched Jan 31, 1958, discovered an intense radiation zons, called the
Van Allen radiation belts, surrounding Earth, Other research satellites revealed that our planet's
magnetic field is distorted into a tear-drop shape by the solar wind. We've learned that the
magnetic field does not fade off into space but has definite boundaries. And we now know that
our wispy upper atmosphers, once befieved calm and uneventful, secthes with activity — swelling
by day and contracting by night. Affected by changes in solar activity, the upper atmosphere
contributes to weather and climate on Earth.

Basides affecting Earth's weather, solar activity gives rise to a dramatic visual phenomenon in our
atmosphere. When charged particles from the solar wind become trapped in Earth's magnetic
field, they collide with air molecules above our planet's magnetic poles. These air molecutes then
begin to glow and are known as the auroras or the northem and southern lights.

Smaum about 35,789 km (22,238 mi) out in space play a major role in daily local weather

From their unique vantage points, satellites can survey Earth’s oceans, land use and resources,
and monitor the planet's health. Thess eyes in space have saved countless lives, provided
tremendous conveniences, and shown us that we may be altering our planet in dangerous ways.

The Moon

The Moon is Earth's single natural satellite, The first human footsteps on an afien world were
made by American astronauts on the dusty surface of our airless, Ifeless companion. In
preparation for the Apolio expeditions, NASA dispatched the automated Ranger, Surveyor, and
Lunar Orbiter spacecraft to study the Moon between 1964 and 1968.

NASA's Apollo program left a large legacy of linar materials and data. Six 2-astronaut crews
landed on and explored the lunar surface between 1969 and 1972, carrying back a collection of
rocks and soil weighing a total of 382 km (842 Ib) and consisting of more than 2,000 separate
samples. From this material and other studiss, scientists have constructed a history of the Moon
that includes its infancy.

Rocks collected from the kunar highlands date to about 4.0-4.3 billion years old. The first few
million years of the Moon's existence were so violent that few traces of this period remain. As a
molten outer layer gradually cooled and solidified into different kinds of rock, the Moon was
bombarded by huga asteroids and smaller objects. Some of the asteroids were as large as Rhode
Istand or Delaware, and their collisions with the Moon created basins hundreds of kilometers
across.

This hit tapered off imately 4 billion years ago, leaving the tunar
highlands covered wih huge, werhppmg craters and a deep layer of shattered and broken rock.
Heat produced by the decay of radicactive elements began to melt the interior at depths of about
200 km {125 mi) below the surface. For the next 700 million years, tava rose from inside the Moon
and gradually spread out over the surface, ﬂoodmg the large impact basins to form the dark areas
that Galiteo Galilei, an of the Htalian R led maria, meaning seas. As far
as we can tell, there has been no significant volcanic activity on the Moon for more than 3 billion

These watchful eyes wamn us of dangerous storms. Continuous global years. Since then, the lunar surface has been aftered only by micrometeorites, atomic particles
monnonng provides a vast amount of useful data and to a better from the Sun and stars, rare impacts of large and and
Earth's complex weather systems,
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The origin of the Moon is still a mystery. Four theories attempt an explanation: The Moon formed
near Earth as a separate body; it was torn from Eanth; it formed somewhere else and was
captured by our planet's gravity, or it was the result of a collision between Earth and an asteroid
about the size of Mars. The last theory has some good support but is far from certain.

Mars

Mars has long been considered the solar system's prime idate for

lifa. Astronomers studying the red planet through telescopes saw what appeated to be strangm
lines criss-crossing its surface. These observations, later determined to be optical illusions, led to
the popular notion that intelligent beings had constructed a system of irrigation canals, Another
reason for scientists to expect life on Mars was the apparent seasonal color changes on the
planet's surface. This phenomenon led to speculation that conditions might support vegetation
during the warmer months and cause plant life to become dormant during colder periods.

Seven American missions to Mars have been carried out. Four Mariner spacecraft, three fiying
by the planet and one placed into martian orbit, surveyed the planet extensively before the Viking
Orbiters and Landers arrived. Mariner 4, launched in late 1964, flew past Mars on Jul 14, 1965,
within 9,846 km (6,418 mi) of the surface. Transmitting to Earth 22 close-up pictures of the
planet, the spacecratt found many craters and naturally occurring channels but no evidence of
antificial canals or flowing water. The Mariners 6 and 7 flybys, during the summer of 1969, .
retumned 201 pictures. Mariners 4, 6, and 7 showed a diversity of surface conditions as well as a
thin, cold, dry atmasphere of carbon dioxide.

On May 30, 1971, the Mariner 9 Orbiter was launched to make a year-fong study of the martian
surface. The spacecraft arrived 5-1/2 months after liftoff, only to find Mars in the midst of a planet-
wide dust storm that made surface photography impossible for several weeks. After the storm
dieared, Mariner 9 began returning the first of 7,329 pictures that revealed previously unknown
martian features, including evidence that large amounts of water once flowed across the surface,
etching river valleys and flood plains.

In Aug and Sep 1975, the Viking 1 and 2 spacecraft, each consisting of an orbiter and a fander,
were launched. The mission was designed to answer several questions about the red planet,

including, Is there life there? Nobody expected the spacecraft to spot martian cities, but it was
hoped that the biology experiments would at least find evidence of primitive Iife, past or present.

Viking Lander 1 became the first spacecraft to successfully touch down on another planet when it
fanded on Juf 20, 1976. Photographs sent back from Chiyse Planitia ("Plains of Gold*) showed a
bleak, rusty-red fandscape. Panoramic images revealed a rofling plain, littered with rocks and
marked by rippled sand dunes. Fine red dust from the martian soil gives the sky a salmon hus.
When Viking Lander 2 touched down on Utopia Planitia on Sep 3, 1976, it viewed a more rolling
fandscape, one without visible dunes.

The results sent back by the laboratory on each Viking Lander were meonduswe Small samples
of the red martian soil were tested in three different experi igned to detect bit

processes. While some of the test results seemed to indicate biological activity, later analysis
confirmed that this activity was inorganic in nature and related to the planet's soil chemistry. Is
there life on Mars? No one knows for sure, but the Viking mission found no evidence that organic
molecules exist there.

The Viking Landers became weather stations, recording wind velocity and direction as well as
atmospheric temperature and pressure. Few weather changes were observed. The highest
temperature recorded by either spacecraft was -14 degrees Celsius (7 degrees Fahrenhefl) at the
Viking Lander 1 site in The lowest temp -120 degrees Celsius {-184 degrees
Fahrenheit), was recorded in the more northerly Viking Lander 2 site during winter. Neas-hurricane
wind speeds were measured at the two martian weather stations during global dust storms, but
because the atmosphere is so thin, wind force is minimal. Viking Lander 2 photographed light
patches of frost, probably water-ice, during its second winter on the pfanet.

The martian atmosphere, like that of Venus, is primarily carbon dioxide. Nitrogen and oxygen are
present only in small percentages. Martian air contains only about 1/1,000 as much water as our
air, but this small amount can condense out, forming clouds that ride high in the atmosphere or
swirl around the slopes of towering volcanoes. Patches of early moming fog can form in valleys.
There is evidence that in the past a denser martian atmosphere may have allowed water to flow on
the planet. Physical features closely bling ines, gorges, riverbeds, and islands suggest
that great rivers once marked the planet.
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Mars has two moons, Phobos and Deimos. They are small and irregularly shaped and pessess
ancient, cratered surfaces. 1is possible the moons were originally asteroids that ventured too
close to Mars and were captured by its gravity.

The Viking Orbiters and Landers exceeded their design [etimes of 120 and 90 days, respectively.
The first to fail was Viking Orbiter 2, which stopped operating on Jul 24, 1978, when a leak
depleted its attitude-control gas. Viking Lander 2 operated until Apr 12, 1980, when it was shut
down dua to battery degeneration. Viking Orbiter 1 quit on Aug 7, 1980, when the last of its
attitude-control gas was used up. Viking Lander 1 ceased functioning on Nov 13, 1983.Despite
the inconclusive results of the Viking biology experiments, we know more about Mars than any
other planet except Earth. The Mars Observer mission, kunched on Sept. 25, 1992, lost

contact with Earth on Apsil 21, 1993, just 3 days before it was to enter orbit around Mars.

NASA will continue to explore Mars, which a new exploration strategey called the Mars Surveyor
program, calls for stan of development of a small orbiter that will be launched in November 1996
to study the surface of the red planet.

The Mars Surveyor orbiter will tay the foundation for a series of missions to Mars in a decade-
long program of Mars exploration. The missions will take advantage of launch opportunities about
every 2 years as Mars comes into alignment with Earth

The orbiter planned for taunch in 1998 would be even smaller than the initial Mars Surveyor
orbiter and carry the remainder of the Mars Observer science instruments. It would actas a
communications relay sateflite for a companion lander, launched the same year, and other landers
in the future, such as the Russian Mars '96 lander. The U.S. Pathfinder tander, set fo land on
Mars in 1997, will operate independently of the Mars orbiter.

Asteroids

The solar system is populated of small p called asteroids that orbit the
Sun in a broad belt betwaen Mars and Jupiter. Some of these are of rocky composition, others
ara mainly iren and nickat, they are fragments acd racky spinters. by the same.
processes that built the planets some four and a half billion years ago. Metallic asteriods are

thought to be fragments of the central cores of smatl short-fived planets that were broken up soon
after they formed by massive collisions with other similar objects; some of the rocky splinters maybe
pieces of the outer kayers of such exploded planets while others could be primitive planet-buikiing
materials accumulated into rocks but that was never used in planet building.

The largest asteriod is called 1 Ceres (all asteriods have a number in their name) and is only 770km
{480 m) across; much smaller than the Moon. Most of the thousands of asteriods that are known
are much smaller, inthe 1 to 10 km size range. ble, stif smafl, fr
collide with the Earth and, as they bum-up in the'atmosphera, musmgmeteomails Some of the
larger fragments reach the ground infact and becoms part of the metecite coflectioins in cur
museums. A few large asteriod collisions are racorded on the Earth's surface as araters. One of
the best examples is the Baringer Meteor Crater near Winslow, Arizona, Someof the best preserved
meteorites are tound on the ice cap of Antarctica; however, not all of thesecome from asteriods,
msmybedehhﬁommm,wdmﬁmmﬂmhmhvsuighmedmﬂnsﬂam
ars.

The Gafileo spacecraft passed twice through the astesiod belt on its six ysar jounsy from the Earth
to Jupiter. On each occasioin #t visited an asteroid and made scientific measurements impossible
from the Earth. On October 29, 1991, Galileo encountered 951 Gaspra at a distance of 1600 km
to reveal a conical shaped, scared and fractured, rock some 18 km long with a lightly cratered
landscape; almost two years later, on August 28, 1993, Galiteo passed by ancther larger asteroid,
243 |da, at a distance of 2400 km to reveal an object of even more bizarre shape. In addition, the
data from the spacecraft indicated that this asteroid may have a satellite in orbit around it. Kda itself
is imegular in shape, some 56 km long and 24 km across. Its surface was found to be covered by a
deep layer of rubble on which many craters, fractures and bouklers are superposed. Before the
Galileo encounters & was expected that Ida, which is 2 member of the Koronis family of asteroids
(an asteriod family is a group of asteriods on very small orbits that formed as the result of a

ic collisioin that broke up the parent asteriod), was relatively young, that is , it formed
as the result of a recent collision, whils Gaspra was expected to be relatively okl. The surprising
result of the Galileo investigiations was to tum these ideas entirely around. Ida's densely crated
surface proved i to be very old, perhaps 1-2 billion years. Gaspra's lightly crated surface showed
% have been formed relatively recently, a mers 200 million years ago.
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Juplter

Bayond Mars and the asteroid bef, in the outer regions of our solar system, bie the giant planets of
Jupiter, Satum, Uranus and Neptuns. In 1872, NASA sent the first of four spacecraft to conduct
the inktial surveys of thesa colossal worlds of gas and their moons of ice and rock.

Pioneer 10, launched in March 1972, was the first spacecraft to penetrate the astercid beh and
travel to the outer regions of the solar system. In December 1973, & retumed the first dloss-up
images of Juplter, fiying within 132,252 km (82,178 mi} of the planet's banded cloud tops. Pioneer
11 followed a year later. Voyagers 1 and 2, launched in the summer of 1977, retumed spectacular
photographs of Jupiter and s famiy of satellites during fiybys in 1979. These travelers found
Jupiter to be a whirling ball of liquid hydrogen and hefium, topped with a colorful atmosphere
composed mostly of gaseous hydrogen and helium. Ammonia ice crystals form white Jovian
clouds. Suffur compounds (and perhaps phosphorus) may producs the brown and orange hues
that characterize Jupiter's atmosphere.

It is fikely that methane, ammonia, water and other gases react to form organic molecules in the
regions betwoeen the planet's frigid cloud tops and the warmes hydrogen ocean lying below.
Bocause of Jupiter's atmospheric dynamics, howsver, these organic compounds, # they exis!, are
probably short-ived.

The Great Red Spot has been observed for canturies through telescopes on Earth. This hurricans-
fike storm in Juper's atmosphera is more than twice the size of our planet. As a high-pressure
region, the Great Red Spot spins in a direction opposite to that of low-pressure storms on Jupiter; i
s surounded by swiring curments that rotate around the spot and are sometimes consumed by it.
The Great Red Spot might be a million years old.

Qur spacocraft detected fightring in Jupiter's uppes atmosphere and observed auroral emissions
similar to Earth's norther Gights at the Jovian polar regions. Voyager 1 returned the first images of
a tairt, narrow ring encircling Jupiter. Largsest of the solar system’s planets, Jupiter rotates ata
dizzying pace, once every 9 hours 55 minutes 30 seconds. The massive planet takes almost 12
Earth years to complete a journey around the Sun. Weh 16 known moons, Jupiter is something of
a miniature solar system.

A new mission to Jupiter, the Galileo Project, is underway. After a 6-year quise that so far has
taken the Galileo Orbiter once past Venus, twice past Earth and the Moon, and once past two

ft will drop an pheric probe into Jupiter's cloud layers and relay data
back to Earth. The Galileo Orbiter will spend 2 years circling the planet and flying closa to
Jupiter's large moons, exploring in detadl what the two Pioneers and two Voyagers revealed.

Galilean Satellites

In 1610, Galileo GalRei aimed his telescope at Jupiter and Spotted four points of light orbiting the
planet. For the fyst ime, humans had seen the moons of another world. In honor of their
discoverer, thess four bodies would become known as the Gafilean satellites or moons. But
Galleo might have happily traded this honor for one look at the dazzling photographs retumed by
the Voyager spacecraft as they flew past these planet-sized sateliites.

One of the most remarkable findings of the Voyager mission was the prasence of active
wvolcanoes on the Galilean moon lo. Volcanic eruptions had never before been observed on a
world other than Earth. The Voyager cameras identified at least nine aciva volcanoes on lo, with
plumes of ejected material extending as far as 280 km (175 mi) above the moon's surface. lo's
pizza-colored temrain, marked by orange and yellow hues, is probably the resuft of sulfur-rich
materials brought to the surface by volcanic activity. Volcanic activity on this satellite is the resutt
of tidal fiexing caused by the gravitational tug-of-war between lo, Jupiter, and the other three
Galilean moons.

Europa, approximately the same size as our Moon, is the brightest Galilean satellite. The moon's
surface displays an array of streaks, indicating the crust has been fractured. Caughtina
gravitational tug-of-war kke lo, Europa has been heated enough to causs its interior ice to mett,
producing a liquid-water ocean. This ocean is covered by an ice crust that has formed where
water is exposed to the cold of space. Europa’s core is mada of rock that sank to its center.

Like Europa, the other two Galilean moons ~ Ganymede and Callisto - are workds of ice and fock.
Ganymede is the fargest satellite in the solar system -- larger than the planets Mercury and Piuto.
Thesatefﬁlsmmmpomaabmwpewemwaxetotmammereﬂm Ganymadessuﬂace
has areas of different brightness, indicating that, in the past, material oozed out of the moon's in
terior and was deposited at various locations on the surface.
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Calisto, only slightly smaller than Ganymede, has the lowest densily of any Galisan
satefite, suggesting that karge amounts of water are part of its composition. Callisto is the
most heavily cratered objoct in the solar system; no activity during is history has erased old
craters except more impacts.

Detaied studies of all the Gafilean satelltes will be performed by the Gafileo Orbiter.
Satum

No planet in the solar system is adomed ke Satum. Its exquisite 1ing system is urtivaled.
Like Jupiter, Satum is composed mostly of hydrogen. But in contrast to the vivid colors and
wild turbulence found in Jovian douds, Saturn's atmesphere has a more sublle,
butterscotch hue, and iumarkmgsara musted by high-afitude haze. Given Satum's

plack scientists wera surprisad at the high-velocity
sqtatmalptdleamdmbb«ssomﬂmmn 100 mi} per hour.

Three American spacecraft have visited Saturn. Pioneer 11 sped by the planet and its
moon Titan in Septamber 1979, retuming the first close-up images. Voyager 1 followed in
November 1880, sending back braathtaking photographs that revealed for the first time the
complexities of Saturn’s ring system and moons. Voyager 2 flew by the planet and its
moons in August 1981.

The rings are composed of countless low-density particles orbiting individually around
Saturn's equator at progressive distances from the cloud tops. Analysis of spacecraft radio
waves passing through the rings showed that the particles vary widely in size, ranging from
dust to house-sized boulders, The rings are bright becausa they are mostly ice and frosted
rock.

The rings might have resulted when a moon or a passing body ventured too dose to Satum, The
objact would have been torn apart by great tidaf forces on its surface and in its interior. Or the
object may not have been fully formed and disintegrated under the influence of Satum's gravity. A
thied possibilty is that the object was shattered by coliisions with karges objects orbiting the planet.

Unable either to form into a moon or to drift away from each other, individual ring particles appear
to be held mplacebymegraviamnal pull of Satum and its satellites. Thesa complex
of ringlsts that make up the major rings.

g

Radio emissions quite similar to the static heard 6n an AM car radio during an elecirical storm
were detected by the Voyager spacecraft. These emissions are typical of lightning but are
believed to be coming from Satum's ing system rather than its atmosphere, where no lightning
was observed, As they had at Jupiter, the Voyagers saw a version of Earth's auroras near
Satumn's poles.

The Voyagers discovered new moons and found several satelites that share the same orbit. We
Ieamdﬂ'atsomemomssmpherdnngpanm mmmngSanunsnngsandmgapsm(he
rings. Satum’s 18th moon was discovered in 1990 from images taken by Voyager 2 in 1981.

Voyager 1 determined that Titan has a nitrogen-based atmosphera with methane and argon ~
one more [ike Earth's in composiion than the carbon diaxide atmosphere of Mars and Venus.
Titan's surface temperature of -179 degrees Celsius (-290 degrees Fahrenhe) implies that there
might be water-ice istands rising abova oceans of ethans-methane liquid or shudge.
Unfortunately, Voyager 1's cameras could not penstrate the moon's densa clouds.

Continming ptmod'\esm from solas radiation may be converting Than's methane 1o ethane,
acetylene and, in combination with nitrogen, hydwen cyanide. These conditions may be similar
too\satrmsphencmmdpmmal between 3 and 4 billion years ago. However,
Than's atmospheric temperature is believed to be 100 Jow to permit progress beyond this stage of

organic chemistry.

A mission to Saturn, planned for taunch in October 1997, may help answer many of the questions
raised by the Voyager flybys about the Satumian system. Called Cassini, th joint U.S. European
Space Agency mission consists of an Orbiter and an instrumented probe calf Huygens supplied
by ESA. The mission is designed to complete an orbital surveifiance of the planst and unveil
Satum's largest moon, Titan, by dropping the Huygens probe through Titan's intriguingly Earth-like
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Cassini will fly by Venus twice as well as by Earth and Jupiter before arriving at Saturn in November
2004 to begin a 4-year orbital tour of the ringed planet and fts 18 moons. The Hurgens probe will
descend to the surface of Titan in June 2005.

Uranus

In January 1986, 4-1/2 years after visiing Saturn, Voyager 2 completed the first close-up survey of
the Uranian system. The brief flyby revealed more information about Uranus and its moons than
had been gleaned from ground observations since its discovery over 2 centuries ago by Engfish
astronomer William Herschel.

Uranus, third largest of the planets, is an oddball of the sotar system. Unlike the other planets (with
the exception of Pluto), this giant lies tipped on its side with its north and south poles atemnately
facing the Sun during an 84-year swing around the solar system. During Voyager 2's fiyby, the
south pole faced the Sun, Uranus might have been knocked over when an Earth-sized object
collided with it earty in the life of the solar system.

Voyager 2 discovered that Uranus' magnetic fiekd does not follow the usual north-south axis found
on the other planets. Instead, the field is tited 60 degrees and offset from the planet's center. a
phenomenon that on Earth would be fike having one magnetic poie in New York City and the other
in the city of Djakarta, on the island of Java in indonesia.

Uranus' atmosphere consists mainly of hydrogen, with some 12 percent hefium and smafl amounts
of ammonia, methane, and water vapor. The planet's blue color occurs because methane in 2s
atmosphere absorbs all other colors. Wind speeds range up to 580 km (360 mi) per hour, and
temperatures near the cloud tops average -221 degrees Celsius (-366 degrees Fahrenheit).

Uranus' sunlit south pole is shrouded in a kind of photochemical * smog believed to be a
combination of acetylene, ethane, and other sunlight g the
planet's and i of kik into spaca is a mysterious ullravwlet
sheen known as “electroglow.” Appmxlmalery 8,000 km (5,000 mi) below Uranus' cloud tops, there
is thought to be a scalding ocean of water and dissolved ammonia some 10,000 km {6,200 mi}
deep. Beneath this ocean is an Easth-sized core of heavier materials.

Voyager 2 discovered 10 new moons, 16-169 km (10-105 mj) in diameter, orbiting Uranus, The
five previously known -- Miranda, Ariel, Umbiie, Tnama and Oberon ~- range in size from 520 to
1,610 km (323 to 1,000 mi} across. F thesa five moons are
hatt-ice, half-rock spheres that ara cold jand dark and show evidence of past activity, inchiding
faulting and ice flows.

The most remarkable of Uranus' moons is Miranda. s surfacs features high ciifis as well as
canyons, crater-pocked plains, and winding valleys. The sharp variations in terain suggest that,
after tha moon formed, #t was smashed apart by a collision with another body — an event not
unusual in our solar system, which contains many objects that have impact craters or are
fragments from targe impacts. What is extraordinary is that Miranda apparently reformed with
some of the material that had been in its interior exposed on its surface.

Uranus was thought to have nine dark rings; Voyager 2 imaged 11. In contract to Satum's rings,
compoased of bright particles, Uranus' rings are primarily made up of dark, boulder-sized chunks.

Neptune

Voyager 2 completed its 12-year tour of the solar system with an investigation of Neptune and the
planet's moons. On Aug 25, 1989, the spacecraft swept to within 4,850 km (3,010 mj) of Neptune
and then flew on to the moon Triton. During the Neptune encounter, it becams clear that the
planet's atmosphere was more active than Uranus’.

Voyager 2 observed the Great Dark Spot, a circular storm the size of Earth, in Neptune's
atmosphere. Resembling Jupiter's Great Red Spot, the storm spins counter-clockwise and moves
westward at aimost 1,200 km (745 mi) per hour. Voyager 2 also noted a smaller dark spot and a
fast-moving cloud dubbed the *Scooter," as well as high-aftitude clouds over the main hydrogen
and hefium cloud deck. The highest wind speeds of any planet were observed, up to 2,400 km
{1,500 mi) per hour.
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Like the other giant planets, Neptune has a gaseous hydrogen and heflum upper tayer over a
liquid interior. The planet's core eontams a hlghe1 percentage of rock and metal than thoss of the
other gas giants. Nep! like Uranus' blue color, is due to
atmospheric methane.

Naptuna 's magnetic field is tited relative to the planet's Spin axis and is not centered at the core.
his phenomenon is similar to Uranus' magnetic field and suggests that the field of the two giants
are being generated in an area above the cores, where the pressure is so great that liquid
Iydrogen assumes the electrical properties of a metal. Earth's magnetic field, on the other hand, is
produced by its spinning metalic core and is only sightly tited and offset relative to s center.

Voyager 2 also shed light on the mystery of Neptune's rings. Observations from Earth indicated
that there were arcs of materia in orbit around the giant planet. it was not clear how Neptuns
could have arcs and how these could be kept from spreading out into even, unclumped rings.
Voyager 2 detected these arcs, but they were, in pact, part of thin, complete rings. A number of
small moons could explain the arcs, bul such bodies were not spotted.

Astronomers had identified the Neptunian moons Triton in 1846 and Nereid in 1949. Voyager 2
found six more. Ona of tha new moons - Proteus ~ is adtually targer than Nereid, but since
Proteus orbits close to Neptune, it was lost in the planet's glare for observers on Earth.

Triton circles Neptune in a retrograde orbit in under 6 days. Tidal forces on Triton are causing it to
spiral slowly toward the planet. In 10-100 million years (a short time in astronomical terns}, the
moon will be so close that Neptunian gravity will tear it apant, forming a spectacutar ring to
accompany the planet's modest current rings.

Triton's fandscape is as strange and unexpected as those of lo and Miranda. The moon has more
rock than its counterpants at Saturn and Uranus, Triton's mantle is probably composed of water-
ice, but s crust is a thin verneer of nitrogen and methane. The moon shows two dramatically
different types of terrain: the so-cafled "cantaloupe” terrain and a receding ice cap.

Oask streaks appear on the ice cap. These stieaks are the fallout from geyser-fike volcanic vents
that shoot nitrogen gas and dark, fine-grained particles to heights of 18 'km (1-5 mi). Triton's thin
atmosphere, only 1/70,000th as thick as Earth's, has winds that carry the dark panticles and deposit
them as streaks on the ice cap - the coldest surface yet discovered in the solar system (-235
degrees Celsius, -391 degrees Fahrenheit). Triton might be more like Pluto than any other object
spacecraft have so far visited,

Pluto

Pluto is the most distant of the planets, yet the eccentricity of its orbit periodically carries it inside
Neptune's orbit, where it has been since 1979 and where it will remain untd March 1999. Phio's
orbi is also highly incfined - tited 17 degrees to the orbital plane of the other planets.

Discovered in 1930, Ptuto appears to be little more than a colestial snowball. The planet's
diameter is calculated to be approximately 2,300 km (1,430 mj), omyzlathesuzeofomMoon
Ground-based obsarvations indicate that Pluto's surface is covered with methane ice and that
thera is a thin atmosphere that may freeze and fall to the surface as the planet moves away from
the Sun. Observations also show that Pluto's spin axis is tipped by 122 degrees.

The planet has one known satellite, Charon, discovered in 1978. Charon's surface composttion is

different from Pluto's: the moon appears to ba covered with water-ice rather than methane ice. lts

orbit is gravitationally locked with Phuto, so both bodies always keep the same hemisphere facing

;fthh other. Phito’s and Charon's rotationa! period and Charon's period of revolution are all 6.4
days.

No spacecraft has ever visited Phuto, however, a Piuto Fast Flyby mission is being studied for a
possible taunch in 1999-2000.
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Comets

The outermost members of the solar system occasionally pay a visit to the inner planets, As
asteroids are the rocky and metallic remnants of the farmation of the solar system, comats are the
icy debris from that dim beginning and can survive only far from the Sun. Mast comet nuclei
reside in the Oort Cloud, a loose swarm of objects in a halo beyond the planets and reaching
perhaps halfway to the nearest star,

Comet nuclei orbit in this frozen abyss until they are gravitationally perturbed into new arbits that
carry them closa to the Sun. As a nudleus fals inside the orbits of the outer planets, the volatile
elements of which it is made gradually warm; by the time the nucleus enters the region of the
inner plansts, these volatie elements are boiling. The nucleus itself is iregular and only a few
miles across, and is made principally of water-ice with methane and ammonia.

As these materials boil off of the nudieus, they form a coma or cloud-fike *head" that can measure
tens of thousands of kilometers across. The coma grows as the comet gsts closer to the Sun. The
stream of charged particles coming from the Sun pushes on this cloud, blowing # back and giving
rise to the comet's ails.” Gases and ions are blown directly back from the nucleus, but dust
particles are pushed more siowly. As the nuclaus continues in its orbit, the dust particles are teft
behind in a curved arc.

Both the gas and dust tas point away from the Sun; in effect, the comet chases its tails as it
recedes from the Sun. The tails can reach 150 million km (33 million mi) in length, but the total
amount of material contained i this dramatic display would fit in an ordinary suitcase. Comets —
from the Latin cometa, meaning "long-haired” -- are essertially dramatic light shows.

Soma comets pass through the solar system only once, but others have their orbits gravitationally
modified by a close encounter with ane of the giant outer planets. These latter visitors can enter
closed elliptical orbits and repeatedly return to the inner solar system.

Halley's Comet is the most famous example of a relatively short period comet, returning on an
average of once every 76 years and orbiting from beyond Neptune to within Venus' orbat.
Confirmed sightings of the comet go back to 240 B.C. This regular visitor to our solar system

is named for Sir Edmund Halley, because he plotted the comet’s orbit and predicted #s retumn,
based on earfier sightings and Newtonian laws of motion. His name became part of astronomical
lore when, in 1759, the comet returned on schedule. Unfortunately, Sir Edmund did not five to

A comet can be very prominent in the sky if it passes comparatively close to Earth. Unfortunately,

on its most recent appearance, Halley's Comet passed no closer than 62.4 milon km (28.8 million

mi) from our world. The comet was visible to the naked eye, especially for viewers in the southermn

hemisphers, but it was not spectacular. Comets have been so bright, on rare occasions, that they

were visible during daytime. Historically, comet sightings have been interpreted as bad omens and
have been artistically rendered as daggers in the sky.

Several spacecraft have flown by comets at high speed; the first was NASA's Intemational C<7me1ary~
Explorer in 1985. An armada of five spacecratt (two Japanese, two Soviet, and the Giotto spacecraft
from the European Space Agency) fiew by Halley's Comet in 1986.
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USA Planetary Space Flights

SPACECRAFT MISSION

REMARKS

Mariner 1

Mariner 2
Mariner 3
Mariner 4
Mariner 5
Mariner 6
Mariner 7
Mariner 8

Mariner9

Pioneer 10

Venus Flyby
Venus Flyby

Mars Flyby

Mars Fiyby

" Venus Flyby

Mars Flyby
Mars Flyby
Mars Orbiter

Mars Orbiter

Jupiter Flyby

LAUNCH DATE ARRIVAL DATE
Jul 22, 1962 ‘

Aug 27, 1962 Dec 14, 1962
Nov 5, 1964

Nov 28, 1964 Jul 14, 1965
Jun 14, 1967 Oct 19, 1967
Feb 24, 1969 Jul 31, 1969
Mar 27, 1969 Aug 5, 1969
May 8, 1971

May 30, 1971 Nov 13, 1971

Mar 2, 1972 Dec 3, 1973

Destroyed shortly after launch when vehicle veered off course.

First successful planetary flyby. Provided instrument scanning data. Entered solar
orbit.

Shroud failed to jettison properly; Sun and Canpous not acquired; spacecraft did not
encounter Mars. Transmissions ceased 9 hours after launch. Entered solar orbit.

Provided first close-range images of Mars, confirming the existence of surface craters.
Entered solar orbit.

Advanced instruments returned data on Venus' surface temperature, atmosphere, and
magnetic field environment Entered solar orbit.

Provided high-resolution photos of Martian surface, concentrating on equatorial
region. Entered solar orbit.

Provided high-resolution photos of Martian surface, concentrating on southern
hemisphere. Entered solar orbit.

Centaur stage malfunctioned shortly after launch.

First interplanetary probe to orbit another planet. During nearly a year of operations,
obtained detailed photographs of the Martian moons, Phobos and Deimos, and mapped
100 percent of the Martian surface. Spacecratft is inoperable in Mars orbit.

First spacecraft to penetrate the Asteroid Belt. Obtained first close-up images of
Jupiter, investi d its mag phere, phere and internal structure. Still
operating in the outer Solar System.
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SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Pioneer 11

Mariner 10

Viking 1

Viking 2

Voyager 2

Voyager 1

Jupiter/Saturn  Apr 5, 1973
Flyby

Venus/Mercury Nov 3, 1973
Flyby

Mars Orbiter  Aug 20, 1975
and Lander

Mars Orbiter  Sep 9, 1975
and Lander

Tour of the Aug 20, 1977
Outer Planets

Tour of Jupiter Sep 5, 1977
and Saturn

Dec 2, 1974 {Jupiter)
Sep 1, 1979 (Saturn)

Feb 5, 1974 (Venus)

Mar 29, 1974 (Mercury)
Sep 21, 1974 (Mercury)
Mar 16, 1975 (Mercury)

Jul 19, 1976 (in orbit)
Jut 20, 1976 (landed)

Aug 7, 1976 (in orbit)
Sep 3, 1976 (landed)

Jul 9, 1979 (Jupiter)
Aug 25, 1981 (Saturn)
Jan 24, 1986 (Uranus)
Aug 25, 1989 (Neptune)

Mar 5, 1979 {Jupiter)
Nov 12, 1980 (Saturn)

The successful encounter of Jupiter by Pioneer 10 permitted Pioneer 11 to be
retargeted in flight to fly by Jupiter and encounter Saturn. Still operating in the outer
Solar System.

First dual-planet mission. Used gravity of Venus to attain Mercury encounter. Provided
first ultraviolet photographs of Venus; returned close-up photographs and detailed data
of Mercury. Transmitter was turned off March 24, 1975, when attitude control gas was
depleted. Sp ft is inop le in solar orbit.

First U.S. attempt to soft land a spacecraft on another planet. Landed on the Plain of
Chryse. Photographs showed an orange-red plain strewn with rocks and sand dunes.
Both Orbiters took a total of 52,000 images during their mission; approximately 97%
percent of the surafce was imaged. Orbiter 1 operated until August 7, 1980, when it
used the last of its attitude control gas. Lander 1 ceased operating on Nov 13, 1983,

Landed on the Plain of Utopia. Discovered water frost on the surface at the end of the
Martian winter. The two Landers took 4,500 images of the surface and provided over 3
million weather reports. Orbiter 2 stopped operating on July 24, 1978, when its attitude
control gas was depleted because of a leak. Lander 2 operated until April 12, 1980,
when it was shut down due to battery degeneration. -

Investigated the Jupiter, Saturn and Uranus planetary systems. Provided first close-up
photographs of Uranus and its moons. Used gravity-assist at Uranus to continue on to
Neptune. Swept within 1280 km of Neptune on August 25, 1989, The spacecraft will
continue into interstellar space.

Investigated the Jupiter and Saturn planetary sy Returned sp. slar
photographs and provided evidence of a ring encircling Jupiter. Continues to return
data enroute toward interstellar spaca.
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SPACECRAFT MISSION LAUNCH DATE ARRIVAL DATE

REMARKS

Pioneer Venus 1 Venus Orbiter May 20, 1978 Dec 4, 1978

Pioneer Venus 2 Venus Probe  Aug B, 1978 Dec 9, 1978
Magellan Venus Radar May 4, 1989 Aug 1990
Mapping
Galileo Jupiter Orbiter Oct 18, 1989 Dec 8, 1990 (Earth)
and Probe Feb 1991 (Venus)

Mars Observer  Mars Orbiter ~ Sep 25, 1992

Mapped Venus' surface by radar, imaged its cloud systems, explored its magnetic
environment and observed interactions of the solar wind with a planet that has no
intrinsic magnetic field. Provided radar altimetry maps for nearly all of the surface of
Venus, resolving features down to about 50 miles across. Still operating in orbit
around Venus.

Dispatched heat-resisting probes to penetrate the atmosphere at widely separated
locations and measured temperature, pressure, and density down to the planet's
surface. Probes impacted on the surface.

Returned radar images that showed geological features unlike anything seen on Earth.
One area scientists called crater farms; another area was covered by a checkered
pattern of closely spaced fault lines running at right angles. Most intriguing were
indications that Venus still may be geologically active. Will continue to map the entire
surface and observe evidence of volcanic eruption into 1991. Magsllan provided the
first successful “aerobrake® manuver by a spacecraft, as it dragged through the Venus
atmosphere to change its orbit from a highty elliptical to a new lower circutar orbit.

A sophisti d two-part sp: aft; an Orbiter will be inserted into orbit around Jupiter
to remotely sense the planet, its satellites and the Jovian magnetosphere and a Probe
will descend into the atmosphere of Jupiter to make in situ measurements of its nature.
Galileo flew by Venus, conducting the first infrared imagery and spectroscopy below the
planet's cloud deck and used the Earth's gravity to speed it on its way to Jupiter. It also
encountered and provided high resolution images of the asteroid Ida in August of 1993.

Communication was lost with the Mars Observer on August 21, 1993, 3 days before
the orbit insertion burn.
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SPACECRAFT MISSION LAUNCH DATE ARRIVAL DATE REMARKS

Venera 1 Venus Probe  Feb 12, 1961 . First Soviet planetary fiight; launched from Sputnik 8. Radio contact was lost during
flight; spacecraft was not operating when it passed Venus.

Sputnik 19 Venus Probe  Aug 25, 1962 Unsuccessful Venus attempt.

Sputnik 20 Venus Probe  Sep 1, 1962 Unsuccessful Venus attempt.

Sputnik 21 Venus Probe  Sep 12, 1962 Unsuccessful Venus attempt.

Sputnik 22 Mars Probe  QOct 24, 1962 Spacecraft and final rocket stage blew up when accelerated to escape velocity.

Mars 1 Mars Probe  Nov 1, 1962 &\aﬂ was lost when the spacecraft antenna could no fonger be pointed towards

Sputnik 24 Mars Probe  Nov 4, 1962 Disintegrated during an attempt at Mars trajectory from Earth parking orbit.

Zond 1 Venus Probe  Apr 2, 1964 Communications lost, Spacecraft went into solar orbit,

Zond 2 Mars Probe  Nov 30, 1964 Passed by Mars; tailed to return data. Went into solar orbit.

Venera 2 Venus Probe Nov 12, 1966 Feb 27, 1966 Passed by Venus, but failed to return data.

