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Aerospace Events in the Bicentennial Year

The United States in 1976 orbited spacecraft around Mars and landed and operated spacecraft on its sur-
face, showed the first Space Shuttle Orbiter, launched a number of communications satellites, flight-tested
research aircraft, and opened the new National Air and Space Museum.

From an altitude of 1857 kilometers, the Viking 1 orbiter photographed the
meteorite crater Arandas on Mars (above) in July. Twenty-five kilometers
in diameter and with a typical clearly defined rim and conical peak at the
bottom, Arandas and some other craters on Mars have one surprising feature:
the ejecta layer around it appears to have flowed out of the crater rather
than having been blasted out by the impact of the meteorite. Similar re-
sults have Dbeen secen in experimental cratering of waterlogged ground. A
closer look at the Martian landscape was afforded by the lander spacecraft.
The panorama below was photographed carly on an August morning by the
Viking 1 lander. The wind-sculpted sand dunes look much like parts of
Mexico and California. The large boulder at left, about 8 meters away,
measures about 1 by 3 metcrs.




Enterprise (top), first of five Space Shuttle
Orbiters for the Space Transportation Sys-
tem, was rolled out of the factory at Palm-
dale, California, on September 17. The
joint NASA/Army experimental Tilt Rotor
Research Helicopter (above) was delivered
and began flight tests in 1976. At right, the
Comstar 2 domestic communications satellite
was being readied for mating with its
launch vehicle prior to launch in July. And
below, a view of the Independence Avenue
side of the Smithsonian’s new National Air
and Space Museum which opened July 1.




introduction

This bicentennial year has been one of major
achievements in space and aeronautics. In space,
the most significant accomplishments were the
highly successful Viking orbiter and lander mis-
sions to Mars and the rollout of the first of the
Space Shuttle orbiters. These highly visible mile-
stones were balanced by the growing maturity of
the world’s space communications systems and the
continuing exploitation and evaluation of data
from Earth resources and weather satellites. In
aeronautics, there was promising research on air-
craft technology that could lead to better fuel
economy, higher performance with quieter engines,
and increased safety both at cruising altitudes and
in terminal areas. New automated equipment was
placed into operation on the nation’s airways, im-
proving the safety and efficiency of the current
system. This chapter briefly summarizes and high-
lights the more detailed contents of the agency
chapters that follow.

Space

The United States had 26 launches into orbit
in 1976. A total of 34 spacecraft were orbited.
NASA orbited 15 satellites on 15 successful
launches; the Department of Defense orbited 19
payloads on 11 successful launches. Of NASA’s
total, 9 were industry or government communica-
tions satellites—1 for INTELSAT, 5 for Comsat
Corporation, 1 for RCA, 1 for the U.S. Navy, and
1 communications research satellite for the U.S.
Air Force; 1 was an operational weather satellite
for the National Oceanic and Atmospheric Admin-
istration (NOAA); and 4 were international satel-
lites—1 a joint launch with Canada, 1 launched for
West Germany, 1 for NATO, and 1 for Indonesia.
Three of the international launches were also com-
munications satellites. Launches for NASA’s own
program included a laser geodynamic satellite and
a suborbital gravity probe (the latter not counted
in the orbital launch figures). Among the DOD
payloads were 2 communications research satellites
and 3 scientific satellites.

Summary of United States Aeronautics
and Space Activities in 1976

Earth Applications

Communications. In August the ATS 6 experi-
mental communications satellite completed its
year-long experiment with India, where it had
transmitted educational and agricultural instruc-
tion programs, prepared by the Government of
India, to inexpensive receiving antennas in some
2400 Indian villages. As it was moved back toward
the U.S,, it participated in a NASA-Agency for In-
ternational Development program known as Aid-
sat, beaming programs to 24 Asian and African
countries on the potential uses of satellite tech-
nology in developing nations.

On the other side of the world, the joint
Canadian-U.S. experimental communications satel-
lite was launched in January. The most powerful
communications satellite to date, Communications
Technology Satellite (CTS) 1 used its higher trans-
mission power and higher frequencies to transmit
to small, inexpensive antennas in remote commu-
nities.

Opcrational communications satellite systems con-
tinued to grow in 1976. The international INTEL.-
SAT system acquired additional capacity in Jan-
uary when NASA launched Intelsat IV-A F2 as a
backup for the first of this uprated series. Satellite
technology helped Indonesia meet a national need
for better communications with the July launch by
NASA of Indonesia’s Palapa 1 communications
satellite. When it began transmitting from synchro-
nous orbit in August, it was the first time the
thousands of inhabited islands in the archipelago
were linked by direct communication. In the U.S,,
the number of operational domestic communica-
tions satellites doubled during 1976 with the
launches of RCA-Satcom 2 and Comstars 1 and 2.
A new special purpose communications satellite
system also came into being with the launches of
Marisat 1, 2, and 3.

Weather. The network of U.S. weather satellites
maintained its operational status with the launch
of the polar-orbiting Noaa 5, allowing Noaa 3 to
be deactivated. NOAA was developing a system for
SMS satellite monitoring of the data-sparse Gulf
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of Mexico for potential severe storm conditions and
was experimenting with 3-minute-interval images
from the Goes 1 satellite of low-level cumulus
clouds to study their potential to become hurri-
canes.

Earth Resources. Work continued to define and
refine the uses and techniques of exploiting satellite
sensors for gathering wide-area information on the
character, conditions, and changes of land areas. A
cooperative project of NASA, Department of Agri-
culture, and NOAA, LACIE (Large Area Crop
Inventory Experiment) continued in its second
phase. The second phase will extend measurements
of wheat production to areas outside North Amer-
ica as part of the overall LACIE effort to examine
the feasibility of a space-based global crop inventory
system.

ICEWARN, the NOAA project that tracks ice
formation in the Great Lakes, had a second success-
ful winter season, enabling uninterrupted shipping
throughout the winter of 1975-1976. The Coast
Guard has extended the technique to the coastal
waters of Alaska.

A number of established and new demonstration
projects used Landsat satellite data to inventory
forest, water, wildland, and range resources, as well
as deriving contemporary, wide-area data on urban
development. These demonstration projects are
sponsored by a number of agencies, including
NASA and the Departments of Agriculture, In-
terior, and Commerce.

Monitoring Air and Water Quality. An intensi-
fied program of stratospheric monitoring established
more accurate measurements of the effect of aero-
sols and other man-generated gases on the upper
atmosphere, including the effect of emissions from
forthcoming flights of the Space Shuttle. Several
agencies, including NASA, NOAA, the National
Academy of Sciences, the National Science Founda-
tion, and the Smithsonian Institution, are cooperat-
ing in the examination of this complex problem.

In the lower atmosphere, the utility of satellites
and aircraft for measuring and establishing base-
lines of air pollution and experimenting with long-
term techniques for monitoring changes in the
baselines was actively explored by the Environ-
mental Protection Agency (EPA), supported by
NASA, NOAA, U.S. Geological Survey, and other
agencies. For example, EPA was testing an aircraft.
mounted differential-absorption LIDAR (light-
detecting and ranging) system that constructs a
vertical profile of relative particle density, shawing
the horizontal and vertical travel of smokestack
emissions.

Similarly techniques for monitoring sea and lake
pollution, currents, and circulation patterns were
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studied and measured by several agencies including
EPA, NASA, and NOAA. An example is EPA’s
testing of an aircraft-mounted laser fluorosensor
that identifies organics, including specific oils, on
surface water, offering a means of detecting and
assessing industrial pollution.

Planetary Exploration

Mars. The most significant event in space during
1976 was the successful Viking mission to Mars.
During the summer both spacecraft reached the
planet, were slowed down, and put into orbit. Care-
ful study of the photos taken by the orbiting space-
craft and of the radar returns from NSF’s upgraded
radar telescope at Arecibo, Puerto Rico, narrowed
the search for safe landing sites. On July 20 and
September 3 the lander vehicles separated from the
orbiters and made successful landings on the Mar-
tian surface. The orbiters continued photographing
the planet, depicting mountains and canyons larger
than any on Earth and widespread evidence of
water and steam erosion in Mar’s geologic past. The
orbiters also measured the water vapor in the at-
mosphere and on the surface, discovering large
amounts of water locked in the frozen polar caps.
The landers photographed the detail of the surface
around their landing sites, confirming the red color
of the surface and the pinkness of the lower atmos-
phere; monitored the Martian weather, which to
the end of the year remained much the same from
day to day; and scooped up soil and processed it in
a series of biochemical tests in an effort to determine
whether microbial life exists on Mars. Such evi-
dence of life is still unclear at the year’s end. In
November the intensive phase of the missions
ended, and NASA began the extended missions, a
lower phase of activity that would continue ob-
serving seasonal changes until about September
1978.

Venus. In addition to using its big radar telescope
to assist NASA in determining the roughness of
proposed Viking landing sites on Mars, NSF also
used the instrument to penetrate the murky atmos-
phere of Venus, There it found a 1,500,000-square-
kilometer flat area similar to the lunar “seas”. An-
other discovery was a series of parallel canyons and
ridges extending unbroken for hundreds of kilo-
meters and unlike any formations on Earth.

Saturn. Pioneer 11, having flown past Jupiter in
1974, was still using the gravitational acceleration
imparted to it by that huge planet to cross the
solar system toward Saturn. It is due to fly by
Saturn in 1979.

Sun and Sun-Earth Interactions

Ever since the Skylab missions of 1973-1974, sci-
entists have been studying the. 171,000 photographs



of the Sun taken by the 10 instruments in the
Apollo Telescope Mount. Since Skylab, OSO 8 has
been orbited for solar study, as well as the two
West German Helios satellites, which have traveled
closer to the Sun than any other man-made object.
Only a preliminary analysis has been possible of
these more recent data, but those results were com-
bined with Skylab data in a Skylab Solar Workshop
held in 1976. Important findings resulted, not only
for understanding of the Sun itself, but for those
functions of the Sun that control the solar wind
that blows upon the outer fringes of Earth’s atmos.
phere and affects our weather and communications.
Coronal holes, the wellspring of the solar wind,
were studied closely: temperatures at various levels
were measured, locations pinned down, the nature
of movements identified. Larger convectional trends
on the Sun’s surface were tracked and better under-
stood. Because of certain anomalies in the data,
future satellite missions, most importantly the
Solar Maximum Mission, were set in motion in an
attempt to fill gaps in the data.

The Universe

The search for understanding of the origins of
the Universe, its dynamics, and future has been a
target of the space program since its inception and
continued in 1976. The OAO 3 satellite (also called
Copernicus) has been operational since 1972, New
techniques, developed since the spacecraft was
launched, have extended its observational sensi-
tivity to objects one-sixth the brightness that it
could originally perceive and extended its range in
the near ultraviolet.

NSF, in studies of the relative movement of
galaxies in the Universe, discovered that our galaxy
and nearby galaxies are traveling at higher speeds
than previous theory had predicted.

A NASA suborbital probe, Gravity Probe A, was
launched in 1976 to test an important part of Ein-
stein’s general theory of relativity—the concept that
a clock beyond the influence of Earth’s gravity field
would run faster than its counterpart on Earth.
Extremely accurate maser clocks developed by the
Smithsonian Institution were used in the 2-hour
flight that reached an altitude of 10,000 kilometers;
the results generally confirm that portion of the
Einstein theory.

Studies continued of the proposal for a space
telescope, intended to be an international facility
launched and maintained by Space Shuttle missions
and to provide data to be analyzed by scientists
worldwide.

Space Transportation

The Space Transportation System represents a
major turning point in the national space program.

Intended to put manned and unmanned space flight
on a more routine basis and to reduce the cost of
putting each pound of cargo in orbit, the system
has been designed around the concept of maximum
reusability of major components and regular opera-
tional performance, The principal element in the
system is the Space Shuttle; looking somewhat like
a transport aircraft, the Shuttle will be powered by
three high-pressure rocket engines burning liquid
hydrogen and liquid oxygen. Its cockpit area will
contain the flight controls and the flight crew of
three astronauts, Behind the cabin will be a cargo
bay, 19 meters long and 5 meters wide, that will
contain cargoes weighing as much as 29,250 kilo-
grams. Though the cargo bay itself is unpressurized,
it will be fitted with the Spacelab, a sophisticated
set of modular units that can permit a crew of as
many as four experimenters to operate the instru-
ments in the payload.

At launch the three Shuttle engines will be aug-
mented by two solid-fueled rocket boosters strapped
to the fuselage on either side of a large, external
liquid-fuel tank. When the Shuttle has risen above
the atmosphere, the boosters will drop off and para-
chute down to an ocean landing, to be recovered
and reused. The external fuel tank is subsequently
jettisoned. The Shuttle engines will carry the ve-
hicle into low Earth orbit (some 320 kilometers),
where it can remain as long as 30 days. In addition
to the wide variety of experiments that can be per-
formed from the Spacelab, the Shuttle can use an
arm-like remote manipulator to lift satellites out of
the cargo bay and place them in orbit, or to pick up
satellites already in orbit and place them in the
cargo bay, where they can be repaired or returned
to Earth for refurbishment. For missions where a
high-energy orbit is needed, the expendable Interim
Upper Stage, which has rocket motors, can be at-
tached to the payload. In returning to Earth, the
Shuttle will descend through the atmosphere more
gradually than previous space vehicles, using the
aerodynamic lift of its wings, and will flare out and
land on a 5-kilometer-long runway at Kennedy
Space Center, Florida, or Vandenberg Air Force
Base, California.

Since presidential approval in 1972, the Space
Transportation System has been under research,
development, and most recently fabrication. A
major event took place on September 17, when the
first Space Shuttle orbiter was rolled out in Palm-
dale, California. In mid-1977 the orbiter will begin
approach and landing tests at Dryden Flight Re-
search Center, In 1979 the second Space Shuttle
will begin orbital test flights, preliminary to in-
auguration of operations in 1980. When the full
five-Orbiter fleet is in operation, the Space Trans-
portation System will replace most of the present
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stable of expendable launch vehicles for NASA,
DoD, international, and commercial missions.

International Cooperation

Space Transportation System. International par-
ticipation in the forthcoming Space Transportation
System continued to grow during 1976. Spacelab,
the major Space Shuttle system being developed by
the European Space Agency, passed its preliminary
design review in December. The first flight unit is
to be delivered in 1979, a year before its first mis-
sion. In addition to this $500 million European in-
vestment, Canada began development this year of
the remote manipulator system, a commitment in-
volving tens of millions of dollars.

Potential government, industry, and university
users of the Space Transportation System from
Europe, Canada, and Japan were briefed on capa-
bilities, payload accommodations, and probable
terms and conditions of use. NASA and the Euro-
pean Space Agency completed preliminary studies
of the first Spacelab payload. For the Orbital Flight
test phase that will begin in 1979, invitations were
sent out internationally for proposals of experi-
ments.

Communication Satellite Experiments. The ATS
6 experimental communications satellite completed
its one-year experiment of transmitting Indian
educational programming to small receivers in some
2400 villages in India. Though the results are still
being evaluated, the practicality of such broadcast-
ing was clearly demonstrated.

In August ATS 6 began its return journey toward
the US. On the way it served as Aidsat, making
demonstration broadcasts to 24 developing nations
and regional organizations on the possible uses of
space technology for national development, and
transmitting live, two-way conversations between
local and U.S. officials and experts.

Canada’s Communications Technology Satellite
(CTS) was launched by NASA in January, and the
two countries began sharing its broadcast time for
experiments in using higher power signals to trans-
mit health care, education, and special service mes-
sages to remote, relatively inexpensive receivers.

Other events of the year were the three launches
by NASA of international satellites, four agreements
for instrumentation on future NASA satellites, and
173 proposals for experiments from 15 countries
and agencies for 14 flight opportunities on future
NASA satellites and Space Shuttle flights.

