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Aerospace Events of 1979

In 1979 Voyager 1 and 2 sent back encounter pictures of the planet Jupiter and its moons, problems with the
protective tiles on the Space Shuttle slowly yielded, insulation derived from space research protected the
Alaskan pipeline, and HiMAT and the oblique wing flew research flights.

Voyager 1 flew past the planct Jupiter in March 1979. In addition to hundreds of detailed
pictures of the largest planet in the solar system, the spacecraft sent back the highest resolution
pictures ever taken of Jupiter's four Galilean moons. Shown here in their relative sizes: top
left, Io, splotched and streaked with red, yellow, and white from magma and ash ejected by
constant volcanism; top right, Europa, striated with fracture lines; bottom left, Ganymede,
whose fracture lines and light and dark areas suggest crustal movement similar to Earth’s tec-
tonic plates; and, bottom right, Callisto, marked with enormous concentric rings around ancient
impact craters. Io and Europa are about the size of Earth’'s moon; Ganymede and Callisto are
larger than the planet Mercury.




At Kennedy Space Center, workmen pain-
stakingly check the structure-to-tile contour
before tiles are bonded onto the high-heat
area of the Space Shuttle orbiter’s body flap.

Therm-O-Trol, a metal-bonded foam
insulation derived from space research,
is applied along the 1300-kilometer-
long Alaskan oil pipeline to retain
the 82°C temperature at which crude
oil will continue to flow.

The remotely piloted HiMAT (Highly
Maneuverable  Aircraft  Technology)
(left) is providing NASA and the Air
Force with supersonic flight data at
twice the turn capability of present
fighter aircraft. The oblique wing (be-
low) can pivot from zero to 60 degrees
in flight; it may provide future high-
speed transport aircraft stable, economi-
cal flight characteristics at all speeds.




Introduction

In 1979 the United States programs in aeronautics
and space made substantial technological and sci-
entific progress. In aeronautics, improvements in
engine components and systems promised reductions
in fuel consumption, while improved computational
and design techniques would provide aircraft de-
signers with better design criteria. In space pro-
grams, the Space Shuttle moved closer to its first
orbital test flight, even as Voyager spacecraft flew
past Jupiter and its spectacular moons and Pioneer
11 became Earth’s first spacecraft to visit Saturn
and its rings. United States expendable launch ve-
hicles attempted 16 launches; all were successful,
placing a total of 18 payloads into orbit. The Na-
tional Aeronautics and Space Administration
(NASA) in 8 launches orbited 8 payloads, includ-
ing 2 for the Department of Defense (DoD) and 3
for its own program. DoD in 8 launches orbited 10
payloads, including a new Tiros-N-series meteoro-
logical satellite built by NASA for the Department
of Commerce. Among the NASA satellites launched
were the third and last of the big high-energy as-
tronomy satellites and a satellite designed to survey
the Earth’s magnetic field.

In Bern, Switzerland, and Vienna, Austria, the
United States participated in the second and third
sessions of talks with the Soviet Union on limita-
tion of anti-satellite activity. The joint communique
issued at the Vienna summit meeting stated that
President Carter and President Brezhnev “agreed to
continue actively searching for mutually acceptable
agreement in the ongoing negotiations on anti-
satellite systems.”

In November the President implemented a por-
tion of the space policy decisions announced in
1978: he designated the National Oceanic and
Atmospheric Administration (NOAA) of the De-
partment of Commerce to be manager of all opera-
tional civilian remote sensing activities from space.
The decision provides three paths for the nation’s
space-based remote sensing:

“—Integration of civilian operational activities
under NOAA.

Summary of United States Aeronautics
and Space Activities in 1978

—Joint or coordinated civil/military activities
where both parties’ objectives can be best
met through this approach.

—Separate defense activities which have no
civilian counterpart.” The text of this an-
nouncement is reprinted as Appendix F.

Also in November, the United Nations completed
action on a proposed treaty governing activities on
the moon and other celestial bodies. The text of the
treaty, together with United States commentary on
some of its provisos, is given in Appendix G.

In this summary chapter, highlights of 1979 in
the national aeronautics and space programs are
organized topically across the government rather
than by agencies responsible for particular activities.
Subsequent chapters further describe the activities
of the agencies with the largest programs in aero-
nautics and space.

Communications

Communication satellites are among the most
profitable space systems to result from the nation’s
investment in space activity.

Operational Space Systems

Intelsat. The internationally owned INTELSAT
global communication satellite system now consists
of three active Intelsat IV-A satellites in the At-
lantic Ocean region and two in the Indian Ocean
region. The Pacific Ocean region is served by space-
craft from the Intelsat IV series. Development of
a follow-on generation, the Intelsat V, progressed,
with launch of the first flight model projected for
mid-1980. Intelsat V will operate in both the 6—4
gigahertz (GHz) and 11-14 GHz bands along with
the added flexibility of a “cross-strap” mode of
operation (signal sent up to satellite on 6 GHz and
returned down from satellite on 11 GHz; and up on
14 GHz and down on 4 GHz). Of the eight Intelsat
V satellites under procurement, four will provide
maritime services. Those four satellites can be
launched by any one of three vehicles: the Atlas-
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Centaur, the NASA Space Shuttle, and the Euro-
pean Space Agency’s Ariane.

Domestic Commercial Communication Satellites.
Westar 3, launched in September, brought the total
number of domestic communication satellites to 8.
These operate in the 4 and 6 GHz bands. Two are
part of RCA Americom’s SATCOM system, 3 are
in Western Union Telegraph’s WESTAR system,
and 3 are in AT&T’s COMSTAR system. These
satellites provide message toll service, television
distribution, and single channel per carrier or mul-
tiple channels per carrier for transmission of voice,
data, television, and digital data. In July 1979, the
three-year ban on commercial usage of the AT&T
COMSTAR system expired. Satellite Business Sys-
tems (SBS) continued its development efforts to-
ward a two-satellite system. It plans to use the 12
and 14 GHz bands and S- and 7-meter Earth sta-
tions to provide voice, data, and television transmis-
sion services to large industrial and government
users. The matter of construction of the SBS satel-
lite system is still before the U.S. Court of Appeals
for the District of Columbia. Applications have been
received from Western Union Space Communica-
tions, Inc. (SPACECOM) for an advanced Westar
using both the 4-6 and 12-13 GHz bands. In
December 1979, applications were received to
launch the third and fourth Satcom satellites, and
the third SBS satellite.

Previous decisions by the Federal Communica-
tions Commission (FCC), authorizing more flexibil-
ity in the design of receive-only Earth stations for
cable television and other types of television and
audio distribution systems, have led to the authori-
zation of over 1800 receive-only Earth stations for
the distribution of these services. The Corporation
for Public Broadcasting (CPB) and National Pub-
lic Radio (NPR) have begun to construct their
Earth stations as part of the satellite distribution of
multiple audio programming to NPR radio stations
and are looking toward an operational date early
in 1980. Several applications for authorization of
new systems have been received, including those
from the Mutual Broadcasting Company’s audio
distribution network, the Appalachian Regional
Commission’s television distribution system, and
from both the Associated Press and the United
Press International wanting to establish their own
satellite distribution networks. The FCC has also
received a proposal by the Western Union Telegraph
Company to make available transponder capacity in
the WESTAR satellite system for television trans-
mission solely within Mexico.

Late in January 1979, the FCC released a Notice
of Inquiry designed to explore legal, technical, and
policy questions associated with the possible deregu-
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lation of Earth stations. The number of all Earth
stations that have been authorized to date is in ex-
cess of 2300.

Military Communications Satellites. Three broad
categories of space communications are identified for
the defense establishment:

¢ worldwide point-to-point communications for
fixed users with high capacity and high data
rate

e communications for mobile users, with moder-
ate capacity and low data rate

e command and control of strategic nuclear
forces.

DoD progressed in all three categories in 1979
with (1) the successful launch of Defense Satellite
Communications System (DSCS) II satellites 13 and
14, (2) the successful launch of the second Fleet
Satellite Communications (FLTSATCOM) satellite,
and (3) the achievement in May of the initial op-
erating capability of the Air Force Satellite Com-
munications system (AFSATCOM). The FCC is
reviewing an application filed by Hughes Com-
munication Services, Inc., to construct a satellite
system known as LEASAT which will replace the
existing Fleet Satellite Communications (FLTSAT-
COM), providing the Navy and other military serv-
ices with a nearly global communications capacity.
The LEASAT system is scheduled to begin opera-
tion in October 1981.

Marisat. Commercial satellite service to shipping
continued to develop and expand. Service is cur-
rently provided through Marisat in the Atlantic,
Pacific, and Indian oceans to approximately 300
ships. Eventually up to 8000 ships are expected to
be fitted for satellite communications.

On February 15, 1979, the United States, pur-
suant to the International Maritime Satellite Com-
munications Act of 1978, signed the convention on
the International Maritime Satellite Organization
(INMARSAT) in London. INMARSAT will pro-
vide global telecommunications services for mari-
time commercial and safety purposes. Since 1972,
the United States has been working with other coun-
tries to improve maritime communications through
a global satellite communications system that meets
the requirements of merchant fleets. The new or-
ganization, which will be headquartered in London,
came into existence on July 16, 1979, when the
required number of investment shares had been
taken up by signatories. Patterned closely after
INTELSAT (the International Telecommunications
Satellite Organization), INMARSAT is expected to
begin operations in the early 1980s, relying pri-
marily on Intelsat V spacecraft, equipped with mari-
time communications payloads, for its first genera-
tion of satellites.



Military Navigation Satellites. The new military
navigation satellite system is the NAVSTAR Global
Positioning System. It is a joint-service system to
provide high-accuracy, global position fixing in
three dimensions. Field testing of the NAVSTAR
Global Positioning System user equipments with the
four GPS satellites launched in 1978 demonstrated
the required accuracies, and the program began
full-scale engineering development in August.

Space Communication Experiments

Experimental Satellites. Satellite experiments as-
sociated with the United States-Canadian Communi-
cation Technology Satellite (CTS) in the 11.7-12.2
GHz band began winding down in 1979 after three
years of operation. With notification of termination
at mid-year, most American experimenters are com-
pleting their projects, In some of the experiments
dealing with program delivery, experimenters are
making plans to use proposed or existing domestic
satellites in the 6—~4 GHz bands to continue opera-
tion. Similar projects are being completed in the
2.2-2.69 GHz band associated with the Applica-
tion Technology Satellite (ATS 6) which was ter-
minated in the last quarter of 1979.

Emergency and operational communication pro-
vided through the operation of ATS 1 and ATS 3
has grown somewhat. These satellites have narrow-
band VHF transponders and are basically being
used by experimenters to send narrow-band voice
and data communications to 37 fixed and portable
receiving stations. Messages deal with medical emer-
gency, state government operations, and church ad-
ministration. Two new areas of VHF satellite op-
erations have begun this year; one experiment uses
satellite data telemetry to control the flow of natural
gas in cross-country pipe lines; another experi-
ment assesses the role of satellite communications in
search and rescue operations in remote areas of the
United States.

Communications Research. NASA identified the
two areas in satellite communications that need im-
provement. They are (a) multiplying the use of
existing frequencies and (b) extending the usable
frequency spectrum. The multiplication of frequency
use depends on the development of spaceborne mul-
tibeam antennas; several frequency ranges and a 15-
beam antenna began range testing. The second prob-
lem was being examined in a prototype system that
could greatly reduce the bandwidth used by digitized
television signals.

DoD was also researching means of using higher
frequency bands, partly to avoid the congestion in
the lower frequencies and partly to lessen the effect
of jamming. In 1979 new components were de-
veloped that could operate in the EHF frequency

range. A developmental test model of a laser com-
munication device was completed and testing was
begun. Laser communications would allow trans-
mission of high data rates and protection against
jamming,.

Communications Negotiation. The year 1979 was
an active one for the United States in international
deliberations on space communications.

WORLD ADMINISTRATIVE RADIO CONFERENCE.
Once every 20 years the International Telecom-
munications Union convenes a General World Ad-
ministrative Radio Conference to review and adjust
the world-wide allocation of radio frequencies. Since
the United States is a major communications user
and since this was the first such conference in which
international space activities were a major considera-
tion, substantial effort went into preparation for and
participation in the conference. This conference met
for ten weeks, addressing the many issues of fre-
quency allocation with an intensity that reflected
the rapidly growing pressure on the existing fre-
quency spectrum. At the conclusion of the confer-
ence, the United States delegation reported general
satisfaction with the results; some 95 percent of the
United States positions had been accepted.

DIRECT BROADCAST SATELLITES. The United Na-
tions, in the Legal Subcommittee of the Committee
on the Peaceful Uses of Quter Space, made progress
on elaborating principles for use of artificial Earth
satellites for direct television broadcasting. Only
two issues appear to be blocking consensus—the
principles on consultation and on agreement between
countries. Both involve the concept of prior consent.

Much of the background on this subject dates to
1977, when a World Administrative Radio Confer-
ence was held under the auspices of the Interna-
tional Telecommunications Union (ITU). The con-
ference adopted a plan of national assignments of
frequencies and orbital slots for direct television
satellite broadcasting for Regions 1 and 3, which
comprise the world’s surface except for North and
South America (Region 2). The same conference
also treated the problem of “spillover.” Broadcast
satellites transmit a wide beam. Although the beam
can be shaped somewhat by the antennas aboard
the satellite, it is impossible to shape the beam to
conform with national boundaries. Hence there is
inevitably spillover of the beam into neighboring
countries. The 1977 conference established limits,
based on technological realities, on this unavoidable
spillover, seeking to reduce it to a minimum.

Although ITU’s technical regulations impose in
effect a prior consent régime for direct broadcast
satellites in Regions 1 and 3, in the United Nations
discussions the Soviet Union and the Eastern-bloc
countries insist that there ought to be United Na-
tions principles for direct broadcast satellites which
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establish politically a requirement that direct broad-
cast signals cannot cross national borders without
the prior consent and agreement of the neighboring
country.

A large group of delegations would exclude the
requirement for prior consent in the case of unin-
tentional spillover but would apply it to the case
where a country intends to broadcast its signal into
some country other than its own.

The United States and a very small number of
other delegations view the present language of the
proposed principle on consultation and agreement
between countries as limiting and as eroding the
principle of free flow of information, a fundamental
human right recognized in such international in-
struments as the Universal Declaration of Human
Rights in Article 19 of the United Nations Charter,
which declares the right of people “to seek, receive,
and impart information and ideas through any
media and regardless of frontiers”; this has been re-
affirmed in Resolution 33/115 of the General As-
sembly and most recently in the UNESCO Declara-
tion on the Mass Media. The United States fully
supports a principle providing for full consultations
prior to the establishment of any international di-
rect broadcast satellite by a country— consultations
which could include the subject of program con-
tent-—but not that they must end with an explicit
agreement or the prior consent of a receiving sta-
tion before such broadcasting may begin.

The issue obviously is ideological and political
and may be difficult to resolve. Tt remains to be
seen whether consensus will ever be reached.

Earth's Resources

The remote sensing of Earth’s surface and atmos-
phere from spacecraft and aircraft continued in
1979. Some of these sensing systems were tentative
and experimental, others were semi-operational, and
a few were fully operational.

Inventorying and Monitoring

Earth Resources. The most significant activity in
land observations was in agriculture. Analysis of
data from the three-year Large Area Crop Inven-
tory Experiment (LACIE), an experimental use of
remotely sensed data for crop measurement and
prediction, had shown that it is possible to distin-
guish wheat from similar crops and to obtain re-
liable yield estimates.

To build on the LACIE experience, AgRISTARS
(Agriculture and Resources Inventory Surveys
Through Aerospace Remote Sensing) officially be-
gan on October 1, 1979. AgRISTARS is a 6-year
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program of research, development, evaluation, and
application of aerospace remote sensing for agri-
culture and renewable resources. It is a cooperative
effort of the Departments of Agriculture, Commerce,
and Interior; NASA; and the Agency for Interna-
tional Development. The goal of the AgRISTARS
program is to determine the usefulness, cost, and ex-
tent to which aerospace remote sensing data can be
integrated into existing or future agricultural meas-
urement systems to improve the objectivity, reliabil-
ity, timeliness, and adequacy of data for resource
management as well as commodity production
information.

All participating agencies are closely linked in a
joint program. Within AgRISTARS USDA has the
responsibility for defining the overall information
requirements, performing research related to devel-
opment of yield models and their applications, de-
velopment of an agronomic data base and collection
of ground data, and evaluation of technology for its
utility and affordability. NASA is responsible for
research, development, and testing for foreign crop-
area estimation, Landsat data acquisition, and
spectral inputs to various research activities. NOAA
of the Department of Commerce provides the mete-
orological data that supports research work on yield
models. The Department of the Interior is charged
with Landsat data storage, retrieval, and dissemina-
tion. The Agency for International Development will
evaluate the utility of research, development,
and testing results for application in developing
countries.

Landsat data, combined with extensive ground-
gathered data, improved the official 1978 year-end
estimates of Iowa’s planted corn and sorghum acre-
ages. This was the first time that researchers of
the Department of Agriculture had analyzed data
from Landsat for an entire state for regularly sched-
uled reports of crop acreage. The satellite data
helped reduce sampling errors and demonstrated
that Landsat data can be used to improve crop
acreage estimates at the state and sub-state level.
However, resource efficiencies and timely acquisition
of Landsat data must be achieved before this ap-
proach can be used in operating programs. A vital
part of the statistical estimation procedure is de-
velopment of sampling frames; remotely sensed data
are particularly useful for the development of im-
proved frames. Satellite imagery is now being used
as a basic source for establishing homogeneous
strata and for providing a basis for the digitizing of
entire frames to improve area measurement accu-
racy. Initial activity is now under way with AID to
provide sampling frame procedures and techniques
to cooperating host countries at their request and
to extend the use of satellite imagery to get better



land-use stratification within individual states of the
United States.

During 1979 USDA employees assigned to an
AID project completed a schematic soil survey of
Saudi Arabia using Landsat imagery. Under a co-
operative agreement with the Treasury Department,
a schematic soils map was prepared for publication
on a Landsat mosaic. On the domestic scene Land-
sat digital data were used as an aid in the National
Cooperative Soil Survey. The Department continued
its cooperative effort with NASA under the nation-
wide Forestry Application Program to identify and
investigate new remote sensing methods, with spe-
cial emphasis in the application of inventory pro-
cedures for renewable resources and to application
of remote sensing technology to the management of
forest and range lands. Specific project areas in-
cluded detection, classification, and measurement of
disturbances, including forest, insect, and disease
damage; classification and mensuration of forest and
range land resources; regional and large area renew-
able resource inventories including timber manage-
ment surveys; environmental monitoring and the
land management planning process; and vegetation
classification with topographic data.

International interest in Landsat data continued
to mount. With the coming into operation of the
Landsat station in India in August, the total of
foreign Landsat stations rose to 7; 3 more were
under way, and discussions were in progress on 2
more. In addition to foreign Landsat stations, for-
eign requests for Landsat coverage grew rapidly.

Requests for coverage from United States users
also grew. Other uses included U.S. Coast Guard,
NOAA, and USGS monitoring of the oil spill off the
Yucatan coast. Beginning in June, NASA provided
Landsat coverage of the Gulf of Mexico to these
agencies and to the Mexican government; it deline-
ated the spread and movement of the huge oil slick.

The development of geobased information sys-
tems continued to grow in popularity. In these,
Landsat data are put in a computer along with ter-
rain data and soil map data; as subsequent Landsat
data reveals changes in land use the data bank can
be used to predict problem areas for drainage and
erosion, pinpointing the needed field inspections.
Success with experiments of this type led the Iowa
legislature to appropriate funds for purchase of a
state-owned system for Landsat applications; Florida
is planning to develop a statewide Landsat-based
information system.

In forestry, the California Department of Forestry
chose Landsat technology over other methods to
meet a requirement by the legislature for a state-
wide inventory of forest lands by August 1, 1979,
with updates to follow at five-year intervals.

In control of water resources, Landsat data were
used in a demonstration project in Florida to define
the land cover in the basin of the Apalachicola
River to better predict the effects of existing and
planned agricultural and industrial developments.
Along the Gulif of Mexico, Landsat data are being
used to study Choctawhatchee Bay for the effect of
urban development on water shortages in the Ft.
Walton area.

In longer term development of methods for using
remotely sensed information in prospecting for min-
eral deposits, NASA has been working closely with
university and industry scientists to evaluate the use-
fulness of satellite data in geological reconnaissance.
At 12 test sites with known deposits of copper,
uranium, or petroleum Landsat data were examined
for broad area possibilities and aircraft flew more
detailed sensing missions over the most promising
locations. At Copper Mountain, Utah, a multispec-
tral scanner in an aircraft detected patterns of iron
oxide stains over known uranium deposits. When a
similar pattern was detected nearby in supposedly
barren land, a ground check by geologists was con-
ducted and the company owning the mineral rights
staked a claim.

A new tool in geologic assessment was put into
operation in 1979 with the launch of Magsat in
October. The first satellite designed to survey the
Earth’s vector magnetic field and orbiting at a much
lower altitude than previous satellites measuring the
magnetic field, Magsat is intended to return much
more detailed information about the magnetic
anomolies within the Earth’s crust, thus defining
crustal structure in large-scale models for mineral
assessment in remote areas.

At the United Nations, work on principles to gov-
ern remote sensing of the Earth’s natural resources
and environment continued into its fourth year. The
United States does not see the slow pace of negotia-
tions as a basis of pessimism. Growing experience
with Landsat programs is educating all nations to
the potential and possible modes of operation for
remote sensing systems.

Access to and the dissemination of remote sens-
ing data or information derived therefrom stili raises
a diversity of views despite extensive discussion
over the last four or five years. In very early dis-
cussions, the right of a nation to sense the territory
of another nation without the latter’s prior consent
was questioned. With more and more nations hav-
ing this capability and recognizing the potential
value of this space application, this argument has
largely disappeared and in its stead many delega-
tions now seek to impose prior consent on the dis-
semination of data or information. Other delega-
tions, including the United States, support the right
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of a nation operating a sensor or of a nation with a
receiving ground station to disseminate remote
sensing data openly without the prior consent of the
observed nation. The Soviet Union has proposed
that data having a resolution of no better than 50
meters be openly disseminated while data better
than 50 meters resolution be subject to the prior
consent of the observed nation.

The United States believes that Landsat-type sys-
tems can continue to provide significant national,
regional, and international benefits that far exceed
the slight risk of injury to the economic, political,
or national security of any country.

If the principle of prior consent were adopted,
the international cooperative program under which
the Landsat ground stations have been located
abroad would have to be ended since data are held
not only by the country controlling the spacecraft
but also by the ground-receiving-station countries.
In response to the Soviet proposal, the United
States and other delegations pointed out that from
a technical standpoint spatial resolution was not a
reliable or standard reference, a conclusion sup-
ported by the Scientific and Technical Subcommittee
as well as by COSPAR (the Committee on Space
Research of the International Council of Scientific
Unions).

Another arena of Earth observation has been the
study of the dynamic processes within the Earth
through the measurement of tectonic plate move-
ment and the resulting deformations and shifts of
the crustal surface. NASA has for four years used
satellite ranging systems along the San Andreas
Fault in California and has measured slippage be-
tween the Pacific and North American plates of from
6 to 12 centimeters per year. A fourth data phase
was completed early in 1979 and the data are now
being analyzed.

Mobile lasers have been installed at four stations
and a second-generation laser installed on a truck
by the University of Texas will take measurements
from 25 sites in the western United States. Other
mobile and fixed lasers are operating overseas in a
number of countries in an international network.
United States participation, in addition to NASA,
involves the National Science Foundation (NSF),
National Geodetic Survey, USGS, and the Defense
Mapping Agency.

Monitoring the Sea State. The 99-day operational
phase, followed by the abrupt premature failure, of
NASA’s Seasat 1 satellite in 1978 was pursued in
1979 by extensive evaluation of the quality and
validity of data from Seasat and from Nimbus satel-
lites that had employed oceanographic sensors.
NOAA convened a workshop on the usefulness of
Seasat data in measuring the high winds, waves, and
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heavy precipitation from storms at sea. The con-
clusion was that imaging radars on satellites are
very effective in both atmospheric and ocean-surface
measurements. In the ability of satellite instruments
to measure waveheight and mean sea level, NOAA
compared satellite data with surface-truth data and
found agreement for waves with heights up to 30
centimeters.

In March NOAA, NASA, and DoD completed
a study on possible development of a National
Oceanic Satellite System. The joint study explored
the operational needs for oceanographic informa-
tion in civil and defense agencies and the technical
requirements in the space and ground segments of
such a system.

NOAA continued monitoring with its Goes
spacecraft the position, warm and cold eddies, and
thermal boundaries of the Gulf Stream. These data,
published in weekly maps, are used by fishermen
to locate productive fishing grounds. In 1979, for
the first time NOAA began issuing surface tempera-
ture maps of the waters adjacent to Alaska; these
should be of use to fishermen and researchers in
correlating fish catches to temperature factors. All
22 of NOAA'’s data buoys located in waters around
the world were converted to transmit environmental
and communications data through the Goes satellites.

Environmental Analysis and Protection

One of the early successes of the United States
space program was the weather satellite. For more
than a decade complex systems of weather satellites
have been operational in weather forecasting. In
the last few years, research has started on the less-
discernible trends of world climate and changes in
Earth’s upper environment caused by man-gener-
ated pollutants.

Weather Satellite Operations. During 1979 NOAA
operated a two-satellite polar-orbiting weather satel-
lite system. During the first half of the year the
former Improved Tiros Operational Satellite
(ITOS) system was being.replaced by the new
Tiros-N system. In October 1978 NASA’s experi-
mental prototype, Tiros-N, had been launched and
replaced one of the two ITOS satellites in the op-
erational network. On June 27, 1979, NOAA’s
first satellite in the new series, Noaa 6, was orbited
and in a few weeks it replaced Noaa 5, complet-
ing the new network.

The Tiros-N satellites are in near-polar, Sun-
synchronous orbits, crossing the equator some 12
hours apart. Each satellite has four primary sensors:
a very-high-resolution radiometer, a vertical sounder
comprised of three complementary sounding instru-
ments, a data collection and location system, and a
space environment monitor. With improved visual



and infrared imagery, they will also measure tem-
perature and moisture and at stratospheric levels
will monitor proton and electron flux. A new ground
system was accepted in February 1979 to handle
the extremely large volume of digital data gen-
erated by the Tiros-N system.

NOAA'’s other system of satellites is the Geo-
stationary Operational Environmental Satellites
(GOES). In 1979 this system supported the inter-
national Global Weather Experiment and the opera-
tional utility of GOES imagery was improved in
March 1979 by the introduction of a new interactive
computer system which provides better accuracy and
faster response time in gridding of GOES images.

DoD’s weather satellite systems is the Defense
Meteorological Satellite Program, supporting military
operations with high-quality visual and infrared im-
agery and other specialized weather data; it also
furnishes NOAA with data supplementary to its
satellite systems. From polar orbit DoD’s two
weather satellites acquire data on the world’s
weather four times each day, store it, and later
transmit it to the Air Force and Navy weather cen-
trals in Nebraska and California respectively. The
data are also transmitted in real time to mobile
readout stations in key locations around the world
to support tactical operations. In 1979 the fourth
Block 5D satellite was launched and became opera-
tional in July. In addition to providing cloud ima-
gery, this satellite has a new microwave sensor that
takes a vertical temperature profile as well as sev-
eral special sensors that read ionospheric data into
forecasts of ionospheric electron counts. Design was
completed and a contract awarded for a passive
microwave imager to measure precipitation, cloud
and liquid water content of the atmosphere, ocean
surface wind, and sea ice distribution.

Weather Research. In December 1978 the World
Meteorological Organization opened its long-awaited
Global Atmospheric Research Program (GARP).
The first phase was a year-long Global Weather Ex-
periment. Several United States agencies are involved,
with a special role for NOAA and NASA environ-
mental satellites. In conjunction with weather satel-
lites from other nations and extensive ground-truth
data collection, they should provide a high-density
data bank; systems and instruments also will bene-
fit from intercalibration. NOAA began comparing
its satellite data with those from Japanese and
European Space Agency satellites and found the
data to be quite compatible. Comparison periods
will be continued indefinitely at the rate of twice a
year.

One of NOAA'’s case studies involved a Tiros-N
orbit across the United States on May 2, 1979, 12
hours before tornadoes struck along the border of
Oklahoma and Kansas. The study revealed the

presence of a low-pressure area, an intense moisture
front with convectively unstable air, and strong
divergence of the upper-level jet over the area.
Tiros-N had indeed flagged the percursor conditions
of development of severe storms and made advance
warning possible.

The improved radiometer on Tiros-N and the
Earth Radiation Budget experiment on Nimbus 7
enabled more comprehensive study in 1979 of the
Earth’s radiation budget. Not only is the radiation
budget important for meteorological forecasting, it is
also of interest to students of fluctuations in climate.
Data from eight narrow-field-of-view channels are
being used to develop computer programs for
angular models, which will improve accuracy of
readings of radiation outgoing from Earth.

Atmospheric and Magnetospheric Research. For
some years several Federal agencies have been mak-
ing space-based, air-based, and ground-based meas-
urements of constituent gases and particles in the
various layers of the Earth’s outer environment. The
range of interests has grown from concern over
charged-particle effects on radio communications, to
the pass-through effects on weather, to effects of
man-made pollution on the ozone layer, to the effect
on Earth’s climate, and most recently to charged-
particle effects on electric charging of geosyn-
chronous spacecraft.

NOAA continued research on several aspects of
atmospheric clouds and moisture content. Evalua-
tion continued of microwave-derived temperature,
water-vapor, and thermal wind measurements made
by NASA’s Nimbus 6 satellite with its Scanning
Microwave Spectrometer. The satellite soundings
proved to be as good or better than ground-based
soundings down to the 700-millibar pressure level
over water and down to 500 millibars over land.
Other studies of microwave data sought to improve
the accuracy of temperature measurements by cor-
recting errors induced by heavy precipitation.

In research into hurricanes and convective cloud
systems, NOAA continued to use satellite-derived
data and to compare it with aircraft-derived data.
In 1979 this technique was used to study Hurricanes
David and Frederic as these storms moved up the
Carribean to their landfalls in Hispaniola, Cuba,
and then the United States. The satellite and aircraft
data may provide information on the degree to
which cloud motion represents wind speed and di-
rection at the lower levels, and the accuracy of
satellite estimates of storm intensity.

Several approaches were taken to extend and im-
prove the data base for forecasting of weather over
the northern Pacific Ocean, where Alaska’s weather
originates. Since numerical forecasting over oceans
has serious limitations, NOAA performed opera-
tional tests on a new technique using satellite data
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to locate and track developing systems in the mid-
Pacific through estimates of central pressure. Data
from geostationary satellites were used to determine
low-level cloud movements over the Pacific; this is
in addition to previous use of such data for high-
level winds in global forecast models. The Pacific
weather data base was extended even farther west
in 1979 by regular acquisition of cloud images over
the western Pacific from Japan's geostationary
meteorological satellite; this area is beyond the
range of United States geostationary satellites.

During 1979 the Environmental Protection
Agency (EPA) worked with NASA to use the high
technology developed for space exploration to ad-
dress the problems of pollution. EPA and NASA
have entered into a joint research program to im-
prove the usefulness of satellite imagery for study-
ing the dynamics of large-scale pollution episodes.
The development and movement of such episodes
were first identified through visibility isopleths de-
rived from routine National Weather Service visi-
bility distance measurements. Areas with low visi-
bility show up on satellite images as hazy areas
which can be differentiated from clouds. Occurring
in the summer and early fall in the castern United
States, these low visibility episodes have been in-
creasing in severity and geographic extent over the
last 20 years. The reduction in visibility has been
associated statistically with high concentrations of
sulfate particles and other pollutants; together these
may affect both health and ecology.

The dimensions of hazy air masses are on the
order of hundreds of kilometers, with travel dis-
tances of thousands of kilometers. Because of the
large dimensions, satellite observations offer an ex-
cellent means for observation of their formation, ex-
tent, travel, and dissipation. This information, which
can be obtained from existing satellite imagery, will
be used to determine meteorological conditions as-
sociated with the haze masses so that their forma-
tion and movement may be predicted. Also the data
will enable us to associate periods of intense pollu-
tion with health effects.

A second EPA-NASA joint effort is the remote
sensing of accelerated energy-fuel development and
the associated environmental impacts. In anticipa-
tion of increased energy requirements of the next
quarter century, the Federal government is promot-
ing the development of untapped national energy
resources such as low-sulfur coal reserves, oil shale,
and geothermal resources, all of which are located
in abundance in the western United States. Their
development will usually involve greatly increased
strip mining, along with the construction of large
conventional power and coal gasification plants in
presently pristine areas of the West. EPA and NASA
are obtaining essential baseline and trend data by
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remote sensing. As part of this effort, the hardware
and software needed for processing remotely sensed
digital data were transferred to EPA. The EPA Data
and Analysis System can handle data from EPA’s
present remote sensing systems and from current-
ly available and proposed satellite multispectral
scanner systems.

The EPA-NASA remote sensing capability has
been used for such purposes as showing the impact
of land use activities on water quality in Apalachi-
cola Bay, Florida; assessing the damage to hard-
wood trees from sulfur dioxide emissions; and meas-
uring turbidity and sediment concentrations in water
bodies. All results evaluated thus far are very en-
couraging. They demonstrate the feasibility of us-
ing satellite and aircraft-acquired multispectral
scanner data for monitoring the effects of energy
resources development.

The next step in expanding the EPA’s remote
sensing is the development of a Geo-Referenced In-
teractive Data Base System (GRIDS). This system
would handle various types of digitized environ-
mental data and provide graphical displays of the
overlaid data sets, producing, in effect, an analog
model of the geographical environment under study.
The environmental analog becomes dynamic when
data sets from different periods are compared. Fur-
ther steps in developing this system would in-
corporate various models (e.g., air and water qual-
ity), thereby permitting a graphical and dynamic
presentation of the impact from an undesirable en-
vironmental action.

A third EPA-NASA cooperative effort is the de-
velopment of better instrumentation for measure-
ment of airborne sulfur dioxide. During the past
year, a mobile ground-based ultraviolet (UV) lidar
system was developed for measurement of sulfur
dioxide and aerosols in stack plumes. This system
consists of a unique laser, developed at NASA’s
Langley Research Center, which produces two in-
dependently tunable UV wavelengths that are sepa-
rated in time by 100 microseconds. The laser is
combined with a dual-channel receiver for simul-
taneous detection of the backscattered light in the
UV and visible portions of the spectrum. The mo-
bile UV lidar system was demonstrated in a joint
field experiment conducted in cooperation with the
Maryland Power Plant Siting Program and EPA at
the Morgantown generating plant of the Potomac
Electric Power Company.