Venera3 Venus Probe Nov 16, 1965 Mar 1, 1966 p on Venus, b ing the first sg aft to reach another planet. Failed to
return data,

Venera 4 Venus Probe  Jun 12, 1967 Oct 18, 1967 Descent capsule transmitted data during parachute descent. Sent measurements of
g:ssseng'e, density, and chemical composition of the atmosphere before transmissions
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SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Venera §

Venera 6

Venera7

Cosmos 359

Cosmos 419
Mars 2

Mars 3

Venera 8

Venus Probe

Venus Probe

Venus Lander

Venus Lander
Mars Probe
Mars Orbiter
and Lander
Mars Orbiter
and Lander

Venus Lander

Jan 5, 1969

Jan 10, 1969

Aug 17, 1970

Aug 22, 1970

May 10, 1971

May 19, 1971

May 28, 1971

Mar 27, 1972

Mar 16, 1969

Mar 17, 1969

Dec 15, 1970

Nov 27, 1971

Dec 2, 1971

Jul 22, 1972

Entry velocity reduced by atmospheric braking before main parachute was deployed.
Capsule entered atmosphere on planet's dark side; transmitted data for 53 minutes
while traveling into the atmosphere before being crushed.

Descent capsule entered the atmosphere on the planet's dark side; transmitted data for
51 minutes while traveling into the atmosphere before being crushed.

Entry velocity was reduced aerodynamically before parachute deployed. After fast
descent through upper layers, the parachute canpoy opened fully, slowing descent to
allow fuller study of lower layers. Gradually increasing temp sres were transmil
Returned data for 23 minutes after landing.

Unsuccessful Venus attempt; failed to achieve escape velocity.

First use of Proton launcher for a planetary mission. Placed in Earth orbit but failed to
separate from fourth stage.

Landing capsule separated from spacecraft and made first, unsuccessful attempt to soft
land. Lander carried USSR pennant. Orbiter continued to transmit data.

Landing capsule separated from spacecraft and landed in the southern hemisphere.
Onboard camera operated for only 20 seconds, transmitting a small panoramic view.
Orbiter transmitted for 3 months.

As the spacecraft entered the upper atmosphere, the descent module separated while
the service module bumed up in the atmosphere. Entry speed was reduced by
aerodynamic braking before parachute deployment. During descent, a refrigeration
system was used to offset high temperatures. Returned data on temperature, pressure,
light levels, and descent rates. Transmitted from surface for about 1 hour.
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SPACECRAFT MISSION LAUNCH DATE ARRIVAL DATE REMARKS

Cosmos 482 Venus Lander Mar 31, 1972 Unsuccessful Venus probe; escape stage misfired leaving craft in Earth orbit,

Mars 4 &5 Mars Orbiters  Juf 21, 1973 Feb 10, 1974 Pair of spacecratft launched to Mars. Mars 4 retro rockets failed to fire, preventing orbit
and Landers  Jul 25, 1973 Feb 12, 1974 insertion. As it passed the planet, Mars 4 returned one swath of pictures and some

radio occultation data. Mars § was successfully placed in orbit, but operated only a few
days, returning photographs of a small portion of southern hemisphere of Mars.

Mars 6 &7 Mars Orbiters  Aug 5, 1973 Mar 12, 1974 Second pair of spacecraft launched to Mars. Mars 6 lander modufe transmitted data
and Landers  Aug 9, 1973 Mar 9, 1974 during descent, but ransmissions abruptly ceased when the landing rockets were fired.
Mars 7 descent module was separated from the main spacecraft due to a problem in the
operation of one of the onboard systems, and passed by the planet.

Venera 9 Venus Orbiter Jun 8, 1975 Oct 22, 1975 First spacecraft to ransmit a picture frem the surface of another planet. The lander's
and Lander signals were transmitted to Earth via the orbiter. Utiiized a new parachute system,
consisting of six chutes. Signals continued from the surface for nearly 2 hrs 53 mins.
Venera 10 Venus Orbiter Jun 14, 1975 Oct 25, 1975 During descent, atmospheric measurements and details of physical and chemical
. and Lander contents were transmitted via the orbiter. Transmitted pictures from the surface of
Venus.
Venera 11 Venus Orbiter Sep 9, 1978 Dec 25, 1978 Arrived at Venus 4 days after Venera 12. The two landers took nine samples of the
and Lander atmosphere at varying heights and confirmed the basic components. imaging system
failed; did not return photos. Operated for 95 minutes.
Venera 12 Venus Orbiter Sep 14, 1978 Dec 21, 1978 A transit module was positioned to relay the lander's data from behind the planet.
and Lander Returned data on atmospheric pressure and components. Did not return photos;

imaging system failed. Operated for 110 minutes.

B-70




CIS (USSR) Planetary Space Flights

SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Venera 13

Venera 14

Venera 15

Venera 16

Vegat &2

Phobos 1 & 2

Venus Orbiter
and Lander

Venus Orbiter
and Lander
Venus Orbiter

Venus Orbiter

Venus/Halley

Mars/Phobos

Oct 31, 1981

Nov 4, 1981

Jun 2, 1983

Jun 7, 1983

Dec 15, 1984

Dec 21, 1984

Jul7, 1988
Jul 12, 1988

Mar 1, 1982

Mar 3, 1982

Oct 10, 1983

Oct 16, 1983

Jun 11, 1985 (Venus)
Mar 6, 1986 (Halley)
Jun 15, 1985 (Venus)
Mar 9, 1986 (Halley)

Jan 1989 (Mars)
Jan 1989 (Mars)

Provided first soil analysis from Venusian surface. Transmitted eight color pictures via
orbiter. Measured atmospheric chemical and isotopic compasition, electric discharges,
and cloud structure. Operated for 57 minutes.

Transmitted details of the atmosphere and clouds during descent; soft sample taken.
QOperated for 57 minutes.

Obtained first high-resolution pictures of polar area. Compiled thermal map of almost
entire northern hemisphere.

Provided computer mosiac images of a strip of the norther continent. Soviet and U.S.
geologists cooperated in studying and interpreting these images.

International two-spacecraft project using Venusian gravity to send them on to Halley's
Comet after dropping the Venusian probes. The Venus landers studied the atmosphers
and acquired a surface soil sample for analysis. Each lander released a helium-filled
instrumented balloon to measure cloud properties. The other half of the Vega payloads,.
carrying cameras and instruments, continued on to encounter Comet Halley.

International two-spacecraft project to study Mars and its moon Phobos. Phobos t was
disabled by a ground control error. Phobos 2 was successfully inserted into Martian
orbit in January 1989 to study the Martian surface, atmosphere, and magnstic field. On
March 27, 1989, communications with Phobos 2 were lost and efforts to contact the
spacecraft were unsuccessul,
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SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Pioneer 1

Pioneer 2

Pioneer 3

Pioneer 4

Pioneer P-3

Ranger 1

Ranger 2

Ranger 3

Ranger 4

Lunar Orbit

Lunar Orbit

Lunar Probe

Lunar Probe

Lunar Orbit

Lunar Probe

Lunar Probe

Oct 11, 1958

Nov 8, 1958

Dec 6, 1958

Mar 3, 1959 Mar 4, 1950

Nov 26, 1959

Aug 23, 1961

Nov 18, 1961

Lunar Landing Jan 26, 1962

Lunar Landing Apr 23, 1962 Apr 26, 1962

Did not achieve lunar trajectory; faunch vehicle second and third stages did not
separate evenly. Returned data on Van Allen Belt and other phenomena before
reentering on October 12, 1958.

Third stage of launch vehicle failed to ignite. Returned data that indicated the Earth's
equatorial region has higher flux and energy levels than previously believed. Did not
achisve orbit.

First stage of launch vehicle cut off prematurely; transmitted data on dual bands of
radiation around Earth. Reentered December 7, 1958.

Passed within 37,300 miles from the Moon; returned excellent data on radiation.
Entered solar orbit.

Payload shroud broke away 45 seconds after liftoff. Did not achieve orbit.

Flight test of lunar spacecraft carrying experiments to collect data on solar plasma,
particles, magnetic fields, and cosmic rays. Launch vehicle failed to restart resulting in
low Earth Orbit. Reentered August 30, 1961,

Flight test of spacecraft systems for future tunar and interptanetary missions. Launch
vehicle altitude control system failed, resulting in low Earth orbit. Reentered
November 20, 1961.

Launch vehicle malfunction resulted in spacecraft missing the Moon by 22,862 miles.
Spectrometer data on radiation were received. Entered solar orbit.

Failure of central computer and sequencer system rendered experiments useless. No
telemetry received. Impacted on far side of the Moon.
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USA Lunar Space Flights

SPACECRAFT

MISSION

LAUNCH DATE

ARRIVAL DATE

REMARKS

Ranger 5

Ranger 6

Ranger 7

Ranger 8
Ranger 9

Surveyor 1

tunar Orbiter 1

Surveyor 2

Lunar Orbiter 2

Lunar Landing Oct 18, 1962

tunar Photo

Lunar Photo

Lunar Photo

Lunar Photo

Lunar Lander

Lunar Orbiter

Lunar Lander

Lunar Orbiter

Jan 30, 1964

Jul 28, 1964

Feb 17, 1965

Mar 21, 1965

May 30, 1966

Aug 10, 1966

Sep 20, 1966

Nov 6, 1966

Feb 2, 1964

Jul 31, 1964

Feb 20, 1965

Mar 24, 1965

Jun 2, 1966

Aug 14, 1966

Sep 22, 1966

Nov 10,'1966

Power failure rendered all systems and experiments useless; 4 hours of data received
from gamma ray experiment betore battery depletion. Passed within 450 miles of the
Moon. Entered solar orbit.

TV cameras failed; no data returned. !mpacted in the Sea of Tranquility area.

Transmitted high quality photographs, man's first close-up lunar views, before impacting
in the Sea of Clouds area.

Transmitted high quality photographs before impacting in the Sea of Tranquility area.

Transmitted high quality photographs before impacting in the Crater of Alphonsus.
Almost 200 pictures were shown live via commercial television in the first TV
spectacular from the Moon.

First U.S. spacecratt to make a fully controlled soft landing on the Moon; landed in the
Ocean of Storms area. Returned high quality images, from horizon views of mountains
to close-ups of its own mirrors, and selenological data.

Photographed over 2 million square miles of the Moon's surface. Took first photo of
Earth from lunar distance. Impacted on the far side of the Moon on October 29, 1966.

Spacecraft crashed onto the lunar surtace southeast of the crater Copernicus when one
of its three vernier engines failed to ignite during a mid-course maneuver.

Photographed landing sites. including the Ranger 8 landing point, and surface debris
tossed out atimpact. impacted the Moon on October 11, 1967.
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USA Lunar Space Flights

SPACECRAFT MISSION LAUNCH DATE ARRIVAL DATE REMARKS

Lunar Orbiter 3 Lunar Orbiter  Feb 4, 1967 Feb 8, 1967 Photographed tunar landing sites; provided gravitational field and lunar environment
data. Impacted the Moon on October 9, 1967.

Surveyor 3 Lunar Lander  Apr 17, 1967 Apr 19, 1967 Vernier engines failed to cut off as planned and the spacecraft bounced twice before
landing in the Ocean of Storms. Returned images, including a picture of the Earth
during lunar eclipse, and used a scoop to make the first excavation and bearing test on
an extraterrestrial body. Returned data on a soil sample. Visual range of TV cameras
was extended by using two flat mirrors.

Lunar Orbiter 4 Lunar Orbiter May 4, 1967 May 8, 1967 Provided the first pictures of the lunar south poie. Impacted the Moon on Oct 6, 1967.

Surveyor 4 Lunar Lander  Jul 14, 1967 Jul 17, 1967 Radio contact was lost 2-1/2 minutes before touchdown when the signal was abruptly
lost lmpacted in Sinus Medii.

Lunar Orbiter 5 Lunar Orbiter Aug 1, 1967 Aug 5, 1967 Increased lunar photographic coverage to better than 99%. Used in orbit as a tracking
target. Impacted the Moon on January 31, 1968.

Surveyor 5 Lunar Lander  Sep 8, 1967 Sep 10, 1967 Technical problems were successfully solved by tests and maneuvers during flight.
Soft-landed in the Sea of Tranquility. Returned images and obtained data on lunar
surface radar and thermal reflectivity. Performed first on-site chemical soil analysis.

Surveyor 6 Lunar Lander Nov 7, 1967 Nov 9, 1967 Soft-landed in the Sinus Medii area. Returned images of the lunar surface, Earth,
Jupiter, and several stars. Spacecraft engines were restarted, lifting the spacecraft
about 10 feet from the surface and landing it 8 feet from the original site.

Surveyor 7 Lunar Lander Jan 7, 1968 Jan 9, 1968 Landed near the crater Tycho. Returned stereo pictures of the surface and of rocks that
were of special interest. Provided first observation of artificial light from Earth.




CIS (USSR) Lunar Space Flights

SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Luna 1 Lunar Impact
Luna 2 Lunar Impact
Luna3 Lunar Probe
Sputnik 25 Lunar Probe
Luna 4 Lunar Orbiter
Lunas Lunar Lander
Luna 6 Lunar Lander
Zond 3 Lunar Probe
Luna7 Lunar Lander

Luna8 Lunar Lander

Jan 2, 1959

Sep 12, 1959 Sep 15, 1959

Oct 4, 1959

Jan 4, 1963

Apr2, 1963

May 9, 1965 May 12, 1965

Jun 8, 1965

Ju! 18, 1965

Oct 4, 1965 Oct 7, 1965
Dec 3, 1965 Dec 6, 1965

Intended to impact the Moon; carried instruments to measura radiation. Passed the
Moon and went into solar orbit.

First spacecraft to reach ancther celestial body. Impacted east of the Sea of Serenity;
carried USSR pennants.

First spacecraft to pass behind Moon and send back pictures of far side. Equipped with
a TV processing and transmission system, returned pictures of far side including
composite full view ot tar side. Reentered Apr 29, 1960,

Unsuccessful lunar attempt.

Attempt to solve problems of landing instrument containers. Contact lost as it passed
the Moon. Barycentric orbit.

First soft landing attempt. Retrorocket malfunctioned; spacecraft impacted in the Sea of
Clouds.

During midcourse correction maneuver, engine failed to switch off. Spacecraft missed
Moon and entered solar orbit.

Photographed tunar far side and transmitted photos to Earth 9 days later. Entered solar
orbit.

Retrorockets fired early; crashed in Ocean of Storms.

Retrorockets fired tate; crashed in Ocean of Storms.
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CiS (USSR) Lunar Space Flights

SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Luna9

Cosmos 111

Luna 10

Luna 11

Luna 12
Luna 13

Luna 14

Zond

2ond 6

Lunar Lander

Lunar Probe

Lunar Orbiter

Lunar Orbiter

Lunar Orbiter

Lunar Lander

Lunar Orbiter

Circumiunar

Circumlunar

Jan 31, 1968 Feb 3, 1966

Mar 11, 1966

Mar 31, 1966

Aug 24, 1966

Oct 22, 1966

Dec 21, 1966 Dec 24, 1966

Apr 7, 1968

Sep 15, 1968

Nov 10, 1968

First successful soft anding; first TV transmission from lunar surface. Three panoramas
of the lunar landscape were transmitted from the eastern edge of the Ocean of Storms.

Unsuccessful lunar attempt. Reentered March 16, 1966.

First lunar satellite. Studied lunar surface radiation and magnetic field intensity;
monitored strength and variation of lunar gravitation. Selenocentric orbit.

Second lunar satellite. Data received during 277 orbits. Selenocentric orbit.

TV system transmitted large-scale pictures of Sea of Rains and Crater Aristarchus .
areas. Tested electric motor for Lunokhod's wheels. Selenocentric orbit.

Soft tanded in Ocean of Storms and sent back panoramic views. Two arms were
extended to measure soil density and surface radioactivity.

Studied gravitational field and "stability of radio signals sent to spacecraft at different
locations in respect to the Moon." Made further tests of geared electric motor for
Lunokhod's wheels. Sefenocentric orbit.

First spacecraft to circumnavigate the Moon and return to Earth. Took photographs of
the Earth. Capsule was recovered from the Indian Ocean on September 21, 1968.
Russia's first sea recovery.

Second spacecraft to circumnavigate the Moon and return to Earth "to perfect the
automatic functioning of a manned spaceship that will be sent to the Moon.”
Photographed tunar far side. Reentry made by skip-glide tachnique; capsule was
recovered on tand inside the Soviet Union on November 17, 1968,
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CIS (USSR) Lunar Space Flights

SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Luna 15

Zond 7

Cosmos 300

Cosmos 305

Luna 16

Zond 8

Luna 17

Luna 18

Luna 19

« Lunar Sample

Return

Circumlunar

Lunar Probe
Lunar Probe
Lunar Sample
Return

Circumlunar

Lunar Rover

Lunar Lander

Lunar Orbiter

Jul 13, 1969 Jut 21, 1969

Aug 7, 1969

Sep 23, 1969

Oct 22, 1969

Sep 12, 1970 Sep 20, 1970

Oct 20, 1970

Nov 10, 1970 Nov 17, 1970

Sep 2, 1971

Sep 28, 1971

First lunar sample return attempt. Began descent maneuvers on its 52nd revolution.
Spacecraft crashed at the end of a 4 minute descent in the Sea of Crises.

Third circumlunar flight. Far side of Moon photographed. Color pictures of Earth and
Moon brought back. Reentry by skip-glide technique on August 14, 1969.

Unsuccessful lunar attempt. Reentered September 27, 1969.

Unsuccesstful tunar attempt. Reentered October 24, 1969.

First recovery of lunar soit by an automatic spacecraft. Controlled landing achieved in
Sea of Fertility; automatic drilling rig deployed; samples collected from lunar surface and
returned to Earth on September 24, 1970.

Fourth circumlunar flight. Color pictures taken of Earth and Moon. Russia's second sea
recovery occurred on October 27, 1970, in the Indian Ocean.

Carrying the first Moon robot, soft landed in Sea of Rains. Lunokhod 1, driven by 5-man
team on Earth, traveted over the lunar surface for 11 days; transmitted photos and
analyzed soil samples.

Attempted to land in Sea of Fertility on September 11, 1971. Communications ceased
shortly after command was given to start descent engine.

From lunar orbit, studied Moon's gravitational field; transmitted TV pictures of the
surface. Selenocentric orbit.




CIS (USSR) Lunar Space Flights

SPACECRAFT MISSION

LAUNCH DATE ARRIVAL DATE

REMARKS

Luna 20

Luna 21

Luna 22

Luna 23

tuna 24

Lunar Sample
Return

Lunar Rover

Lunar Orbiter

Lunar Sample
Return

Lunar Sample
Return

Feb 14, 1972

Jan 8, 1973 Jan 15, 1973

May 29, 1974 Jun 2, 1974

Oct 28, 1974

Aug 9, 1976 Aug 14, 1976

Soft landed in Sea of Crises. Used "photo-telemetric device" to relay pictures of
surface. A rotary-percussion drill was used to drill into rock; samples were lifted into a
capsule on ascent stage and returned to Earth on Feb 25, 1972.

Casried improved equipment and additional instruments; second Lunokhod rover soft
landed near the Sea of Serenity. Lunar surface pictures were transmitted and
experiments were performed. Ceased operating on the 5th lunar day.

Placed in circular lunar orbit then lowered to obtain TV panoramas of high quality and
good resolution. Altimeter readings were taken and chemical rock compaosition was
ined by gamma radiation. Selenocentric orbit.

Landed on the southern part of the Sea of Crises on November 6, 1974. Device for
taking samples was damaged; no drilling or sample collection possible.

Landed in Sea of Crises on August 18, 1976. Carried larger soil carrier. Core samples
were drilled and returned. U.S. and British scientists were given samples for analyses.
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NASA Major Launch Record 1958
MISSION/ LAUNCH [LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS 'WEIGHT REMARKS

intl Design VEHICLE | DATE | (Mins.) | Apogee (km) [ Perigee (km)]Incl (deg) | (kg) (All Launches from ESMC, unless otherwise noted)
1958 1958

Thor-Able | Oct 11

Pioneer | {U)
Etal 130 (U)

DOWN OCT 12, 1958

34.2 Measure magnetic fields around Earth or Moon. Eror in bumout
velocity and angle; did not reach Maon, Returned 43 hours of data on
extent of radiation band, of ic field,
density of mi in i I’ space, and Y

magnetic field.

Beacon | (U} Jupiter C Oct 23
w

DID NOT ACHIEVE ORBIT

4.2  Thin plastic sphere (12-feet in diameter aftes inflation) to study
atmosphere density at various levels. Upper stages and payload
separated prior to first-stage burnout.

Pioneer 11 (L) Thor-Able | Nov e

129y

DID NOT ACHIEVE ORBIT

33.1 Measurement of magnetic flelds around Earth or Moon. Third stage
failed to ignite. fis brief data provided evidence that equatorial region
about Earth has higher fiux and higher energy radiation than previously
considered.

Pioneer it (L) Juno it (U} Oecé

DOWN DEC 7, 1958

5.9 Measurement of radiation in space. Error in burnout velocity and angie;
did not reach Moon. During its flight, discovered second radiation belt
around Earth,

1959

1959

Vanguard Il (U) Vanguard Feb 17 1228
Alpha 1 (SLV-4) (U)

557

Pioneer IV (S)
Nu1

Juno Wl (5)  Mar3a

HELIOCENTRIC ORBIT

329

9.4 Sphere (20 inches in diameter) to measure cloud cover, First Earth
photo from satellite. Interpretation of data difficult because satellite
developed precessing mation.

6.1 Measurement of radiation in space. Achleved Earth-Moon trajectory;
retuned excellent radiation data. Passed within 37,300 miles of the
Moon on March 4, 1959.

Vanguard (U) Vanguard Apri13

(SLV-5) ()}

DID NOT ACHIEVE ORBIT

10.6 Payload consisted of two independent spheres: Sphere A contained a
precise magnetometer to map Earth's magnetic field, Sphere B was a
30-inch inflatable sphers tor optical tracking. Second stage failed
because of damage at stage separation.

Vanguard (U) Vanguard Jun 22

SLve) (U

DID NOT ACHIEVE ORBIT

Explorer (S-1) Jono (U] Jul 16
U}

DID NOT ACHIEVE ORBIT

9.8 Magnesium alloy sphare (20 inches in diameter), to measure
solar-Earth heating process which generates westher. Faufty second-
_stage pressura valve caused failute,
41.5 To measure Earth's radiation balance. Destroyed by Range Safety
Officer 5-1/2 seconds after liftoff; failure of power supply to guidance
system,
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NASA Major Launch Record 1959

MISSION/ LAUNCH |LAUNCH | PERIOD I CURRENT ORBITAL PARAMETERS ‘WEIGHT REMARKS

Intl Design VEHICLE | DATE | Mins) |Apogee (km) [Perigee (km)[Incl (deg) | (kg) (All Launches from ESMC, unless otherwise noted)
Expforer 6 Thor-Able (il Aug 7 DOWN PRIOR TO JLLY 1961 64.4  Carriod instruments to study patticles and meteorology. Helped in the
{S-2) (S) 134 (S) discovery of three radiation levels, a ring of electric current circling the
Defta 1 Earth, and obtained crude cloud cover images.
Beacon Il {U) Juno Il (U) Aug 14 DID NOT ACHIEVE ORBIT 4.5  Thin plastic inflatable sphere {12-feet in diameter) to study atmosphere

density at various levels. Premature fuel depletion in first stage caused
r stage matfunction.

Big Joe Atlas 10 Sep & SUBORBITAL FLIGHT Suborbital test of the Mercury Capsule. Capsule recovered

Mercury) (S] & successfully after reentry test. (WEF)
Vanguard Il (S) Vanguard Sep 18 127.4 317 512 334 45,4 Solar-powersd ium sphere with boom; provided
Eta1 (SLV-1) (5) a comprehensive survey of the Earth’s magnetic field, surveyed location

location of lower edge of radiation belts, and provided an accurate
count of micrometeorite impacts. Last transmission December 8, 1959.

Little Joe 1 (S) Little Jos Oct4 SUBOQRBITAL FLIGHT Suborbital test of the Mercury Capsule to quality the booster for use
{LIV #6) (S) with the Mercury Test Program.
Explorer 7 Juno (I (S) Oct 13 DOWN JULY 16, 1989 415 Provided data on energetic particles, radiation, and magnetic storms.
(S-1a) (§) Also recorded the first micrometeorite penetration of a sensor.
lota 1
Little Joe 2 (S) Little Joe Nov 4 SUBORBITAL FLIGHT Suborbital test of Mercury Capsule to test the escape system. Vehicle
LV #1A) (S) functioned perfectly, but escape rocket ignited several seconds too late.
(WFF)
Pioneer P-3 (U) Atlas-Able 20 Nov 26 DD NOT ACHIEVE ORBIT 168.7  Lunar Orbiter Probe; payload shroud broke away after 45 seconds.
Little Joe 3 (S) Little Joe Dec4 SUBORBITAL FLIGHT Suborbital test of the Mercury Capsule, included escape system and
{LV #2(5) biomedical tests with monkey (Sam) aboard, to demonstrate high
| aftitude abort at max q. (WFF)
(1960 ____ 1960
Little Joe 4 (S) Little Joe Jan 2y SUBORBITAL FLIGHT . B Suborbital test of Mercury Capsule included escape system and
{LIV #1B)(S) biomedical test with monkey (Miss Sam) aboard. FF)
Pioneer V (P-2) Thor-Able IV Mar 11 HELIOCENTRIC ORBIT 430 Sphere, 26 inches in diameter, to investigate interplanetary space
) 219(8) between orbits of Earth and Venus; test long-range communications;
Alpha 1 and determine strength of magnetic fields.
Explorer (S-46) Juno 11 (U} Mar 23 DID NOT ACHIEVE ORBIT 16.0 Analyze electron and proton radiation energies in a highly eliiptical
[0) orbit. Telemetry lost shortly after first stage burnout; one of the upper

stages failed to fire.
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1960

PERIOD | CURRENT ORBITAL PARAMETERS _|WEIGHT]
(Mins.) [Apogee (km) | Perigee (km}]incl (de (kg} (All Launches from ESMC, unless otherwise noted)
983 695 658

REMARKS

122.5 First successful weather-study satelite. Demonstrated that satelites
could be used to survey giobal weather conditions and study other
surtace features from space. Transmitted 22,952 good-quality cloud-

cover phatographs.

Suborbital Launch Vehicle Development Test with live first and third
stages, Vehicies broke up after first-stage burnout.

MISSION/ LAUNCH |LAUNCH
intl Design VEHICLE | DATE
Tiros 1 (5) ThorAbie I Apr 1 264
Beta 2 148 (S)
Scodt X (U) ScoutX ()  Apri8 SUBORBITAL FLIGHT
Echo A-10 (U) ThorDofta __ May 13 DID NOT ACHIEVE ORBIT
mw
Scout1 (S Scomt 1 (8] Jul1 SUBDRBITAL FLIGHT.
Mercury (MA-T) (U) _ Aflas 50 (U)  Jui 29 DID NOT ACHIEVE ORBIT

75.3 100-foot passive reflector sphere to be used in a series of
communications experiments. During coast period, atitude control jets
on second stage failed.

Launch Vehicle Development Test; first complete Scout vehicle.
Suborbital test of Mercury Capsule Reentry. The Atlas exploded
85 seconds after launch.

Echo I (A-11) (5 Thor-Defla _ Aug 12
lota 1 @19

DOWN MAY 24, 1968

75.3 First passive communications salolme {100-foot sphere). Reflected a
pre-taped from P across the Nation,

demonstrating feasibility of global rad»o communications via satellite,

Pioneer (P-30) (U} Atlas-Able 80  Sep 25
v

DID NOT ACHIEVE ORBIT

Soout 1 (5) Scowtz () Oci4

SUBORBITAL FLIGHT

175.5 Highly instrumented probe, in {unar orbit, to investigate the

environment between the Earth and the Moon. Second stage failed due
to malfunction in oxidizer system. '
Launch Vehicle Development Test; second complete Scout vehicls,
reached an attitude of 3,500 mi.

Explorer 8 (S-30) (S)  Juno Il {S) Nov 3
Xi1

1025 1361 395

Little Joa

Fuﬁe o8 5 (U}
LV #5)(S)

Nov8

SUBORBITAL FLIGHT

40.8  Contained i for detailed of the i

Confirmed the existence of a helium layer in the upper atmosphere.
Suborbital test of Mercury Capsule to quality capsule system. Capsule

did not separate from booster. (WFF)

Tlms (1) Thor-Defta Nov 23

96.3 614 549

127.0 Test of experimental and infrared i tor
lobal meteorological information system.

Pt B (S)
Explorer (S-56) (U) Scout 3 (V) Dec 4

DID NOT ACHIEVE ORBIT

6.4 12-foot sphere to determine the density of the Earth's atmosphere.
Second stage failed to ignite.

Ploneer (P-31) (U} Allas-Able 81 Dec 15
[

DID NOT ACHIEVE ORBIT

Mercury (MA-1A) Tedstone (5) Do 19
S)

SUBORBITAL FLIGHT

175.8  Highly instrumented probe, in lunar orbit, to investigate the
environment between the Earth and the Moon. Vehicle exploded
2bout 70 seconds afier launch dus o maruncion i first stage.
Unmanned Mercury spacecraft, in suborbital trajectory, impacted 235
miles down range after reaching an altitude of 135 miles and a speed of
near 4,200 mph. Capsule recovered about 50 minutes after launch.
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NASA Major Launch Record 1961
MISSION/ LAUNCH [LAUNCH |PERIOD I CURRENT ORBITAL PARAMETERS ]WEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) [Apogee (km)] Perigee (km)] Incl (deg) | (kg) (All L hes from ESMC, unless otherwise noted)
1961 1961
Mercury {MR-2) Redstone Jan 3t SUBORBITAL FLIGHT 13150 Suborbital test of Mercury Capsule; 16-minute flight included
S] 8) . biomedical test with chimpanzee {Ham) aboard. |
Explorer 9 (S) Scout 4 Feb 16 DOWN APR 9, 1964 6.8 12-foot sphere to determine the density of the Earth's Atmosphere.
Defta 1 $) . First spacecraft orbited by an all-solid rocket. {WFR)
Mercury (MA-2) Atlas 67 Feb 21 SUBORBITAL FLIGHT 13150 Suborbital test of Mercury Capsule; upper part of Atlas strengthened
S Sy by an 8-inch wide stainless steel band. Capsule recovered less than 1
hour after launch.
Explorer (S-45) Juno 1t {U) Feb24 DID NOT ACHIEVE ORBIT 336 Investigate the shape of the ionosphere. A malfunction following
L baoster separation resulted in loss of payload telemetry; third and forth
- stages failed to ignite.
Little Joe 5A Little Joe Mar 18 SUBORBITAL FLIGHT 13150 Suborbital test of Mercury Capsule. Escape rocket motor fired
[U] LYV #34) (U) ematurely and prior to capsule release.
| Mercury (MR-BD) Redstone Mar 24 SUBORBITAL FLIGHT 13150  Suborbital test of launch vehicle for Mercury flight to acquire further
S) {$) experience with booster before manned flight was attempted.
Explorer 10 (S) Thor-Delta Mar 25 DOOWN JUN 1968 35,8 Injected into highly elliptical orbit. Provided information on'solar winds,
Kappa 1 @) (9 hydromagnetic shock waves, and reaction of the Earth's magnetic field
to solar flares.
Mercury (MA-3) Atlas 100 Apr2s DID NOT ACHIEVE ORBIT 907.2 Orbital flight test of Mercury capsule. Destroyed after 40 seconds by
(V)] (V)] Range Satety Officer when the inertial guidance system failed to pitch
the vehicle over toward the horizon.
Explorer 11 {S) Juno Il (S) Apr27 145 1465 479 28.8 37.2 Placed in elliptical orbit to detect high energy gamma rays from cosmic
Nu1 (4 stages) sources and map their distribution in the sky.
Little Joe 58 Little Joe Apr 28 SUBORBITAL FLIGRT 13160 Suborbital flight test to demonstrate the ability of the escape and
S) (L/V #5B)(S) uence systems to funclion pro at max q. F
Mercury (S) Mercury- May & SUBORBITAL FLIGHT 13160 First manned suborbital flight with Alan B. Shepard, 4r. Pilot and
Freedom 7) Redstone-3 (S| LANDED MAY 5, 1961 spacecraft recovered after 15 minute 22 second flight.
Explorer {S-45a) Juno }l (U) May 24 DID NOT ACHIEVE ORBIT 33.6 Investigate the shape of the ionosphere. Second stage ignition
(U) system matfunctioned.
Meteoroid Sat A Scout 5 Jun 30 DID NOT ACHIEVE ORBIT 84.8 Evaluate launch vehicle; investigate micrometeoroid impact and
Explorer (S-55) {U) )] netration. Third stage failed to ignite.
Tiros 1l (S) Thor-Delta Jul12 100.0 H 723 479 129.3 Development of meteorological satellte system. Provided excellent
Aho 1 ) (9) photos and infrared data. Photographed many tropical storms during

1961 hurricane season; credited with discovering Hurricane Esther.

B-82




NASA Major Launch Record 1961

MISSION/ LAUNCH [LAUNCH |PERIOD I CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS

Int! Deslgn VEHICLE | DATE | (Mins.) | Apogee (km} ] Perigee (km) [ Incl (deg) (kg) (AN L from ESMC, untess otherwise noted)

Mercury (S) Mercury- Jul 21 SUBORBITAL FLIGHT 1470.0 Second manned suborbital flight with Virgil |. Grissom. After landing,

{Liberty Bell 7) Redstone-4 (S) LANDED JUL 21, 1961 spacecraft was lost but pilot was rescued from surface of water.
Mission Duration 15 minutes 37 seconds.

Explorer 12 Thor-Delta Aug 16 DOWN SEP 1963 37.6 First of a series to i igate solar winds, i

(8-3) (S) ©) () fiekds, and energetic partcles. identiied the Van Alien Betis 83 a

Upsilon 1 magnetosphere.

Ranger 1 {U) Allas-Agena B Aug 23 DOWN AUG 30, 1961 306.2 Flight test of lunar camying toi cosmic

Phi1 "W rays, magnetic fields, and energetic particles. Agena failed to mmn
resuiting in low Earth orbit.

Explorer 13 (U} Scout 6 Aug 25 DOWN AUG 28, 1961 84.8 Evaluate launch vehicle; investigate micrometeoroid impact and

Chi{ ] netration. Third stage failed 1o i

Mercury (MA-4) Atlas 88 Sep 13 DOWN SEP 13, 1961 12247  Orbital test of Mercury capsule to test systems and ability to return

S S) capsule to predetermined rocovery area after one orbi. All capsule,

A-Alpha 1 tracking, and recovery objectives met.

Prabe A (P-21) Scout 7 Oact 19 SUBORBITAL FLIGHT Vehicle test/scientific Geoprobe. Reached altitude of 4,261 miles;

| (S) (S} provided electron density measurements. [WFF)

Saturn Test Satumn | (S) Oct 27 SUBORBITAL FLIGHT Suborbital faunch vehicle development test of S-1 booster proputsion

SA-1} (S] stem; verification of aerodynamic/structural design of entire vehicle.

Mercury (MS-1) (U) AF 609A Nov 1 DID NOT ACHIEVE ORBIT 97.1  Orbital test of the Mercury Tracking Network. First Stage exploded 26

Blue Scout (U) seconds after liftoff; other three stages destroyed by Range Safety

Officer 44 seconds after laynch.

Ranger 1 (U) Allas-Agena B Nov 18 DOWN NOV 20, 1961 308,2 Flight test of spacecraft systems designed for future iunar and

A-Theta 1 117 (V) interplanetary missions. Inoperative roll gyro prevented Agena restart
resutting in a low Earth orbit.

Mercury (MA-5) (S} Atlas 83 (S)  Nov29 DOWN NOV 29, 1961 13154  Final flight test of all Mercury systems prior to munnad orbital ﬂlgm,

Adota v chimpanzee Enos on board. and
after two orbits.

1962 1962

Echo {AVT-1} (S) Thor 338 (S) Jan 15 SUBORBITAL FLIGHT 2560 Suborbital Communications Test. Canister ejection and opening
successtul, bt 135-toct sphere niptured.