Defense

In space operational systems, as well as research
and development, the Department of Defense
moved ahead in 1976.
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The NAVSTAR Global Positioning System, a
worldwide, precision, three-dimensional navigation
system based on satellites, conducted ground tests
of prototype hardware, preliminary to the launch
of the first six satellites in 1977. Until NAVSTAR
is fully operational, the TRANSIT satellite system
will continue to provide two-dimensional naviga-
tion.

Communication satellite systems have become
more and more important to DoD both for world-
wide command and control and for operational
communications. In 1976 the Defense Satellite Com-
munications System, the command and control
system, continued operations through its satellite
over the Pacific and shared use of the NATO satel-
lite over the Atlantic and the U.K.’s Skynet satellite
over the Indian Ocean. The Navy Fleet Satellite
Communications System was preparing its Earth
terminals for the launch of its first satellite in 1977,
Production of terminals began for the Air Force
Satellite Communications System.

DoD intensified its preparations for use of the
Space Shuttle, which will have a major effect on
the nature and cost of space operations. In addition
to mission planning and coordination with NASA,
the Air Force initiated development of the In-
terim Upper Stage, to be used with the Space
Shuttle when high-energy missions are required.
Contracts were let for defining the Space Shuttle
ground facilities to be constructed at Vandenberg
Air Force Base.

Aeronautics

The broad purposes of U.S. aeronautical research
and development are to improve the performance,
efficiency, and safety of current commercial and
general aviation aircraft and the airways on which
they fly; to provide the technology base for future
aircraft; and to maintain the competitive perform-
ance of current and future military aircraft.

In recent years increasing concern over environ-
mental problems and oil resources has focused
much of the research on quieter aircraft with lower
fuel consumption and emission rates.

Improving Current and Future Aircraft

The Aircraft Energy Efficiency program was es-
tablished by NASA in 1976. It seeks technology that
will reduce fuel consumption of future commercial
transport aircraft by 50 percent, as compared to
current aircraft. Research will principally center in
three areas: (1) redesign of components in large
turbofan engines to reduce specific fuel consump-
tion; (2) combining new aerodynamic technology,
such as the supercritical wing and winglets, with



active flight controls that allow significant reduc-
tion of structural weight; and (3) substituting
composite materials in place of metal in certain
structures, for a weight savings of some 30 percent.

Other research on improving future aircraft in-
cluded a NASA contract to build a Quiet Short-
Haul Airplane, wind-tunnel testing of a supersonic
transport model that promised a 30 percent im-
provement in supersonic lift-over-drag ratio over
the 1971 U.S. supersonic transport design, and pro-
viding design information for a second low-speed
airfoil of improved lift and drag characteristics for
general aviation aircraft.

Improving the Operational Environment

Aircraft noise and particle emissions from en-
gines were the principal subjects of this research.
A computer program has been constructed that can
predict the takeoff and landing noise generated by
current and conceptual aircraft. Further validation
will refine this program. Comprehensive studies of
community response to aircraft noise are identifying
the types and levels of aircraft noise that cause most
concern in communities near airports.

In emission control, NASA’s Experimental Clean
Combustor program for gas turbine engines reached
the hardware demonstration phase. Preliminary re-
sults from ground tests of complete engines suggest
major reductions in emissions during takeoff and
landing and significant reduction in nitrogen oxide
emission at high-altitude cruise.

Another major area of research is in improving
the efficiency and safety of terminal and airways
operations. NASA worked with the Federal Avia-
tion Administration (FAA) on reducing wake
vortices that trail behind large aircraft, on defining
the conditions likely to cause low-altitude wind
shear near airports, and on improved safety report-
ing. The two agencies also demonstrated to the
International Civil Aviation Organization the first
application of all-digital controls in a commercial
transport aircraft. A number of hands-off landings
were made with the system controlling approach
and the landing flare. The FAA also inaugurated a
long-term project to automate and streamline their
nationwide network of Flight Service Stations.

Defense

In 1976 DoD improved the combat aircraft inven-
tory, continued research and testing on next-genera-
tion aircraft and components, and worked with
NASA on several research aircraft.

The first F-16 air combat fighter, being produced
in concert with five European nations, was de-
livered; the F-15 fighter reached full production;
and F-14As were arriving aboard carriers.

In research and development, the F-18 fighter
entered full development, and the B-1 bomber
neared the end of flight testing. All three services
increased the number of aircraft components that
were being studied or tested for use of composites
in place of metal to reduce structural weight. The
Laser Obstacle Terrain Avoidance Warning System
was flight-tested and found sensitive enough to
detect obstacles as slender as a small wire. Simula-
tor development continued for helicopter flight
characteristics under instrument flight conditions
for the CH-47 and AH-1 aircraft.

In joint DoD-NASA programs the two agencies
completed design of the joint Highly Maneuverable
Aircraft and began fabrication of two remotely
piloted research aircraft. In both joint experimental
helicopter programs—the Rotor Systems Research
Aircraft and the Tilt Rotor Research Aircraft—
aircraft were delivered for flight testing.

Details of the events summarized will be found
in the succeeding chapters,

The Heritage

This bicentennial year, which witnessed the be-
ginning of a new chapter in the history of flight
with the Viking landings on Mars and the rollout
of the Space Shuttle Orbiter, also became the year
of commemoration of the past history of flight. On
July 1, the Smithsonian Institution opened the new
National Air and Space Museum. Situated on the
Mall in Washington, the museum displays the actual
craft that made flight history, from the Wright
Brothers’ airplane to the Apollo 11 spacecraft that
carried men to the first landing on the Moon. Ex-
hibits in 23 bays tell the story of the technology,
science, and history of flight. Public response was
immediate; more than five million persons visited
the museum in the first six months.
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The National Aeronautics and Space Administra-
tion (NASA) is the civilian agency of the United
States government charged with planning, direction,
and conducting research and development activities
related to civilian space and aeronautics pro-
grams. In carrying out these responsibilities, the
agency works with many other civilian Federal
agencies that have research or operational interest
in these fields and also interacts with and provides
research and development assistance to the Depart-
ment of Defense, which conducts the military space
and aeronautics program.

In its space program, NASA has since its incep-
tion in 1958 pursued several broad goals: develop-
ment of technology for space operations, demon-
stration of practical applications of space systems
and technology, and discovery of new scientific
knowledge about the origin, evolution, and pro-
cesses of the universe, our solar system, near space,
and the complexities of the Earth’s atmosphere.
While emphasis has fluctuated from time to time,
the broad intent has remained constant.

In our bicentennial year of 1976, NASA made
significant advances toward these objectives, In
space, a combination of space research and opera-
tions produced a NASA launch total of 16 satel
lites and probes, 14 of which supported new or
existing commercial, national, and international
systems, while 2 supported NASA R&D initiatives.

Two major milestones in NASA’s R&D program
were the successful landings and long-duration op-
erations of the Viking 1 and 2 spacecraft on Mars
and the rollout of the first Space Shuttle Orbiter.
Meanwhile a large network of previously launched
satellites and instruments continued to operate suc-
cessfully—from Earth-focused satellites returning
data on crops, population distribution, sea state,
weather warnings; to greatly increased information
about the planets of the solar system, the Sun, and
the new discoveries in the galaxies—pulsars, quasars,
black holes. In aeronautics, research continued on
improvement of current commercial aircraft, of
future higher performance aircraft, and of the
safety and performance of current airway systems.
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Applications to Earth

The applications program continued in 1976 to
make significant strides in attaining its goals and
objectives through the application of space tech-
nology in communications, environmental research,
weather forecasting, and improving man’s under-
standing of the Earth. Satellites continued to im-
prove our ability to locate, inventory, and manage
our planet’s resources. Efforts to improve the tech-
nology transfer process also continued.

Communications

Applications Technology Satellite 6 (ATS 6).
The ATS 6 satellite completed two years of suc-
cessful orbital operations on May 30, 1976. India’s
Satellite Instructional Television Experiment
(SITE), completed on August 1, 1976, was con-
ducted by the Indian Government to provide in-
structional television via the ATS 6 satellite to
about 2400 villages, reaching some 3 million
viewers regularly. Areas of instruction included
family planning, health and hygiene, agriculture,
and national development. In August 1976, ATS 6
started moving slowly back to the U.S. for an
experimental program in the societal, communica-
tions, and technological disciplines. En route, ATS
6 supported the U.S. Agency for International De-
velopment in a project to demonstrate application
of communications and remote sensing technology
to developing countries, via direct satellite broad-
casting to more than two dozen countries.

Communications Technology Satellite (CTS-1).The
CTS-1 satellite, a cooperative program with Cana-
da, was faunched on January 17, 1976, to experi-
ment with technology for satellite communications
to low-cost ground stations at the 12 GHz frequency,
allocated specifically for satellite broadcasting with-
out power limitations. By December 1976, eleven of
eighteen experiments had started operations over
a wide range of educational, health, social services,
and information-exchange investigations.

Advanced Communications Research and Tech-
nical Consultation. Research was expanded on the
higher regions of the radio frequency spectrum.



Studies continued on frequency allocations, band-
width and orbit requirements, and the opening of
new regions of the communications spectrum for
future missions. Research to improve space com-
munications components and technologies con-
tinued, and new capabilities were demonstrated
using experimental hardware for voice, data, and
educational television. The objective was more
efficient use of the available spectrum through new
bandwidth-compression techniques.

Technical consultation to the Federal Communi-
cations Commission on satellite systems evaluations
and design reviews was completed as new commer-
cial applications for satellite services were filed. A
special effort was the preparation for the 1977
World Administrative Radio Conference (WARC)
on Broadcast and Fixed Satellite Services. NASA
also increased its support to the Department of
State, Federal Communications Commission, and
the Office of Telecommunications Policy in prepa-
ration for the 1979 WARC,

Data Collection via Satellite

The Corps of Engineers continued to use data
collection platforms reporting through Landsat 1
and 2 to collect hydrologic data in New England.
Also a joint NASA-California Division of Forestry
prototype-operational demonstration began in July
1976 to test a satellite-aided automated fire-weath-
er data system as an aid to predicting the onset and
location of forest fires. Wind velocity, air temper-
ature and humidity, solar radiation, and the mois-
ture of the ground fuel were measured by 24 instru-
mented platforms at remote California sites and the
data regularly sent via the Goes 1 spacecraft to the
Division of Forestry in Sacramento for analysis and
decision making.

Satellite-Aided Search and Rescue. NASA studies
continued on a space concept to detect and locate
endangered aircraft and ships equipped with Emer-
gency Locator Transmitters. Satellite-aided search
and rescue feasibility experiments employing the
Oscar VII (Amateur Radio) spacecraft have dem.
onstrated that emergency signals can be relayed
through a satellite to ground stations hundreds of
miles away and provide useful positions informa-
tion.

Earth Resources

Satellites contribute important information to
the search for necessary resources and the preserva-
tion of the environment.

During 1976, the Landsat 1 and 2 satellites con-
tinued to operate satisfactorily, providing almost
total global coverage every 9 days. A portable

ground station was installed in Pakistan to obtain
data from that part of the world without placing
undue demands on the one operable tape recorder
on Landsat 2. Development of Landsat-G and its
sensors progressed on schedule to meet a projected
late 1977 launch date.

During 1976, good progress was made in the on-
going Applications Systems Verification and Trans-
fer projects and five new ones were initiated. The
purpose of these projects is to develop, demonstrate,
and transfer technology to managers and planners
in the public and private sectors. In addition, in-
terest and participation by the public and private
sectors steadily increased, in many cases independ-
ently of NASA and without Federal funding.

The Large Area Crop Inventory Experiment
operated during its second wheat-growing season,
and measurements were extended to more areas
outside North America. The ICEWARN project,
which provided information on ice conditions in
the Great Lakes for the second straight year, was
an important factor in having uninterrupted ship-
ping on the lakes through the winter of 1975-1976.
The technique was also used by the Coast Guard
along the north coast of Alaska. A project in the
western U.S. gave indications of potential benefits
resulting from use of Landsat data for snow map-
ping. The Corps of Engineers examined the fea-
sibility of producing computer-generated land
cover classification maps for the entire nation, based
on Landsat data and using NASA-developed tech-
niques. The Pacific Northwest Regional Land
Inventory Project achieved positive results in all
the discipline areas (urban, land use, agriculture,
water resources, forestry, and range).

New Applications Systems Verification and
Transfer projects initiated in 1976 were:

e a Water Management and Control project in
cooperation with the Corps of Engineers to
use Landsat data to predict water run-off in
flood-prone areas.

e a Census-Urbanized Area project in collabora-
tion with the Census Bureau to monitor urban
and suburban growth.

e a Forest Resource Inventory System in collab-
oration with the St. Regis Paper Company to
quantify forest resources, using Landsat data.

e a Wildland Vegetation Inventory project in
cooperation with the Bureau of Land Manage-
ment to develop techniques by which the Bur-
eau can classify and inventory the 1,918,000
square kilometers of land in Federal ownership.

e a Land Cover Change Detection Survey, in
cooperation with the U.S. Geological Survey,
to develop a capability for using Landsat data
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in the Bureau of Land Management’s Land
Use and Data Analysis program.

W eather and Climate

The Weather and Climate Program is directed to-
ward research on the detection and monitoring of
severe storms, the development of improved opera-
tional satellite systems in support of the National
Weather Service, and continued support of the in-
ternational Global Atmospheric Research Program
(GARP).

Applying the unique capability of geostationary
weather satellites to monitor most of the North
American continent and its bordering oceans, the
NASA-developed Synchronous Meteorological Sat-
ellite, SMS-2, and Geostationary Operational En-
vironmental Satellite, Goes 1 (launched in October
1975) , have been used by NOAA to detect the pres-
ence and predict the movement of severe storms
such as hurricanes. The NASA-developed Noaa 5
satellite was launched on July 29, 1976, into polar
orbit and it is providing global quantitative atmo-
spheric and sea data. The Atmospheric and Ocean-
ographic Information Processing System has been
completed and placed into operation at the God-
dard Space Flight Center.

In preparation for the First GARP Global Ex-
periment (FGGE) to be conducted in 1978-1979,
unique global weather data sets have been obtained
during both summer and winter data systems tests.
FGGE research is designed to improve the reliability
and length of time over which weather forecasts
can be made.

At the Goddard Space Flight Center, a processing
project has been established to process and distri-
bute Nimbus 4 global ozone data to scientific users.

Environmental Quality Monitoring

The Environmental Quality Monitoring program
concentrates on developing and demonstrating the
technology for measuring and monitoring those en-
vironmental parameters which affect the quality of
the Earth’s atmosphere and water,

For the upper atmosphere, emphasis is on devel-
oping a space-based capability for monitoring
stratospheric ozone, trace gases, and aerosols. The
Stratospheric Aerosol Measurement (SAM), flown
in 1975 on the U.S./U.S.S.R. Apollo-Soyuz mission,
demonstrated the usefulness of the solar occulta-
tion technique for measuring aerosols from orbital
distance. Advanced versions of the SAM instrument
will be flown on the Nimbus G satellite and the Ap-
plications Explorer Mission-B/Stratospheric Aero-
sol and Gas Experiment scheduled for launch in
1978 and 1979, respectively. During the past year,

aircraft, rocket, and balloon measurements have
contributed to understanding the seasonal and geo-
graphical variations of ozone, aerosols, and nitric
oxide (a by-product of high-altitude aircraft opera-
tions) . Advanced techniques have been developed
and demonstrated for the measurement of other
important trace gases, including nitrogen dioxide,
nitric acid, and the hydroxyl radical. These tech-
niques will provide new tools for regulatory agen-
cies such as the Environmental Protection Agency
(EPA) and state environmental agencies. The
NASA water quality program attacks four general
problem areas: ocean dumping, red tide detection,
lake water quality classification, and the definition
of off-shore ocean and Great Lakes water quality in-
dicators. NASA and EPA executed an interagency
agreement which provided the framework for more
extensive cooperative projects between NASA and
EPA. A joint working group was then formed to
help focus NASA technology development in re-
sponse to FPA monitoring requirements.