The lidar system used two UV wavelengths near
300 nanometers in the measurement of sulfur diox-
ide concentrations in the power plant plume and the
532-nanometer wavelength of the pump laser for
measurement of particulate distribution in the
plume. In addition to the lidar system, several other
instruments obtained corroborating and supporting



data, both in the stack and in the plume. UV lidar
measurements were made both day and night. In-
stack measurements compare well with the lidar-
determined concentrations of sulfur dioxide. The re-
sults indicate that a UV lidar system can measure
the extent and average sulfur dioxide concentration
in power plant plumes. With increased power, a
UV lidar in an aircraft can measure sulfur dioxide
at long ranges downwind of the stack to near-am-
bient concentration levels. Development is nearly
complete of an airborne UV lidar system to meas-
ure sulfur dioxide, ozone, and aerosols. The system
was flown to measure ozone and sulfur dioxide in
the fall of 1979.

A fourth application of space expertise to pollu-
tion problems is the validation of plume models.
Verification studies of plume rise and dispersion
models, using the lidar data base from a previous
lidar plume dispersion experiment, were completed
in 1979. Comparisons were made between measured
and predicted values for the standard deviation of
the particulate distribution in the plume in the ver-
tical and the cross-wind direction. The lidar system
has been demonstrated to be effective in obtaining
plume dispersion parameters that cannot be meas-
ured with passive techniques.

The study of climate was officially mandated in
the National Climate Program Act of 1977. This led
to the establishment of NOAA’s National Climate
Program Office, engaged in the long term and spa-
tially extended collection and analysis of all the en-
vironmental variables studied in connection with
the weather and the oceans. In 1979 NASA sup-
ported the NOAA program with studies and meas-
urements of aerosols in the atmosphere. With the
launch of the SAGE (Stratospheric Aerosol and
Gas Experiment) payload, NASA was well situated
to gather remotely sensed data on the violent erup-
tions of the volcano La Soufriere in the Caribbean
in April. Combinations of airborne instrument read-
ings and SAGE data agreed that heavy concentra-
tions of aerosols rose to and traveled at the 18-
kilometer altitude. This was the first time a remote
sensing capability was in place to measure such a
phenomenon quantitatively and to map the spread
of the aerosols around the globe. These data will
also suggest how pollutants might be transported
around the world, with implications for the siting
of industrial complexes that exhaust large quantities
of airborne wastes.

A phenomenon in the magnetosphere that has
been of concern to both the military and civil sides
of the national space program has been spacecraft
charging—the buildup of excessive electrical charges
on spacecraft in geosynchronous orbit, posing a
threat to spacecraft electronics. DoD has taken the
lead in research on this problem. In 1979 theoretical

studies were supplemented with the launch of the
Scatha payload—some 12 experiments designed to
measure, analyze, and define the amounts and causes
of the charging. Data from the Scatha satellite com-
bined with other data from theoretical and empirical
studies are being made available in a handbook and
updated models.

An experimental radar, designed to provide new
knowledge of winds, turbulence, and waves in the
atmosphere between about one and 100 kilometers,
is being constructed in Fairbanks, Alaska. The radar
transmits a 50-megahertz signal at a peak power of
6.4 megawatts from a phased dipole array of 40,000
square meters.

The device measures the downward scattered
radiation arising from variations in the radio refrac-
tive index; at the highest elevations, the returned
scattered radiation arises from free electrons. The
scattered radiation, when suitably processed, can be
used to infer air motions along the local vertical,
and this can be done about every four minutes. Con-
ventional balloon techniques, by contrast, permit
such measurements only twice a day, rockets even
less frequently. Thus the motion of the atmosphere
can be measured in much greater detail. Such in-
formation is vital for an understanding of weather
systems, atmospheric composition and chemistry,
radio propagation, and atmospheric wave motions.
The facility is being constructed by scientists from
NOAA’s Aeronomy Laboratory in Boulder, Colo-
rado, with support from NSF.

Although the near-Earth magnetic field has a sim-
ple dipole character, its more distant structure is
severely distorted by interaction with hot solar
plasma (ionized gas) that continuously blows out
from the Sun. The outer reaches of the Earth’s
magnetic field cause a “magnetospheric” cavity in
this “solar wind” some tens of Earth radii across
and stretching away from the Sun past the distance
of the moon’s orbit.

An important cause is the motion, in the high-
latitude ionosphere, of magnetic field lines that trace
to great distances into the magnetosphere. Plasma
tracing these trajectories can move at speeds of
kilometers per second, corresponding to driving elec-
tric fields tens of kilovolts across the dawn-dusk
ionospheric polar cap. A qualitatively new capability
is now available to measure plasma velocities (and
derived electric fields) continuously over the entire
band from 60° to 75° magnetic latitude. With sup-
port of the NSF a 50-meter-diameter fully steerable
antenna has been added to the Millstone Hill radar
at Westford, Massachusetts. Data collected to date
with this newly upgraded facility are already ex-
tending the understanding of both solar control and
atmospheric effects of these circulation patterns.
Magnetically quiet days have been found to have a
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plasma flow pattern consistent with expectations
from present idealized models, while increasingly
disturbed days show subtle to dramatic departures
from this pattern.

At the Smithsonian Astrophysical Observatory,
analysis of the 1976 gravitational redshift experi-
ment, in which an extremely precise hydrogen maser
clock sent into space was compared with an identi-
cal clock on the ground, was completed in 1979. A
recalculation of all systematic errors and the formal
statistical errors has led to a final result: the rela-
tionship between the observed redshift and the pre-
diction from the equivalence principle is verified to
within 143 parts per million.

A second test of the equivalence principle with
clocks involved comparison of hydrogen-maser and
superconducting-cavity clocks at Stanford Univer-
sity to search for a possible nonmetric behavior of
gravitation. Evidence for this behavior would be
that the frequency difference between clocks operat-
ing on different physical principles would be affected
by changes in the Sun’s gravity potential owing to
the laboratory’s motion during the period of meas-
urement. No effect was seen at the 1 percent level
of sensitivity.

During 1979, a hydrogen maser was successfully
operated at a temperature of 25 K, made possible
by a new type of gaseous wall coating material
frozen in place. The stability available from the new
cold maser is at the 10—'% level and work is in
progress to demonstrate this tenfold improvement
over present technology.

Space Science

Space science can be considered to begin in the
region of interactions between the Earth’s magnetic
field and the incoming solar wind. Beyond that, it
encompasses the solar system and the entire detect-
able Universe.

Sun-Earth Studies

Much remains to be learned about the Sun, the
sole source of Earth’s light, life, and energy; and
about the interactions between solar emissions and
the layers of Earth’s environmental shell.

The Sun. In 1979 the International Sun-Earth
Explorer (ISEE) satellites marked their first full
year of operation as a complete three-satellite sys-
tem. This system, a collaboration between NASA
and the European Space Agency (ESA), has two
satellites (ISEE 1 and 2) traveling in highly ellip-
tical orbits in and out of the Earth’s magnetic field,
reporting on a cross section of the Earth’s mag-
netosphere; the third ISEE satellite, launched late
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in 1978, is positioned farther out (some 1.6-million
kilometers from Earth) at the Sun-Earth libration
point. As a sentinel between Sun and Earth, it re-
ports on events in the solar wind about one hour
before these same eflects reach the Earth’s mag-
netosphere. Over a period of time, the flow of data
from this triangle of satellites will tell us much about
the fluctuations of the magnetosphere in response to
the aberrations in the solar wind, in addition to giv-
ing reliable short-term warning of imminent dis-
turbances in the magnetosphere and ionosphere.

With the approach of the point in the Sun’s 11-
year cycle known as the “solar maximum”—featur-
ing maximum activity on the solar surface—the in-
ternational scientific community has joined together
in an International Solar Maximum Year. This be-
gan in August 1979, and will continue through
February 1981. The ISEE satellites will play an im-
portant reporting role in the effort. A major new
initiative from the United States in support of this
international effort will be the launch of a Solar
Maximum Mission (SMM) early in 1980. This
satellite is instrumented for meticulous reporting of
flares and other disturbances on the solar surface;
its data will be supplemented from an array of other
satellites and ground-based telescopes.

The next major foray toward the Sun after the
solar maximum is the International Solar Polar
Mission. Its two spacecraft will be the first solar
mission to approach the Sun from outside the eclip-
tic plane and will report on the complex polar re-
gions on the Sun. In 1979 the United States space-
craft and experiments were contracted; the other
spacecraft is being developed by the European
Space Agency.

Study of the Planets

Few if any years in the history of the United
States space program have seen such activity and
dramatic new vistas in planetary exploration as 1979.
Our unmanned spacecraft visited Venus, Jupiter,
and Saturn; in their passages of Jupiter Voyager 1
and 2 brought us the first views of the striking di-
versity of the four large Galilean moons—all of
them big enough to qualify in the rapidly growing
new science of comparative planetology.

Mars. At the end of 1979, almost four years after
the arrival of the Viking spacecraft in the vicinity
of Mars, one of the two Viking orbiters still had a
supply of control gas and was returning high-quality
imagery of the Martian surface. Both of the landers
sent imagery and meteorological and radio science
data during the year. The lander nearer the equator
has been programmed for periodic interrogation
during the next decade.



Venus. In the closing weeks of 1978 the Pioneer-
Venus orbiter and five probes arrived at Venus; the
orbiter circled the cloud-enshrouded planet through
1979. The probes descended through the atmos-
phere, sending back a large volume of data that will
require several years of intensive analysis. Two
items have been of early interest: the trace elements
of the rare gases, argon and neon, in the atmosphere
of Venus were an order-of-magnitude less in quan-
tity than in Earth’s atmosphere and another order-
of-magnitude less than in Mars’ atmosphere. Since
these gases do not enter into chemical compounds,
they provide relatively direct information about the
original materials from which the planets were
formed. The other item of interest is the large
amount of sulfur that the probes encountered in the
lower atmosphere of Venus.

Meanwhile the Pioneer orbiter probed the geog-
raphy of the surface of Venus with its radar altim-
eter, sketching out at least some of the major
features. Especially interesting is a large plateau,
rising some 6 kilometers above its surroundings and
spreading about 100 kilometers across. Such fea-
tures are found on Earth but not on the other inner
planets; it would seem to have been created by
large-scale crustal forces. R

Jupiter. The dramatic highlight of 1979 in the
United States space program was the flights of
Voyager 1 and 2 past Jupiter and its four Galilean
moons. The more than 30,000 images returned by
the two spacecraft depicted in detail the violent,
colorful weather patterns in the atmosphere of the
solar system’s largest planet: rapidly shifting anti-
cyclonic winds swirling around the edges of the
Great Red Spot—the huge, long-lived storm twice
as large as the Earth; banded polar weather sys-
tems propelled by strong east-west winds rather than
by thermal convection as previously thought; winds
as strong as 260 kilometers, twice the force of hur-
ricane winds on Earth; extensive auroral displays;
and cloud-top lightning discharges of much greater
power than any on Earth.

Even more impressive was the diversity of the
Galilean moons, all four of them near enough to the
size of Mercury to qualify as planet-type satellites:
bright-orange o, pockmarked with several erupting
volcanoes spewing sulfurous material over the sur-
face; white-faced Europa, laced with thousands of
intersecting fracture lines; Ganymede, larger than
Mercury yet light enough in weight to be half water,
with a heavily cratered surface alternating with
grooved terrain; and brooding Calilisto, darkest in
albedo and with concentric ring remnants surround-
ing ancient huge impact basins long since filled in
by flow of the icy crust.

The massive Jovian magnetosphere proved to be
similar to Earth’s in some respects—well defined

magnetospheric boundaries and tail and bow shock
wave—but surprising in other respects, such as a
strong magnetic flux tube arching between Jupi-
ter and lo, perhaps contributing energy to Io’s
volcanism.

Now headed across the solar system, Voyager }
is expected to arrive at Saturn in November 1980;
Voyager 2 will follow in September [981 and per-
haps fly on to Uranus.

Saturn. For the first time, a spacecraft from Earth
flew past the big distant planet Saturn whose spec-
tacular rings have long tantalized viewers through
their telescopes. Pioneer 11, launched in April
1973, had followed its sister spacecraft Pioneer 10
around Jupiter in December 1974 and then had
sailed across the solar system to its encounter in
1979 with Saturn. Its measurements of Saturn’s
strong magnetic field confirmed that Saturn, like
Jupiter, radiates more heat than it receives from the
Sun. Though it did not penetrate the famous rings,
it did find two more faint rings outside of those
visible from Earth; also it confirmed that the rings
absorb the energetic particles trapped by the mag-
netosphere, so that passage near them should be safe
for Voyager 2 as it flies past Saturn on a course
toward Uranus. Saturn’s moon Titan is an object of
much speculation because it is known to have an
atmosphere; Pioneer 11 passed no closer than 350,-
000 kilometers from Titan, so the rather fuzzy pic-
tures revealed little. Both Pioneer 10 and 11 will
not make further planetary encounters but will de-
part the solar system. They will continue to be in-
terrogated for several years for data on the compo-
sition of the interplanetary medium.

Ground-based Research and Analysis. Teams of
researchers continued to sift the vast amounts of
data from the Viking missions, the Venus probes
and orbiter, the Voyager data on Jupiter and the
Galilean moons, and the new data on Saturn.
Ground-based astronomy acquired a powerful new
tool in 1979 when the Infrared Telescope Facility
was completed on the summit of Mauna Kea in
Hawaii. The new telescope supported the Voyager
encounter with Jupiter; all planets will be studied
by observations of the thermal emissions of their
surfaces and atmospheres. When the planets are not
in position for study, the telescope will be used as a
national facility for stellar astronomy.

Study of the Universe

Answers to the most profound questions about
physical existence, the nature of matter, and the
range of physical processes may well be found in
study of the complexities of the Universe.

Research with Spacecraft. HEAO (High Energy
Astronomy Observatories) satellites are the largest
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and heaviest automated spacecraft yet launched by
the United States space program. The series of three
satellites has been instrumented to inventory and
study the high-energy sources in the Universe.
HEAO 1, launched in August 1977, was highly suc-
cessful in surveying the entire sky to map the x-ray
sources. When it reentered the atmosphere in March
1979, it had increased by four times the count of
known x-ray sources. One of its findings was that a
class of stars exhibiting strong x-ray emissions has
very hot, active atmospheres, or coronae. HEAO 2,
launched in November 1978, was designed to study
in detail the most interesting of the x-ray sources
identified by its predecessor. It confirmed HEAO 1’s
findings about the hot-surface stars but extended
those findings to show that a much larger class of
stars, in a range of sizes, ages, and temperatures,
are unexpectedly bright x-ray sources. This finding
challenges most of the existing theories on stellar
atmospheres. HEAO 1 and 2 have also raised ques-
tions about the diffuse x-ray background in the Uni-
verse; this could have direct bearing on the ultimate
question of how the Universe began and how it will
end. Their finding indicates a widespread diffusion
of x-ray sources; if the diffusion is many x-ray stars,
the required mass will not exist to “close” the Uni-
verse, end its expansion, and turn it back inward
toward eventual implosion; if the x-ray readings are
truly diffused in enormous, very hot gas clouds,
there might indeed be enough mass to close the Uni-
verse. HEAO 3, launched in September 1979, is in-
strumented to study gamma-ray and cosmic-ray
emissions in the Universe. All instruments are per-
forming well and the data are expected to supply
many pieces for the Universe puzzle.

The International Ultraviolet Explorer (IUE),
satellite, launched in 1978, performed well through
1979, its data exciting much scientific interest. With
instruments from NASA, the United Kingdom, and
the European Space Agency, IUE has studied the
spectral lines associated with atomic radiation in
the atmosphere of stars and in the interplanetary
medium. It confirmed the existence of a galactic
halo—rarefied, high-temperature gas extending far
above and below the plane of the Milky Way.

Research from Suborbital Vehicles. Returns from
balloons, aircraft, and sounding rockets continued
to make meaningful contributions to technology and
scientific knowledge. NASA’s balloon program
lofted a far-infrared telescope that measured the
portion of the total luminosity of the Milky Way
contributed by dust; this offers information on the
rate at which stars form. In the NASA airborne re-
search program, the Kuiper Airborne Observatory
detected for the first time a major output of far-
infrared molecular lines from carbon monoxide in
a region where stars are forming; measurement of
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these intensities is important in understanding the
energy balance in star-forming regions.

Sounding rockets won a place in 1979 in the
Space Shuttle program; approval was given for a
development flight in 1981-1982 to demonstrate
the concept of flying sounding rocket payloads off
the orbiting Shuttle, to be recovered and returned by
the Shuttle.

Research from the Ground. A unique double
quasar has been discovered by research sponsored
by the NSF. The quasar was first detected at the
Jodrell Bank Radio observatory in England. At that
time the object appeared to be an ordinary quasar.
Then on March 29, 1979, the Kitt Peak National
Observatory’s 2.1-meter optical telescope found that
the object was in fact two images separated by an
angle of 5.7 arc-seconds. This finding was later con-
firmed by the University of Arizona’s 2.3-meter tele-
scope on Kitt Peak and the new Multiple-Mirror
Telescope operated by the University of Arizona and
the Smithsonian Astrophysical Observatory.

Although binary in appearance, the two images
may be the result of light from a single quasar be-
ing split by what amounts to a gravitational lens.
This would require the presence somewhere between
the quasar and Earth of either a supermassive black
hole or a large galaxy with trillions of solar masses.

More recently the double quasar’s radio-wave
image was observed on the Very Large Array inter-
ferometer radio telescope in New Mexico. Again
the double image appeared. But more interestingly,
one of the two quasars is actively expelling jets of
matter into space. Because no similar matter is as-
sociated with its twin, the radio-wave observations
indicate a genuine double quasar; perhaps no gravi-
tational lens need be postulated. The near-identical
redshifts and optical features of the two quasars do
suggest a common origin.

In December 1978 three astronomers at the Uni-
versity of Massachusetts announced the first ex-
perimental evidence directly supporting the exis-
tence of gravational waves. Such waves, long hypoth-
esized but never directly observed, are in some
ways similar to radio waves, but are based on the
forces of gravity rather than on those of electricity
and magnetism. The existence of gravity waves is
one of the longstanding but heretofore untested
predictions of Einstein’s general theory of relativity.

The discovery came out of a four-year observing
program to measure the general relativistic effects in
a binary pulsar. The pulsar, located some 15,000
light years from Earth, was observed with the 300-
meter-diameter radiotelescope antenna operated by
the National Astronomy and Ionosphere Center.
Discovered in 1974 by the same research group, the
pulsar is known to be orbiting another massive ob-
ject—perhaps another pulsar, or perhaps a black



hole—because its repetitive pulses of emission speed
up and slow down over a period lasting a little less
than 8 hours.

Einstein’s theory predicts that such a system
should emit gravitational waves that slowly extract
energy from the orbit, thereby causing the pulsar
and its companion to move closer together. As the
size of the orbit decreases, the length of time re-
quired for the pulsar to complete an orbit also de-
creases. Relativity theory predicts that the orbital
period should decrease at a rate of one ten-thou-
sandth of a second per year. The measured amount
is almost precisely this value, or about four ten-
thousandths of a second since late 1974. Thus an
important prediction has been verified by an appli-
cation of Einstein’s theory that could not have been
foreseen when he developed the theory 60 years ago.

Solar flares and other manifestations of solar ac-
tivity are intimately connected with magnetic fields.
A central objective of contemporary solar physics is
to study how these fields are generated and how they
produce the spectacular phenomena associated with
solar activity. The proximity of the Sun allows these
problems to be studied in great detail, providing a
firm foundation for hypotheses concerning similar
processes in more remote objects.

Analogs of solar activity are found on many other
stars. Flare stars, for example, exhibit violent out-
bursts similar in many respects to solar flares, but
involving as much as a thousand times more
energy. Most stars, like the Sun, have chromospheres
and coronae, some much more pronounced than the
Sun’s. Recent work at Hale Observatories has shown
that the activity of stellar chromospheres waxes and
wanes over periods of years in a manner strongly
suggestive of the solar activity cycle. It has been
supposed that all these phenomena are caused by
stellar magnetic fields, but until recently there was
no way to directly detect and measure magnetic
fields on solar-type stars.

Now, Sacramento Peak Observatory has devised
a way to directly measure the strengths and areas of
stellar magnetic fields. The method relies on the
Zeeman effect: the shape of a spectral line formed
in a gas containing a magnetic field depends on
the strength and direction of the field. A magnetic
field was easily detected for the first time on the
dwarf star Xi Bootis A. The field strength was 2900
gauss, covering about 45 percent of the stellar sur-
face. By comparison, the solar field strength is about
1500 gauss, covering about 1 percent of the surface.
Since Xi Bootis A is a young star exhibiting much
more prominent chromospheric activity than the
Sun, this observation provides direct confirmation of
an intimate connection between stellar magnetic
fields and stellar activity. The new method is now
being systematically applied to study magnetic fields

in solar-type stars, using data obtained with the 4-
meter Mayall telescope at Kitt Peak National
Observatory.

Study of the Life Sciences

Work with the Soviet Union included flying United
States biological experiments on Soviet spacecraft
plus joint ground-based clinical studies. This year’s
study has concentrated on finding a more authentic
experimental model for the effects of weightlessness
on the human cardiovascular system; an additional
benefit has been standardizing test procedures that
are applied to American astronauts and Soviet
cosmonauts. In two sets of tests in 1979 10 subjects
were studied intensively by teams of American and
Soviet investigators. The data proved to be similar,
despite the many differences in procedure.

Studies continued on means to maintain the health
and safety of Space Shuttle crew members. To mini-
mize any adverse effects suffered when crew mem-
bers reenter Earth’s gravity, NASA has been con-
ducting tests with anti-gravity suits that inflate auto-
matically during reentry when the flow of blood to
the head decreases. Water-cooled suits and blood-
volume replenishment have been developed for use
on longer missions or for more susceptible passen-
gers. The recurring problem of space motion sick-
ness has been the subject of extensive study, and
drug screening has identified several medications
that relieve the symptoms with minimal side effects.

Transportation

In aeronautics and space the United States car-
ries on extensive research and development for new
transportation systems and for improving the op-
erations and flexibility of existing systems.

Space Transportation System

The Space Transportation System represents the
maturing of the Space Age—an integrated approach
to space travel and exploration. It encompasses
flight and ground operations, logistics, and future
mission planning. The flight component is the Space
Shuttle. Scheduled to make its first orbital test flight
in late 1980 or early 1981, the Shuttle is composed
of:

¢ the airplane-like orbiter, which houses the crew
of from 3 to 7 persons and the payload and
can maneuver in space, reenter from orbit and
land on a runway, to be refurbished and fly
again;

¢ two solid-fuel rocket boosters that fire during
the ascent phase and then fall away to be re-
covered from the ocean and used again;
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e and the external tank, which provides liquid
hydrogen and oxygen to the three engines on
the orbiter during the launch phase.

In April 1979 the Space Shuttle configuration
passed its design certificate review and most of the
qualification of flight-configured elements.

The Space Shuttle will be diversified by several
supplemental systems. Spacelab, funded and devel-
oped by the European Space Agency, is a variable
set of modules that can house payloads and crew
members in a shirtsleeve environment, or expose in-
struments to the space environment from pallets. To
lift payloads out of and into the orbiter’s cargo bay
while in orbit, a remotely operated loader-unloader
arm is being funded and developed by Canada. To
boost payloads from the orbiter’s low orbit to
higher orbits, DoD is building the Inertial Upper
Stage, a three-configuration set of upper stages.
Smaller boosters, to lift smaller payloads into higher
orbits from the orbiter, are being funded and built
by United States aerospace industries as commercial
ventures.

Space Shuttle. The orbiter has been the pacing
item of the Space Shuttle. Its cluster of three high-
pressure, throttleable engines and its sheathing of
thermal-protective tiles have had stubborn prob-
lems that have only slowly yiclded to step-by-step
engineering solutions. At NASA’s Kennedy Space
Center the first flight orbiter, Columbia, was slowly
being clad in its shielding of protective thermal tiles
during 1979. The second orbital vehicle, Challenger,
is nearing the end of structural testing, after which
it will be converted to flight hardware. Two more
orbiters are in production.

The orbiter’s main engine progressed slowly
through its extensive program of test firings, de-
layed a number of times during the year by small
anomalies that called for the test engine to be pulled
off the test stand and partially disassembled for in-
spection and repair. Much more is being asked of it
than of any previous large rocket engine: it is to
operate at high internal pressures to produce a
superior thrust-to-weight ratio; it is to be throttle-
able; it is to last much longer than previous engines;
and it is to be reusable for many flights. This year
the engine passed the mark of 50,000 seconds of
test-firing time toward the goal of 80,000 seconds
prior to orbital flight.

Two 3.7-meter-diameter solid rockets will fire
along with the cluster of three main engines during
launch and ascent. As their burn is completed, they
will separate from the orbiter. descend on parachutes
to ocean landings, after which they will be recov-
ered, reworked, and reloaded with propellant for
another firing. The developmental firings of these
motors have been completed and two of the quali-
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fication firings have taken place, with one more to
come. Most of the rocket segments for the boosters
to be used on the first orbital flight have already
been delivered to Kennedy Space Center.

The big external tank—7.5 meters in diameter by
47 meters long—is the fuel tank (liquid hydrogen
and liquid oxygen) for the orbiter’s three main en-
gines during launch and ascent phases. As orbital
altitude approaches, the main engines cut off and
the empty tank separates and descends to a landing
in a remote ocean area. The first flight tank has al-
ready been delivered to Kennedy Space Center;
three more flight tanks are under construction for the
other flights in the orbital flight-test program.

Ground Facilities. At the Kennedy Space Center,
all launch facilities are completed and in place for
the first orbital flight. Ground support equipment
and the computerized launch-processing installations
are in the final stages of completion, with software
being validated. At NASA’s Johnson Space Center,
DoD was completing design of facilities and equip-
ment for providing training and operational control
of classified DoD missions on the Shuttle. At Van-
denberg Air Force Base, California, DoD began
construction in 1979 of the nation’s second Shuttle
launch and landing site, this one to be used by both
civil and military missions that require polar orbit.
Work neared completion on the design of unique
equipment and installations and acquisition of
launch processing and computer software.

Planning for Operations. When the Space Trans-
portation System completes its orbital test flights
and becomes operational, many new activities will
become possible in space. Payloads can be placed
into orbit and serviced there or returned to Earth
for refurbishment and reorbiting. Experimenters
can accompany their experiments into space and
operate them in a shirtsleeve environment or con-
trol them remotely while the instruments are di-
rectly exposed to the space environment. Small, dis-
crete experiments will be possible as well as large
payloads. The first few years of Shuttle operations
are fully booked by a wide range of civilian and
military agencies of the United States government
and by domestic and foreign governments and com-
mercial organizations. An additional nine commer-
cial and foreign users made payments or deposits
on reservations this year.

NASA published in the Federal Register the
policies on user charges that will be in effect for
the first few years of Shuttle operations. They de-
scribe the price structure and conditions under which
NASA will furnish launch services and flight hard-
ware. The program begun in 1977 to provide Shuttle
services for small, self-contained payloads con-
tinued to attract much interest in 1979. By the end
of the year more than 300 individual payloads had



been approved and confirmed by advance payments.
Individuals, educational institutions, and industries
can fly these small payloads that require minimal
support from the Shuttle or the crew.

Spacelab. Funded, designed. and developed by the
European Space Agency, Spacelab is a significant
contribution to the versatility of the Space Trans-
portation System. Built to fit into the cargo bay of
the orbiter in any of several modular combinations,
Spacelab will provide access to space for experi-
menters from many nations in disciplines such as
space technology, meteorology, biology ‘medicine,
communication,/navigation, space processing, and
material science. The Spacelab module offers experi-
menters a shirtsleeve environment in which to work;
the Spacelab pallets expose experiments directly to
the space environment. The normal Spacelab mis-
sion will last 7 days, though it can remain in orbit
as long as 30 days.

Under terms of the agreement between NASA
and ESA, ESA will deliver the first Spacelab flight
unit, an engineering model, two sets of ground sup-
port equipment, and spares to support the first two
missions. NASA will provide the connective items
such as the tunnel between the Shuttle cabin and
Spacelab and will be in operational control. In 1979
ESA delivered the second engineering model of the
pallet to Kennedy Space Center. In Germany, the
Spacelab engineering model hardware is being proc-
essed, while the flight module is being assembled.
Subsystem testing is more than 80 percent com-
pleted.

Progress was made on the first Spacelab payloads
during 1979. NASA received the instruments to be
carried on the first Shuttle payload missions and
began their integration into Spacelab pallets. OSTA
1, the first mission, will be instrumented to collect
Earth resources and environmental data. The second
mission, OSS 1, will gather solar physics data,
evaluate the ambient and induced Shuttle environ-
ment, and collect data on payload thermal control.
An experiment in plant growth will be carried in the
orbiter cabin. The major tests of the Spacelab mod-
ule will come on the Spacelab 1 and 2 missions;
these moved into final design in 1979 and manu-
facture of hardware was begun. All instruments
have been approved and most experimenters are
well into fabrication of their flight hardware.

Inertial Upper Stage. DoD continued the full-
scale development of the Inertial Upper Stage
(IUS), begun in April 1978. Intended to carry
larger DoD payloads and NASA’s geosynchronous
and planetary missions from the Space Shuttle to
higher orbital altitudes, TUS will also be used with
the Titan III booster during the period of transition
to the Space Shuttle. The first DoD launch of Titan
III-TUS is scheduled for 1982; the first NASA use

of the two-stage version will be the launch of the
Tracking and Data Relay Satellite in 1982. First use
of the three-stage version will be the launch of
NASA’s International Solar Polar Mission.

Spinning Solid Upper Stages. Spinning Solid
Upper Stages (SSUS) arc being developed by
American aerospace companies at their own expense
for sale to users who need to launch smaller satel-
lites into geosynchronous orbit. SSUS-D is sized for
payloads that would use the Delta expendable
booster, the SSUS-A for somewhat larger ones that
would use the Atlas-Centaur. Design for the two
classes was completed in 1979 and qualification pro-
grams began. Most hardware has been manufactured
and is ready for assembly. SSUS-As have been or-
dered by NASA for launch of Comsat’s Intelsat V
communication satellites. SSUS-Ds will be used for
NOAA’s Geostationary Operational Environmental
Satellites and for most commercial users.

Skylab

Skylab had been in orbit since May 1973 as the
first orbiting laboratory of the United States. Ex-
pected to stay in orbit until about 1983, Skylab en-
countered several years of greater atmospheric den-
sity than expected—caused by an increase in sun-
spot activity—which shortened its orbital lifetime
to 1979-1980. Ground controllers succeeded in re-
activating Skylab systems and trimming its attitude
but an attempt to modify its orbit by flying a tele-
operator booster rocket up to it was abandoned in
1978. Because of Skylab’s large size, there was
some international concern about danger from de-
scending debris following its breakup upon reentry.
In the last few orbits NASA controllers made minor
adjustments to Skylab’s orientation and it reentered
on July 11, 1979. Although some debris from the
breakup landed in rural parts of Australia, there
were no reports of personal injury. Some pieces
were recovered for study.

Expendable Launch Vebicles

The United States space program had a total of 16
launches in 1979; all were successful, launching 18
payloads. Atlas-Centaur, Atlas F, Delta, Scout,
Thor, and Titan III launch vehicles were used for
space launches this year.

Research for Spacecraft Improvement

A number of research projects in materials and
structures, electronics, and propulsion were con-
ducted in 1979.

Materials and Structures. During 1979 two new
insulation materials were developed for use on por-
tions of the Space Shuttle orbiter. For use in areas
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of moderate reentry heating, there is a silica-based,
quilted-felt material that is flexible and reusable.
For use in areas of higher heating, there is a fiber-
reinforced composite insulation which is twice as
strong and has greater heating resistance than pres-
ent reusable insulation. In composite structures, a
composite aft body flap for the orbiter was fabri-
cated and tested; if adopted, it would lighten fu-
ture orbiters by 160 kilograms, mostly because it
would not require thermal insulation.

Electronics. A “multi-layer magnetic lattice file”
was successfully demonstrated in 1979 by NASA.
Building on technology for the magnetic bubble
memory, it promises space data recorders up to 50
times the storage capacity as those in today’s re-
corders. Fundamental research on radiation dam-
age to silicon solar cells in space showed that
thermal annealing (heating) of the damaged cells
can restore 90 percent of the power loss.

DoD continued development of a fault-tolerant
spaceborne computer that would minimize satellite
dependence on ground stations and used magnetic
bubble memory technology in progressing toward
a solid-state spaceborne memory that will provide
hardened, non-volatile data storage.

Propulsion. In 1979 NASA neared completion of
verification testing of ion propulsion. With this en-
tirely new form of propulsion, missions to comets
and other difficult interplanetary destinations could
become realities. In FY 1979 a 12-kilowatt deploy-
able solar array underwent simulated acoustic and
thermal tests prior to a test on an early Shuttle
flight.

Aeronautical Transportation

Like space transportation, aeronautical transpor-
tation comprises military as well as civilian systems
and those that are operational as well as those that
are in development.

Operational Airborne Systems. In the United
States national system of aeronautical transportation,
DoD has responsibility for operational airborne
systems.

FIGHTER AIRCRAFT. In January 1979 the first
production F-16 multimission fighter aircraft were
received by the United States and Belgium; the
Netherlands received its first aircraft in June. Den-
mark and Norway, the remaining partners in the
development of the F-16, will begin receiving air-
craft in 1980. Delivery of A-10 close-air-support
aircraft to tactical forces in the United States and
Europe continued. By the end of 1979, over 300 of
the approved 627 aircraft had been produced. Re-
liability and maintainability have been demonstrated
to be favorable, promising low operating costs. Im-
provements in existing F-15 fighters are concentrat-
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ing in upgrading software rather than the expen-
sive hardware systems. Over 430 of the total order
of 729 had been delivered to the Air Force. Delivery
of the C and D models began in June; these feature
a 1000-kilogram increase in fuel capacity. The re-
mainder of the aircraft produced will be the C and
D models. F/A-18 fighters were approved for full-
scale development, with 11 test aircraft on order.
Designed to provide the commander at sea with a
high-performance, agile strike fighter, the F/A-18
will replace the remaining Navy and Marine F-4
Phantom fighters, and later will replace the A-7
light attack aircraft.