Ranger Il (U} Allas-Agena B Jan 26 HELIOCENTRIC ORBIT 320.8 Rough land instrumented capsule on the Moon. Booster malfunction

Alpha 1 121 (W) resulted in the spacecraft missing the Moon by 22,862 miles and going

into solar arbit. TV pictures were unusable.
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1962

MISSION/ LAUNCH [LAUNCH | PERIOD | CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
intl Design VEHICLE | DATE (Mlns.) { Apogee (km)lPerlgee (km} ] Inci (deg) ] ko) (All Launches from ESMC, unless otherwise noted)
Tiros IV (S} Thor-Detta Feb 8 812 1293  Continuad research and development of meteorological satellite
Beta 1 ™S system. U.S. Weather Bureau initiated international radia tacsimile
transmission of cloud maps based on data received.
Moercury (MA-6) Atlas 109 Feb 20 LANDED FEB 20, 1962 1354.9  First U.S. manned orbital flight. John H. Glenn, Jr. made thres orbits of
{Friendship 7) (S) (] the Earth. Capsule and pilot recovered after 21 minutes in the water.
Gamma 1 Mission Duration 4 hours $5 minutes 23 seconds.
Reentry I (U} Scout 8 (S) Mar 1 SUBORBITAL FLIGHT Launch vehiclo development tesi/Reentry test. Desired speed was
not achieved.
080-i (S) Thor-Delta Mar 7 DOWN OCT 8, 1981 207.7 Carried 13 instruments to sludy Sun-Earth relationships. Transmﬂted
Zeta 1 & (S) almost 1,000 hours of ink on solar 9
mnasuyemants of 75 solar flares.
Probe 8 (P-218) Scout 9 (S} Mar 29 SUBORBITAL FLIGHT /sciantitic g Reached an attitude of
(S} 3,910 miies‘ lovlded eleciron density measurements. Lal
Ranger 4 (1) Atlas-Agena B Apr 23 IMPACTED MOON ON APR 28, 1962 331.1  Second attempt to rough land instrumented capsule on Moon. Failure
Mu 1 (S) of central computer and saquencer system rendered experiments
useless. Impacted on far side of Moon after flight of 64 hours.
Saturn Test Saturn 1 {S) Apr2s SUBORBITAL FLIGHT 86167.0  Suborbital launch vehicle test; carried 95 tons of baflast water in upper
{SA-2) {S) stages which was released at an altitude of 65 miles to observe the
effect on the ion of the atmasphere (Profect High Water).
Asiel | (S) Thor-Delta Apt 26 DOWN MAY 24, 1976 59.9 Carried six British experiments to study the ionosphere, solar radiation,
Omicron 1 (1 (S) and cosmic rays. First International Satellite. Cooperative with UK.
Centaur Test 1 Attas-Certaur May 8 SUBORBITAL FLIGHT Launch vehicle development test. Centaur exploded before separation.
(AC-1 F-1) U
Mercury (MA-7) Atias 107 May 24 LANDED MAY 24, 1962 13495 Second orbital Manned Flight with M. Scott Carpenter. Reentered
{Aurora 7) (S) S) under manual control after three orbits. Mission Duration 4 hours
Jaut 56 minutes 5 seconds.
Tiros V (S) Thor-Delta Jun 19 994 889 573 58.1 129.3  Continued research and development of meteorological satellite
A-Alpha (] system. Extended observations to higher latitudes. Observed ice
breakup in northern latitudes and storms originating in these areas.
Telstar 1 (S) Thor Oetta Jul 10 157.8 5642 847 44,8 77.1  First privately built sateliite to conduct communication experiments. First
A-Epsilon telephone and TV experiments transmitted. Reimbursable (AT&T).
Echo (AVT-2) (S) Thov-Deh Jul1g SUBORBITAL FLIGHT 2560 Suborbital communications test. Inflation successful; radar indicated
S that the sphere surface was not as smooth as planned.
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MISSION/ LAUNCH [LAUNCH | PERIOD I CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins.) | Apoges (km) [ Perigee (km)[Incl (deq) | (ka) (All Launches from ESMC, unless otherwise noted)

Mariner Atlas-Agena B Jul 22 DID NOT ACHIEVE ORBIT 202.8 Venus Flyby. Vehicle destroyed by Range Safety Officer about 290

(P-37) (U} 145 () seconds after launch when it veered off course.

Mariner Il Atlas-Agena B Aug 27 HELIOCENTRIC ORBIT 2028 Second Venus flyby. First successful interplanetary probe. Passed

(P-38) (S} 179 (S) Venus on December 14, 1962, at 21,648 miles; 109 days atter taunch.

A-Rho 1 Provided data on solar wind, cosmic dust density, and particle and
magnetic field variations.

Reentry Il (U} Scout 13 (U)  Aug 31 SUBORBITAL FLIGHT Reentry test at 28,000 fps: late third stage ignition; desired speed was
not achieved. (WFI

Ttros VI (S) Thor-Detta Sep 18 976 652 835 58.3 1275 Provide ge of the 1962 i season. high quality

APsit {12 (S} cloud cover photographs.

Alouette | (S) Thor-Agena B Sep 29 105.2 1022 9287 80.5 145.2 Designed and built by Canada to measure variations in the ionosphere

B-Alpha 1 S eloctron density distribution. Retumed excellent data to 13 Canadian,
British, and U.S. stations. Cooperative with Canada.

Explorer 14 Thor-Delta Oct2 DOWN JULY 1, 1966 40.4  Monitor trapped corpuscular radiation, solar particles, cosmic radiation,

(S-3a)(S) (13) (5) and solar winds. Placed into a highly elliptical orbit; excellent data

B-Gamma 1 received.

Mercury(MA-8) Atlas 113 (S) Oct3 LANDED OCT 3, 1962 1360.8 Manned Orbnal Flight with Walter M. Schirra, Jr. Made six orbits of the

(Sigma 7} {S) Earth. Mission Duration 9 hours 13 minutes 11 seconds.

B-Detta 1

Ranger V (U) Atlas-Agena B Od 18 HELIOCENTRIC ORBIT 3425 Rough land instrumented capsule on the Moon. Matfunction caused

B-Eta 1 215 (S) power supply loss after 8 hours 44 minutes. Passed within 450 miles of
the Moon.

Explorer 15 Thoc-Oetta Ot 27 OOWN OCT 5, 1967 445 Study location, compasition, and decay rate of artificial radiation betft

(S-3b) (8) (14) () created by high altitude nuctear explosion over the Pacific Ocean.
Despin deyice failed: considerable ysefui data transmitted,  ____ §

Saturn (SA-3) Satum | *Nov 16 SUBORBITAL FLIGHT 86167.0  Suborbital launch vehicle development flight. Second *Project High

(S) {S) Water" using 95 tons of water released at an aftitude of 90 n.mi.

Relay | (S) Thor-Delta Dec 13 185.1 7436 1323 47.5 78.0  Test intercontinental microwave communication by low-aftitude active

B-Upsilon 1 (15 (S) repeater satellite. tnitial power failure overcome. Over 500
communication tests and demonstrations conducted.

Explorer 16 Scout 14 Dec 16 104.1 1159 745 52.0 100.7 Measure micrometeoroid puncture hazard to structural skin samples.

{S-55b) (S) (S} First statistical sample; flux level found to lie between estimated

B-Chi1 extremes. (WFF)
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MISSION/ LAUNCH [LAUNCH | PERIOD I CURRENT ORBITAL PARAMETI ER_‘ WEIGHT] REMARKS

Intl Design VEHICLE | DATE | (Mins.) [Apoges (km) ] Perigee (km)[ inci (deq) | (kg) {All Launches from ESMC, uniess otherwise noted)

1963 1963

Syncom | (U) Thor-Delta Feb 14 CURRENT ELEMENTS NOT MAINTAINED 39.0 Firsttestota ion satellite in geosy orbit. Initial

1963 04A (16) (S) communication tests successful, all contact was lost 20 seconds after
command to fire apogee motor.

Saturn Test Saturn | Mar 28 SUBCRBITAL FLIGHT Suborbital taunch vehicle development tast. Programmed in-flight

(SA-4) (S) S) cutoff of ane of eight engines; prop
utilization system function.

Explorer 17 {SA-4) (S} Thor-Delta Apt 3 DOWN NOV 24, 1966 183.7 Measure density, composition, pressure and temperature of the Earth's

1963 00A (7 () atmosphere. Discovered a belt of neutral hefium around the Earth.

Tetstar fi (S Thar-Delta May 7 2253 10807 967 428 79.4 Conduct wideband communication experiments. Color and black and

1963 13A (18) (S) white television successfully transmitted to Great Britain and France.
Reimbursabie {AT&T).

Mercury (MA-9) Atlas 130 May 15 LANDED MAY 18, 1963 1360.8 Fourth Orbnnl Manned flight with L. Gordon Cooper, J. Various tests

(Faith 7) (S} S and were Capsule after 22 orbits,

1963 15A Migsion Duration 34 hours 19 minutes 49 seconds.

RFD-1 (§) Scout 19(S)  May 22 SUBORBITAL FLIGHT 217.6  Suborbital reentry flight test; carried AEC Reactor mockup,
Reimbursable (AEC).

Tiros VI (S) Thor-Detta Jun 19 9.7 415 398 58.2 1347 C ical satellite Fumished over

1963 24A (19) (S} 30,000 usetul cloud cover photographs, including pictures of Hurricane
Ging! In its early stages in mld-Oc(ober

CRL (USAF) (S) Scout21(S) Jun28 DOWN DEC 14, 1983 998 C i Lab geoph test.

1963 26A Reimbursable (DOD). (WFE)

Reentry Il (U) Scout 22 (U)  Jul 20 SUBORBITAL FLIGHT ital reentry flight ion test of an ablation materiat at
reent eeds. Vehicle failed.

Syncom Il (S} Thor-Delta Jul 26 CURRENT ELEMENTS NOT MAINTAINED 39.0 Geosynchronous communication satellite test. Voices, tetetype,

1963 31A {20) (S) facsimile, and data transmission tests were conducted

Little Joe Il Little Joe Aug 28 SUBCRBITAL FLIGHT Suborbital Apolio launch vehicle test. Booster qualification test with

Test {S) 0 #1(S) dummy payload. {White Sands)

Explorer 18 (S} Thor-Delta Nov 27 DOWN DEC 30, 1965 626 Flm In a series of Interplanetary Monitoring Platforms to observe

{IMP-A) 21 () y space over an period of the solar cycle.

1963 46A Discovered a region of high-energy radiation beyond the Van Allen befts;

reported stationary shock wave created by the interaction of the solar
wind and geomagnetic field.
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MISSION/ LAUNCH {LAUNCH [PERIOD | CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS

inti Design VEHICLE | DATE | (Mins.) | Apogee {km) | Peri ee (km}] Incl (dggj () (All Launches from ESMC, unless otherwise noted)

Centaur Test Il {S) Atlas-Centaur Nov 27 104.6 1485 4620.8 Launch vehicle development test. Instrumented with 2,000 pounds of

1963 47A {AC-2) () sensors, and Y P and integrity

_tost,

Explorer 19 Scout 24 Dec 19 DOWN MAY 10, 1981 7.7 Sphere, 12 teet in diameter, was optically tracked safter tracking beacon

(AD-A) (S) (&) failed, to obtain long-term atmospheric density data and study danslty

1963 53A changes.

Tiros VIl (S} Detta 22 Dec 21 98.5 711 663 58.5 1202 Continued sateliite initia) flight test of

1963 54A S Automatic Picture Transmission camera system which made it possible
1o obtain local cloud cover pictures usinq inexpensive ground stations.

1964 1964

Relay !l (S) Delta 23 Jan 21 1947 7535 1968 484 85.3 Modified satellite with a y of TV or 300 one-way

1964 03A {S) wvoice transmissions or 12 two-way narrowband communication.
Completed more than 230 demonstrations and tests; also obtained over
600 hours of mdiation data,

Echo Il (S) Thor-Agena B Jan 25 DOWN JUN 7, 1969 348.4 Rigidized sphere, 135 feet in diameter, to conduct passive

1964 04A (C] communication experiments (radlo, tetetype, facsimile tests}. Good
experiment results obtained; data exchanged with USSH. {WSMC)

Saturn | (SA-5) Saturn | Jan 29 DOWN APR 30, 1966 17,554.2 Launch vehicle development test, Fitth flight of Satum, first Block I

(S) ] Satum, first live flight of the LOX/LH2 fueled second stage (S-IV}.

1964 05A 11,148 measurements taken.

Ranger VI (U) Allas-Agena B Jan 30 IMPACTED MOON ON FEB 2, 1964 364.7 Photograph lunar surtace before hard impact. No video signals

1964 07A 199 (S) seceived. impacted on west side of Sea of Tranquility, within 20 miles of
target, afler 65 6 hour flight.

Beacon Explorer Detta 24 Mar 19 DID NOT ACHIEVE ORBIT 54,7 Provide data on ionosphere; conduct laser and Doppler shift geodstic

A (S-6 (V)] tracking experiments. Vebhicle third stage matfunctioned.

Aiel Il (UK} (S} Scout 25 Mar 27 DOWN NOV 18, 1967 748 Canied thres British experiments to measwuie galactic radio noise.

1964 15A (8) rative with UK. (WFR)

Gemini | (S) Than1(S) Apr8 DOWN APR 12, 1864 31752 CQualification of Gemini spacecraft configuration/Gemini taunch vehicie

1964 18A combination in taunch environment through orbital insertion phase.

Fire | (S) Atlas-Antares Apr 14 SUBORBITAL FLIGHT 1995.8 Reentry Tost to study the heating environment encountered by a

263 (S) body entering the Earth's atmosphere at high speed.
Apolio Abort Lttle Joe Il May 13 SUBORBITAL FLIGHT Vehicle development test to damons!rala Apollo spacecraft
A001 (S} [3] abor pystem {#hite SHM))
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1964

UNCH [LAUNCH [PERIOD | CURRENT ORBITAL PARAMETERS wsxc.m[
(All Launch

MISSION/ LA
Intt Design VEHICLE [ DATE | (Mins.) [Apogee (km) [ Perigee (km) [ Incl (de

a) | _(kg)

REMARKS
from ESMC, unless otherwise noted)

Saturn | (SA-6) {S) Saturn | May 28 DOWN JUN f, 1964 17644.9  Vehicle development test. First flight of unmanned mode) of the

1964 25A SA 6! Apollo spacecraft. 106 measurements obtaired.

Centaur Test lll Atlas-Centaur  Jun 30 SUBORBITAL FLIGHT Launch vehicie ‘ test; and guk .

S (A evalyation.

SERT | (§) Scout28 (S) Jui20 SUBORBITAL FLIGHT Test ion engine performance in space. Conlirmed that high
prevalence ion beams could be noutralized in space. {WFF)

Ranger VIl (S) Allas-Agena B Jul 28 IMPACTED MOON ON JUL 31, 1964 364.7 Photograph lunar surface before hard impact, Transmitted 4,316 high

1964 41A 250 (S) quality photographs showing amazing detail before impacting in Sea of
Clouds; flight time 68 hours 35 minutes 55 seconds.

Reentry IV {S) Scout29(S) Aug 18 SUBORBITAL FLIGHT Reentry Test. Demonstrated the ability of the Apoflo spacecraft to
wi\hsiand reentry conditions at 27,950 fps,

Syncom Il (S) Dolta 25 Aug 19 CURRENT ELEMENTS NOT MAINTAINED 65.8 ions satellite. Provided

1964 47A S) live TV wvevage 01 the Olympic games in Tokyo and conducted various

- communicationg tests.

Explorer 20 (S) Scout 30 Aug 25 1036 1001 855 799 44.5 lonosphere Explorer 10 obtain radio soundings of upper ionosphere

1964 S1A S) as part of the Topside Sounder program.

Nimbus | {S) Thor-Agena B Aug 28 DOWN MAY 186, 1974 3765 Improved meteorological satellite; Earth oriented to provide compiete

1964 52A {S) global cloud cover images. Returned more than 27,000 excellent
photographs; APT system supplied daytime photos to low-cost ground
stations.

0GO I (U} Aflas-Agena B Sep 4 CURRENT ELEMENTS NOT MAINTAINED 487.2 i capable of ing related

1964 54A 195 (S) Carried 20 j 1o ical and solar
Boom deployment anomaty obscured horizon scanner's view of Earth.

. Varylng Quality data received from all experiments.

Saturn | (SA-7) (S) Satum | (S) Sep 18 DOWN SEP 22, 1964 Launch i ibility and test launch

1964 57A escupe system. Telemetry obtained from 131 separate and continuous
measurements.

Explorer 21 (U) Delta 26 Oct4 DOWN JAN 30, 1966 Interplanetary Monitoring Platform to obtain magnetic fiekis, radiation,

1964 60A ) and solar wind data. Failed to reach planned apogee;provided good data

i {S} Scout31(S) Oct9 SUBORBITAL FLIGHT 217.6  Reentry tlight carried AEC Reactor Mockup. Reimbursable (AEC).
Explorer 22 (S) Scout 32 Oct 10 1043 1054 872 797 52.6 Beacon Explorer; to provide data on variations in the ionosphere's
1964 64A (] structure and relate ionospheric behavior to solar radiation. Low-cost

ground stations throughout the world received uncoded radio signals.
Laser tracking accomplished on October 11, 1964, (WSMG)
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MISSION/ LAUNCH [LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS |WEIGHT| REMARKS

Intl Design VEHICLE | DATE | (Mins.) [Apogee (km) [ Perigee (km)] Incl (deg) | (ka) (All Launches from ESMC, unless otherwise noted)

Mariner 11} {U) Atlas-Agena D Nov 5 HELIOCENTRIC ORBIT 260.8 Mars fiyby. Fiberglass shroud failed to jettison property, solar panels

1964 73A 289 (U) tailed to extend, Sun and Canopus not acquired. Transmissions ceased
-9 hours after launch,

Explorer 23 Scout 33 Nov 6 DOWN JUN 29, 1983 133.8 Provided data on L ion and resi: of varicus

{S8-55C} (S) S) materials to penetration.

1964 74A

Explorer 24 (S) Scout 34 Nov 21 DOWN OCT 18, 1968 8.6 First dual payload (Air Density/Injun); two satellites provided detailed

1964 76A S) i ion on complex radiation-air density i ips in the upper

Explorer 25 (S) 11486 2354 522 81.3 340 atmospheres. (WSMC)

1964 76B

Mariner IV (S) Atlas-Agena D Nov 28 HELIOCENTRIC ORBIT 260.8 Second of two 1964 Mars flyby launches. Encounter occurred on

1964 77A 288 (S) July 14, 1965, with closest approach at 6,118 miles of the planet.
Jransmitted 22 pictures.

Apolio Abort Little Joe If Dec 8 SUBORBITAL FLIGHT 425930 First test of Apollo emergency detection system at abort altitude.

002 (S} (S) (White Sands)
Centaur Allas-Centaur Dec 11 DOWN DEC 12, 1964 2993.0 Vehicle development tlight carried mass model of Surveyor spacecraft;
1964 827 {AC-4) (S) propuision and stage separation test.

San Marce 1 (S) Scout 35 Dec 15 DOWN SEP 13, 1965 1152 Fligh test of satellite to furnish data on air density and ionosphere

1964 84A o characteristics. Launch vehicle provided by NASA; launched by Italian
taunch crew. Cocperative with itaty. (WFI

Explorer 26 (S) Detta 27 Dec 21 CURRENT ELEMENTS NOT MAINTAINED 45.8 Energetic Particles Explorer; carried five experiments to provide data

1964 86A (S) on high-energy particles.

1965 1965

Gemini Il (S) Than il 2 dJan 19 SUBORBITAL FLIGHT 31339 Demonstrate structural integrity ot reentry module heat protection

sy during maximum heating rate reentry and demonstrate variable lift on

reentry module.

Tiros IX (S) Detta 28 Jan 22 118.9 2564 702 96.4 138.3 First "Cartwheel* configuration for Weather Bureau's Operational

1965 04A ) system. Provided increased coverage of global cloud cover with
gicutes of excellent quely.

0S0B-2(S) Detta 29 Feb3 DOWN AUG 9, 1989 2449 Second in a series to measure the trequency and energy of solar

1965 07A ) electromagnetic radiation in the utraviotet, X-ray and gamma-ray
regions of the spectrum.

Pegasus | (S} Satum | Feb 16 DOWN SEP 17, 1978 1451.5 Obtained scientific and engineering data on the magnitude and

1865 09A {SA-9) (§) direction of meteoroids in near-Earth orbit. .
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MISSION/ LAUNCH [LAUNCH |PERIOD [ CURRENT ORBITAL PARAMETERS fWEfGHT REMARKS

intl Design VEHICLE | DATE | (Mins.) | Apogee (km) | Perigee (km) [ incl (de (ka) (All Launches from ESMC, unless otherwise noted)

Ranger Vil {S) Aflas-Agena 8 Feb 17 IMPACTED MOON ON FEB 20, 1965 364.7 Photograph lunar surface before hard impact. Transmitted 7,137 high

1965 10A 196 (S) quality before i ing in the Sea of T ility; flight time
54,54 hours,

Centaur Test Atlas-Centaur  Mar 2 SUBORBITAL FLIGHT 25480 Vehicle development test; Allas stage falled 4 seconds after liftoft.

(L (AC-5) (L))

Ranger IX (S} Allas-Agena B Mar 21 IMPACTED MOON ON MAR 24, 1965 364.7 Photograph lunar surfaca before hard impact, Transmitted 5,814

1965 23A 204 (S) excellent quality pictures; about 200 pictures refayed live via commercial
TV. Flight time 64.52 hours.

Gemini 1l {S) Titan 11 3 Mar 23 LANDED MAR 23, 1965 32389  First manned orbital flight of the Gemini program, with astronauts

1965 24A {S) Virgil I, Grissom and John W. Young. Manually controlled reentry after
three orbits. Mission Duration 4 hours 52 minutes 31 seconds.

Intelsat 1 (F-1) (S} Dehta 30 Apr 6 CURRENT ELEMENTS NOT MAINTAINED 38,5 First operational satellite for Comsat Corp., to provide comumercial

1965 28A _{S) trans-Atlantic communications. Reimbursable (Comsat).

Explorer 27 (S) Scout 36 Apr 29 107.7 1312 929 412 60.8  Beacon Explover; obtained data on Earth's gravitational flekl. Also

1965 32A S) carried laser tracking experiments.

Apolle Abort Little Joe |l May 19 SUBORBITAL FLIGHT Demonstration of abort capability of Apollo spacecraft. Launch escape

A-003 () (V)] wvehicle at high attitude not accomplished due to maltunction of Little Joe
1l Booster. {White Sands)

Fire I} (S} Allas-Antares  May 22 SUBORBITAL FLIGHT 20058 Second Resntry Test to study heating environment encountered by a

264 (9) . body entering the Earth's atmosphere at high speed. |

Pegasus Il (S) Saturn | May 25 DOWN NOV 3, 1979 14515  Micrometeoroid i fower P

1965 394 $AB(S) ___ densty than expecled.

Explorer 28 (S} Jelta 31 May 29 DOWN JUL 4, 1968 $9.0 Third Interplanetary Monitoring Platform, carrying eight scientific

1965 42A S instruments, to measure magnetic fiekds, cosmic rays, and solar wind
beyond the Earth's magnetosphere.

Gemini IV (S) Titan 11 4 Jun3 LANDED JUN 7, 1965 3537.6  Second manned Gemini flight with James A. McDwiit and Edward H.

1965 43A {S) White. During flight, White parformed a 22 minute EVA using the Zero-
G Integral Propulsion Unit. Mission Duration: 97 hrs 56 mins 12 secs.

Tiros X (S) Detta 32 Jult 100.% 807 722 98.8 1270 First U.S. Weather Bureau-funded Tiros; obtained maximum coverage

[1o0531A (S) of 1965 hurricane and typhoon season.
Pegasus ! {S) Saturn | Jul 30 DOWN AUG 4, 1969 1451.5 Final micrometeoroid detection experiment. Results of Pegasus
1965 60A (SA-10) (S} program indicated that the flux of small particles was less than expected,

the fhux of lasge particles was more than expected, and the flux of
medium-sized pasticles was about as predicted.
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MISSION/ LAUNCH [LAUNCH |PERIOD [ CURRENT ORBITAL PARAMETERS lWElGMT REMARKS
Inti Design VEHICLE | DATE | (Mins.) ﬁgg (km) | Perlgee (km) [ Incl (deg) (kg) (All Launches from ESMC, unless otherwlse noted)
Scout Test (S) Scout 37 Aug 10 1222 20.0 Vehicle development test. Carried U.S. Amy Secor geodetic satellite.
Secor (S) [&] Reimbursable (DOD).
1965 63A_
Centaur Test (S) Atlas-Centaur  Aug 31 BARYCENTRIC ORBIT 9526 Vehicle development test. Carried Surveyor dynamic model.
1965 64A (AC-6) (S) - Direct-ascent test for guidance evaluation.
Gemini V () Titan Il 5 Aug 21 LANDED AUG 29, 1965 31752 Third manned orbital flight with L. Gordon Coaper and Charles
1965 68A i) Conrad, Jr. Ejected Rendezvous Evaluation Pod (REF} for simulated
REP DOWN AUG 27, 1965 in and
1965 68C othev on-board expariments. Mission Duration: 190 hours 55 minutes
4 seconds.
0S0-C (U) Defta33 () Aug 25 DID NOT ACHIEVE ORBIT 281.2 Thlfﬂ in a series to maintain continuity of observations during sotar
cle. Vehicle third stage ignited prematurel

OGO it {U} Thor-AgenaD Oct 14 DOWN SEP 17, 1981 5071 Camod 20 experiments to investigate near-Earth space phenomena on
1965 81A 8 an interdisciplinary basis. Faiture of primary launch vehicle guidance

resulted in higher than pianned orbit. Nineteen experiments returned

useful data_ {WSMQC)
Gemini VI (U) Atlas-Agena D Oct 25 OID NOT ACHIEVE ORBIT Agena target vehicle. Simultaneous countdown of the Gemini

5301 (U) spacecraft and Atlas-Agena Target Vehicle. Telemety was lost 375

seconds after launch of the target vehicle; Gemini launch was
terminated at T42 minutes.

Exptorer 29 (S} Dehta 34 Nov 6 1203 2274 113 59.4 1746 GEOS-A, part of U.S. Geodetic Satellite Program to provide new

1965 BIA (8) geodetic data about the Earth.

Explorer 30 (S) Scout 38 Nov 18 100.4 881 664 59.7 58.7 Monitor solar X-rays and ultraviclet emissions during final portion of

1965 93A %) IQSY. Data acquired by NRL and foreign stations in 13 countries.

rative with NRL.

Explorer 31 (S) Thor-Agena B Nov 29 120.0 2859 501 79.8 98.9 Make related studies of i and

1965 988 o variations, Provided excellent data from regions of the ionasphere

Alouette Il (S) 1183 2708 501 798 1485 never before investigated. Cooperative with Canada.

1965 98A

Gemini VIl (S} Titan Il 6 Decd LANDED DEC 18, 1965 3628.8 Fourth manned mission with Frank Borman and Jamea A. Lovell, Jr.

1965 100A ) Astronauts flew part of the mission without wearing pressure sults.
Mission Duration: 330 hours 35 mlnules 01 saconds.

French 1A {S) Scout 39 Dec 8 98.8 708 696 75.9 71.7 Study VLF wave and

1965 101A (&3] and measure electron densmom Cooporuﬂvo with France. (WSMC)
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MISSION/ LAUNCH |LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS ]WEIGHT REMARKS
Int} Design VEHICLE | DATE | (Mins.) [Apogee (km) [ Perigee (km)] Incl (de 9) {All L from ESMC, unless otherwise noted)
| Gemini VI-A (S) Titan 11 7 Dec 15 LANDED DEC 16, 1965 31752 Fifth manned mission with Walter M. Schirra, Jr. and Thomas P,
1965 104A ©® Stattord. First rendezvous in space awomphshed with Gemini VI)
Mission Duration
Pioneer V) {S) Detlta 35 Dec 18 HELIOCENTRIC ORBIT 63.5 Operated in solar orbit to provide data on solar wind, interptanetary
1965 105A (S} magnetic fiekls, solar physics, and high-energy charged partictes and
magnetic fields,
1966 1966
Apollo Abort Little Joe §I Jan 20 SUBORBITAL FLIGHT 4989.0 Apolio development flight to demonstrate launch escape vehicle
A-004 (S| performance. Last unmanned ballistic flight. {White Sands)
ESSA}(S) Deha 36 Feb 3 99.7 806 684 97.8 138.3 Sun-synchronous orbit permitted satellite to view weather in each area
1966 08A S of the globe each day, photographing a given area at the same local
time every day. First Advanced Vidicon Camera System provided
valuable information about weather patterns and conditions.
Reimbursabla (NOAA). (WSM!
Reentry V (S) Scout42(S) Febd ‘SUBORBITAL FLIGHT 95.0 Test o investigate the heating environment of a body reentering the
Eanh's atmosphere at 27,000 fps. {WFF) |
Apollo Satum Satum 1B Feb 26 SUBORBITAL FLIGHT 20820.1 Launch Vehicle development flight; carried unmanned Apollo
{AS-201) (S) S) cocraft.
ESSA N (S) Delta 37 Feb 28 1134 1412 1352 101.0 131.5 Provided direct readout of cloud cover photos to local users. Along
1966 16A {S) with ESSA 1, completed the initial globa!l weather satellite system.
Reimbursable (NOAA). (WSMC)
Gemini VIl (U} Teanll8(S) Mar 16 LANDED MAR 17, 1966 3788.0 Agena Target Vehicle launched from Complex 14 and manned Gemini
1966 20A launched from Complex 19. Astronauts Neil A. Armstrong and David
GATV (S} Atlas-Agena D Mar 16 DOWN SEP 15, 1967 R. Scott accomplished rendezvous and docking. Afiitude and
1966 19A 5302 {S) maneuver thruster maffunction caused the docked spacecratt to tumble.
Astronauts separated the vehicles and terminated the mission early;
EVA was not uowmphshed First Pacific Qcean tanding. Mission
seconds,
Centaur Test (U) Attas-Centaur Apr8 DOWN MAY 5, 1966 784.7 Launch vehicle developmem flight; carried Surveyor model. Second
1966 30A (AC-8) (V) Centaur Engine firing unsuccessful.
CAO I {U) Atlas-Agena D Apr 8 100.6 793 783 35.0 1769.0 Carnied four experiments to study UV, X-ray and gamma-ray regions.
1968 1A 5002C (S) Primary battery mattunctioned.
Nimbus If (S) Thor-Agena D May 14 108.0 1174 1091 100.6 4137  Provided global weather photography on 24 hour basis for
1966 40A D 5303 (S) research a: (WSMC)

B-92



NASA Major Launch Record 1966

MISSION/ LAUNCH |LAUNCH PERIODL CURRENT ORBITAL PARAMETERSJWEIGHT REMARKS
Intl Design VEHICLE | DATE [ (Mins.) [ Apogee (km) | Perigee (km)] inci (de (kg) (ANl L hes from ESMC, unless otherwise noted)

Gemini IX (U) Allas-Agena D May 17 DID NOT ACHIEVE ORBIT 32520 Target vehicle for Gemini IX; vehicle failure caused by a shorl in the
5303 (U} servo control circutt.

Explorer 32 (S) Defta 38 May 25 DOWN FEB 22, 1985 224.5 Atmosphere Explorer; carried 8 it to measure

1966 44A S) composition, density and pressures in the upper atmosphers.

Surveyor | (S) Atlas-Centaur May 30 LANDED ON MOON JUN 2, 1966 9952 Achkwed soft lunar landing i in Ocean of Storms. Performed

1966 45A {AC-10) (S) tests and . Landing pads
Enetratad the lunar surface to a maximum degm of 1 inch,

Gomini IXA (U) Titan Il 9 Jun 3 LANDED JUN 6, 1966 37053 Seventh manned mission with Thomas P. Statford and Eugene A.

1966 47A (S} Ceman. Target vehicie shroud failed to separate; docking was not

GATV (U) Alias-Agena D Jun 1 DOWN JUN 11, 1966 achieved. EVA was successful, but evaluation of AMU was not

1966 46A 5304 achieved. Mission Duratior 72 hours 20 minutes 50 seoonds

OGO Il (8) Allas-Agona B Jun 7 CURRENT ELEMENTS NOT MAINTAINED 514.8 Camad 21 i 1o obtain data on Y and

1966 49A 5601 (S) lar in the Eaith's First 3-axis il in
hl hiy elliptical orbit.

OoV-3 (S) Scout46 (S) Jun9 1428 4703 645 408 173.0 Radiation research satellite for the USAF. Reimbursable (DOD).

1968 52A

Pageos | (S) Thor-Agena O Jun 23 1770 5599 2533 84.5 56.7 Sphers, 100 feet in diameter, l0 ine the location of

1968 56A (S} tand masses, and other geographic points using a world-wide

triangulation network of stations.

Explorer 33 (S) Detta 39 Jul 1 CURRENT ELEMENTS NOT MAINTAINED 93.4 Interplanetary Monitoring Platform to study, at lunar distance, the

1966 58A ) Earnh's magnetosphese and magnetic tail. Planned anchored lunar orbit
was not achieved; useful data obtained from Earth orbit.

Apollo Satum Saum B (S) Jul5 DOWN JUL 5, 1968 26354  Launch vehicle development flight to evaluate the S-IVB stage vent

AS-203 (S) &nd restart capability.

1968 59A

Gemini X (S} Titan 11 10 (S) Jul 18 LANDED JUL 21, 1966 3762.6 Eighth manned mission with John W. Young and Michael Collins.

1966 66A Performed first docked vehicle maneuvers; standup EVA of 89

GATV (S) Atlas-Agena D Jul 18 DOWN DEC 29, 1968 minutes; umbilical EVA of 27 minutes. Mission duration 70 hours

1968 65A 5305 {S) 46 minutes 39 seconds.

Lunar Orbiter | (S) Atlas-Agena D Aug 10 DOWN OCT 29, 1968 3856 Photograph landing sites for Apollo and Surveyor missions from tunar

1968 73A 5801 (S} orbit. Photographed over 2 million square miles of the Moon's surface;

took the first two photos of the Earth from the distance of the Moon.
Demonstrated maneuverability in lunar orbit.
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NASA Major Launch Record 1966
MISSION/ LAUNCH |LAUNCH PERIODI CURRENT ORBITAL PARAMETERJ WEIGHT REMARKS
Inti Design VEHICLE | DATE | (Mins.) | Apogee (km) | Perigee (km) [inci(deg) | (g} {All Launches from ESMC, uniess otherwise noted)
Pioneer VII (S) Detlta 40 Aug 17 HELIOCENTRIC ORBIT 63 S Second in a series of interplanetary probes to provide data on solar
1966 75A S) wind, magnetic fields,_and cosmic rays.
Apollo Saturn Saturn (B (S}  Aug 25 SUBORBITAL FLIGHT 25809.7 Apollo launch vehi flight 1o test Cq d
AS-202 (S) Module heat shield and obtain launch vehicle and spacecraft data.
Gemini XI (S) Tan il 11 (S) Sep12 LANDED SEP 15, 1966 3798.4 Ninth manned mission with Charles Conrad, Jr. and Richard F. Gordon,
1966 81A Jr. Rendezvous and docking achieved. Umbilical and standup EVA
GATV (§) Allas-Agena D Sep 12 DOWN DEC 30, 1966 performed and as well as tethered spacecraft experiment. Mission
1966 80A 5306 (S) - Duration 71 hours 17 minutes 8 seconds.
Surveyor Il {U) Atlas-Centaur Sep 20 IMPACTED MCON ON SEP 23, 1966 1000.2 Second soft lunar landing planned. One vemier engine did not fire for
1966 B4A (AC-T} (S) ion, sending the sp ft into a tumbling mode.
Crashed southeast of crater Copernicus after 62.8 hour flight.
ESSA N (S) Delta 41 Oct2 1145 1483 1384 100.9 147.4 Replaced ESSA | in Tiros Operational Satellite (TOS) system.
1966 87A S) Sophisticated camaras and sensors provided valuable information about
the world's weather patterns/conditions. Reimbursable {(NOAA) (WSMC)
Centaur Test Atlas-Centaur Odct 26 OOWN NOV 6, 1966 952.8 Launch vehicle development flight; Surveyor model injected into
{AC-9) (9) (AC-9) (S) simulated tunar transfer orbit. Demonstrated two-burn parking orbit
1966 95A - opetational capability.
Intelsat Il F-1 (U} Delta42 (S) Oct26 717.7 37229 3123 169 87.1  Comsat commercial communications satellte. Apogee monitor
1966 96A maltunction resutted in elliptical orbit. Reimbursable (Comsat).
Lunar Orbiter 2 {S) Atlas-Agena D Nov 6 DOWN OCT 11, 1967 385.6 Photographed lunar landing sites from funar orbit; provided new data
1966 100A 5802 (S) on lunar gravitational fiekd; photographed Ranger Vil landing point and
surface debris tossed out at impact.
Gemini Xl (S) Titan 1112 (S} Nov 11 LANDED NOV 15, 1966 3762.1 Tenth and last manned Gemini flight with James A. Lovell, Jr. and
1966 104A Edwin E. Aldrin, Jr. Rendezvous and docking achieved. Two EVA's
GATV (S) Atlas-Agena D Nov 11 DOWN DEC 23, 1966 pertormed. Mission duration 84 hours 34 minutes 31 seconds.
1966 103A 5307 (S]
ATS 1 (S) Atlas-Agena D Dec 7 1436.0 35817 35750 143 703.t  Perform various i , and control h
1966 110A 5101 (S) sxperimems and cany out scientific meusulamems of orbitas
resulis Spin-scan cloud camera
phdogtaphed changing weather patterns; air-| (o—gfound and air-to-akr
commy
Biosatellite | (U) Delta 43 Dec 14 DOWN FEB 15, 1967 426.4 Carried biological specimens to determine the effects of the space
1966 114A ) environment on life processes. Reentry vehicle separated but rocket

failed, leaving the capsule in orbit. No useful scientific data obtained.
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NASA Major Launch Record 1967
MISSION/ LAUNCH |LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS TWEIGH REMARKS
Intl Design VEHICLE [ DATE | (Mins.) [ Apogea (kmj [ Perigee (km)[Incl(deg) | (kg) {All Launches from ESMC, unless otherwise noted)
1967 1967
Intelsat | F-2 (S) Delta 44 Jan 11 CURRENT ELEMENTS NOT MAINTAINED 87.1 Comsat commercial commumcamn satellite. Reached intended
96, Jocation on February
ESSA IV (S} Delta 45 Jan 26 1134 1437 1323 1020 131.5 Replaced ESSA 1t in TOS system. Provided daily coverage of local
1967 06A 5 weather systems to APT i Shutter one
camera inoperative. Reimbursable (NOAA). {WSMC)
Lunar Orbiter 3 (S) Atlas-AgenaD FebS DOWN OCT 9, 1967 3856 Photographed lunar tanding sites from lunar orbit; also returned
1967 08A 5803 (S) 600,000 sq. mi. of front and 250,000 sq. mi. of back side lunar
hot ; provided gravitational field and lunar environment data.
OSO UL (S) Delta 46 Mar 8 DOWN APR 4, 1982 284.4 Carried 9 experiments to study structure, dynamics and chemical
1967 20A ) composition of the outer solar atmosphere through X-ray, visible, and
UV radiation measurements
intelsat Il F-3 (S) Delta 47 Mar 22 CURRENT ELEMENTS NOT MAINTAINED 87.1 Comsat satellte. C: Intelsat (1
1967 26A S] system. Reimbursable (Comsat).
ATSI{U) Atlas-Agena O Apr 6 DOWN SEP 2, 1969 3243 Test of the gravity gradient contro! system; carried microwave
1967 31A 5102 (U} communications, meteorological cameras, and eight scientific
experiments. Second stage failed to restart, resulting in an eliiptical
orbit, Limited data obtained
Surveyor Il {S) Atlas-Centaur  Apr 17 LANDED ON MOON APR 20, 1967 1035.6 Vernier engines failed to cut off as planned; spacecraft bounced twice
1967 35A (AC-12) () before landing. Surtace sampler was used for pressing, digging,
trenching, scooping, and depositing surface material in view of the
camera. Returned over 6.300 photographs, including pictures of the
Earth during lunar ecli
ESSAV (S) Delta 48 Apr 20 1135 1419 1352 1020 1474 Replaced ESSA Ul in TOS System. Furnished daily global coverage of
1967 36A S weather systems. Reimbursable (NOAA). (WSMC)
San Marco It {S} Scout 52 Apr 26 DOWN OCT 14, 1967 129.3 First satellite launch attempt from a mobile sea-based platform in the
1967 38A ) indian Ocean; launched conducted by ttalian crew. Provided continuous

equatorial air density measurements. Cooperative with taly. {SM)

Lunar Orbiter IV (S)
1967 41A

Atlas-Agena D May 4
5804 (S

DOWN OCT 6, 1967

Aviel lll (S)

1967 51A

1967 42A (8
Explorer 34 (S} Delta 49
(s)

Scout 53 May 5

DOWN DEC 14, 1970

3856 Lunar orbit achieved. Photographed 99% of the Moon's front side and
additional back side areas.

1025 First UK-built sateliite to extend atmospheric and ionospheric
investigations, Cooperative with UK.

May 24

DOWN MAY 3, 1969

73.9 Fifth in Interplanetary Monitoring Platform series to study Sun-Earth
relationships. Elliptical orbit achieved. Useful data returned.  (WSMC)
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NASA Major Launch Record 1967
MISSION/ LAUNCH [LAUNCH |PERIOD [JURRENT ORBITAL PAHAMHERSTWEIGHT REMARKS

Intl Design VEHICLE DATE (Mins.) [Apogee (km) [ Perigee (km)[ Incl (deg) | (kg) (All Launches from ESMC, unless otherwise noted)

ESRO Il-A (U) Scout 55 (U) DID NOT ACHIEVE ORBIT 89 1 Caried 7 experiments to study solar and cosmic radiation, Third stage
vehicle failure, Cooperative with ESRO.