Earth Dynamics Monitoring and Forecasting

The objectives of the Earth Dynamics and Fore-
casting Program are to demonstrate the use of space
technology for gravity and magnetic field mapping,
for resource assessment, for geodetic surveying in-
cluding the monitoring of subsidence, for detection
of crustal motions in faulted regions, and for im-
proved determination of polar motion and Earth
rotation.

Analysis of satellite-to-satellite tracking data ac-
quired during the Apollo-Soyuz Test Project was
used to further define the large gravity anomaly in
the Indian Ocean. Work continued on the develop-
ment of accurate global geoids using satellite track-
ing data and ocean geoid data acquired with the
Geos 3 altimeter.

In response to a need for global magnetic field
data for updating field models and magnetic field
charts for navigation and resource assessment, NASA
and the U.S. Geological Service have undertaken
the development of a Magnetic Field Satellite
(Magsat) for launch in late 1979. The data acquired
with Magsat, in combinations with gravity field data
and imagery acquired by Geos and Landsat, should
make it possible to develop a map of potentially
interesting areas for resource exploration.

The Laser Geodynamic Satellite (Lageos) was
launched in May 1976. Lageos is intended for use
as a nearly permanent reference point in space for
laser ranging from Earth. Observations have verified
the stability of its orbit; its predicted orbital posi-
tion does not vary more than a few meters over
many weeks,



This year, as in 1972 and 1974, mobile lasers were
deployed on either side of the San Andreas fault to
determine any motion of the tectonic plates which
form the fault boundaries,

Ocean Condition Monitoring and Forecasting

The Ocean Condition Monitoring and Forecast-
ing program supports research and experimentation
associated with the use of space techniques for
monitoring and forecasting sea state conditions,
ocean currents and circulation patterns, accurate
measurement of the sea surface topography, and the
incorporation of data on the energy €xchange at
the air/sea interface into short and long range
global weather forecasting.

Data acquired with Geos 3 have been used to
demonstrate the acquisition of sea state information
and have shown that ocean currents can be detected
by the change in radar reflectivity of the moving
water and a small depression (about one meter) of
the height of mean sea level.

Seasat-A, the first experimental ocean satellite de-
signed to provide the global data needed to validate
the use of remotely sensed ocean data, continued un-
der development and is scheduled for flight in mid-
1978. Seasat-A will carry both active and passive
microwave instruments and an optical radiometer.
Data from these instruments will provide informa-
tion on wave height and direction, ocean surface
temperature, sea surface topography, and sea ice,
NASA and the U.S. Navy’s Fleet Numerical
Weather Central have entered into an agreement
for the Navy to process and use Seasat data in its
ocean forecasting programs. Cooperative agreements
were being developed with other agencies and with
commercial interests. Work also progressed on the
definition of experiments to demonstrate the use
of Seasat data for routing of commercial shipping,
large-scale fishing, various other off-shore activities,
and coastal fishing surveillance.

Materials Processing in Space

The goals of this program are to develop and
demonstrate the use of the space environment for
activities in materials science and technology and to
encourage privately funded efforts in these areas.
Previous experience with Skylab and ASTP ex-
periments and analytic studies identified a number
of organic and inorganic products that appear to be
feasible to produce in space, either at lower cost
than now possible on Earth or with substantially
improved characteristics. It is also evident that the
low-gravity, high-vacuum environment of space
presents a unique opportunity for materials re-
search.

During 1976 definition studies of materials re.
search payloads for the early missions of the Space
Shuttle and Spacelab were completed and facilities
were identified for the initial Shuttle missions in-
volving space processing; these are planned for
1980—1981. Pending the availability of the Shuttle,
space processing experiments have been continued
using sounding rockets under the Space Processing
Applications Rocket program. These rocket flights
can carry 6 to 10 experiments each and provide
about five minutes of weightlessness. The first two
flights were conducted in 1976; three flights are
planned for 1977,

Ground-based studies were also conducted on a
variety of potential applications, including separa-
tion of white blood cells for medical purposes,
growth of electronic crystals in special shapes, pro-
duction of high-power-laser glass, and manufacture
of low-cost solar cells.

Technology Applications

A one-million-gallon-per-day pilot plant, using
the NASA/JPL-developed Activated Carbon Treat-
ment System for wastewater, was completed in

- Orange County, California. Initial operation of the

plant verified the technical and economic feasibility
of converting sewage sludge into activated carbon
by means of pyrolysis and using the resulting carbon
to treat incoming wastewater.

Another wastewater treatment system being de-
veloped uses water hyacinths to absorb large quan-
tities of nutrients, heavy metals, and other pollu-
tants as the final filtration agent in sewage treatment
lagoons. This past year produced experience with
an operational system in Mississippi. When used ap-
propriately, this Vascular Aquatic Water Treatment
System has proven to be an effective, low-cost means
of meeting EPA water quality standards.

A means of determining conformance with EPA
water quality standards was also being developed by
NASA. This automated Water Monitoring System,
which evolved from research on life support systems
for long-duration manned flights, monitors water
quality parameters in near-real time, The system
would be field tested in FY 1977 in cooperation
with the Gulf Coast Waste Disposal Authority.

NASA was also developing the Agro-Environ-
mental System, which ties pertinent environmental
measurements at a number of Virginia Agriculture
Experiment Stations into the computer system of
the Virginia Polytechnic Institute and State Uni-
versity. This information would be used to optimize
the time of application and amounts of pesticides,
herbicides, fertilizer, and irrigation water to maxi-
mize yield and minimize cost. Two of the projected
eight stations of the system were instrumented to

9



verify the crop management models which are key
elements of the system.

Science

Study of the Earth’s Upper Atmosphere

During 1976 the Upper Atmospheric Research
Office of NASA pursued its program to acquire a
sufficient understanding of the chemical and physi-
cal processes occurring in the Earth’s atmosphere
so that (1) perturbations in the stratosphere caused
by man’s activities can be accurately assessed, and
(2) associated changes in the transmission of solar
radiation through the stratosphere to the surface
can be determined. A program plan was published
which emphasized the development of a long-term
basic science program involving field measurements,
laboratory experiments, and theoretical studies, but
focused in the near-term on assessing the strato-
spheric impacts of (1) Space Shuttle operations, (2)
aircraft operations, and (8) chlorofluoromethanes
(CFMs) . The institutional base for this program
was drawn from an evolving combination of NASA
field centers and the university and industrial com.-
munities.

Basic Science Program. Implementation during
1976 of the basic science elements of field measure-
ments, laboratory experiments, and theoretical stud-
ies led to a number of positive results, The first
measurements of atomic chlorine (Cl) and chlorine
monoxide (Cl0), providing direct evidence of the
reaction of Cl with ozone in the stratosphere, were
made, using a resonance fluorescence instrument on
a high-altitude balloon. Measurements of CFM con-
centrations at various locations and altitudes estab-
lished their present levels. Altitude profile meas-
urements of hydrogen chloride, an important ele-
ment in stratospheric chlorine chemistry, were made
over different seasons and latitudes. Continuing
measurements of these and other important strato-
spheric constituents, as well as the development of
new and improved measurement techniques, were
being emphasized.

Laboratory experiments addressed the need for
improved measurements of photochemical param-
eters and reaction rates of vital stratospheric reac-
tions, particularly those reactions involving chemical
radicals. Rates for a number of chemical reactions
involving OH, Cl, and ClO were measured during
1976. These new and improved data were neces-
sary for theoretical studies that emphasized the de-
velopment and verification of one-, two-, and three-
dimensional models for simulation of the strato-
sphere. The models, which incorporated both chem-
ical and dynamical processes in varying degrees of
complexity, were being continually improved. With
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inputs and verification from laboratory experiments
and field measurements, these models were central
to efforts aimed at assessing potential stratospheric
changes caused by man’s activities.

Assessment Activities. During the past year, efforts
directed at assessing the potential impact of Space
Shuttle exhaust emissions of stratospheric ozone
culminated in a Space Shuttle environmental work-
shop on stratospheric effects. The major conclusion
of this workshop held that a Space Shuttle system
with 60 launches per year could be expected to re-
sult in an ozone depletion of only 0.2 percent. Pro-
gram activities in the formal assessment procedures,
as well as in the basic science elements required as
inputs, were under way for the assessments of air-
craft operations and CFM releases. For example,
NASA convened an international conference on the
stratosphere and related problems in September
1976 to review and update scientific findings related
to stratospheric perturbations and to focus on the
social and political implications of stratospheric
pollution.

Life Sciences. A major effort in Life Sciences in
1976 was the work on Life Sciences payloads for
Spacelab and on medical standards for the Shuttle
crew. This is discussed in the section on Space
Transportation.

The biological experiments provided to the
U.S.S.R. for flight on the Kosmos 782 satellite were
recovered successfully last December after 19.5 days
in orbit. A joint U.S.-U.8.S.R. scientific report from
the flight experimenters was in final preparation.
Plans were being formulated for similar cooperative
programs to fly experiments on the U.S.S.R. bio-
satellite scheduled to be flown the last quarter of
1977.

The biological experiments flown as part of the
Viking Mars mission were providing data in sup-
port of continuing search for life forms beyond the
Earth’s atmosphere. Initial results of data analysis
indicated apparently new chemical systems but were
not conclusive as to existence of life on Mars.

Study of the Moon and Planets

An intensive synthesis of data from various
sources in the last few years has led to a greatly
improved understanding of the solar system. Pho-
togeologic techniques have been used to obtain rela-
tive ages of features on Mercury and Mars, and these
were combined with ages computed from samples
of meteorites and terrestrial and lunar rocks to de-
velop a chronology of the evolution of the solar sys-
tem. In this chronology the planets formed approxi-
mately 4.8 billion years ago and the larger bodies
underwent differentiation which was completed
some 4.4 billion years ago. They swept up the larger



meteorites during the period 3.5-4.0 billion years
ago and have been proceeding on their independent
evolutionary paths since then.

The Moon. The Moon has been shown to have
only a small, partially molten core—if it has any at
all. Remanent magnetic fields found in the lunar
samples, however, indicate that at one time the
Moon’s core was sufficiently active to generate a
magnetic field. Sample ages have shown that the
Moon produced lava flows during the period 3.1-3.8
billion years ago. At present the explanation is that
the low volatile content of the Moon gave its in-
terior a higher melting point than that of the Earth
and that the radioactive elements present were un-
able to produce enough energy to create and main-
tain a molten core.

The Planets. Mercury, which is very similar in
appearance to the Moon, has a very large magnetic
field. Since we have little compositional information,
it is not yet possible to explain this difference.

The atmosphere of Mars has eroded some of the
craters created by ancient meteor strikes, although
not as severely as they have been on the Earth. It is
clear from the Viking photographs that water ero-
sion has also taken place on Mars, but probably 3
billion years ago. The large volcanoes on Mars
show that interior melting took place, but the en-
ergy was not sufficient to create the tectonic plate
motion that exists on the Earth. Studies of the
Martian surface composition and atmospheric dy-
namics are just beginning, and similar studies of
Venus and the Gallilean satellites have yet to be
started.

Viking Visits Mars. Two Viking spacecraft, each
consisting of an orbiter and a lander, were launched
late in the summer of 1975 on Titan-Centaur launch
vehicles. Aftertraveling some 11 months, each space-
craft reached Mars and was injected into an orbit
about the planet. The two Viking landers success-
fully descended to the surface on July 20 and Sep-
tember 3, 1976.

To date the Viking flights have produced a large
volume of new data on the structure and composi-
tion of the Mars atmosphere and on the physical
and chemical nature of the surface. The 4000 pic-
tures obtained from the orbiters revealed extensive
details of the effects of tectonic activity and weath-
ering in shaping the surface. Other instruments on
the orbiters have furnished data on the thermal
gradients on the surface and water vapor distribu-
tion in the atmosphere. These measurements indi-
cate that very large amounts of water are stored in
the polar ice caps, to the extent that in proportion
there may be as much water on Mars as on Earth,
Hundreds of black and white, color, and stereo pic-
tures have been obtained on the surface. These show

a very rocky surface and confirm that the planet
is truly a reddish color.

Evidence from the instruments on the orbiters and
landers, to the extent that it has been studied thus
far, portrays a Mars that at some time in its past was
in several ways more like the Earth than it is now.
Orbiter photographs reveal massive volcanic moun-
tains and canyons deeper than any on Earth; the
now-quiescent Mars once was the scene of major
seismic events, and running liquid—probably water
—eroded the deep canyons. Near the Viking 1 lander
sites are evidences of several episodes of flooding
that markedly shaped the landscape. Unlike the
craters on the Moon and Mercury, a number of
large Martian craters are surrounded by an unusual
lobate apron of ejecta. Whereas the debris from
Moon and Mercury craters was thrown out ballisti-
cally in a circle, on Mars there seems to have been
action by a lubricating agent that made the material
flow out from the craters like a fluid, as if the soil
were soft and wet when the meteor struck.

If water existed as a liquid on Mars, the atmo-
spheric pressure must have been notably higher than
it is now, The gases that Viking instruments have
identified in the atmosphere—nitrogen, oxygen,
argon, krypton, and xenon—indicate that a much
denser atmosphere did indeed once exist.

All this adds up to an intriguing question: what
combination of circumstances caused changes of
this magnitude to occur on Mars?

The weather stations on the landers show the
weather has been very repetitious day-to-day since
the landings. No storms have been encountered as
yet. No significant seismic events have been ob-
served. The biological and organic analysis experi-
ments, while having already yielded large amounts
of significant data, still had some critical tests to
complete before any conclusions can be drawn from
them,

The basic mission ended in November 1976, at
which time all program objectives were completed.
NASA is conducting an extended mission to observe
seasonal changes, at a much reduced level of effort.
The extended mission will end about September
1978.

Future Planetary Missions. Mariner Jupiter/
Saturn 1977 (M]JS77) Mission. The proof test
model (PTM) spacecraft was assembled and system
tests, including vibration and thermal/vacuum test.
ing, were completed at the Jet Propulsion Lab-
oratory. After additional testing at the Kennedy
Space Center and Fastern Test Range, the PTM
hardware. will be refurbished and used for flight
spares. The assembly and test of the first flight space-
craft began in November 1976.

Detailed development of science observation se-
quences was performed along with the development
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of navigation and maneuver design. Flight trajec-
tories were selected and the associated launch strat-
egy was developed for each day of the August/
September 1977 launch period. Most of the software
was completed for both test and operations and for
the flight subsystem hardware. Development of cap-
abilities for flight mission operations emphasized
launch and early mission activities and ground data
systems required for launch.

The Mariner Jupiter/Saturn 1977 mission con-
sists of two spacecraft that will reach Jupiter in
1979 and Saturn in late 1980 and 1981. In addition
to video observations, scientific studies will be made
of both planets, their moons, and the rings of Sat-
urn, as well as of interplanetary and interstellar
space.

The second spacecraft to arrive at Saturn will
either make a science-intensive flyby or it may con-
tinue to Uranus. The decision will depend on the
scientific data returned by the first spacecraft to
reach Saturn, the operational status of the second
craft, and the adequacy of its attitude-control fuel
for the additional four-plus years flight from Saturn
to Uranus.

Pioneer 10 and 11. The first flyby of Jupiter, ac-
complished by Pioneer 10 in December 1973, pro-
vided excellent data. Rather than repeat the mis.
sion, Pioneer 11, trailing one year behind Pioneer
10, was placed on a different trajectory to provide
new information. The new track had an additional
feature; as Pioneer 11 passed Jupiter, the massive
planet altered the spacecraft’s trajectory to one that
would send the craft to a flyby of Saturn in 1979.