BOMBER AIRCRAFT. A series of improvements are
under way to update and improve the effectiveness
of the B-52 fleet. The navigation system is being
modernized with nuclear-hardened digital systems in
place of obsolete vacuum-tube systems. All avionics
are being hardened to withstand electromagnetic
pulse from nuclear explosions. Also the bombers
are being fitted to carry the air-launched cruise mis-
sile. Other bomber-related activity is limited pro-
duction of the EF-111A, designed to provide de-
fense radar jamming in support of United States and
allied air operations.

TRANSPORT AIRCRAFT. By the end of 1979, 19
E-3A airborne warning and control (AWAC) air-
craft had been delivered to the Tactical Air Com-
mand out of the 34 on order. NATO has also or-
dered 18 of the aircraft, together with an improved
computer to increase the tracking capability.

HELICOPTERS. Modernization of the large CH-47
helicopter fleet continued, to update and standardize
all CH-47s and provide a medium-lift helicopter
capability beyond the year 2000. Seven systems are
in development for modernization; in 1980 they will
be tested in three prototype helicopters. The full-
scale engineering development of the advanced at-
tack helicopter continued, with the prototype heli-
copters being modified to accept updated target-
acquisition and night-vision systems. Airborne fir-
ings of the Hellfire ballistic missile from the heli-
copters began in 1979, progressing through guided
launch to autonomously designated launch.

Cruise MissiLes. The AGM-86B and AGM-109
air-launched cruise missiles made 10 flights each in
1979 in a competitive “flyoff.” Source selection is
expected in March 1980. A production rate of 40
per month is planned, complementing the B-52
modification rate. The ground-launched cruise mis-
sile, intended to bolster theater nuclear firepower,
is being procured in an amount of 560 for deploy-
ment in Europe. Essentially this puts the Tomahawk
cruise missile into a system with an air-transport-
able, mobile ground component. The advanced
strategic air-launched missile, designed for use with
the present and future strategic bomber force, is a



long-range supersonic missile that can neutralize
the Soviet interceptor threat against United States
warning and control aircraft as well as take out
defenses and primary targets. A flight-test program
was begun in 1979 to validate the ramjet propulsion
system.

Operational Airway Systems. The Federal Avia-
tion Administration (FAA) of the Department of
Transportation is responsible for maintaining and
operating the National Aviation System. NASA as-
sists with research and development for the airborne
portions of the system.

AIR SAFETY. With studies, research, and tests,
FAA continued to improve aircraft equipment and
to improve the competence to handle safety-related
problems for aircraft on the ground, on takeoff, and
on landing.

As a result of research into problems of con-
trolling aircraft traffic on the surface area of air-
ports—runways, taxiways, etc.—particularly in bad
weather, a new radar has been developed. The
ASDE-3 (Airport Surface Detection Equipment) is
better able to detect stationary aircraft and track
taxiing aircraft in all weather conditions. A proto-
type ASDE-3 began testing in August at the Na-
tional Facilities Experimental Center.

To provide warning of potential wind-shear prob-
lems during takeoffs or landings, the FAA has de-
veloped and tested the Low-Level Wind Shear Alert
System. Remoted anemometers are mounted 6 to 12
meters above the ground in the approach and de-
parture corridors at busy airports. When a wind
vector difference of as much as 28 kilometers per
hour develops between any of the remoted anemom-
eters and the centerfield anemometer, air traffic
controllers relay the information to all aircraft in
the airport traffic pattern. The system is now opera-
tional in 24 airports.

A wind problem generated by large aircraft has
been of increasing concern: wake vortices—strong
rotational wind gusts—trail behind large jet air-
craft as they approach and land. Aircraft following
them, especially smaller ones, are endangered. For
their protection, the separation distance between
landing aircraft has been enlarged; this reduces the
airport’s traffic capacity. A prototype Vortex Ad-
visory System was evaluated in 1979 at Chicago’s
O’Hare International Airport and is expected to be
commissioned early in 1980. Its network of anemom-
eters in the runway approach zones assesses wind
conditions; decision can then be made when air-
craft separation can be set at 5 kilometers.

AIR TrAFFICc CoNTROL. Since 1971, DoD, DOT,
and NASA have jointly worked to develop a micro-
wave landing system (MLS). Operational and eco-
nomic advantages argue in favor of equipping the

national air network with a universal system that
can handle civil and military air traffic for the re-
mainder of this century.

The same deficiencies in the existing Instrument
Landing System (ILS) that motivated the United
States to develop a new landing system also affect
the other nations of the world and generated wide
support for a new international standard. The In-
ternational Civil Aviation Organization (ICAO) set
out to select and standardize an international sys-
tem. Several competing systems were studied and
given field tests. In April 1978, the United States
entry, the Time Reference Scanning Beam, was se-
lected by the ICAQO as the new international stand-
ardized system. Of the three versions of MLS to be
developed, the basic narrow aperture and the small
community systems have been tested and evaluated.
The third system, the basic wide system, designed
for major airports, began testing in 1979 at NASA’s
Wallops Flight Center. Meanwhile small community
systems will be installed at Philadelphia Interna-
tional Airport, Washington National Airport, and
Bader Field (Atlantic City) early in 1980; a basic
narrow system has already been installed at Wash-
ington National Airport. These will provide opera-
tional data for incorporation into handbooks and
other regulatory material.

Another system being evaluated is the Discrete
Address Beacon System; the last of three prototypes
was received in 1979 and joined the other two in
the vicinity of FAA’s National Aviation Facilities
Experimental Center. The new beacon system pro-
vides discrete identification of individual aircraft by
use of code-numbered transponders in the aircraft.
This automatic identification is increasingly impor-
tant as the national airway network becomes more
automated.

AIRWAY MODERNIZATION. As part of the automat-
ing of the 20 air traffic control centers, FAA in 1979
let a contract for development of an engineering
model of an Electronic Tabular Display System. It
is to provide more efficient display and update of
flight plan data than the current, largely manual,
paper flight-progress strips. In 1980 the engineering
model will be installed at the National Aviation Fa-
cilities Experimental Center for test and evaluation.

Similar automation is in process for the air con-
trollers at airport terminals. The Termjnal Informa-
tion Processing System (TIPS) uses computers and
associated electronic displays to process and display
flight data automatically. A prototype TIPS system
is in development; in 1980 it will be installed at the
National Aviation Facilities Experimental Center
for test and evaluation.
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Research for Aeronautics Improvement

Essential to a competitive national aviation estab-
lishment is a continuing flow of innovations and re-
finements. While FAA develops improvements in the
National Aviation System, NASA and DoD seek
improvements in present and future aircraft.

Engines. For current transport aircraft, NASA’s
research focused on improving the technology of in-
dividual components to make them save fuel and be
more durable. In fundamental research with ce-
ramics, NASA tested an abradable ceramic seal
for turbine engines which could reduce the wear
of turbine blade tips by a factor of 10, with a 2
percent saving in fuel consumption. From its list
of 16 improvable components, NASA completed
work on 7, of which 4 are already in production in
the aircraft engine industry. DoD pursued two pro-
grams; one assessed core components of engines un-
der realistic test conditions, searching for improved
reliability and maintainability. This year the pro-
gram conducted tests of a new generation of gas
generators and of variable-area, high-temperature
turbines that used advanced materials. The other
program studied the interaction of high-pressure
engine components, such as turbine engine cores,
with low-pressure fans, compressors, and fan tur-
bines in a full-scale technology demonstrator engine.

Aerodynamics. NASA continued research on re-
ducing energy use in transport aircraft. In funda-
mental research, NASA achieved the first computa-
tional solution predicting and explaining the un-
steady flow of air over wings and other lifting sur-
faces at transonic speeds. In a joint Air Force-NASA
test, a KC-135 tanker aircraft was flown in 1979
with winglets; when completed in 1980, the test pro-
gram is expected to show the winglets decrease drag
by 6-8 percent. Wind tunnels have tested a new
wing flap configuration that increases maximum lift
by 30 percent. In research on removing the turbulent
air flow over wing surfaces, NASA built wing panels
in 1979 with slots and porous surfaces to remove
air turbulence.

Structures. In recent years NASA and DoD re-
search on aircraft structures has concentrated on
composite structures—structures fabricated from the
family of synthetic materials that are stronger, or
lighter, or more heat resistant than conventional
materials. In 1979 NASA identified newer, tougher
graphite ‘epoxy materials that withstood impact tests
to almost twice the strain that presently used com-
posites can tolerate. Since much remains to be
learned about the lifetime performance of these new
materials, the testing approach has been conserva-
tive, beginning with small, less stressed portions of
larger structures, and building up a design data base
from static, fatigue, and sonic experience. For sec-
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ondary structures, NASA completed its DC-10
rudder tests in 1979, and the structure was accepted
by FAA for airline service. Airline service began
for five shipsets of B-727 elevators. For medium
sized primary-structure components, the design
phase was completed. The primary B-737 stabilizer
components passed static, fatigue, and fail-safe tests
and the first full-scale B-737 stabilizer was fabri-
cated.

DoD was testing in wind tunnels large-scale
models of the forward-swept wing, the feasibility of
which derives from the characteristics of advanced
composite materials. Also under test were adhesive
bonding as a replacement for riveting of primary
structures in aircraft, as well as the use of cast
aluminum for primary structures.

Improvement of Long/Short-Haul Aircraft.
NASA’s research on technology for future long-haul
supersonic aircraft centered on propulsion, aero-
dynamics, and structures that would make possible
a cost-effective, environmentally acceptable aircraft.
In 1979 two engine concepts were tested, high-lift
devices improved the low-speed efliciency of swept
wings, and research in titanium structures led to de-
sign and fabrication of a titanium tail for a small
supersonic aircraft. In research on quiet short-haul
aircraft, NASA continued flight testing the research
aircraft. By the end of the year it was apparent that
the aircraft was performing very close to design pre-
dictions, particularly the very low noise character-
istics necessary for short takeoff and landing
operations.

Aircraft Fire Safety. FAA used a C-133 fuselage
to simulate a wide-body jet in a series of fire ex-
periments to determine survivability patterns from
post-crash fires fed by spilled fuel outside the fuse-
lage. Since many of the worst fires arise from fire
balls, caused by spilled fuel forming fine, mist-like
particles, FAA experimented with additives that
would inhibit such combustion.

Aviation Security. FAA research and development
on means of deterring air-travel terrorism and sabo-
tage concentrated in 1979 on improved techniques
for detecting explosives in baggage and other items.
A transportable bomb detector was constructed and
prepared for testing in airports. Authorities were
provided with vapor characteristics for a broad
range of explosives; these can be used for evaluating
screening devices in an airport environment.

Space Energy

The accepted means of producing or storing elec-
tric energy in space have been solar cells, batteries,
fuel cells, and radioisotope thermoelectric genera-
tors. Space missions now being envisioned by DoD



and NASA will call for much higher energy levels
extending over mission profiles of several years.
Studies also continued on the possibility of collect-
ing large quantities of solar energy in space and
beaming it to Earth as a supplemental power source.

Energy for Use in Space

Radioisotope Generators. The Department of
Energy (DOE) has been developing a new form of
radioisotope thermoelectric generator for NASA’s
Galileo planetary mission. During 1979, the version
of the generator that has been very effective in
DoD’s Lincoln Experimental Satellites and NASA’s
Voyager 1 and 2 planetary missions was upgraded
with an improved alloy for the fuel capsules and use
of composite materials in the heat-source aeroshell.

The International Solar Polar Mission, operated
jointly by NASA and the European Space Agency,
plans to launch two spacecraft in 1985, each with a
power requirement of 275 watts two years after
launch. This requirement is expected to be met with
thermoelectric generators comprising 18 heat sources.

Dynamic Power Systems. For electric power in
space greater than 500 watts, dynamic power sys-
tems are expected to take over from the static sele-
nide conversion systems because they offer improved
endurance, efficiency, weight ratio, and reliability.
In tests in 1978, the Organic Rankine Cycle was

chosen for further development, with expected effi-
ciencies in the range of 18-25 percent.

Reactor Power Systems. Studies by DoD and
DOE predict that DoD space missions in the late
1980s will have electric power requirements of 10—
100 kilowatts. Consequently, a technology develop-
ment program for a space reactor was begun in
1979. In five years it is to develop component tech-
nology that merits further funding by the user
agency. Civil applications that might need this order
of electric power include satellite power systems,
electronic mail, and advanced television coverage.

Energy for Use on Earth

Satellite Power System. The concept of beaming
solar energy from a point in space to receiving
antennas on Earth has been studied since 1968. In
1977, DOE and NASA began a broad study in
which DOE was to set the basic ground rules and
investigate the many areas of potential effects;
NASA was to investigate the technology demands
and opportunities. DOE has identified and is study-
ing some 40 generic systems—radars, satellites, com-
puters, etc.—that could be affected; sciences and
humanistic effects are also being studied, as well as
preliminary estimates of cost, health and safety, and
land requirements. The joint study made good
progress toward its reporting date in 1980.
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Introduction

The mission of the National Aeronautics and
Space Administration (NASA) is the planning, di-
rection, and conduct of civil research and develop-
ment in space and aeronautics. These activities are
shared or joined by a number of other agencies of
governments—foreign, Federal, state, and local—
with research or operational interests in these fields.
Space activities that are solely military are con-
ducted by the Department of Defense (DoD); in
aeronautics, NASA supports DoD with research and
test data to improve performance and safety of cur-
rent and future military aircraft.

NASA’s long-standing goals in space have been
the development of technology and techniques that
make space operations more effective; development
and demonstration of an enlarging range of practi-
cal applications of space technology and data; and
scientific investigations of the Earth and its imme-
diate surroundings, of the natural bodies in our
solar system, and of the origins, entities, and physi-
cal processes of the Universe. In aeronautics, the
goals have been improvement in aerodynamics,
structures, engines, and overall performance of air-
craft, to make them more efficient, more compatible
with the environment, and safer.

Applications to Earth

In applying space research and technology to
specific needs of the nation and the world, NASA
programs made substantial progress in 1979. Em-
phasis continued on improving technology for space
communications, observing Earth to assess its en-
vironment and resources, and experimenting in
space to acquire new knowledge about materials.

Communications

NASA has carefully mapped a path for a new
phase of satellite communications research and de-
velopment. The program has four distinct and re-
lated facets: advanced research and development,
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public service communications, advanced applica-
tions of satellite communications techniques, and
technical consultation and support.

Advanced Research and Development. Intensive
interaction with suppliers and users of satellite com-
munications identified the highest priority items for
future applications—items enhancing the communi-
cations capacity of each location along the geosta-
tionary arc 33,000 kilometers out from Earth. That
enhancement will come from multiplying the use of
presently employed frequency bands and the open-
ing of new bands. The multiplying effect will come
from on-board switching systems, while the new
bands are obtained by developing new components
and techniques.

To guide the communications R&D effort,
NASA’s Lewis Research Center contracted with two
major communications common carriers to project
predictions of satellite communications traffic
through the year 2000. Their results showed traffic
demands exceeding the capacity of conventional
satellites in the early 1990s. Technology appropriate
to a new generation of satellites is being defined to
meet these demands.

Multibeam antenna research is proceeding in
three frequency bands: at 30-20 GHz, 1.5 GHz, and
14-12 GHz. The 30-20 GHz band has five times
the allocated bandwidth of the more conventional
6—4 GHz or 14-12 GHz bands but is hampered by
more severe propagation effects. Means to counter-
act such effects will be a major element of NASA’s
investigations over the next few years. The 1.5-
GHz activity is an adaptive multibeam phased array
under development, managed by the Lewis Research
Center. The 14-12 GHz research is being per-
formed under contract to Langley Research Center.
A remarkable 15-beam antenna, with a capability to
provide a theoretical frequency reuse rate of 7.5
times, is presently undergoing antenna range tests.

Work is also continuing on more efficient uses
of the spectrum. Under way at Ames Research Cen-
ter is laboratory work on a prototype system that
can greatly reduce the bandwidth of digitized tele-
vision signals. Using inexpensive integrated circuits,
the prototype provides viewer-perceived quality al-



most identical to that obtained with conventional
systems employing 6 to 10 times as much bandwidth.

Public Service Communications. In 1979 NASA
completed two of the most successful and significant
programs in the development of satellite communi-
cations—NASA’s Applications Technology Satellite
6 (ATS 6) and the Communications Technology
Satellite (CTS), developed jointly with Canada.
Both greatly exceeded all mission objectives. Mean-
while ATS 1, launched in 1966, and ATS 3,
launched in 1967, continue to provide important
communications service after more than a decade
in orbit. ATS 1 serves the Pacific Basin, largely
through the Peacesat program, delivering educa-
tional, health-care, and even life-saving information.

ATS 6 demonstrated the feasibility of large space-
deployable antennas, three-axis stabilization in geo-
stationary orbit, and television broadcasting from
space. CTS pioneered the use of new frequencies in
the 14-12 GHz range, and was the first high-pow-
ered broadcasting satellite—a model for things to
come in many parts of the world. Opening this new
frequency paved the way for the Japanese BSE, the
Canadian Anik-B, Intelsat V, and the SBS satel-
lites—all built in the United States. The CTS satel-
lite further provided the operational basis for fu-
ture broadcast and fixed-service satellites to be used
in Canada, Europe, the Mid-East, and Asia in the
1980s. These satellites may now be built in Canada,
Europe, or Japan as foreign industry gains strength.

In international cooperation in space, CTS
demonstrated how two nations can share in the de-
velopment of operations to meet regional needs.
Canada designed and built the CTS; NASA’s Lewis
Research Center supplied the key component, a
transmitting tube ten to twenty times more powerful
than those on other such satellites. The powerful
transmitter made possible much smaller, less expen-
sive, and more portable ground receiving equipment.

Most importantly, ATS 6 and CTS demonstrated
the value and significance of user-oriented applica-
tions of space technology. By delivering improved
health services in Alaska; teacher education in Ap-
palachia; classroom enrichment in the Rocky Moun-
tain states; emergency communication in many re-
mote areas; video teleconferencing and educational
television in India, Puerto Rico, and elsewhere, the
satellites pioneered entirely new services and proved
the value of satellite communications to and for
vast groups of people.

The most recent practical demonstrations of the
value of such systems occurred in September 1979
when state and local authorities in Mississippi, Ala-
bama, and Louisiana requested the use of ATS 3
for communications from emergency medical serv-
ices during hurricanes David and Frederic. During
Hurricane Frederic, the township of Richton, Mis-

sissippi, used the ambulance mobile unit to call
through ATS 3 for a shipment of parts for the local
hospital’s emergency generator and to inform the
civil defense headquarters in Jackson about prob-
lems of water supply. A portable base station was
used in Pascagoula for backup communications
when primary power was lost and a leaning micro-
wave tower carried emergency communications
traffic. The portable stations were supported by
primary and backup emergency ATS 3 base stations
established in Hattiesburg and Jackson, Mississippi;
Malabar, Florida; and at General Electric in Sche-
nectady, New York.

NASA is also helping the Public Service Satellite
Consortium and the Appalachian Regional Commis-
sion in changing over from NASA experimental
satellites to self-sustaining operations on commercial
satellites.

NASA is also assisting the recently formed Na-
tional Telecommunications and Information Ad-
ministration of the Department of Commerce. God-
dard Space Flight Center has contracted for the de-
velopment of a computer model of costs for public
services traffic. The model permits analysis of vari-
ous combinations of uplink and downlink satellite
configurations, Earth terminals, terrestrial links,
end user costs, studio costs, and transponder types,
as well as administrative, operations, and mainte-
nance costs. The public service user learns the ini-
tial, recurring, and amortized costs, as well as in-
termediate (city-by-city) and summary (total sys-
tem) results. The computer model will be a valuable
tool in analyzing the economic feasibility of future
public service communication systems.

Goddard Space Flight Center has contracted for
development of a low-cost (approximately $10,000)
video receive-only terminal at 12 GHz for public
service applications. One of the subsystems in the
terminal, the solid-state receiver, is a unique low-
cost unit developed earlier. The terminal will be a
benchmark in the development of low-cost U.S.-built
instrumentation for public service users. Activities
such as those so successfully proven in the ATS 6
and CTS programs will be expanded to thousands of
users as private industry adapts NASA-developed
technology to its needs.

Advanced Applications of Satellite Communica-
tions Techniques. The communications techniques
originating in ATS 6 and CTS activities also have
other applications such as search and rescue, navi-
gation, and position location. The satellite-aided
Search and Rescue (SAR) project is proceeding on
schedule toward a projected first launch in the
spring of 1982. The Memorandum of Understanding
among the U.S. Coast Guard, NOAA, Air Force,
and NASA was signed in December 1978; the one
among Canada, France, and the United States in
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August 1979; and, subject to confirmation, the one
between the SARSAT parties (Canada, France, and
the U.S.) and the U.S.S.R. in November 1979.

Navigation-related applications studies, involving
Loran-C and the Global Positioning System, were
conducted in cooperation with the Coast Guard,
NOAA, and the Maritime Administration. Convinc-
ing study results and a low-cost experiment con-
ducted in the Chesapeake Bay showed present tech-
nology to be adequate for an operational system. As
a result, costly field experiments are unnecessary,
permitting instead advanced studies of the relevance
of advanced technology to navigational applications.

Technical Consultation and Support. Approxi-
mately every 20 years a general World Administra-
tive Radio Conference (WARC) is held in Geneva
to reassess international radio regulations. The most
recent conference was held in late 1979; it included
a review of frequency allocation, technical stand-
ards, frequency-sharing criteria, and coordination
procedures for space and terrestrial telecommunica-
tions and remote sensing.

NASA completed more than 100 technical studies
and papers, conducted extensive propagation and
radio frequency interference measurements, and
participated in or chaired many WARC preparatory
committees and working groups.

The propagation studies performed in support of
WARUC have led to several major accomplishments:
(a) a global rain attenuation model for frequen-
cies above 10 GHz; (b) the first long-term con-
tinuous (three-year) data base for the develop-
ment of 12-GHz systems; (c) a propagation-effects
predictive model for 10 GHz through 100 GHz (at-
tenuation, depolarization, and diversity); (d) the
first model of antenna-gain degradation caused by
adverse propagation effects from 2 GHz to 30 GHz:
and (e) the first cross-polarization degradation
model for 12-GHz satellite systems.

Data System

The demand for combinations of data has fostered
awareness of the rapidly changing relationship of
spacecraft instruments to data users. In the early
years, and in a few limited examples today, a single
principal investigator would be concerned with the
data produced by an instrument (a one-to-one re-
lationship). As instruments—such as the Multi-
spectral Scanner on Landsat—have become more
powerful, one instrument has come to serve the
needs of numerous users (a one-to-many relation-
ship). In the future, many users will each require
the data from many instruments (a many-to-many
relationship). The differing needs of the various
users, the differing characteristics of the various in-
struments, and the widely disparate data bases to
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which the users will require access are major chal-
lenges of the future.

NASA is conducting a feasibility study for an ap-
plications data service to examine protocol stand-
ardization, a transportable software system for data
base management, and data format compatibility
among data bases and networks. The first steps to be
taken are the identification of suitable pilot projects
upon which the data service can be overlaid.

Environmental Observations

Upper Atmosphere. Nimbus 7, launched in Octo-
ber 1978, provided extremely useful data through-
out 1979. Its Total Ozone Monitoring System pro-
vided the first global maps of total ozone with high
spatial and temporal resolution. This is the first
time one has been able to study short-period dy-
namic effects in ozone distribution; a series of these
measurements will help provide the information
needed to detect long-term, globally averaged ozone
changes in the atmosphere, whether natural or man-
made. Decisions involving freon refrigerants or high-
flying aircraft may hinge on how well we can under-
stand their effects on the ozone layer.

The final total ozone results from Nimbus 4’s
Backscatter Ultraviolet (BUV) instrument have
been compiled for the first two years of operation
and vertical profiles of ozone in the stratosphere
were being made available in late 1979. These data,
plus results being obtained from the Nimbus 7 BUV,
are complemented by the measurements of tem-
perature, nitrogen-containing species, water vapor,
and ozone from the Nimbus 7 Limb Infrared Moni-
tor of the Stratosphere experiment. This informa-
tion fills in another part of the puzzle of ozone pro-
duction and destruction.

Aerosols in the stratosphere also play an impor-
tant role in chemistry and in the amount and spec-
trum of solar radiation that drives the photochemi-
cal processes. On February 18, 1979, NASA
launched the Stratospheric Aerosol and Gas Experi-
ment (SAGE) aboard a Scout rocket from Wallops
Flight Center, Virginia. The preliminary results on
aerosol and ozone profiles agree well with results
from soundings or aircraft underflights. The strato-
spheric Aerosol Measurement experiment aboard
Nimbus 7 has also provided information on aerosol
extinction as a function of altitude. Repetitive ob-
servations over a longer period will enable us to
determine the effects, if any, of aerosols on climate.

Lower Atmosphere. Through an agreement with
the National Oceanic and Atmospheric Administra-
tion (NOAA), NASA provides research and devel-
opment support for weather satellites. In the past
fourteen months the prototype and the second of a
new series of near-polar-orbiting satellites, Tiros-N



and NOAA-A, have been launched. They have pro-
duced a combined total of twenty months of im-
proved meteorological data.

NASA continues to participate with NOAA, the
National Science Foundation (NSF), and others in
the Global Weather Experiment as part of the
Global Atmospheric Research Program (GARP)
involving more than 140 nations. The results rep-
resent the most comprehensive data base ever com-
piled on the limits of predictability for satellites in
weather forecasting. This set of coordinated global
weather data should increase our knowledge and en-
able improved weather predictions.

Theoretical programs are continuing work on
understanding the limits of forecasting and the
sensitivity of the forecasting process to the kind of
data provided by satellites. As part of this activity
NASA is investigating advanced temperature and
pressure sounders and wind-measuring techniques.
If satellites can observe these characteristics glo-
bally, then modelling of the atmosphere can begin
to predict its future state and motion. Studies show
these are the areas offering the greatest potential
payoff in weather forecasting.

Improved prediction of severe storms is of major
concern to weather forecasters. NASA, NOAA, and
NSF conducted an experiment last spring in Okla-
homa, the Severe Environmental Storms and Meso-
scale Experiment (SESAME). The first day of the
observing period was April 10, 1979, when severe
weather was predicted—but not necessarily torna-
does. As it happened, this was the day of the Red
River Valley (Wichita Falls) tornado outbreak.
The intensive data collected that day will provide
critical information on events that precede small-
scale severe storms.

The study group of the NASA-Space Activities
Commission of Japan completed its deliberations in
1979. It recommended steps toward a number of
projects in space applications and science, includ-
ing use of the Goes-A satellite and Japan’s geosta-
tionary meteorological satellite in an attempt at
stereographic measurement of cloud heights over
the Pacific—cloud heights offer clues to the be-
havior of the storms they accompany. Other near-
term prospects include a study of ocean winds and
waves, using existing satellite and surface-truth data.

Other environmental observation techniques un-
der way or under study include using a camera for
observing lightning phenomena from space; use of
satellite imagery to track air pollution from space,
and aircraft-based lidar to measure pollutant ozone
and particulates, both as part of a multi-year agree-
ment with the EPA; and the Measurement of Air
Pollution from Satellites experiment to measure car-
bon monoxide in the troposphere.

Ocean Surfaces

Despite rapid developments in electronics, com-
puters, and miniaturization over the past decade,
the realization that ships, aircraft, and buoys will
never be numerous enough to provide a synoptic
view of the oceans’ surfaces has been a major ob-
stacle to oceanographers. Remote sensing of the
oceans has been proved by several techniques tested
on Nimbus 7, earlier Nimbus satellites, and Goes 3
as well as Seasat. The complement of microwave in-
struments flown on Seasat demonstrated the opera-
tional potential of ocean remote sensing. Seasat re-
sults, primarily from the Gulf of Alaska Seasat
Ground-truth Experiment, proved that measurement
objectives can be met: surface wind accuracies of
+2 meters per second surface, topography with a
precision of £10 centimeters, and significant wave
height of =10 percent.

Climate. Climate invoives the long-term and spa-
tially extended collection of ail the environmental
variables studied in the atmosphere and oceans.
NASA has given special attention to assisting
NOAA’s National Climate Program Office in de-
veloping a long-range program responsive to the
National Climate Program Act of 1978. NASA’s
evolving program emphasizes the application of
space observations to improved understanding of
climate influences and trends.

This year NASA initiated a special study of aero-
sol effects on climate, including theoretical studies
and measurements of aerosols in the atmosphere.
Theories predict a large volcanic eruption can inject
enough material into the atmosphere to cause
changes in the Earth’s surface temperature.

SAGE, whose launch was mentioned earlier, ob-
served the violent eruptions of the volcano La Sou-
friere in the Caribbean in April 1979. An aerial
photograph of the eruption and two profiles com-
bining data obtained from an airborne laser instru-
ment and a preliminary inversion of SAGE data
showed heavy aerosol concentrations at 18 kilo-
meters altitude in both profiles. A number of such
events have been documented in the past, but SAGE,
in conjunction with similar measurements acquired
by Nimbus 7, offers the first remote sensing capabil-
ity to measure quantitatively such phenomena and
globally map the spreading volcanic veil.

Tracking aerosol dispersion from such well-
characterized events as the La Soufrier eruptions
gives a useful insight as to how pollutants might
also be transported globally. Thus, planners in the
future may be able to site industrial centers with
high air-waste by-products so as to minimize the
effects on other geographic areas.

23



The Sun’s total energy output is the most critical
external force affecting Earth’s climate. Until re-
cently the assumption has been that the sun’s energy
output is constant—indeed, the quantity of energy
passing through a unit area at the mean Earth orbit,
per unit of time, is called the “solar constant.” Re-
cent measurements have provided the first direct
evidence that this quantity may vary. A comparison
of NASA sounding-rocket measurements of the
solar constant made in June 1976 and again in No-
vember 1978 revealed a 0.4 percent increase in the
solar constant over two and a half years. Initial
data analysis and our present understanding of
climatic models indicate that such an increase could
produce a one-half degree Celsius change in Earth’s
surface temperatures, with an impact on crop pro-
duction, ice coverage, and global precipitation
patterns,

Resource Observations

The most significant gains in land observations
were in agriculture. It was clearly demonstrated that
remotely sensed data can be used to distinguish be-
tween spring wheat and barley as well as between
corn and soybeans.

AgRISTARS (Agriculture and Resources Inven-
tory Surveys Through Aerospace Remote Sensing),
the long-term agriculture research program initiated
on October 1, 1979, went through a detailed plan-
ning phase during the past year. This comprehensive
interagency program was developed by a task force
led by the Department of Agriculture (USDA).
Eight teams representing the participating agencies
will carry out research and testing. In addition to
overall leadership, the USDA will provide direct
leadership of five of the teams: Early Warning,
Domestic Crops and Land Use, Renewable Re-
sources, Soil Moisture, and Conservation 'Pollution.
NOAA will lead the Crop Yield activities and
NASA the Supporting Research and Foreign Com-
modity Production Forecasting. The USDA will
provide an independent user evaluation group to
expedite implementation of the appropriate tech-
nology in routine operations and assess its value.

A major portion of this past year’s effort has been
devoted to ensuring continuity of remotely sensed
data for researchers and operational users.

Requests for Landsat data during 1979 reflect in-
creasing worldwide interest in applying the tech-
nology to environmental and resource-management
problems. The Landsat ground stations in India and
Australia began receiving test data in 1979 and will
become operational in 1980, bringing the number of
foreign stations to eight in seven countries. Argen-
tina’s station is under construction and scheduled to
become operational in 1980. Thailand has taken
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the first step by requesting construction bids for a
station. Negotiations were conducted with the Peo-
ple’s Republic of China, which is to purchase a
Landsat-D ground station from United States in-
dustry under the United States-China Understanding
of January 31, 1979. Chile, Kenya, New Zealand,
Romania, South Africa, and Upper Volta have ex-
pressed interest in establishing a data-receiving
capability. Requests for coverage from other coun-
tries continue at an unprecedented level. Among
users in the United States, the largest demand is
for agricultural studies, especially during the grow-
ing season when repetitive coverage in nine-day
cycles and rapid data delivery offer successful crop
monitoring and yield prediction.

In June, at the request of the U.S. Coast Guard,
NASA began regular Landsat coverage of the oil
spill off the Yucatan coast. Imagery of the entire
Gulf of Mexico was supplied on a rapid delivery
basis to the Coast Guard, NOAA, and USGS teams
dealing with this disaster. Copies of all images of the
spill were sent to the Mexican government on re-
quest. The Coast Guard used the Landsat data for
broad, synoptic surveillance and to determine di-
rection of movement of the spill.

Renewable Resources. The emphasis in space-
data research for renewable resources has been on
developing and testing of techniques for extracting
from remotely sensed data information which could
improve the management of the nation’s agricul-
tural, forestry, rangeland, and water resources.

Landsat data are greatly increasing the utility of
geobased information systems for agricultural
studies. A regional program demonstration with the
state of Iowa addressed the increased soil erosion
that sometimes follows the conversion of pasture
land to row crops—for example, on high slope ter-
rain with unstable soils, Landsat-derived agricul-
tural land-use changes were combined with digitized
soil maps and terrain data in a georeferenced infor-
mation system to calculate expected erosion and to
identify potential problems, thus focusing the field
inspection program. This success and related proj-
ects were instrumental in passage of a state legisla-
tive appropriation of $125,000 for the Iowa Geo-
logical Survey to purchase a state system for con-
tinuing Landsat applications work. In Florida,
Landsat inventories of agricultural land and water
resources are providing data for assessing the im-
pact of planned industrial development. Florida is
also planning to develop a statewide Landsat-geo-
based information system.

An example of efforts in transferring the use of
remote sensing for crop identification and acreage
assessments to the private agribusiness community
was the initiation of an Applications Pilot Test with
Cotton Incorporated, a private research and market-



ing organization supported and funded by U.S. cot-
ton growers. Test sites in California, Mississippi,
Alabama, Arizona, Texas, and Brazil will be used to
develop an automated cotton-acreage inventory sys-
tem using Landsat data.

Cooperative forest inventory demonstration proj-
ects have been completed in California, Montana,
Hawaii, North Carolina, South Carolina, and
Florida.