Mariner V (S} Allas-Agena D Jun 14 HELIOCENTRIC ORBIT 244.9 Venus fiyby. Returned data on planet's atmosphere, radiation, and

1967 60A 5401 (S) magnetic field environment.

Surveyor IV (U) Atlas-Centaur Jui 14 IMPACTED MOON ON JUL 17, 1967 1037.4  Lunar soft landing mission. All systems were normal until 2 seconds

1967 68A (AC-11) (S) before retro rocket burnout (2-1/2 minutes before touchdown) when the
signal was abruptly lost.

Explorer 35 (S) Delta 50 Jul 19 SELENOCENTRIC ORBIT 104.4 Imevplanetary Monitoring Platform to study solar wind and

1967 70A S y fields at lunar di: Lunar orbit achi . Results
indicated no shock front precedes the Moon, no magnetic field, no
radiation betts or evidence of lunar ionosphere.

OGO IV (S) Thor-AgenaD Jul 28 DOWN AUG 186, 1972 551.6  Study relationship between Sun and Earth's environment. Near-polar

1967 73A

orbit achieved, 3-axis stabilized. (WSM

—)]
Lunar Orbiter V {S) Atlas-Agena D

Aug 1

DOWN JAN 31, 1968

3856 Fifth and final mission to pholograph potential landing sites from funar
orbit. Increased lunar photographic coverage to better than 99%.

1967 754 5805 (S]
Biosatellite Il (S) Delta 51

Sep7 DOWN SEP 9, 1967 4254  Carried 13 experiments to conduct biological experiments in low Earth

1967 83A &) orbit. Reentry initiated 17 orbits early because of communications
difficulties and storm in recovery area, Air recovery successhul.

Surveyor V (S) Atlas-Centaur Sep 8 LANDED ON MOON SEP 11, 1967 1006.1  Lunar soft landing accomplished: returned TV photos of lunar surface

1967 84A {AC-13) (S) and data on chemical characteristics of lunar soil,

intelsat Il (S) Detta 52 Sep 28 CURRENT ELEMENTS NOT MAINTAINED 87.1  Comsat commercial communications satellite to provide 24-hour

1967 94A transoceanic service. Reimbursable (Comsat).

0S0-IV (S) Delta 53 Oct 18 DOWN JAN 15, 1982 276.7 Continuation of OSO program to better understand the Sun's

1967 100A (5] structure and determine the solar influence upon the Earth. Obtained
the first pictures made of the Sun in extreme ultraviofet.

RAM C-1 (S) Scout 57 (S) Oct19 SUBORBITAL FLIGHT 116.6 Reentry test to investigate communications problems experienced
during reentry, (WFF)

ATS Il (8) Atlas-Agena D Nov 5 1436.1 35844 35730 142 714.0  Further of i and pts in useful

1967 111A 5103 (S) ications of space technology to icati gy,

ati a
Surveyor VI (S) Atlas-Certaur Nov 7 LANDED ON MOON NOV 10, 1967 1008.3  Lunar soft landing achieved, pictures and soil analysis data transmitted.
1967 112A (AC-14) (8) Vernier engines restarted, lifting spacecraft 10 feet from the surface and

landing 8 feet from the original landing site, performing the first rocket-
powered takeoff from the lunar surface.
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NASA Major Launch Record 1967
MISSION/ LAUNCH |LAUNCH | PERIOD [ CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins) [Apoges (km} | Perigee (km)]Incl(deg) | (kg) (AlL from ESMC, unless otherwise noted)
Apollo 4 (S) Satumn V Nov 9 DOWN NOV 9, 1967 455060 Launch vehicle/spacecraft development flight. First launch of the
1967 AS-501 (S) Saturn V; carried unmanned Apollo Command/Service Module.
ESSA VI () Detta 54 Nov 10 1148 1482 1407 1022 129.7 Replaced ESSA I} and ESSA IV in the TOS system; used in central
1967 114A S analysis of global weather. Reimbursable (NOAA). (WSMC)
Pioneer VIit (S) Delta 55 Dec 13 HELIOCENTRIC ORBIT 65.8 Thind in a series of interplanetary probes to provide data on the solar
1967 123A {S) wind, magnetic fields, and cosmic rays. Caried TETR-1, the first NASA
TETR-1 (S) DOWN APR 28, 1968 20.0 piggyback payload.
1967 1238
1968 1968
Surveyor Vil {S) Avas-Centaur Jan7 LANDED ON MOON JAN 9, 1968 1040.1  Lunar soft landing achieved; provided pictures of lunar terrain, portions
1968 01A {AC-15) (S) of spacecraft, experiment operations, stars, planets, crescent Earth as it
changed phases, and first observation of artificial light from the Earth.
Explorer 38 (S) Delta 56 Jan 11 122 1572 1079 105.8 2123 GEOS spacecraft to provide precise information about the size and
1968 02A shape of the Earth &nd strength of an variations in its gravitational field;
rt of the National Geodetic Program. SMC)
Apollo 5 (8) Satum 18 Jan 22 DOWN JAN 24, 1968 425060 First flight test of the Lunar Module; verified the asceni and descent
1968 07A AS-204 (S) stages, propulsion systems,_and restart operations.
OGOV () Atlas-Agena D Mar4 CURRENT ELEMENTS NOT MAINTAINED 611.0 Provided measurements of energy characteristics in the Earth's
1968 14A 5602A (S) radiation betts; first evidence of electric fields in the bow shock.
Explorer 37 (S) Scout 60 Mar 5 DOWN NOV 18, 1990 89.8 Solar Explorer to provided data on selected solar X-ray and ultraviolet
1968 17A {S} emissions. Cooperative with NRL.
Apolio 8 (U) Saturn V Apra DOWN APR 4, 1968 42856.0 Launch vehicle and spacecraft development flight. Launch vehicle
1968 25A AS-502 engines maffunctioned; spacecraft systems performed normally.
Reentry VI (S) Scout 61 (S) Apr27 SUBORBITAL FLIGHT 2720 Turbulent heating experiment to obtain heat transter measurements at
ESRO IIB (S) Scout 62 (S) May 17 DOWN MAY 8, 1971 89.1 Carried seven experiments to study solar and cosmic radiation in the
1968 41A lower Van Allen belt. Cooperative with ESRO. (WSMC)
Nimbus B {U) Thor-Agena D May 18 DID NOT ACHIEVE ORBIT 5715 Experimental meteorological satellite; also carried Secor 10 (DOD) as a
Secor 10 (U) ()] 204 secondary payload. Booster malfunctioned; destruct signal sent by
Range Satety Officar. (WSMC)
Explorer 38 (S) Dol 57 (5)  Jul4 2242 5360 5825 1308 2754 Radio Astronomy Explorer 1o monilor low-frequency radio signals
1968 S5A originating in our own solar system and the Earth's magnetosphere and

radiation belts.
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NASA Major Launch Record 1968

MISSION/ LAUNCH [LAUNCH | PERIOD i CURRENT OABITAL PARAMETERS WEFGH T REMARKS
intl Design VEHICLE | DATE | (Mins.,) [Apogee (km) | Perigee (km)[inci (deg) ) (All Launches from ESMC, unless otherwise noted)
Explorer 39 (S) Scout63 (S) Aug8 DOWN JUN 22, 1981 Dual payload {Air Density/Injun Explorers) to continue the detailed
1968 66A . scientific study of the density and radiation characteristics of the
Explorer 40 (S) 1179 2494 877 80.7 89.4 Earth's upper atmosphere. (WSMC)
1968 668
ATS V (U) ‘Atlas-Centaur  Aug 10 DOWN OCT 17, 1968 390.1 Evaluate gravity-gradient stabils of
1968 68A (AC-17) (V) voice, TV, telegraph, and digital data. Centaur failed to reignite for
second burn; spacecraft remained in parking orbit attached to Centaur.
ESSA VIl {S) Delta58 {S)  Aug 16 114.9 1471 1428 101.4 1474 Replaced ESSA V as the primary stored data satellite in the TOS
1968 69A system. Reimbursable (NOAA). {WSMC)
Scout 64 (5] Aug 22 SUBCRBITAL FLIGHT 1220 Measure electron and ion concentrations during reentry. El
Intelsat 1l F-1 (U) DeltaS9 (U}  Sep 18 DID NOT ACHIEVE ORBIT 286.7 Comsat commercial communications satsllite. Vehicle failure.
Reimbursable (Comsat).
ESRO IA (S) Scout 65 (S) Oat 3 DOWN JUN 26, 1870 85.8 Carried eight experiments to measure energies and pitch angles of
1968 84A particles impingling on the polar ionosphere during magnetic storms and
ulet periods. Cooperative with ESRO. SMi
Apolio 7 {S) Saturn 1B Oct 11 LANDED OCT 22, 1968 51,6550 First manned flight of the Apollo spacecraft with Walter M, Schirra, Jr.,
1968 89A AS-205 (S} Donn F. Eisele, and Walter Cunningham. Performed Eatth orbit
operations. igsion Duration oUrs 9 minutes J seconds.
Pioneer IX (S) Deha 60 Nov 8 HELIOCENTRIC ORBIT 66.7 Deep space probe to coflect scientific data on the electromagnetic and
1968 100A {S) plasma properties of interplanetary space. Camied TETR 2asa
TETR2(S) DOWN SEP 18, 1979 sacondary payload.
1968 1008
HEOS A (S) Delta 61 DecS DOWN OCT 28, 1975 108.8  Study interplanetary magnetic fields and solar cosmic ray particles.
1968 109A (8) RAeimburaable (ESA ).
OAO Il (S) Atlas-Centaur Dec 7 99.9 759 750 350 2016.7 Perform astronomy investigations of calesﬂal abjects in the uhtraviolet
1968 110A _{AC-16) (S) region of the electromagnetic s|
ESSA Vilt (S} Deta 62 Dec 15 1146 1461 1411 101.8 136.1 Meteorological satellite for ESSA. Relmbursable (NOAA), (WFF)
1968 114A S)
Intetsat 1 F-2 (S) Delta 63 Dec 18 CURRENT ELEMENTS NOT MAINTAINED 286.7 Initial i of fist global i satellite
1968 116A S) stem for Comsat. Reimbursable (Comsat).
Apollo 8 (S) Saturn V Dec 21 LANDED DEC 27, 1968 51655.0 First manned Saturn V flight with Frank Borman, James A. Lovell, Jr.,
1968 118A AS-504 (S} and William A. Anders. First manned lunar orbit mission; provided a

closa-up look at the Moon during 10 lunar orbits. Misslon Duration 147
hours 0 minutes 42 seconds.
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MISSION/ LAUNCH [LAUNCH | PERIOD l CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) [ Apogee (km} [ Perigee (km)| Incl (deg) | (kg) (All Launches trom ESMC, unless otherwise noted)
1969 1969
QSO V (S Della 64 Jan 22 DOWN APR 2, 1984 288.5 Continuation of OSO program to study Sun's X-rays, gamma rays, and
1969 DBA __(S) _radi I
ISIS-A (5) Oetta 65 Jan 30 1277 3471 574 88.4 235.9 Satellite built by Canada: camried 10 experiments to study the
1969 j i
Intelsat |1} F-3 (S} Detta66 (S) Febs CURRENT ELEMENTS NOT MAINTAINED 286.7 Second i 01 Comsat's
1A
Mariner V1 (S} Atlas-Centaur Feb 25 HELIOCENTRIC ORBIT 411.8  Mars fiyby; provided high resolution photographs of the Martian
4 {AC- surfa;
ESSA IX (8} Detta 67 Feb 26 115.2 1503 1422 101.4 157.4 Nlnlh and last in the TOS series of mateorological satellites,
Reimb, QAA)
Apolio 9 {S) Satum V Mar 3 LANDED MAR 13, 1969 51655.0 Earth orbital flight with James A. McDivitt, David R. Scott, and Russell
1960 184 SA-504 (S) Schweickart. First flight of the lunar modute. Performed rendezvous,
docking, and EVA. Misgion Duration 241 hours 0 minute 54 seconds,
Mariner Vil (S) Atlas-Centaur  Mar 27 HRELIOCENTRIC ORBIT 411.8  Mars fiyby; provided high resolution photographs of the Martian
1969 30A (AC-19) (S surface. Closest approach was 2,190 miles on August 5, 1969
Nimbus Nl (S) Thor-Agena  Apr 14 107.2 1128 1069 100.0 5756 vandod night and day gkibal meteorological measurements trom
1969 37A ) space. Secor (DOD) provided geodetic position determination
Secor 13 (S) 107.2 1127 1067 100.0 20.4 measurements. (WSMC)
1969 378
Apollo 10 () Saturn V May 18 LANDED MAY 26, 1969 516550 Manned lunar orbital fiight with Thomas P. Stafford, John W, Young,
1969 43A SAS05 (S) and Eugeno A Cernan to tost all aspeds of an acmal munned tunar
anding e a 8
Intelsat [l F-4 (S) Detta 68 May 21 CURRENT ELEMENTS NOT MAINTAINED 1438 Thvd Incromem d Comsau opomoonal oommerchl communknlion
A
QGO VI(S) Thor-Agena  Jun S DOWN OCT 12, 1979 631.8  Last in the OGO series to provide measurements of the energy
1969 S1A [ characteristics in the Earth's radiation beits; provided the first evidence
of electric fields in the shock, M
Explorer 41 (S) Deha 69 Jun 21 DOWN DEC 23, 1972 768.7 Seventh Interplanetary Monitoring Platform to continue study of
1969 53A (S) the environment within and beyond Earth's magnetosphers. _ (WSMC}
Biosatellite Il (U} Detlta 70 Jun 28 DOWN JUL 7, 1969 6963 Conduct intensive experiments to evaluate effacts of waightiessness
1969 56A {S) with & pigtail monkey onboard. Spacecraft doorbnod after 9 days
because the monkey's diti rapidly.
Monkey expired 8 hours after reoovevy. pvesumubry from a massive
heart attack brought on by dehydration.
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NASA Major Launch Record 1969

MISSION/ LAUNCH [LAUNCH |PERIOD LCURRENT ORBITAL PARAMETERS IWEIGHT REMARKS

int! Design VEHICLE | DATE | (Mins.) [Apogee (km)] Perigee (km) | Incl (de 9) | (kg (All Launches from ESMC, unless otherwise noted)
I'Apatic 11 (S) Saturn vV Ju 16 LANDED JUL 24, 1969 First manned lunar landing and return to Earth with Neil A. Armstrong,

1969 59A SA-506 (S) Michael Collins, and Edwin A. Aldrin. Landed in the Sea of Tranquillity

on July 20, 1969 deployed TV camera and EASEP experiments,
performed lunar surtace EVA, returned lunar soil samples. Mission
Duration 195 hours 18 minutes 35 seconds

Intetsat 11l F-5 (U} Delta 71 Jul 26 DOWN OCT 14, 1988 146.1  Fourthi of Comsat's tak i
1969 64A ) satellite system. Third-stage mattunctioned; satellite did not achieve
desired orbit. Reimbursable {Comsat).

[0SO Vi (S} Detta 72 Aug 9 DOWN MAR 7, 1981 173.7 Continuing study of Sun’s X-rays, gamma rays, and radic emissions.
1969 68A ) Carried PAC experiment to stabilize spent Delta stage.

PAC (S} DOWN APR 28, 1977 179

1969 688

ATS V {U) Atlas-Centaur  Aug 12 14475 36031 35986 139 432.7 Evaluate gravity-gradient stabilization for geosynchronous satellites.
1969 69A (AC-18) (S) Anomaly after apogee motor firing resulted in counterciockwise spin;

gravity-gradient booms could not be deployed. Nine of 13 experiments
returned useful data,

Pioneer E {U) Detta 73 Aug 27 DID NOT ACHIEVE ORBIT 67.1  Deep space probe to study i ini

{TETR C} () w 18.1 space. Vehicle malfunctioned; destroyed 8 minutes 3 seconds into
powered flight by Range Safety Officer.

ESRO 1B (S} Scout 66 Oct 1 DOWN NOV 23, 1969 85.8 Fourth European-designed and built satellite to study ionospheric and

1969 83A S auroral phenomena over the northern polar regions. Reimbursable
{ESA}. WEMC)

GRS-A (8) Scout 67 Nov 7 110.8 2155 an 1028 72.1  Study the inner Van Allen belt and auroral zones of the Northern

1969 S7A $) Hemisphere. Cooperative with Germany. SMC}

Apollo 12 (S) Saturn V Nov 14 LANDED NOV 24, 1969 516550 Second Manned lunar landing and return with Charles Conrad, Jr.,

1969 99A SA-507 (S} Richard F. Gordon, and Alan F. Bean. Landed in the Ocean of Storms

on November 19, 1969; deployed TV camera and ALSEP experiments;
two EVA's performed; collected core sample and lunar materials;
photographed and retrieved parts from Surveyor ill spacecraft. Mission
duration 244 hours 36 minutes 24 seconds.

Skynet A (S) Detta 74 Nov 21 ELEMENTS NOT AVAILABLE 2427 Communication satellite for the United Kingdom. Reimbursable (UK).
1969 101A )
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NASA Major Launch Record 1970
MISSION/ LAUNCH [LAUNCH |PERIOD I CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) [ Apogee (km) ] Perigee (km) | Incl (deg) | (ka) (All Launches from ESMC, unless otherwise noted)
| 1970 1970
intelsat Ill F-6 (S) Detta 75 Jan 14 CURRENT ELEMENTS NOT MAINTAINED 155.1 Part of Comsat's i i ication satellite
1970 03A S) system. Reimbursable (Comsat).
ITOS 1 (S) Detta 76 Jan 23 1150 1477 1431 101.3 3062 Second generation meteorological satellite to provide daytime and
1970 08A (3] nighttime cloud cover observations in both direct and stored modes.
Oscar 5 (S) 115.0 1475 1431 101.3 9.1 Oscar (Australia), carried as a piggyback, was used by radio amateurs
1970 08B throughout the world. (WSMC)
SERT It (U} Thor-Agena  Feb3 106.0 1044 1038 99.2 5035 lon engine test. Fell short of mission duration objective by less than
1970 09A S) 1 month. {WSMC)
NATOSAT I (S) Delta 77 Mar 20 1436.2 35798 35779 129 2427 Communications satellite for NATO. Reimbursable (NATO).
1970214 o)
Nimbus D (S) Thor-Agena  Apr8 1071 1096 1086 99.9 619.6 Stabilized, Earth-oriented platform to test advanced systems for
1970 25A S) i gical and ical data. TOPO, carried as a
TOPC 1 (S) 106.9 1084 1082 99.8 21.8  piggy L P i i i (WSMC)
1970 258
Apolio 13 (U) Saturn V Apr 11 LANDED APR 17, 1970 516550 Third manned lunar landing attempt with James A. Lovell, Jr., John L.
1970 29A SA-508 (S) Swigert, Jr., and Fred W. Haise, Jr. Pressure lost in SM oxygen system;
mission aborted; LM used for life support. Mission Duration 142 hours
54 minutes 41 seconds.
Intelsat 11l F-7 (S) Delta 78 Apr 22 CURRENT ELEMENTS NOT MAINTAINED 290.3 Part of Comsat's i i ication satellite
1970 32A [)] system. Reimbursable (Comsat).
Intelsat |1 F-6 (U) Delta 79 Jut 23 1408.2 36634 33842 139 290.3 Part of Comsat's operati i ication satellite
1970 S5A {S) system. Malfunction during apegee motor firing; failed to achieve
desired orbit. Reimbursable (Comsat).
Skynet 2 (U) Detta 80 Aug 19 CURRENT ELEMENTS NOT MAINTAINED 2427 Communication satellite for the United Kingdom. Telemetry
1970 62A S} terminated following apogee motor failure. Reimbursable (UK).
RAM ClIl (S] Scout 69 (S) Sep 30 SUBORBITAL FLIGHT 134.0 __Reentry test of radio blackout.
OFQ 1 (8) Scout 70 Nov9 DOWN MAY 9, 1971 1329 Orbiting Frog Otolith (OFO) in which frogs were used to study the
1970 94A ) effects of weightlessness on the inner ear, which controls balance.
RMS (S) DOWN FEB 7, 1971 21.0 Radiation Meteoroid Spacecraft (RMS) provided data on radiation
1970 948 belts. (WFF)
0AOB () Atlas-Centaur Nov 30 01D NOT ACHIEVE ORBIT 21228  Perform stellar observations in the UV region. Centaur nose fairing
(AC-21) (U) tailed to separate; orbit nat achieved.
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NASA Major Launch Record

1970
MISSION/ LAUNCH |LAUNCH (PERIOD lJURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) [ Apogee (km) [ Perigee (km)] Incl (deg) | (kg) {All Launches from ESMC, unless otherwise noted)
ITOS A (S) Detta 81 Dec 11 1148 1471 1421 1015 306.2 To augment NOAA's satellite world-wide weather observation
1970 106A () capabilities, Reimbursable {(NOAA}. (WSMC)
Explorer 42 (S) Scout 71 Dec 12 DOWN APR 5, 1979 1420 Small Astronomy Satellite to catalog celestial X-ray sources within and
1970 107A S) outside the Milky Way. First X-ray satellite. {San Marco)
1971 1971
Intelsat IV F-2 (S) Atlas-Centaur  Jan 25 ELEMENTS NOT AVAILABLE 1387.1  Fourth generation satellite to provide increased capacity for Comsat's
1971 06A {AC.25) {S) global commercial communications network. Reimbursable (Comsat).
Apoiio 13 () Saturn vV Jan 31 LANDED FEB 9, 1971 516550 Third Manned lunar landing with Alan B. Shepard, Jr., Stuart A. Roosa,
1971 08A SA-509 (S) and Edgar D. Mitchell. Landed in the Fra Mauro area on February S,
1971; EVA, deployed lunar il returned lunar
samples. Mission duration 216 hours 1 minute 58 seconds.
NATOSAT 2 (S} Detta 82 Feb 2 1436.1 35830 35744 137 242.7 Second communications satellite for NATO. Reimbursable {NATO}
197109A (S)
Explorer 43 (S) Delta 83 Mar 13 DOWN OCT 2, 1974 2880 Second i itoring Platform to extend man’s
1971 19A 8) knowtedge of solar-lunar relationships.
18IS B {8) Delta 84 Mar 31 1135 1421 1355 82 264.0  Study electron production and loss, and large scale transport of
1971 24A $) ionization in the ionosphere. Cooperative with Canada. (WSMC)
San Marco C (S) Scout 72 Apr 24 DOWN NOV 28, 1971 1633 Study atmosphere drag, density, neutral composition, and
1971 36A (8} temperature. Cooperative with faly. (SM)
Mariner H (U) Atlas-Centaur May 8 DID NOT ACHIEVE ORBIT 997.9  Mariner Mars ‘71 Orbiter mission to map the Martian surface. Centaur
(AC-24) (U) stage maffunctioned shortly after launch.
Mariner | (S) Atlas-Centaur May 30 AEROCENTRIC ORBIT 997.9 Second Mariner Mars ‘71 Orbiter mission to map the Martian surface.
1971 051A (AC-23) (U) Achieved orbit around Mars on November 13, 1971. Transmitted 6,876
ictures.
PAET (S) Scout 73 (S)  Jun 20 SUBORBITAL FLIGHT 62.1 Test to determine the structure and composition of an atmosphere from
a probe entering at high speed.
Explorer 44 (S) Scout 74 Jut 8 DOWN DEC 15, 1979 115.0 Solar radiation spacecraft to monitor the Sun's X-ray and ultraviolet
1971 58A (] emissions. Cooperative with NRL. (WFF)
Apollo 15 (S) Saturn V Jul 26 LANDED AUG 7, 1971 516550 Fourth manned lunar landing with David R. Scott, Alfred M. Worden,
1971 63A SA-510 (S} and James B. Irwin. Landed at Hadley Rille on July 30, 1971;
P&F Subsat (S) SM Aug 4 IMPACTED MOON JUL 30, 1971 36.3 performed EVA with Lunar Roving Vehicle; deployed experiments.
1971 63D

P&F Subsatellite spring-launched from SM in lunar orbit. Mission
Duration 295 hours 11 minutes 53 seconds.
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MISSION/ LAUNCH |LAUNCH | PERIOD I CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
Int! Design VEHICLE | DATE (Mlns) lApogeo (km) | Perlgee (km})] Incl (dgg) ] ko) (AL hes from ESMC, unless otherwise noted)
CAS/EOLE (S) Scout 75 Aug 16 85 0 Obtain data on winds, temperatures, and pressures using
1971 1A S) balloons from Arg and a satellite,
Cooperative with France. (WFF)
BIC (S) Scout 76 (S}  Sep 20 SUBORBITAL FLIGHT 31.7 Barium lon Cloud Project to study the Earth's magnetic field.
Cooperative with Germany. (WFF)
OSOH (S) Delta 85 Sep 29 DOWN JUL 9, 1974 635.0 Observe active physical processes on the Sun and how it influences
1971 83A {S) the Earth and its space snvironment.
TETR4 (S) DOWN SEP 21, 1978 204
1971838
ITOS B (W) Detlta 86 Oct 21 DOWN JUL 21, 1972 31.7  Toaugment NOAA’s satellite world-wide weather observation
1971 91A )] capabilities. Second stage failed, Retmbursable (NOAA). (WSMC)
Explorer 45 (S) Scout 77 Nov 15 DOWN JAN 10, 1992 50.0 Smal Scientific Satellite to study magnetic storms and acceleration of
1971 96A charged paricles
UK-4 (S) Scout 78 Dec 11 DOWN DEC 12, 1978 102.4  Study the interactions between plasma and charged particls streams in
1971 109A S) the atmosphere. Cooperative with UK.
Intelsat IV F-3 (S} Atlas-Centaur  Dec 20 14455 36013 35928 103 1387.1  Fourth generation satellite to provide increased capacity for Comsat's
1971 116A (AC-26) (S) global commercial communications network. Reimbursabie (Comsat).
1972 1972
Intelsat IV F-4 (S) Allas-Centaur Jan 22 1442.4 35921 35896 9.7 1387.1 Fourth generation sateliite to plovlde lncreased capacity for Comsat's
{AC-26) (S) global (Comsal)
HEQS A-2 (S} Detta 87 Jan 31 DOWN AUG 2, 1974 117.0 Canmied seven experiments provided by vurlous European
1972 05A {S) to igate particles and in space.
Peimbursable (ESA
Pioneer 10 (S) Atlas-Centaur Mar 2 SOLAR SYSTEM ESCAPE TRAJECTORY 258.0 Jupiter Flyby. First spacecraft to flyby Juptter and return scientific data.
1972 12A {AC-27) (S)
TD-1 (S) Detta 88 Mar 11 DOWN JAN 9, 1980 470.8  Western European satellite to obtain data on high-snergy emissions
1972 14A (S) from stellar and gatactic sources. Reimbursable (ESA). (WSMC)
Apollo 16 (S) Saturn V Apr 16 LANDED APR 27, 1972 5655.0 Fifth manned lunar tanding mission with John W. Young, Ken Mattingly,
1972 31A SA-511 (S) and Charles M. Duke. Landed at Descartes on Apr 20, 1972. Deployed
P&F Subsat (S) SM Apr 16 IMPACTED MOON MAY 29, 1972 363 camera and experiments; pesformed EVA with lunar roving vehicle.
1972310 Deployed P&F Subsateliite in lunar orbit. Mission Duration 265 hours 51
minutes 5 seconds.
Intelsat IV F-5 (S) Atlas-Centaur  Jun 13 14386 35858 35811 10.7 1387.1  Fourth generation satellits to provide increased capacity for Comsat's
1972 41A (AC-29) (S) global network, (Comsat),
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1972

MISSION/ LAUNCH |LAUNCH | PERIOD ] CURRENT ORBITAL PARAMETERS ]WEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins.) [ Apogee (km}] Perigee (km}] Incl (deg) (kg) {All Launches from ESMC, unless otherwise noted)

ERTS-A (S) Detta 89 Jul 23 103.0 908 896 29.3 941.0 Demonstrate remote sensing technology of the Earth's surface on a

1972584 {S) lobal scate and on a repetitive basis. SM!

Explorer 46 (S) Scout 79 Aug 13 DOWN NOV 2, 1979 206.4 Meteoroid Technology Satellite to measure meteoroid penetration

1972 61A (8] rates and velocity.

0AQ 3 (8) Atlas-Centaur  Aug 21 99.2 725 713 35.0 22000  Study intersteliar of common el inthe ir

1972 65A {AC-22) {S) gas, and investigate ultraviolet radiation emitted from young hot stars.

Transit (S) Scout 80 Sep2 99.9 796 707 90.0 94.0 Navigation Satellite for the U.S. Navy. Reimbursable (DOD). (WSMC)

1972 69A S)

Explorer 47 (S) Delta 90 Sep 22 CURRENT ELEMENTS NOT MAINTAINED 375.9 y i Platform; an space physics lab to

1972 73A & Study interplanetary radiation, solar wind, and energetic particles.

ITOS D (S) Deita 91 Oct 15 1149 1453 1446 102.0 34.5 Toaugment NOAA's satellite world-wide weather observation

1972 82A {S) capabilities. Oscar, an amateur radio satelliite, was carried as a

Oscar (S) od 15 149 1452 1446 1020 159 piggyback. Reimbursable (ITOS/NOAA; Oscar/AMSAT). (WSMC)

1972 828

Telesat A (ANIK) (S)  Delta 92 Nov 9 1457.1 36258 36138 10.8 544.3  First of a series of domestic communications satellites for Canada.

1972 90A Reimbursable (Canada). (WSMC)

Explores 48 (S) Scout 81 Nov 15 DOWN AUG 20, 1980 186.0 Small Astronomy Satellite; carried a gamma ray telescope in a bulbous

1972 91A ) dome to study gamma rays. Launched by an ltalian crew from San
Marco. (SM)

ESRO IV (S} Scout 82 Nov 21 DOWN APR 15, 1974 1140 Carried five 1o i gate the i the near

1972 92A s) magnetosphere, auroral, and solar particles. Reimbursable (ESA).

(WSMC)

Apollo 17 (S) Satum V Dec7 LANDED DEC 19, 1972 516550 Sixth and last manned lunar landing mission in the Apollo series with

(AS-512/CSM- SA-512 (S) Eugene A. Ceman, Ronald E. Evans, and Harrison H. (Jack) Schmitt.

114AM-12) Landed at Taurus-Littrow on Dec 11., 1972. Deployed camera and

1972 96A experiments; performed EVA with funar roving vehicle. Returned lunar
samples. Mission duration 301 hours 51 minutes 59 seconds.

Nimbus E (S) Defta 93 Dec 11 107.1 1099 1086 99.8 716.8  Stabilized, Earth-oriented platform to test advanced systems for

1972 97A {S} collecting meteorological and gsological data. SM

AEROS (§) Scout 83 Dec 16 DOWN AUG 22, 1873 125.7  Study the state and behavior of the upper atmosphere and

1972 100A (S) ionosphere. Cooperative with Germany. {WSMC)

1973 1973

Pioneer G (S) Adlas-Cortaur A5 SOLAR SYSTEM ESCAPE TRAJECTORY 2590 Investigate the interplanctary medium beyond the orbit of Mars, the

1973 1A {AC-30) (S) Asteroid Belt, and the near-Jupiter environment.
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MISSION/ LAUNCH |[LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS |WEIGHT)| REMARKS
Intl Design VEHICLE | DATE | (Mins) [Apogee (k)| Periges (km)[incl (deg) | (ka) | _(All Launches from ESMC, unless otherwise noted)
Apr 20

igee (km g
Telasat B (ANIK-2) (S) Detta 94 1443.0 35970 35873 94 5443 Second domestic communications satellite for Canada.
1973 23A {S) Reimbursabte (Canada),
Skytab Workshop (S)  Satum V May 14 DOWN JUL 11, 1979 71500.0 Unmanned launch of the first U.S. Space Station. Workshop incurred
1973 27A SA-513 {S) damage during launch. Repaired during folow-on manned missions.
Skytab 2 Saturn 1B May 25 LANDED JUN 22, 1973 297500  First manned visit to Skylab workshop with Charles (Pete) Conrad, Jr.,
206/CSM-118 {5) SA-208 {S) Joseph P. Kerwin, and Paul J. Weitz. Deployed parasol-like thermal
1973 32A blanket to protect the hull and reduce temperatures within the workshop;
freed sofar wing that was jammed with debris. Mission duration 672
hours 49 minutes 49 seconds
Explorer 49 (S) Delta 85 Jun 10 SELENOCENTRIC ORBIT 3280 Radio Astronomy Explorer to measure low frequency radic noise from
galactic and ctic goyrces and from the Sun, Earth and Jupiter,
ITOSE (V) Detta 96 Jul 18 DID NOT ACHIEVE ORBIT 333.8  Augment NOAA's satellite workl-wide weather observation capabilities.
) Vehicle second stage matfunctioned. Reimbursable (NOAA). ~MSMC
Skylab 3 Satum 18 Jul 28 TANDED SEP 25, 1973 297500 manned visit to Skylab Workshop with Alan L. Bean, Owen K.
207/CSM-117 (S) SA-207 (S) Garriott, and Jack R. Lousma. Performed systems and operational
1973 S0A tests, conducted experiments, deployed thermal shield. Mission
Duratior inyte: ds,
Intelsat IV F-7 (S) Atlas-Centaur  Aug 23 14524 36138 36072 97 1387.1  Fourth generation satellite to provide increased capacity for Comsat's
{AC-31 (S) globa mercial communications petwork, Heimburgable (Comsa
Exploref 50 (S) Delta 97 Od 25 ELEMENTS NOT AVAILABLE 3972 Last itoring Platform to investigate the Earth's
(S} fadiation envi
Transit (S) Scout 84 Oct 0 105.2 1123 835 89.9 950 Navigation satellite for the U.S. Navy. Reimbursable (DOD). (WSMC)
1973 81A (S}
Mariner 10 Atlas-Cemtaur  Nov 3 HELIOCENTRIC ORBIT 504.0 Venus and Mercury flyby mission; first dual-planet mission.
(Mariner/Venus/ (AC-34) (S) Photographed the Earth and the Moon on its flight to Venus; Venus
Mercury) (S} encounter (at 5,800 km) on February 5, 1973; Mercury encounter (at
1973 85A 704 km) on March 29, 1974; second Mercury encounter (at 48,069 km)
on September 21, 1974; third Mercury encounter (at 327 km) on
March 16, 1975. Engineering tests conducted before attitude control
gas was depleted and transmitter commanded off on March 24, 1975.
ITOS F (S) Delta 98 Nové 118.1 1508 1499 116.1 3450 Toaugment NOAA's satellite world-wide weather obsarvation
1973 S) capabhilities, Reimbursable (NOAA), SM!
Skylab 4 {S) Saturn 1B Nov 16 LANDED FEB 8, 1974 29,750.0 Third manned visit to Skylab Workshop with Gerald P. Carr, Edward G.
1973 90A SA-208 (S} Gibson, and William R. Pogus. Performed inflight experiments; obtained

medical data on crew; performed four EVA's. Mission duration; 2016
hours 1 minute 16 seconds.

B-105



NASA Major Launch Record 1973

MISSION/ LAUNCH [LAUNCH |PERIOD L CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS

intl Design VEHICLE | DATE | (Mins.) [Apogee (km) [ Perigee (km)] Inc! (deg) | (kg) (All Launches from ESMC, unless otherwise noted)

Explorer 51 (S) Detta 99 Dec 16 OOWN DEC 12, 1978 €63.0 Atmosphere Explorer; carried 14 instruments to study energy transfer,

1973 101A {S) atomic and and chemical inthe
atmosphers, NSMO)

1974 1974

Skynet [I-A (U) Detlta 100 Jan 18 DOWN JAN 25, 1974 4355 Communication satellite for the United Kingdom. Short circuit in

1974 02A ()] electronics packaqe caused vehicle failure. Reimbursable (UK).

Centaur Proof Titan ME Feb 11 DID NOT ACHIEVE ORBIT Launch vehicle development test of the Tian llIE/Centaur (TC-1);

Flight (U) Centaur (76) (U) carried simulated Viking spacecraft and Sphinx. Liquid oxygen boost
pump failed to operate during Centaur starts. Destruct command sent
748 seconds after fiftoff.