Both spacecraft continue to work well. At the end
of 1976 Pioneer 10 was 11 Astronomical Units from
the Sun on its way out of the solar system; Pioneer
11 was well on its way to Saturn,

Pioneer/Venus. The primary objective of the
Pioneer-Venus program is to study the Venusian
atmosphere using four entry probes and an orbiting
spacecraft. The probes will enter at the same time,
but at widely separate locations. Because the atmos-
phere of Venus is much hotter and denser than
Earth’s and because Venus rotates very slowly, at-
mospheric dynamics should be very different and
the results could help scientists understand the
atmosphere of Earth.

The program started in FY 1975 and develop-
ment testing is almost completed. Much of the flight
hardware is being built. Two similar spacecraft are
planned, one to carry the probes, the other to per-
form the orbit mission. Launch will be by Atlas-
Centaur vehicles in 1978,

12

Study of the Sun and Sun-Earth Relationships

The NASA physics and astronomy program is
directed toward the investigation of the Earth, the
Sun and the solar system, galactic and extragalactic
phenomena, and how they interrelate. The tech-
niques and tools used include theoretical and lab-
oratory research, aircraft, balloons, sounding rock-
ets, small Explorer spacecraft, large automated ob-
servatories, and manned spacecraft. Research teams
are located at NASA field centers, other government
laboratories, universities, and industrial laboratories.
NASA also conducts a number of cooperative proj-
ects with foreign countries.

Significant accomplishments during 1976 included
the launches of the Helios 2 mission and the Gravity
Probe-A mission. The Helios 2 mission is part of a
cooperative program between the Federal Republic
of Germany and the United States for obtaining in-
creased understanding of fundamental solar proc-
esses and solar-terrestrial relationships. The objec-
tive of the Gravity Probe-A mission was to confirm
with improved accuracy the gravitational red shift
predicted by Einstein’s theory of relativity. In addi-
tion to these launches, several discoveries were made
as a result of observations with the 90-centimeter
telescope carried on the NASA Airborne Observa-
tory. The sounding rocket and balloon programs
also made important scientific contributions.

Studies of the Sun. Orbiting Solar Observatories
(OSO) . After over a year in orbit, all nine experi-
ments in the OSO 8 satellite continue to work well.
Both high-resolution ultraviolet spectrometers
housed in the OSO 8 sail reached stable operating
plateaus after experiencing some initial reduction in
sensitivity. The spatial resolution capabilities of
these instruments remain extremely good and both
are still measuring material motions and oscillations
in a variety of solar features.

Despite continuing emphasis on mission oper-
ations, some preliminary data analysis is under way.
A comparison between OSO 8 and sounding rocket
data showed that while the outflow of material
from coronal holes can be detected in coronal emis-
sion lines, no sign of any such motion is observed
in ultraviolet spectra from lowerlying levels. A
range of altitudes in which this outflow commences
has thus been identified.

Another interesting finding is that a general
downflow of material is frequently observed
throughout the solar height range observable by
OSO 8 (from the photosphere through the low
transition region) . These downflows are heterogene-
ous and occur preferentially in regions of high mag-
netic field strength located at the boundaries of the
supergranulation network. Flow speeds of the order
of 2-3 kilometers per second have been detected.



Some evidence of upward flow inside the supergran-
ulation cell has also been reported. This identifica-
tion of the general circulation through the chro-
mospheric network is important for understanding
convection in the solar atmosphere.

A result that is proving difficult to interpret is the
apparent detection of a persistent horizontal flow
in the transition region. This is seen as a relatively
constant shift in the position of selected spectral
lines which appears always in the same direction, in-
dicative of a flow of material continuously directed
towards the observer. It is possible that some mech-
anism other than motion is producing this effect but
its nature is currently unknown. Small-scale, high-
speed motions in the vicinity of sunspots have defin-
itely been observed by both the ultraviolet instru-
ments.

One of the prime purposes for OSO 8 was the in-
vestigation of atmospheric heating mechanisms. To
date, both spectrometers have successfully measured
the 5-minute photospheric oscillations both as in-
tensity and as velocity fluctuations in a variety of
spectral lines. Shorter period fluctuations (3 and 1.5
minutes) have also been detected in lines formed in
the chromosphere and low transition region. Pe-
riodicities of 35 seconds and 15 minutes, which ap-
pear in the data, are now believed to be spacecraft
disturbances.

It is interesting to note that at the highest levels
observable from OSO 8 the 3- and 5-minute periodic-
ities are still detectable in the strength of the lines
emitted from these regions, but there is little or no
evidence of velocity variations.

The widths of the lines may, however, contain
important information on the broad-band spectrum
of random fluctuations which will also be important
in determining the chromospheric and coronal
energy transport and heating processes. This pos-
sibility will be analyzed during the coming months.

Apollo Telescope Mount (ATM). After three
years of intensive activity in the reduction and analy-
sis of the 171,000 photographs and the 2292 hours of
photoelectric data collected during the manned Sky-
lab program (1973-1974), the impact of this pro-
gram on solar physics is becoming visible. The
recently completed Skylab Solar Workshop, which
brought together ATM scientists, ground based ob-
servers, solar experimenters, and theoreticians in a
comprehensive attack on the problem of coronal
holes, advanced our understanding of the Sun-solar
wind interface and, hence, of the effect that coronal
holes have on the terrestrial environment.

Among the more exciting results of the study has
been the discovery that polar holes can be connected
to equatorial solar latitudes by virtue of their highly
divergent, open magnetic fields and can hence affect

the structure of the solar wind impinging on the
Earth.

This field divergence, which is a general property
of all coronal holes, has also been shown to pro-
duce supersonic (100 kilometers per second) wind
velocities at only 1 to 2 solar radii above the solar
surface—a concept completely new to solar wind
theorists.

There is also, now, evidence that the one-million
K temperature which is observed low in the corona
within coronal holes may not be the maximum tem-
perature attained. Both theory and experiment
point to the possible existence of a temperature
maximum of the order of 3 to 5 million K situated
at a height of several solar radii above the surface.
Additional experimental and theoretical studies are
required.

Another solar phenomenon receiving consider-
able attention in the analysis of ATM data is flares.
The ATM experimenters are in general agreement
that the hottest portions of a flare are within one
or two small, low-lying loops within an active re-
gion. Typical dimensions of these loops are on the
order of a few arc seconds (approximately 4100
kilometers) and their height is somewhere in the
range 1800—5000 kilometers above the solar surface.
The temperature reached by the heated plasma var-
ies from flare to flare and is on the order of 20
million K or more.

These observations indicate the presence of a
variety of different magnetohydrodynamic instabil-
ities which are considered to be the source of the
flare. Some experimenters think the cause to be in-
stabilities within the loops, while others favor
instabilities in the “neutral sheets” between neigh-
boring loops. Both explanations may be correct.

A major disagreement now exists between the
ATM scientists, who are constrained to study the
“thermal phase” of a flare, and experimenters ob-
serving the high energy x-ray and gamma ray emis-
sions originating from the flare-induced beams of
high energy particles that are accelerated by the
disruption of the magnetic field. The x-ray and
gamma ray experimenters generally favor a primary
field disturbance high in the corona, while the
ATM scientists are convinced that the main flare
occurs at lower levels in the solar atmosphere. An
attempt to reconcile the two viewpoints will be
made at the second Skylab Workshop. It may be,
however, that opinion will remain divided until
the Solar Maximum Mission, when the high energy
and “thermal” emissions from flares can be studied
simultaneously.

Out-of-Ecliptic Mission. The growing acceptance
of the link between some solar parameter and ter-
restrial weather and climate has further stimulated
research in the nature and variability of solar wind
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and in the Sun-wind interface. A great deal of prog-
ress has been made in the latter area as a result of
the recent Skylab Coronal Hole Workshop. A num-
ber of attractive new theories have been devised
linking coronal holes with high velocity streams
and explaining the observed variations of these
streams as a function of the solar cycle. Verification
of these theories, which involve the influence of in-
ecliptic wind streams by high-latitude coronal
holes, requires direct measurement of wind condi-
tions at high solar latitudes. Plans are, therefore,
under way for an Out-of-Ecliptic Mission, the
prime objective of which will be to measure the
properties of the solar wind, magnetic fields, and
particle ejecta as a function of solar latitude from
the solar equator to the polar regions.

The mission, which involves two Pioneer-class
spacecraft, is a joint venture of the European Space
Agency and NASA. During 1976 some preliminary
definition studies were undertaken by both agencies
and a scientific working group was formed to define
in detail the payload required to achieve the mis-
sion’s primary objectives. More detailed studies are
planned for Fiscal Year 1978, prior to an official
new start for hardware in Fiscal 1979. The two
spacecraft will be launched by a four-stage Space
Shuttle in February 1983 and will use the gravity
of Jupiter to propel them to high solar latitudes.

Solar Maximum Mission. During the past year
work has continued on the definition of the basic
spacecraft and the experiment package that to-
gether form the Solar Maximum Mission (SMM).
The seven major flare instruments were selected
early in 1976. By observing the entire flare spec-
trum, from gamma rays to white light emission,
using SMM and complementary ground-based in-
strumentation, the various physical processes that
combine to produce flares will be studied. Of par-
ticular interest will be the determination of the
temporal and spatial relationships between the
hard x-rays, produced when beams of particles are
accelerated as a result of magnetic field instabilities
early in the event, and the soft x-rays and extreme
ultraviolet emission, which are thought to be pro-
duced when the beams of particles impinge on the
relatively cool chromosphere, causing it to evapor-
ate and heat. Some new theories concerning flares,
which are being formulated by Apollo Telescope
Mount experimenters, require that the two types of
radiation originate from the same low-lying region
in the solar atmosphere. Scientists specializing in
the higher energy aspects of the flare event would
favor a higher-level source of the flare’s hard x-ray
emissions. SMM should resolve this disagreement.

In addition to investigating the flare process,
SMM will study the effects of the flare ejecta on
the terrestrial environment by conducting a collab-
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orative program of flare radiation and particle
measurements with the International Sun-Earth Ex-
plorer-C spacecraft. The SMM Solar-Terrestrial
Program will also include measurements of the
long-term variability of total solar emission (the
“solar constant”) and of the full Sun ultraviolet
spectrum. Instruments are currently being selected
for this purpose.

Helios. Helios is a cooperative space project be-
tween the Federal Republic of Germany and the
United States designed to provide increased under-
standing of fundamental solar processes and solar-
terrestrial relationships. Both Helios 1, launched in
December 1974, and Helios 2, launched in January
1976, are still operational. These spacecraft will
travel closer to the Sun than any previous space-
craft. Germany built the spacecraft and seven of the
experiments; and the United States provided three
experiments and the launch vehicles, as well as
technical, launch, and flight operations support. Al-
though analysis of the data is still under way, two
of the interesting results so far from Helios indicate
that (1) high-speed solar wind streams are asso-
ciated with coronal holes which are usually at high
solar latitudes rather than with hot spots near the
equator, and (2) the acceleration of the high-
energy streams which has been observed for some
time, but not understood, appears to be associated
with large amplitude ion-acoustic waves that were
measured by Helios in a region between two high-
speed solar wind streams.

Studies of the Universe

Orbiting Astronomical Observatory. The Orbit-
ing Astronomical Observatory-3 (OAO 3, also
named Copernicus), launched in August 1972, re-
mained operational through 1976, providing ac-
curately stabilized automated facilities for observ-
ing celestial objects and interstellar space in the
spectral range from the x-ray through the ultra-
violet and into the visible region. As a result of new
techniques, the usefulness of this satellite has been
expanded: objects one-sixth as brilliant as those
that could be observed after launch can now be
observed, and the useful spectral range has been
extended in the near ultraviolet. Many new classes
of objects can now be studied by OAO 3.

Small Astronomy Satellite. The last of the Small
Astronomy Satellites, SAS-C, launched in May 1975,
is still operational. With its complement of four
x-ray instruments, this spacecraft is the most power-
ful x-ray mission yet flown. The most exciting ac-
complishments of this satellite have been the de-
tailed studies of bursters and other transient x-ray
sources, leading to their optical identification and



to an increased understanding of the extraordinary
physical conditions producing them.

High Energy Astronomy Observatory. The basic
scientific objective of the High Energy Astronomy
Observatory (HEAQ) program is to explore the
previously inaccessible regions of celestial x-ray and
gamma-ray sources and cosmic ray flux. This pro-
gram should increase our understanding of newly
discovered energy processes, of the creation of mat-
ter, and of phenomena such as quasars, pulsars,
novae, supernovae, and black holes. The first phase
of the program consists of three observatories to be
launched on Atlas-Centaur rockets; larger obser-
vatories are being studied by NASA as possible pay-
loads to be launched by the Space Shuttle.
Considerable progress was made during 1976 in the
development and fabrication of the first three
spacecraft and experiments, with primary emphasis
on the HEAO-A mission, scheduled for launch in
1977.

International Cooperative Satellites

Work continued on the International Ultraviolet
Explorer (IUE), a joint project involving NASA,
the United Kingdom, and the European Space
Agency (ESA), planned for launch in 1977. Pro-
curement of hardware and subsystem fabrication
was completed during 1976 and systems integration
and testing started.

Progress also continued on the International
Sun-Earth Explorers (ISEE), a joint project be-
tween NASA and ESA. Three spacecraft, two pro-
vided by NASA and one by ESA, with a combina-
tion of instruments provided by both parties, will
be used. ISEE goals include study of the Earth’s
magnetosphere, effects of the solar wind on the
magnetosphere, and interaction of cosmic rays with
the solar wind and magnetosphere. Emphasis dur-
ing 1976 was on fabrication of spacecraft and ex-
periments for the ISEE-A and B missions sched-
uled for launch in 1977.

Space Telescope

The Space Telescope reached an advanced state
of design as a result of work conducted during
1976. The major objective of the Space Telescope
is to provide a long-term 2.4-meter astronomical
observatory in space above the obscuring effects of
the Earth’s atmosphere, where it will have the capa-
bility to observe objects at greater distances than
can the largest Earth-based telescopes. The Space
Telescope, designed to be placed in a low Earth
orbit by the Space Shuttle, would be operated as
an international facility, providing continuous cov-
erage in wavelengths from the far ultraviolet to the
near infrared. Scientific instruments would explore

the universe and observe both stellar and galactic
phenomena. Significant contributions are expected
from the study of early stages of star formation and
from observations of such highly evolved objects as
supernovae remnants and white dwarfs.

Sounding Rockets, Balloons, and Aircraft

Sixty sounding rockets were launched from sites
in the United States (Wallops Flight Center;
White Sands Missile Range; Poker Flat Research
Range, Alaska; and Wauai Range, Hawaii), Cana-
da (Fort Churchill), Sweden, and Norway; some
50 research teams from universities, private indus-
try, foreign governments, NASA field centers, and
other U.S. government agencies were involved. A
cooperative program between NASA and DoD
launched 26 sounding rockets from the Wallops
Flight Center in January in support of the Winter
D-Region Campaign, a coordinated program to
study winter days of “normal” and ‘“‘anomalous”
electron densities in the ionospheric D region.

The NASA balloon program supported the
launch of 50 balloons from the United States and
Canada, and involved 20 research organizations.
One of the most significant events involved the
successful flight of a joint NASA/Netherlands ul-
traviolet payload which obtained new results on
stellar chromospheres and evidence of mass loss
and hot, high-luminosity stars. Another highly
successful flight carried a very sensitive infrared
telescope (from the University of Arizona) which
detected, for the first time, a continuous band of
diffuse emission around the galactic plane. This
enabled scientists to measure the energy associated
with the dust in the plane of our galaxy and there-
by contributed to the understanding of the struc-
ture and physical conditions existing in our own
galaxy.

The NASA Airborne Science Program employs
two aircraft for infrared astronomical research at
altitudes above 90 percent of the Earth’s atmos-
phere. A C-141 aircraft carries the Kuiper Airborne
Observatory, consisting of a 90-centimeter telescope,
while a Lear Jet carries a 30-centimeter telescope.
During 1976, the principal scientific investigations
were in three areas: emission spectroscopy of the
interstellar medium, stellar formation using far-
infrared photometers, and planetary atmosphere
spectroscopy with high spectral-resolution inter-
ferometers.