The California Department of Forestry was re-
quired by state legislation to produce a total in-
ventory of forest lands in the state by August 1,
1979, with updates every five years. The depart-
ment selected Landsat technology because of lower
overall costs and the relative ease of updating the
data. Land cover and forest classes were derived
from a digital Landsat mosaic of the entire state.

Commercial use of Landsat techniques by the
private sector has been adopted by the St. Regis
Paper Company. The company is implementing a
digital Forest Resource Information System which
combines Landsat imagery with conventional map
graphics and tabular information, permitting rapid
update of forest inventory and monitoring of
changes.

NASA has also begun development of an Auto-
mated Resources Inventory System in conjunction
with the Navajo Nation to assist them in assessing
the potential of their land. A technique for inven-
torying and monitoring vegetation using Landsat
data is being developed; results are independently
verified by the Navajos at random test sites. The
method has proven to be 86 percent accurate. This
new information will be added to their digital data
base, along with soils and terrain data. Extensive
familiarization of the Navajos with Landsat tech-
niques and the data base has been compieted; they
are implementing image analyses on a computer
facility at their community college.

Research in water resources is aimed at develop-
ing remote sensing techniques for monitoring soil
and snow moisture. Exploratory experiments have
been performed with visible, thermal infrared, and
microwave sensors on the ground, in aircraft, and
on spacecraft. Concurrently NASA is developing
surface runoff and snowmelt hydrologic models
using remotely sensed data. Such models will im-
prove water and irrigation management methods for
planning the water supplies and irrigation and for
control of runoff and reservoir levels.

Water-related problems have been a major ele-
ment in a Florida demonstration project where
Landsat data are being used to delineate land cover
in the Apalachicola River Basin so as to under-
stand the impact of current and planned agricul-
tural and industrial activities on the river and for
possible designation of the river as a national estua-

rine sanctuary. In the Choctawhatchee Bay an exist-
ing hydrologic model containing Landsat data is be-
ing used to determine the extent to which urban
development has caused water shortages in the Ft.
Walton area. A Landsat-derived basic vegetation
inventory is part of an impact assessment for a pro-
posed superport at Port St. Joe.

A water management and control verification
test in cooperation with the Corps of Engineers has
been completed. 1t shows a savings of 50 to 80 per-
cent in survey costs per watershed. As a result of
the test, the Corps of Engineers plans to implement
Landsat techniques operationally.

Non-Renewable Resources. Development con-
tinued of a national long-range plan to address
those problems in non-renewable resources to which
space technology can be applied. This plan builds
on the results of the Applied Research and Data
Analysis program and, in particular, the Geosat
Test Case Project. In this project, NASA scientists
are working closely with industry and university
geologists to evaluate the usefulness of remote sens-
ing techniques in the reconnaissance phase of
ground-based exploration. Aerial and satellite data
have been obtained for twelve test sites in areas
containing known deposits of copper, uranium, and
petroleum. The joint data analysis program is pro-
ceeding well.

As part of the studies on uranium exploration,
the test site at Copper Mountain, Wyoming, was
overflown with an aircraft multispectral scanner.
Subtle patterns of iron oxide stains were detected
over known uranium deposits, stains that are diffi-
cult to identify in ground surveys or conventional
aerial photos. A similar pattern was discerned in a
nearby area which had previously been considered
barren, and a prediction of potential mineralization
was made based on the aircraft multispectral data.
Independently, geologists from the Rocky Mountain
Energy Company, which has mineral rights in the
area, had studied the area from the ground and
found sufficient evidence of mineralization to stake
a claim. Efforts are now underway to investigate
the relationship between the alteration staining
phenomenon and the presence of uranium-enriched
rock.

These exploratory investigations demonstrate that
remote sensing techniques may be used for geological
reconnaissance surveys leading to the identification
of mineralized areas and, perhaps, significantly in-
crease the efficiency of exploration surveys.

Magsat, the first spacecraft specifically designed
to conduct a global survey of Earth’s vector mag-
netic field, was launched in October 1979. This
satellite was placed into a significantly lower orbit
than previous magnetic field-measuring satellites to
provide more detailed and precise information about
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the nature of magnetic anomalies within the Earth’s
crust. These anomalies are directly related to
crustal structure. Magnetic-anomaly mapping will
help improve large-scale models of crustal geology,
enhancing the capability to conduct regional mineral
assessment studies in remote unexplored areas.

Geodynamics. Space data are used in geodynamics
to improve understanding of dynamic processes
within the solid Earth, through observation of
crustal movements and deformations. Laser rang-
ing to the moon and to artificial satellites, and very
long baseline microwave interferometry (VLBI)
techniques are being used to complement and ex-
tend ground based observations using conventional
surveying techniques.

Since 1972 NASA has periodically used satellite
ranging systems to detect changes in the distance
between selected points on opposite sides of the San
Andreas Fault, the boundary between the North
American and Pacific tectonic plates. The fourth
data phase was completed earlier this year and the
data are now being analyzed. Previous analyses in-
dicated the plates are sliding relative to each other
at a rate of between six and twelve centimeters per
year.

Improvement in the measurement techniques is
continuing. Mobile lasers (Moblas) have been in-
stalled at four VLBI stations for intercomparison
of long baselines by VLBI and laser-ranging tech-
niques. A second-generation mobile laser ranging
unit mounted in a standard truck has been com-
pleted by the University of Texas and will offer
much greater mobility. This unit will be deploved
by the end of the year and will be able to visit
twenty-five sites per year in the western portion of
the United States. It and other units will be used to
map the deformation of the Earth’s crust by the
force generated by colliding plates.

Moblas units are now operating in Australia,
American Samoa, and Kwajalein Island. These and
other fixed lasers at worldwide locations form an
international network for global observations of
tectonic plate stability and motion. Confirmation of
the rates and direction of plate motion, which will
take many years, will increase understanding of how
and why earthquakes occur.

NASA’s activities are well coordinated with other
federal agencies such as the National Science Foun-
dation (NSF), National Geodetic Survey, U.S. Geo-
logical Survey, and the Defense Mapping Agency.
On the international scene NASA is engaging in
talks with scientists of many other countries; project
agreements with Japan and Australia are being
negotiated.

In a related activity NASA, in cooperation with
the NSF, explored the possible use of NASA large-
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scale testing facilities for research in earthquake
structures and geotechnical engineering. A NSF
workshop held in 1979 concluded that several
NASA test facilities could be used for these pur-
poses and that some of the facilities, particularly for
full-scale testing of buildings, are unique in the
world. Planning is underway to make these facilities
available for NSF-sponsored research.

Materials Processing in Space

NASA is developing capabilities in the space en-
vironment for materials research and processing ap-
plications, so as to demonstrate these capabilities
to the scientific and industrial communities and to
provide opportunities for independently funded
users to exploit the space environment for materials
processing applications related to their own needs.
NASA has encouraged industry’s early participation
in the development of materials processing tech-
nology to ensure that the program reflects industrial
needs.

To achieve these objectives, NASA is estab-
lishing a research base for materials processing
technology, both to explore the effects of gravity on
processes and to allow extensions of current capa-
bilities into the environment of space. A range of
opportunities and hardware will be made available
to the scientific and industrial communities.

NASA has been working with an advisory com-
mittee of distinguished materials scientists, including
members of the National Academy of Sciences, to
develop new approaches for materials processing in
space. The main feature of the new orientation is a
considerably increased emphasis on ground-based
research. As this emphasis has been made known,
there has been a substantial rise in the number and
quality of research proposals submitted and a notice-
able increase in materials scientists’ willingness to
participate in activities related to materials process-
ing in space. Both trends reflect the scientific com-
munity’s increasing confidence in the utility of
studying and performing materials processing in the
space environment,

Interest has also been fueled by new research re-
sults showing that the force of gravity has important
influences on some processes and that significant
new knowledge can be obtained on these processes
by experiments in weightlessness.

Fundamental studies of the interference with fluid
behavior by gravity-driven convection have been
performed. For example, basic differences in the
freezing of materials have been observed by care-
fully controlling the orientation of the experiments
in Earth gravity or by using the low gravity en-
vironment of sounding rockets. Casting structures
produced in low gravity are fundamentally different



because of the reduction in thermal convection
flows. It will now be possible to design schemes for
controlling casting structures through the reduction
or enhancement of convection. The detailed nature
of such interactions is being explored for many dif-
ferent materials processing systems, involving ex-
tremely subtle and little understood phenomena in
both heat- and mass-transfer effects. The solidifica-
tion process for complex alloys, for example, has
been found to possess unstable time-dependent
efiects that cannot be avoided in one-g. Avoidance
of such convection effects—as in zero-g—is abso-
lutely essential if controlled materials structures and
related properties are to be produced.

NASA has made substantial progress this past
year in the area of containerless processing. The
ability to study and prepare materials in the absence
of solid containers has stimulated interest in the
mechanisms by which solids can be formed from
liquids under very high cooling rates. Space con-
ditions could mean the diffusionless transformation
of molten liquids to solids; these solids would have
substantially higher compositional uniformity and
thus enhanced performance in extended operating
conditions. Applications of such materials include
jet-engine turbine blades or nuclear-reactor rod
sheaths. Interest has also been expressed in the
ability to measure the properties of molten sub-
stances at extremely high temperatures where solid
containers do not exist. These properties are of in-
terest in such applications as the fabrication of
nuclear-reactor rod sheaths, nuclear reactor core de-
sign, and magnetohydrodynamic power generation.

Containerless processing plays a vital role in fu-
sion power being investigated by the Department of
Energy as a possible new source of energy. One ap-
proach is laser bombardment of a deuterium-tritium
fuel mixture contained in precise ultra-thin-wall
glass microsphere shells. The shells must be per-
fect spheres with walls of uniform thickness. Those
in use today are made by dropping particies of
glass-forming materials through a high-temperature
vertical-tube furnace where size is limited to a few
tenths of a millimeter in diameter at most. Shells
ten times as large, or larger, are needed.

During the past year NASA has been studying
fundamental processes involved in glass-shell for-
mation and investigating the possibility of making
larger shells. Theoretical work at the Jet Propulsion
Laboratory (JPL) has shown that large shells can
be made in free fall where the surface tension of
the molten glass can hold it in a highly spherical
shape. Experiments in zero-gravity aircraft flights
have demonstrated that oscillations of a spherical
shell tend to make its wall thickness more uniform.
Close cooperation has been established between
JPL and DOE’s Lawrence Livermore Laboratory.

The Space Processing Applications Rocket
(SPAR) experiments continued to provide infor-
mation valuable to the understanding of materials
processing in space. Two Spar V experiments on
the freezing of ammonium chloride solutions simu-
lated the behavior of dendrites in metal casting. In
one experiment, bidirectional freezing formed no
dendrite fragments; thus the freezing structure con-
sisted completely of aligned dendrites with no zone
of random orientation normally found in earth cast-
ings. Knowledge from such experiments is funda-
mental in controlling the formation of composite
materials. Spar VI was launched in October 1979,
and its data are being analyzed.

Technology Transfer

Technology transfer continues to play a major
role in NASA’s efforts to broaden the base of tech-
nology applications transfer begun in the R&D pro-
grams.

Emphasis in space applications remains in re-
mote sensing, where user interest in operational
systems is growing into action, particularly at the
state government level. Under a continuing coopera-
tive project, the National Conference of State Legis-
latures (NCSL) has been responsible for legisla-
tive hearings on Landsat in eight states over the
past year and has supported NASA in two Execu-
tive Agency workshops. Over 5000 copies of the
Conference’s “Legislators’ Guide to Landsat” have
been distributed to state governments, industry,
and universities. NCSL’s Natural Resources Infor-
mation System Task Force has been a major source
of state “feedback” to the Administration and the
Congress on state interest and needs regarding
Landsat—both through formal recommendation and
through testimony before the Congress. NCSL is
also assisting NASA to understand how states could
use Landsat data through analysis of state imple-
mentation of natural resources Jegislation.

The parallel liaison effort with the National Gov-
ernors’ Association (NGA) is now fully operational.
An Earth Resources Data Council creates an effec-
tive forum for communicating with and represent-
ing state interests in operational systems develop-
ment for remote sensing. The Council has, on re-
quest, provided state perspectives on open issues in
the Landsat-D program and a Federal multi-agency
study on classification and inventories of natural
resources, as well as commenting on Administration
studies of options for operational systems. Both
NGA and NCSL representatives testified during
Senate hearings this summer, giving state views on
an operational Landsat system.

Specific technology transfer programs with state
governments are carried out principally through the
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three NASA Regional Centers. All three have news-
letters to keep users informed on state activities, re-
lated NASA programs, and technology develop-
ments.

A number of major analysis programs have now
been documented and made public and more are
on the way. Analysis software is also being adapted
to run on a variety of computer systems and analysis
software has been installed on a national time shar-
ing computer network (COMNET) to provide easy,
low cost, interim access to analysis capabilities for
users still in the exploratory stage. Listings and
technical summaries of commercially available
analysis software and geobased information systems
have been published to help users find assistance in
the private sector.

Through the Applications Systems Verification
and Transfer (ASVT) program, emerging applica-
tions technology is being verified and transferred
to a variety of users. Users involved in the seven
current ASVT programs include eight federal agen-
cies, thirteen states, and two regional commissions.

NASA’s Ames Research Center is concluding an
extensive ASVT project with the Pacific Northwest
Regional Commission and state agencies in Wash-
ington, Oregon, and Idaho to develop operational
Landsat analysis capability. During FY 1979, the
states and the Regional Commission assumed major
financial responsibility for the continuing effort.
NASA will provide some continuing phase-over sup-
port, principally involving software and training.
For example, Landsat data processing software is
now operating on computers at Washington State
University and the State Auditor’s computing facili-
ties in Idaho. The states have assumed complete
responsibility for the Landsat data application proj-
ects. A self-sustaining L.andsat processing and anal-
ysis capability is projected in these states in FY
1982.

While the AVST programs are quite effectively
meeting a number of important immediate needs,
the key to future growth is building a strong tech-
nical base in the user community. Toward this end,
the University Applications Program has developed
remote sensing centers at universities in 25 states.
To broaden these benefits each year, one or two
programs are phased out and moved to other uni-
versities in other states. Over the past few years,
NASA support has been phased out at seven of
these schools but, as planned, the remote sensing
centers continue to be viable with funding from
other sources. In other words, they have become
self-supporting institutions for research, education,
and expertise for problem solving—a continuing re-
source for the university and the state.

University applications are not limited to remote
sensing applications. In line with NASA policy and
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an implementation plan approved this past year,
NASA began to expand and strengthen the involve-
ment of the academic community in applications
programs by devoting a larger fraction of resources
to basic research. Today the major barriers to prog-
ress in many areas, including climate prediction,
weather forecasting, agricultural productivity assess-
ment, and location of mineral resources on the
Earth’s surface, stem largely from lack of basic
knowledge about many of the geophysical, geo-
chemical, and biological processes. Only strong ac-
tivity in basic research can provide the insight for
design and development of an effective space ob-
servations program,

Under the new program, universities will be
funded to do independent basic research where the
long-term objectives would be in consonance with
those of the program, but not necessarily directly
related to a specific space mission. The first pro-
gram was started in FY 1979 in geodynamics, fo-
cusing on the nature of the mechanisms that drive
the tectonic plates and the way the plates deform
in response to the driving forces.

Science

Space science aims at an understanding of the
origin and continuing evolution of the cosmic en-
vironment; the origin and evolution of the solar
system; the origin and distribution of life in the
universe; and the dynamic processes that shape the
terrestrial environment. Space science also uses
space technology and environment to further knowl-
edge in medicine and biology.

Study of the Sun and its Earth Effects

As our ultimate source of light and heat, the
Sun has profound effects on all parts of the Earth’s
environment, NASA studies the Sun, the solar wind,
the Earth’s magnetosphere and ionosphere, and the
complex interactions between these elements.

Skylab Data Analysis. Fiscal Year 1979 was the
final year of sustained postflight analysis of data for
the Skylab experiment teams. During their relatively
brief nine-month period of operation (1973-1974),
the instruments of Skylab’s Apollo Telescope Mount
revolutionized our perception of the Sun. The ob-
servations of the forms and evolution of coronal
holes and their identification with high-speed solar
wind streams, the observation of large numbers of
coronal transient events and their connections with
underlying activity on the solar surface, and the ob-
servations that the hottest parts of solar flares oc-
cur within very compact magnetic arches are only a
few of the major breakthroughs derived from this



mission. The current cumulative total of ATM pub-
lications is 359, plus three book-length monographs
from Skylab workshops.

International Sun-Earth Explorer. The Interna-
tional Sun-Earth Explorer (ISEE) program involves
three spacecraft, and is a collaboration with the
European Space Agency (ESA). ISEE 1 and 2 are
in highly elliptical orbits, one following the other
closely as they pass through different regions of the
Earth’s magnetosphere. On November 20, 1978,
ISEE 3 was injected into a “halo” orbit about the
Earth-Sun libration point, which is about 1.6 mil-
lion kilometers from Earth (0.01 AU) on the
Earth-Sun line, from which point the solar wind can
be observed an hour before it reaches the Earth’s
magnetosphere. This capability is useful for ad-
vance warning of impending magnetospheric and
ionospheric disturbances near Earth, which the
ISEE 1 and 2 spacecraft then monitor. In addition,
ISEE 3 has seen a surprising number of particles
streaming away from the Earth toward the Sun.
These probably originate from the solar wind, and
are reversed by a mechanism not yet understood. A
similar phenomenon has been observed near Jupiter.
Such magnetospheric acceleration suggests a way in
which low-energy cosmic rays may be produced.

Project CAMEQ. In Project CAMEO (Chemical-
ly Active Material Ejected in Orbit), canisters con-
taining barium and lithium were carried on the
Delta vehicle that launched Nimbus 7. On October
29, 1978, four barium canisters were released by
telecommand at 40-second intervals. The barium
initially streaked upwards at speeds and to altitudes
that indicated that electric fields must have been
present. This result provided direct evidence for
one of the acceleration mechanisms suspected from
ISEE and earlier data. Plasma instabilities then
broke the streaks up into striations, an effect not
seen from rocket releases with lower injection veloc-
ities. Lithium was released a few days later and de-
tected with sensitive photometers in Scandinavia
and by atmospheric laser probing from France.

Solar Maximum Mission. Solar activity has been
increasing rapidly, and the evidence indicates that
the sunspot maximum for this solar cycle will be
high and should occur early in 1980. This maximum
period is ideal for the Solar Maximum Mission
(SMM) to observe active regions and flares, since
the SMM is now scheduled for launch in early
1980. The slip from the original October 1979
launch date was caused by minor technical prob-
lems, and by a need to fully develop the complex
ground control and data handling facilities. The ex-
periments were integrated with the SMM spacecraft,
subjected to final environmental tests, and shipped to
the Kennedy Space Center in January 1980. The In-
vestigators Working Group met a number of times

and developed a large array of sequences for co-
ordinated observations of solar phenomena by all
of the SMM experiments.

International Solar Polar Mission. The Interna-
tional Solar Polar Mission {(ISPM) will be the first
space mission to explore interplanetary and solar
phenomena from the plane of the solar equator to
above the solar poles themselves. Two spacecraft—
one European and one American—are expccted to be
launched by the Shuttle in 1985; they will be boosted
by an Inertial Upper Stage (IUS) to Jupiter, and will
use gravitational swing-bys for acceleration out of
the ecliptic plane, with passage over the poles of
the Sun in 1988. The ISPM is a cooperative mission
with the European Space Agency (ESA), under a
Memorandum of Understanding signed in March
1979. Science approval of investigations was also
completed in March 1979, and all United States
investigators are currently under contract for ex-
periment development. The prime contractor for
the United States spacecraft was selected in July
1979.

Reusable Facilities for Solar Research. The selec-
tion of the first set of solar terrestrial instruments
for follow-on Spacelab missions was completed in
August 1979. Two multiuser instruments will be de-
veloped: the solar optical telescope and the chemi-
cal release module. The telescope will be a 1.25-
meter diffraction-limited model with a variety of
focal-plane spectrographs and imaging instruments.
It will offer a ten-fold improvement in our ability
to resolve fine detail on the Sun’s surface compared
to that routinely possible with ground-based tele-
scopes. The solar physics experiments will comple-
ment the telescope’s temperature coverage in the
solar atmosphere. These experiments include an ex-
treme ultraviolet spectrograph, an imaging x-ray
telescope and spectrometer, a white-light corona-
graph, and a coronagraph designed to measure
coronal temperatures and densities through observa-
tions of scattered radiation from hydrogen atoms
and O** jons.

The chemical release module will inject small
amounts of tracer elements into the Earth’s mag-
netosphere to map mass motions and electric fields
and to investigate ion acceleration processes. The
tracers will be observed with sensitive TV systems
on Spacelab and on the ground, with mass spectrom-
eter systems on Spacelab, and with a remote spec-
troscopic observatory on Spacelab. All the space
plasma physics investigations will emphasize active
experiments from Spacelab—injecting particles or
waves into the magnetosphere and jonosphere and
then observing the effects of these injections at vary-
ing distances from Spacelab.
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Study of the Planets

The United States planetary exploration program
made remarkable advances in several areas in 1979.
Large quantities of new data have been returned by
unmanned spacecraft visiting Venus, Jupiter, and
Saturn. A first look has been taken at the four large
Galiliean (Jupiter) moons—moons big enough to
be important objects in the newly emerging science
of comparative planetology. The data returned from
the various spacecraft span a wide range of dis-
ciplines; the quality and quantity of those data have
increased immeasurably since the beginning of
planetary cxploration almost two decades ago.

Pioneer Venus. The Pioneer Venus multiprobe
spacecraft and orbiter arrived at Venus toward the
end of 1978. During 1979, over 100 scientists have
worked both to analyze the data rcturned by the
probes during their brief descent through the atmos-
phere and to continue the operation of the orbiter
which has now passed into a second Venusian year.
The in situ probe measurements have provided basic
information about the nature of the Venusian atmo-
sphere. Of great interest are the quantities of rare
gases which are present in trace amounts: these
gases do not enter into chemical compounds and
can therefore provide relatively direct information
about the nature of the original materials from
which the planets formed. Although the results are
still subject to considerable uncertainties, compari-
sons with direct measurements of the Earth’s and
Mars’ atmospheres (the latter made by Viking)
show that the proportion of such rare gases, rela-
tive to the total planetary mass, decreases in order-
of-magnitude steps from Venus to Earth to Mars.
The reason for such a circumstance is as yet un-
clear, but in time this information may lead to im-
portant insights into the nature of the primitive
solar system.

Large concentrations of sulfur compounds were
measured in the lower atmosphere of Venus; it is
clear that sulfur is an important ingredient of the
pervasive Venusian clouds, apparently composed in
part of sulfuric acid. Challenging problems remain
in understanding the sulfur chemistry of the lower
atmosphere and the clouds; these problems will be
the subject of future data analysis and synthesis.

Pioneer Venus, through its radar altimeter, has
added significantly to our meager knowledge of the
planet’s surface. A broad plateau has been identi-
fied; about 1000 kilometers across, it rises about
6 kilometers above the surrounding plain. Com-
parable topographic features are found on Earth, but
not on the other inner planets. Its origin seems as-
sociated with large-scale crustal forces.

Much of the data analysis presently under way is
involved with the many Pioneer Venus investigations
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of the static and dynamic characteristics of the
atmosphere and its complex cloud layers. The data
are so extensive and the results so promising that
analyses will continue for several years. The Soviet
Union also sent probes to Venus in late 1978. The
two nations are exchanging data and engaging in
joint analyses, which will increase the value of each
nation’s mission.

Viking. The active presence of United States
spacecraft at Mars continues, almost four years after
the arrival of Viking at Mars. At the end of 1979,
one orbiter still had a supply of attitude control gas
and was returning high-resolution imagery. The two
landers returned imaging, meteorology, and radio
science data during the year. The more equatorially
located of the two landers has been programmed to
allow periodic interrogation of the spacecraft for the
next decade. A substantial analysis team continues to
study the several years’ worth of data returned by
the landers and the orbiters.

Voyager 1 and 2. The two Voyager passages
through the Jupiter system were a fitting close to a
decade of United States planetary exploration that
brought new understanding of how the solar system
was formed and in what ways the histories of the
planets were similar or different. Like the inner
planets—Mercury, Venus, and Mars—Jupiter had
been examined by spacecraft before. The Voyager
missions benefited from the earlier experience of
Pioneer 10 and 11; they also gained capability from
major improvements in the technological state of
the art, both in spacecraft instrumentation and in
ground receiving equipment—a system improve-
ment, Science magazine asserted, “a factor of
150,000 times better than that used with the 1965
Mariner mission to Mars.”

Voyager 1, launched September 5, 1977, began
measuring the Jovian system on January 6, 1979,
Its closest approach to Jupiter was 348,890 kilom-
eters on March 5. During the 98-day period be-
fore and after closest approach, the spacecraft re-
turned more than 18,000 images of Jupiter and its
four Galilean planets, as well as mapping the acces-
sible portion of Jupiter’s complex magnctosphere.
In Jupiter’s atmosphere, some significant observa-
tions were: a belt-zone pattern of east-west winds
near the poles, where it previously was thought that
the weather systems were driven by convection
(upwelling and downwelling); much interaction
around the fringes of the Great Red Spot—the mas-
sive storm that has been prominent for at least 400
years—including anticyclonic motion of material,
the impinging of smaller spots on the edges of the
Great Red Spot and on each other, and substantially
colder atmosphere above the Great Red Spot; mas-
sive cloud-top lighting bolts; auroral emissions in



the polar region in both ultraviolet and visible wave-
lengths; and uniform velocities of atmospheric forms
quite different in scale, arguing that mass motuon
rather than wave motion is being observed. In the
diverse satellites of Jupiter: 7 active volcanoes on
To, with plumes reaching 250 kilometers above the
surface; a heavily cratered, ancient crust on Callisto,
with ring remnants marking huge impact basins
since filled in by flow of the icy crust; on Ganymede,
both grooved and cratered terrain, possibly from
global tectonic stresses; on Europa, a surface criss-
crossed with linear marks, possibly from tectonics
or crustal lifting; and a planetary ring around Jupi-
ter, beginning some 100,000 kilometers out from
the center of the planet and measuring some 30
kilometers thick. In the magnetosphere: well defined
bow shock wave and magnetospheric boundaries and
tail, similar to Earth; existence of a S5-million-
ampere magnetic flux tube between Jupiter and Io.

Voyager 2, launched 16 days earlier than Voy-
ager 1 but arriving at Jupiter four months later,
passed closest to Jupiter on July 9. Its 13,000
images naturally showed fewer discoveries than those
of Voyager 1, but did much to supplement and am-
plify them. Among its valuable coverages were:
four-month-later patterns of Jupiter’'s atmosphere,
showing kinds and rates of change of structure;
high-resolution views of volcanoes erupting on Io
and additional views of the other Galilean satellites;
and clearer pictures of Jupiter’s ring, showing it to
be more extensive and possibly more complex than
it seemed on Voyager 1 imagery.

Safely past Jupiter, the two Voyager spacecraft
used the planet’s gravity to bend their course across
the solar system toward the second largest planet,
Saturn. Voyager 1 is to arrive at Saturn in Novem-
ber 1980, Voyager 2 in August 1981. If fuel
remains, Voyager 2 may venture on to Uranus by
1986.

Pioneer 10 and 11. During the year Pioneer 10
traveled another 410 million kilometers on its way
out of the solar system. It continues to return basic
information about the charged particles and elec-
tromagnetic fields of interplanetary space in the re-
gion where the Sun’s influence is fading. Pioneer
11, moving in the opposite direction to its sister
ship, completed the first spacecraft journey to
Saturn in September 1979. Though a relatively sim-
ple spacecraft in comparison to Voyager, Pioneer
11 returned data that have added significantly to our
understanding of the most vividly ringed planet in the
solar system. The spacecraft measured the strong
magnetic field of Saturn and confirmed that the
planet is radiating more heat than it receives from
the Sun. It discovered a new faint ring outside
those famous ones visible from Earth. Information

about the temperature and mass of the rings ac-
quired on this flight will significantly constrain the
range of possible explanations for the nature of
these striking phenomena. While Pioneer 11 did not
penetrate the rings, it did come close enough to
demonstrate the safety of the environment just out-
side the rings. This is important for Voyager 2,
which must pass through the same region if it is to
continue on to Uranus after its Saturn encounter. It
found that since the rings almost totally absorb the
energetic particles trapped by the magnetic field,
there is a benign radiation environment bencath and
above the rings.

Saturn’s large moon, Titan, was also observed
and its temperature measured. Though this large
moon is especially tantalizing because of its signifi-
cant atmosphere, Pioneer flew no closer to it than
356,000 kilometers, so it remains a highly enigmatic
object.

Both Pioneer 10 and 11 will be tracked and in-
terrogated for several more years; no more planetary
encounters will occur, but the spacecraft will be
reporting from unexplored regions of space.

Research and Analysis. Work continued on the
interpretation of data sent back from previous mis-
sions, such as Viking, and on acquiring new infor-
mation about the solar system by means of ground-
based telescopes. A highlight of the year was the
completion of the Infrared Telescope Facility on the
summit of Mauna Kea in Hawaii, the best observ-
ing site in the world. Many unique features provide
the new telescope with exceptional performance in
collecting key information about planetary bodies
by observing the thermal emissions of their surfaces
and atmospheres. The new telescope supported the
Voyager 2 encounter with Jupiter and will be im-
portant for the success of the Voyager encounters
with Saturn and for the Galileo mission. All the
planets will be studied; at times when planetary ob-
jects are in unsuitable positions for study. the tele-
scope will be operated as a nationally available fa-
cility for stellar astronomy.

Studies of the Universe

The NASA program in astrophysics is directed
toward answering some of the most fundamental
questions that mankind has ever posed—what is the
nature and origin of the universe? How will it end?
What is the origin of the elements of which the
Earth and our bodies are constructed? What is the
nature of exotic high energy physics occurring in
space?

High Energy Astronomy Observatories. After a
highly successful operational lifetime of nearly one
and one-half years, HEAO 1 reentered the atmo-
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sphere in March 1979. HEAO 2 was launched in
November 1978, and is continuing to function well.
Both observatories have added diverse and com-
plementary data on a wide variety of x-ray emitting
objects.

With regard to observations of stars, HEAO 1
established that the class of stars known as RS CVn
stars exhibit relatively strong x-ray emission, which
presumably arises in the very hot, active atmos-
pheres, or coronae, of these stars. HEAO 2 con-
firmed this result, and further demonstrated that a
considerably wider class of stars, ranging from very
massive, hot, young stars through less massive,
cooler, evolved stars (some very similar to the Sun)
are unexpectdly bright x-ray sources. These dis-
coveries indicate that earlier theories of stellar
atmospheres must be discarded or seriously revised.
HEAO 2 has provided the basis for a better un-
derstanding of the structure and generation of
stellar atmospheres.

HEAO data on supernova such as the Crab
Nebula indicate the presence of heavy elements, in
roughly the same abundances as in the solar sys-
tem, in the expanding shell ejected during the ini-
tial supernova explosion. Interestingly most of the
observed supernova remnants do not contain an ob-
servable compact object as expected. This implies
either that the compact object is not a conventional
neutron star, or that a compact star was not pro-
duced by the explosion at all. In either case, a re-
vision of theory of the origin of neutron stars, their
structure, and the supernova phenomenon is clear-
ly required. Studies of the x-ray pulses and erratic
fluctuation of the x-ray binaries are in progress, with
the potential of detailing the internal structure of
neutron stars and providing increased evidence for
the existence of black holes.

HEAO 1 and 2 have also provided data on the
vast scale of the universe itself. In particular, the
nature of the diffuse x-ray background has a direct
bearing on the ultimate fate of the universe. If this
background radiation is caused by a very hot, dif-
fuse gas distributed uniformly through space, this
could provide enough mass to “close” the universe.
Alternatively, if the background arises from a large
number of discrete x-ray sources, there would be
insufficient mass to halt the expansion and the uni-
verse would expand forever. The data, from HEAO
1 and 2 give different answers to the questions. At
present, it is fair to say that a large fraction of the
low energy x-ray background seen by HEAO 2 is
composed of distant, discrete sources, while some
fraction of the high energy x-ray component ob-
servable by HEAO 1 is truly diffuse.

HEAO 3 was launched from Cape Canaveral by
an Atlas-Centaur launch vehicle into near-perfect
orbit on September 20, 1979. The observatory car-
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ries three instruments to study gamma ray emis-
sions and cosmic-ray flux in the universe. The
cryogenically cooled gamma-ray spectrometer, sup-
plied by the Jet Propulsion Laboratory, is receiving
excellent data on gamma-ray source location and
nuclear line emissions. A cosmic-ray instrument, in-
vestigating isotopic composition and supplied by a
consortium of French and Danish scientists, is op-
erating well. The third instrument, supplied by three
American universities (Washington University, Uni-
versity of Minnesota, and the California Institute of
Technology) is designed to study heavy nuclei in
space and is performing very well.

Space Telescope (ST). The design and develop-
ment of the ST is progressing on schedule and
within budget toward a December 1983 launch by
the Space Shuttle. With its 2.4-meter (96-inch)
primary mirror, the ST will be able to view celestial
objects 50 times fainter than large Earth-based tele-
scopes can and with a resolution improvement of a
factor of 10.

The ST will have a long lifetime—of more than
a decade. This is made possible by the Space Shuttle
providing on-orbit repair, exchange of scientific
instruments, or return of the entire observatory to
Earth for refurbishment and subsequent relaunch.

Preliminary design reviews for the three major
components of the ST (the support systems module,
the optical telescope assembly, and the scientific in-
struments) were completed early in 1979, and the
scientific payload was confirmed. Grinding and
shaping of the two primary telescope mirror blanks
were finished during the past year. In 1980 the de-
sign phase of development for all components will
be completed and fabrication and assembly of the
scientific instruments and the optical telescope as-
sembly will begin.

A new institute will be established to conduct the
integrated science program of the ST, including se-
lection and support of telescope observers, science
planning and scheduling, and data analysis. The re-
quest for proposals for management and operation
of the ST science institute was released in late 1979;
contract award is planned for late 1980.