San Marco C-2 (S) Scout 85 Feb 18 DOWN MAY 4, 1976 170.0 Measure variations of neutral density,

1974 09A S) composition, and temperatute, Coo erative with Ital San Marco]

UK-X4 (S) Scout 86 Mar 8 1003 867 677 978 96 Th i

1974 13A {S) involved in the design and manufaﬁure of this type platform for use on
small spacecraft. Reimbursable (U SM!

Westar A (S) Detta 101 Apr13 14416 35907 35907 9.1 571.5 Domestic communications satellite fov Western Union.

1974 134 s) _Roimbursable (WU).

SMS A {S) Detta 102 May 17 ELEMENTS NOT AVAILABLE 628.0 Geostationary environmental satellite to provide Earth imaging in

1974 33A S) visible and IR spectrum, First weather observer to operate in a fixed

| geosynchronous orbit about the Equator. Cooperative with NOAA.

ATS F (S) Titan Nl G May 30 1412.1 35440 35190 125 14030 Applications Technology Saieliite capable of providing good quality TV

1974 39A Centaur 79 (8) signals to small, inexpensive ground receivers. Carried over 20
tochn and science experiments.

Explorer 52 (S} Scout 87 Jun 3 DOWN APR 28, 1978 266 ‘“Hawkaye® toi igate the i ion of the solar wind

1974 40A S) with the Earth's magnetic field. (WSMC)

AEROCS B (S) Scout 88 Jul 16 DOWN SEP 25, 1975 125.7 German-built satefiite to study the state and behavior of the upper

1974 554 (S) atmosphere and ionosphere. Reimbursable (Germany). (WSMC)

ANS A (S) Scout 89 Aug 30 DOWN JUN 14, 1977 129.8  Study the sky in ulzaviolet and X-ray from above the atmasphere.

1974 70A 8] Cooperative with the Nathertands. SM!

Westar B (S) Delta 103 Oct 10 14422 35928 35883 89 571.5 Domestic communications satellite for Western Union.

1974 75A ) Reimbursable (WU).

UK-5 (S) Scoul 90 O 15 DOWN MAR 14, 1980 130.3 Measure the spectrum, polarization and pulsar features of non-solar

1974 77A ) X-ray sources. Cooperative with UK. (San Marco)
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MISSION/ LAUNCH [LAUNCH |PERIOD rCUHRENT ORBITAL PARAMETERS—[WEIGHT REMARKS
tntl Design VEHICLE | DATE | (Mins.) | Apogee {km) | Per rigee (km) ] Incl (deg) | (kg) (Al Launches from ESMC, unless otherwise noted)
ITOS-G (S) Delta 104 Nov 15 1149 101.9 345 0 ITOS-G - To augment NOAA's satellite worlkd-wide weather obsetvation
1974 89A &) capabilties. Reimbursable (NOAA).
Intasat {S} 1148 1457 1439 101.9 20.4 Intasat - Conduct of total electron
1974 89B counts. Cooperative with Spain.
Oscar (§) 1148 1457 1437 1019 28,6 Oscar - provide communications capability for amateur radio
1974 89C enthusiasts around the world,_Reimbursable (AMSA’ ISM
Intelsat IV F-8 {S) Aflas-Centaur Nov 21 14430 35949 35694 8.1 1387.1  Fourth generation satellits to provide increased capacity jor Comsat's
1974 934 {AC-32) (S) global commerciat communications network. Reimbursable (Comsat),
Skynet 11-B (S} Dehta 105 Nov 22 1436.9 35828 35775 11.6 4350 Communication satellite for the United Kingdom. Reimbursable (UK).
1974 94A &)
Helios A (S} Titan IE Dec 10 HELIOCENTRIC ORBIT 370.0 Study the Sun from an orbit near the center of the solar system.
1974 97A Centaur 83 (S) Cooperative with West Germa
Symphonie A (S) Delta 106 Dec 18 14406 35896 35853 119 4020 Joint French-German communications satellite to serve North and
1974 101A (] South America, Europe, Africa and the Middle East. Reimbursable
{France/Germany).
1975 1975
Landsat 2 (S) Delta 107 Jan 22 103.1 EXR) 899 98.8 953.0 Second Earth Resources Technology Satellite to locate, map, and
1875 04A (5] measure Ennh resources parameters from space and demonstrate the
of this app: to the of the worlds
resources. SM!
SMS-B (S) Detta 108 Feb6 ELEMENTS NOT AVAILABLE 628.0 Together with SMS-A, provide cloud-cover pictures every 30 minutes
1975 1A &) 1o weathermen at NOAA. Cooperative with NOAA.
Intelsat IV F-6 (U} Atlas-Centawr  Feb 20 DID NOT ACHIEVE ORBIT 1387.1  Fourth generation satellite to provide increased capacity for Comsat's
(AC-33) (U) global commercial communications network. Launch vehicle
malfunctioned. Rsimbursable (Comsat).
GEOSC (S) Detta 109 Apr9 101.6 851 815 115.0 3400 Oceanocgraphic and geodetic satellite to measure ocean lopogmphy,
1975 27A (8) sea state, and other features.
Explorer 53 (S) Scout 91 May 7 DOWN APR 9, 1879 196.7 Small Astronomy Satellite to study X-ray sources within and beyol nd
1975 97A $) the Milky Way gataxy. {Sen Marco)
Telesat C (S) Detta 110 May 7 1439.5 35872 35833 8.2 5443 Third domestic communications satelite for Canada.
1975 3BA S) Reimbursable (Canada).
Intelsat (V F-1 (S) Atlas-Centaur May 22 1450.8 36133 36015 8.1 1387.1  Fourth generation sateliita to provide increased capacity for Comsat's

1975 42A

(AC-35) (8)

commercial communications network. Last of the IV series.
Reimbursable (Comsat).
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1975

MISSION/ LAUNCH |LAUNCH |PERIOD r CURRENT ORBITAL PARAMETERL| WEIGHT] REMARKS
Intl Design VEHICLE | DATE | (Mins.) [Apogee (km) | Perigee (km) | Incl (de {kg) (All Launches trom ESMC, unless otherwise noted)
Nimbus F (S) Delta 111 Jun 12 107.4 1" 1098 99.8 827.0 Stabilized, Earth-oriented platform to test advanced systemns for
1976 52A 8 collecting meteorological and geological data. (WSMGC)
0801 (S} Detta 112 Jun 21 DOWN JUL 8, 1986 10884 Observe active physical processes on the Sun and how it influences
1975 57A S) the Earth and its space environment.
Apoallo Soyuz Satum 1B Jui 15 DOWN JUL 24, 1975 14,856.0 Manned Apotio spacecraft with Thomas P. Stafford, Vance D. Brand and
Test Project (S} SA-210 (S) Donald K. Slayton Rendezvoused and docked with Soyuz 19 spacecraft
1975 68A (atso launched July 15, 1975) with Aleksey Leonov and Valeriy Kubasov
on July 17, 1975, Mission Duration 217 hours 28 minutes 23 seconds.
COS B () Delta 113 Aug 8 CURRENT ELEMENTS NOT MAINTAINED 2775 Cosmic ray satellite to study extraterrestrial gamma radiation.
1975 72A (S) Reimbursable (ESA). (WSMC]
Viking A Orbiter{S) Titan IIE Aug 20 AEROCENTRIC ORBIT 2324.7  Mars Orbiter and Lander mission to conduct systematic investigation
1975 75A Centaur 88 {S) of Mars. U.S. first attempt to soft land a spacecraft on another planet
Viking A Lander (S) LANDED ON MARS JUL 20, 1976 571.5 achieved on July 20, 1976. First analysis of surface material on
1975 75C another planet,
Symphonie B (S) Delta 114 Aug 29 14404 35880 35861 121 4020 Second joint French-German communications satellite to serve North
197577A and South America, Europe, Africa and the Middle East. Reimbursable
{France/Germany). :
Viking B Orbiter(S) Tan NIE Sep 9 AEROCENTRIC ORBIT 23247 Second Mars Orbiter and Lander mission to conduct systematic
1975 83A Centaur 89 (S) investigation of Mars. Soft landed on Mars on September 3, 1976.
Viking 8 Lander LANDED ON MARS SEP 3, 1976 571.5 Returned excellent sciantific data.
1975 83C
Intelsat IVA F-1 (S) Atlas-Centaur  Sept 25 14410 35914 35852 8.1 1515.0 Improved satellite with double the capacity of previous Intelsats for
1975 91A (AC-36) {S) Comsat's global i ications network. F
{Comsat}.
Explorer 54 (S} Delta 115 “Oct6 DOWN MAR 12, 1976 6750 Explorer to i chemical pi and energy
1975 96A (O] transfer mechanisms which control the Earth’s atmosphere. SM
Transit {S) Scout 92 Oct 12 DOWN MAY 26, 1991 161.9  Second in a series of improved navigation sateliite for the U.S. Navy.
1975 99A S) Reimbursable. {WSMC)
SMS-C/GOESA (S}  Detta 116 Oct18 14357 35801 35756 76 628.0  First operational satellite in NOAA's geosynchronous weather satellite
1975 100A S) system. Reimbursable (NOAA).
Explorer 55 (S) Delta 117 Nov 20 DOWN JUN 10, 1981 7196 Explorer to i i the chemical and
1975 107A { energy transfer mechanisms which controt Earth's atmosphere.
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MISSION/ LAUNCH [LAUNCH | PERIOD [ CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS

Int! Design VEHICLE | DATE | (Mins.) | Apogee (km) Perigee (km) | Incl (deg) | (kg) (All Launches from ESMC, unless otherwise noted)

Oual Alr Density Scout 93 DecS DIC NOT ACHIEVE ORBIT 353 Measurs global density of upper atmosphere and lower exosphere.

Explorer (U} - ) Matlfunction during third stage burn resulted in loss of vehicle control;
destroyed by Range Safety Oﬂu:er at 341 seconds. (WSMC)

RCA A (S) Dofta 118 Dec13 14458 36084 35873 82 867.7 First RCA satellite. Rei (RCA).

1975 117A (8]

1976 1976

Helios B {S) Than WE Jan 15 HELIOCENTRIC ORBIT 3747 Carried 11 scientific instruments 1o study the Sun. Cooperative with

1976 03A Centaur 93 (S) Gemany.

CTS () Detta 119 Jan 17 1437.1 35887 35726 122 347.0 i high-powered ication satellite to provide

1976 04A ___ S communications in remote areas, Cooperative with Canada,

Intelsat VA F-2 (S} Atlas-Centaur Jan 29 1444.5 35968 35933 83 1515.0 Second improved satellite with double the capacity of previous

1976 10A {AC-37) () intelsats for Comsat's global commercial communications network.
Reimbursable {Comsat).

Marisat A (S) Delta 120 Feb 19 14361 35797 35777 104 655.4 Comsat Maritime Satellite to provide rapid, high-quality communications

1976 17A 8 between ships at sea and home offices. Reimbursable (Comsat).

RCAB (S) Detta 121 Mar 26 14860.1 36501 36010 78 867.7 Second RCA domestic communications Satellite.

1976 29A (S) . Reimbursable (RCA).

NATO I1A (S) Delta 122 Apr 22 14423 36008 35806 10.1 670.0 Third-generation communications satelliite for NATO.

1976 35A S) Reimbursabie (NATO)

LAGEQCS (S) Delta 123 May 4 2254 5945 5838 109.9 4110  Solid, spherical passive satellite to provide a reference point for laser

1976 39A ) ranging its. (WSMC]

Comstar 1A (S) Atlas-Centaur  May 13 14426 35921 35905 8.0 1490.1  First domestic communications satellite for Comsat.

1976 42A (AC-38) (S} Heimbursable (Comsat).

Air Force P76-5 (S) Scout 94 May 22 1054 1044 981 99.6 72.6 Evaluate propagation effects of disturbed plasmas on radar and

1976 47A (S} communications systems. Reimbursable (DOD). (WSMC)

Warisat B (S) Doz 424 JunS 14364 WY 570 ®5 8554 Second Comsal Marftime Sateiiite 1o provide rapid, high-quality

1976 53A {S) communications between ships at sea and home offices. Reimbursabile
(Comsat),

Gra Jun 18 SUBORBITAL FLIGHT Sci robe to test Einstein's Theory of Relativi

Palapa A (S) Deha 125 Jul 8 1439.1 35867 35821 8.0 5738 C Satellite for Rolmbmsabla

1976 66A &

Comstar B (5) Allas-Centaur Jul 22 1436.2 35791 35784 79 1490.1 Socond domestic communications satellite for Comsat.

1976 73A (AC-40) (S) F (Comsat).
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1976

MISSION/ LAUNCH |LAUNCH |PERIOD LCURHENT ORBITAL PARAMETERS IWEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins,) |Apogee (km) [ Perigee (km)[Inci(deg) | (kg) (ANl L from ESMC, unless otherwise noted)

TOS H (S) Detlta 126 Jul 29 116.2 1518 1505 102.1 3450 Second generation satellite for NOAA's world-wide weather

1976 77A (5] observation. Reimbursable (NOAA). (WSI\E_J

TP (S) Scout 96 Sep 1 BOWN MAY 30, 1981 1660 Impraved Transtt Navigation Satellite for the U.S. Navy.

1976 89A & Reimbursable (DOD). M

Marisat C (S) Deha 127 Oct 14 1436.0 35791 35779 109 655.4 Third Comsat Maritime Satellite to provide rapid, high-quality

1976 101A S communications between ships at sea and home offices. Reimbursable
(Comsat).

1977 1977

NATO 1B (S} Delta 128 Jan 27 1436.2 35789 35788 99 670.0 Third-generation communications satellite for NATO.

1977 05A $) Reimbursabla (NATO)

Palapa B (S) Detta 129 Mar 10 14395 35873 35831 69 573.8 Second G Satellite for

1977 18A S) Reimbursable {Indonesia).

GEOS/ESA (U} Delta 130 Apr 20 7341 38283 2874 266 571.5 ESA scientific satellite; carried seven experiments to investigate the

1977 29A w Earth's during second stage
spinup placed GEOS in unusable orbit. Relmbursable (ESA).

Intelsat IVA F-4 (S) Aflas-Centaur May 26 14481 36075 35966 7.0 15150 Improved sateliite with double the capacily of previous Intelsats for

1977 41A (AC-39) (S) Comsat's global network. f
{Comsat)

GOES/NOAA (S) Detta 131 Jun 16 1435.8 35797 35762 10.2 635.0 i spin-scan provided day and night global

1877 48A S) weather pictures for NOAA. Reimbursable (NOAA).

GMS (8) Detta 132 Jui 14 1451.0 36152 36001 104 6635 Operational weather satellite; Japan's contribution to the Global

1977 65A [©] Atmosphere Research Program {GARF). Reimbursable (Japan).

HEAO A (S) Aflas-Centaur  Aug 12 DOWN MAR 15, 1979 25519 High Energy Astronomy Observatory to study and map X-rays and

1977 75A (AC-45) (S) mma rays.

Voyager 2 (S) TITAN W E Aug 20 SOLAR SYSTEM ESCAPE TRAJECTORY 2086.5 Investigate the Jupiter and Saturn planetary systems and the

1977 76A Centaur 106 (S) interplanetary medium between the Easth and Satum. Jupiter fiyby
occurred on July 9, 1979; Saturm fyby occurred on August 25, 1981;
Uranus flyby occurted on January 24, 1988; and Neptune flyby occurred
on August 25, 1989. Will continue into intersteflar space

SIRIO (S) Detta 133 Aug 26 14387 35925 35750 83 398.0 Ralian sclentific satellite to study the propagation characteristics of radic

1977 80A ()

waves transmitted at super high frequencies during adverse weather.
Reimbursable (Rtaly).
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NASA Major Launch Record 1977

MISSION/ LAUNCH [LAUNCH |PERIOD rCUFlRENT ORBITAL PARAMETERS ]WEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins.) [Apogee (km) ] Perigee (km)[Incl{deg) | (kg) (AN L hes from ESMC, unless otherwise noted)
Voyager 1 (S) Titan I E Sep5 RELIOCENTRIC ORBIT 20885 Investigate the Jupiter and Saturn planetary systems and the

1977 B2A Centaur 107 {S) interplanetary medium between the Earth and Satum. Jupiter flyby

occurred on March 5, 1979; Saturn flyby occurred on November 12,
1980; departed Saturn at a high angle to the acliptic plane to observe
the large cloud-covered moon Titan. Will not be involved in any more

ESA/OTS (U) Dolta 134 (U} Sep 13 DID NOT ACHIEVE ORBIT 865.0 ESA experimental communications satsilite. Vehicle exploded at 54
seconds after [ift etmbursab
intelsat IVA F-5 (U} Atlas-Centaur Sep 29 DID NOT ACHIEVE ORBIT 15150 Improved satellite with double the capacity of previous Inteisats for
{AC-43) () Comsat's global commercial communications network. Launch vehicle
~falled, Refmb

ISEE AB Defta 135 (S} Oct22 Duaj payload International Sun Earth Explorer to the study Interaction
1977 102A (S) DOOWN SEP 26, 1887 3290 of the interpianetary medium with the Earth's immediate environment.
10771028 () ___DOWNSEP26,1987 1577 Cooporfive whhESA,

Transat (S) Scout 97 Oct 27 106.8 1096 1060 89.7 939 Improved Transit navigation sateiiits for the U.S. Navy.

1977 106A Reimbursable D). M

cteosat oV .3 35815 35748 EAE) etoorological satclite; Europe's cont] tothe

19; BA (S) Atmospheric Resoa: R of ble

CS/Japan (S) Detta 137 Dec 14 1455.8 38182 36162 2.8 8770 Experimental communication satellits for Japan.

1977 118A (S} _Reimbursable {Japan).

1978 1978
intelsat IVAF-3 (S} Allas-Centaur  Jan € 14414 35901 35877 85 1515.0 Provide increased telecommunications capacity for Intelsat's global
IUE-A (S) Delta 138 Jan 26 14356 41343 30210 338 6985 lmmmuona! Ukmvblﬂ Exuuu o ottain Mgh Mhnbn dnta 01 stars

and n

Fhsatcom-A (S) Atias-Centaur Feb 9 1438.1 35798 35776 105 1863.3

Landsat-C (S) Delta 139 Mar 5 103.1 916 894 98.8 900.0 Thlld Elmh Resouren Tadmoloqy Se!allue to study the Earth's

1978 26A Sy natural resources; measure water, agricuftural fiekds, and mineral
Oscar-8 (S) 103.0 204 893 992 27.3 deposits. Camied Lewis Research Center Plasma interaction

1978 268 Experiment (PIX-{} and AMSAT Ouscar Amateur Radio communications
PIX-} (S} CURRENT ELEMENTS NOT MAINTAINED 34.0 relay satellite. Reimbursable (Oscar/AMSAT).

Intelsat IVAF-6 (S)  Attas-Gentaur Mar 31 1435.6 35801 35753 65 15150  Provide increased telscommunications capacity for Inteisat's globa)
1978 35A (AC-48} (S) network. Reimbursable (Comsat).
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NASA Major Launch Record ~ 1978

MISSION/ LAUNCH |LAUNCH | PERIOD IJURRENT ORBITAL PARAMETERQ WEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) | Apogeo (km)TPerlgee {km} [ Incl (deg) (k) (All Launches from ESMC, unless otherwise noted)
BSE/Japan (S) Delta 140 Apr7 1435.2 10 6650 Japan's far ™v
. broa I
HCMM/AEM-A (S) Scout 98 Apr26 DOWN DEC 22, 1981 134.3 Heat Capacity Mapping Mission to test the temib:lny of measuring
1978 41A variations in the Earth's temperatures. (WSMC)
OTS-B (S) Delta 141 May 11 14526 36124 36092 85 86850 Orbital Test Satellite to conduct communications expenmenls for ESA.
1078 44A | .. Reimbyrsable {ESA}
Pionees Venus-A Allas-Centaur  May 20 ELEMENTS NOT AVAILABLE 5820 Qne of two Pioneer flights to Venus in 1878; was placed in orbit
(Orbiter) (S) {AC-50) (S) . around Venus for remote sensing and direct measurements of the
1978 51A . lanet and its surrounding environment.
GOES-GNOAA (S) Delta 142 Jun 16 1436.0 35808 35761 9.1 6350 Part of NOAA's global network of geostationary environmental
1978 62A {S) satellites to provide Earth imaging, monitor the space environment, and
relay meteorological data to users. Reimbursable (NOAA).
Seasat-A (S) Atlas-F Jun 26 1001 765 761 108.0 2300.0 Demonstrate techniques for global monitoring of oceanographic
1978 64A (] phenomena and features. After 106 days of returning data, contact was
- lost when a short circuit drained all power from the batteries, (WSMC)
Comstar C {S) . Atlas-Cemtaur Jun 29 14518 36181 36004 6.3 15160 Third domestic communications satellite for Comsat.
197868A  ° __(AC-41) (S) Reimbursable {Comsat).
GEOS-B/ESA (S) Delta 143 Jul 14 1449.1 36056 36033 11 575.0 Positioned on magnetic field lines to study the magnetosphere and
1978 T1A [ correlate data with ground station, balloon, and sounding rocket
- . . measurements. Reimbursable 1 SA).
Pioneer/Venus-8 Atlas-Centaur  Aug 8 PROBES LANDED DEC 9, 1978 9040 Second Pionaer flight to Venus in 1978 to determine the nature and -
(Muttiprobe) {AC-51) (S) composition of the atmosphere of Venus. Afl four probes and the bus
1978 78A transmitted scientific data. The large probe, nosth probe, and night
: probe went dead upan impact; the day probe continued to transmit fo( .
68 minutes after impact. . .
ISEE-C (S) Delta 144 Aug 12 HELIOCENTRIC ORBIT 4790 i the istics of solar about 1 hour before™
1978 78A S) ISEE-A and B to gain knowiedge of how the Sun controts the Earth's
ICE (S) , near space environment. The spacecraft was renamed ICE in 1985 and
its orblt was changed to encounter the Comet Giacobini-Zinner on !
September 11, 1985. Cooperative with ESA.
Tiros-N {S) Atlas-F o 13 101.7. 845 829 98.7 1405.0 Thmi ueneranon polar orbiting envuonmumal spacecrafi to provide
1978 96A [CY P gical and data. Qperated by NOAA. -

(WSMC)
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NASA Major Launch Record : 1978

MISSION/ LAUNCH [LAUNCH |PERIOD I CURRENT ORBITAL PARAMETERS |WEIGHT . REMARKS
Intl Deslgn . - VERICLE | DATE (Mlns) lApogee_(l_(_:l\)_Mee (km) [ Incl (deg) | (kg) (ANl L hes from ESMC, unless otherwise noted)
Nimbus-G (S) Delta 145 Oct 24 891 987.0 Carried ad sensors and y to conduct i in
1978 98A .8 pollution itoril and 1 . ESA received
Camoo ) 104.0 966 924 996 and processed dala direct. After separation from Nlmbus G, the Delta
- 1978988 . : X vehicle released lithium over Northern Scandinavia and barium over
' ) . Northern Alaska as part of Project CAMEO (Chemically Active Material
N Ejected in Qrbit).
HEAO-B (S) Atlas-Centaur Nov 13 DOWN MAR 25, 1982 31520 Second High Energy Astronomical Observatory; carried a large X-ray
1978 103A (AC-52) (S) . telescope to study the high energy universe, pulsars, neutron stars, -
black holes, guasars, radio galaxies, and supern
NATO WIC (S) Deha 146 Nov 18 14622 36307 36283 69 706.0 Third-generation communications sateliite for NATO.
M - ' (NATOQ)
Tetesat D (S) Delta 147 Dec 15 14427 35943 35887 5.8 887.2 Founh domestic communications sa(elms for Canada
19781164 .. __(8) : (Canada) -
1979 . 1979
SCATHA (S) . Delta 148 Jan 30 14184 42737 . 28140 94 . 6586 Spacecralt Charging at High Altitudes (SCATHA) carried 12
1979 07A (S) : . . experiments to investigate electrical static dlscharges that affect
satellites, i {DOD)
SAGE/AEM-2 (S} Scout 99 Feb 18 DOWN APR 11, 1989 127.0 Stratospheric Aerosol and Gas Experiment Applications Explorer
. (S) B Mission, to map ventical profiles of ozone, aerosol, nitrogen dioxide, and
Rayleight molecutar extinction around the globe. (WFF)
Fhtsatcom BT§) Atlas-Centaur May 4 1461.3 36334 36222 9.2 1876.1 Provide communications capability for the USAF and the USN for fleet
1979 38A {AC-47) (S) ' refay and fleet broadcast. Reimbursable {DOD). (ﬂFE)
UK-6 (S) Scout 100 DOWN SEP 23, 1990 1545 Measure ultra-heavy cosmic ray particles and study low-energy cosmic
1979 47A {S) . X-rays. Reimbursable {UK). (WSMC)
NOAA-6 (S) Atlas-F Jun 27 100.7 801 786 98.6 1405.0 To provide continuous coverage of the Earth and high-accuracy
1979 57A {S) world-wide meteorological data, Relmbursable (NOAA}, {WSMC)
Westar C (S) Delta 149 Aug 9 14410 35889 35874 46 571.5 Domestic communications satellite for Western Union. -
. (S RAeimbursable (WU).
HEAO 3 (8) Atlas-Centaur  Sep 20 DOWN DEC 7, 1981 28985 High Energy Astronomy Observatory carried two cosmic ray
1979 82A . (AC-53) (S) experiments and one gamma ray spectrometer to obtain data on cosmic
aches A
MAGSAT/AEM=3 (S)  Scout 101 Oct 30 DOWN JUN 11, 1980 183.0  Magnetic Field Satellna Appiications Explorer Mission to map the
RCA-C (U} Delta 150 Dec 6 788.9 35423 8385 82 895.4 Third RCA domestic communications satellite. Contact was lost shortly
1979 101A S) after apogee motor firing. Reimbursable (RCA).

B-113



NASA Major Launch Record 1980

MISSION/ LAUNCH [LAUNCH |PERIOD uURRENT ORBITAL PARAMETERS ]WEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins.) {Apogee (km) [ Perigee (km)[ incl (deg) | (kg) (All Launches from ESMC, unless otherwise noted)

1980 1980

Fitsatcom C (S) Allas-Centaur Jan 17 1436.7 35885 35710 8.4 1864.7 Provide communications capability for the USAF and the USN for fleet
04A _{AC-49) (S) 10|

SMM-A (S) Detta 151 Feb 14 DOWN DEC 2, 1989 2315.0  Solar Maximum Mission; first solar ulelhte deslgned to study apedﬂc

1980 14A Sy sofar using a

detailed study of solar flares, active roglons. sunspots, and other :ohv
activity. Also measured tha total output of radiation from the Sun.

NOAA-7 (U) Allas 19F May 29 DOWN MAY 3, 1981 14050 A companion to TIROS N to provide continuous coverage of the Earth

1980 43A (V)] and provide high: data. Launch
vehicle malfum:tbned fallod to place satellite Imo proper orbit.
Reimbursable (NOAA), {WSMC)

GOES D {9) Deta 152 (S) Sep9 1451.3 36713 35453 86 832.0 Part of NOAA's global network of geostationary environmental

1980 74A satellites to provide Earth imaging, monitor the space environment, and
retay meteorological data. Reimbursable (NOAA).

Fltsatcom D (S) Atlas-Centaur Oct 30 1438.1 35798 35775 8.5 1863.8 Provide communications capability for the USAF and the USN for flest

1980 87A (AC-57) (S) refay and fleet broadcast. Reimbursable (DOD).

SBS-A (S) Detta 153 Nav 15 14425 35946 35878 53 1057.0 Satellite Buslnass Systems (SBS) to prwido tully switched private

1980 91A {S) and other
with large vaded communications muiramonts Reimbursable (SBS).

Intelsat V-A F-2 (S) Atlas-Centaur Dec 6 14382 35806 35769 38 1928.2 Advanced serias of spacecraft to provide increased

1980 98A (AC-54) (S) telecommunications capacity for Intelsat's global network. Reimbursable
(Comsat).

1981 19819

Comstar D (S) Atlas-Centaur Feb 21 1436.2 35791 35785 64 1484.0 Fourth domestic communications satellite for Comsat.

1981 18A (AC-42) (S) Reimbursable (Comsat).

ST (9) Shutlle (S} Apr 12 TANDED AT DFRF APR 14, 1981 First Manned orbtal teal fight of the Space 1ransportation Syster with

1981 34A (Columbia) John W. Young and Robert L. Crippen to verify the combined
performance of the Space Shuttle Vehicle. Mission duration 54 hours 20
minutes 53 seconds.

NOVA-1 (S) Scout 102 May 15 ELEMENTS NOT AVAILABLE 166.9 Improved Transit eatellite for the Navy's operational navigation system.

1981 44A (S) Reimbursable (DOD).

GOES E (5) Delta 154 May 22 14366 35808 35785 5.7 B370 Part of NOAAS (¢ I Satelite

1981 49A {S) system to provide near continual, high resolution visual and infrared
imaging over lasge areas. Reimbursable (NOAA).
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NASA Major Launch Record 1981
MISSION/ LAUNCH [LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) | A gggea (km) | Perlgee (km) ] Incl (deg) | ) (Al Launches from ESMC, unless otherwise noted)
intelsat V-8 F-1 {S) Atlas-Centaur  May 23 1438.2 44 series of to provide i
1981 50A (AC-56) (S capaclty for Intelsat's global network. Reimbursable {Comsat).
NOAA-C (S) Atlas 87F Jun 23 101.7 847 a29 889 14050 To provide continuous coverage of the Earth and provide high-accuracy
1981 59A S worldwide meteorological data, Reimbursabls {NOAA} {WSMC)
DE A& B(S) Delta 155 Aug 3 Dynamic Explorer (DE-A & B); dua! spacecraft to study the Earth's
1981 70A (S) 410.4 23286 505 88.8 4240 electromagnetic fields. {(WSMC)
1981708 () 4200
Flisatcom E (U) Atlas-Centaur Aug 6 1460.4 36311 36209 8.1 1863.8 Provide communications capability for the USAF and the USN for fleet
1981 73A {AC-59) (S) and fleet broadcast. Reimbursable
SBS-B Detta 156 Sep 24 1436.2 35797 35778 4.4 1057.0 Satellite Business Systems (SBS) to pwvldo 'ulry swiched private
1981 96A S) networks to and other
with large, varied eommunlenllons requirements. Reimbursable (SBS).
SME (S) Detta 157 Od6 DOWN MAR 5, 1991 4370 Solar Mesosphere Explorer, an atmospheric research satellite to study
1981 100A _{S) reactions between sunfight, ozone and other chemicats in the
UoSAT 1 (S) DOWN OCT 13, 1989 520 atmosphere. Carried UoSat-Oscar 8 (UK} Amateur Radio Sateliite as
1981 1008 secondary payload. Reimbursable (UoSat-Oscar 9}
§TS2(S) Shuttle (S) Nov 12 LANDED AT DFRF NQV 14, 1981 Second Manned orbital test flight of the Space Transportation System
1981 1A {Calumbia) with Joe E. Engle and Richard H, Truly to verify the combined
performance of the Space Shuttle vehicle, OSTA-1 payload
demonstrated capability to conduct scientific research in the attached
mede,
RCA-D (S) Detta 158 Nov 19 14386 35846 35826 18 1081.8 Fourth RCA domestic communications satellite.
1981 114A S Flelmbursablo (Bc;g
Intelsat V F3 (S) Atlas-Centaur Dec 15 1436.1 35801 35770 34 1928.2 to provide
1981 119A _{AC-55) (S) capacly. lov lmelsan giobal network. Reimbursable (Comsat}.
1982 1982
RCAC'(S) Delta 159 Jan 16 1448.0 35968 35970 11 1081.8  RCA domestic communications satefiite.
1962 04A S Reimbursable (RCA).
Westar {V {S) Delta 160 Feb 25 14434 35934 35923 1.1 10720 Second eatellits for Westem
1962 14A & Union. Reimbursable (WU).
Intelsat V-D F-4 (S) Atias.Centaur Mar 4 14353 35791 35751 34 1928.2 series of 1o provide
1982 17A {AC-58) (8) capacity for Intelsat's global network. Reimbursable {Comsat).
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NASA Major Launch Record 1982

MISSION/ LAUNCH [LAUNCH |PERIOD l CURRENT ORBITAL PARAMETERS JWEIGHT REMARKS
Intl Deslgn VEHICLE | DATE | (Mins.) [Apogee (km}] Perigee (km) [ Incl(deg) | (ka) (All Launches from ESMC, unless otherwise noted)
STS 3 () Shuttle {S) Mar 22 LANDED AT WHITE SANDS MAR 30, 1982 Third Manned orbital test flight of the Space Transportation System with
1982 22A {Columbia) Jack R. Lousma and C. Gordon Fullerton to verify the combined
performance of the Space Shuttle vehicle. OSS-1 scientific experiments
conducted from the cargo bay. Mission duration 192 hrs 4 mins 46 secs.
Insat 1-A (U) Detta 161 Apr 10 14342 35936 35562 0.1 11521 Multipurpose telecommunications/meteoroclogy spacecraft for India.
1982 31A S] Reimbursable (India).
Westar V (S) Delta 162 Jun 8 1451.4 36149 36023 08 11050 Western Union i ications satellite. Re (wu).
8754(8) Shuttle {S) Jun 27 LANDED AT DFRF JUL 4, 1982 Fourth and last manned orbital test flight of the Space Transportation
1982 65A {Columbia) System with Thomas K, {Ken) Mattingly Il and Henry W. Hartsfield to
verify the combined performance of the Space Shuttle vehicle. Carried
first operational Getaway Specwl wmsler for Utah Sta(e University and
payload DOD
Landsat D (S) Detta 163 Jul 16 98.8 705 693 983 19420 Earth Resources Technology Satellite to provide a continuing Earth
1982 72A (] remote sensing data. included a scanner and
thematic mapper. (WSMC)
Telesat G (S) Delta 164 Aug 25 14385 35851 35814 1.5 12383 Commercial communications satellite for Canada,
982 82A Reimbursable (Canada)
Intelsat V-E F-5 {S) Atlas-Centaur Sep 28 1436.1 35819 35754 29 1928.2 series of 1o provide i icati
1982 97A (AC-80) (S} capacity for Intelsat's global network. Carried Maritime Communications
ices (MCS) package for INMARSAT, Reimbursable {Com:
RCA-E (S) Delta 165 Qct 27 1436.2 35795 35779 17 1116.3 RCA domestic communications satellite.
Reimbyrsable {RCA),
STS5(§) Shuttle {S) Nov 11 LANDED AT DFRF NOV 16, 1982 First operational flight of STS with Vance Brand, Robert Overmeyer,
1982 110A (Columbia) Joseph Allen and William Lenoir. Two satellites deployed:
$BS-C (S) Nov 11 14362 35799 35776 12 3344.8 SBS-C (Reimbursable - SBS) and Telesat-C (Reimbursable - Canada).
1982 110B Demonstrated ability to conduct routine space operations. Mission
Telesat-E (S) Nov 12 1436.1 35796 35796 013 4443.4  duration 122 hours 14 minutes 26 soconds,
1983 1983
‘IRAS (S) Delta 168 Jan 25 1029 203 884 99.0 1075.9 Infrared Astronomical Satellite to make the first all-sky survey for objects
1983 04A (S) that emit infrared radiation and to provide a catalog of infrared sky maps.
PIX I} (S) 1023 882 851 100.0 Cooperative with the Netherlands. Lewis Research Center Plasma
1983 048 X}, to i between high
voltage systems and space envwonmem activated by Defta after IRAS

separation,
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NASA Major Launch Record 1983

MISSION/ LAUNCH |LAUNCH | PERIOD LCURRENT ORBITAL PARAMETERS ]wEIGHT REMARKS
Intl Design VEHICLE | DATE (Mlns.) | Apogee {km) [ Per J_ee (km) [ Incl (degj (kg) (All Launches from ESMC, unless otherwise noted)
NOAA-8 (S} Atlas 73E Mar 28 10 8.5 17120 Tiros sp to provide i ge of the Earth
1983 22A (5] and provide high. i gical data.
Reimbursable (NOAA) (WSMC)
STS 6 (S) Shuttle (S) Apré LANDED AT DFRF APR 9, 1983 Second operational flight of the STS with Paul Weitz, Karol Bobko,
1983 26A {(Challenger) Donald Peterson, Story Musgrave. Deployed Tracking and Data Relay
TORS-A (S) Aprd 14361 35797 35777 66 17014.0  Satellite (TDRS) to provide improved tracking and data acquisition
1983268 services to spacecraft in low Earth orbit; performed EVA. Mission
duration 120 hours 23 mmutes 42 seconds.
RCAF (S) Delta 167 Apr 11 14420 35956 357847 0.1 11163 RCA ions satellite. Rei (RCA).
1983 30A {8
GOES 6 (S) Detta 168 Apr 28 14354 35785 35758 45 838.0 Part of NOAA's i y O 7 i Satellite
1983 41A 8 system to provide near continual, high resolution visual and infrared
- imaging over large areas. Reimbursable (NOAA).
Intelsat V-F F-8 (S) Atlas-Centaur May 19 1436.2 35797 35779 19 1928.2 series of to provide i i
1983 47A (AC-81) (§) capacity for Intelsat's global network. Carried Maritime Communications
Services {(MCS) package for INMARSAT. Reimbursable (Comsat).
EXOSAT (S} Delta 169 May 26 DOWN MAY 6, 1986 500.0 X-ray satellite to provide continuous observations of X-ray sources.
1983 51A (S Reimbursable (ESA).
STS 7 (S) Shuttle (S) Jun 18 LANDED AT DFRF JUN 24, 1983 Third operational flight of STS with Robert L. Crippen, Frederick H.
1883 59A (Challenger) Hauck, John M. Fabian, Sally K. Ride (first woman astronaut), and
Telesat-F (S) Jun 18 1436.1 35793 35780 1.2 4443.4 Norman E. Thagard. Deployed two communications satellites. Telesat
1983 59B (Reimbursable - Canada) and Palapa (Re:mbursable lndonesm)
Palapa-B-1 (S) Jun 18 143861 35790 35784 24 45215 Carried out i including and g SPAS 01
1983 59C {Reimbursable - Germany). Mission duration 146 hours 23 minutes 59
SPAS-01 (8) Jun 18 RETRIEVED JUN 24, 1983 saconds.
1983 59F
AF P83-1 (S) Scout 103 Jun 27 1006 819 754 820 1126  Air Force HILAT satellite to evalua(e propagation effects of disturbed
198363A Sy plasmas on radar and ion systems. i (DOD).
Galaxy 1 (S) Delta 170 Jun 28 1436.1 35791 35782 00 5190 Hughes C i Inc. ications satellite,
1983 65A 8) Reimbursable (Hughes).
Telsat 2A (S) Delta 171 Jul 28 1436.2 35796 35780 0.1 6350 AT&T communications satelite. Reimbursable (AT&T).
1983 77A )
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1983

MISSION/ LAUNCH |LAUNCH |PERIOD [ CURRENT ORBITAL PARAMETERS ]WEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins.) | Apogee (km) [ Perigee (km)[ Incl (deg) | (kg) (All Launches from ESMC, unless otherwise noted)

STS 8 (S) Shuttle (5) Aug 30 LANDED AT DFRF SEP 5, 1983 Fourth operational flight of STS with Richard H. Truly, Daniel C.