Space Transportation

Space flight activities provide the transportation
and related capabilities necessary to conduct both
manned and unmanned operations in space. These
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activities include the Space Shuttle program for
the development of a reusable manned Earth-to-
orbit space vehicle, U.S. participation with the
European Space Agency (ESA) in a cooperative
program for the European-funded development of
a Spacelab to be used in the Shuttle, development
and supporting activities for other elements of the
Space Transportation System, development of new
component and subsystem technology, conceptual
studies and research on future space operations,
and launch operations and support for expendable
launch vehicles for automated space missions.

Space Shuttle

The Space Shuttle is the cornerstone of the Space
Transportation System (STS). It will provide rou-
tine two-way access to space starting in the 1980s.
A major breakthrough in manned space systems, it
eliminates the constraints imposed by present
modes of space operations. With the Space Shuttle,
manned and unmanned experiments can be con-
ducted within a single mission, advanced payloads
and satellites can be deployed into orbit, spacecraft
can be retrieved for reuse with updating and re-
furbishing either taking place in space or back on
Earth, and laboratories can be launched into Earth
orbit. The versatility and reusability of the Space
Shuttle will provide great cost benefits for users.

Space Shuttle development continued on plan
and within the cost estimates. During 1976, the
major milestones of qualification and ground tests,
manufacture of test articles, and assembly of the
orbiter were met. Progress was highlighted by the
rollout of Orbiter No. 1 on September 17, 1976, at
Rockwell International’s Space Division in Palm-
dale, California.

The Rocketdyne Division of the Rockwell Cor-
poration progressed in development of the liquid-
fueled rocket engines. These engines have an ad-
vanced, high-pressure design and provide the main
propulsion systems for the Space Shuttle orbiter.
Major milestones were reached in development and
ground tests. Three test engines have been deliv-
ered, installed, and tested over one hundred times
at the National Space Technology Laboratories in
Mississippi, demonstrating the capability of the
main engine.

Manufacture of the external tank, which con-
tains the cryogenic propellants for the orbiter main
engine, continued as planned. Major assembly
milestones were met and all major welding tools
were installed at the Michoud Assembly Facility in
Mississippi. After assembly, the ground test tanks
will be tested at the Marshall Space Flight Center
to provide confidence that they can withstand the
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structural requirements of the Space Shuttle mis-
sions.

The solid rocket booster will provide the addi-
tional thrust necessary during launch by burning
in parallel with the main engines. Progress has
been satisfactory on all parts of the rocket motor,
directional controls, structural components, and
the recovery subsystem. The first motor segments
for initial development static firings were delivered.

Major milestones met during 1976 at the Ken-
nedy Space Center included completion of the
orbiter landing facility, delivery of the initial
launch processing systems, and timely progress on
a number of other launch and landing facilities.

Orbiter 1 is scheduled for approach and landing
tests in 1977. The orbiter is to be carried to test
altitude on a Boeing 747 aircraft and released for
unpowered approach and landing. Fabrication pro-
ceeded on the second orbiter, to be used for the
first manned orbital flights in 1979,

Space Transportation System Operations

The Space Transportation System (STS) in-
cludes the Space Shuttle, the Spacelab, and an
upper stage. It is a standardized yet flexible sys-
tem, capable of accommodating a wide variety of
payloads and mission requirements. Plans for man-
agement, operation, and use of the system when it
becomes operational in the 1980s are far ad-
vanced, taking into account user development,
mission planning, payload integration, flight and
ground operations, and financial management.

A pilot User Development Program was initiated
and a contract was awarded to the Battelle Me-
morial Institute to define approaches for encourag-
ing and accommodating commercial users of the
STS. After the pilot program ends in February
1977, a full-scale user development program will
be initiated.

Since NASA’s present complement of active
pilots and scientist astronauts is insufficient to fly
the planned 60 STS flights per year, NASA an-
nounced opportunities for additional pilots and
mission specialists. Selection and appointment
would not be made until 1978.

A number of studies were undertaken to de-
termine STS operating costs and to establish user
charges for STS flights, These studies led to a policy
in which each class of user will pay equitably for
use and service.

Spacelab

The Spacelab Program is a joint venture between
NASA and the European Space Agency (ESA) to
produce the Spacelab, a reusable space laboratory.



It would be flown to and from Earth orbit in the
cargo bay of the Space Shuttle. Participating Euro-
pean nations are paying for the design, develop-
ment, production, and delivery of the first Spacelab
flight unit to NASA. Scheduled to become opera-
tional in the 1980s, it would be available to an
international community of users.

In 1976, design reviews were completed and
development hardware was being manufactured.
Integration of the hard mockup was initiated.
Manufacture began on the engineering model,
which is to be delivered to NASA prior to delivery
of the flight unit.

NASA evaluated proposals for a Spacelab inte-
gration contract. Part of this contract would cover
design, development, and manufacture of most of
the Spacelab hardware for which NASA is respon-
sible. A major item of this hardware is the tunnel
that will connect the Spacelab to the Shuttle Or-
biter. Design of the tunnel is scheduled to begin
in 1977.

Spacelab Life Sciences. The response to the an-
nouncement of flight opportunity for Spacelab 1
continues to reflect the high interest of the Life
Sciences community in Space Shuttle/Spacelab
missions. Real-time Life Sciences missions, in a
mockup of the Spacelab, have been simulated using
experiments of the type being selected for Space-
lab. The simulation was in support of payload
planning, to provide a method by which science,
engineering, and operational evaluations could be
conducted on the ground to ensure maximum ef-
fectiveness in space. The evaluation included pay-
load synthesis, equipment integration, operational
concepts, and crew training.

The program to develop a basic complement of
flight-qualified medical laboratory equipment for
repetitive use on Spacelab flights was initiated 'in
1976 and procurement began of items requiring
long-lead-time development. Primary among these
items is the spaceflight-qualified specimen/biologi-
cal holding units. Another long-lead-time- develop-
ment is the specimen refrigeration compartments
capable of maintaining —70°C temperature for
preservation and storage of Life Sciences specimens
and tissues. Conceptual design studies of a free-
flying Life Sciences satellite for the conduct of long
duration, isolated animal experiments also were
completed.

Two sets of medical standards were prepared,
NASA Class I and II, to be used for establishing
the medical fitness of the Shuttle Pilot and Mission
Specialist Astronauts, respectively. A third set of
standards for payload specialist/scientist passen-
gers was drafted, requiring less restrictive physical
conditioning and stress handling abilities than for

astronauts. Ground-based studies were assessing the
deconditioning effects of gravitational stress on a
population broadly representative of the potential
payload specialist group, while other research
sought to develop countermeasures for cardiovas-
cular deconditioning and space motion sickness.

Project planning was completed for an experi-
ment in support of research on space motion sick-
ness. The plan called for a self-contained unit to
test vestibular reaction of small animals when ex-
posed to zero gravity for periods up to twenty days.

Spacelab Science Payloads. In preparation for
the Space Shuttle era, possible Spacelab science
payloads were studied. Two of the six orbital flight
test missions of the Space Shuttle will provide early
demonstration and verification of the Space Shut-
tle’s scientific research capabilities. Payloads on
these flights will include selected experiments in
space astronomy; high energy astrophysics; life
sciences; solar physics; and atmospheric, magneto-
spheric, and plasma physics.

Two Spacelab missions are already scheduled
for flight after the Shuttle becomes operational.
Spacelab 1 is a joint undertaking by NASA and the
European Space Agency (ESA). ESA participation
in the Spacelab 2 missions is still under negotia-
tion. The primary objective of both missions is
verification of Spacelab performance and capabili-
ties and the measurement of the induced environ-
ment. The secondary objective is to obtain valuable
scientific, applications, and technology data. Two
announcements of opportunity were issued by
NASA in 1976 and experiments will be selected
for both Spacelabs 1 and 2 in 1977. Detailed studies
of instruments for future Spacelab missions are
also being carried out, with major emphasis on
class experiments by principal investigators.

Interim Upper Stage

The Interim Upper Stage (1US) will propel pay-
loads to destinations beyond the capability of the
Shuttle alone. NASA would use it primarily for
lunar and plantary exploration and other high-en-
ergy missions. DoD has the responsibility to define
and develop the IUS, with NASA defining design
and operational requirements that are unique to
NASA and other non-DoD missions, A DoD/NASA
assessment of five study contracts in 1975 led to the
decision to use a multi-stage solid propellant de-
sign. Early in 1976 a request for proposal for the
1US validation phase was issued. The Boeing Aero-
space Company was awarded that contract in Sep-
tember. The IUS is expected to be operational in
mid-year 1980.
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Spinning Solid Upper Stages

Complementary to the Interim Upper Stage,
Spinning Solid Upper Stages are to be primarily
used for the smaller, commercial-user payloads
whose missions require synchronous orbits.
Mounted on a spin table in the cargo bay of the
Space Shuttle flying in low Earth orbit, the stage
and its payload would be set spinning; springs
would separate it and propel it a safe distance
from the Shuttle, where its solid rocket motor
would ignite. The spinning stabilizes the stage, so
it is unnecessary to have an expensive guidance
system. As many as four of the Delta-class or two
of the Centaur-class stages can be mounted in the
Shuttle cargo bay on a single flight, one of the
several economies that will substantially reduce
launch costs from the cost of using the present
expendable boosters. They will also provide early,
easy transition to the Shuttle for existing satellite
series now using expendable boosters. Another
saving to the government is that McDonnell Doug-
las Corporation has agreed to develop and build
the Delta-class Spinning Stage at its own expense
and initiative. Discussions are underway with Boe-
ing and McDonnell Douglas on a similar scheme of
industrial development of the Centaur-class stage.

Advanced Studies

The Advanced Studies program defines require-
ments for future space systems and develops long
range plans for advanced space systems concepts.
Among the several studies in 1976 was one of a
space station to be used as an operating base for
erecting large structures. Ways and means of erect-
ing large structures were examined, as was the
possibility that these structures could be part of
a space solar power experiment. Other studies in-
vestigated solar electric propulsion applications,
Shuttle improvements, and concepts of space in-
dustrialization.

Expendable Launch Vehbicle Programs

Expendable launch vehicles continued to pro-
vide transportation services to a variety of users
and missions, NASA will use these launch vehicles
until most or all are replaced by the Shuttle in the
1980s. Most of the 16 launches in 1976 were con-
ducted for activities which reimbursed NASA for
launch services and the vehicles:

Scout. During 1976 three satellites were success-
fully launched by the Scout vehicle: an Air Force
test communications satellite (USAF P 76-5), the
NASA scientific relativity probe, and the Navy’s
Transit navigation satellite.
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Delta. The Delta continued to be the most fre-
quently used vehicle. It successfully launched nine
satellites in 1976: a cooperative communications
satellite for Canada, three maritime communica-
tions satellites (Marisat A, B, and C) for the Com-
sat Corporation, a Laser Geodetic  Satellite
(Lageos) for NASA, a weather satellite (ITOS-H)
for the National Oceanic and Atmospheric Admin-
istration, a domestic satellite (RCA-B) for RCA,
one communications satellite (NATO-III A) for
NATO, and another (Palapa-A) for Indonesia. The
Indonesian satellite for the first time connected
more than 3000 islands with telephone, telegraph,
and teletype services.

Atlas-Centaur. This vehicle successfully launched
Comstar A and B, domestic communication satel-
lites; and Intelsat IV-A F2, an international com-
munication satellite, for the Comsat Corporation.

Titan III-Centaur. This is the largest of NASA’s
current family of launch vehicles. It successfully
launched Helios-B, a cooperative solar probe satel-
lite, for the Federal Republic of Germany in 1976.
It was also the Titan III-Centaur which launched
Viking 1 and Viking 2 to Mars in 1975.

Space Research and Technology

The NASA Space Research and Technology
program seeks to advance the technology used in
scientific instruments and in systems that transport,
power, control, and communicate with spacecraft.
Some of the resulting technology has terrestrial
applications as well.

Space Propulsion Technology

NASA space propulsion technology is dedicated
to advancing concepts in liquid, solid, and electric
propulsion that will enhance future mission capa-
bilities while reducing costs.

Liquid Propulsion Technology. Testing of turbo-
mnachinery and a regeneratively cooled thrust
chamber for a small, reusable, high-performance
oxygen-hydrogen engine started in 1976. The pur-
pose is to demonstrate the technology of advanced
propulsion systems suitable for future reusable
Orbital Transfer Vehicles. A key component, the
liquid hydrogen pump, was successfully run for
800 seconds at various test conditions, including
speeds up to 91,800 revolutions per minute.

Solid Propulsion Technology. Methods were
demonstrated for recovering the active ingredients
from the scraps and waste that result from produc-
tion of solid propellants. The active ingredients
can be used in subsequent production at consider-
able cost saving.

Electric Propulsion Technology. Both the aux-
iliary ion thruster (to produce one-half milligram



for stationkeeping of geosynchronous spacecraft)
and the primary ion thruster (to produce four-
teen milligrams for planetary exploration) prog-
ressed during the past year. Engineering model
thruster designs of both systems were firmly estab-
lished and are being fabricated for flight qualifica-
tion. Thermal vacuum breadboard power pro-
cessors were fabricated and successfully operated
with prototype thrusters,

Space Energy Systems Technology

Spacecraft of the future will require increasing
amounts of energy to power more sophisticated
experiments and higher data-transmission rates.
NASA’s technology effort for space energy systems
is directed at providing such advanced perform-
ance at Jower cost. Improvements are sought in
generation, storage, conversion, transmission, and
management of power.

Solar Cell Arrays. During 1976, full-scale system
design and critical component tests of a 12.5-kilo-
watt, lightweight solar array were completed. This
array would produce twice the power of a conven-
tionally designed array of similar weight. Tests
also demonstrated the feasibility of a high-voltage
ion thruster operating directly from a solar array.
Such a system would eliminate the need for com-
plex and costly conditioning for major power loads.

Chemical Energy Conversion and Storage. Prog-
ress was also made in advanced non-gassing
nickel-cadmium batteries which, after more than a
year of testing, continued to demonstrate improved
reliability for space operations.

Thermomechanical Energy Conversion. The
demonstration of long-lived rotating machinery is
an essential prerequisite to dynamic space power.
In 1976, after 21,000 hours of failure-free opera-
tion, a 2-to-10 kilowatt Brayton-cycle rotating unit
was inspected and found free of wear.

Thermal Conversion Systems. Preliminary ma-
terials tests during 1976 suggested that it may be
possible to increase thermionic converter effi-
ciencies by 30 percent, a gain that would reduce
the cost and size of thermal energy sources.

Guidance, Control, and Information Technology

NASA’s 1976 efforts in guidance, control, and
information technology were directed at improv-
ing the operational characteristics and data
handling efficiency of a wide spectrum of elec-
tronics systems while reducing their size, weight,
power requirements, and cost.

Navigation. An optical navigation system in the
Viking Mars spacecraft determined the position of
the craft relative to planet/star-field reference with
better than twice the accuracy of conventional

radio navigation techniques. Significant fuel sav-
ings resulted through fewer, smaller trajectory cor-
rections.

Data Acquisition. NASA’s charge-coupled sensor
permitted the first high-resolution infrared images
of the planet Uranus. These images revealed a 7
percent error in previously accepted values for the
diameter of that planet.

Data Storage. A solid-state data recording system,
featuring a magnetic bubble domain memory, was
demonstrated. Because this device has no moving
parts, it has 10 times the expected life, uses half the
power, and weighs half as much as conventional tape
recording systems. :

Materials and Structures Technology

Advancements in materials and structures have
shown great potential for more efficient and lighter
space vehicles and orbiting structures for antenna
arrays and space platforms. This not only increases
mission capabilities per launch, but effectively re-
duces cost for both the vehicles and their payloads.