Explorer Satellites. Explorer satellites carry rela-
tively low-cost payloads designed to explore new
fields of scientific research. The International Ultra-
violet Explorer (IUE), launched on January 26,
1978, into an eccentric geosynchronous orbit, is
still operating well. The program is a joint under-
taking by NASA, the United Kingdom’s Science
Research Council, and the European Space Agency
(ESA). The IUE provides the capability to study
the spectral lines associated with the transmission
and absorption of atomic radiation in the atmos-
phere of stars and in the innerstellar medium, as well
as with objects within the solar system, The TUE



has demonstrated the ubiquitous nature of stellar
winds, which represent substantial mass loss for all
types of stars and significantly affect their evolu-
tionary paths. It has produced the first evidence con-
firming the existence of a galactic halo, consisting
of high-temperature, rarified gas extending far above
and below the plane of the Milky Way. Further, it
has proved useful in the study of flare stars, which
undergo eruptions many times more violent than
have ever been observed on the Sun.

The first observations with this satellite generated
such excitement that over 180 proposals have al-
ready been received for observing time on IUE dur-
ing 1980, although only 120 observing programs
can be accommodated.

Another international Explorer, the Infrared
Astronomical Satellite (IRAS), is the first satellite
designed to study the cold infrared universe. This
cooperative project with the Netherlands and the
United Kingdom is scheduled to place a “first of its
kind” cryogenically cooled telescope system in orbit
in 1981. The primary mission is to produce an un-
biased all-sky survey of discrete sources to identify
the location and variety of objects radiating in the
infrared. The telescope system is to be furnished
by the United States and to be managed by the Jet
Propulsion Laboratory and the Ames Research
Center. The detectors for the telescope’s focal plane
were selected in September 1978.

Development activity is proceeding on four other
Explorer projects. The Dynamics Explorer, which
will investigate the interactions between the Earth’s
magnetosphere and ionosphere, is in final develop-
ment, leading to launch in 1981. Development work
continues on the Solar Mesospheric Explorer. Also
to be launched in 1981, it will determine solar ultra-
violet flux and study changes occurring in ozone and
related chemistry as a result of that ozone radiation.
Development work continues on the Cosmic Ray
Isotope Experiment to be launched on a DoD satel-
lite in 1981 and again on the San Marco-D mis-
sions, a cooperative project with Ttaly having
launches in 1981 and 1982.

Detailed study continues on three future Ex-
plorers. One is a joint NASA-German Federal
Ministry for Research and Technology mission, the
Active Magnetospheric Particle Tracer Explorer.
NASA will provide the Charge Composition Ex-
plorer, Germany the Ion Release Module. The
Cosmic Background Explorer will measure the
residual three-degree-Kelvin background radiation
believed to be associated with the “big bang” origin
of the universe. The Extreme Ultraviolet Explorer
will survey the sky for very hot objects such as
white dwarfs, opening up one of the few remaining
unexplored regions of the electromagnetic spectrum.

Orbiting  Astronomical Observatories (OAQO).
OAO-3, named Copernicus, is still operating suc-
cessfully more than seven years after launch. It con-
tinues to furnish valuable information on an ap-
parent black hole detected in the constellation
Scorpius.

Suborbital Vehicles. Sounding rockets, balloons,
and aircraft continue to make their contributions to
technology and science. For example, in the NASA
balloon program, a far-infrared telescope has meas-
ured the contribution that dust in our Milky Way
galaxy makes to the total luminosity of our galaxy,
giving information on the rate at which stars form
throughout our own galaxy.

In the NASA airborne program, instruments
aboard the Kuiper Airborne Observatory have de-
tected, for the first time, a far-infrared molecular
line from carbon monoxide in a region where stars
are forming. Since the cooling of this region is
caused mainly by carbon monoxide, and since most
of the radiation is coming out in the form of these
lines, measurement of their intensities plays an im-
portant role in understanding the energy balance of
star-forming regions.

The sounding rocket program became linked to
scientific use of the Shuttle in 1979 when approval
was given for a development test flight in 1981—
1982 to demonstrate the concept of flying sounding
rocket payloads off the Shuttle in a 24-hour free-
flyer mode, then to be recovered and returned by
the Shuttle. The concept is a logical extension of
the sounding rocket program with the added capa-
bility of obtaining 24 hours of scientific data as op-
posed to the 10 minutes from a sounding rocket
flight.

Astrophysics Spacelab Payloads. A significant
milestone has been reached with regard to scientific
use of the Shuttle. Ten instruments for high-energy
astrophyiscs and astronomy have been selected for
development and flight on fully operational Shuttle
Spacelab missions starting in 1983. These ten, plus
approved reflight of two Spacelab 2 instruments and
six new instruments approved for study, represent
an intensive selection process that originally started
with a total of 94 proposals.

Life Sciences

The life sciences program concerns itself with the
physiology of man in space and more generally with
living or life-like processes in space, whether of
terrestrial or extraterrestrial origin.

Medical Operations. Measures to maintain the
health and safety of Space Shuttle crew members
have continued to be of prime concern. To mitigate
any adverse effects of returning these crew members
to Earth’s gravity, tests have been conducted with
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anti-g suits that can be inflated automatically dur-
ing reentry when the flow of blood to the head is
diminished. Other more sophisticated procedures
employing water-cooled suits and blood volume re-
plenishment have also been developed for longer
missions and more susceptible non-astronaut pas-
sengers. The prospect of some crew members en-
countering motion sickness has necessitated a com-
prehensive drug screening program to select those
medications that will be most effective and will have
the least side effects. Several drug combinations
used on both men and women have been found to
have these desirable characteristics. Better methods
of administering the drugs have also been studied; a
procedure that permits the drug to be absorbed
through the skin appears to be most promising.

Biomedical Research. Several laboratories have
participated in a concerted effort to understand
more about the structure and function of the human
vestibular apparatus and its neural interconnections.
Using experimental animals, key anatomical fiber
tracts have been located. Techniques for pinpoint-
ing the involvement of specific parts of the nervous
system in the genesis of motion sickness have been
developed, and experiments have been defined for
employing these techniques in the Shuttle and
Spacelab.

Substantial improvements have been made in the
instrumentation and procedures for detecting of
bone deterioration. These procedures, based on
computer-aided tomography, have demonstrated
subtle structural changes in the bones of human
test subjects confined to bed. Similar changes are
believed to occur in spaceflight. Experiments are
being prepared for applying the new technology to
Shuttle crew members. With bedrest as an analogue
of space flight, a diphosphonate-containing drug,
capable of partially protecting the integrity of the
bones, has been successfully tested. Several flight
experiments have been selected to elucidate the
mechanisms underlying the loss of bone mass in
space. Some of these will be flown on Shuttle’
Spacelab, while others are taking advantage of flight
opportunities offered to the United States in the
Soviet Cosmos biosatellite program.

Cooperative efforts with the Soviet Union have
included both the flight of United States biological
experiments on unmanned Soviet spacecraft. In
1979, the third such Soviet biosatellite carried 14
United States experiments. Cooperation in this area
also includes joint ground-based clinical studies. Al-
though the 1979 study has emphasized validation of
a more authentic experimental model for the effects
of weightlessness of the human cardiovascular sys-
tem, an additional dividend has been the standardi-
zation of test procedures applied to American
astronauts and Soviet cosmonauts. In Moscow, dur-
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ing the month of May, and again at NASA’s Ames
Research Center in August, ten subjects were stud-
ied intensively for five weeks by teams of Soviet
and American investigators. The data obtained were
reasonably similar despite the geographic separation
of the test centers and the diversity of investigators
and experimental subjects.

Space Biology. A study of the effect of gravity
and other physical forces on the growth and de-
velopment of plants has pointed to the importance
of the hormone ethylene in these processes. Me-
chanical stress accelerates production of this com-
pound, which in turn causes dwarfing and the fail-
ure of the plant’s gravity sensing. Studies of the re-
lationship of gravity to a broad spectrum of other
biological processes has enabled refinement of an
animal model system simulating certain aspects of
weightlessness. The changes in a rat suspended with
the longitudinal axis of its body pointed head-down
have faithfully mimicked many of the metabolic
and structural changes that occur in the absence of
gravity.

Exobiology. Research in planetary biology is
focused on the origin, evolution, and distribution of
life-related molecules on Earth and elsewhere. A
new line of investigation this year emphasizes at-
tempts to decipher the long series of evolutionary
events that characterized early biological history.

Recent discoveries from laboratory simulation,
modeling, and ground-based observations all indi-
cate that comets may represent a unique reservoir
of information regarding precursors to life at the
time of the formation of the solar system. In addi-
tion to providing further support for theories that
chemical evolution occurs in locations beyond the
Earth, these findings have led to the theory that
comets may, in fact, have played a major role in
organic chemical evolution on the primitive Earth.
Calculations have shown that significant amounts of
important early forms of molecules could have been
deposited on the planet Earth during its earliest
history by falling comets.

Simulation experiments have successfully dupli-
cated data from one of the more controversial life
detection experiments on the Viking Mars landers.
Specially prepared clays, when mixed with salts in
amounts consistent with other Viking measurements,
catalyzed the release of carbon dioxide in a fashion
similar to that observed in the Viking labeled-re-
lease experiment. Recently it has been shown that
these same clay-salt mixtures can be inactivated by
heating at 160°C for 3 hours. The sensitivity to heat
observed in the labeled release experiment was the
most biological-like response observed on Mars and
the most difficult to simulate on Earth.

Flight Program. The Shuttle/Spacelab life sci-
ences flight experiments program will provide ob-



jective, quantifiable research data that will give
NASA and the scientific community answers to the
many problems raised in the Skylab programs. The
most immediate problem is space motion sickness,
which impaired the ability of the astronauts to per-
form in the early hours of their exposure to space.
This nausea affected about half of the astronauts for
from one to four days. With the early Space Trans-
portation System flights scheduled to last 7 to 10
days, the STS crew and payload scientists could, if
similarly affected, lose a substantial amount of pro-
ductive time because of this discomfort. Additional
problems concern fluid and electrolyte balance, sen-
sory deprivation, diurnal rhythm changes, cardio-
vascular deconditioning, circulation impairment, and
muscle atrophy.

Life Sciences experiments for Spacelab 1, 2, and
3 are in the hardware phase. During the past year,
over 370 proposals for Life Sciences flight experi-
ments onboard a dedicated mission were reviewed
and evaluated by 13 panels of non-NASA scientific
peers. NASA analyzed the proposals for engineer-
ing, cost, and mission compatibility considerations.
Ninety proposals were identified as scientifically
and technically sound investigations and candidates
for flight experimentation. The majority of these in-
vestigations are being funded for an experiment
definition phase, after which the fiield will be fur-
ther narrowed to 50-60 investigations. From this
group, payloads for two dedicated missions will be
selected.

Spacelab Payloads

During 1979, responsibility for the planning, de-
velopment, and operation of all NASA Spacelab
missions was consolidated into the new Spacelab
Mission Integration Division within the Office of
Space Science (OSS). Comprised of functions and
elements from both Space Science and the Office of
Space and Terrestrial Applications (OSTA), this
division will provide a single focus for NASA Space-
Jab mission management. Responsibility for plan-
ning and developing the NASA Spacelab payloads
or instruments themselves will remain in the dis-
cipline divisions of the program offices. In addition
to refining these management arrangements, other
steps have been taken to prepare for Spacelab op-
erations. In late 1978 the physical integration of
instruments or experiments into Spacelab hardware
was assigned to the Kennedy Space Center (KSC).
During 1979, progress was made in arranging for
contractor support for that activity. In September,
a draft statement of work for such a contract was
circulated to industry for comment. The comments
received will help NASA to better integrate the re-

quirements and capabilities involved in this com-
plex area.

The payload development has been progressing
satisfactorily. In late 1979, the instruments that will
be flown on the first Shuttle payload missions were
delivered for integration into Spacelab pallets. The
first mission, OSTA 1, will carry instruments to be
used in gathering Earth resource and environmental
data that will help to deal with many problems in
those areas. The Johnson Space Center has mission
management responsibilities for OSTA 1. The other
mission, OSS 1, is managed by the Goddard Space
Flight Center. The instruments on that mission will
gather solar physics data, evaluate the ambient and
induced Shuttle space environment, and provide
data on payload thermal control technology. An-
other experiment dealing with Life Sciences (plant
growth research) will be located in the Shuttle
cabin.

Significant progress was also made on the Space-
lab missions | and 2, the first extensive operational
demonstrations of the Spacelab hardware being fur-
nished by the European Space Agency. During
1979, the Spacelab | and 2 missions moved into
the final design phase and manufacture of flight
hardware was begun. Final design and operations
reviews have been held for all instruments and most
investigators are well into fabrication of their flight
hardware.

About 140 investigations were selected during
1979 for future Spacelab missions. As these activi-
ties mature, and as we gain a clearer insight into
future requirements, Spacelab mission planning will
focus on more effective and efficient use of Space-
lab hardware and Space Transportation System
capabilities.

Space Transportation

Space Shuttle

The Space Shuttle will be the first reusable Earth-
to-orbit vehicle, meeting the needs of NASA, DoD,
and other domestic and international users of space.
It will provide efficient, economical access to space
and will greatly enhance the flexibility and produc-
tion of space missions, producing savings in the cost
of space operations which cannot be achieved with
today’s expendable launch vehicle systems.

In the Space Shuttle development program, all
major system elements are proceeding in test and
manufacture, and major ground test programs are
approaching completion. The design certification re-
view of the overall Space Shuttle configuration was
completed in April 1979. In general, development
testing throughout the program has been completed
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or soon will be, and the program is now deeply in-
volved in the qualification of flight-configured
elements.

Space Shuttle Orbiter. The orbiter vehicle will
carry personnel and payloads to orbit, provide a
space base for performing their assigned tasks, and
return them to Earth. The orbiter’s large cargo bay
will be capable of carrying payloads weighing up to
29,500 kilograms (65,000 pounds) into space. The
orbiter will provide a habitable environment for the
crew and passengers, including scientists and engi-
neers. The structural-test article for the orbiter is
currently under subcontract for structural testing.
This test article has a flightworthy airframe, and will
be converted to become the second orbital vehicle,
Challenger.

Work on the first flight orbiter, Columbia, pro-
ceeded at KSC at a slower pace than planned; much
more work remains before the first flight, now
scheduled in late 1980.

Main Engine. Three high-pressure hydrogen/
oxygen main engines, each with a thrust of 2,000,-
000 newtons (470,000 pounds) are located in the
orbiter’s aft fuselage. The main engine represents a
major advance in propulsion technology. It has a
longer operating life, the ability to throttle the
thrust level over a wide range, and is the first large,
liquid-fuel rocket engine designed to be reusable.
This highly advanced engine has experienced a
number of development problems during its test
program. Some difficulties still remain, but over
50,000 seconds of test time have already been ac-
cumulated toward the goal of 80,000 seconds before
the first orbital flight.

External Tank. The external tank contains the
propellants (liquid hydrogen and liquid oxygen) for
the Space Shuttle main engines. Just prior to orbital
insertion, the main engines cut off, and the external
tank will separate from the orbiter and descend
through a ballistic trajectory over a predesignated
remote ocean area. The first flight tank has already
been delivered, as have three test tanks. Three more
flight tanks are being manufactured for flight in the
orbital flight test program.

Solid Rocket Booster. Two solid-rocket boosters,
attached to the external tank, will burn in parallel
with the main engines to provide extra thrust dur-
ing ascent. At completion of burn, the solid-rocket
boosters will separate, descend on parachutes, and
land in the ocean approximately 280 kilometers
downrange, to be recovered and returned for re-
furbishment and reuse. Four development firings
have been completed on this 3.7-meter-diameter
booster, and the qualification firing program has
been started. Two qualification motor firings have
been made, and one more is scheduled before the
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first flight. Most of the rocket segments for the first
flight boosters have already been delivered to KSC.

Launch and Landing. All facilities at KSC are
complete and in place for the first manned orbital
flight. Although ground support equipment and the
computerized launch-processing installations have
been delayed, they are in the final stages of com-
pletion, and software validation is in process. All
hardware for the launch processing system has been
delivered, simulation support is continuing for de-
velopment of checkout procedures, and checkout
software is being developed and validated. Integra-
tion of all the ground support equipment will con-
tinue, and initial flight equipment is being checked
out and processed for launch.

Follow-On Production. A national fleet of
orbiters must be produced to meet the needs
planned by the users of space for the 1980s. Fol-
lowing the test flights, the first operational Shuttle
will be available in 1982 as an operational trans-
portation capability for the many users of the Space
Shuttle. Three additional orbiters will be delivered
in later years, phased to accommodate increasing
usage of the Space Transportation System. These
additional orbiters (after Columbia) will be Chal-
lenger in 1982; Discoverer in 1983; and Atlantis,
now scheduled for late 1984.

Operation of the Space Transportation System

When the Space Transportation System becomes
operational in 1982, a greatly expanded range of
space activities will be possible. A wide variety of
users have already made firm commitments to use
the system-—civilian and military components of the
United States government, and domestic and foreign
customers, both governmental and private. They will
be able to place a wide variety of payloads and ex-
periments into Earth orbit. Payloads can be refur-
bished in orbit or returned to Earth for repair. and
relaunch; space laboratories can be launched, op-
erated, and returned to Earth for examination; sci-
entists can fly along to operate their experiments;
geosynchronous or planetary missions will be pos-
sible with the aid of supplemental upper stages. With
the art of the possible expanding so rapidly, and
with flight hardware coming off the production line,
NASA has placed major emphasis in 1979 on plan-
ning and preparing for operations.

Policies and Procedures. Policies on user charges
during the early years of operations have been pub-
lished in the Federal Register, describing the price
structure and stipulating other conditions under
which NASA will furnish launch services and flight
hardware to government and commercial users. A
reimbursement guide, which describes types and



costs of standard and optional services, is expected
to be published in 1980.

Following extensive negotiations during the past
year, nine commercial and foreign users, including
Comsat, Western Union, RCA, Telesat/Canada,
and the governments of India, Indonesia, and the
Federal Republic of Germany have made payments
or deposits on STS flight reservations. Together with
NASA’s own payloads, plus firm commitments for
DoD and other United States government agencies,
the first few years of STS operations are fully
scheduled.

A program to provide for small, self-contained
payloads was begun by NASA in 1977. Individuals,
educational institutions, and industries can fly small
payloads, requiring minimal support from the
Shuttle, on a space-available basis at very reason-
able prices. Both in the United States and abroad,
this program has been extremely successful in at-
tracting new users; by the end of 1979, advance
payments had been received for more than 300 in-
dividual payloads, with a wide variety of ideas and
experiments. The response from educational institu-
tions has been particularly gratifying, since it indi-
cates renewed interest from young people in space
research and exploration. Several universities are
offering science scholarships or grants for students
to develop payloads.

DoD is developing STS launch and recovery fa-
cilities at Vandenberg AFB, California, to handle
high-inclination missions. Maximum commonality
of ground equipment at KSC and Vandenberg is re-
ducing both acquisition and operating costs.

Flight Crew. The 35 astronaut candidates, in-
cluding six women, selected in 1978 continued
training at NASA’s Johnson Space Center in
Houston, Texas, and have been designated full-
fledged astronauts in 1979. NASA has advertised
for additional pilot and mission specialist candi-
dates. Selections of candidates will be made in 1980.
Policies for the selection, responsibilities, duties,
and training of “payload specialist” and the scien-
tific members of the crew were formulated in 1979
and published in the Federal Register.

Spacelab

Spacelab is an orbital laboratory being designed
and developed by the European Space Agency to be
carried in the cargo bay of the Shuttle. The major
objective of the Spacelab is to provide access to
space for a variety of experimenters from many na-
tions and in fields such as material science, space
processing, biology/medicine, meteorology, com-
munication/navigation, and space technology.

The Spacelab offers the experimenters two op-
tions, a pressurized shirtsleeve laboratory (the

module) and an unpressurized platform exposed to
the space environment (the pallet). It also offers
the experimenters standardized support services.
The Spacelab’s normal mission lasts 7 days, al-
though it can remain in orbit for up to 30 days.
Design life expectancy is 50 flights of 7-day dura-
tion over a 10-year period. As many as four payload
specialists can operate the experiments aboard the
laboratory. The payload weights will range from
4800 to 8800 kilograms.

The 1973 agreement between the European Space
Agency (ESA) and NASA calls for ESA to design,
develop, and manufacture the first Spacelab flight
unit and an engineering model, two sets of ground
support equipment, and initial spares to support the
first two missions. ESA’s current cost-to-completion
estimate is approximately $800 million (FY 1979
dollars). NASA’s responsibility is for operation of
Spacelab; development of ancillary equipment, such
as the tunnel between the Spacelab and the cabin of
the Shuttle; development of the mission verification
equipment; and procurement of one additional
Spacelab unit from ESA.

In 1979, ESA delivered the second of two engi-
neering model pallets to KSC. These payload-
equipped pallets are scheduled to be flown on Space
Shuttle orbital flight tests.

In Bremen, Germany, the prime contractor for
Spacelab development continues to process the en-
gineering model hardware. The initial flight unit is
being assembled; testing is expected to start in 1980.
Spacelab subsystem qualification tests are over 80
percent complete at various subcontractor facili-
ties, with remaining tests scheduled for completion
in 1980. Manufacturing and qualification testing of
the engineering model pointing system are nearing
completion.

The software to check out Spacelab on the
ground and operate it in orbit is nearing comple-
tion. Preliminary issuance of this software has been
delivered to NASA and is currently being used dur-
ing integration and testing of the engineering model
in Bremen.

NASA continues preparing for ground and flight
operations for Spacelab flights. The critical design
review for the verification equipment was com-
pleted. This equipment will be used to verify satis-
factory performance of the first Spacelab module
mission. The crew tunnel, which provides access
to Spacelab from the orbiter, underwent a success-
ful preliminary design review and a crew walk-
through. The hardware for the software develop-
ment facility was installed and checked out at
MSFC. A critical design review for the experi-
ment computer operating system was successfully
completed. Installation of the crew training simula-
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tor is in process at Johnson Space Center. NASA’s
resident office in Bremen, Germany, continues to
monitor the integration and test activities on the en-
gineering model and flight unit, at the same time
learning how to prepare for technical support of
Spacelab processing at KSC. It also monitors the
acceptance and qualification testing of the engineer-
ing model and flight unit.

The Operations and Checkout (O&C) building
is now operational at KSC and the first two Space-
lab pallets to be used for orbital flight tests are
being processed there for installation of payloads by
the users. The Spacelab orbital flight pallets are
scheduled to be turned over to the users this year.

In July, NASA and ESA concluded a follow-on
procurement letter contract for the second Spacelab
long-lead items. NASA also received ESA’s total
proposal for a second Spacelab and a contract with
ESA was in preparation for signing early in 1980.

Upper Stages

Inertial Upper Stages. The Inertial Upper Stage
(IUS) system is being designed and developed by
DoD to extend the capability of the Space Shuttle
into orbits beyond the capability of the Space
Shuttle alone. The solid-propellant IUS and its pay-
load are deployed from the orbiter in low Earth
orbit; the TUS is then ignited to boost its payload
to a higher energy orbit. NASA will use a two-stage
configuration of the IUS primarily to achieve geo-
synchronous orbit and a three-stage version for
planetary orbits. Full scale development continues
with NASA coordinating the NASA-unique and
other non-DoD requirements into the DoD IUS
program to ensure its utility for other-than-DoD ap-
plications. The DoD’s detailed design of the two-
stage IUS configuration has been completed and
subsystem hardware development is proceeding on a
schedule that supports the first two-stage IUS
launch of the tracking and Data Relay Satellite in
1982. Detailed design of the NASA three-stage con-
figuration has been initiated.

Spinning Solid Upper Stages. Two sizes of Spin-
ning Solid Upper Stages (SSUS) are being devel-
oped by American aerospace industries at their own
expense for launch of smaller spacecraft to geo-
synchronous orbit. The SSUS-D is configured for
satellites that have been using the Delta expendable
launch vehicle, the SSUS-A for those using the
Atlas-Centaur. SSUS designs have been completed
and the qualification program initiated. Production
is proceeding, with most flight hardware manufac-
tured and ready for assembly. NASA has ordered
SSUS-As for Comsat’s Intelsat V communications
satellite missions. NOAA’s Geostationary Opera-
tional Environmental Satellite missions are now
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planned for launch on SSUS-Ds, as are the launches
of most commercial users, who are buying SSUS-Ds
directly from the developer.

Skylab Reentry

Skylab, launched in May 1973, was the first
United States orbiting laboratory. Operated by three
successive crews for a total of 171 days, it was left
dormant in February 1974, with an orbital life pro-
jected to about 1983. Sunspot activity had been
greater than predicted, making the upper atmo-
sphere more dense and accelerating Skylab’s rate of
orbital decay. Because of Skylab’s large size, there
was some concern of danger from its debris; a pro-
gram to alter Skylab’s orbit was approved for an
early flight on the Space Shuttle of a teleoperator
retrieval system. This program was reassessed in
November 1978 and dropped because of its limited
chance of success.

Skylab reentered and returned to Earth on July
11, 1979. Although some debris from the breakup
landed in Australia, there were no reports of per-
sonal injury or property damage.

Advanced Programs

Studies and developments continued in 1979 to
investigate concepts to improve the utility, flexibility,
and effectiveness of the Space Transportation Sys-
tem, with special emphasis on the Shuttle orbiter.
The definition and Shuttle interface studies were
completed for the power extension package (PEP).
PEP would provide the orbiter additional electrical
power by means of a solar array deployed by
Shuttle’s remote manipulator. Design studies for a
space-storable 25-kilowatt power system for the
Shuttle and attached platforms were also completed.
Studies were initiated to define the nature, utility, and
cost benefits of a number of automated space fa-
cilities that promise to lower the cost of space ap-
plications and expand the user base. The science and
applications platform and materials experiment car-
rier studies will define space platform concepts and
materials processing in space payloads to take ad-
vantage of the 25-kilowat power system. Geosta-
tionary platform and geosynchronous mission stud-
ies were continued. Proposals were received for the
definition of the solar electric propulsion system
planned to be used for high-energy olanetary and
cometary missicns in the mid to late 1980s. Orbital
transfer vehicle concepts for missions beyond the
capability of planned STS upper stages continued
with the selection of two vehicle contractors and
three engine contractors. The orbital transfer vehicle
would be a reusable vehicle to transport Shuttle pay-



loads to Earth orbit, lunar orbit, and planetary
missions.

Innovative equipment and tools to further the
utility, effectiveness, and flexibility of the Shuttle, as
well as reducing the cost of operations, are being
developed. Their functions include placement, re-
trieval, and in-orbit maintenance and repair of satel-
lites and retrieval of unstable satellites and space
debris. EVA tools and support equipment studies
are under way. The preliminary design was com-
pleted for the open-cab “cherry picker.”

A large-structures space experiments and demon-
stration plan was generated, involving such “‘end-
items” as a large deployable antenna and various
beams and structures. All of these aspects of large
structures will be needed for future space applica-
tions and science activities.

Expendable Launch Vebicles

NASA conducted 8 launches during 1979 with
its Expendable Launch Vehicles consisting of the
all-solid-motor Scout, the Atlas-Centaur, and the
Delta. Of the 8 launches, 3 were for NASA scientific
and application purposes and 5 were for a variety of
other United States government and reimbursing
customers.

Scout. This vehicle was used to launch a NASA
Stratospheric Aerosol and Gas Experiment (SAGE),
a NASA magnetic satellite (Magsat), and a reim-
bursable United Kingdom scientific satellite (Ariel
6).

Atlas-Centaur. This vehicle was used to launch 2
satellites during 1979; 1 was a DoD communication
satellite and the second was a NASA scientific satel-
lite (HEAO 3).

Delta. Three launches were conducted using this
vehicle—one domestic communications satellite for
Western Union, another for RCA, and an experi-
mental satellite, called Scatha, for DoD.

Atlas F. A weather satellite was launched on an
Atlas F by the Air Force for NASA and the Na-
tional Oceanic and Atmospheric Administration. All
launches attempted were successful, another 100-
percent year.

Space Research and Technology

The ability to explore and beneficially use the
space environment is critically dependent on the
state of technology. The purpose of the space tech-
nology program is to advance the frontiers of capa-
bility in space by providing a sound technological
basis for future missions. In so doing, this program
also stimulates the generation of advanced concepts.

The program is organized into two areas, the
first dealing with advances in the fundamental space
disciplines and the second with the systems tech-
nology necessary to demonstrate the readiness for
flight of new capabilities generated in the funda-
mental area.

Fundamental Technology

As the practical applications of space grow, the
need for high density, onboard information storage
capabilities becomes more pressing. During 1979 a
novel concept called a “multi-layer magnetic lattice
file” was successfully demonstrated. This concept
builds on magnetic bubble memory technology,
which has now evolved to a stage of commercializa-
tion and provides increased data storage capability
with minimum photolithographic dimensions. Future
space recorders will have storage capacities up to
fifty times greater than those currently available for
the same size, weight, and power.

In thermal protection, during 1979 two new in-
sulation materials were developed which will be used
on selected portions of future Shuttle orbiters. The
advanced flexible reusable surface insulation is a
silica, quilted-felt material that will be used on the
upper areas of the orbiter which experience moder-
ate reentry heating replacing the current material at
substantial cost savings. The fiber reinforced com-
posite insulation is a silica reinforced insulation
with 20 percent aluminum silicate fiber. This ma-
terial is twice as strong and has higher temperature
capability than the current reusable surface insula-
tion.

During the past year, the feasibility of mass-pro-
ducing very thin silicon solar cells and incorporating
them into lightweight, high-performance solar arrays
has been demonstrated. Since 1978, 5000 of these
cells have been manufactured, with half of them
having energy-conversion efficiencies of about 12
percent, a number approaching that of the best
individually made silicon cells.

Space radiation damages solar cells and serious-
ly degrades their power output. Thermal annealing
(heating) of solar cells in space is one way to alle-
viate this problem and increase the lifetime of a
satellite. Annealing mechanisms for silicon and gal-
lium arsenide solar cells are being studied. It has
been found that annealing for one hour at 400-
450°C is sufficient to restore 90 percent of the
power lost by silicon solar cells that have received
radiation equivalent to 10 years in geosynchronous
orbit. Gallium arsenide cells also exhibit attractive
annealing behavior, with nearly complete restora-
tion possible at temperatures of only 250°C.

One factor limiting the life of batteries in both
space and terrestrial applications has been the dur-
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ability of the separators used to prevent contact be-
tween active materials. Separator material under in-
vestigation by NASA for a number of years has
been improved in the past year so that the useful
life of batteries using nickel, silver, and zinc as
active materials can be tripled, and separators can
be made using more environmentally acceptable
materials. This promises to extend the life of satel-
lites and spacecraft, and could contribute to prac-
tical electric automobiles.

In the launch vehicle propulsion area, 1979 saw
the successful initial testing of high-pressure pri-
mary combustors and turbine-drive gas generators
burning liquid oxygen and high-density fuels. Re-
generative cooling, with liquid oxygen in an op-
erating engine, was also demonstrated, thus con-
firming earlier heat transfer analyses and laboratory
scale tests that predicted superior cooling capabili-
ties of liquid oxygen, compared to fuels of typical
density, such as RP-1.

Finally, the technology verification of ion propul-
sion neared completion. This entirely new form of
propulsion capability will permit the consideration
of missions to comets and other difficult inter-
planetary destinations heretofore considered im-
practical. This work is expected to provide the
basis for future development of a solar electric
propulsion rocket stage.

Systems Research and Technology

In systems research and technology, emerging
fundamental technologies are structured into inter-
disciplinary programs leading to demonstration of
technology readiness for advanced space systems.
Such activities are organized into three main cate-
gories—information systems, spacecraft systems,
and transportation systems.

Information systems. Information system tech-
nologies lead to advanced sensor and instrumenta-
tion systems to facilitate acquisition of data and to
processing and transmission systems to convert that
data for effective and timely user information
exchange. '

Current NASA photographic imaging systems
rely on silicon, charge-coupled device (CCD) tech-
nology to provide sensing capability in the visible
and the near-infrared portion of the electromagnetic
spectrum. During this past year, NASA developed
and tested technology for a new imaging system in-
volving a | x 9 array of mercury-cadmium-telluride
CCDs capable of extending this capability into the
thermal, far-infrared portion of the spectrum. Fu-
ture plans involve expanding the array size to | x
1000 elements for use in a solid-state, multi-spectral
system for imaging the Earth and its resources.
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Continuing emphasis has been placed on the
NASA end-to-end data systems (NEEDS) program
to define system configurations and develop enabling
techniques and technology for NASA-wide informa-
tion systems of the 1980s. During the past year an
optical data storage system successfully demon-
strated the use of a laser to record and read data on
film at a density of over 7 million bits per square
centimeter. With this performance, one optical stor-
age unit can replace up to 100 high-density mag-
netic-tape storage devices. Also during 1979, a
significant step toward very high-speed processing
was taken with the completion of the design of a
“massively parallel processor,” a 128 x 128 array
of discrete processing units. This device can per-
form image processing computations at speeds of
over 6 billion arithmetical operations per second,
thereby enabling the classification of an entire
Landsat image in six milliseconds.

NASA has been continuing communications tech-
nology development to enable future spacecraft to
operate efliciently with the new Tracking and Data
Relay Satellite System (TDRSS). During FY 1979,
test demonstrations were completed on two different
antenna configurations; the S/Ku-band planar array
and the electronically switched spherical array. The
S/Ku-band antenna was designed to handle high
data rates in the megabit-to-1.8-gigabit-per-second
range. Both antennas were designed to point elec-
tronically to TDRSS.

Spacecraft  Systems. Spacecraft systems tech-
nology contains the elements to provide future ad-
vances in spacecraft structures and their associated
subsystem, including power generating systems,
control systems, onboard propulsion, and utility dis-
tribution systems.

NASA has continued the large space systems
technology (LSST) program to develop the tech-
nology for future spacecraft that may be assembled
in space through some combination of deployable
and erectable space assembly methods. This pro-
gram provides technology for two principal types
of large space systems: support structures such as
platforms, trusses, and beams; and shaped structures
such as antennas. Initial efforts have focused on de-
veloping fundamental understanding of the char-
acteristics of such structures in space through
ground simulation. As a result of truss assembly ex-
periments in the neutral buoyancy tank at Marshall
Space Flight Center, the time and capability limita-
tions of man-assisted assembly methods were re-
vealed: this caused NASA to increase program em-
phasis on technology for assembly aids, deploy-
ment, and automated assembly techniques. As one
example, several new concepts for structural joints
were developed to respond to high-speed, automated
assembly procedures. Additionally, a deployable



truss constructed from very thin-wall aluminum tub-
ing and very compact in packaging, was developed
and tested. In the laboratory, this scale model per-
formed well in tests for extension and lock-up per-
formance. Future free-fall tests in a large vacuum
chamber will evaluate the adequacy of the deploy-
ment scheme.