1983 89A {Challenger) Brandenstein, Dale A. Gardner, Guion S. Bluford (first black astronaut),

INSAT-B (S) Aug 31 1436.2 35811 35765 30 3391.0 and William E. Thomton. First night launch and landing. Deployed

1983 89B satellite, INSAT (Roxmbursable India), performed tests and
oxpetiments, Mission duration 145 hours 8 minutes 43 seconds

RCAG (S) Delta 172 Sep 8 1436.2 35803 35772 0.0 11213 RCA { icati Satelite. (RCA).

1983 94A (S)

Gataxy 2 (S) Delta 173 Sep 22 1436.2 35792 35783 0.0 579.0 Hughes Ci satellite. F (Hughes).

S§TS5-8(S) Shuttle (S) Nov 28 LANDED AT DFRF DEC 8, 1983 Fifth operational flight of STS with John W. Young, Brewster W. Shaw,

Spacelab-1 {Columbia} Jr., Owen K. Garriott, Robert A. R. Parker, Byron K. Lichtenberg, and

1983 116A Uif Merbold (ESA). Spacelab-1, a mutlti-discipiine science payload,
caried in Shuttle Carge Bay. Cooperative with ESA. Mission Duration
247 hours 47 minutes 24 seconds.

1984 1984

STS 41-B (S) Shuttle (S) Feb3 LANDED AT KSC FEB 11, 1984 Fourth Challenger flight with Vance D. Brand, Robert L. Gibson, Bruce

1984 11A (Challenger) McCandless, Ronald E. McNair and Robert L. Stewart. Deployed

Westar 6 (U) Feb3 RETRIEVED NOV 16, 1984 (51-A) 3309.0 Westar (Reimbursable - WU), and Palapa B-2 (Reimbursable -

1984 11B Indonesia). Both PAM's failed; both satellites retrieved on STS 51-A

IRT (S} Feb3 DOWN FEB 11, 1984 2340 mission. Rendezvous tests performed with IRT, using deflated target.

1984 11C Evaluated Manned Maneuvering Unit (MMU) and Manipulator Foot

Palapa B-2 (U) Feb & RETRIEVED NOV 16, 1984 (51-A) 34190 Restraint (MFR). First STS landing at KSC. Mission duration 191 hours

1984 11D 15 minutes 53 seconds

Landsat 5 (S) Delta 174 Mar 1 988 703 695 98.2 1947.0 Earth resources lechnology salelme (o provide continuing Earth remote

1984 21A (s} sensing data. scanner and

UoSAT (S) 98.0 870 653 97.8 52.0 thematic mapper. Re«mbursable (NOM) UoSAT sponsored by

1984 21B =

STS 41-C (S) Shuttle (S} Apr 6 LANDED AT DFRF APR 13, 1984 Fifth Challenger flight with Robert L. Crippen, Frances R. Scobee,

1984 34A (Challenger) Terry J. Hart, George D. Netson and James D. Van Hoften. Deployed

LDEF (S) Apr 6 RETRIEVED JAN 20, 1990 (STS-32) 9670.0 LDEF; SMM retrieved and repaired in Cargo Bay; redeployed Aprit 12.

4 348 Missi ion 167 e 7
Intelsat V-G F-9 (U) Atlas-Centaur Jun9 DOWN OCT 24, 1984 1928.2 series of to provide
1984 57A {AC-62) (U) capacity for Intelsat's globa! network. Carried Maritime Communications

Services (MCS) package for INMARSAT. Vehicle failed to place satellite
in useful orbit. Aeimbursable (Comsat).
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NASA Major Launch Record 1984

MISSION/ LAUNCH |LAUNCH | PERIOD I CURRENT ORBITAL PARAMETERS ]WEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins.) [ Apogee (km)]Perigee (km)] Incl(deg) | (kg) (All L hes from ESMC, unless otherwlise noted)

AMPTE Delta 175 Aug 18 Three active particle tracer Charge

CCE (S) &) 7309 39217 1784 64.4 2420 Composttion Explorer {CCE} provided by the U.S.; lon Releaso Module

1984 88A (IRM) provided by the Federal Republic of Germany ; and the United

IRM (S} 2653.4 113818 402 270 6050 Kingdom Subsatellite (UKS) provided by the UK; to study the transfer of

1984 888 mass from the solar wind to the magnetosphere. (nternational

UKS (S) Cooperative.

26596 113417 1002 269 170

STS 41-D () Shuttle (5) Aug 30 LANDED AT EAFB SEP 5, 1984 First Discovery flight with Henry W. Hartsfield, Michael L. Coats, Richard

1984 93A (Discovery) M. Mullane, Steven Hawley, Judith A. Resnik, and Charles D. Walker.

SBS-4 (S) Aug 31 1436.2 35795 35780 00 33440 Deployed SBS (Reil - §BS), Leasat (Rei -

1984 938 Hughes), and Telstar (Reimbursable - AT&T}, carried out experiments

Syncom V-2 (S) Aug 31 1463.0 35787 35779 04.1 6889.0 including OAST-1 solar array structural testing. Mission duration 144

1984 93C hours 56 minutes 4 seconds.

Telstar 3-C (S) Sep 1 1436.2 35793 35783 00 34020

1984 93D

Galaxy C (S} Detta 176 Sep 21 1436.2 35793 35782 0.1 5190 Hughes Ci Satellite. Rei {Hughes).

5 E—

STS 41-G (S) Shuttle (8) OctS LANDED AT KSC OCT 13, 1984 Sixth Challenger flight with Robert L. Crippen, Jon A. McBride, Kathryn

1984 108A (Challenger) 0. Sullivan, Sally K. Ride, David C. Leestma, Paul D. Scully-Power, and

ERBS () oas 9.4 590 578 570 24490 Marc Gameau (Canada). Deployed ERBS to provide global

1984 108B measurements of the Sun's radiation reflected and absorbed by the
Earth; performed scientific experiments using OSTA-3 and other

Mission duration i
NOVAlI () Scout 104 Oct 11 1089 1199 1149 89.9 173.7 Improved Transit Navigation Satellite for the U.S. Navy.
A A

STS 51-A (S) Shuttle {5} Nov 8 LANDED AT KSC NOV 16, 1984 Second Discovery flight with Frederick H. Hauck, David M. Walker,

1984 113A (Discovery) Joseph P. Allen, Anna L Fisher, Dale A. Gardner. Deployed Telesat

Telesat-H (S) Nov 8 1436.2 35796 35780 0.0 34200 (Reimbursable - Canada) and Syncom V-1 (Reimbursable - Hughes).

1984 1138 Retrieved and returned Patapa B-2 and Westar 6 (Launched on 41-B).

Syncom IV-1 (S} Nov 10 1466.8 36427 36341 28 6889.0 Mission duration 191 hours 44 minutes 56 seconds.

NATO NI-D (S} Detta 177 Nov 13 1436.2 35796 35780 14 761.0 Fourth in a series of communication satellites for NATO.

(S) Beimbursable (NATO)

NOAA-Q (8} Atlas 39E Dec 12 101.8 854 834 991 17120 TIROS-N to provide i of the

1984 120A Sy Earth and provide high: ical data,
Reimbursable (NOAA). (Wsic)
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NASA Major Launch Record 1985

MISSION/ LAUNCH |LAUNCH | PERIOD I CURRENT ORBITAL PARAMETERS ]WEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins.) [Apogee (km) [ Perigee (km){ Incl (dagj ] {kg) {All Launches from ESMC, unless otherwise noted)

1985 1985

STS 51-C(S) Shuttle (S) Jan 24 LANDED AT KSC JAN 27, 1984 Third Discovery flight with Thomas K. Mattingly, Loren J. Shriver,

1985 10A (Discovery) Ellison S. Onizuka, James F. Buchli, and Gary E. Payton.

00D (S) ELEMENTS NOT AVAILABLE Deployed unannounced payload for DOD, (Reimbursable - (DOD}).

1985 10B Mission duration 73 hours 33 minutes 23 seconds.

Intelsat V-AF-10 (S)  Atlas-Centaur Mar 22 1436.1 35807 35768 00 1996.7 First in a series of i C i satellites for

1985 25A (AC-63) (S) Intelsat. Reimbursable QComsa ).

STS 51-D () Shuttle (S} Apr 12 LANDED AT KSC APR 19, 1985 Fourth Discovery flight with Karol K, Bobko, Donald F. Williams,

1985 28A (Discovery) M. Rhea Seddon, S. David Griggs, Jeftrey A. Hotfman, Charles D.

Telesat-l (8) Apr 13 1436.1 5796 35778 00 3550.0 Walker, and E. J. "Jake" Garn (U.S. Senator). Deployed Syncom

1985 288 (Reimbursable - Hughes) and Telesat {(Reimbursable - Canada).

Syncom V-3 (S) Apr 12 1436.2 35803 35772 33 6889.0 Syncom Sequencer failed to start, despite attempts by crew; remained

1985 28C inoperable until restarted by crew of 51-1 {August 1985). Mission
duration 167 hours 55 minutes 23 seconds.

STS 51-B (S) Shuttle (S) Apr29 LANDED AT DFRF MAY 6, 1985 Sixth Challenger flight with Robert F. Overmeyer, Frederick D.

3 (Cl Gregory, Don Lind, Norman E. Thagard, William E. Thornton, Lodewijk

1985 34A DOWN DEC 15, 1986 47.6  Vanderberg, and Taylor Wang. Spacelab-3 (Cooperative with ESA)
mission to conduct icati science and
Deployed Northern Utah Satellite (NUSAT) (Hslmbursable Northern
Utah University). Global Low Orbiting Message Relay Satellite
{(GLOMR) (Reimbursable - DOD) falled to deploy and was returned.

ission durati i econds.

8TS51-G (S) Shuttle (S) Jun 17 LANDED AT EAFB JUN 24, 1985 Fifth Discovery flight with Daniel C. B'andensleln, John O. Creighton,

1985 48A (Discovery} Shannon W. Lucid, John M. Fabian, Steven R. Nage), Patrick Baudry

Morelos-A (S) Jun 17 1436.1 35793 35781 00 34430 (France), and Prince Sultan Salman Al-Saud (Saudi Arabia). Deployed

1985 48B Morelos (Reimbursable - Mexico), Arabsat (Reimbursable - ASCO)

ARABSAT-A (S) Jun 18 1434.4 35891 35614 1.0 3499.0 and Telstar (Reimbursable - AT&T). Deployed and retrieved Spartan 1.

1085 48C Mission duration 169 hours 38 minutes 52 seconds.

TELSTAR 3-D (S} Jun 19 1436.1 36789 35783 D.o 3437.0

1985 48D

SPARTAN 1 (S) Jun 20 RETRIEVED JUN 24, 1985 2051.0

1985 48E

Intelsat VAF-11(S)  Atlas-Contaur Jun 29 1436.1 35804 35769 0.1 1996.7 Second in a series of i G ial Co Satellites

1985 55A {AC-64) (S) for Intelsat. Reimbursable (Comsat).
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NASA Major Launch Record 1985
MISSION/ LAUNCH [LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS _IWEIGHT REMARKS
Intl Deslgn VEHICLE DATE (Mins.) [Apogee (km) [ Perigee (km) Jincl (deg) (kg) {All Launches from ESMC, unless otherwise noted)
STS 51-F (S) Shuttle (S} Jul LANDED AT EAFB AUG 6, 1985 Seventh Challenger flight with Charles G, Fullerton, Roy D. Bridges, Jr.,
2 (Cl Karl G. Heinze, Anthony W. England, F. Story Musgrave, Loren W,
1885 63A Acton, and John-David F. Bartow/. Conducted experiments in
PDP {S) RETRIEVED JUL 29, 1985 Spacelab-2 (Cooperative with ESA}. Deployed Plasma Diagnostic
1965 638 Package (PDP) which was retrieved 6 hours later. Mission duration 190
hours 45 minutas 26 seconds.
Navy SOOS-1 Scout 105 Aug 2 Two Navigation Sateliites for the U.S. Navy. Reimbursable (DOD).
1985 66A (S) ) 1079 1255 999 899 64.2 (WSMC)
1985 668 (S) 107.9 1256 999 89.9 64.2
STS 51-1(S) Shuttle (S) Aug 27 LANDED AT EAFB SEP 3, 1985 Sixth Discovery flight with Joe H. Engle, Richard O. Covey, James D.
1985 76A (Discovery) VnnHohnn William F. Flsher John M. Lounge. Deplnyed Aussat
Aussat-1 (S) Aug 27 1436.1 35798 as777 0.0 34455 - ), ASC (Rei) ican Satellite
1885 76B Co) and Syncom (V-4 (Relmburmble Hughes) After reaching
ASC (S) Aug 27 1436.1 35794 35778 0.0 3406.1  Geosynchronous Orbit, Syncom V-4 ceased functioning. Repaired
1985 76C Syncom IV-3 {launched by 51-D, April 1985). Mission duration 170
Syncom V-4 (U) Aug 29 1430.1 35843 35809 3.2 6894.7  hours 17 minutes 42 seconds.
1985 76D
Intalsat VA F-12 (S) Attas-Centaur Sep 28 1436.1 35801 35772 0.1 1996.7  Third in a series of i ial Co icati ites for
Intetsat, i {Comsat)
STS 51-J(S) Shuttie (S) Oct3 LANDED AT EAFB OCT 7, 1985 First Atlantis flight with Karol J. Bobko, Ronald J. Grabe, Robert A.
(Atlantis) Stewart, David C. Hilmers, and William A. Pailes. DOD mission.
1985 92A Mission duration 97 hours 44 minutes 38 seconds.
STS61-A(S) Shuttle (S) Oct 30 LANDED AT EAFB NOV 6, 1985 Eighth Challenger flight with Henry W. Hartsfield, Steven R. Nagel,
Spacslab D-1 {Challenger) Bonnie J. Dunbar, James F. Buchii, Guion S. Bluford, Ernst
1985 104A Messerschmid {Germany), Reinhard Furrer (Germany), and Wubbo
GLOMR (S) DOWN DEC 26, 1986 2676 Ockels (Dutch). Spacelab D-1 mission (Cooperative with ESA) to
1985 104B conduct scientific experiments. Deployed GLOMR (Reimbursable -

DOD). Camed Materiats Experiment Assembry (MEA) for on-orbit
of science Mission
duration 168 hours 44 minutes 51 seconds.
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NASA Major Launch Record 1985
MISSION/ LAUNCH [LAUNCH |PERIOD I CURRENT ORBITAL PARAMETERLI WEIGHT| REMARKS
Intl Design VEHICLE | DATE | (Mins)) [Apogee (km) [ Perigee (km) [ Inci (deg) | (kg) (AL hes from ESMC, unless otherwise noted)
STS61-8 (S) Shuttle (S) Nov 26 LANDED AT EAFB DEC 3, 1985 Second Atlarttis Fiight with Brewster H. Shaw, Bryan D. O‘Conner,
1985 109A (Atlantis) Masy L. Cleave, Sherwood C. Spring, Jerry L. Ross, Rudalto Neri Vela
Morelos-B (S) Nov 27 1436.1 35793 35780 00 4539.6 (Morelos), Charles O. Walker (MOAC]). Oeployed Morelos
1985 1098 (Reimbursable - Mexico), Aussat (Reimbursable - Australia), and
Aussat-2 (S) Nov 27 1436.2 a5796 35779 00 4569.1  Satcom {F - RCA). D in space
1985 109C by manually assembling EASE and ACCESS Experiments. Deployed
Satcom (S) Nov2s 14362 35797 35779 00 72253 Station Keeping Target (OEX) to conduct advanced Station Keeping
1985 109D Tests. Mission duration 165 hours 4 minutes 49 seconds.
OEX Target
1985 109E DOWN MAR 2, 1987
AF-16 Scont 106 Dec 12 ‘Air Force instrumented test vehiclo, (Dual Payioad)
1985 114A (S) ® DOWN MAY t1, 1989 Reimbursable (DOD). (WFF)
1985 1148 (S) DOWN AUG 9, 1987
1986 1886
S$TS 61-C (5) Shuttle (S) Jan 12 LANDED AT EAFB JAN 18, 1986 Seventh Cotumbia flight with Robert L. Glbson, Charles F. Bolden, Jr.,
1866 03A {Cotumbia) Frankiin R. Chang-Diaz, George D. Neison, Steven A. Hawley, Robart
SATCOM (S) Jan 12 14362 35796 35780 00 72253  J. Cenker (CA), and C. William Nelson (Congressman). Deployed
1986 038 Sateom (Reinibursable - RCA). Evatuated material science lab payload
carrier and processing facilities. Carried HHG-1 to accommodate GAS
payloads. Mission duration 146 hours 3 minutes 51 seconds.
STS 51-L {U) Shuttle (U) Jan 28 DID NOT ACHIEVE ORBIT Ninth Challenger flight with Francis R. Scobee, Michael J. Smith,
TDRS-B {U) {Challenger) 2103.3  Judith A. Resnik, Ellison S. Onizuka, Ronald E. McNalr, Gregory Jarvis
(Hughes), S. Christie McAuliffe (Teacher). Appraximately 73 seconds
into fight, the Shuttle exploded.
GOES-G (U) Defta 178 (U) May$s DID NOT ACHIEVE ORBIT 840.0 Provide systematic world-wide weather coverage for NOAA. Vehicle
failed. Reimbursable NOAA).
DOD (U) Delta 180 Sep 5 DOWN SEP 28, 1986 Carried DOD experiment. Reimbursable {DOD}.
1986 69A (U]
NOAA-G (S) Atlas 52€ Sep 17 1010 816 798 985 17120 Operational environmenta! satellite for NOAA. Included ERBE

instrument to complement data being acquired by ERBS, taunched in
1984. Carried search and rescue instruments provided by Canada and
France. Reimbursable (NOAA ). {WSMC)
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MISSION/ LAUNCH [LAUNCH |PERIOD [ CURRENT ORBITAL PARAMETERS | WEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) ﬁogee (km) | Pengee {km) [ Incl (deg) (kg) (All Launches from ESMC, untess otherwise notad)
AF P87-11 (S) Scout 107 Nov 13 104.8 Scientific satellite to study the ric effect on
Polar Bear (S) propagation. Reimbursable (DOD). (WSMC)
1986 88A

Fitsatcom (F-7) (S} Atlas-Centaur Dec 4 1436.2 35849 35728 0.4 11285 Provide communication between aircraft, ships, and ground stations
1986 96A {AC-66) (S) for DOD. Reimbursable (DOD).

1987 1887
GOES-H (S) Delta 179 Feb 26 1436.2 35800 35775 04 840.0 Operational environmental sateliite to provide systematic worldwide
1987 22A (S) weather coverage. Reimbursable (NOAA ).

Palapa B2-P Delta 182 Mar 20 1436.2 35788 35788 0.0 6520 Provide communication coverage aver Indonesia and the Asian

1987 20A countries. Reimbursable (Indonesia).

Fltsatcom (F-6) Atlas-Centaur Mar 26 DID NOT ACHIEVE ORBIT 1038.7  Part of the workiwide communications system between aircraft, ships,
()] (AC-67) (V) and ground stations for the DOD. Telemetry lost shortly after launch;

destruct signal sent at 70.7 seconds into flight. An electrical transient,
caused by a lighting stifke on the launch vehicle, most probable causs of
foss. Relmbursabie

S00S-2 Scout 108 Sep 16 Two Transit navigation satellites in a stacked configuration for the U.S.
1987 80A (S) (s) 107.1 1178 1011 90.4 64.5 Navy. Reimbyrsable (DOD). (WSMC)
1987 80B (S) 107.2 1180 1010 90.4 645
1988 1988
DOD (SDI) (S) Delta 181 Feba DOWN MAR 1, 1988 Strategic Defense Initiative Organization (SDIO) Payload.
1988 08A S) Relmbursable (DOD).
San Marco D/L (S) Scout 109 May 25 DOWN DEC 6, 1988 2730 Explore the reiationship between solar activity and meteorological
1988 26A & phenomena. Cooperative with italy. {San Marco)
S00S-3 Scout 110 Apr 25 123.6 Two Transit navigation satelliites in a stacked configuration for the U.S.
1988 33A (S) S) 1085 1302 1013 90.3 Navy. Reimbursable (DOD). (WSMCQ)
1988 338 (S) 108.5 1300 1012 90.3
Nova il Scout 111 Jun 16 108.9 199 1148 9.0 1705 Improved Transit Navigation Satelite for the U.S. Navy.
1988 52A S) Reimbursable (DOD}. (WSMC)
SC0S-4 Scout 112 Aug 25 128.2  Two Transit navigation satellites in a stacked configuration fof the U.S.
1988 74A (S) ) 107.3 1175 1030 899 Navy. Reimbursable (DOD). (WSMC)
1988 748 () 107.3 1173 1031 89.9
NOAA-H (S) Allas 63E Sep 24 101.9 855 838 99.1 1712.0 Operational environmental satelite for NOAA. Carried Search and
1988 89A (S) Rescue Instruments provided by Canada and France.

Reimbursable (NOAA). (WSMC)
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NASA Major Launch Record 1988

MISSION/ LAUNCH |LAUNCH PERIOD| CURRENT ORBITAL PARAMETERSJWEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) | Apogee (km) | Perigee (km)[ Incl (d g) (All Launches from ESMC, unless otherwise noted)
P29

§TS-26 (S) Shuttle (S) Se; LANDED AT EAFB OCT 3, 1988 Sixth Discovery flight with Frederick H. Hauck, Richatd O. Covey,

1988 91A (Discovery) John M. Lounge, David C. Hilmers, and George D. Nelson. Deployed
TDRS-3 (S) Sep 29 1436.2 35804 35772 0.1 22249 TDRS-3, Performed experiment activities for commercial and scientific
1988 91B middeck experiments. Mission Duration 97 hours 0 minutes 11 seconds.
§TS-27 (S) Shuttle (S) Sep 29 LANDED AT EAFB DEC 6, 1988 Third Atlantis tlight with Robent L. Gibson, Guy S. Gardner, Richard M.
1988 106A {Atlantis} Mullane, Jerry L. Ross and William M. Shepherd. DOD Mission.

DOD (8) ELEMENTS NOT AVAILABLE Mission Duration 105 hours 05 minutes 37 seconds.

ﬁ%‘;%;m 1989
BEEE) Shute () Mar 13 TANDED AT EAFE MAR 18, 1989 Eighth Discovery flight with Michael L. Coats, John E. Blaha, James
1949 21A (Discovery) Bagian, James F. Buchli, Robert Springer. Depioyed a new Tracking
TORS-D (S) 1436.1 35808 35768 00 2224  and Data Relay Satellite. Pertormed commercial and scientific
1989218 fments issi ratiy houl jinuts nds,
STS-30 (S} Shuttle (S) May 4 LANDED AT EAFB MAY 8, 1989 Fourth Atlantis flight with David M. Walker, Ronald J. Grabe, Mary L.
1989 33A (Attantis) Cleave, Mark C. Lee, Norman E. Thagard. Deployed the Magellan
Magelian (S) TRANS-VENUS TRAJECTORY spacecraft on a mission toward Venus. Performed commercial and
1989 338 scientific middeck experiments. Mission Duration: 96 hours 56 minutes

28 seconds.
STS-28 (S) Shuttle (S) Aug 8 LANDED AT EAFB AUG 13, 1989 Ninth Columbia flight with Brewster H. Shaw, Richard N. Richards,
1989 61A (Columbia) David C. Leetema, James C. Adamson, and Mark N. Brown. DOD
Mission. Mission Duration: 121 hours O minutes 08 seconds.
Fitsatcom (S) Atlas-Centaur Sep 25 14361 35701 35774 29 1863 Navy Communications satellite 1o provide communications between
1989 77A (AC-68) (S] airctaft, ships and ground stations for DOD. Reimbursable (DOD).
§TS-34 (S) Shuttle (S} Oct 18 LANDED AT EAFB OCT 23, 1989 Fifth Atlantis flight with Donald E. Williams, Michael J. McCulley, Ellen
1989 84A (Atiantis) Baker, Shannon N. Lucid, and Franklin Chang-Diaz. Deployed the
Galileo (S) ELEMENTS NOT AVAILABLE Galileo spacecraft on a mission toward Jupiter. Performed experiment
1989 84B activities for commercial and scientific middeck experiments. Mission
Duration: 119 hours 39 minutes 22 seconds.
COBE (S) Deta 2 Nov 18 1026 885 873 93.0 2206  Cosmic Background Explorer spacecraft to provide the most
1989 B9A S) comprehensive observations to date of radiative content of the universs.
ST533 (S) Shutlle (5)  Nov 23 TANDED AT EAFB NOV 28, 1989 Ninth Discovery flight with Frederick Gregory, John E. Blaha, Manly L.
1989 90A (Discovery) Carter, Franklin S, Musgrave and Kathryn C. Thornton, DOD Mission.
DOD {S) ELEMENTS NOT AVAILABLE Mission Duration: 120 hours & minutes 46 seconds.
1989 908




NASA Major Launch Record 1990

MISSION/ LAUNCH [LAUNCH |PERIOD l CURRENT ORBITAL PARAMETERS lWEIGHT REMARKS

Intl Design VEHICLE | DATE | Mins) [Apogee (km) [ Perigee (km) [ Incl (deg) | (kg) (All Launches from ESMC, uniess otherwise noted)

1990 1990

57832 (S) Shuttle (S) Jan9 LANDED AT EAFB JAN 20, 1990 Tenth Columbia tlight with Daniel C. Brandenstein, James D.

1990 2A (Columbia) Waetherbee, Bonnie J. Dunbar, Marsha S. tvins and G. David Low.

Syncom IV-5 (S) 14362 35815 35759 27 69534 Doployed Syncom IV-5 (Rei -DOD), &

1990 28 communications satellite also known as Leasat, for the U.S. Navy Also

. retrieved the Long Duration Facility {LDEF} deployed on

STS-41C on Apiil 6, I ion; i

STS-36 (S) Shuttle (S) Feb 28 LANDED AT EAF8 MAR 4, 1990 Sixth Atlantis flight with John D. Creighton John H. Casper, David C.

1990 19A (Attantis) Hilmers, Richard M. Muflane and Piemre J, Thuot. DOD Mission.

DOD (S} ELEMENTS NOT AVAILABLE Misgion Duration: 106 hours 18 minutes 22 seconds.

1990 198

Pegsat (S) Pegasus (S) Apr5 94.1 539 410 94.1 A 50-tact racket {Pegasus), dropped from the wing of a B-52 aircraft

1990 28A {Orb Sci) flying over the Pacific Ocean, launched the Pegsat sateliite in the first
demonstration flight of the Pegasus launch vehicle. The Pegsat science

igations are part of the Ci Releass and Effects

Satellte (CRRES), a joint NASADOD progam.____________

S8TS-31 (S} Shuttle (S) Apr 24 LANDED AT EAFB APR 29, 1990 Tenth Discovery fiight with Loren J. Shriver, Charles . Bolden, Bruce

1990 37A (Discovery) McCandless, Steven A, Hawley, and Kathryn D. Sullivan. Deployed

HST (5) 96.6 598 591 285 113554 the Edwin P. Hubble Space Telescope (HST) astronomical

1990 37B observatory. Designed to operate abave the Earth's turbulent and

obscuring atmosphere to observe colestial objects at ultraviolet, vislble
and near-infrared wavelengths. Joint NASA/ESA mission. Mission
Duration: 121 hours 16 minutes 6 seconds.

Macsat (S) Scout 113 May 9 89.9 Two Multiple Access Communications Satellites (MACSATS) to provide
1990 43A S) 98.3 755 601 89.9 global store-and-forward message relay capability for DOD Users.
1990 438 98.3 752 600 899 Reimbursable (DODY. AFB)
ROSAT (S) Detta 2 Junt 5.6 557 542 530 2421.t Roentgen Satellite {(ROSAT), an Explorer class scientific satellite

1690 49A . ] to date a large X-ray to study X-ray

mbns from non-solar celestial objects. International cooperative
ram with NASA, Germany, and the UK.

CRRES (S) Allas-Cemaur Jul 25 6144 34781 345 18.0 Combined Releass and Radiation Etfects Sateliits (CRRES) which

1990 65A (AC-89) (S) uses chemical releases to study the Earth's magnetic fiekds and the
plasmes, o ionized gases, thal travel thiough them. Joimt NASHNDOD
program.
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NASA Major Launch Record 1990

MISSION/ LAUNCH |LAUNCH |PEHIOD CURRENT ORBITAL PARAMETERSJWEIGHT REMARKS
g) | (k)

Intl Design VEHICLE | DATE | (Mins.) [Apogee (km) [ Perigee (km)] Incl (de: (All Launches from ESMC, unless otherwise noted)

87541 (S) Shuttle (S) Oct& LANDED AT EAFB OCT 10, 1990 Eleventh Discovery flight with Richard N. Richards, Robert D. Cabana,

1990 S0A (Discovery) Bruce E. Melnick, William M. Shepherd, and Thomas D. Akers.

Ulysses (S) HELIOCENTRIC ORBIT 200795 Deployed the Ulysses spacecraft, a joint NASA/ESA mission to study

1990 920B the poles of the Sun and the interplanetary space above and below the
poles. Mission Duration: 98 hours 10 minutes 3 seconds.

8TS-38 (S) Shuttle (S} Nov 15 LANDED AT KSC NOV 20, 1890 Seventh Atlantis flight with Richard O. Covey, Robert C. Springer, Cart

1990 97A (Atlantis) J. Meade, Frank L. Culbertson and Charles D. Gemar. DOD Mission.

00D (S) ELEMENTS NOT AVAILABLE Misslon Duration: 117 hours 54 minutes 27 seconds.

1990978

8TS-35(S) Shuttle (S) Dec 2 LANDED AT EAFB DEC 11, 1990 Eleventh Columbia flight with Vance D. Brand, John M. Lounge,

1990 106A {Columbia) Jeffrey A. Hoffman, Robert A. Parker, Guy S. Gardner, Ronaid A. Parise,

and Samuel T. Durrance. Carried Astro-1, a Space Shuttle attached
payload to acquire high priority astrophysica! data on a variety of
celestial objects. Mission Duration: 215 hours 5 minutes 7 seconds.

1991 1991

8TS-37 (S) Shuttle (S) AprS LANDED AT EAFB APR 11, 1991 Eighth Atlantis flight with Steven R. Nagel, Kenneth D. Cameron,

1991 27A (Atlantis) Linda M. Godwin, Jerome Apt, and Jerry L. Ross. An unplanned EVA

GRO (S) 92.0 376 370 285 15900.0 took place to help with the deployment of GRO's high gain antenna.

1991278 Also demonstrated were mobiity aids which will be used on Space
Station Freedom. Mission Duration: 143 hrs 32 min 45 sec.

S§TS-39 (S} Shuttle (S) Apr 28 LANDED AT KSC MAY 6, 1991 Twelith Discovery flight with Michael L. Coats, Blaine L. Hammond, Jr.,

1991 31A (Discovery) Guien S. Bluford, Gregory J. Harbaugh, Richard J. Hieb, Donald R.

1BSS (S} DOWN MAY 6, 1991 McMonagle, and Charles L. Veach. Discovery perfarmed dozens of

1991 31B maneuvers, deploying canisters from the cargo bay, relaasing and
retrieving a payload with the RMS, allowing the Department of Defense
to gather imp plume ob: ion data and i ion for the
SDIQ. Mission Duration: 199 hrs 26 min 17 sec.

NOAA-12 (5) Allas-E (S)  May 14 1012 824 806 98.7 14180 Third fon operal 1o provide sy ic giobal

1991 32A weather observations. Will replace NOAA-10 as the morning satellite

in NOAA's two polar satellite system. Joint NASA/NOAA effort. (WSMC)
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NASA Major Launch Record 1991
MISSION/ LAUNCH {LAUNCH |PERIOD [ CURRENT ORBITAL PARAMETERS |WEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) [Apogee (km) [ Perigee (km) [ Incl (d: (kg) (AL from ESMC, unless otherwise noted)
STS-40 (S) Shuttle (S) Juns LANDED AT EAFB JUN 14, 1991 Twelith Columbia flight with Bryan D. O'Connor, Sidney M. Gutierrez,
Spacelab (SLS-1) {Columbia) M. Rhea Seddon, James P. Bagian, Tamara E. Jerrigan, F. Drew
1991 40A Gaftney, and Millie Hughes-Fulford. The first mission since Skylab to
do intensive investigations into the effects of weightlessness on
humans. Data leamned from this flight will be used in NASA's planning
for longer Shuttle missions set for 1992, and in the planning of Space
Station Freedom. Mission Duration: 218 hrs 15 mins 14 secs.
REX (S) Scout (S) Jun 29 101.3 867 769 89.6 96.7 Radiation Experiment to do further research to overcome and
1991 45A understand the physics of the electron density irregulasities that cause
F intillation effects on i radio signals.
Reimbursable - DOD. (VAFB) |
§TS-43 (S) Shuttle (S) Aug 2 LANDED AT KSC AUG 11, 1991 Ninth Atlantis flight with John E. Blaha, Michae! A. Baker, James C.
1991 54A {Atlantis) Adamson, G. David Low, and Shannon E. Lucid. A TDRS satellite was
TDRS-E (S) 1436.1 35793 35779 0.0 22269 deployed, keeping the network which supports Shuttie missions and
1991 54B other at full ional i Mission Duration:
213 hours 22 minutes 27 seconds,
87548 (S) Shuttle (S} Sep 12 LANDED AT EAFB SEP 18, 1991 Thirteenth Discovery flight with John O. Creighton, Kenneth S.
1991 63A (Discovery) Reightler, Mark F. Brown, James F. Buchii, and Charles D. Gemar. The
UARS (S) 96.2 580 573 57,0 65322 Upper Atmosphere Research Satsllite (UARS) will study physical
1991 638 processes acting within and upon the stratosphere, mesosphere, and
lower thermosphere. Mission Duration: 128 hrs 27 mins 51 secs.
STS-44 (S) Shuttle (S) Nov 24 LANDED AT EAFB DEC 1, 1991 Tenth Atlantis flight with Frederick D. Gregory, Terence T. Henricks, F.
1991 80A (Atlantis) Story Musgrave, Mario Runco, Jr., James S. Voss, and Thomas J.
DSP (S) Nov 25 ELEMENTS NOT AVAILABLE Hennen. A dedicated mission for the Department of Defense to
1991 808 gather data for their programs. Deployed Detense Support Program
satellite {DSP). The mission was shortened when an inertial
measurement unit failed on the sixth day of the mission. Mission
—Duration: 166 hrs 52 ming 27 secs,
1992 1992
STS-42 (S) Shuttle (S} Jan 22 LANDED AT EAFB JAN 30, 1992 Fourteenth Discovery fiight with Ronald J. Grabe, Steven S. Oswald,
1992 2A (Discovery) Norman E. Thagard, William F. Readdy, David C. Hilmers, Roberta L.