Structures. A new concept for truss elements per-
mits high packaging densities for transport to space
and has greater structural efficiency than the com-
monly used cylindrical columns. When transported
in the Shuttle and assembled in space, the newly de-
veloped tapered element could form large truss struc-
tures capable of supporting antennas, solar cell
arrays, or other large systems,

Advances in non-destructive testing techniques led
to the development of the first inexpensive, portable,
highly accurate system for applying the correct strain
to bolted fabrications. Use of this system would re-
sult in higher reliability, lighter weight through less
overdesign, and increased safety through properly
stressed bolts.

Materials. Significant progress was made in space-
craft heat shields. A new protective coating was de-
veloped from improved glasses and pigments that
permitted reductions in the manufacturing costs for
the Space Shuttle heat shields. This new coating ex-
hibits a significant increase in reliability and a
doubling of useful lifetime.

Tracking and Data Acquisition

Efficient and reliable tracking, data acquisition
and processing, and communications are essential
for all NASA flight programs if they are to attain
their specific objectives. The main types of support
provided are tracking for orbit or trajectory deter-
mination, acquisition of engineering and science
telemetry data, transmission of commands from the
ground to space vehicles, processing of acquired
data, and interconnecting voice and telecommunica-
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tions links to widely separated ground locations
engaged in flight support.

The majority of this support is rendered by two
worldwide networks of stations. The Deep Space
Network is specialized to handle planetary and in-
terplanetary missions at great distances from Earth.
The other network, the Spaceflight Tracking and
Data Network, supports Earth-orbital and subor-
bital programs. Both use a complex communications
network to tie their distant locations together. Facil-
ities include massive 64-meter-diameter antennas
and the large computer complexes necessary for mis-
sion control and data processing.

Lageos

The laser tracking system used with the Lageos
satellite is the newest development in precision
tracking and ranging. To apply the science of plate
tectonics to studying continental drift and the proc-
esses that create earthquakes, precision measure-
ment of slight Earth crustal movements is required.
The very stable orbit of the Lagoes satellite provides
a reference from which these minute shifts can be
determined. Laser tracking is far more precise than
conventional high-frequency radio ranging tech-
niques. There are currently four-operating ground
stations, three of which are mobile. Using these ex-
perimentally with earlier satellites refined the laser
system to the point where these stations, and the five
additional mobile stations under construction,
should be able to obtain measurements accurate to
within five centimeters.

In addition to providing precision ranging data
from Lageos, which will be utilized in studying
Earth crustal motion, the mobile equipment will be
moved to various locations to calibrate sensitive al-
timeters on satellites such as Geos and Seasat.

Viking

The most exciting space event of the year, the
landing of Viking on Mars, was supported from
launch through the continuing return of lander
science data by the Deep Space Network. For the
first time, a spacecraft on the surface of another
planet was successfully commanded, controlled, and
interrogated. Another first was the support of four
spacecraft at interplanetary distances. The rapid
and flexible responses provided by the network
made the Viking adaptive mode, in which subse-
quent operations depend on the results obtained
the day before, a success in terms of scientific pro-
ductivity and rapid solutions to unexpected prob-
lems,

In addition to operational support, the large 64-
meter antennas of the Deep Space Network were
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employed in the radar surveys that were instru-
mental in selecting the landing site for Viking 1.
Since the resolution of the orbiter cameras was not
sufficient to detect all terrain features that might
have damaged the lander, analysis of the radar
echos helped to determine the roughness of the sur-
face area and minimize risk to the mission.

Preparation for Future Missions

Several events of this year point significantly to
continued evolution of the network and communica-
tions systems to support future flight programs. The
telemetry facility at Dryden Flight Research Center
has been modified to support the Shuttle approach
and landing tests beginning in 1977. Modification of
the Deep Space Network 26-meter antennas was
initiated to add an X-band capability; this will sig-
nificantly help avoid the increased crowding at
lower frequencies and provide new means to handle
long duration, deep space navigation and data re-
trieval tasks. Improvements to telemetry data pro-
cessing systems and advances in image processing
facilities for satellites such as Landsat round out ac-
tivities in progress to provide responsive, reliable,
and efficient tracking and data acquisition in the
future.

TDRSS

Another important step forward in the procure-
ment of the Tracking and Data Relay Satellite Sys-
tem (TDRSS) was the award of a contract to West-
ern Union Space Communications, Inc. The
corporation will provide telecommunications serv-
ices via TDRSS for support of Earth-orbital space-
craft. Under the fixed-price contract, Western Union
Space Communications, Inc., will provide TDRSS
services to NASA for a ten-year period beginning in
1980 at an annual contract cost of $79.6 million.
The system will involve two satellites in synchro-
nous orbit acting as two-way relay stations between
a single ground station and all satellites in low
Earth orbit. When TDRSS is operational, many of
the present tracking stations will be closed.

International Affairs

The National Aeronautics and Space Act of 1958
provides that the space activities of the United States
shall be conducted so as to contribute materially to
cooperation by the United States with other nations.
Following are examples of the international coop-
eration achieved in the past year.

Space Transportation System

Increasing emphasis was given in 1976 to future
international use of the Shuttle-based Space Trans-



portation System (STS). Potential users—govern-
ment, industry, and university—in Canada, Europe,
and Japan were briefed on capabilities, payload
accommodations, and probable terms and conditions
of use. Solicitations were distributed internationally
for proposals for Shuttle experiments in the Orbital
Flight Test Phase, in the first two Spacelab missions,
and in a planned free-flying Long Duration Expo-
sure Facility. Preliminary studies for the first Space-
lab payload, jointly planned by NASA and the
European Space Agency, were completed. Final se-
lection is expected in early 1977.

The development of Spacelab, the European con-
tribution to STS and currently valued at $500 mil-
lion, passed the midpoint in 1976. Completion of
the preliminary design review in December was a
major milestone toward the delivery of the first
Spacelab flight unit to NASA in mid-1979, a year
before its first mission.

Development was begun this year on the Canadian
contribution to STS—the Remote Manipulator Sys-
tem for the Space Shuttle orbiter. That system is
valued at several tens of millions of dollars.

Broadcast Satellite Experiments

On July 31, 1976, India completed a one-year
Satellite Instructional Television Experiment using
NASA’s ATS 6 satellite to transmit educational TV
programs directly to some 2400 villages. The TV
programs, ground transmitting station, and village
receivers were all funded and developed by India.
Evaluation is under way, but the experiment has
already demonstrated the practicality of satellite-
based instructional broadcasting for developing
countries and has aroused interest throughout the
world. Initial reports indicate an increase in school
attendance and enthusiastic acceptance of the new
instructional tool by village teachers as well as adult
audiences. Programs containing practical instruction
—in agriculture and animal husbandry, for instance
—were particularly popular and apparently effec-
tive.

On August 1, ATS 6 began its return passage to
the Western Hemisphere, As it passed over Africa
and Latin America, NASA and the Agency for In-
ternational Development conducted a three-month
project using ATS 6 for demonstration broadcasts
to 24 developing countries and regional organiza-
tions. The broadcasts included films on the uses of
space technology for development and live, two-way
discussions between panels of U.S. officials and ex-
perts and local host government officials in receiving
countries.

Another project in experimental satellite broad-
casting for remote areas began in 1976 with the Jan-
uvary launch of the Communications Technology

Satellite (CTS), developed jointly by NASA and
the Canadian Department of Communications. A
later development than ATS 6, CTS is designed to
transmit higher powered signals to small, relatively
inexpensive ground terminals at higher frequencies.
Its broadcast time, divided equally between U.S,
and Canada, is being used for experiments in edu-
cation, health care, community and special service
broadcasting, and communications technology.

Stratospheric Research

NASA’s intensified upper atmospheric research
program has focused on the possible threat to the
Earth’s stratospheric ozone shield from fluorocarbon
compounds widely used as refrigerants and aerosol
propellants. Because of the global implications,
NASA made special efforts in 1976 to inform the
world scientific community generally and to pursue
its stratospheric research activities cooperatively.

For instance, a French infrared absorption spec-
trometer was among instruments carried on NASA’s
CV990 aircraft in November 1976 to measure trace
constituents and compare stratospheric concentra-
tions in the northern and southern hemispheres.
Arrangements were also made to take complemen-
tary measurements of ozone and other atmospheric
trace constituents from a NASA U-2 aircraft in co-
ordination with flights of instrumented Canadian
balloons.

To foster international coordination of strato-
spheric research and policy planning, NASA
co-sponsored an International Conference on the
Stratosphere and Related Problems at Utah State
University, September 15-17, 1976.

New and Ongoing Cooperative Satellite Projects

Of the 25 international satellites that have so far
been launched by NASA on a cooperative (as dis-
tinguished from reimbursable) basis, 8 remained
active and returning data in 1976, Most significant
were the two German Helios solar probes which, in
four perihelion passages in 1976, flew closer to the
Sun than any other spacecraft—less than one-third
the Sun-Earth distance. Measurements by Helios of
the solar atmosphere, magnetic fields, and particle
emissions have generated new data on solar-terres-
trial interactions.

NASA concluded an agreement with Aerospace
Research Center of the University of Rome to de-
velop the next generation of San Marco satellites for
continued vestigations of processes at the interface
between space and the upper atmosphere. San
Marco D is also expected to contribute importantly
to the current study of the Earth’s ozone layer.
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International interest in contributing experiments
to NASA spacecraft continued. Agreements were
reached with Germany, the U.K., the Netherlands,
and France on instrumentation for the NASA Solar
Maximum Mission and the Pioneer Venus Orbiter
and Probe.

During 1976, NASA announced 14 opportunities
to participate in future space missions and received
over 173 proposals from 9 European countries, the
European Space Agency, Australia, Canada, India,
Japan, and South Africa. The proposals concerned
infrared astronomy, space processing, atmospheric
cloud physics, lunar surface studies, stratospheric
aerosol and gas investigations, interplanetary and
planetary physics, and multidisciplinary opportun-
ities planned for future Shuttle and Spacelab flights.

Earth Resources

During 1976 NASA began to charge foreign Land-
sat station operators an initial token share of the
annual cost of operating the satellites. Such stations,
receiving data directly from the satellites, were op-
erating in Canada, Brazil, and Italy. Agreements had
been reached for stations in Zaire, Iran, and Chile.
Still other stations were being negotiated.

This growing interest in direct reception is related
to the significant benefits reported by researchers in
more than 100 countries currently using Landsat
data. Bolivia, for example, recently discovered de-
posits of lithium and potassium as a result of com-
puter-assisted interpretation of Landsat data. A new
iron ore deposit was discovered recently in Egypt
using Landsat data.

Reimbursable International Launches

The following reimbursable (as distinguished
from cooperative) launchings took place from the
Eastern Test Range in 1976:

® Intelsat IV-A F2, an international communica-
tions satellite, Atlas-Centaur vehicle, January 29

® NATO 1IIA, an operational communications
satellite, Thor-Delta vehicle, April 22

e Palapa-A, the first Indonesian domestic com-
munications satellite, Thor-Delta vehicle, July 8

A reimbursable launching contract was concluded
with the Science Research Council of the U.K. for a
Scout launch of UK-6 scientific satellite in early
1978. Contracts to use the Thor-Delta vehicle were
signed with the European Space Agency for launch
of OTS, a geostationary communications test satel-
lite, in mid-1977 and Marots, a geostationary mari-
time test satellite, in 1978, Launch service contract
negotiations were begun with EMBRATEL of
Brazil for launch of two domestic communications
satellites in 197% with NASDA of Japan for a
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backup launch in 1978 or 1979; with TELESAT of
Canada for launch of the fourth Canadian domestic
communications satellite in 1978; and with the Fed-
eral Aviation Administration for two launches of
the international aeronautical satellite, Aerosat, in
1979 and 1980.

\

Overseas Tracking Facilities

During 1976, the agreement providing for NASA’s
use of Canada’s Churchill Range upper atmosphere
research facilities was extended until June 1979.
Agreement was also reached with the Government
of Pakistan for temporary placement of a NASA
portable Landsat receiver station near Rawalpindi.
An agreement between CNES (the French space
agency) and NASA for reimbursable tracking sup-
port was extended until December 1977. Reimburs-
able tracking arrangements with Japan were also
concluded, providing telemetry and tracking support
for Japanese launchings by the University of Tokyo
and NASDA (the Japanese space agency).

US./US.S.R. Cooperation in Space Science and
Applications

Cooperative work in space science and applica-
tions proceeded under the 1971 Bilateral Agreement
(incorporated by reference in the 1972 Summit
Agreement) .

In planetary explorations: (1) U.S. and Soviet
specialists met on June 10 in Philadelphia and ex-
changed information on results of the Soviet Venera
9 and 10 missions, U.S. radar observations of Venus,
and on plans for the U.S. 1978 Pioneer Venus mis-
sions; (2) two Sovier scientists participated at
NASA’s Goddard Space Flight Center May 30—June
13 in joint analysis of Soviet Mars gamma-ray spec-
trometer data; (3) steps were initiated in September
by NASA to obtain soil samples from the Soviet
Luna 24 probe pursuant to previous agreement; and
(4 NASA prepared to share preliminary results of
the Viking missions to Mars.

In other areas, the two sides continued coordi-
nated magnetometer observations by the NASA Ap-
plications Technology Satellite and Soviet ground
stations. The Space Biology and Medicine Joint
Working Group met in Yerevan, U.S.S.R., in Sep-
tember and finalized plans for the flight of five
U.S. biological experiments on a Soviet satellite to
be launched in the fall of 1977. A coordinated
rocket meteorology study of diurnal variations un-
der different geomagnetic conditions was conducted
in August. In November, two joint working groups
on satellite and rocket meteorology met in Moscow
to plan further projects and cooperative efforts, in-
cluding coordinated experiments in atmospheric



temperature sensing and microwave sensing and im-
plementation of a sounding rocket intercomparison
test. The cooperative study of the natural environ-
ment moved into a second and important phase in
the spring of 1976 when the Soviets began providing
ground truth data for the remote sensing of vegeta-
tion. These data will be useful in the U.S. Large
Area Crop Inventory Experiment aimed at develop-
ing a capability for world wheat crop prediction.

In October a delegation from the U.S.S.R. Acad-
emy of Sciences’ Intercosmos Council met with
NASA representatives in Washington to continue
discussions aimed at defining major cooperative
projects that might follow the successful rendezvous
and docking of the Apollo and Soyuz spacecraft in
1975.

User Affairs

The Office of User Affairs under the Office of
Space Applications identifies user needs and require-
ments; disseminates information to potential users

of NASA's space technology; and plans and imple- )

ments technology transfer in space applications.

In November 1976, NASA sponsored a conference
at the Jet Propulsion Laboratory in Pasadena con-
cerning recent advances in image processing tech-
nology and new computer applications to stimulate
the development and transfer of this technology to
industry and commerce. Additional symposia co-
sponsored by NASA in 1976 were the William T.
Pecora Memorial Symposia on Earth resources sur-
vey techniques in Sioux Falls, South Dakota, and
the Conference on Remote Sensing for Land and
Resource Management in the South and Southwest
at Texas A & M University in College Station,

To devise better means for transferring NASA
technology outside the agency, four Application
Survey Groups were formed from experts in the fol-
lowing areas: land inventory, inland water resources,
agriculture, and mineral and petroleum exploration.
Because of successful experience with these groups,
planning got under way to develop a process for a
permanent advisory structure consisting of represent-
atives from the Federal, state, and local governments,
private industry, and the universities.