A 12-kilowatt deployable solar array is being
readied for test demonstration on an early Shuttle
flight. This array design is intended for use by
NASA in possible Shuttle power augmentation sys-
tems and the solar electric propulsion stage (SEPS).
During 1979, this 32-by-4-meter lightweight wing
was successfully subjected to simulated acoustic
and thermal vacuum tests. Along with previous
simulated zero-g testing aboard a KC—135 aircraft,
the tests provide confidence for the planned Shuttle
flights.

Transportation Systems. Transportation System
technologies provide data needed for both the de-
velopment of future aerospace vehicle design con-
cepts and the improvement of the current Space
Shuttle design.

Continuing last year’s dynamics test program in a
number of NASA wind tunnel facilities, models of
the mated Shuttle orbiter, external tank, and solid
rocket boosters were subjected to flutter and buffet
loads. Ground-wind-load tests were conducted,
simulating conditions for the ascent trajectory. In
all cases, the design characteristics of the Shuttle
were validated and there were no indications of
aerodynamics instabilities or other problems.

NASA’s composites for advanced transportation
systems (CASTS) program fabricated and tested a
wide variety of large graphite-polyimide structural
panels. Included among these pieces of test struc-
ture was an element of the Shuttle orbiter aft body
flap. As an example of the potential payoff of this
lightweight structures technology for future space
transportation systems, this body flap, if fully de-
veloped, could save future orbiter vehicles 160 kilo-
grams in structure weight. More than 75 percent of
this weight reauction derives from capability of
composite materials to function at higher tempera-
tures than aluminum, thereby eliminating the need
for thermal protection.

NASA plans to exploit the unique opportunity to
extend entry research and improve its ability to em-
ploy ground test facilities by conducting full-scale
testing on orbiter flights. Early orbiter flights will be
instrumented in the “Orbiter Experiments” pro-
gram (OEX) to provide lifting-entry experimental
data. OEX instrument packages have been designed,
and during 1979 the following progress occurred:
the Shuttle infrared leeside temperature sensing ex-
periment, to measure upper surface temperatures on
the Shuttle, was subjected to a critical design review

preparatory to release for fabrication; hardware for
the tile gap heating experiment approached com-
pletion and is currently being readied for the second
Shuttle mission; the Shuttle entry air data system, to
measure aerodynamic pressure, completed prelimi-
nary design; and hardware was completed for the
aerodynamic coefficient identification package,
which is being integrated into the orbiter for the
first Shuttle launch.

NASA Energy Programs

NASA seeks to ensure the effective use of its ex-
perience and technology in support of national
energy needs. Most of NASA activity in energy is
reimbursable support for the programs of the De-
partment of Energy (DOE).

Phosphoric Acid Fuel Cell Systems. NASA fuel
cell expertise and capabilities developed in space
applications have, for the past three years, been ap-
plied to terrestrial fuel cell technology in support of
the national energy goals.

In support of DOE, NASA has completed tech-
nology verification tests of an advanced cell stack
concept. This stack promises, through the reduction
in electrolyte losses, a five-fold increase from 8000
hours to 40,000 hours of operational life. This
longer life should allow for amortization of the
capital investment in a fuel cell system. In addition,
the new stack can be fabricated at a lower cost.

Automotive Research and Development. In 1972,
NASA started providing technical consultation to
the Environmental Protection Agency’s automotive
gas turbine program. With the growth and subse-
quent transfer of the program to DOE, NASA’s
role has continued to grow. Currently, under the
programmatic direction of DOE, NASA is providing
technical management of the turbine development
project and the parallel Stirling engine project.

The automotive gas turbine program saw the com-
pletion of a development which improved the fuel
efficiency of a Chrysler engine by 10 percent and
identified directions for further improvements. In
another automotive gas turbine development, a
number of ceramic turbine parts have been success-
fully tested at a temperature of 1040°C. Two in-
dustry teams, General Motors Corp. and AiRe-
search/Ford, were awarded 5-year contracts to de-
velop an advanced automotive gas turbine engine.
The new engine should be available for road tests
in mid-1983.

In the development of automotive Stirling en-
gines, 1979 saw the initiation of engine component
development, and the successful integration of a
Stirling research engine into an American Motors
stock car to gain understanding of installation prob-
lems associated with this new type of engine.
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At the request of DOE (then ERDA) in 1976,
NASA assumed technical management for research
and technology elements of the electric and hybrid
vehicle program. In 1979, NASA took delivery of
the first electric car designed, using best available
components, for the evaluation of electric vehicle
systems technology. In preliminary tests the GE/
Chrysler-built car achieved a range of 145 kilom-
eters at a cruising speed of 70 kilometers per hour,
a 50 percent improvement over electric vehicles pre-
viously tested.

Industrial Gas Turbine Technology. Since FY
1977, NASA’s expertise and capabilities in aero-
space power and propulsion systems have been ap-
plied to the development of technology for large gas
turbine engines in direct support of DOE's station-
ary power generation programs.

NASA’s Lewis Research Center working with in-
dustry has initiated two efforts in turbine technology
to enable gas turbines to use coal-derived liquid
fuels when they become available. The materials
effort for turbine hot-section components is focused
on the development of long-life ceramic coatings
capable of surviving the hostile environment created
by combustion of coal-derived liquid fuels. The
combustor work is directed toward the efficient
burning of synthetic fuels while also satisfying fed-
eral emissions standards. Verification is to be done
with modified gas turbine engines.

Photovoltaic Conversion (Solar Cells). Although
NASA developed solar cells to power satellites over
20 years ago, the first government program to apply
them to terrestrial use was begun jointly by the Na-
tional Science Foundation (NSF) and NASA in
1975. Management of this key element of the energy
program was subsequently transferred to the DOE.

During 1979, NASA’s Jet Propulsion Laboratory
(JPL) was designated the lead center for photo-
voltaic technology development and applications by
DOE. JPL will develop plans, establish budgets,
and provide overall program management of the
national photovoltaic program.

Two NASA-directed applications of photovoltaic
power are now operational. At the Schuchuli In-
dian reservation in Arizona, solar cells are gen-
crating 3500 watts of electric power and the second
demonstration, supported by the Agency for Inter-
national Development, is in Upper Volta at the vil-
lage of Tangaye where solar cells generate 1800
watts of electric power.

Wind Energy. NASA has been assigned respon-
sibility for the technical management of large wind
turbine development and demonstration efforts since
1973. The first large machine, capable of develop-
ing 100,000 watts of electric power, was completed
in 1975. Two similar wind turbines, generating
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twice that power, became operational in 1977 and
1978.

On June 15, 1979, a third 200,000-watt wind
turbine having a 38-meter-long blade was dedicated
at Block Island, Rhode Island, and on July 11,
1979, the largest wind turbine ever constructed was
dedicated at Boone, North Carolina. Its 60-meter-
diameter rotor can generate two million watts of
power, enough for 500 homes. An even larger tur-
bine, using new technology to reduce cost, will be
operational in 1980.

In addition to managing these wind energy efforts
for the Department of Energy, NASA is now work-
ing with the Department of the Interior's Water and
Power Resources Service to supervise construction
of a large wind turbine and to train operating per-
sonnel. This machine, to be operational at Medicine
Bow, Wyoming, in 1981, may lead to construction
of a “Wind Energy Farm” at that site.

Space Data Services

NASA tracks, receives telemetry from, and sends
commands to all NASA spacecraft by means of two
worldwide tracking networks, one for deep space
missions and one for Earth orbital missions. Sup-
porting these networks are a cluster of mission con-
trol centers and a large data processing complex,
with the complete system tied together by a global
communications system. This system also provides
real-time data processing for mission control and
orbit and trajectory determination, as well as rou-
tine processing of engineering and scientific telem-
etry from the spacecraft.

Operations

The tracking system provided continuing support
to about 30 NASA Earth-orbital missions in 1979,
including the newly launched HEAO 3 and Magsat
satellites, and the Stratospheric Aerosol and Gas
Experiment. The system also provided launch sup-
port for several satellites launched by other govern-
ment agencies, commercial firms, and by foreign
governments, and provided backup capability for a
few spacecraft controlled by other government agen-
cies. This was an extremely busy year for the Deep
Space Network, which supported 17 interplanetary
spacecraft. Some of their missions required signifi-
cant advancement in the capability of the network,
such as the Voyager 1 and 2 encounters of Jupiter
and the Pioneer 11 encounter of Saturn.

Network Improvements

More sophisticated space missions, always press-
ing the boundaries of technology, continued to re-



quire extension of the capability of the network. In
the Deep Space Network the conversion of the 26-
meter S-band antenna to 34-meter S- and X-band
units continued, allowing higher rates of data trans-
fer from deep space. Another innovation to pro-
vide the capability required by the ever-increasing
distances and improve the return data rates of
planetary spacecraft was a technique called “‘array-
ing.” This consists of using two separate antennas
to collect data from the spacecraft and then elec-
tronically adding the signals together, producing
the effect of a single antenna of larger diameter.
This technique was experimentally used during the
Voyager encounter with Jupiter and during the
Pioneer 11 encounter with Saturn. The experiments
were successful and improved signal reception.

In addition to the difficulties in data reception
and spacecraft command resulting from the great
distances of planetary spacecraft, these distances
placed great demands on our navigation capability.
This is particularly important when the missions re-
quire a close flyby of a planet to get an assist from
that planet’s gravity to alter trajectory and reduse
travel time. We have used a navigation technique
called “differential very long baseline interferom-
etry,” wherein two geographically distant antennas
collect data from a known radio source, such as a
quasar, as well as the spacecraft. Integration of this
information provides precise positioning and reduces
navigational uncertainties.

The Earth-orbital tracking system was also be-
ing improved to meet demands that are increasing
in difficulty. The Shuttle flights will require voice
communications; the required modifications were
essentially completed. Preparations were begun for
the very high data rates that will be experienced in
Spacelab support.

Tracking and Data Relay Satellite System
(TDRSS)

The TDRSS is a system of four data-relay satel-
lites that will ultimately replace the ground track-
ing stations for support of low Earth-orbital mis-
sions. NASA has contracted with Western Union
for the lease of services from the system for ten
years. TRW is acting as the major subcontractor to
Western Union in the spacecraft development por-
tion of this system and that development is now
moving along satisfactorily with the major subsystem
having been delivered for integration and test. The
ground station at White Sands that will receive
TDRSS data is nearing completion as is the net-
work control center at Goddard Space Flight Center,
Greenbelt, Maryland.

General World Administrative Radio Conference
(GWARC)

Every 20 years the GWARC convenes to revise
the international regulations and frequency alloca-
tions that govern the use of the radio spectrum.
With the tremendous increase in demand for these
frequencies that has resulted from the advances in
communications technology, this subject is of great
interest to the United States and to NASA. The
GWARC convened on September 27, 1979, with
NASA supplying 4 of the 84 United States delegates.
One hundred and forty-eight nations were repre-
sented by approximately 1700 delegates. NASA
presented position papers on space research, land-
mobile satellites, a solar power satellite, and remote
sensing. Almost all space communication require-
ments were successfully negotiated during the
conference.

Aeronautical Research and Technology

NASA’s aeronautical research seeks improvements
in the pcrformance, efliciency, and safety of current
aircraft and a base of high technology that designers
can usc to improve aircraft of the next generation.
These objectives focus research onto:

e cstablishing and maintaining a strong tech-
nological base

¢ rcducing energy consumption and undesirable
cffects of aircraft

e improving terminal area operations

e advancing long-haul and short-haul aircraft

¢ providing technical support for the military.

Maintaining a Strong Technology Base

The fundamental aeronautics research and tech-
nology program includes activities in all disciplines
and provides for the continued advancement of tech-
nology and the establishment of a strong aeronau-
tics technology base. Significant accomplishments in
1979 include the development of new airframe and
enginc component materials, improved computa-
tional techniques, advances in flutter prediction and
control, and improved human-aircraft interface and
air-system management.

The airframe materials research during 1979 con-
tinued to focus on composite structures. New,
tougher graphite/epoxy composite materials were
identificd. These composite laminates, based on four
new cpoxy formulations, have survived laboratory
impact tests at a strain almost twice that of presently
used composite materials. Present composites permit
a 25-percent weight reduction over aluminium struc-
tures; doubling the maximum allowable design strain
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for composite structures will significantly increase
the potential weight savings.

Materials research for propulsion systems has
continued to provide materials with the strength and
oxidation/corrosion resistance required for higher
engine operating temperatures. A ceramic material,
zirconium oxide, has been used in an abradable tur-
bine engine shroud seal. The shroud used a com-
pliant layer between the ceramic surface and the
mctallic backing to relieve thermally induced strains
that might delaminate or crack the ceramic. The
seal has successfully completed 1000 thermal cycles
at 1300° without failurc. Replacement of conven-
tional scals with ceramic seals can lead to a 10-fold
reduction in the wear of turbine blade tips, with a
resulting reduction in specific fuel consumption by
about 2 percent,

For the first time, an analytical computer code
successfully described the flow characteristics
through both stationary and rotating propulsion sys-
tem components. The internal flow was modcled by
using a threc-dimensional viscous analytical tcch-
nique having high computation speed, and a large
cnough number of mesh points to analyze the com-
plex flow, including secondary cross flows and vor-
ticity. This model has been verified by experimental
measurecments in actual turbofan mixers. Knowledge
of the dynamics of the mixing of the flow in the
engine will contribute to future improvements in
engine performance and jet noise reduction.

During 1979, significant advances were made in
computational acrodynamics research. For the first
time, a computational solution was obtained which
predicts and explains the details of the unstcady
behavior of flow over wings and other lifting surfaccs
at transonic speeds. When compared with data ob-
tained on a fighter aircraft, the solutions showed
that both the onsct and magnitude of buffet cffects
were as predicted.

The trend toward lighter, more flexible structures
for aircraft requires new methods of predicting and
avoiding flutter instability. During FY 1979, an
active control concept, based upon a computer-
implemented feedback control system, was success-
fully tested in the wind tunnel. Twelve transducers
on the airfoil surface sensed the onsct of flutter and
transmitted this to the computer; the computer acti-
vated existing flapcrons to produce acrodynamic
forces that oppose flutter. The model airfoil with the
active controls was able to attain a velocity 50 per-
cent greater than the flutter onset without the con-
trols. The technique is being tested currently in flight
tests with a radio-controlled drone.

In the joint NASA-FAA cockpit display of traffic
information (CDTI1) and heads-up display (HUD)
programs, results from laboratory studies using static
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symbology indicated that HUD-experienced pilots
are able to simultaneously perceive both symbolic
(HUD) and real-world information. A simulator
study using dynamic HUD symbology is presently
under way to quantify pilot responses. A generic dis-
play concept was developed and experiments con-
ducted to provide a data base on crew perception of
lateral separation, using CDTL

Reducing Energy Consumption and Undesirable
Effects

NASA made progress in 1979 toward its goals of
devcloping technology that would reduce fuel con-
sumption in derivative and future commercial sub-
sonic transport aircraft by as much as 50 percent.

Engine Systems. Looking toward ncar-term fuel
savings in current production and derivative JT8D,
JT9D, and CF6 turbofan engines, NASA selected
16 cnginc components for advanced technology im-
provements. Work has been completed on 7 of these
and the demonstrated fuel savings have been very
close to predictions. Four are already in production
by the aircraft engine industry: an improved fan, a
new short-core nozzle, a more rigid front engine
mount for the CF6 engine, and an improved high-
pressure-turbine active clearance control system for
the JT9D engine. The new technology is particuarly
timely, since new derivative engines are under de-
vclopment.

The information generated by the NASA investi-
gations to isolate and quantify the causes of per-
formance deterioration in engines and their resultant
loss in fuel cfficiency has becn adopted by a number
of airlines; results have becen a one-percent improve-
ment in cruise specific fuel consumption and a re-
duction in costly unscheduled engine removal rates
of as much as 50 percent. If all the engine improve-
ments and diagnostic techniques are adopted by the
industry, a cumulative fuel savings of 33 billion liters
could be realized over the next 25 ycars that these
engines are produced and in service.

Looking further into the future, NASA is devclop-
ing technology for a new gencration of turbofan
engines that will be extremely fuel-efficient, resistant
to performance deterioration, and economical to
operate and maintain. Engine system designs were
completed in 1979, and the major hardware phase
of the program was initiated. Overall estimates of
cngine system performance indicate that these new
cnergy-cfficient engines could reduce fuel consump-
tion by 14 to 22 percent depending on the flight
mission, reduce direct operating cost by 5 to 10
percent, reduce performance deterioration by 50
percent, and decrease noise and emission levels
below those of the most advanced engines in scrvice
today.



High-speed propeller technology is being devel-
oped for application to commercial transports and
short-haul commuter aircraft. Subscale model tests

have validated the design tools for modern, ad-

vanced-technology propeller configurations that
could reduce fuel consumption by 15 to 20 percent
over turbofan engines of the same technology level.
The design was completed on the latest in a series of
propeller models: a ten-bladed configuration with
low blade tip speeds to reducc propeller noise. This
configuration is estimated to be about 20 decibels
quieter and one percent more cfficient than any
models previously tested.

Aerodynamic Systems. Aerodynamics research for
reducing energy use in transport aircraft continued
to make good progress in 1979.

In mid-1979, a KC-135 tanker aircraft, modified
to incorporatc winglets, completed its first flight
under a joint NASA-USAF research program. To be
completed in 1980, the flight program is expected to
demonstrate a 6-8-percent reduction in cruise drag
compared to the unmodified KC-135.

Wind tunnel investigations of advanced high-lift
systems for transport aircraft wings have led to new
flap configurations that are significantly better than
current devices, demonstrating 30-percent higher
maximum lift. Including this capability in advanced
wing design would provide improved operating cffi-
ciency in the takeoff, climb, and descent phases of
flight.

Removal of the turbulent (high drag) air layer
that flows close to the wing surfaces could improve
the energy efficiency of transport aircraft by 20 to 40
percent depending on the extent of application and
on aircraft range. In 1979, wing surface panels in-
corporating the necessary slots and porous surfaces
to restore laminar flow were built and tested under
simulated flight environments in preparation for
actual flight test of these state-of-the-art concepts on
a wing leading edge next year. The design of an
optimum airfoil, tailored to the specific requirements
for active removal of the turbulent boundary layer,
has been completed, and testing will take place in
the near future.

Structural Systems. A major effort is being ex-
pended to accelerate the acceptance of fiber-rein-
forced composite structures for transport aircraft.
The potential benefit from this technology is struc-
tural weight savings up to 25 percent for fuel savings
of 10-15 percent. The current program consists of
developing the technology for secondary structures
and medium primary structures.

In the secondary-structures program during 1979,
the DC-10 rudder program was essentially com-
pleted, with FAA certification and planned airline
service. Five shipsets of B-727 elevators have been

manufactured, all ground and flight testing com-
pleted, FAA certification obtained, and airline serv-
ice begun. The design phase of the L-1011 aileron
was also completed and the first full-scale part
fabricated.

The design phase for the medium-sized primary-
structure components has been completed. The prin-
cipal B-737 stabilizer subcomponents (stub box)
have successfully completed static, fatigue, and fail-
safe testing and the first full-scale B-737 stabilizer
was fabricated. Skins and spars for a full-scale
L-1011 vertical fin have been fabricated, and DC-10
vertical-stabilizer fabrication has begun.

Fuels. Aviation jet fucls research and technology
arc dirccted at investigating variations in the prop-
erties of future jet fuels derived from petroleum and
non-petroleum sources, and studying the potential
effccts of these varying properties on performance
of cngines and fuel systems. Results to date indicate
that a major problem is the increasing amount of
aromatic hydrocarbon compounds; these generally
burn with a smokey, luminous flame, because cx-
cessive soot forms in the combustion process. The
likely variations in the properties of future jet fuels
have now been established and activities are under
way to develop the combustor and fucl-system tech-
nologies necded so that these fuels can be used with
acceptable levels of emissions and durability.

Noise and Emission Reduction. An extensive sys-
tematic study on effects of inlet geometry and flow
on the noise radiated from aircraft inlets has becn
conducted. Test results from an advanced “scooped-
inlet” concept show that the ground-measured noise
level could be reduced as much as 10 decibels, com-~
parcd to that from a conventional symmetrical inlet.

Experimental engine testing of an advanced com-
bustor applicable to small engines was conducted
during 1979, and reductions in carbon monoxide
emissions of 50 percent and unburned hydrocarbon
cmissions of 80 percent were demonstrated. Pre-
liminary design of several lean prevaporized/pre-
mixed combustor concepts were analytically eval-
uated and two of these concepts were selected for
experimental evaluation. If successfully developed,
these would provide extremely low emission levels in
both the airport environment during taxi, landing,
and takeoff, as well as in the upper atmosphere dur-
ing high-altitude cruise.

Improving Terminal Area Operations and Safety

Rescarch on terminal area operations and safety
is being pursued vigorously by NASA.

Terminal Area Operations. In 1979, the NASA-
FAA program to develop technology for advanced
airborne systems and for flight procedures for more
efficient operations in the terminal area demon-
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strated advanced airborne guidance, control, and
display systems which aided flight crews operating
the NASA Terminal-Configured Vehicle (TCV)
B-737 at Denver and an L-1011 at Dallas. These
tests were conducted under actual Air Traffic Con-
trol (ATC) conditions to fly minimum-fuel descents
to fixed approach entry points within a few seconds
of assigned arrival times, as compared to two-minute
variations using conventional systems, and were con-
ducted with the air traffic controller acting only in a
monitoring capacity. The results have provided sup-
port to airlines and the aircraft industry for the in-
corporation of such concepts in the development of
new aircraft; benefits include improved safety, fuel
efficiency, and system productivity.

Safetv. NASA’s safety research included studies
of new clastomeric material blends for tires meeting
demands of high-performance aircraft. Flight tests
of tires based upon a NASA-developed formulation
showed improved wear, but cxhibited chevron-cut
growth. In an cffort to avoid these undesirable ten-
dencics, tires arc now being processed using ad-
vanced blending and curing techniques and will be
tested in the NASA Landing Loads Track at the
Langley Research Center.

The Aviation Safety Reporting System continues
to be important to NASA’s aircraft safcty program
by providing a flow of confidential safety informa-
tion from the users of the National Aviation System.
Approximately 100 voluntary reports are received
by NASA each wecek, and arc used as a basis for
issuing alert bulletins and conducting special studies
to analyze trends and recurring problems. Onec of
the special studies in 1979 involved the analysis of
cockpit distractions that led to hazards identified in
reports. It was concluded that 33 percent of the
distractions were non-operational in nature, such as
requests over the company radio, the public address
system, and interruptions by flight attendants. The
remainder were distractions from operational ac-
tivities, such as checklists, minor malfunctions, and
watching traffic. The detailed analyses of the types
and causes of distractions provided an important
input to the air carriers to improve their crew train-
ing and operational procedures.

Advancing Long-Haul and Short-Haul Aircraft

Efforts continued to develop and prove the tech-
nology for long-range supersonic aircraft, very quiet
short-haul aircraft that operate at very low approach
specds, and rotorcraft and general aviation aircraft,
which arec bccoming inercasingly important elements
of short haul transportation.

Supersonic Research. Research continued on pro-
pulsion, aerodynamics, and structures tcchnologies
that would enable design of supersonic aircraft that
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could be economically attractive and environmen-
tally acceptable. Two variable-cycle engine-compo-
nent test rigs reached the stage of all-up testing in
FY 1979. One concept, the double-bypass engine,
successfully demonstrated noise reductions of 6-8
decibels, confirming small-scale model tests of the
co-annular noise principle. The other concept, a
variable stream control engine, demonstrated very
high duct burner efficiency, with low levels of
exhaust emissions. High-lift devices have been tested
which improved the low-speed efficiency of highly
swept arrow wings by 12 percent over the best
achieved two years ago. Titanium design and manu-
facturing process studies continued; with the Air
Force, NASA began the design and one-step fabrica-
tion of a complete super-plastic-formed, diffusion-
bonded, titanium horizontal tail for a small super-
sonic airplane. NASA’s AD-1 oblique-wing research
aircraft made its first flight on December 21 from
Dryden Flight Research Center. Though the wing
was in the usual position perpendicular to the fuse-
lage for this flight, it can be pivoted as much as 60°
for investigation of handling characteristics.

Quiet Short-Haul Aircraft. NASA activity in pro-
pulsive-lift short-takcoff and landing (STOL) air-
craft research has increasingly been concentrated in
flight testing. In 1979, research with the C-8 jet aug-
mentor wing and Twin Otter propeller STOL re-
scarch aircraft was cssentially completed in such
areas as control compensation following engine fail-
ure in the landing approach, examination of the
influcnce of night visual cues on pilot landing per-
formance, and automatic STOL landings using the
microwave landing system.

Following completion early in 1979 of proof-
of-concept flights on NASA’s quiet short-haul re-
search aircraft (QSRA), flight-envelope documenta-
tion flights began. Takeoff ground rolls of less than
203 meters, landing ground rolls less than 168
meters, and low turn (to 183-meter radius) capa-
bility have been demonstrated. Analysis of the latest
test data indicatcs that the QSRA is performing very
close to preflight predictions from wind-tunnel data
and, in particular, has demonstrated the capability
of obtaining the very low noise characteristics neces-
sary for STOL operations.

Rotorcraft. In 1979, wind-tunnel tests determined
means to improve airflow in rotor hub and pylon
areas with marked reduction in drag. Other wind-
tunncl tests were started on a newly acquired full-
scale research rotor that incorporated some of the
desirable fcatures determined from scale-model test-
ing and analysis.

Full-scale tunnel tests also demonstrated a unique
advanced rotor system known as the X-wing; it
operates as a rotor in hclicopter flight and as a



fixed wing in an X-configuration in high-spced for-
ward flight.

Flight data were gathered on the usc of airborne
radar as a navigation aid in landing approaches to
oil rigs in the Gulf Coast. This will assist the FAA
in establishing criteria for terminal-area instrument
procedures.

A major cffort completed in 1979 was the formu-
lation by a NASA task force of an advanced rotor-
craft technology program. NASA also conducted a
highly successful rotorcraft modeling workshop with
wide participation by the helicopter community.

General Aviation. NASA made gains in 1979 in
its research in general aviation to improve cnergy
efficiency, environmental impact, safety, and utility.

In 1979, NASA conducted full-scale cooling drag
tests in the Ames Research Center’s 40 x 80-foot
wind tunnel using a semi-span model of a general
aviation wing and nacelle combination. The tcsts
demonstrated that exhausting the cooling air
through exits in the nacelle’s side rather than via
standard cowl flaps can provide better cooling and
significantly reduce drag from cooling.

The quiet, clean, general aviation turbofan
(QCGAT) engine program was successfully com-
pleted, and the primary program goals were met. In
pollutant emissions, there was a 54-percent reduc-
tion in carbon monoxide, 76-percent reduction in
unburned hydrocarbons, and significant reductions
in nitrous oxides. The QCGAT engine noise was [0
to 14 decibels lower than the most quiet of current
business jet engines.

The most severe test in the joint NASA-FAA gen-
eral aviation crash dynamics program was per-
formed at the Langley Research Center’s Impact
Dynamics Research Facility. A twin-engine air-
craft was crash-tested at a 30-degree nose-down at-
titude using small rockets to increase impact velocity
to 145 kilometers per hour. Two NASA-designed
energy-absorbing passenger seats were tested in the
controlled crash. One was a rocker motion seat de-
signed to rotate the passenger into a more accept-
able position at impact. The other was a ceiling-
suspended seat that uses the wire bending principle
to dissipate energy. Both restraint systems attached
to the seat instead of to the fuselage as in conven-

tional design. The test results indicate that the seats
reduce occupant load up to 50 percent, thereby pro-
viding a better chance to avoid serious injury in the
event of a crash.

Technical Support for the Military

Since most of NASA’s aeronautical program ad-
dresses broad-based fundamental problems, con-
siderable potential military benefit accrues from
much of the NASA program.

Highly  Manceuverable Aircrafe  Technology
{HIMAT). A major joint program involving the
USAF and NASA that deals with the technology
of high-performance aircraft is the HiMAT pro-
gram. The HiMAT remotely piloted research ve-
vicle, a 44-percent scale model of a potential fu-
ture concept, made its first flight on July 27, 1979,
from Dryden Flight Research Center. This was not
only the first step in validating the very advanced
technologies used in the vehicle design, it also
demonstrated a new flight-test technique (i.c., sub-
scale, remotely piloted research vehicles) that offer
significant cost reductions for future flight research.

Tilt Rotor Research Aircraft. The NASA-Army
tilt rotor research aircraft has been successfully
flown over a speed range from O to 382 kilometers
per hour. After completing hovering flight and docu-
menting the aircraft’s flight characteristics at vari-
ous combinations of forward speed and rotor tilt
angle, the aircraft was flown with the rotors tilted
forward in the airplane mode for the first time. The
Navy has now joined with NASA and the Army in
this program to obtain data on the tilt rotor concept
applicable to future V/STOL aircraft options that
meet Navy requirements.

Rotor Systems Research Aircraft. The rotor sys-
tems research aircraft program, another NASA-
Army program, reached a major milestone with the
delivery of both research aircraft to the Ames Re-
search Center. The two vehicles, one in the heli-
copter configuration and the other in the compound
configuration (wing and auxiliary thrust engines
added), are now being flown in familiarization and
instrumentation systems checkout in preparation for
starting research flights.
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Introduction

Space and acronautics are arcas of major interest
to the Department of Defense because they are
fundamental to the national security. DoD there-
fore operates a strong program with a wide scope of
activities in space and acronautics. These activities
range [rom research and development that main-
tains the flow of fresh technology to the phasing in
of new concepts and systems for more cfficient ful-
fillment of requirements in such areas as com-
munications, command and control, navigation,
environmental forecasting, surveillance, and experi-
mentation. While the purpose of these activities is
military in nature, DoD maintains close coopera-
tion with other agencics of the government through
which benefits from the DoD program reach the
civilian sector. In 1979 there was notable progress
in a broad range of space activities, including the
start of construction of a Space Shuttle launch fa-
cility on the west coast and the bringing to full
operational strength of the space segment of a global
DoD communications network. Aeronautics pro-
gressed with flight-test programs of several advanced
concepts and promising new electronic systems.

Space Activities

Military Satellite Communications

Satellite communications systems are being em-
ploved to meet priority communications needs that
are unique o worldwide DoD communications re-
quirements. These systems are also used to estab-
lish high-priority alternate routing for certain ter-
restrial systems to improve survivability, and to
reduce dependence on third nations to approve
communications access to other countries. The flexi-
bility oflered by this medium to rapidly reconfigure
existing communications networks to meet crisis
management requirements and provide direct com-
munications to task force commanders is important
as a force multiplier.

Defense requirements for satellitc communica-
tions call for three categories of capability: (1)
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high-capacity, high-data-rate, long-haul, point-to-
point communications for fixed users; (2) mod-
erate-capacity, low-data-rate communications for
mobile users; and (8) command and control of
strategic nuclear forces. Military satellite communi-
cations systems [or these mission must be hardened
against nuclear ¢flects and have jamming l)rotection
to maintain communications and command/con-
trol continuity in a hostile or crisis environment.
Currently these three categories of capability are
satisfied by (1) the Defense Satellite Communica-
tions System Phase 1I (DSCS II); (2) Fleet Satellite
Communications System (FLLTSATCOM), plus
leased services on the Marisat satellite system (Gap-
filler); and (3) the Air Force Satellite Communica-
tions System (AFSATCOM), consisting of com-
munications packages on the Satellite Data System
(SDS), and FL.TSATCOM. During the coming dec-
ade, these existing systems will be replaced and
augmented in an evolutionary manner by (1) DSCS
I, (2) Leased Satellite (ILEASAT) System, and
(3) Strategic Satellite System (SSS).

Defense Satellite Communications System (DSCS).
The mission of the DSCS is to provide secure voice
and  high-data-rate  transmissions in  support of
unique and vital requirements for worldwide mili-
tary command and control and crisis management,
intelligence data relay, early warning detection,
monitoring and surveillance, and diplomatic traffic.
The DSCS supports critical, global communication
requirements of the National Command Author-
ities, the Worldwide Military Command and Con-
ol System (WWNMICCS), the Ground Mobile
Forces, the Defense Communications System, the
Diplomatic Telecommunications Service, the White
IHouse Commumnications Agency, and selected allies.
Now fully operational, the space portion of DSCS
consists of four active satellites and two on-orbit
spares and provides global (less polar) coverage
with near 100 percent availability through the
1930s. To ensure continuity of essential communica-
tions and survivability during crises situations and
a potential hostile communications environment,
cvolving DSCS satellites will include an improved



anti-jam capability in addition to nuclear-effects
hardening.

The initial rescarch and development phase of
the Delense Communications Satellite Program pro-
vided a limited operational system from 1966
through 1974. For most of 1979, the space subsystem
consisted of four operational spacecraft and onc on-
orbit spare: onc DSCS II satellite (number 4)
launched in December 1973, two DSCS 11 satellites
(numbers 7 and 8) launched in May 1977, and two
DSCS 1I satellites (numbers 11 and 12) launched
in December 1978, The successful December 1978
launch of satellites 11 and 12 permitted the return
to NATO of the NATO IIIB satellite which was
on loan for temporary use because DSCS 1II satel-
lites 9 and 10 failed to achieve orbit in March
1978. DSCS 1I satellites 13 and 14 were successfully
launched in November 1979, achieving the desired
six-satellite configuration for the first time. DSCS 11
satellites 15 and 16 will become available as replace-
ments in 1980.

The next generation of DSCS satcllites will be
DSCS 11T models, with improved performance and
survivability. During 1979, development of a quali-
fication-model satellite, two R&D flight satellites,
and ground command and control equipment con-
tinued. The first R&D satellite (DFS 1) is planned
for a dual Inunch with DSCS II number 15 and will
undergo about six months of R&D test and evalua-
tion; it will then be turned over for operational
usc. The second R&D satellite (DFS 2) is planned
for a dual launch with DSCS II number 16 and
will undergo a comparable test period before being
placed into operational use.