Bondar, and UK D. Merbokl. The | gravity L y
{IML-1} studied the eftects of microgravity on living organisms and
materials processes. Mission duration: 193 hrs 15 mins 43 secs.
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NASA Major Launch Record

1992

MISSION/ LAUNCH |LAUNCH |PERIOD | CURRENT ORBITAL PARAMETERS IWEIGHT REMARKS
Intl Design VEHICLE | DATE | (Mins.) [Apogee (km) [ Perigee (km) ] Incl (de! (kg) (All Launches from ESMC, unless otherwise noted)
STS45 (S) Shuttle (S) Mar 24 LANDED AT KSC APR 2, 1992 Eleventh Atlantis flight with Charles F. Bokien, Brian K. Dufty, Kathryn D.
1992 15A (Atlantis) Sullivan, David C. Leetsma, C. Mnchael Foale, Dirk D. anou| and Bryon
K. Li The y for and
Sccence (ATLAS 1) studied s(mosphenc science, solar science, space
physics and astronomy, Mission Duration: 214 hrs 10 mins 24 secs,
STS49 () Shuttle (S) May 2 LANDED AT EAFB MAY 16, 1992 First flight of with Daniet C. in, Kevin P. Chilton,
1992 26A (Endeavour) Richard J. Hieb, Bruce E. Melnick, Pierre J. Thout, Kathryn C. Thornton,
and Thomas D. Akers. On pebit repair of the Intelsat V) satellite and
redeployment with new kick motor, Assembly of Station by
Extravehicufar Activity Methods (ASEM) while attached to the cargo
bay, Mission duration; 213 hrs 17 ming 38 secs,
EUVE (S) Deka Il {S) Jun7 95.1 529 514 284 3250  The Extreme Uttraviolet Explorer (EUVE), designed to study the extreme
199231A ultraviolet (EUV)portion of the electromagnetic spectrum as well as
selected EUV targets, in order to create a definitive map and catalog
of these gources,
STS-50 {S) Shuttle (S} Jun 25 LANDED AT KSC JUL 8, 1992 Twelfth Columbia flight with Richard N. Richards, Kenneth D. Bowersox,
1992 34A (Columbia) Bonnie J. Dunbar, Carl J. Meade, Ellen S. Baker, and Lawrence J,
Delucas. The First United States Microgravity Laboratory (USML-1)
sludled suemmc and technical quesnons in materials science, fluid
y and science. Mission duration:
mins 4 secs,
SAMPEX () Scout (S} Jul3 96.6 679 509 81.7 First of the Small Explorer {SMEX) fleet, carrying four cosmic ray
1992 38A , to s1udy solar particles,
cosmic rays, galactic cosmic rays, and magnetospheric electrons.
GEOTAIL (8) Delta Il (S) Jul 24 47506 508542 41363 224 1009  Joint mission between the United States and Japan to study the
1992 44A geomagnetic tail region of the magnetosphere. Geotail will also
measure the physics of the magne(osphere the plasma sheet,
ion and neutral line 1o better
STS-46 (S) Shuttle (S) Jul 3 LANDED AT AUG 8, 1992 Twelfth Atiantis flight with Loren J. Shriver, Andrew M. Allen, Jeffrey A.
1992 49A (Atiantis) Hoffman, Franklin R. Chang-Diaz, Claude Nicollier, Marsha §. Ivins, and
EURECA 946 S03 499 285 Franco Malerba. Deployed ESA'S European Retrievable Carrier
1992 498 (EURECA), a platform placed in orbit for 6 months offering conventional

services {0 experimenters, Tested Tethered Satelite System (TSS-1),
a joint program between the United States and taly. Mission duration:
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NASA Major Launch Record 1992
MISSION/ LAUNCH (LAUNCH |PERIOD l CURRENT ORBITAL PARAMETERS | WEIGHT| REMARKS
intl Design VEHICLE | DATE | (Mins.) | Apogee (km) [ Perigee (km) [ Incl (deg) | (kg) (Al L hes from ESMC, unless otherwise noted)
STS-47 (S) Shuttle (S) Sep 12 LANDED AT KSC SEP 20, 1992 Second Endeavour flight with Robert L. Gibson, Curtis L. Brown, Mark
{Sp V) { } C. Lee, N. Jan Davis, Mae C. Jemison, Jerome Apt, and Mamoru Mahri.
1992 61A The Spacelab J mission, a joint mission between the U.S. and Japan,
performed a series of 43 exlore the effects of producing new materials in
the micogravity of space, and the study of living organisms in the
organisms in the environission duration: 190 firs 30 mins 23 secs.
Topex/Poseidon (S) Ariane 42P (S) Aug 10 1124 1342 1330 660 U.S. French Satellite to help define the relationship between the Earth's
1992 52A oceans and climate. NASA payload launched on commercial Ariane
yehigla, Joirt NASAJCNES mission,
Mars Obsarver (S) Titan 11l (S) Sep 25 TRANS-MARTIAN TRAJECTORY After an 11-month cruise, the Mars Observer (MO) will arrive at Mars.
1992 63A and be inserted into orbit to examing the surface for elementat and
mingralogical composmon gtobal suﬂuw \opuwaphy gravity field and
ic field The Mars
Balloon Relay (MBR), on the Mars Observer, wlll relay communications
from Mars tanders that will be semt by the in1995._
8TS-62 (S) Shuttle (S) O 22 LANDED AT KSC NOV 1, 1992 Thirteenth Columbia flight with James D. Wetherbee, Michael A, Baker,
1992 70A {Columbia) 225 527 William M. Sheperd, Tamara E. Jernigan, and Charles L. Veach. The
LAGEOS (8) Laser Geodynamics Satellite (LAGEOS) is a cooperative mission of the
1992 708 U.S. and ftaly to obtain precise measurements of the crustal movement
and gravitational field. The U.S. Microgravity Payload-2 (USMP-2),
czmod inthe cargo bay, is one in a series ov payloads for scientific
ion and material ing in a reduced gravity, Mission
duration: 236 hrs 56 mins 13 secs
MSTI1 (S} Scout (S} Nov 21 9.2 378 292 96.7 DOD/SDIO payload.
STS-53 (5) Shuttle (S)  Dec2 LANDED AT EAFB DEC 9, 1992 Fitteenth Discovery flight with David M. Walker, Flobert Cabana, Guion
1992 86A (Discovery) S. Bluford, James Voss, and M. Richard Chﬂord This was a DOD
mission.. Mission duration: 175 hrs
1993 1993
STS-54(S) Shuttte(S) Jan 13 LANDED AT KSC JAN 19, 1893 Third Endeavour flight with John H. Casper, Donald R. McMonagle,
1993 3A {Endeavour) Mario Runco, Jr., Gregory Harbaugh, Susan Helms. A TDRS satellite
TDRS F 14320 35717 35697 0.5 was deployed to continue support of the Shutile network systems.
1993 3B Mission duration: 143 hrs 38 mins 19 secs.
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NASA Major Launch Record 1993
MISSION/ LAUNCH [LAUNCH |PERIOD f CURRENT ORBITAL PARAMETERS J WEIGHT, REMARKS
intl Design VEHICLE | DATE | (Mins) | Apogee (km) [ Perigee (km) [ Incl (deg) | (kg) {AN L hes from ESMC, unless otherwise noted)
1993 199
STS-56(S) Shuttle (S) Apr 8 LANDED AT KSC APR 17, 1993 Sixteenth Discovery fiight with Kenneth Cameron, Steven S. Oswald,
1993 23A {Discovery} C. Michagt Foale, Kenneth Cockrelt and Elleen Ochoa. A Spantan
SPARTAN-201 Apr8 90.3 n 295 570 sateliita was deployed to study the solar corona. The ATLAS-2 was
1993 238 used to measure upper atmospheric variatioins around the Earth.
igsit ion; I
STS-55 (S) Shuttle {S) Apr 26 LANDEOD AT KSC MAY 6, 1993 Fourteanth Columbia flight with Steven R. Nage!, Terence T. Henricks,
1993 27A (Columbia) Charles Precourt, Bernard Harris, Jr., Ulrich Walter and Hans Schlegel.
The German, Spacelab D-2, was flown to study autpmation and robotics,
material and life sciences, the Earth and its atmosphere and astronomy.
Mission Duration: 239 hrs 39 min 59 secs
STS-57(S) Shuttle (S) Jun 21 LANDED AT EAFB Jul 1, 1993 Fourth Endeavour flight with Ronald J. Grabe, Brian J. Duffy, G. David
1993 37A (Endeavour) Low, Nancy J. Shertock, Peter J. K. Wisoff and Janice E. Voss.
Retrieved ESA's European Retrievable Cartier (EURECA), a platform
placed in orbit on STS-46. SPACEHAB-1 was carried in the cargo bay
for experiments sponsored by NASA, the U.S, Commerce and ESA.
RADCAL (S) Scout (S) Jun25 101.3 885 750 893 Radar Calibration Satellite(RADCAL) will be used to calibrate U.S.
1993 41A radar tracking stations Expected Iifs of this sattefite is 24 months.
NOAA-13(S) Atlas-G(S) Aug9 102.0 861 845 889 This weather observation satellite failed to function in orbit and was
1993-50A determined to be a failure.

[sTS5T () Shuttie (S)  Sep 12 TANDED AT KSC Sep 22, 1993 Seventecth Discovery flight wilh Frank L. Culberison, Willan F. Readdy,
1993 58A (Discovery) James H. Newman, Daniel W. Bursch and Carl E, Walz.The Advanced
ACTS 1437.8 35929 35709 02 Communications Technology Satellite(ACTS) will be used to pioneer
1993-588 new inftiatives in communicatioins technology. The Orbiting and
ORFEUS-SPA DOWN SEP 22, 1993 Retrievable Far and Extreme Ultraviiolet Spectrometer-Shuttle Pallet
1993-58C System(ORFEUS-SPA} , is as astrophysics mission designed to study

very hot and cold matter in the universe.
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NASA Major Launch Record 1993

MISSION/ LAUNCH [LAUNCH |PERIOD L CURRENT ORBITAL PARAMETERS JWEIGHT REMARKS

Intl Design VEHICLE | DATE | (Mins) ['Apogee {km) ] Perigee (km)]Inci(deg} | (ko) {AD Launches from ESMC, unless otherwise noted)

1993 1

STS-58(S) Shuttle (S) Oct 18 LANDED AT EAFB NOV 1, 1903 Fifteenth Columbia flight with John E. Blaha, Richard Seartoss, David A.

1993 65A {Columbia) Wolf, Margaret Rhea Seddon, Shannon W. Lucid, William McArthur,Jr.
and Martin J. Fetiman. Spacelab Life Sctenee&Z(SLSZ) wasa mtss»on
dedicated to the study of cardk and
musculoskeletal systems, to gain more knowledge on how the human
body adapts to the space environment.

STS-61{S) Shuttle (S) Dec2 LANDED AT KSC Dec 13, 1983 Fifth Endeavour flight with Richard O. Covey, Kenneth D. Bowersox,

1993 75A {Endeavour) F. Story Musgrave, Thomas D. Akers, Jeffery A. Hoftman, Kathryn C.

Thornton and Claude Nicollier. This flight was the first on-orbit service
of the Hubble Space Telescope(HST). The Solar Array(SA's), the Wide
Field/Planetary Camera(WFPC-Il), and the Comective Optics Space
Telescope Axial Replacement(COSTAR) were some of the major units
serviced. Mission duration: 259 hrs 58 mins 35 secs.
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NASA Contract Awards By State

(FY 1993} Educational Educational

Total Business & Nonprofit Totaf Business & Nonprofit
State (Th ) {h ) (Th ds) | State (th ds) (Thousands) (Th ds)
Alabama 1,234,764 1,205,004 29,760 Nevada 953 261 692
Alaska 20,063 - 20,263 New Hampshire 15,330 3,906 11,424
Arizona 35,734 10,455 25,279 New Jersey 194,920 187,804 7.116
Askansas 519 41 478 New Mexico 63,889 54,964 8,035
California 3,083,877 2,907,066 176,811 New York 57,349 26,029 31,320
Colorado 112,823 89,040 23,783 North Carolina 10,865 2282 8,583
Connecticut 67,358 55,629 1,729 North Dakota a70 110 260
Dalaware 2,814 524 2,290 Ohio 324,700 287,029 37,671
District of Columbia 140,930 112,469 28,461 Oklahoma 7,723 - 7,723
Florida 1,377,189 1,356,193 20,996 Qregon 8,334 4,442 3,892
Gaorgia 25,028 1,175 13,853 Pennsylvania 115,217 93,801 21,416
Hawaii 9,882 529 9,353 Rhode Island 4,470 808 3,662
{daho (424) - (424) South Carolina 3,289 1,708 1,580
Winois 15,954 3,490 12,464 South Dakota 1,158 260 898
indiana 18,546 13,794 4,752 Tennessee 40,670 11,362 29,308
fowa 7,736 624 7.112 Texas 1,274,392 1,189,046 85,346
Kansas 7,043 672 6,371 Utah 489,237 485,367 3,870
Kentucky 892 41 851 Vermont 467 231 236
Louisiana 316,588 314,225 2,363 Virginia 537,196 492,784 44,412
Maine 826 254 572 Washington 33,736 23,501 10,235
Maryland 1,124,045 1,001,836 122,209 ‘West Virginia 34,528 140 34,388
Massachusetts 146,072 34519 111,553 Wisconsin 38,150 265,593 12,557
Michigan 38,598 4,019 34,579 Wyoming 542 - 542
Minnesota 5,652 1,773 3,879
Mississippi 264,228 258,971 5,357 TOTAL $11,317,310 $10,279,595 $1,037,715
m’::;“ng ?'ggg 4'333 ?’?g; Note: Excludes smaller procurements, generally those of $25,000 or less; also
Nebraska 1‘73 1 a2 1099 excludes awards placed through other Government agencies, awards

' ' outside the U.S., and actions on the JPL contracts.
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U.S. Geographical Distribution of NASA Prime Contract Awards *

*

Fiscal Year 1893
{Millions ot Dollars)

Rocky
Mountain

Excludes smaller procurements, generally thase of $25,000 or less; also excludes awards placed through other Government agencies,
awards outside the U.S., and awards on the JPL contracts.
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Procurement Activity

Total Procurement By Installation FY 1993)

Awards Placed Outslde The United States FY 1993)

Installation Awards ($M) Percent Place of Performance Awards ousands]
TOTAL $13,160.4 100.0 TOTAL $30,583"
Marshall Space Flight Center 3,001.8 228
Johnson Space Center 2,644.4 201 Direct NASA Awards $80,487
Goddard Space Flight Center 2,181.2 16.6 Australia 12,216
Kennedy Space Center 1,415.4 108 Bermuda 613
NASA Resident Office/JPL 1,068.4 8.1 Canada 36,479
Lewis Research Center 8735 6.6 Chile 1,406
Headquarters 863.4 6.6 France 125
Ames Research Center 567.2 43 Germany 2,445
Langley Research Center 436.1 3.3 Israel 63
Stennis Space Center 109.0 8 Italy 150
Japan 698
Awards Through Other G Ag FY 1993) :9;"’:2:":;" ;{33:
ethel
| Agency _— Awards ($M) Percent Norway 35
TOTAL $508.4 100.0 Pueno Rico 972
Over $25,000 389.6 766 Cssia 3'733
Air Force 189.9 37.3 e rland 19'389
Energy Department 55.0 10.8 U‘”,"( :’m o e
Navy 42.0 8.3 nited Kingdom :
Navy 31.0 6.1
National Science Foundation 17.2 3.4 Fiaced Through Other Government Agencies o
Interior Department 171 34 Pan: aRAoo a3
Gommerce Department 124 2.4 uerto Hi
Defense Department 10.6 2.1
Other Government Agencies 144 28 *Excludes smaller procurements, generally those of $25,000 or less
$25,000 and Under 1188 234
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Contract Awards by Type of Effort

Number of Number of
Category Contracts Total Category Contracts Total
(Millions) (Millions)

TOTAL 5,685 $10,2799 *

Research and Development 1,983 3,233.0 Supplies & Equipment 2,067 2,751.7
Aeronautics & Space Technology 688 1,017.5 Ammunition & Explosives 1 2722
Space Science & Applications 562 390.1 Space Vehicles 47 1,396.9
Space Flight 125 643.9 Engines, Turbines & Components 12 751.4
Space Operations 46 250.9 Electrical/Electronic Equipment Components 57 11,3
Commercial Programs 47 18.1 Communication, Detection & Coherent Radiation 108 12.8
Space Station 19 518.5 Equipment
Other Space R&D 416 361.3 Instruments & Laboratory Equipment 399 26.7
Other R&D 80 237 ADP Eguipment, Software, Supplies & Support 912 197.4

Equipment

Services 1,635 4,295.2 Fuels, Lubricants, Oils & Waxes 21 19.7
ADP & Telecommunication 157 460.8 Other Supplies & Equipment 500 63.3
Maintenance, Repair & Rebuilding of 162 1,061.6

Equipment
Operation of Government-owned Facilities 53 414.0
Professional, Administrative & Management 278 1,315.9

Support
Utilities & Housekeeping 0 2273
Construction of Structures & Facilities 154 2799
Maintenance, Repair, Alteration of Real 378 168.6

Property
Other Services 363 367.1

* Excludes smaller procurements, generally those of $25,000 or less.




Distribution of NASA Procurements

(In Millions of Dollars)

Fiscal Years 1961 - 1993

FY 61 FYe2 FY63 FYe4a FY 65 FY 66 FY 67 Fyes FY 69 Fy 70 FY 71 FY72
Total Business 4233 1,030.1 22617 3521.1 4,1414 40877 38647 34467 3,0223 27592 2,2795 2,143.3
{Small Business) (63.5) (123.6)  (191.3)  (240.3) (2863 (2559) (216.9)  (189.6) (162.8) (1612)  (178.1)  (160.9)
Educational 245 50.2 86.9 112.9 1395 150.0 1329 1315 131.3 134.3 133.9 118.8
Nonprofit 153 291 25.3 277 39.6 33.6 323 33.0 293 28.0
JPL 86.0 148.5 230.2 226.2 2472 230.3 2222 207.2 156.3 179.8 173.3 210.8
Government 2217 3218 628.5 692.6 622.8 5125 366.9 287.0 279.0 265.8 2125 207.8
Outside U.S. (w] [w) 7.9 12.0 11.2 234 252 267 308 335 297 29.1
Total 7555 15506 3,2305 45939 51874 50316 46509 41327 36520 34056 28582 27378
_EY73 FY 74 EY75 FY 76 EY71  Fy7e FY78 FY 79 FY 8o FY 81 Fy 82 Fye3
Total Business 2,063 8 21186 22550 25361 6632 28381 29538 34164 3,868.3 42728 48056 55860
(Small Business) (155.3) (1812) (216.0) (218.3) (68.4) (255.0) (2815) (325.4)  (384.6)  (409.4)  (430.1)  (482.3)
Educational 1117 97.8 11.4 123.0 27.7 125.5 137.2 1472 177.0 192.5 187.0 2113
Nenprofit 26.4 39.3 330 320 7.6 32,0 428 50.8 822 155.1 108.8 1025
JPL 2023 215.2 2345 263.7 63.6 289.0 2838 338.6 397.2 410.8 426.3 454.9
Government 2352 208.6 198.3 222.4 63.9 2232 216.0 221.4 271.8 321.9 308.1 394.2
Outside U.S. 34.0 341 342 274 38 245 26.0 374 46.1 552 479 47.9
Total 2,673.4 27136 28664 3204.6 8208 35323 36506 42118 48426 54083 58837 67968
_FY g4 FYes EY 86 FY 87 FY g8 Fy 89 FY 90 FY 91 FY 92 FY o3
Total Business 5,967 4 66529 63560 65405 72749 85676 10,0715 104173 10,7167 10,497.9
(Small Business) (556.2) (6447) (671.3) (786.3) (801.4) (857.3) (924.3)  (968.3) (1.010.6) (1,060.7)
Educational 226 256.9 2766 315.4 3703 464.2 513.6 592.0 659.3 707.8
Nonprofit 98,6 103.1 119.0 119.1 1295 180.0 2006 244.0 297.8 336.6
JPL 5331 724.6 891.3  1,005.6 9799 11,0581 11068 1,139.6 1,2296 1,029.8
Government 4943 535.1 489.7 594.9 734.6 543.2 610.4 693.4 498.6 508.4
Outside U.S. 38,1 354 47.1 343 559 63.3 623 72.7 762 79.9 *Included in
Total 7,154 4 83080 81797 86098 95451 108764 125652 13,159.0 13,4782 13,1604 Government
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Principal Contractors (Business Firms)

One Hundred Contractors (Business Firms) Listed According To Total Awards Received

(FY1993)
Contractor and Principie Awards Contractor and Principle Awards
Place of Contract Performance (Thousands) {Percent) Place of Contract Performance (Thousands) (Percent)
Total Awards To Business Firms $10,497,912 100.00 13. TRWinc 217,706 2.07
Redondo Beach, CA
1. Rockwell International Corp 1,491,394 14.21 14. Computer Sciences Corp 194,588 1.85
Canoga Park, CA Greenbelt, MD
2. McDonneli Douglas Corp 996,765 9.49 15. U S B Booster Production Co 177,287 1.69
Huntington Beach, CA Runtsville, AL
3. Lockheed Space Operations Co 589,888 5.62 16. Grumman Aerospace Corp 162,895 1.5%
Kennedy Space Center, FL Reston, VA
4. Boeing 502,005 478 17. Boeing Computer Support Services 155,085 1.48
Marshall Space Flight Center, AL Marshall Space Flight Center, AL
5. Thiokol Corp 478,842 456 18. Lora! Aerospace Corp 136,852 1.30
Brigham City, UT Houston, TX
6. Lockheed Missiles & Space Co 429,548 4.09 19. Sverdrup Technology Inc 106,520 1.01
Marshall Space Flight Center, AL Middleburgh Heights, OH
7. Rockwell Space Operations Inc 351,155 334 20. United Technologies Corp 96,540 92
Houston, TX West Paim Beach, FL
8. Rockwell Space Operations Inc 324,583 3.09 21. Space Systems Loral Inc 76,964 73
Houston, TX San Jose, CA
9. General Electric Co 286,393 273 22. Johnson Controls World Services Inc 67,057 .64
Princeton, NJ Stennis Space Center, MS
10. Lockheed Engrg & Science Co 256,247 244 23. Cae Link Corp 65,485 .62
Houston, TX Houston, TX
11.  Alliedsignal Technical Serv 231,412 220 24, Harris Space Systems Inc Corp 63,130 .60
Greenbelt, MD Rockledge, FL
12, E G & G Florida Inc 221,435 211 25. Orbital Sciences Corp 61,740 .59
Kennedy Space Center, FL Dulles, VA
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Principal Contractors (Business Firms)

One Hundred Contractors (Business Firms) Listed According To Total Awards Received

Greenbelt, MD

Fairview Park, OH

(FY1993)

Contractor and Principle Awards Contractor and Principle Awards
Place of Contract Performance (Thousands) (Percent) Place of Contract Performance {Thousands) {Percent)

26. Sterling Federal Systems 58,025 .55 39. PRC Inc 35,282 34
Moffett Field, CA Washington, DC

27. BAMSI Inc ) 57,304 .65 40. Hughes STX 34,589 .33
Marshall Space Flight, AL Graenbelt, MD

28. Teledyne Industries Inc 56,406 54 41. Cortez Ill Service Corp (D) 32,135 .31
Marshall Space Flight Center, AL Cleveland, OH

29. International Business Machines 54,805 52 42. Swales & Associates Inc S) 29,861 28
Houston, TX Greenbelt, MD

30. G T E Government Systems Corp 54,414 .52 43. Calspan Corp 28,432 27
Houston, TX Moffett Field, CA

31. Hughes Applied Info Sys Inc 52,795 .50 44, Krug Life Sciences Inc 27,778 26
Greenbelt, MD Houston, TX

32. Spacehab Inc S 49,808 .47 45. Science Application Intl Corp 26,847 26
Washington, DC San Diego, CA

33. Santa Barbara Research Center 47,559 .45 46. General Electric UT C Jv 25,070 24
Goleta, CA Evendale, OH

34, Cray Research Inc 47,105 .45 47. Martin Marietta Services 23,588 22
Chippewa Falls, WI Houston, TX

35. Ball Corp 46,479 44 48. General Dynamics Corp 22,817 22
Boulder, CO San Diego, CA

36. Bionetics Corp 45,679 .39 49. Unisys Government Systems inc 22,652 22
Marshall Space Flight, AL Hampton, VA

37. Raytheon Service Co 44,202 32 50. Jackson & Tull inc (S} (D) 22,494 21
Annapolis Junctioin, MD Greenbelt, MD

38. NS | Technology Services Corp 37,018 .35 51. Analex Corp 20,890 20




Principal Contractors (Business Firms)

One Hundred Contractors (Business l-‘l.rms) Listed According To Total Awards Received

(FY1993)

Contractor and Principle Awards Contractor and Principle Awards
Place of Contract Performance (Thousands) (Percent) Place of Contract Performance {Thousands) (Percent)

52. Fairchild Space & Def Corp 20,351 19 65. Lockheed Corp 15,234 A5
Greenbelt, MD Burbank, CA

53. Johnson Engineering Corp (S) 20,184 19 66. Ferguson MK Co 14,226 14
Houston, TX Cleveland, CH

54. RM S Tachnologies Inc ) 19,974 19 67. Cray Grumman Systems 14,210 A4
Cleveland, OH Marshall Space Flight, AL

§5. Paramax Systems Corp 19,943 19 68. Government Micro Resources (S) (DY 13,266 13
Greenbelt, MD Chantilly, VA

56. Silican Graphics Inc 19,667 19 69. Digital Equipment Corp 13,169 13
Mountain View, CA Moffett Field, CA

57. Northrop Worldwide Aircraft 19,434 19 70. Virginia Electric & Power Co 12,714 12
Houston, TX Hampton, VA

58. Hughes Aircraft Co 19,246 .18 71. Blake Construction Co 12,627 A2
El Segundo, CA Greenbelt, MD

5§9. | Netinc ) (O) 18,517 .18 72. Clevetand Electric Illuminating 12,123 12
Kennedy Space Center, FL. Clevetand, OH

60. Air Products & Chemicals Inc 18,164 17 73. B D M International lnc 11,888 1
Allentown, PA Washington, DC

61. Asrojet General Corp 17,807 A7 74. Fairchild Industries 11,950 A1
Azusa, CA Germantown, MD

62. Micro Craft Inc S) 17,633 7 75. Hernandez Engineering Inc (S) (D) 11,322 b
Hampton, VA Houston, TX

63. Ogden Logistics Services 17,233 16 76. Wyle Laboratories 11,130 1
Greenbelt, MD Hampton, VA

64. Metric Constructors Inc. 17,205 16 77. Anstsc Inc (S) (D) 10,812 10
Kennedy Space Center, FL Greenbelt, MD




Principal Contractors (Business Firms)

One Hundred Contractors (Business Firms) Listed According To Total Awards Received

{FY1993)

Contractor and Principle Awards Contractor and Principle Awards
Place of Contract Performance (Thousands) (Percent) Place of Contract Performance (Thousands}) {Percent)

78. Science Systems Applications (S) 10,422 .10 91. Vitro Corp 9,128 .09
Lanham, MD Washington, DC

79. Recom Technologies Inc (S) (D) 10,268 .10 92. Space Transportation Pro Team 9,028 .09
Moffett Field, CA Huntsville, AL

80. RM S Associates inc JV 9,804 .09 93. Loral Vought Systems inc 8,939 .09
Lithicum, MD Dallas, TX

81. Dunn Construction Co Inc 9,767 .09 94, Taft Broadcasting Co Houston (S) 8,800 .08
Stennis Space Center, MS Houston, TX

82. Booz, Allen & Hamilton Inc 9,732 .09 95, Kelsey Seybold Medical Group 8,457 .08
Bethesda, MD Houston, TX

83. Federal Data Corp {S) 9,553 .09 96. Boeing Aerospace Operations Inc 8,413 .08
Greenbelt, MD Moffett Field, CA

84. Hamm E L & Associates Inc (S) (D} 9,514 .09 97. Computer Sciences Dist Info 8,389 .08
Greenbelt, MD Slidell, LA

85. Mason & Hanger Services Inc 9,435 .09 98. Convex Computer Corp 8,246 .08
Hampton, VA Richardson, TX

86. Aerospace Design & Fab Inc S) 9,387 .09 99. Centennial Contractors Entpr 8,229 .08
Brook Park, OH Greenbelt, MO

87. Pacificorp Capital inc 9,337 .09 100. Scott Co Calif 8,179 .08
Houston, TX Moffett Field, CA

88. EE R Systems Corp (S) (D) 9,301 .09 Other* 1,131,382 10.77
Beltsville, MD

89. Quad S Co {S) 9,249 .09 (S)=Small Business
Moffett Field, CA (D)=Disadvantaged Business

90. Analytical Services & Mat Inc S) (D) 9,184 .09 *Includes other Awards over $25,000 and smaller
Hampton, VA procurements of $25,000 or less.
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Educational and Nonprofit Institutions

One Hundred Educational And Nonprofit Institutions Listed According To Total Awards Recelved*

(FY1993)
Institution and Principle Awards Institution and Principle Awards
Place of Performance (Thousands) (Percent) Place of Contract Performance (Thousands) (Percent)
Total Awards to Educational $1,044,465 100.00 12, Univ Alaska Fairbanks 20,063 1.92
and Nonprofit Institutions Fairbanks, AK
13, Christopher Columbus Ctr Dev (N) 20,000 1.92
1. Stanford Univ 55,897 5.35 Baltimore, MD
Stanford, CA 14. CIESIN (N) 18,975 1.82
2. Assn Univ Research & Astron {N) 54,795 5.25 Ann Arbor, Ml
Baltimore, MD 15.  Univ Maryland College Park, 17,643 1.69
3. Smithsonian Institution (N) 42,233 4.04 College Park, MD
Cambridge, MA 16. Univ Colorado Boulder 17,285 1.66
4. Mass Institute Technology 39,165 3.75 Boutder, CO
Cambridge, MA 17. Charles Stark Draper Lab Inc N) 16,723 1.60
S. Universities Space Research (N) 31,035 297 Cambridge, MA
Greenbelt, MD 18.  Univ Calif San Diego 16,307 1.56
6. Univ Tennessee Calspan Cstar {N) 23817 228 La Jolla, CA
Tultahoma, TN 19. National Academy Sciences (N) 15,767 1.51
7. Wheeling Jesuit College 23,659 226 Washington, DC
Wheeling, WV 20. Univ Alabama Huntsville, AL 14,939 1.43
8. Univ Calif Berkeley 22,853 2,19 Huntsville, AL
Berkeley, CA 21. Calif Institute Technology 14,111 1.35
9. New Mexico State Univ Las Cruces 21,749 2.08 Pasadena, CA
Palestine, TX 22. Pennsylvania State Univ Up 13,619 1.31
10. Univ Arizona 21,718 2.08 University Park, PA
Tucson, AZ 23.  Univ Michigan Ann Arbor 11,353 1.09
11. Mitre Corp N) 21,543 2.06 Ann Arbor, MI
Houston, TX 24. Univ Wisconsin Madison 11,099 1.06
Madison, W)
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Educational and Nonprofit institutions

One Hundred Educational And Nonpraofit Institutions Listed According To Total Awards Received*

(FY1993)

Institution and Principle Institution and Principte Awards
Place of Contract Performance (Thousands) (Percent) Place of Contract Performance {Thousands) (Percent)

25. Univ New Hampshire 10,463 1.00 38. San Joss State Univ 7.190 .69
Ourham, NH Moffett Field, CA

26. West Virginia Univ 10,395 1,00 39. Oklahome State Univ 7,125 .68
Morgantown, WV Stillwater, OK

27. John Hopkins Univ 10,235 .98 40. Battelle Memorial institute ()] 7,063 .68
Baltimore, MD Columbis, OH

28. Univ Texas Austin 9,687 .83 41, Univ Houston 6,847 .66
Austin, TX Houston, TX

29, Univ Washington 9,612 92 42, Columbia Univ 6,730 64
Seattle, WA New York, NY

30. Univ Hawaii 9,353 .90 43. Case Western Reserve Univ 6,711 .64
Honolulu, HI Cleveland, OH

31. Univ Calif Los Angeles 9,086 .87 44, Texas A & M Univ 6,567 .63
Los Angeles, CA College Station, TX

32, Univ Virginia 8,526 .82 45. Harvard Univ 6,626 .63
Charlottesville, VA Cambridge, MA

33, CornellUniv 8,035 77 46. Univ Chicago 6,436 .62
Ithaca, NY Chicago, IL

34, Southwest Research Institute (N) 7,685 74 47.  Univ Houston Clear Lake 5,930 57
San Antonio, TX Houston, TX

35. Ohio Aerospace Institute N} 7.676 74 48. Univiowa 5,485 53
Brookpark, OH lowa City, 1A

36, SET I Institute (N) 7.664 73 49. Old Dominion Univ 5,364 51
Moffett Fieid, CA Norfolk, VA

37. Georgia Institute Technology 7,491 72 50. Univ Southern Calif 4,739 45
Atlanta, GA Los Angeles, CA
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Educational and Nonprofit Institutions

One ¢ | And Institutions Listed According To Total Awards Received*
(FY1993)

Institution and Principle Awards Institution and Principle Awards
Ptace of Contract Performance (Thousands) (Percent) Place of Contract Performance (Thousands) {Percent}

§1. Univ Alabarna Birmingham 4,623 44 64, Howard Univ 3,632 .35
Birmingham, AL Washington, OC

52. Univ Florida 4572 44 65, Hampton City N 3,511 34
Gainesville, FL Hampton, VA

53. Ohio State Univ 4,538 .43 66. Oregon State Univ 3,299 32
Columbus, OH Corvallis, OR

54. Florida Atlantic Univ 4,517 .43 67. Florida A & M Univ 3,283 31
Tampa, FL Tallahassee, FL

55. Virginia Polytechnic Institute 4413 .42 68. American instit Aero & Astro ) 3,259 31
Blacksburg, VA New York, NY

56. Princeton Univ 4,404 .42 69. Univ lllinois Urbana 3,254 3
Princeton, NJ Urbana, ILL

§7. Univ Calif Santa Barbara 4,098 .39 70. North Carolina State Univ 3,170 .30
Santa Barbara, CA Raleigh, NC

58. Washington Univ St Louis 4,053 .39 71. George Washington Univ 3,081 .30
St. Louis, MO Washington, DC

§9. Carnagie Mellon Univ 4,011 .38 72. Cleveland State Univ 3,007 .29
Pittsburgh, PA Cleveland, OH

60. Kansas Cosmosphere & Space {N) 3,940 .38 73. Purdue Univ 3,006 29
Hutchinson, KS Waest Lafayette, IN

61.  Univ New Mexico 3917 .38 74. Colorado StateUniv 2,791 26
Albuquerque, NM Ft. Collins, CO

62. Auburn Univ Auburn 3,762 .36 75.  Univ Miami, FL 2,743 .26
Auburn, AL Miami, FL

63. Univ Minnesota Minnpl St Paul 3,743 .36 76. Research Triangle Institute (QY] 2,690 26
Minneapolis, MN Research Triangle Park, NC




Educational and Nonprofit Institutions

One lonal And profit Institutions Listed According To Total Awards Received*
(FY1993)

Institution and Principle Awards Institution and Principle Awards
Place of Contract Performance (Thousands) {Percent} Place of Contract Performance (Thousands) (Percent)

77. Clark Atlanta Univ 2,660 25 90. Aerospace Corp N) 2,131 .20
Aflanta, GA El Segundo, CA

78. Eloret Institute N) 2,634 .25 91. Univ Pittsburgh 2,058 .20
Moffatt Field, CA Pittshurgh, PA

79. Vanderbilt, Univ 2,634 .25 92. S R | Internatioinal Corp N) 2,054 .20
Nashville, TN Menlo Park, CA

80. Hampton Univ 2,565 .25 93. Florida State Univ 2,051 .20
Hampton, VA Tallahasses, FL

81. Rice Univ 2,519 .24 94. Univ Totedo 2,038 .20
Houston, TX Toledo, OH

82. North Carolina A & T StateUniv 2,498 .24 95. Univ Calif Irvine 1,968 .19
Greansboro, NC Irvine, CA

83, Environmental Res Instit Mich N) 2,392 23 96. Utah State Univ 1,939 19
Ann Asbor, Mi Logan UT

84. Arizona Stats Univ 2333 .22 97. College William & Mary 1,924 .18
Tempe, AZ Williamsburg, VA

85. Univ Cinncinnati 2,331 22 98. Univ Calif Riverside 1,836 18
Cinninnati, OH Riverside, CA

86, Renesselaer Poly Inst New York 2,279 2 99. MCAT Institute N 1,821 A7
Troy, NY Moffett Field, CA

87. Brown Univ 2,248 22 100. Institute Technology Develop N 1,787 a7
Providence, Rl Jackson, MS

88, State Univ New York Stony Srk 2,247 22 Other™ 131,268 12,57
Stony Brook, NY * Excludes JPL

89. Clarkson, Univ 2,131 .20 ** includes other Awards over $25,000 and smaller procurements
Potsdam, NY of $25,000 or less.
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Financial Summary

{in Millions Of Dollars) As Of September 30, 1993
Outlays
Fiscal Total Tota| Direct Research &  Space Flight, Control &  Construction  Research & Program  Trust Office Of
Year  Appropriations Obligations | Totat  Development  Data Communications _ Of Facilities Management Funds Inspector General
1959 330.90 298.70 145,50 34.00 - 24.80 86.70 - -
1960 523.90 486.90 401.00 255.70 - 5430 91.00 - -
1961 966.70 508.30 744.30 487.20 - 98.20 159.10 - -
1962 1,825.30 1,691.70 1,257.00 935.80 - 11430 207.10 - -
1963 3,674.10 3,448.40 2,552.40 2.308.40 - 22530 18.70 - -
1964 5,100.00 4,864.80 4,171.00 331740 - 437.70 415.90 - -
1968 §,250.00 6,500.70 5,092.90 3,984.50 - 530.90 571.50 - -
1966 5,175.00 5,350.50 5,933.00 4,741.10 - 572,50 619.40 - -
1967 496800 5011.70 5,425.70 4,487.20 - 288.60 649.90 - -
1968 4588.90 4,520.40 4,723.70 3,946.10 - 126.10 651.50 - -
1969 3,995.30 4.045.20 4251.70 3,530.20 - 65.30 656.20 - -
1970 3,749.20 3,858.90 3,753.10 2,991.80 - 54.30 707.20 - -
1971 331260 3,324.00 3,381.90 2,630.40 - 43.70 707.80 - -
1972 3,310.10 3,228.60 342290 2,623.20 - 50.30 749.40 - -
1973 3,407.60 3,154.00 3,315.20 2,541.40 - 44.70 729.10 - -
1974 3,039.70 3,122.40 3,266.20 2,421.60 - 75.10 759.50 - -
1975 3231.20 3,265.90 3,266.50 2,420.40 - 85.30 760.80 - -
1976 3,551.80 3,604.80 3,669.00 2,748.80 - 12090 799.30 - -
TQ 932.20 918.80 951.40 730.70 - 25.80 194.50 - -
1977 3819.10 3,858.10 3,945.30 2,980.70 - 105.00 859.60 - -
1978 4,063.70 4,000.30 3,983.10 2988.70 - 12420 870.20 - -
1979 4,558.80 4,557.50 4,196.50 3,138.80 - 132.70 925.00 - -
1980 5,24340 §,098.10 4,851.60 3,701.40 - 140.30 1,009.90 - -
1981 5522.70 5,606.20 5,421.20 4,223.00 - 146.80 1,051.40 - -
1982 6,020.00 §,946.70 6,035.40 4,796.40 - 109.00 1,130.00 - -
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Financial Summary

{In Millions Of Dollars) As Of September 30, 1993

Outlays

Fiscal Total Total Direct Total Research&  SpaceFlight, Control &  Construction  Research & Program  Trust Office of GSA Buikling
Year Appropriations Obligations D Data C: icati Of Facilities Management Funds Inspector Generai  Delegation
1983 6,817.70 6,723.90 6,663.90 531620 - 108.10 1,239.60 - - -
1984 7.242.60 713520 7,047.60 2,791.80 2,914.60 108.80 1,232.40 - - -
1985 7,552.20 7,638.40 7.317.70 2,11820 3,707.00 170.00 1,322.50 - - -
1986 7,764.20 7.463.00 7.403.50 2,614.80 3,267.40 188.90 1,332.40 - - -
1987 10,621.00 8,603.70 7.591.40 2,436.20 3,597.30 149.00 1,408.90 - - -
1988 9,001.50 991470 9,091.60 2915.80 4,362.20 165.90 1,647.70 - - -
1989 10,897.50 11,315.80 11,051.50 3,922.40 5,030.20 190.10 1,908.30 0.50 - -
1990 12,205.70 13,068.93 12,428.83 5§,094.30 5,116.52 218.42 1,991.09 1.00 750 -
1991 1401462 13.973.54 13,877.64 5,765.48 5,500.28 326.31 2,185.06 1.02 9.49 -
1992 14,316.05 14,159.75 13,961.42 6,578.85 5,117.51 463.03 1,788.05 1.54 12.44 -
1993 14,323.39 14,118.47 14,306.23 7,086.12 5,025.16 556.77 1,621.64 112 1463 079
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Research and Development Funding By Program