Interaction between users also increased. A Fed-
eral Interagency Decision Team and Working
Group, comprised of representatives from the U.S.
Departments of Interior and Agriculture, Army
Corps of Engineers, Agency for International Devel-
opment, and NASA, was created to identify needs
and potential applications for future Earth resources
satellites. To improve technology transfer to state,
regional, and local users, NASA worked with a va-
riety of user organizations, including the National
Conference of State Legislatures, Southern Growth

Policies Board, and the Pacific Northwest Regional
Commission, to develop alternative strategies con-
cerning user / NASA roles, responsibilities, and finan-
cial commitments. Interaction with the private sec-
tor included presentations and discussions with user
communities such as petroleum and mineral ex-
ploration firms and the suppliers of data analysis
equipment and services,

Technology Utilization
Low Cost Space Systems

The Low Cost Systems Office was established to
reduce the cost of space systems through develop-
ment of standard components that will satisfy a
majority of anticipated mission requirements. To
date, 17 spacecraft components have been declared
standard, including: tape recorders, hydrazine
thrusters and valve assemblies, power regulator,
spacecraft computer, inertial reference unit, pyro-
technic initiator, transponders for both near-Earth
and deep space missions, star tracker, reaction wheel,
telemetry and command components, and a pyrogen
igniter,

Under evaluation were 24 additional candidates
for standardization, including not only components
for spacecraft maintenance functions, but also the
experiment and instrument interface support equip-
ment and ground support equipment. Some items
under evaluation were: solar cell panels, central
power regulator, Sun sensors, solid state star tracker,
magnetometer, universal articulation system, mag-
netic bubble memory, phased array antenna, Global
Positioning Satellite receiver/processor, common
sensor subsystems, scanner-chopper drive system, test
sets, spacecraft checkout system, and a spacecraft
simulator.

As standard hardware becomes available, flight
projects can obtain flight-qualified equipment at
significantly less expense than in the past. Cost sav-
ings have already been realized in the Mariner
Jupiter/Saturn, Tiros-N, Nimbus G, Seasat, Sage,
and Solar Maximum Mission projects. These savings
will continue to accrue as additional standards are
used by future projects.

Disseminating Technology and Benefits

Since its inception in 1962, the NASA Technology
Utilization Office has relied heavily on its publica-
tions to facilitate secondary use of NASA technology
in commerce and industry. More than 10,000 inno-
vations judged to have commercial potential have
thus been made available to industry. The format
for the familiar NASA tech brief was changed sig-
nificantly in 1976. Tech briefs and related NASA
technical innovations and improvements are now
disseminated in a quarterly journal, NASA Tech
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Briefs, which also includes information on new
product ideas and technology utilization services.
In 1976 the university-based Industrial Applica-
tions Centers expanded the products and services to
better serve non-aerospace clients. Likewise, technol-
ogy coordinators, experienced in NASA research and
development programs, were located at four NASA
field centers to assist the Industrial Applications
Centers by matching their client’s problems to ap-
propriate NASA scientific and engineering expertise.
The purchase of improved NASA-developed fire-
fighter’s breathing systems by the Boston Fire De-
partment marked the successful culmination of that
important technology applications project. Another
achievement of note in 1976 was the construction of
the NASA Technology Utilization House at Lang-
ley Research Center, Hampton, Virginia. Tech
House, as it is called, integrates NASA technology,
recent commercial building techniques, and other
innovations into an energy-efficient home that of-
fers the potential of savings to the individual family
and national benefit in energy conservation. Opened
to the public in June 1976, Tech House will be
evaluated when a family is selected to occupy it
early in 1977, at which time all energy conserving
systems will be monitored by NASA engineers,

Scientific and Technical Information

NASA’s publication of the results of its own
aerospace research and development, together with
its acquisition of worldwide aeronautics, space, and
related literature, created a broad and growing
national information resource. Remote terminals
Iocated at NASA centers, the congressional Office
of Technology Assessment, Industrial Applications
Centers, and a number of state universities per-
mitted on-line literature searching of a centralized
computer data bank containing over 1.5 million
report, book, and journal citations. International
cooperation in the generation of useful aerospace
information continued, with the European Space
Agency processing European literature for direct
entry into the NASA data bank, while providing
Western Europe with on-line computer access to
a NASA-furnished portion of the data bank.

NASA Energy Programs

The purpose of NASA’s energy program is to
assure the effective use of NASA technologies and
experience in support of national energy needs. A
substantial part of the 1976 activities resulted from
projects assigned to NASA and reimbursed by the
Energy Research and Development Administration
(ERDA) and other agencies having direct respon-
sibilities in the energy field. Included was work in
wind energy, conversion systems, low cost solar
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cells, solar heating and cooling, coal energy extrac-
tion, industrial gas turbines, and advanced ground
propulsion.

In addition, NASA also had a number of proj-
ects to identify and evaluate the applicability of
aeronautics and space capabilities to energy prob-
lems. The process of technology identification and
verification is designed to lead to soundly con-
ceived technology plans in selected areas forming
the basis for possible reimbursable activities in
support of ERDA, the Department of Interior, and
other agencies. Areas of interest included work in
fuel cell systems, magnetohydrodynamics, -energy
storage systems, combustion technology, and ma-
terials and heat exchanger technology.

Aeronautics Research and Technology

Aeronautics Research and Technology programs
are directed at developing technology to (I) im-
prove the energy efficiency of aircraft, (2) reduce
the undesirable environmental effects of aircraft
such as noise and pollution, (3) improve aviation
safety and terminal area operations, (4) advance
long-haul and short-haul aircraft systems, and (5)
provide technical support to the military in main-
taining the superiority of military aircraft.

Improving the Energy Efficiency of Aircraft

During 1976 NASA initiated the Aircraft Energy
Efficiency program with the objective of providing
the technology for future commercial transport
aircraft with 50 percent lower fuel consumption
than current aircraft. This major program ex-
panded NASA's efforts in technology developments,
particularly those associated with engine systems,
aerodynamics and active controls, and structural
composite materials.

Engine Systems. Engine component evaluations
have indicated the feasibility of improving the per-
formance of components to increase fuel efficiency
in future large turbofan engines. In 1976 tests of
a new engine mixer component, for example,
measured a two to three percent reduction in spe-
cific fuel consumption.

Energy Efficient Transport. NASA initiated the
energy efficient transport program to evaluate aero-
dynamic features such as the supercritical wing and
winglets, singly and in conjunction with active con-
trols. Active control systems would allow reduction
in the size of the horizontal tail by electronic con-
trol of aircraft stability and reduction of the
weight of structural components by control of the
structural loads experienced by aircraft.

Composite Primary Aircraft Structures. Future
applications of composites, with the potential to



reduce fuel consumption by 10 to 12 percent, were
being demonstrated. On May 27 the composite
DC-10 upper aft rubber segment was certificated by
the Federal Aviation Administration (FAA). As of
September, four rudder segments had been in-
stalled on commercial airline transports and a total
of about 2000 flight hours had been achieved. The
composite component weighs about 30 percent less
than the metallic component it replaces. A second
composite component, the L-1011 Vertical Fin, is
entering the ground subcomponent test phase.

Reducing Undesirable Environmental Effects

Noise Prediction. Analytical techniques have
been developed to predict aircraft noise caused by
the multiplicity of noise sources on aircraft. These
methods have been computerized into a program
capable of predicting ground noise levels from
existing and conceptual aircraft. More sophisticated
approaches are under development and will be
incorporated into the existing program. Compari-
son of analytical with experimental data continues
to validate the predictive capabilities of the pro-
gram.

Psychoacoustics Studies. Comprehensive studies
have been made to determine how a person’s pre-
vious experience with aircraft noise affects annoy-
ance. Two findings are noteworthy. First, a rela-
tionship between acceptability and annoyance has
been identified. Second, laboratory subjects tend
to judge as equivalent those test conditions compar-
able to their worst day-at-home experiences. Future
studies will build upon these findings to provide
better methods for assessing and predicting com-
munity response.

Piston Engine Emissions Reduction. Emissions
from current piston engine aircraft have been
characterized for ten representative general avia-
tion engines. Tests reveal that some reductions in
pollutant emissions are attainable by leaning the
fuel/air mixture, but suggest that engine modifica-
tions may be required to attain acceptably low
emission levels. Results were presented in a sym-
posium hosted by NASA and attended by general
aviation industrial firms, governmental regulatory
agencies, and interested parties from the scientific
and academic communities.

Gas Turbine Emissions Reduction. NASA’s Ex-
perimental Clean Combustor program for modern
gas turbine engines has reached the hardware
demonstration phase in ground tests of complete
engines. Preliminary results suggest that major re-
ductions in emissions during landing and takeoff
may be realized, as well as a significant reduction
in oxides of nitrogen during high-altitude cruise
operation.

Improved Safety and Terminal Area Operations

Wake Vortex Reduction. Trailing vortices from
large aircraft pose potential hazards to following
smaller aircraft. Controlling the spacing between
aircraft provides safe operations but tends to re-
duce the capacity of busy airports. To restore
capacity, NASA is exploring ways to minimize the
trailing vortex strength by aerodynamic means.
Wind tunnel model and flight tests with a B-747
aircraft demonstrated that selective deflection of
wing spoilers can cause a significant reduction in
vortex strength. Model tests with other widebody
transports have also indicated equivalent vortex
reductions with spoiler deflection. NASA is con-
tinuing to investigate other vortex minimization
concepts and to assess the potential operational
impacts associated with their practical application.

Wind Environment. Large variations in wind
direction and speed (wind shear) along aircraft
take-off and approach paths have been factors in
aircraft accidents. NASA has identified conditions
favorable to low-altitude wind shear around air-
ports and has developed hazard definition models
applicable to aircraft design and operations.

Improving Terminal Avea Operations. NASA's
737, equipped with display, navigation, and flight
control systems that represent the first application
of all-digital systems to a conventional transport
aircraft, was engaged in a cooperative program
with the FAA to demonstrate a newly developed
Microwave Landing System to the International
Civil Aviation Organization, This aircraft made
many fully automatic (hands-off) landings using
the new equipment for approach and flare guid-
ance.

Aviation Safety Reporting System. The Aviation
Safety Reporting System began collecting reports
in mid-April. In addition to report analysis, the
system forwards to FAA reports dealing with criti-
cal areas of information. Both the quantity and
quality of the reports indicate the system’s accept-
ance by the aviation community.

Advancing Long-Haul and Short-Haul Aircraft
Systems

Research continued to focus on identification
and study of advanced aircraft systems and the
technologies necessary to make development of
advanced commercial aircraft systems possible.

Supersonic Cruise Aircraft Research. Progress
continued in the technologies pertaining to the
environmental compatibility and economic via-
bility of supersonic transports. During 1976, an
advanced 2.4-mach transport model test completed
in a NASA Ames Research Center wind tunnel
showed a significant 30 percent increase in super-
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sonic cruise lift-to-drag ratio over the U.S. 1971
supersonic transport design. Various variable-cycle
or multi-cycle engines, aimed at optimizing per-
formance over the range of flight regimes en-
countered by a supersonic aircraft, have been iden-
tified and studied extensively. During 1976, the
critical components of two most promising engine
concepts were identified for component testing.

Quiet Propulsive-Lift Technology. In February
1976 NASA awarded a contract to the Boeing
Commercial Airplane Company for the design,
construction, and test of a Quiet Short-Haul Re-
search Airplane. The experimental aircraft, sched-
uled for delivery in 1978, would perform flight re-
search to obtain design certification data for future
quiet short-haul transport aircraft,

Low Speed Airfoils. Complete design information
has been developed for a second low-speed airfoil
in the General Aviation Wing series. The new
airfoil, thinner than its predecessor, demonstrated
higher maximum lift and lower drag characteristics.
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General aviation aircraft designers were exploring
applications of these new data.

Technical Support to the Military

In addition to the continuing broad-based sup-
port of military aircraft technology, a number of
notable accomplishments occurred during 1976.
The joint NASA/Air Force Highly Maneuverable
Aircraft Technology program completed its design
phase and began fabrication of two remotely
piloted research aircraft. During the design phase,
the application of several design methodology in-
novations resulted in an aerodynamic performance
twice as efficient as current vehicles and developed
in half the time at a third of the cost. NASA was
conducting two joint experimental aircraft pro-
grams with the Army—the Rotor Systems Research
Aircraft and the Tilt Rotor Research Aircraft. Fab-
rication for both vehicles was completed during
1976. The Rotor Systems Research Aircraft began
flight testing in 1976, with the Tilt Rotor Research
Aircraft scheduled to begin in 1977.



Introduction

The Department of Defense maintained empha-
sis on important advances in space systems and
aeronautics in 1976. These Defense efforts include
technology investigations and development of op-
erational systems to improve the security of the
United States during the 1980s and beyond.

The NAVSTAR Global Positioning System con-
tinued as a major development effort within the
Department of Defense. It is a system using satel-
lites which will provide continuous, all-weather
positioning information on a global basis. Suitably
equipped users will be able to obtain their positions
to within 10 meters in three dimensions and velocity
to within 0.03 meter per second in real time. During
1976, prototype satellites were built in preparation
for the launches of the first six satellites in 1977.
An inverted test range was installed on the desert
near Yuma, Arizona, initally using satellite trans-
mitters on the ground to act like satellites for air-
borne user tests. As satellites are launched, the
ground transmitters will be turned off. Several gen-
eral demonstration models have been produced for
testing purposes. If the concept is validated, plans
are to deploy a limited system (for navigation only)
during the early 1980s. The system is expected to
achieve full operational status in the mid-1980s.
The Navy Navigation Satellite System (TRANSIT)
will continue as a major system for providing posi-
tion fixing information to strategic submarine forces
until the NAVSTAR Global Positioning System is
operational.

DoD has placed increasing emphasis on satellite
communications systems to support its diverse re-
quirements of worldwide military communications.
The Defense Satellite Communications System
(DSCS) supports requirements for worldwide mili-
tary command and control and was used effectively
in the Korean Demilitarized Zone action and the
Beirut evacuation. The space segment of the DSCS
continues to function with full use of the one
Phase II satellite in the Pacific, augmented over
the Atlantic Ocean, through mutual agreement be-

Department of Defense

tween the U.S. and the North Atlantic Treaty
Organization (NATO), by use of the NATO IIIA
satellite. The Skynet IIB satellite is used in the
Indian Ocean by arrangement between the U.S.
and the United Kingdom (U.K.). New, large
terminals are available for operational use. The
U.S., UK., and NATO have signed an agreement
for a post-1975 SATCOM arrangement to exchange
satellite capacity on a contingency and day-to-day
basis. Significant progress has also been made to-
ward establishing the U.S.-US.S.R. Direct Com-
munication Link via communications satellites.

Contracts for construction of the first two space-
craft of the Navy Fleet Satellite Communications
System (FLTSATCOM) have been awarded and
a decision has been made to procure three addi-
tional spacecraft for a total of five. The first FLT-
SATCOM launch is scheduled for late 1977. A pro-
duction contract for AFSATCOM strategic terminals
was awarded in November. The Air Force Satellite
Communications System provides command and
control communications for strategic forces. The
Army is developing ground terminals for use by all
the services, Terminals for ground mobile forces were
tested and are being procured. Engineering devel-
opments continue on manpack and vehicular termi-
nals.

DoD maintained close liaison with NASA on the
Space Shuttle program during 1976. The Space
Shuttle holds great promise for reducing the cost
of future space operations, and DoD requirements
have been incorporated in the Shuttle design. A
solid-fueled Interim Upper Stage was chosen by the
Air Force, because of its reliability, safety, and
lower cost, for development and use with the
Shuttle. The Interim Upper Stage will be used be-
ginning in 1980 for DoD and civil payloads from
Kennedy Space Center which require low-inclina-
tion or high-altitude orbits. The Space Shuttle
launch and landing capability at Vandenberg Air
Force Base (AFB) will be ready for operational
use in December 1982. A contract was awarded in
July to define Shuttle ground support systems at
Vandenberg.
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Equally important to DoD is the aeronautical
research and development that leads toward:
lower costs for buying and maintaining aircraft,
new operational concepts and capabilities, and mod-
ernization of the operational aircraft inventory.
The first development F-16 air combat fighter
rolled off the assembly line in October. The air-
craft is being produced in partnership among five
countries: U.S., Belgium, Denmark, Norway, and
The Netherlands. Full production of the F-15 air
superiority fighter was reached in April 1976. Tac-
tical Air Command received more than 130 F-15s
by the end of 1976. Fleet deployment of F-14As
aboard carriers and the newly selected F-18 combat
fighter now entering full development will provide
naval weapon systems to counter a broad range of
threats in the future.