The DSCS III satellite will have multiple, in-
dependent transponders for cfficient handling of
both small and large terminals. It will provide a
three-fold increase in channel flexibility, will have
improved anti-jam protection through multiple-
beam antennas capable of nulling or minimizing
uplink jamming signals, and will provide responsive
adaptability in reallocating power and bandwidth
asscts. In addition to the normal S-band tracking,
telemetry, and command functions operated by the
Air Force Satcllite Control Facility (SCF), the
DSCS 111 satellite will have a super-high-frequency
command capability, controlled operationally by
the Defense Communications Agency. This capabil-
ity will improve response time for reconfiguration
of antenna systems. The satellite will conform to
nuclear survivability guidelines and is being de-
signed for an on-orbit life of ten years. Since the
Space Shuttle will become operational during the
life of the DSCS III program, the new satellite is
being designed to be Shuttle-compatible.

Fleet Satellite Communications System (FLTSAT-
COM). Moderate capacity, mobile-user service will

he provided by the FLTSATCOM. Its objective is
to develop, procure, and implement a satellite com-
munications system to satisfy the most urgent,
worldwide, tactical peacetime and crisis manage-
ment communications requirements of the Navy
and strategic communications requirements of the
Air Force. Production contracts for five FLTSAT-
COMI spacecraft have been awarded and the first
two spacecraft were launched in February 1978 and
Mav 1979, respectively. The third spacecraft was
scheduled for launch in January 1980. Installation
of fleet broadcast receivers is virtually complete,
with systems installed in approximately 420 ships
and 109 submarines. Additionally, over 236 ships
are now cquipped for reliable long-range sccure
voice operation. Shipboard terminal equipment is
now operating through both the MARISAT and
FI.TSATCONMI systems.

Beginning in 1982 this class of service will be
provided through the lease of UHF satellite service
(LEASAT) from the commercial sector. This LEA-
SAT system will initially supplement and eventually
replace FLTSATCONM satellites as they approach
the end of their service life.

Air Force Satellite Communications. The Air
Force Satellite Communications (AFSATCOM)
System provides communications for command and
control of strategic and other selected nuclear-
capable forces. The initial operating capability of
the system was achieved in May 1979. The space
segment includes UHF wransponders on FLTSAT-
COM and the Satellite Data System (SDS). Up-
graded transponders with increased jam-resistance
are being integrated into the first DSCS III satellites
as a secondary payload, with first launch planned
for the early 1980s. AFSATCOM terminals are be-
ing installed in ground command posts, airborne
command posts, and the strategic bomber force.
Additional terminals arc being procured for ICBM
launch control centers.

Satellite Data System (SDS). The Satellite Data
Systein provides critical two-way, transpolar com-
mand and control for nuclear-capable forces as well
as supporting the data communications network for
the Satellite Test Center and the remote tracking
stations.

Strategic Satellite System. Evolutionary improve-
ments to the AFSATCOM system are planned.
These improvements to the space segment include
development of additional jam-resistant transpon-
ders for the Satellite Data System and the NAV-
STAR Global Positioning System and possibly a new
satellite specifically conceived to provide highly
survivable communications into the 1990s. These
space segment improvements and the terminal up-
grades will become available in gradual steps and
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are collectively referred to as the Strategic Satellite
System.

Satellite Communications Ground Support. The
Army Satellite Communications Agency is responsi-
ble for the development and acquisition of strategic
and tactical satellite communications ground termi-
nals for use by all services. Two major projects in
this program clement are the DSCS and the Ground
Mobile Forces Tactical Satellite Communications
Programs. A third and smaller project in this pro-
gram is devoted to the exploratory development re-
quired to support the two major projects.

During 1979, there was significant activity related
to the ground terminals supporting the DSCS 11
system. All 18 of the new AN/FSC-78 heavy termi-
nals were operational the cutire year, mecting criti-
cal user requirements. The second-ycar buy of
AN/GSC-39 medium terminals took place in 1979,
bringing the total on conwract to 12. A third-year
buy for an additional 9 terminals will be funded in
1980. Procurement of 10 more medium terminals
to replace the aging and obsolete AN/TSC-54 and
AN/MSC-46 terminals is planned for 1982. Also,
the first of the new AN/TSC-86 transportable JCS
contingency satellite terminals were deployed in
late 1979. Continued success was experienced in
the contract for the new :mti-jzml multiple access
cquipments (AN/USC-28), with the first of these
units scheduled for delivery in September 1980. All
large, fixed military satellite terminals employed in
support will be equipped with these new anti-jam
modems.

Tactical Satellite Communications. Delivery of
the initial buy of 31 multichannel SHF tactical ter-
minals (AN/TSC-85, AN/TSC-93) was completed
i 1979, and 12 of these terminals will be deployed
to the U.S. Army in Europe for use with the DSCS
II space segment. In September 1979, a production
contract for 225 additional terminals was awarded,
with first deliveries in 1981, When fully deployed,
these SHF terminals will provide mobile, multi-
channel communications for the ground mobile
forces transmitting from the field through the DSCS
satellites. Production was begun of 210 UHF vehic-
ular terminals (AN/MSC-64) to be used with the
FELTSATCOM satellites beginning m 1981, Testing
was completed on the UHF manpack terminal
(AN/PSC-1), and a mulu-year contract award for a
total of 171 terminals for special Army users is ex-
pected in 1980,

Navigation Satellite Activity

The NAVSTAR Global Positioning System
(GPS). NAVSTAR GPS is a joint-service program
to provide a capability for three-dimensional, high
accuracy, continuous, worldwide navigation. The
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operational NAVSTAR GPS will consist of constel-
lations of satellites in three orbital planes at 20,400
kilometers, a ground segment for calibration and
control of the satellites, and numerous user equip-
ments of various classes. The GPS will provide
all-weather coverage on a common grid, enabling
users passively to determine position to within 10
meters and velocity to within .03 meter per second.
The system will also provide precise worldwide time
transfer.

Developmental models of all classes of user equip-
ments, including high accuracy, low-cost, and man-
pack models, have been and continue to be field
tested with the four GPS satellites launched in 1978.
The desired prototype user-equipment accuracies
were acliieved, completing the concept-validation
phase in June 1979. Full-scale enginecring develop-
ment was initiated in August 1979, with initial op-
crating capability expected in the mid-to-late 1980s.
Launch of the fifth GPS satellite is planned for
February 1980.

Meteorological Activities

Defense  Meteorological — Satellite  Program
(DMSP). During 1979, the Air Force-managed
DMSP satellite system continued to support DoD
strategic and tactical needs for weather information
with three Block 5D satellites in orbit. The Navy
continued to expand its use of DMSP’s high-resolu-
tion imagery and sounder data both ashore and
afloat. The global, stored satellite data are now
routinely  transmitted to  the Fleet Numerical
Occanography Center, ingested into the numerical
air-occan model’s global data base, and the imagery
is retransmitted by computer to the other major
naval occanographic prediction centers. The Air
Force Global Weather Central (AFGWC) continues
to routinely process data into its real-time global
data base for worldwide strategic applications, and
is installing o satellite data handling system which
will permit real-time interaction of the meteorolo-
gist with the computer data base. The imagery is
transmitted from the satellite in real time to trans-
portable read-out stations at key locations world-
wide to support Army, Navy, and Air Force tactical
operations. In 1979, the Navy continued to im-
prove its tactical read-out program by the addition
of the fifth direct read-out unit to the Fleet. The
fourth Block 5D satellite was launched and became
operational in July 1979 and is providing excellent
meteorological information. In addition to cloud
imagery, this satellite provides vertical temperature
profile information from a ncw microwave sensor
system and  fonospheric data from several other
special sensors. AFGWC is now using the plasma
probe information for rcal-tinre analysis and fore-



casting of lonospheric electron content. This repre-
sents the first use of real, in-situ measurements of
space environmental data. Also in 1979, the joint
Air TForce-Navy DMSP instrument development
procurement program produced final design and
contract award for a passive microwave imager that
will provide quantitative values of precipitation,
cloud and liquid water content of the atmosphere,
ocean surface wind speed, and sea ice distribution.
This new family of DMSP instruments will be
flown in 1981-1984.

Surveillance Activities

Early Warning Satellites. Early warning capabil-
ities reside in an integrated system of ground-based
radars and a constellation of threc geostationary
satellites for earliest indication of a hostile ballistic
missile launch against the United States. During
1979, a successful launch replaced one of the older
satellites that was failing. Development continued

on modifications to ensure compatibility of early,

warning satellite payloads with the Titan 34D and
Shuttle Inertial Upper Stage (IUS) as well as im-
provements in the survivability of the satellite and
ground systems.

Space Surveillance. The current capability for
locating, tracking, and identilying objects in space
is provided by a network consisting primarily of
ground-based radar sensors deployed for purposcs
other than space surveillance—for example, missile
warning. This sensor network has a limited capa-
bility to detect objects above 5500 kilometers alti-
tude and has gaps in the coverage below this
altitude. DoD) is procuring a Ground-Based Electro-
Optical Deep Space Surveillance system for compre-
hensive detection and tracking of satellites at high
altitudes.

A viable approach, in the long-term, for respon-
sive surveillance up to geosynchronous altitudes ap-
pears Lo lie in spaceborne sensors. Several R&D
activities to develop this technology are continuing.
For example, the Air Force has devcloped detector
modules for a mosaic staring sensor which is ex-
pected to provide improved survivability.

The Defense Advanced Research Projects Agency
(DARPA) continued in 1979 development of ad-
vanced concepts and technology for strategic and
tactical surveillance from space. Radiation source
monitoring from space is being demonstrated with
the DARPA 301 gamma ray spectrometer, placed in
orbit by the USAF Space Test Program in early
1979; the experiment is operating successfully, in-
cluding demonstration of the long-life cryogenic
refrigerators developed for this flight. The experi-
ment has achieved the highest gamma-ray spectral

resolution measured in space. Development of in-
fraved survetllance technology for mosaic detector
arrays, signal processing, cryogenic refrigerators,
and Targe optics and structures continued, with
successful Taboratory testing of a new generation of
mfrared detector array and large, actively controlled
mirror clements. The Teal Ruby space experiment
to demonstrate detection of aircraft will use first-
generation infrared mosaic detector arrays and is
entering the qualification testing phase, with launch
expected aboard the Shuttle in late 1982. DARPA
has inittated the advanced sensor demonstration
program to demonstrate advanced surveillance mis-
sions and the technology base developed to support
them; an advanced space system is in the design
phase, with lIaunch planned in FY 1987. Technology
development was initiated for key components of
space-based radar concepts with emphasis on broad
mission applications for the technology base, a
philosophy that was successful in the definition of
the infrared wechnology needs. In 1979, DARPA
continued conceptual designs for the Talon Gold
experinient, which will develop space technologies
for support ol precision acquisition, tracking, and
pointing at long range.

Space Shuttle Activities

Inervtial Upper Stage (1US). The TUS is under de-
velopment by the Air Force to deliver DoD space-
craft 1o higher orbital altitudes and inclinations
than the Shuttle alone provides and will also be
used by NASA for their synchronous-orbit payloads
and planetary missions. DoD) will also use the IUS
on the Titan 111 to improve mission success during
the early transition period to Shuttle. During 1979,
[ull-scale development continued, having started in
April  1978;  other procurement involved 1US
ground support equipment, logistics support, and
necessary modifications to the Solid Motor Assem-
bly Building at Kennedy Space Center.

Controlled Mode at Johnson Space Center (JSC).
Shutte Jaunches will use NASA’s JSC for simula-
tion, training, and hght control for DoD Shuttle
missions. It 1978, a special ad hoc Shuttle security
group ol the Aeronautics and Astronautics Coordi-
nating Board (AACB) completed validation of the
controlled mode concept to provide the capability to
conduct classified Dol Shuttle missions out of JSC
with minimum impact to concurrent civil space op-
erations. The AACB approved the recommendation
of this ad hoc group, and both DoD and NASA
initiated implementation of the controlled mode. In
1079, eflorts were concentrated on detailed system
design, software validation and verification, and de-
termination of facility modifications. A preliminary
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design review was held in early October. Initial
operating capability for the controlled mode is ex-
pected in early 1982 to support the initial classified
DoD payloads on Shuttle. The investment in con-
trolled mode is being held to a minimum consistent
with essential security needs and projected DoD
workload on Shuttle through the mid-1980s.

Vandenberg Air Force Base (VAFB) Shuitle
Launch Site. Efforts continued during 1979 to ac-
quire Shuttle launch and landing capabilities at
Vandenberg Air Force Base (VAFB), California.
Vandenberg facilities are required by both civil and
DoD users for polar launches, complementing Ken-
nedy Space Center (KSC) which will launch to low-
inclination orbits, such as geosynchronous equatorial
deployments. Commonality of equipment and pro-
cedures between KSC and VAFB is being maxi-
mized to minimize acquisition costs and operations
complexity.

The requirements definition contract for VAFB
was completed in mid-1978. The follow-on cffort, to
design unique support equipment, develop and
acquire the launch processing and computer appli-
cations software, and prepare installation designs is
nearing completion. Facility construction began in
January 1979.

Space Boosters

The DoD family of space boosters is comprised of
the Atlas and Titan III standard launch vehicles as
well as surplus Thor (I1.V-2D, LV-2F, SLV-2A) and
Atlas E/F ICBM vchicles. Nine DoD space missions
were successfully launched in 1979: 5 on Titan I1Ts,
1 on LLV2F Thor, 1 on Atlas-F, and 2 which were
launched by NASA (1 on Delta and 1 on Atlas-
Centaur). In addition, DoD launched 1 NASA-
NOAA mission on an Atlas-F. Integration of the
Inertial Upper Stage (JUS) with the Titan III
launch vehicle family, begun in June 1977, con-
tinued through 1979. As DoD transitions its pay-
loads to Shuttle, the expendable launch vehicles
will be phased out at a rate dependent on progress
with major development and orbiter delivery mile-
stones of the NASA Space Transportation System.

Space Test Program

The Space Test Program provides space-flights
for test and evaluation of DoD R&D experiments
and certain operational spacecralt not authorized
their own mecans for space flight. Thrce payloads
were successfully flown in 1979.

Spacccraft Mission P78-1, known by its primary
payload the gamna ray spectrometer, was launched
on February 24 from Vandenberg AFB on an At-
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las-F. It carried seven payloads. Spacecraft Mission
P78-2, also referred to as the spacecraft charging
at high altitudes (SCATHA) mission, was launched
on January 30 from Cape Canaveral Air Force
Station on a NASA Delta launch vehicle. The
twelve experiments comprising the SCATHA pay-
load, three of which are NASA's, were to provide
the data to determine methods for protecting space-
cralt systems in geosynchronous orbit from tran-
sient outages and clectronic malfunctions cansed by
spacecraft  charging. Finally, Spacecraft Mission
§78-1, also referred to as the Navigational Package
(NAVPAC) mission, was flown on a host vchicle
and tested a geodetic package.

The program will now serve as the patlifinder for
DoD to exploit ways to use the manned Shuttle as
a laboratory in space. This exploitation approach
will expedite infusion of new technology into space
systems through the use of simpler, incrementally
designed, man-aided systems. New hardware will be
developed and procured to enable this exploitation.
A contract award is expected in 1980.

Space Research and Technology

Space-related vescarch and technology by the De-
partment of Defense includes efforts defining the
space environment and assessing its effect on the
performance of DoD systems operating within it.

Solar Radiation Monitoring Program. The Navy
solar monitoring program in 1979 consisted pri-
marily of developing additional applications for op-
crational predictions of propagation phenomena
alfecting HF and VLF radio systems. Solrad Hi and
Gocs satellite data provided significant real-time
solar measurements for the research and develop-
ment of a prediction system under cvaluation at
the Naval Communication Station, Stockton, Cal-
ifornia. The Naval Research Laboratory continues
to explore basic rescarch studies in solar physics,
solar-terrestrial relationships, and plasma process to
determine these solar effects on Navy systems and
operations.

As part of the continuing Air Force technology
program in prediction of propagation environment,
solar processes are being investigated and solar
emissions are measured. The programs in solar
cmissions include the theoretical study of the proc-
esses leading to solar flares, in which the Air Force
Geophysics Laboratory works closely with the Na-
tional Science Foundation's Sacramento Peak
Observatory.  Techniques to forecast the time
history of high-energy solar particles that may im-
pact the Earth following a major solar flare are still
in the development stage. The Air Force is install-
ing a worldwide radio-solar-telescope network for



use with the Solar Optical Observing Network. In
1979, the radio solar telescope in Australia became
operational.

Air Force scientists are also participating in
rocket and satellite ohservations of solar ultraviolet
(UV) cmissions. Working closely with NASA scien-
tists, Air Force personnel are studying the varia-
tions in solar UV observed by spectrophotometers
on Atmosphere Explorer C, D, and E satellites.
Rocket ilights designed to measure solar UV flares
between 230 and 3500 Angstroms continuc to be
flown and, in conjunction with satellite measurc-
ments, used to develop models of the solar UV
emission spectrum.

Envivonmental Remole Sensing. The Air Force
Geophysics Laboratory has a continuing programn
to monitor space cnvironment-induced cifects as
observed at the surface of the Earth. Scientists are
measuring ionospheric scintillation and signal delay
at a number of ground stations around the globe,
using transmissions from beacons on both orbiting
and geostationary satellites. Thesc mecasuremeunts
indicate signal statistics for satellite communication
systems and Air Force surveillance radars.

Spacecraft Charging Technology. The Air Force
Geophysics Laboratory (AFGL) is actively in-
volved in the joint USAF/NASA spacecraft
charging technology program. In addition to devel-
oping theoretical and empirical models of the nat-
ural environment leading to spacecraft electrical
charging at synchronous altitude, AFGL. continued
preparation of a handbook that will document the
full range of variability of charged particles and
fields that can be expected at this altitude. Data
from the Air Force Scatha satellite, launched in
January 1979, are being used to update the models
and the handbook. Scatha satellite instrumentation,
supplied by the Air Force, includes clectrostatic
analyzers, charged particle flux spectrometers, and
electron and ion beam systems to assess the feasibil-
ity of actively controlling satellite charging and dis-
charging. Close coordination between the inter-
dependent activities of the Air Force and NASA
continues through the joint USAF/NASA space-
craft charging technology program. Models of the
energetic electron flux at satellite altitudes will be
implemented to measure energetic electrons in the
110-megavolt range, showing the dosage rates re-
ceived by satellite microcomponents.

Advanced Space Communications. The advanced
space communications program develops and dem-
onstrates advanced spacecraft and airborne/ground
terminal technologies to meet future DoD nceds for
military satellite communications systems. In 1979,
new space components were developed for opera-
tion in the higher EHF frequency bands. These

higher frequency bands are being investigated as a
mecans of relicf from frequency spectrum congestion
being experienced in the lower frequency bands
and as a means of enhancing protection against
jamming. Efforts are also under way in laser com-
munication technology to provide significant im-
provements in jamming protection as well as very-
high-data-rate transmissions. The Air Force Space
Division has completed a developmental model
ground test phase at a White Sands, New Mexico,
test range. A Tollow-on phase, currently in progress,
will integrate a laser communications terminal into
an EC-135 aircraft for air-to-ground tests in FY
1980. An orbital laser communications package is
also under development for launch on the Teal
Ruby spacecraft in late 1982 aboard Shuttle.

Other Technological Activities. Under the space
vehicle subsystem technology program, spacecraft
subsystem improvements are in progress that will
be important to the survivability, autonomy, per-
formance, power, and weight of DoD satellites in
the 1980s. An improved magnetic bearing momen-
tum wheel, for better satellite stability, will com-
plete environmental testing of 2 new wheel mate-
rial in carly 1980. The space sextant, which will be
important to [uture autonomous satellite operation
and improved survivability, entered the flight-unit
fabrication and qualification test phase. Develop-
ment ol the fault tolerant spaceborne computer,
which will enhance survivability by minimizing
satellite dependence on ground stations, has been
accelerated toward a demonstration flight in 1984.
Also major advances were made in the magnetic
bubble memory technology for a solid state space-
borne memory that will provide a hardened, non-
volatile data storage capability. In satellite space
power systems, cfforts continued on the a 50-amp-
hour nickel-hydrogen battery intended to replace
nickel-cadmitm units, as well as on a high-efhiciency
solar panel employing gallium-arsenide and silicon
solar cclls.

Space Ground Support

DoD space activities were principally supported
in 1979 by the Air Force’s Eastern and Western
Space and Missile Centers, Satellite Control Facil-
ity, and Arnold Engineering Development Center;
and the Army's White Sands Missile Range. These
facilities, available for use by Federal agencies, in-
dustry, and other nations, support a wide variety of
test and evaluation activities. In October 1979, Air
Force Systems Command (AFSC) realigned its
space and missile development and acquisition ele-
ments. Space Division (SD), which reports directly
to Hq AFSC, has assumed the space-related activ-
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ities previously the responsibility of the Space and
Missile Systems Organization (SAMSO), which was
deactivated. The Eastern Test Range at Patrick
AFB, Florida, has become the Eastern Space and
Missile Center, while the Western Test Range at
Vandenberg AFB, California, has become the West-
ern Space and Missile Center.

Eastern Space and Missile Center (ESMC). ESMC
has the responsibility to support a variety of DoD
space and ballistic missile operations, NASA space
programs, and commercial or international satellite
launches under the sponsorship of NASA. Current
improvement emphasizes the enhancement of telem-
etry, radar tracking, and range safety. During 1979,
ESMC provided support to Navy testing of Po-
seidon and Trident flect ballistic missiles. Launch
and data-acquisition support was provided to
NASA’s programs, satellites for commercial orga-
nizations, and operational space payloads for the
Air Force. ESMC was also actively engaged in con-
ducting planning and analyses in support of the
Space Shuttle, whicl will be launclied for orbital
test flights from the Kennedy Space Center.

Western Space and Missile Center (WSMC).
WSMC provides range tracking, data acquisition,
and flight safety support for all ballistic missile and
space launches, as well as acronautical tests at Van-
denberg AFB. Approximately 50 ballistic missile,
space launches, and aeronautical flights were con-
ducted in 1979. The major acronautical program
was the cruise missile. WSMG is actively engaged in
planning for the Space Shuttle lnunches from Van-
denberg AFB, which involves extensive construction
of launch, logistic, and maintenance facilities.
Launch pad construction for Shuttle was begun in
January 1979.

Satellite Control Facility (SCF). During 1979, the
SCF supported 17 launches, including 9 DoD mis-
sions, I NASA mission, and 7 ballistic flights. Re-
quirements for network support continued to grow,
with 86,900 contacts totaling 68,400 hours of sup-
port. With the addition of a second antenna at
Thule, Greenland, and the British Telemetry and
Commanding Station at Oakhanger, United King-
dom, the SCF now has 12 tracking stations at scven
sites worldwide. Significant maintenance cfforts in-
cluded the replacement of the antenna azimuth
bearing at the New Hampshire station and replace-
ment of the radome over the 18-meter antenna in
Hawaii. Also, modifications were completed for SCF
participation in the orbital flight test of the Shuttle.
A major data system modernization cffort was
started, which will replace aging computers at the
remote sites and consolidate telemetry, tracking,
and commanding functions into a centralized sys-
tem at the Satellite Test Center. When operational
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in 1983-1984, this system will enlarge capacity and
reduce operating expense.

IWhite Sands Missile Range (WSMR). The
Army’s WSMR continued to provide support to
DoD and NASA aeronautics and space programs. A
full spectrum of launch, flight, and recovery ser-
vices was provided, including ground and flight
safety, surveillance, command and control, data ac-
quisition, and analyses. NASA program support in-
cluded the Space Shuttle, the calibration rocket
program, upper atmospheric sounding with rockets
and balloons, and variety of astronomical test pro-
grams. Specific Space Shuttle activities included
qualification tests on the orbital maneuvering sys-
tem and on forward and aft reaction control sys-
tems, cvaluation of Shuttle spacecraft materials,
training of astronauts to land the Shuttle, and a
satcllite system to track and relay Shuttle position
data back to earth.

Arnold  Engincering  Development  Cenler
(AEDC). AEDC provides essential aerodynamic,
space environment, and propulsion tests to accel-
crate devclopment of aeronautical and space sys-
tems. Its crucial value can be measured by the fact
it hassupported virtually every major U.S. aerospace
progrant. Its 40 test units provided approximately
50,000 test hours in 1979 to support missile projects,
the Space Shuttle, and space launch rocket motor
tests. An Aeropropulsion Systems Test Facility will
be ready in 1983 to test large, high-performance
turbojet and turbofan engines in a more realistic
environment than can be attained today. Another
test unit in planning is the Turbine Engine Load
Simulator (TELS). TELS will be a centrifuge that
will stress engines to simulate an inflight environ-
ment and at the same time x-ray the engine to de-
termine abnormalities caused by “g” forces. TELS
will contribute greatly to reductions in develop-
ment and maintenance costs.

Aeronautical Activities

Aircraft and Airborne Systems

I-16 Multimission Fighter. The first production
I-16 aircraft were received by the United States and
Belgium‘ in January 1979 while the Netherlands
received their first production aircraft in June 1979.
The remaining European partners, Denmark and
Norway, will begin receiving production aircraft in
1980. The multinational operational test and eval-
uation (MOTE) was initiated in January 1979 at
Hill AFB, Utah. These tests are providing informa-
tion on the capability and suitability of the F-16
to perform its operational missions. In addition, de-
velopment testing is continuing to resolve deficien-



cies that have been previously identified in aircraft
systems.

B-52 Squadrons Development Projects. The de-
velopment projects under the B-52 squadrons ad-
dress a variety of avionics programs all essential to
the effectiveness and survivability of the B-52 force.
One critical effort is the continuation of the pro-
gram for the offensive avionics system (OAS)—
phase one. This project develops for B-52G/H
modification an update to the bombing navigation
system incorporating nuclear hardened, digital sub-
systems in place of the 1950 vacuum tube technol-
ogy. Additionally the OAS also integrates the air
launched cruise missile (ALCM) on the B-52G. Be-
cause of the critical schedule requircments to de-
ploy the ALCM and update the avionics, develop-
ment and procurement are being considered
concurrently. Initial options for the modification
contract were negotiated between January and July
1979, and the contract was issued in August 1979.
The first of the modified aircraft will be available
in 1981. A second critical item to the bomber mis-
sion is surviving the effects of nuclear explosions.
New programs will have hardness included, but air-
craft systems not scheduled for replacement will
require, as a minimum, protection against electro-
magnetic pulse (EMP). Analyses and studies began
in 1976, but in 1979 the program received new em-
phasis, with the B-52 being exposed to the electro-
magnetic pulse at two facilities during the year.
Joint DoD, Air Force, and contractor teams are cur-
rently reviewing the EMP programs in view of the
test results and will make recommendations to in-
crease the probability of aircraft surviving the
EMP threat. Because this threat could affect all air-
borne and ground digital systems, progress on
B-52s will be closely monitored for potential use in
other programs.

A-10 Close-Air-Support Airvcraft. The Air Force
plans to procure 733 A-10s to provide a specialized
close-air-support aircraft. Research and develop-
ment is complete, except for integration of new
systems being added to improve effectiveness. Of
the 627 aircraft approved for production, approxi-
mately 300 have been delivered to tactical forces
in the United States and Europe. The Air Force
activated its first wing and two Air National Guard
squadrons in the United States as well as an initial
wing of four squadrons, with later growth to six
wings, in the United Kingdom. The aircraft in the
United Kingdom will also operate from four for-
ward locations in Germany. Favorable reliability
and maintainability factors have been demon-
strated, so the anticipated low operating costs
should be realized.

F-15 Air Superiority Fighter. Limited develop-
ment cfforts are continuing on the F-15 to complete
clectronic countermeasure updates and to provide
other component improvements. These efforts in-
clude development of a programmable signal
processor; this expansion of the capability of the
radar system will permit future improvements
through software changes rather than more expen-
sive hardware modifications.

Delivery of production F-15 aircraft is con-
tinuing. By the end of FY 1979, a total of over 430
of the 729 total planned F-15s had been received by
the Air Fovce. Delivery of F-15C and D model air-
craft began in June 1979. This improved version
features a 1000-kilogram increase in fuel capacity,
provisions for low-drag conformal fuel tanks, and
increased maximum takeoft weight of 30,900 kilo-
grams. The remainder of the F-15 programmed
procurement will be C and D model aircraft.

I'/A-18 Carrier-Based Strike Fighter. The Navy's
F/A-18 aircraft is the replacement for the remain-
ing Navy and Marine F-4 Phantom fighters as they
rcach the end of their service life. 1t will also re-
place the aging A-7 light attack aircraft in the mid-
1980s. Introduction of this aircraft into the fleet
will provide the tactical commander at sea with a
high-performance, agile strike fighter, capable of
surviving in hostile territory. The Secretary of De-
fense has approved full-scale development of this
aircraft. The fivst flight was in November 1978, and
a total of eleven full-scale development aircraft are
scheduled for delivery.

Ef-11/14. The EF-111A is designed to provide de-
fense suppression radar jamming in support of
United States and Allied air operations. The peace-
time mission will be to provide training for opera-
tions in an clectronic countermeasures environment
for our own air defense and tactical forces. The
EF-111A is in limited production, which includes a
test effort to evaluate the correction of deficiencies
identified during ecarlier tests. Flighttest data to
date indicate the EF-111A is surpassing all relia-
bility performance requirements.

Advanced Attack Helicopter (AAH). The ad-
vanced attack helicopter continued in full-scale en-
gineering development during 1979. The initial
prototype target acquisition designation systems
(TADS) and pilot night vision systems (PNVS)
were delivered by both competing contractors, for
use in system integration and checkout. The two
Phase I flight prototype helicopters were returned
to flight status after completing modifications which
converted them to the Phase II configuration.

The first airborne firing of a Hellfire ballistic
missile from the AAH took place on March 3, 1979,
The firing was successful, with no detrimental ef-
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fects on the aircraft. This and other successful bal-
listic launches led to the first guided Hellfire launch
from the AAH on September 18, 1979. The first
autonomously designated launch of a Hellfire from
an AAH (fired from the AAH as designated by the
target acquisition designation system on the same
aircraft) was successfully completed on October 20,

1979.

CH-47 Modernization. The CH-47 moderniza-
tion program is designed to ensure that the Army
will have a medium-lift helicopter capability be-
yond the year 2000. An engineering development
effort which began in June 1976 has produced three
prototype CH-47D models which incorporate seven
modernized systems: rotor, drive, hydraulic, elec-
trical, advanced flight control, cargo handling, and
auxiliary power unit. These changes are to improve
the reliability, availability, maintainability, pro-
ductivity, safety, and survivability, and produce one
standard CH-47 configuration to facilitate logistical
support and maintenance. All three prototypes
have begun contractor flight testing and will be
tested by U.S. Army personnel in the field begin-
ning in January 1980. Once the test results have
been analyzed, a decision on full-scale production
of the completely modernized CH-47 will be made.
The Army plans to have an entire unit of 24 CH-
47Ds in the field by mid-1983.

E34 Airborne Warning and Control System
(AWACS). The E-3A Wing at Tinker AFB, Okla-
homa, reached operational status in April 1978. By
the end of 1979, 19 E-3A aircraft were delivered to
the Tactical Air Command providing an all-alti-
tude, airborne radar surveillance and command and
control system with good survivability. The total
United States E-3A force is programmed for 34
aircraft. The NATO defense ministers approved a
NATO airborne early warning and control
(AEWRC) program which includes the procure-
ment of 18 E-3A aircraft, the upgrading of ground
communication links, and the preparation of sup-
port bases and facilities. NATO is also funding de-
velopment of an improved E-3A computer to in-
crease the system’s tracking capacity. This program
is the largest acquisition ever undertaken by
NATO. United States developments are focused on
further improvements in capability.

Development continued on incorporating into
the E-3A the joint tactical information distribution
system (JTIDS) to provide jam-resistant, secure
communications between the E-3A aircraft and
other users. Flight testing of the JTIDS terminal
in the E-3A aircraft was completed with successful
demonstration of the pertinent performance re-
quirements, and plans are to initiate full-scale de-
velopment of a fighter aircraft terminal in 1980.

56

Tomahawk Cruise Missile. Tomahawk is a high-
subsonic-speed, turbo-fan-powered, long-range
cruise missile sized to be fired from a submarine
torpedo tube, but also capable of being launched
from surface ships, aircraft, and mobile ground plat-
forms. This missile is being developed in two forms,
a conventionally armed anti-ship version and a
nuclear-armed land attack version.

The antiship Tomahawk will provide an im-
portant complement to carrier-based aircraft in ex-
tending the Navy's anti-ship capability over a broad
ocean area. The stand-oft capability afforded by
Tomahawk will pose a credible threat to enemy
surface forces at minimum risk to our launch
platforms.

The nuclear land-attack Tomahawk could pro-
vide a flexible nuclear force for theater or strategic
roles. Its ability to penetrate with its single war-
head and high accuracy and its survivability make
it particularly suitable for use in limited nuclear
attacks.

Tomahawk is planned for installation on nuclear
attack submarines and cruisers. A ground-launched
version of Tomahawk is being developed for the
Air Force.

Air-Launched Cruise Missile (ALCM). A com-
petitive “flyoff” between the AGM-86B and the
AGM-109 air-launched cruise missiles (AI.CM) was
conducted during 1979 and early 1980 with ten
launches each. Flight-test results are being eval-
uated along with contractor cost and technical
proposals. Source selection and a production deci-
sion are to be made in March 1980.

Current plans are for a maximum ALCM pro-
duction rate of 40 per month. This is consistent
with the B-52G modification rate and supports the
“shoot and penetrate”™ concept of initial B-52G/
ALCM deployment. The first alert capability of the
B-52G with externally loaded ALCM is scheduled
for September 1981, and the initial operating capa-
bility of the first B-52G squadron is planned for
December 1982,

Ground-Launched Cruise Missile (GLCM),
GLCAI will be part of the modernization of the
long range theater nuclear force to bolster deter-
rence, protection against failure of conventional
forces, and theater nuclear firepower. The Air
Force plans to procure 560 missiles for deployment
to Europe. The GLCM system will integrate the
Tomahawk cruise missile into an air-transportable,
ground-mobile system which consists of a trans-
porter-erector-launcher and a launch control cen-
ter. The system is now in fullscale engineering de-
velopment with initial operating capability planned
for December 1983.

Advanced Strategic Aiv-Launched Missile (AS-
ALM). ASALM is being developed to enhance the



strategic bomber force, which includes the B-52,
FB-111, and future strategic carriers. ASALM is a
long-range supersonic missile capable of neutraliz-
ing the Soviet air-defense interceptors and warning
aircraft, as well as suppressing defenses and striking
primary targets. A propulsion technology valida-
tion program was established to demonstrate the
ASALM integral rocket ramjet propulsion system.
This flight-test prograny consists of seven flights
between October 1979 and April 1980. Initial test
results appear very favorable. The next phase will
be a subsystem demonstration validation which will
cmphasize air-to-air guidance development, and
will begin in early 1980.