{In Millions of Dollars)

As of September 30, 1993

FY1993 FY 1992 FY 1991 FY 1990 FY 1989 FY 1988 FY 1987 FY 1986 FY 1985 FY 1984 FY 1983 FY 1982 FY 1981 FY 1980 FY 1979 FY 1978 FY 1977

& Prior
Space Station 207708 1,976.71 1,87539 1,723.70 83460 387.39 41450 197.80 153.60 - - - -
Space Flight
Space Shutile - - - - - - - - - - 1,696.20 2,098.10 1,994.70 1,870.30 1,637.60 1,348.80 4,533.70
Space Transp Gap Dev 49658 55549 59462 546.02 65040 58580 52230 390.00 J87.80 MEN0 1,771.50 S0220 67620 MESD 29970 26380 394620
STS Oper Capabilly Dev - (-} (=) (=) (=) (=) (=) (=) (=) (=) (278.80) (201.50) (223.50) (112.90) (B9.90) (65.40)  (65.40)
Spacelab (11389 (9920 (12930) (11858) (87.60) (66.50) (72.00) (77.30) (55.60) {111.00) ( (-) (—) (-} {-) {~)
Upper Stages - (59.70) 40) (79.70) (131.60) (142.20) (152.00) (113.60) (135.80) (157.70) -y (- (-7 (=) (- )
Payiad Oper & Sport €t (12089 (11080) <93 42) (5854 (310) (410) (3410) (420) (5450 (59.60) T O o R
Eng & Tech Bass (ETBYDTM: (214.15)  (210.80) {20850) (181.60) (160.60) (133.90) (133.40) (105.50) (105.60) (93.10) (7020) (18290) (18350) (172.60) (177.20) (171.90) (1 05070)
Advanced Programs (3200)  (3455) (3520) (20.70) (47.70) (4640) (37.70) (19.40) (2050) (21.40) (8.80) (13.00) (7.00) (10.00} (188.80)
Advanced Launch Systems (960) {27.98)  (-) (=) (®040) ®6430) (-) (=) (=) (~) ‘) () - (- (-
Advanced Transportation Tech. ) (~) (90 (=) (-} (=) (=) (=) (=) (=) (- (-) (-} (-) (-)
Tethered Satellite Program (340)  (1640) (2190) (27.30) (2640) (12.10) (1060) (15.00) (15.80) {(3.30) (- ) ( ~) =) (=) (=)
Orbital Maneuvering Veh (OMV) 3] (-} (~) (5060) (7300) (46.30) (8250) {500} (-) (~) ) (- (- (=) (=} (-
STS Operations ) (-} () (=) (=) (=} (=) (=) (=)} (=) (260. 40) (‘4310) (2560)  (16.50) (
Skylab 3] (-) () (=) (=) (=) (=) (=} (=) (=) (-) (=) (=) {~) @a27.10)
Apollo Soyuz Test Project -} (S T S0 B ) B 0 N £ B ) B ) B € A 0 (<) (-} (=) (=) (420
Expendable Launch Vehicles - - - - - - - - - - 5440 6740 7360 13650 2,274.60
Completed Programs - - - - - - - - - - - - - - 2202010
Apollo. ) -} (=) (=} (=) (=) (=) () (=) (=) (=) (=) (=) (~){044360
Gemini =) -y () (=) (=) (=) (=) (=) (=) (=) (-) (=) {~) (-) (1.28070
Others ) (=] () (=) (=) (=) (=} (=) (=) () (=) (~) (~) (-) (29580
Total OSF 49698 55049 59462 54602 66040 58580 52230 39000 387.80 446.10 3,550.60 3031.40 272530 2,384.30 2,010.90 1,749.10 32,840.60
Commercial Programs
Technology Utifization 28.91 3208 2405 2340 1630 1880 1550 1040 9.40 9.00 880 1200 9.10 9.10 75.30
Commerciat Use of Space 13284 11363 6279 3241 2780 2930 2360 16.00 - - - - - - -
Total OCP 16175 14571 8684 5581 4410 4810 39.10 2640 9.40 9.00 8.80 12.00 9.10 9.10 75.30
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Research and Development Funding By Program

As of September 30, 1993
FY1993  FY 1992 FY 1991 FY 1990 FY 1989 FY 1988 FY 1987 FY 1986 FY 1985 FY 1984 FY 1983 FY 1982 FY 1981 FY 1380 FY 1979 FY 1978 FYx 1977
Pigy
and Space T
Lurrent Programs
I5pace Research & Technology 26568 20990 27790 273.77 27370 21710 16450 14810 141.00 13030 12120 10690 10780 111.80 9830 8870 43230
preronautical Research & Tech 70025  543.70 500.10 43336 38460 32020 36050 32430 32830 30970 27450 26110 26880 30830 264.40 22800 1,021.40
Transatmospheric Res & Tech - 408 9379 5820 6850 5190 4440 - - - - - - - - - -
E-nergy Tech. Applications - - - - - - - - - - - - 190 3.00 5.00 750 20.80
prior Programs
rpolio Applications Expr - - - - - - - - - - - - - - - - 1.00
[Chemical & Solar Power - - - - - - - - - - - - - - - - 6230
Basic Research - - - - - - - - - - - - - - - - 193.60
Fpace Vehicle Systems - - - - - - - - - - - - - - - - a3220
ledronic Systems - - - - - - - - - - - - - - - - 27200
luman Factor Systems - - - - - - - - - - - - - - - - 151,30
I5pace Power & Elec Prop Sys - - - - - - - - - - - - - - - - 38540
uclear Rockets - - - - - - - - - - - - - - - - 512.80
[Chemical Propulsion - - - - - - - - - - - - - - - - 365.40
jreronautical Vehicles - - - - - - - - - - - - - - - - 451,20
Nuclear Power & Propulsion - - - - - - - - - - - - - - - - 44,10
Total OAST 96590 4768 86938 76542 72680 58920 56040 47240 46930 44000 39570 36800 37850 42310 36740 32420 4.261.80
Bpace Tracking & Data Systems
[racking and Data Acquisibon 28 2173 1975 1908 1860 1770 1690 1530 1470 1410 49630 40130 339.80 33210 299.90 276.30 3,852.80
Bafety, Refiability, Maintainability
Jt Quality Assurance
& Practices 32.06 3318 3259 2235 2210 1390 1180 750 4.8 460 3.00 3.00 2.40 3.80 9.00 9.00 2420
University Space Science &
lrechnology Academic Program
pcademic Programs 68.80 4424 3743 2300 - - - - - - - - - - - - -
inority University Res. Prog 2224 2173 1698 1403 - - - - - - - - - - - - -
otal US.SATA.P. 91.04 6597 5441 37.03 - - -~ - - - — - - - - - -




Research and Development Funding By Program

{in Mitdions of Collars}
FY1993 FY 1992 FY 1991 FY 1990 FY 1989 FY 1988 FY 1987 FY 1986 FY 1985 FY 1984 FY 1983 FY 1982 FY 1981 FY 1980 FY 1979 FY 1978 FY 1977
& Prior
Space Science and Applications
Cutrent Progtams
Physics & Astronormy 102534 101999 95494 84711 71210 59620 52850 55460 654.70 55860 480.80 31820 32000 33560 28180 22310 2,196.30
Planetary Exploration 52474 52735 46991 380.85 40590 32350 36220 34910 28650 21610 18000 20500 174.90 21940 181.90 146.70 3,550.20
Life Sciences 14500 15575 13560 10470 7810 7240 7020 6500 6190 5760 5560 3950 4220 4380 40.10 3330 14570
Space Applications 881.95 88827 83507 63205 57830 55740 55060 47840 36760 30950 31140 32500 32570 32850 27190 23210 2,002.60
Prior Programs
Manned Space Science - - - - - - - - - - - - - - - - 46.40
Launch Vehicla Development - - - - - - - - - - - - - - - - 614.40
Bioscience - - - - - - - - - - - - - - - - 257.80
Space Flight Operations - - - - - - - ~ - - - - - 400 58.30
load, Il (=} (-} (=) (=) (-] (=) (=) (=] {~} (=) (-] (=] ( } [L (~) {400} (5830
Total OSSA 2591.36 2,501.36 2,395.52 1,.964.71 1,774.40 1,549.20 151150 1,447.10 1370.70 1,141.80 1,027.80 887, 86200 92730 77570 639.20 8961.70
Exploration 346 346 350 - - - - - - - - - - - - - -
University Affalrs - - - - - - - - - - - - - - - - 229.20
Operating Account 58765 589.75 8941 9356 10350 6370 6810 5990 6500 2360 3340 2360 17.80 5.50 520 470 79.70
Total Program 709430 6,827.61 602352 5,22769 423450 325490 3, 15370 261640 246580 207920 551550 472300 433430 408810 3.477.20 3,011,680 50,325.30
Approp Trans & Adj 0 40
Appropriation 7.089.30 6,827.61 6,02352 5220.69 4,266.60 3414.30 3,165.70 2,683.30 2,468.10 2,044.90 5522.80 4,740.90 4,336.30 4,091.10 3,477.20 3,013.00 50,626.30
Lapse Unoblig Bal Inc! - (1.16) (132) (168 (05 (L) @4 03 02 03 ©3 ©3 06 00 03 03 -

Note: Unobligated Batances Lapsed at the end of the second year of accountabifity.
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Research and Development Funding By Location

~As of September 30, 1593]

Note: Unobiigated Balances Lapsed at the end of the second year of accountability

FY1993 FY 1992 FY 1991 FY 1990 FY 1989 FY 1988 FY 1987 FY 1986 FY 1985 FY 1984 FY 1983 FY 1982 FY 1981 FY 1980 FY 1979 FY 1978 FY 1977
_& Priot_|

Headquarters 82923 76742 64577 471.79 40350 33280 25820 17580 15030 141.80 21840 15260 13600 13250 11530 9500 225390
Ames Research Center 45382 43164 357.72 31420 29530 26170 201.10 24150 22350 196.80 18060 16290 141.00 147.50 14040 11550 1,183.10
Dryden Flight Research Facility - - - - - - - - - - - 11.90 1840 1660 13.10 1860 24200
Electronics Research Center - - - - - - - - - - - - - - - - 8250
Goddard Space Flight Center  1,337.13  1,177.23 1,047.81 93064 74370 51090 48880 52260 447.10 36160 81630 74400 56760 55090 51550 493.00 6,400.10
Jet Propuision Laboratory 59214 71419 73497 657529 SBI60 49030 46680 45190 347.80 25370 30820 31640 26280 32050 23580 20340 3,017.90
Johnson Space Center 132641 143347 1,173.60 1,049.33 57260 33480 331.00 24950 23520 174.90 159300 1,557.30 1,524.70 1,398.30 1,161.80 97060 15423.30
Kennedy Space Genter 26481 27267 22980 15068 11620 9050 5730 7110 4900 5570 52030 42050 365.40 30060 23490 17000 2,503.20
Langley Research Center 360.23 34997 30815 260.81 24590 19900 221.10 17520 177.70 14040 13190 13050 14330 16820 13820 157.10 232290
Lewis Research Genter 764.24 68166 55020 50026 39370 257.30 28680 25710 32510 30580 26090 17840 16330 17040 14850 13360 285460
Marshall Space Flight Center 972.89 97443 96832 95089 87000 76090 73010 46530 50320 44350 1,702.10 123850 1,00590 88820 78520 630.90 13,293.10
NASA Pasadena Offica - ~ - - - - - - - - - - - - - - 4.40
Pacific Launch Operations - - - - - - - - - - - - - - - - 0.30
Space Nuclear Systems Office - - - - - - - - - - - - - - - - 436.50
Station 17 - - - - 5.10 - - 380 470 470 -24280 -20000 -1400 -31.70 -38.80 - -
Stennis Spaca Cneter 2374 2493 1818 1480 17.30 670 2250 1020 1110 9.70 860  10.00 8.70 9.30 920 1000 2150
Wallops Flight Facility - - - - - - - - - - - - 120 1680 1740 1590  156.30
Western Suppart Office - - - - - - - - - - - - - - - 1970
Undistributed 169.66 - - - - - - - - - - - - - - - -
Total Program 709430 6,827.61 6,023.52 5,227.69 4,234.50 3,254.90 3,153.70 2,616.40 2,465.30 2,079.20 551550 4,723.00 4,334.30 4,088.10 3,477.20 3,011.60 50,325.30
Approp Trans & Adjustment 5.00 0.00 000 -700 3210 15940 1200 21.90 280 3430 730 1790 200 3.00 0.00 140 301.00
Appropriation 7089.30  6,827.61 6,023.52 522069 426660 3,414.30 3,165.70 2,638.30 2,468.10 2,044.9 552280 4,740.90 4,336.30 4,091.10 3,477.2 3,013.00 50,626.30
Lapse Unoblig Bal Indl - (116 (132 (68 @5 (L) @4 ©I 03 0 02 (03 ©8 0N 03 03 -




Space Flight, Control And Data Communications Funding By Program

{In Millions of Dollars)

As of September 30, 1993

Note: Unobligated Balances Lapsed at the end of the second year of accountability.

FY 1993 FY 1992 FY 1991 FY 1990 FY 1989 FY 198 FY 1987 FY 1988 FY 1985 FY 1984
Space Flight
Shuttle Prod & Oper Cap 1,04548 1,295.75 1,285.07 1,180.84 1,11655 1,092.40 3,326.38 1,354.70 1,478.10 1,637.20
Space Transportation Ops 280494 292836 2976.73 2,628.41 2,604.26 1,825.50 1,737.06 1,633.20 1,308.60 1,431.70
Total OSF 3,850.42 4,223.61 427180 3,818.25 3,720.81 2,917.90 5,063.44 2,987.90 2,786.70  3,068.90
SPACE SCIENCE & APPLICATIONS
Expendable Launch Vehicles 179.85 - - - - - - - -
Space Tracking & Data Systems 820.70 869.73 973.91 897.97 81345  969.30 764.70 658.20 792.20 673.90
Operating Account 207.83 258.76 10.13 9.39 13.79 8.70 17.38 15.62 15.30 9.00
Total Program 5,058.80 §,352.10 5255.84 4,725.61 4,54805 3,895.90 5,845.52 3,661.72 3,504.20 3,751.80
Approp Trans & Adjustment 27.20 -195.03 1,083.29 -170.71 -83.85 12.40 -284.50 27.52 7.60 34.30
Appropriation 5,086.00 5,157.07 6,319.13  4,554.90 4,464.20 3,908.30 5,561.02 3,689.24 3,601.80 3,786.10
Lapse Unoblig Ba Incl - 0.43) (0.41) (0.82) (0.90) (0.40) (0.30) ©.3) (0.2) 0.5)
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Space Flight, Control And Data Communications Funding By Location

(In Millions of Dollars) As of September 30, 1993

FY 1993 FY 1992 FY 1991 FY 1990 FY 1989 FY 1888  FY 1987 FY 1986 FY 1985 FY 1984

Headquarters 105.52 117.50 220.77 160.73 159.30 364.40 336.97 204,50 259.50 227.60
Ames Research Center 24.76 22.86 21.78 18.70 16.70 15.40 16.30 18.00 15.60 10.30
Goddard Space Flight Center 545.93 623.08 672,11 635.73 649.92 467.10 41590 330.00 432.20 431.00
Jet Propulsion Laboratory 184.03 176.35 151.75 154.72 124.97 132.10 128.00 117.40 111.90 97.30
Johnson Space Center 1,176.79 122078 118835  1,13053  1,054.62 90870 247565  1,08370  1,308.00  1,360.50
Kennedy Space Center 1,070.21 1,101.91 941.36 857.80 828.37 720.20 660.62 511.52 493.40 490.50
Langley Research Center - 0.63 2,05 205 14.30 0.10 0.25 0.40 0.60 0.20
Lewis Research Center 45.33 58.39 121.87 54.63 10.90 3.70 5.00 3.30 4.30 2.00
Marshall Space Flight Center 1,666.81 1,837.63 1,904.33 1,683.63 1,779.81 1,263.90 1,734.05 1,655.40 1,437.00 1,379.00
Station 17 - - - - -12.40 - - -277.60 -480.60 -247.70
Stennis Space Center 34.34 48.11 31.47 27.09 21.56 19.30 16.09 15.10 12.30 1.10
Undistributed 205.08 - - - - - 56.69 - - -
Total Program 5,058.80 5,352.10 5,255.84 4,725.61 4,548.05 3,895.90 5,845.52 3,661.72 3,594.20 3,751.80
| Approp. Trans & Adjustment 27.20 -195.03 1,063.29 -170.71 -83.85 12.40 -284.50 27,52 7.60 34.30
Appropriatioin 5,086.00 5,157.07 6,319.13 4,554.90 4,464.20 3,908.30 5,561.02 3,689.24 3,601.80 3,786.10
Lapse Unoblig Bal Incl - {0.43) 0.41) (0.82) (0.90) (0.40) (0.30) 0.3} 0.2) (0.5)

Note: Unobligated Balances Lapsed at the end of the second year of accountability.
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Construction of Facilities Fundin g

In Miltions ot Dollars) FYS3 - FYK £Y91 FY 90 FYey FYgs FY @7 FY 86 FY85 _FY84 FY83 Fys2 FY 81 FY80 FY79 FY78  FY77 761Q
Ames Research Center - - - 127 - 16.0 189 78 142 147 - - 138 29 9.1 - 44 286
Dryden Flight Research Fac. - - 128 - - 127 - - - - 35 - - - - 0.4 08 -
Goddard Space Flight Center 198 20 166 159 6.2 86 80 36 21 - 26 - - - 56 45 - -
Jet Propulsion Laboratory - 55 208 5.3 - - 15 92 13 7 55 - 18 28 - 48 21 - -
Johnson Space Center 40 70 1.0 28 78 - 78 - - - 30 - - - 20 22 -
Kennedy Space Center - 53 - 13 - - - - - - 11 06 48 - 17 28 -
Langtey Research Center - - 48 - 74 - 1.3 46 |3.8 105 135 29 220 71 53 18 6.1 16
Lewis Research Center - - 16.0 - - 17.0 - - - 129 48 12 87 57 58 08 27 -
Marshall Space Flight Center - 52 - - 126 - - - 16 - - - 40 83 - - - -
Stennis Space Center 22 toe 38 - - - - - - - - - - - - 06 - -
Wallops Flight Facility - 35 55 - - - - - - - 21 - - 11 - -

Various Locations 338 5.7 176 26 - 84 169 174 140 - - 98 320 17 - 11 - -
Facility Planning & Design 233 0. 280 263 20 16.0 170 1.8 120 a1 8.2 100 97 139 106 "y 126 125
Large Aero Fac | - - - - - - - - - - - - - 457 561 370 31.0 -
Minor Construction 140 129 1.0 100 9.0 74 68 59 49 47 ar 23 39 35 42 60 29 82

Repait 319 37 22 280 25 229 221 195 179 172 128 128 148 120 - - - -
Envir Compl & Rest. Program 400 360 320 300 2.0 239 - - - = - - - - - -
Rehab & Mods * 340 348 29 3.0 32 s 298 243 215 21 .4 18.9 |7.6 173 197 141 189 178 220
Space Station Facifities 138 350 130 498 - - 125 - - - - - - - - - - -
Shuttle Faciliies 193 4 369.4 1645 174 6 68.1 172 69 381 76 492 81 k<Ll 99 79 208 647 303 468
Shuttle Payload Facility . - - - - - 38 67 132 17 - 15 43 - 73 44 -
Unallocated Plans & Design - - - - - - - - - 05 - - - - - - -
Aero,. Facils Revitalization 98 423 26 GM 460 - - - - - - - - - - - - -
Advanced Launch System Fac. - - - - 150 - - - - - - - - - - - - -
Trust Fund - - - - 150 - - - - - - - - - - - - -
Wake Shield Facity - - 30 22 - - - - - - - - - - - - -
Future Software Program - 80 40 - - - - - - - - - - - - - -
Earth Science Info Network 420 34 10 - - - - - - - - - - - - - - -
JSC Visitor Center - -~ 100 - - - - - - - - - - - - - - -
Deferred Rebab & Major Maint. - 18 200 - - - - - - - - - - - - - -
National Tech. Transfer Center - 135 - - - - - - - - - - - - - -
Chris Columbus Center - 200 - - - - - - - - - - - - - - -

Indp Software Valid/Verif - 100 - - - - - - - - - - - - - - - -
Space Dynamics Laboratory - 100 - - - - - - - - - - - - - - - -
Detta College, HQ 80 - - - - - - - - - - - - - - - - -
High Spead Civil Transpart 250 = = = -

TOTAL PROGRAM 5250 514 4979 4136 2868 1796 169.3 1440 1600 1584 1014 955 140.8 1566 1463 1614 1178 925
Aporop Trans & Adjust 50 00 00 1877 a3 sl3 3000 107 =100 29 39 03 258 05 12 05 03 04
Approp & Availability §20.0 5250 4979 6013 01 1783 4693 1333 1500 1565 975 958 1150 1564 1475 1609 181 929
*Included in Various Locations Prior to FY 1972,
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Construction of Facilities Funding

As of September 30, 1993

Ames Rasearch Centes 37 - 32 65 1 03 04 42 - 28 58 1.3 143 63 06 (3] a8
Dryden Feght Research Facilty - - - 09 - - - - - 25 18 - - 18 -
Electronics Research Center - - ~ - - - - - 74 52 104 18 - - - - -
Goddard Space Flight Canter 19 13 08 07 14 07 - 08 07 24 23 177 213 15 94 140 39
Jot Proputsion Laboratory 92 13 05 - 19 - - 31 03 [E] 16 10 14 36 85 77 -
Space Center 07 - 06 - 11 - 09 06 1.8 40 173 39 245 - - - -
Kennedy Space Center - - 97 156 03 105 74 204 us 72 878 734 308 1158 78 40 -
Resaarch Center 32 40 43 - 06 56 - - 84 84 33 97 98 69 123 45 108
Lewis Research Center a7 - 100 08 07 03 - 21 162 09 08 04 455 14 96 66 8.0
Marshal Space Flight Certar 38 - - - 13 - - 039 - 18 120 22 05 07 %.1 - -
Stennis Space Centar - - - - - 1.4 - - - - 584 1028 LAl - - - -
Wabops Flight Faciliy 11 1] as - - 05 05 07 02 1.0 17 05 41 13 20 - 18.1
Michoud Assembly Facility - - - - - - 04 05 05 03 82 73 85 - - - -
Nuciear Rocket Dav Station - - - - - - - - - - - 41 15 - - - -
Pagific Launch Operations - - - - - - - - - - 03 - - 0§ 04 11 -
Various Locations 77 a7 -~ 07 25 %4 208 as 65 159 23 215 1299 1590 20 524 51
Faciity Planning & Design 108 135 79 35 54 15 10 54 54 50 88 10.4 129 98 - - -
Minor Construction 48 46 - - - - - - - - - - - - - - -
fehab & Mogs * 148 148 e 79 (7.5 - - - - - - - - - - - -
Shutte Faciities 765 565 278 183 - - - - - - - - - - - - -
_ _ 17 . - . - - . . .. - . .
TOTAL PROGRAM 1417 1006 785 540 83 504 34 420 %00 S50 2470 7384 7659 364 1248 982 ar
Approp Trans & Adjust 5 05 4.2 13 11.3 a 96 5.1 7.1 50 159 -58.4 10.3 404 20 -136 03
Appropr & Availabilty 1402 1014 73 527 %0 532 28 59 829 600 2629 6300 7762 3160 1228 848 480
*incuded in Vesious Locations Pior 1o FY 1972

C-25




Research and Program Management Funding

(1) Includes NASA Pasadena Office

(In MilBons of Doliars) As of September 30, 1993
EYo FYg2

Headquarters {1) 1692 9716 2830 2500 2552 2056 1425 1240 1222 1140 1119 1159 964 887 846 84 784 935
Ames Ressarch Center 1633 1590 2115 1879 1783 1653 1340 1235 1223 1149 1072 76.6 722 674 628 577 531 639
Dryden Flight Research Fac - - - - - - - - - - - 244 226 202 189 182 172 19.7
Goddard Space Flight Center 2586 2508 3044 2665 2559 2440 2164 2005 1983 1914 1839 1694 1425 1337 1278 1235 1143 1366
Johnson Space Center 2532 2475 3460 3252 3027 2833 2280 2069 2169 2019 1952 2305 1763 1647 1530 1462 1394 1652
Kennedy Space Center 1610 1555 2005 2778 2699 2437 2000 1922 1851 1764 1649 1560 1502 1355 1264 1163 1101 128.0
Langley Research Center 1704 1728 2146 1987 1887 4782 1537 1450 1476 1392 1327 1266 1208 1138 1066 1007 947 1157
Lewis Research Cemter 1785 1724 2304 2063 1964 1820 1517 1434 1374 1285 {188 1064 999 948 875 8A7 833 1024
Marshall Space Flight Conter 2370 2318 2939 2768 2560 2399 2134 1950 1907 1909 1843 1721 1653 1566 1490 1436 1402 1700
Stennis Space Cente 147 145 283 251 235 206 124 12 107 63 66 55 49 28 13 0.1 07 05
Station 17 - - - - - - - 01 -76 -76 81 - - - - - - -
Wallops Flight Facility - - - - - - - - - - - - 200 178 159 151 133 170
TOTAL PROGRAM 16150 15760 22116 20234 19266 17626 14515 13413 13318 12559 1,1974 11831 10711 9960 9338 8395 8444 10125
Lapsed Unoblig Bal - 18 06 - - - 1.0 02 05 02 02 03 02 0.3 03 0.2 06
Approp Trans & Adjust - 6647 03 412 716 -2663 275 205 - - - -~ - - - - -
Supplemental 200

Appropriation 16350 22423 22119 19822 18550 1,957 14250 1,362.0 1,3323 1,256.1 1,197.4 1,183.3 1,071.4 9962 9341 8898 8446 10131
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Research and Program Management Funding

As of Setpember 30, 1883

(1) Includes NASA Pasadena Office

{2) ERC was closed on June 30, 1970 .
(3) Includes $10 million for basic institutional and other requirements for agencies resident at MTF/Slidell

Fyrs Fy74 FY73 FY72 FY71 FY70 FY69 FYes Fye67 FY66 FY65 FYe64 FYe3 FYe2 FYel FY60 FYs9
Headquarters (1 689 63.0 61.2 61.6 64.9 63.2 60.8 571 574 544 69.3 56.1 513 26.0 139 85 57
AmesResearch Center @ 486 464 424 422 #06 W6 340 338 BB 382 I8 269 256 29 199 178 163
Dryden Fiight Research Center 13.2 12.2 17 1.7 1.1 103 9.7 95 95 94 105 94 75 72 51 43 331
Electronics Research Center - - - - - 1914 172 154 12.2 6.4 32 05 - - - - -
Goddard Space Flight 104.8 973 957 965 93.1 864 732 68.3 71 64.4 933 619 528 391 204 155 1.8
Johnson Space Center 213 1178 1106 11390 1111 1066 989 957 957 865 887 647 510 241 9.2 - -
Kennedy Space Center 95.9 94.4 924 926 983 976 95.8 931 927 820 408 268 18.8 64 - - -
Langley Research Center 88.6 833 786 80.2 753 69.8 630 6§22 64.3 €35 59.0 5214 518 45.6 391 330 34
Lewis Research Center 803 796 812 825 780 739 679 662 663 664 693 585 534 452 358 312 278
Marshall Space Flight Center 129.1 1375 1372 1389 1451 1257 1163 1262 1287 1284 1387 4243 1128 89.2 68.6 51 -
Stennis Space Center 16 - - - - - - - - - - - - - - - -
Pacific Launch Operations - - - - - ~ - - - 06 0.9 09 06 0.1 - - -
Space Nuclear Systems Office 11 - 22 24 23 21 20 20 18 17 15 10 03 - - -
Wallops Flight Facility 124 16 108 109 10.3 97 9.1 88 97 9.3 111 88 89 74 50 27 1.3
Western Suppon Office — - - - - - - 1.0 32 4.9 50 44 34 14 57 0.5 -
TOTAL PROGRAM 7647 7440 7218 7323 ] 7302 7022 6480 6393 6466 6112 6233 4968 4387 3156 2227 1186 876
Lapsed Unoblig Bal 02 06 76 03 02 04 0.1 0.1 09 06 - - - - - -
Approp Trans & Adjust -49 - - 24 17 126 49 114 7.5 -27.8 0.2 -2.8 - - - - -
Appropriation 7600 7446 7294 7347 7227 6900 6032 6280 640D 5840 6235 4940 4387 3156 2227 1186 876

C-27



Personnel Summary

Onboard At End Of Fiscal Year*

EYss __ FYeo FYs1 FY62 FY83 FYsa _FYes FYes FYs7 EYes FY
Headquarters 429 587 735 1477 2,001 2,158 2135 2,336 2,373 2,310 2,293 2,187 1,895 1,755
Ames Research Center 1,464 1,421 1471 1,658 2116 2,204 2,270 2310 2264 2,197 2,117 2,033 1.968 1,844
Dryden Flight Research Facility (1) 340 408 247 538 616 619 669 662 642 622 601 583 579 539
Electronics Research Center - - - ~ 250  33@ 250 555 791 950 951 592 - -
Goddard Space Flight Center 398 1,255 1,599 2,755 3487 3,675 3,774 3,958 3997 4,073 4,295 4,487 4,459 4,178
Johnson Space Center -~ inGSFC 784 1,785 3,345 4,277 3,413 4,809 5064 4,956 4,75 4,539 4,298 3935
Kennedy Space Center - - - 339 1181 1,625 2464 2,669 2,867 3,044 3058 2,895 2,704 2,568
Langley Research Center 3,624 3,203 3,238 3,894 4,220 4,330 4,371 4485 4,405 4,219 4,087 3,970 3,830 3,502
Lewis Research Center 2,809 2,722 2773 3,800 4,697 4,859 4,897 5,047 4,956 4,583 4,399 4,240 4,083 3,866
Marshall Space Flight Center - 370 5948 6,843 7332 7,679 7,719 7,740 7,602 6935 6,639 6,325 6,060 5,555
NASA Pasadena Office - - - ~ - - b 19 85 El) 79 80 72 44 40
Pacific Launch Operations Office -~ - - - 17 22 21 - © - - - - - -
Space Nuclear Systems Office - - 4 39 9 12 16 115 13 108 104 103 89 45
Stennis Space Center - - - - -~ - - - -~ - - - - -
Wallops Flight Facility (2) 174 229 302 421 493 530 854 563 576 565 554
| Western Suppor Office B 37 60 136 38 376 377 gos 19 = @
Total 9235 10,232 17,871 23686 29,934 32499 34,049 35708 35860 34,641 93929

EY73 EY24 EY75 FY76 Y77 EY78 _ EY79 FYso __ FY81

Headquarters 1,747 1,734 1,673 1,708 1618 1,606 1,534 1,858 1,638

Ames Research Center 1,740 1,776 1,754 1,724 1,645 1,691 1713 1,713 1,652

Dryden Flight Research Facility 509 531 544 566 546 514 498 499 491 NOTES:

Electronics Research Center - - - -~ - - - - -~

Goddard Space Flight Center 3,852 3,936 3,871 3,808 3,666 3641 3,562 3.535 3431 * Includes Other Than Permanent

Johnson Space Center 3,896 3,886 3,877 3,796 3,640 3617 3,563 3616 3,498

Kennedy Space Center 2,516 2,408 2,377 2,404 2270 2,234 2,264 2,291 2,224 (1) Included in ARC After FY 1981

Langley Research Center 3,389 3,504 3,472 3,407 3,207 3,167 3,125 3,094 3,028 {2) Included in GSFC After FY 1981

Lewis Research Center 3,368 3,172 3181 3,168 3,061 2,964 2,907 2,901 2,782

Marshall Space Flight Center 5,287 4,574 4,337 4,336 4.014 3,808 3,677 3,646 3479 (a) Figures for North Eastern Office

NASA Pasadena Office 39 39 35 - - - - - - {b) Prior Years Figures Included in WSO

Pacific Launch Operations Otfice -~ - - - -~ - - -~ - (c) Effective in 1966, PLOO Activity Was

Space Nuclear Systems Office - - - - - - - - - Merged Under KSC

Stennis Space Centsr - - 76 72 94 108 108 111 113 {d) Effective in 1968, WSO Was

Wallops Flight Facility 434 447 441 437 426 429 409 406 400 Disestablished and Elements Merged
ice =, £ = - = = 3 = = With NaPQ

Total 26,777 26,007 25,638 25426 24,188 23778 23,360 23,470 22,736
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Personnel Summary

Year-End Strength

Fys2 FY83 FYs4 FY85 FY86 Fys7 FYes FYs9 FY90 FYo1 Fyg2 FYe3
Headquarters 1,431 1,492 1,396 1,383 1,362 1,532 1,653 1,727 1,966 2,092 2,143 2,074
Ames Research Center 2,041 2,033 2,043 2,052 2,072 2,079 2,101 2,151 2,205 2,263 2,243 2,173
Goddard Space Flight Center 3,621 3,668 3,541 3,629 3,679 3,648 3,626 3,735 3,873 3,999 3,964 3,910
Johnson Space Center 3,268 3,235 3,227 3,330 3,269 3,349 3,399 3,578 3,615 3,677 3,631 3,609
Kennedy Space Center 2,104 2,084 2,067 2,081 2,051 2,188 2,236 2,423 2,466 257 2,546 2,497
Langley Research Center 2,801 2,904 2,821 2,827 2,814 2,851 2,840 2,864 2,961 2,969 2,953 2,859
Lewis Research Center 2,485 2,632 2,624 2,715 2,598 2,663 2,649 2,749 2,728 2,835 2,799 2,731
Marshall Space Flight Center 3,332 3,351 3,223 3,284 3,260 3,384 3,340 3,609 3,619 3,788 3,715 3,627
Stennis Space Center 103 106 108 122 123 137 147 183 192 222 216 200
NASA Permanent 21,186 21,505 21,050 21,423 21,228 21,831 21,991 23,019 23,625 24,416 24,210 23,680
Other Than Permanent 1,124 1,029 820 893 732 815 832 874 941 1,325 1,214 1,382
NASA Total 22310 22,534 21,870 22,316 21,960 22,646 22,823 23,893 24,566 25,741 25,421 25,062
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NASA Civil Service Workforce Employment Trend

End FY 59 - FY 93 (All Empiloyees)

Thousands
A0 e m o e e e ceema;eemeec e e e eemmmmmem—eem e —mm—eecmceaeeese-emeemeaes-m-emeesemmmamacem o=
FY 93 Full-Time Permanent 23,680
Other 359
Non-Celiing 1,023
I3 e bommmmeaca o e e g e e -amesEccesaaeermmesaseRo AR eSS amaeeermemmeAmmmro—eaSeaammmmeeemonmesennaanotaaean———————
I Rt I T L T T TP P

25,062

Bl manseemeseeeeeneaoeseeaemeeoeatesssestaseeceseeseseesedfeeeaseeesessemeemeseeseseceesesecesiesseseseeceemseseisestesessemeecescioceoee -
0 —t————————————— . t ——t . | —t———
FY 59 FY 81 Frea FY6s FY 87 FY 69 FY 71 FY73 FY7s FY7r Frro FY 8t FY 83 FY 85 FY 87 FY 89 FY 91 FY 93
9,235 17471 29,934 34,048 35,860 33,929 30,506 28,777 25,638 24,188 23,360 22,738 22,534 | 22,318 22,646 | 22,893 25,741 25,062
FY 60 62 64 FY 8s Fres Fy 7o FY 2 FY7a FY76 (3 FY FY 82 FY 84 FY 86 Fygs FY g0 FY 92
886 499 35 3 32,848 8, 00 5,426 3779 3,470 310 1.8 1,960 823 568 25421




Occupational Summary

Permanent Personnel - 9/30/93

Clerical
Sci & Eng 1.0%
56.3%
Prof'l Admin
19.8%
Total

Occupation NASA HQ ARC GSFC JSC KSC LaRC LeRC MSFC SSC
S&E 13,321 569 1,175 2,218 2,372 1,516 1,398 1,552 2,404 117
Prof'l Admin 4,692 1,091 369 816 661 429 324 324 626 52
Clerlcal 2599 407 183 417 403 282 250 207 421 29
Tech. Support 2,420 6 179 390 169 264 885 349 176 2
Wage System 648 1 267 69 4 6 2 299 o ]
Total 23,680 2,074 2,173 3,910 3,609 2,497 2,859 2,731 3,627 200
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Women as Percent of Permanent Employees

By Installation OFY 93
B FY 92
430 45.0
45 ]
40
337
35 r 33.4 323 325 330 333
303 302 30.2
30 {1} 298 32,1_‘ 22 29.9
o 25 249 253 24.8 207
% 224 219
20 -
15 4
10 4
5 4
ol 1N | |
Total Total
Women  NASA HQ ARC GSFC Jsc KSC LaRC LeRC MSFC SSC
FY 93 7,175 934 541 1,171 1,216 754 708 612 1,173 66
FY 92 7,302 964 567 1,176 1,212 760 728 614 1,209 72
FY 83 4,874 612 412 875 724 495 570 433 722 3
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Minorities as Percent of Permanent Employees

By Installation

OFYes
W FY 92

30
25
20
o
% — 16.
15
10
5 -
o H
Total Total
Minorities NASA
FY 93 4,052
FY92 4,048

FYes 2614

168 467
149 144 128 143
KsC LaRC LeRC MSFC
373 423 459 425
367 423 468 426
192 331 236 215
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