The Air Force continued its program to mod-
ernize the strategic bomber force through develop-
ment and procurement of B-1 aircraft. Deployment
of this aircraft will strengthen the triad of strategic
retaliatory forces by providing a more capable and
survivable successor to the B-52 to perform the
manned bomber mission.

All three services made significant progress in
1976 in advanced composite structures and materials
technology. The Air Force tested a graphite/epoxy
structure for the B-1 horizontal stabilizer which is
lighter and cheaper than the metal components
previously used. The Navy completed development
testing of composite materials components for S-3
spoiler, F-14 overwing fairing, and F-14 main land-
ing gear door, as well as a replacement for the
H-46 metal rotor blade. The Army expanded re-
search into advanced hybrid composite concepts
for primary helicopter components including
blades, hubs, airframes, landing gear, and drive
shafts.

DoD made advances on other fronts in aero-
nautical research and technology as well. The Army
developed computer programs for prediction of
helicopter flow fields to improve the accuracy of
air-launched missiles. Also, the Laser Obstacle Ter-
rain Avoidance Warning System was flight-tested in
1976 and successfully detected obstacles as minute
as a small wire. In addition, a Synthetic Flight
Training System successfully simulated helicopter
flight characteristics under instrument flight condi-
tions. In aircraft propulsion, advanced gas generator
programs continued to seek increased performance
and life expectancy at reduced cost. The services
also pursued the development of alternative avia-
tion fuels.
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Space Activities
Space Systems and Programs

Defense Satellite Communications System. The
primary mission of the Defense Satellite Communi-
cations System (DSCS) is to provide rapid, reliable,
and secure satellite communications for the Na-
tional Command Authorities and World-Wide
Military Command and Control System. The sys-
tem provided exceptional communications support
to the National Command Authorities in control-
ling the U.S. response to the North Korean action
in the Demilitarized Zone. The DSCS also allowed
Washington to closely monitor evacuation of U.S.
dependents from Beirut, Lebanon.

The initial Defense Communications Satellite
Program (Phase 1) provided a limited operational
system from 1966 through 1974, primarily out of
research and development assets. Phase 1 is no
longer operational.

Two synchronous-orbit satellites, launched in
December 1973, make up the present DSCS Phase
II space segment. One satellite is positioned over
the western Pacific Ocean and one over the At-
lantic Ocean. The Pacific satellite is functioning
satisfactorily. The Atlantic satellite experienced
some anomalies in September 1975, recovered in
October 1975, and functioned satisfactorily until
it again experienced difficulties in September 1976.
The impact has been minimized by rerouting cir-
cuits through other defense communications facili-
ties, the use of commercial systems, and the use of
the NATO IIIA satellite.

In 1975 the Air Force contracted for six more
DSCS 1II satellites (numbers 7 through 12). De-
livery was accelerated so that the first two satellites
of this group are scheduled for launch in April
1977. This dual launch will provide one satellite
for Atlantic Ocean coverage and one for western
Pacific Ocean coverage. The present Pacific satel-
lite will be repositioned to provide either eastern
Pacific or Indian Ocean coverage. In addition, dur-
ing 1976, the Air Force completed negotiations for
the procurement of four additional Phase II satel-
lites (numbers 13 through 16) in order to replenish
the DSCS space segment in the 1978-1979 time
frame. The latter satellites will upgrade the per-
formance of DSCS by incorporating higher power
and a defocused antenna for wider coverage.

During 1976, a total of eight new 19-meter termi-
nals became available for operational use. Addi-
tional digital modulation equipment procured by
the Army represents progress toward an all-digital
system,

A conceptual design of the next generation
(Phase III) DSCS satellite was developed and made



compatible with the Space Shuttle. Critical por-
tions of the satellite were fabricated, and parts of
the ground segment were tested. DoD plans to con-
tract for the development of two R&D spacecraft in
1977.

Fleet Satellite Communications System. The pur-
pose of the Fleet Satellite Communications System
(FLTSATCOM) is to develop, procure, and imple-
ment a satellite communications system to satisfy
the most urgent, worldwide, near-term tactical and
strategic communications requirements of the Navy
and Air Force, respectively. Contracts for the first
two FLTSATCOM spacecraft were awarded and a
decision on the production of three additional
spacecraft has been made. The first FLTSATCOM
launch is scheduled for late 1977. Installation of
fleet broadcast receivers is virtually complete. In-
stallation of shipboard transceivers and information
exchange systems is on schedule. Two leased Mari-
sat spacecraft, also called Gapfiller, became opera-
tional in 1976, with a third Marisat scheduled to
be operational in early 1977. The shipboard
terminal equipment will be operated through the
Marisat spacecraft until the FLTSATCOM is

operational.
Air Force Satellite Communications System. The
Air Force Satellite Communications System

(AFSATCOM) will provide command and control
communications for strategic forces. The AFSAT-
COM space segment includes transponders on the
Navy FLTSATCOM spacecraft, the Air Force Satel-
lite Data System, and other DoD satellites. The
AFSATCOM terminal segment will consist of air-
borne terminals and ground mobile and fixed
terminals. Initial operational testing of strategic
terminals was completed in 1975; production be-
gan in November 1976; and Satellite Data System
capability was available in 1976.

Army Satellite Communications Activities. The
Army is developing strategic and tactical satellite
communications ground terminals for use by all
services. Two major projects are DCSC Phase 11
and the Ground Mobile Forces Tactical Satellite
Communications. The Army has completed the
modification of all existing DCSC ground terminals
to upgrade their reliability and communications
capability. An AN/FSC-78 heavy transportable
terminal is operational at Fort Detrick, Maryland.
Additional heavy terminals were contracted for to
satisfy the needs of the Defense Satellite Com-
munications System and have been installed at
locations worldwide. The antenna for the AN/
MSC-61 medium terminal is undergoing engineer-
ing development. The AN/TSC-86 light transport-
able terminal completed development and opera-
tional testing.

The terminals that provide mobile multi-channel
communications for ground mobile forces using
DSCS satellite completed all operational testing and
are being procured. Engineering development con-
tinues on ultra high frequency (UHF) manpack
and vehicular terminals.

International Cooperation in Space. During
1976, the United States and the United Kingdom
continued to operate under an agreement whereby
the U.S. and the U.K. would exchange an essen-
tially equivalent amount of satellite power between
U.S. DSCS and U.K. Skynet satellites and to inter-
operate with each other’s Earth terminals.

The U.S., UK., and NATO have signed an
agreement for a post-1975 SATCOM arrangement.
The parties will exchange satellite capacity during
specified conditions and will allocate channels
temporarily on a day-to-day basis if SATCOM
difficulties are experienced.

Another agreement was signed in September
1976 between the U.S. and NATO which will per-
mit the U.S. to use the NATO IIIB satellite. In
return the U.S. will provide NATO with equivalent
DSCS satellite capacity at a time to be designated
by NATO and agreed to by the U.S.

Significant progress has been made toward estab-
lishing the U.S.-U.S.S.R. Direct Communication
Link, which uses satellite communication circuits
via Intelsat and Molniya satellites. The link was
created in accordance with the 1971 Strategic Arms
Limitations Talks between the U.S. and U.S.S.R.
Since August 1976, the Molniya system has been
usable 24 hours a day, and end-to-end testing is now
being conducted, using both Intelsat and Molniya.

Navigation Satellite Activity. The Navy Naviga-
tion Satellite System, referred to as TRANSIT,
operated for its eleventh year in 1976. TRANSIT
provides the Navy with a worldwide, two-dimen-
sional system for position fixing to an accuracy of
better than one eighth of a kilometer—primarily in
support of strategic submarines. The five satellites
in operation provide an opportunity at least every
two hours, depending upon the latitude, for a user
to fix his position. Usage has expanded both mili-
tarily and commercially. It has been adapted for
use in such diverse activities as offshore oil explora-
tion and to measure the drift of ice over the poles.

Since the early 1970s, a TRANSIT Improvement
Program has been under way. Improved satellites
with greater survivability are to be launched to
join the operational constéllation; however, the
first two test satellites in 1975 and 1976 experienced
partial failure. Plans for future improvement are
currently under review.

NAVSTAR Global Positioning System. The
NAVSTAR Global Positioning System (GPS) is a
joint service development to fulfill the position-
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finding needs of all the services and DoD agencies
beginning in the 1980s. It will provide continu-
ous, worldwide, all-weather coverage using a com-
mon grid to enable suitably equipped users to
passively determine their positions to within 10
meters and velocity to within 0.03 meter per sec-
ond. For routine navigation, a relatively inexpen-
sive receiver will provide less accurate information
(100—200 meters) . The system may also be used to
provide worldwide precise time transfer. The op-
erational NAVSTAR GPS will consist of 24 satel-
lites in three orbital planes at 20,400 kilometers
altitude, a ground segment for calibration and
control of the satellites, and 25,000 to 35,000 user
equipments of various classes.

NAVSTAR GPS is in the concept validation
phase with the launch of six satellites and initiation
of extensive field testing of all classes of user equip-
ment scheduled in 1977. User equipment to be
tested will include high performance, low cost, and
manpack models designed to satisfy a variety of
DoD requirements. During 1976, the Joint Program
Office conducted qualification testing of prototype
satellites and environmental testing of working re-
ceivers. Increasingly detailed information was
exchanged with interested civil agencies and with
NATO.

Defense Meteorological Satellite Program. The
Defense Meteorological Satellite Program (DMSP)
continued to provide high quality visual and in-
frared imagery and other specialized meteorological
data to support military operations. The DMSP
provides weather data for the entire Earth four
times a day using two satellites in polar orbits. One
collects early morning and evening data and the
other collects noon and midnight data. These
weather data are stored aboard the satellites and
later transmitted to Air Force Global Weather
Central in Nebraska and the Fleet Numerical
Weather Central in California. The imagery is
also transmitted in real-time to transportable read-
out stations at key locations worldwide to support
tactical operations. During 1976, a new temperature
sensor and other specialized meteorological sensors
were developed. Satellite reliability and life have
also been improved.

DoD continued to cooperate with NASA and
the National Oceanic and Atmospheric Administra-
tion in development of the TirosN domestic
weather satellite. The TirosN will be an adapta-
tion of the DMSP Block 5D satellite.

Space Shuttle. The Air Force maintained close
liaison with NASA during 1976 to ensure that DoD
requirements are incorporated in the evolving
Shuttle design. An expendable, solid propellant
Interim Upper Stage (IUS) concept was chosen by
the Air Force in September 1975 for validation and

30

development. NASA participated in source selection
and a contractor was selected in September 1976
to define the design in the validation phase con-
tract. The solid-fueled IUS should provide advan-
tages in cost, reliability, and safety, and will be
used with the Shuttle by both DoD and NASA for
missions requiring low-inclination, high-altitude
orbits. The Interim Upper Stage will be available
in 1980 for launch from Kennedy Space Center.

DoD plans to construct new facilities or to mod-
ify existing facilities at Vandenberg AFB, Cali-
fornia, to provide a West Coast Shuttle launch and
landing capability. The planned operational date
of the Vandenberg facilities is December 1982, when
DoD and civil payloads requiring polar or near-
polar orbits will begin using the Shuttle. In July
1976, Air Force contracted for definition of Shuttle
ground support systems at Vandenberg AFB.

Space Boosters. The DoD family of space boost-
ers is comprised of the Atlas and Titan III stand-
ard launch vehicles and the surplus IRBM SM-75
Thor and surplus ICBM Atlas E/F vehicles. These
boosters launched 11 space missions during 1976: 8
Titan IIIs, 2 SM-75 Thors, and 1 Atlas F. One of
the Thor launches was unsuccessful by DoD cri-
teria. The mission was in orbit long enough, how-
ever, to be considered successful by the Cospar
definition.

Space Test Program. The Space Test Program
provides spaceflight test and evaluation of DoD
experimental and advanced development payloads.
During 1976, three missions were flown. In March,
four satellites were placed in orbit by a single Titan
IIIC launch vehicle, Two of these satellites, LES
8 and 9, were developed by MIT Lincoln Labora-
tory to evaluate advanced satellite communications
techniques. The other two satellites, called Solrad
Hi, were developed by the Naval Research Labora-
tory to measure solar x-rays, ultraviolet light, and
particle emissions. In May 1976, a single satellite,
called Wideband, was launched to collect informa-
tion on effects of ionospheric scintillations on a
wide range of communications frequencies. In
July 1976, the third in a series of small S-3 satellites
was launched under the Space Test Program as a
secondary payload on a DoD vehicle. This satellite
carried five Air Force Geophysics Laboratory and
two Office of Naval Research space experiments to
orbit. These experiments are measuring the in-
tensity, distribution, and effects of protons, elec-
trons, and alpha particles in space.

Space Ground Support

Range, Tracking, and Data Acquisition Facilities.
DoD space activities are principally supported by
the Air Force’s Eastern Test Range, Space and
Missile Test Center, Satellite Control Facility, and



Arnold Engineering Development Center; the
Army’s White Sands Missile Range; and the Navy’s
Pacific Missile Test Center. A wide variety of test
and evaluation activities is supported by these facili-
ties which are available to DoD, other Federal com-
ponents, industry, and international agencies.

Eastern Test Range (ETR). The mission of the
Air Force ETR is to provide support to DoD space
and ballistic missile operations, NASA space pro-
grams, and commercial communications satellite
launches. An improvement program at ETR is
directed toward correcting operational deficiencies
created by extended use of equipment beyond its
expected life and providing increased operational
capability consistent with support requirements.
Current emphasis is on enhancing telemetry, radar
tracking, range safety, real-time data, and adapta-
tion of selected instrumentation to a mobile con-
figuration. During 1976, launch and data acquisi-
tion support was provided to the NASA Viking
Mars Lander program, communications satellites
for commercial organizations and foreign govern-
ments, as well as several scientific and operational
space payloads for DoD and NASA. The ETR was
also actively engaged in planning to support the
Space Shuttle which will be launched initially from
the Kennedy Space Center in 1980.

Space and Missile Test Center (SAMTEC). The
mission of SAMTEC is to operate the Western
Test Range and to support development and op-
erational testing on aerospace vehicles for the DoD,
NASA, and others. During 1976, the SAMTEC
workload increased, primarily because of the com-
plexity of user systems and requirements for greater
quantities and higher quality of test data. Through
programmed system upgrading such as the Telem-
etry Integrated Processing System and refinements
in scheduling, SAMTEC can meet current and pro-
jected test requirements. SAMTEC supported many
programs during 1976, including Minuteman II and
IT1, Airborne Warning and Control System, B-1,
F-15, F-16, Trident I, and various space launches.
Planning for the Space Shuttle program at Vanden-
berg AFB continued.

Satellite Control Facility (SCF). The SCF sup-
ported 23 launches (15 DoD and NASA, 8 bal-
listic) , 51,000 satellite contacts, and 55,000 network
support hours during 1976. The SCF tracking sta-
tion at Guam was severely damaged by typhoon
Pamela on May 21, 1976, but the station was re-
stored to a minimum capability within two and
a half months. Permanent restoration is in progress
with completion expected in 1977. Work continues
on an improved communications and data system
for the worldwide tracking network and is expected
to be completed in 1977. Replacement of the on-
line computers at the Satellite Test Center was

completed in February 1976. Several mission con-
trol centers were relocated, and two new ones were
developed during 1976. Studies are continuing on
the configuration and use of SCF resources in sup-
port of the Space Transportation System.

Arnold  Engineering  Development  Center
(AEDC). AEDC has 40 test facilities that simulate
flight environments on the ground. Over half of
these facilities are unique because of one or more
of the major test parameters they simulate. The
types of work range from basic research and devel-
opment associated with environmental testing to
full-scale flig