Pave Low I1]1. Operational evaluation of the Acro-
space Rescue and Recovery Service’s Pave Low 111
combat rescue system has been completed at Mili-
tary Airlift Command’s Kirtland AFB, New Mex-
ico, and the first production unit was completed in
1979. Pave Low III, when integrated into an H-53
helicopter, provides the Air Force with a highly
sophisticated, advanced system that will permit low-
level penetration and recovery of downed airmen
in hostile territory in darkness and adverse weather.
Necessitated by an increasingly lethal enemy threat
that will outdate current rescue tactics, the system
employs forward-looking infrared devices, terrain
avoidance/following radar, and inertial/doppler
navigation in its rescue/penetration operations.

Aeronautical Research And Development

Advanced Technology Concepts. The DoD re-
search, development, test and evaluation (RDT&E)
program continued to sponsor a myriad of activities
for the national defense. Its DoD science and tech-
nology program sponsors activities in researcl, ex-
ploratory development, and advanced technology
demonstrations. Technological areas extend from
propulsion for aircraft, missiles, and space systems;
to guidance and control, communications, and elec-
tronics; through materials, structures, and informa-
tion processing; and through environmental sci-
ences to the vital areas of safety and life sciences.
Technological applications 1in aeronautics and
space are developed to meet more sophisticated
requirements of current and projected programs.
During 1979, efforts in advanced electronics—elec-
tro-optics, microwave, and computers—continued to
drive technological improvements for aeronautical
and space systems.

Electro-optics technology is being incorporated
in many devices, such as infrared and charge-
coupled imagers, signal processors, ring laser gyros,
fiber optics, and displays. These devices are finding
their way into improved aeronautical systems such

as target designators, range finders and trackers,
optical scarclt and tracking devices, miniature solid-
state TV cameras, and navigational systems.

Advances in microwave technology continue to
provide improvements in microwave-power-generat-
ing cficiencies and in electronic package minia-
turization through the use of recently developed
solid-state components.

Emphasis continues on computer science tech-
nology as computer processing requirements be-
come more integral with the total aeronautical
system. Today's aircraft contain as many as a dozen
minicomputers, handling functions such as naviga-
tion, altimetry, fire control, weapon delivery, search,
and flight control. Recent developments in mass
memory capabilitics are allowing development of
correlation by computer of stored mapping informa-
tion with terrain features sensed by radar or passive
radiometers, thus providing precise navigation over
long distances.

A major new initiative was begun in 1979 on in-
tegrated cirenits with the very high speed integrated
circuits (VHSIC) program hased on silicon technol-
ogy. The objective of this six-year program is to
accelerate the availability to DoD of high-spced
integrated circuits featuring submicron sizes. These
integrated circuits will provide new or significantly
increased capabilities in satellites, avionics, cruise
missiles, radar, and digital signal processing. It is
expected that one VHSIC will replace 50 or more
present integrated circuits—at least a ten-fold redue-
tion in size, weight, power consumption, and failure
rate with concomitant savings in both initial and
life-cycle costs. The projected 200-fold increase in
signal processing will increase by a factor of ten
the accuracy in cruise missile targeting and synthet-
ic-apertureradar ground mapping during evasive
mancuvering of attack aircraft, as well as a low
probability of intercept by air surveillance radars.

Rescarch in Aircraft Propulsion Systems. The
advanced turbine engine gas generator (ATEGG)
program is the main Air Force propulsion program
assessing core engine components under realistic
test conditions. Traditionally stressing durability
and performance, the program has been increasing
in scope to include life-cycle costing and structural
testing earlier in the enginc development cycle.
Accomplishments in 1979 include initial tests of a
new generation of gas generators, successful com-
pletion of the first dedicated structural /durability
test and continued demonstration testing of varia-
ble-arca, high-temperature turbines employing
advanced materials. Future efforts will emphasize
comprehensive durability assessment, including ac-
celerated life testing of components,
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The aircraft propulsion subsystems integration
(APSI) program is a multi-faceted Air Force effort.
The joint technology demonstrator engine (JTDE),
a joint Air Force-Navy program, is a part of APSI.
High-pressure turbine engine cores from ATEGG
are integrated with new low-pressure components
(fans, compressors, and fan turbines) to form a
full-scale technology demonstrator engine (the
JIDE). When combined with independent dem-
onstration and assessment of inlets, exhaust nozzles,
and afterburners the tests characterize advanced
engine technologies as complete propulsion systems.
Accomplishments in 1979 include initial demonstra-
tion testing.of the JTDEs, initial application of
life-cycle cost models, verification of structural life
prediction/correlation models, and assessment of
operational bencefits for variable cycle engines.
Follow-on JTDE testing will emphasize compre-
hensive mechanical integration/performance testing
and durability/life characterization.

The Army is conducting a competitive demon-
strator engine program in the 800-shaft-horsepower
size. The overall objective of this project is to pro-
vide an advanced technology option for future
Army aircraft and other defense needs. This pro-
gram has as its goals a 50—60 percent improvement
in specific power and 20-25 percent improvement
in specific fuel consumption over present in-service
engines. Initial test results have been promising.

Aircraft Structures and Maltertals Technology.
Each of the services has R&D programs directed
toward improved structures and materials for aero-
nautical and space applications.

The Air Force is determining the suitability of
cast aluminum for primary aircraft structures, offer-
ing a minimum 38 percent cost saving with no
weight penalty. A full-scale forward fuselage bulk-
head from a cargo aircraft was redesigned from over
400 parts and 3000 fasteners to a onc-piece cast
aluminum structure with no fasteners. Testing to
validate structural integrity is nearing completion.
Primary adhesively bonded structure technology is
also being developed by the Air Force. Through
the use of adhesive bonding, fabrication of large
cargo aircraft structures such as fuselages can be
reduced from the labor-intensive assembly of thou-
sands of parts to the assembly of a few large honded
modules. The Air Force has conducted an advanced
techinology demonstration program to design, fab-
ricate, and test a full-scale, 13-meter-long fuselage
section using adhesive bonding in place of conven-
tional riveted fastening. The test structure has
successtully completed four lifetimes (76,000 pres-
sure cycles) of fatigue testing, some of which was
performed with intentional damage in the form of
saw cuts up to 20 centimeters long. A significant
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reduction in the propagation of such damage in the
adhesively bonded structure, as compared to conven-
tional riveted structure, was observed. This struc-
tural safety improvement contributes an additional
five percent to the originally projected structural
weight savings of 15 percent using adhesive bond-
ing. Cost savings of 30 percent were also demon-
strated, principally from the elimination of over
80,000 fasteners.

In 1979, the Army initiated a two-phase program
called advanced composite aircraft program
(ACAP). Phase I, which is the preliminary design
phase, will develop advanced composite design con-
cepts for the primary structure of the next genera-
tion of U.S. Army helicopters. Phase II will flight-
demonstrate two of the most promising concepts.
Future benefits will include minimum weight and
reduced manufacturing cost plus reduced radar
cross-section and improved ballistic survivability.

Forward Swept Wing. Advanced composite mate-
rvials with inherent characteristics that allow tailor-
ing of the aircralt structural features has led
to the development of the forward swept wing
(FSW) concept. FSW offers the designer increased
configurational flexibility that can translate into
greater transonic mancuverability, lower transonic
wave drag, and improved low-speed handling qual-
itics. A DARPA program in 1979 validated the
capability to design a divergence-free FSW through
wind tunnel tests of large-scale semispan models.
[nvestigations will be undertaken in 1980 toward
the development of a flight demonstration vehicle.

Advanced Flight Control Concepts. In 1979, the
Air Force completed flight tests of a YF-16 aircraft
modificd to provide independent six-degree-of-free-
dom control. The tests demonstrated the feasibility
ol providing independent control about all axes to
improve accuracy of weapon delivery. The results
ol these tests are being incorporated into the Air
Force fighter technology integration (AFTI) pro-
gram, where the aircraft fire control system is in-
tegrated with an advanced flight control system to
provide cven greater accuracy improvement. AFTI
is scheduled to begin flight tests in 1981.

Advanced Helicopter Rotor Systems. The Navy
advanced  helicopter  rotor system program s
directed toward demonstrating the flight feasibility
ol the circulation control rotor (CCR) concept.
CCR is a non-articulated rotor in which aero-
dynamic angle of attack is achieved by boundary
layer control. The first flight of & CCR mounted on
a modified Navy/Kaman H-2 helicopter took place
i September 1979, and the test program is ex-
pected to continue through 1981. The X-wing is
a stopped rotor concept that incorporates CCR
technology. Feasibility of the X-wing concept, which



is being jointly developed by DARPA and the
Navy, was demonstrated through fullscale wind
tunnel tests of a 7.6-meter-diamecter rotor. Transi-
tion between rotary wing flight and fixed wing
flight, and vice versa, was demonstrated in excess
of 30 times during these tests. A small (1700-kilo-
gram) demonstrator aircraft program will be
initiated in 1980. Additionally, testing has been
conducted on a high-speed, counter-rotating rotor
called the advancing blade concept (ABC) as part
of a joint Army-Navy-NASA program. Advantages
of this concept include improved maneuverability,
low noise, high hover cfficiency, and the ability to
perform high-speed flights at high altitudes. Testing
to date has documented these advantages, and eval-
uations of this high-speed rotor will continue
through FY 1981.

Synthetic Flight Training Systems (SFTS). Fol-
lowing Army testing, the flight simulator for the
CH-47 helicopter became standard in June 1978.
This simulator uses a closed-circuit television sys-
tem in conjunction with a three-dimensional ter-
rain model to provide a realistic visual display, the
first Army flight simulator with such a capability.
The first production article of the CH-47 simulator
was placed on contract in carly FY 1979. The pro-
totype continues to be used in an aviator training
program at Fort Rucker.

The AH-1 flight and weapons simulator (FWS)
is the first to incorporate wecapons engagement
along with other flight maneuvers. The evolution
will continue with the development of the UH-60
Black Hawk flight simulator which will use a
camera model board for one cockpit and a com-
puter-generated imagery visual system for the other
cockpit. Testing in 1979 cvaluated the training
benefits of these two technologies. Concept formula-
tion and development are underway for the AH-64
flight and weapons simulator which will have the
capability to produce the sound and fury of the
battlefield. Testing of the simulator is scheduled
for 1982.

Remolely Piloted Vehicles (RPV). The Army re-
motely piloted vehicle (RPV) system performs
target acquisition, designation, aerial reconnais-
sance, and artillery adjustment missions. A small
unmanned air vehicle, including its mission pay-
load, is controlled from a ground control station,
with the plane’s video imagery and target location
information returned via an anti-jam data link.
Between October 1, 1978, and September 30, 1979,
administrative and contractual arrangements were
made to conduct engineering development of a re-
motely piloted vehicle system. A contract was
awarded on August 31, 1979, for the full-scale en-
gineering development. Hardware deliveries will

consist of 22 air vchicles, 18 mission payload sub-
systems, four ground control stations, and three
launcher and recovery subsystems. First flight of the
system is scheduled for late 1981.

Relationships with NASA

Aeronautics and Astronautics Coordinating Board

The Acronautics and Astronautics Coordinating
Bourd (AACB) is the primary mechanism for ad-
dressing major policy issues of interest to DoD and
N.ASA in space and acronautics. In 1979, the Board
was extensively involved in reviewing the NASA
Space Shuttle development and orbiter production
program, and the DoD program for Shuttle use.
Both agencies made adjustments in their respective
prograims.

As Space Shuttle development has progressed,
perforniance margins have changed because of de-
sigin. and equipment changes as well as weight
growth. To allow for further improvement in the
Shuttle's capability, NASA has considered a num-
ber of options for providing thrust augmentation,
and presented to the AACB in early 1979 the deci-
sion that such a project, if undertaken in future
vears, would use two strap-on solid motors, one on
ceach of the Shuttle’s large solid rocket motors
(SR\Is). Correspondingly, the Air Force agreed to
modify the VAFB Shuttle lTaunch pad design to
accommodate the thrust-augmented Shuttle con-
figuration if neceded. NASA has also baselined a
seccond thrust-augmentation approach using liquid
boost modules (LBM) that employ Titan tech-
nology. This LBM approach is also compatible
with the revised VAFB launch pad design. Thus,
cither strap-on solid motors or LBM thrust-aug-
nentation approaches can be accommodated.

Board members have cxtensively reviewed
NASA’s Shuttle developmental problems and re-
cent schedule changes. The First Manned Orbital
Flight (FMOF) on Shuttle is now scheduled for
late 1980, while Kennedy Space Center (KSC) is
now to begin launching operational flights in 1982.
Orbiter 099 is scheduled to be delivered in 1982,
Orbiter 108 in 1983, and Orbiter 104 in 1984. This
revised schedule will support the DoD plan to be-
gin the transition of operational spacecraft to
launch on Shuttle in FY 1983 and to complete this
transition by FY 1986.

NASA and the Air Force reached formal agree-
ment in March 1977 on the cost of Space Shuttle
flights for DoD missions. Entitled “NASA/DoD
Memorandum of Agreement on Basic Principles for
NASA/DoD Space Transportation System Launch
Reimbursement,” the agreement establishes the
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DoD cost for the standard Space Shuttle delivery
flight at $12.2 million in FY 1975 dollars. Discus-
sions are currently underway to expand this agree-
ment to include optional services, such as the addi-
tional time on orbit that will be required for
certain defense missions. Discussions are also under
way on the basic principles which will guide sale,
by the Air Force, of the Inertial Upper Stage (IUS)
to NASA, other civil, and foreign customers.

National Aeronautic Facilities Program. In its

final form as defined by DoD and NASA, the Na-
tional Acronautic Facilities Program contains three
large facilities necessary to continuc the efficient
development of acronautical technology and systems
through the end of this century. The facilities con-
tained in the program are:

o ALROPROPULSION  SvysTEMS TrstT FAcimary
(ASTF)—sponsored by the Air Force to support
the economical development of advanced cn-
gines for fighter, large strategic transport, and
bomber aircraft.

o NartioNal Transonic Faciry (NTF)—spon-
sored by NASA to permit research and develop-
ment testing at high Reynolds number in the
transonic mach-number range (combines the
requirements of the carliecr High Reynolds
Number Tumnel, sponsored by the Air Force,
and the Transonic Rescarch Tunnel, spon-
sored by NASA).

o 410 %80 Foor SussoNic TUNNEL MODIFICATION—
sponsored by NASA to meet subsonic rescarch
nceds for the study of rotor cralt and large
powered-lift vehicles.

Significant progress continued on all three facil-

itics during 1979. Their completion and activation
are scheduled for the early T980s.

Cooperative Programs/Efforts

DoD continued to actively participate in joint
activities with NASA and other agencies during
1979. Eflorts already deseribed are the solar radia-
tion monitoring program, spacecraft  charging
technology, and activities associated with the Space
Shuttle. Other arcas of interest:

Space Launch. The major space launch vehicles
used by NASA bave characteristically been direct
applications or derivatives of Air Force ballistic
missile systems (Thor, Atlas, and Titan). The Air
Force provided Atlas E/F launch to NASA for Na-
tional ~ Ocecanic  Atmospheric  Administration
(NOAA) satellites, and the Air Force 6595th Space
Test Group manages the prelaunch checkout and
launch of such systems. Air Force personncl at both
the ESMC and WSMC launch sites provide support
to NASA for range operations, range safety, tests,
and procurement.
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National Occanic Salellite System (NOSS). A
joint study by NASA, NOAA, and DoD has shown
that NOSS, under joint agency management, could
meet most operational oceanic measurement re-
quirements of both the civil and military com-
munities. NOSS is being initiated as a limited op-
criational demonstration project intended to prove
the utility of a routine, repetitive set of related and
synoptic space measurements from which the re-
quired global ocean surface information (sea
height, sea surface temperature, ice cover and age,
sea currents, occan wind field, and water color and
turbidity) can he extracted. A new real-time ground
processing and user data distribution system will be
a key feature in proving NOSS's utility. NASA will
hiave lead responsibility for developing the space
segment with DoD sharing costs, while NOAA and
Dol will share responsibility for ground segment
development. Development and operation will be
jointly managed by the three agencies with control
shifting to NOAA and DoD in the later phases of
the demonstration. Alternative concept studies for
system configuration will commence in carly 1980.

Helmet-Mounted Display Technology. The Air
Force Aecrospace Medical Rescarch  Taboratory
(AFAMRIL)  has provided a helmet-mounted
displav/sight  apparatus  for testing at NASA’s
Johuson Space Center (JSC). This display will be
installed in the Space Shuttle simulator to test its
utility for providing critical information for final
approach and landing of the Shuttle. Per a Mem-
orandum of Agreement between AFAMRL and
NASA, AFAMRIL will provide NASA with the
hardwire of the visually coupled system, consult on
the interface design, and be responsible for the
installation of this equipment in the Space Shuttle
simulator. JSC has provided funding in FY 1979
and FY 1930 to initiate the development of ad-
vanced  helmet-mounted  display electronics, and
will make available all technical information from
this cllort.

Atmospherie Rescarch. The joint effort between
NOAA, NASA, and USAF which produced the
U.S. Stndard Aumosphere (1976) continues. That
joint publication has disseminated the wealth of
knowledge on the upper atmospherc obtained dur-
ing the past solar cycle. Extensive rocket and satel-
lite data acquired over more than one complcte
solar cvcle are incorporated. This stratospheric
measurement  capability will provide important
spin-ofl benefits to the National Plans for Strato-
spheric Research and Monitoring which are now
being prepared at the Federal level as a result of
the growing concern over ozone depletion and en-
vironmental deterioration.

During 1979, a large, coordinated program under



the auspices of DoD, NASA, and the National Re-
scarch Council of Canada was conducted to measure
the response of the middle atmosphere and lower
ionosphere to the February 1979 solar cclipse. Dur-
ing the eclipse, DoD’s Atmospheric Sciences Lab-
oratory was mainly interested in the clectron den-
sity in the lowest portion of the ionosphere, since
DoD communications and radar signals are affected
by the clectrons and ions in this arca. The rapid
day-to-night-to-day transition afforded by the cclipse
provided a rare opportunity to observe how the
presence and abscence of solar radiation affects the
atmosphere. It is expected that the 1979 solar
eclipse program will serve as a forerunner for the
middle atmosphere progran in 1980—1985.

KC-135 TVinglets. The joint USAF/NASA KC-
135 winglet demonstration program is an advanced
development  program  with  the objective of
proving, through flight testing, that the total of air-
craft drag reduction can be achieved with winglets.
Winglets arc small airfoils of optimum shape lo-
catedd at the wing tip in a near vertical position.
Drag reduction translates into a fuel saving which
is dependent on aircraft fleet utilization rates.
Based on recent rates, an 8-percent drag reduction
on the KC-135 tanker aircraft could save 164 mil-
lion liters of fuel annually. Winglets also increasce
the tanker off-load capability because less fuel is
used to transit to and from the refueling point.

The Air Force has completed the modification of
a KC-185 aircraft, and flight testing to validate a
predicted eight percent improvement in range be-
gan in Junc 1979. This development will have ap-
plication to both commercial and military
transports.

Rotor Systems Research Airveraft (RSRA). A joint
Army-NASA contract has led to the completion and
acceptance of two rotor-systems aircraft to serve as
“flying wind-tunnels” for helicopter research. The
aircraft design permits the in-flight testing of full-
scale main rotor systems having from two to six
blades. The design also allows the addition of fixed
wings and thrusting engines that will permit rotor
testing at flight speeds up to 550 kilometers per
hour. These two aircraft will provide data on aero-
dynamic problems that are currently mathemati-
cally intractible and cannot be solved without the
aid of precise flight research results. One research
aircraft, with its first set of rotor blades, has com-
pleted its first phase of flight testing as a purc heli-
copter, as a compound with thrusting engines, and
as an all-up compound with thrusting engines and
augmenting wings. In the next phase, these aircraft
will be used to test and optimize the performance
of various candidate rotor designs as well as obtain
data to improve rotorcraft prediction methodology.

11t Rotor Rescarch Aircraft (XV-15). Under a
joint Army-NASA contract awarded in 1973, two
tilt-rotor rescarch aircraft, the XV-15, were built.
The firse of the two aircraft has completed full-
scale tests which include hover flight and opcration
under remote control in a wind tunnel. The second
XV-15 is presently participating in contractor flight
tests to establish the basic flight characteristics for
both helicopter and airplane modes of operation. In
July 1979, No. 2 XV-15 completed its first in-flight
conversion from a helicopter to the airplane mode.
It has now [lown twenty hours and has reached a
true air speed ol 204 knots. The Navy joined the
program in 1979,

Alteynate Fuels Program. The alternate fuels
program is part of a long-term coordinated effort
among the services, NASA, and the Department of
Encrgy to ensurc that liquid fucls obtained from
domestic resources such as lower quality petroleum,
oil shale, tar sands, and coal will be acceptable al-
ternatives to liguid hydrocarbon fuels in high-
performance engines. The initial DoD effort is an
experimental program to produce aviation turbine
fucls from shale oil and coal. Results to date pro-
vide encowraging evidence that the aviation indus-
try can use fuel produced from the vast United
States resources ol oil shale. In 1979, significant ef-
fort was expended developing a Defense Fuels Mo-
bility Action Plan, and a Defense Mobility Fuels
Ofhice was established to consolidate the DoD effort.

Technical Development Support. DoD has de-
tailed a number of technically trained persons to
NASA (o assist in programs of mutual interest. The
technological transfer back to DoD in unique
functional areas is important. The detailees are
working in a varicty of operational and R&D pro-
grams but most are associated with the Space Trans-
portation System activities which include space mis-
sion  plauning, avionics and communications
sccurity, crew procedures, payloads software, logis-
tics, and facilities construction. In 1979, the Air
Force assigned a general officer at NASA Headquanr-
ters to further strengthen joint Shuttle planning
and program implementation activities. At Johnson
Space Center (JSC), the Air Force currently has 20
personnel supporting Shuttle activities with growth
to 51 people expected by June 1980.

Astronaut Program. The DoD continued to sup-
port this program by providing astronaut candi-
dates for the Space Shuttle program. Of 35 new
candidates chosen by NASA in 1977, 21 were from
DoD. In 1979, these new astronaut selectees com-
pleted their training program that began in July
1978. All 21 have been certified and are awaiting
assignnient to specific payload missions. DoD is also
submitting additional candidates for the next as-
tronaut selection by NASA, scheduled for May 1930.
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Introduction

The five agencies in the Department of Com-
merce that contribute directly to the nation’'s aero-
nautics and space programs are the National
Oceanic and Atmospheric Administration (NOAA),
the National Bureau of Standards (NBS), the
Maritime Administration (MARAD), the National
Telecommunications and Information Administra-
tion (NTIA), and the Bureau of the Census
(BOC) .

NOAA’s mission is to improve the safety and
quality of life through better comprchension of
the Earth’s environment and through more efficient
use of its resources. To this end, NOAA operates,
manages, and improves the nation’s operational cn-
vironmental satellite systems; provides satellite data
on the impact of natural factors and human activ-
ities on global food and fuel supplies and on en-
virommental quality; uses satellite data and aerial
photography for charting, coastal mapping, and
geodetic researchi: employs satellite data to improve
the assessment and conservation of marine life; and
upgrades weather services by developing new fore-
casting techniques, automating field operations,
and improving dissemnination of weather informa-
tion.

NBS seeks to improve the standards and related
services necessary to ensure uniform and reliable
measurements. The NBS participation in the na-
tion’s acronautics and space program is to provide
measurement support services for space and satellite
systems, atmospheric and space research, and acro-
nautical programs.

MARAD works to improve ship safety, opera-
tions, and management. Use of satellites increases
the efficiency of commercial ship communication,
navigation, and operation.

The NTIA, principal communications advisor to
the President, develops and coordinates Executive
Branch policy in teleccommunications and informa-
tion. The NTIA is responsible for the management
of the radio spectrum assigned for Federal use, ex-
plores applications for telecommunications tech-
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nology, performs applied scientific and engineering
analyses to improve technology, and provides
technical assistance to other Federal agencies.
BOG works to improve information on popula-
tion trends, urban growth, and the internal struc-
ture of national land areas. Satellite data are used
for demographic studies and population estimates.

Space Systems

Satellite Operations

The National Environmental Satellite Service
(NESS) of NOAA operates two satellite systems:
the polar-orbiting system and the geostationary
systen.

Polar-Orbiting Satellites. During the first half of
1979, NESS converted from the Improved Tiros Op-
crational Satellite (ITOS) system to the new gen-
eravion Tiros-N series. Tiros-N, the NASA proto-
type and the first of this series, was launched
October 13, 1978. Noaa 6, NOAA's first opera-
tional satellite of this series, was launched June 27,
1979. These two satellites are known as the Tiros-N
system. The Tiros-N and ITOS systems overlapped
until July 16, 1979, when Noaa 5, the last of the
ITOS series, was deactivated.

Redundancy is achieved in the Tiros-N system by
two identical satellites rather than two identical
instruments on a single satellite. Tiros-N was
launched into a near-polar, Sun-synchronous 870-
kilometer orbit crossing the cquator in a north-
ward direction at 1500 local time. Noaa 6 orbits
at 830 kilometers, crossing the equator in a south-
ward direction at 0730 local time.

The Tiros-N system satellites carry four primary
instrunents: an Advanced Very High Resolution
Radiometer; a Tiros Operational Vertical Sounder,
consisting ol three complementary sounding instru-
ments, one of which is provided by the United
Kingdom: an Argos Data Collection and Platform
Location System, which is furnished by France; and
a Space Environment Monitor. In addition, the ex-
tremely large volume of digital data delivered by



these satellites required installation of a new
ground system, which was accepted in Fcbruary
1979.

Geostationary Satellites. The NOAA designation
for its Geostationary Operational Environmental
Satellite system is GOES, the successor to NASA's
prototype geostationary Synchronous Meteorologi-
cal Satellites (SMS) . Since 1974, two SMS and three
GOLS satcllites have been launched. Presently,
Goces 3 and SMS 2 are the operational geostationary
satellites covering the Western Hemisphere. SMS 2
is located over the cquator at 75° west longitude
and Goes 3 at 135° west longitude. SMS 1 (130°W)
and Goces 2 (105°W) are on standby status. Goes 1
remained at its position of 56° cast longitude over
the Indian Ocean. The spacecraft was under control
of the Luropean Space Agency until November 30,
1979, to support the Global Weather Experiment.
On November 30, 1979, it was commanded to drift
castward at 2° longitude per day. Goes 1 is sched-
uled to arrive at its destination of 90° west longi-
tude during March 1980.

A ncw interactive computer system designed to
improve the accuracy of the navigation and grid-
ding of GOES images became operational in March
1979. This computer system is called the Visible
Infrarved Spin Scan Radiometer (VISSR) Interactive
Registration and Gridding System (VIRGS). It will
provide a faster response time in computing ac-
cuvate grids on images after normal spacecraft
mancuver opetations, improve the accuracy of
gridded image products, and potentially reduce the
amount of costly ground tracking equipment. The
more accurate gridding aids in the production and
use of “movie loops” which depict cloud motions.
These “movie loops” are frequently used for storm
warnings such as Hurricanes David and Frederic in
August and September 1979 and by TV meteorolo-
gists as part of their daily weather programs.

Land Programs. On November 16, 1979, the Pres-
ident designated the Department of Commerce
through NOAA to manage all operational civilian
remote sensing activities from space [for the text of
the President’s announcement, see Appendix EJ.
NOAA’s experience in successfully operating and
managing three generations of environmental satel-
lites prepares it to assume the responsibility for
land remote sensing in addition to its on-going
atmospheric and oceanic activities. NOAA will
establisli and manage an operational satellite pro-
gram of land remote sensing based upon the
NASA-managed Landsat research and development
program.

NOAA completed a preliminary plan by Decem-
ber 15, 1979, and will submit a final transition plan

to the President by June 1, 1980. Landsat was begun

in 1972 by NASA as a satellite effort specifically de-
signed to test remote scnsing techniques for ob-
serving surface features of the Earth.

Satellite Data Distribution. During 1979, NESS
began upgrading the Satellite Field Services Stations
(STSS) by phasing out their photo laboratories and
converting to an all-electronic image displaying
svstem. Electronic processing of satellite images will
significantly reduce NESS annual operating costs by
more timely production of animated data, improved
svstemn flexibility, elimination of photographic
laboratory costs, and minimizing equipment com-
plexity. The new satellite image display devices
offer low capital investment. low cost for expenda-
bles, rcliability, unattended operation, consistent
good quality imagery, no photo processing, and
compatibility with NESS’s existing image aniniation
devices.

The GOES Weather Facsimile (WEFAX) Service
is now Dbroadcasting data via the geostationary
satellites located at 75°W, 105°W, and 135°W. The
WEFAX data have been expanded to include
standard meteorological charts broadcast from the
central satellite in addition to the satellite image
transmissions already provided by the east and west
satellites. This allows users of the central satellite
to have both satellite images and standard meteor-
ological charts. The WEFAX uscr community has
expanded to more than 70 national and interna-
tional land stations, some of them located in the
Caribbean and Central and South American coun-
tries. and to over H0 mobile stations carried aboard
naval and merchant vessels.

“AM Weather,” a new TV weather program
produced by the Maryland Center for Public Broad-
casting in cooperation with NOAA, the Federal
Aviation Administration (FAA), and the Aircraft
Owners and Pilots Association, was initiated in
1979. Meteorologists from NESS and the National
Weather Service participate in daily (Monday
through Friday) 15-minute broadcasts describing
the weather over the continental United States.
Approximately 200 public television stations across
the country transmit the program live. Real-time
satellite images and “‘movie loops” afford an oppor-
tunity to show the public where the weather is oc-
curring. This program also is highly beneficial to
the aviation and agricultural communities.

The GOES-Tap system, implemented in 1975 to
provide for the dissemination of GOES satellite
images by geographic sectors, was further expanded
in 1979 to include lines to several FAA Air Route
Trafic Control Centers. Initial GOES-Tap lincs
were installed in those centers that control high-
density aircraft operations along the cast coast.
Meteorologists, trained by NESS in weather satellite
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image interpretation, are collocated with the FAA
controllers and provide them with the latest
weather information.

The GOES Data Collection System (DCS) has a
total of 41 national and international users that
operate more than 1000 Data Collection Platforms
(DCP) . During 1979, 11 new uscrs and more than
350 platforms were added to the system. A new re-
mote command feature was added to the system;
now the user can change the configuration of one
or morc DCPs in the network by sending a com-
mand ecither by telephone or by satellite directly to
the DCS computer which relays the command by
satellite to the platforms. This feature saves time
and reduces crrors inherent in a manual system.

Plans also were completed to develop a GOES
DCS Automated Monitoring System which, when it
becomes operational in early 1981, will sanple the
characteristics of the platform radio transmissions.
Frequency stability, signal strength, and other per-
formance aspects relating to platform condition can
be monitored and automatically recorded as a
means of detecting platform malfunction.

Satellite Data Uses

Determining Winds and Temperatures. During
1979, atmospheric temperature soundings and sca-
surface temperatures were obtained operationally
over the entire globe from the polar-orbiting satel-
lites, and wind measurements were obtained opera-
tionally three times each day over the Western
Hemisphere from geostationary satellites. Cloud-
motion winds were determined at three atmos-
pheric levels at a 300-kilometer spatial interval.
These data were provided to the National Weather
Service, the United States Air Force and Navy, and
twenty foreign governments. In addition, these data
become part of the Global Weather Experiment
data base.

Digital infrared data from the geostationary satel-
lites are stored in a data base. Real-time users can
obtain these data to supplement conventional ob-
servations. Satcllite-derived cloud-top temperatures
and land temperatures provide an instantaneous
view of conditions assoctated with the development,
intensity, and surface coverage of convective storms.
These observations are used in determining the
potential for the development of damaging winds
and flash flood events. Land-surface temperature
patterns are used to determine the potential for
frost or freeze conditions threatening agriculture,
and the sea-surface temperature patterns are used
to assist the fishing industry and route ships in
major ocecan current regions. This improves the cf-
ficiency of operations at sca for two major users.
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During 1979 NESS implemented a program to
compare information on cloud-motion derived
winds from geostationary satellites operated by the
United States, the Japanesc Meteorological Satellite
Center, and the European Space Agency. Thesc
studies included special data sets produced by the
Space Science and Engineering Center at the Uni-
versity of Wisconsin and two research laboratories
in Europe. This year's comparisons coincided with
the Global Weather Experiment Intensive Observa-
tiont Periods of January and May 1979. The results
so far show that observations from these diverse
sources are quite compatible. Two comparison pe-
riods cach vear are to be continued indcfinitely to
cusure accuracy and compatibility of these data for
the World Weather Watch.

The NOAA Wave Propagation Laboratory
(WPL) completed the second phase of a systems
analysis on the feasibility of mcasuring the global
winds with a satellite-borne lidar (laser-light-detec-
tion-and-ranging system). The technique involves
the wracking of dust and other particles suspended
in the atmosphere. The attenuating cffects of typical
cloud distributions, ranging from fair weather cu-
mulus to intertropical convergence zone clouds,
were added to the study in this past year. The
failure of the laser beams to penetrate thick, water-
droplet clouds resulted in some loss in accuracy at
pressure levels below 700 millibars, but in most
cases wind speed could be determined to within 2
meters per second in the presence of clouds, and
better than 1 meter per second in the clear air.

Computer programs were successfully developed
for various man-machine interactive methods to
process and evaluate Tiros-N  temperature and
moisture soundings. Comparisons made between
satellite-derived temperatures and radiosonde temp-
cratures showed Root Mean Square errors of
about =2°C at most levels. Many case studies were
conducted integrating the Tiros-N temperature
data with geostationary satellite cloud-cover images
and radiosonde observations. Data sets were col-
lected and processed for regional forecast studies by
groups at the Australian Numerical Metcorological
Rescarch Centre and the United States National
Center for Atmospheric Research. One case study
included an orbit over tornadoes in the United
States on May 2, 1979. Tn this study, detailed analy-
ses made of the Tiros-N data 12 hours prior to the
tornado development along the Oklahoma-Kansas
border detected the low pressure arca, the intense
moisture front with convectively unstable air, and
the strong divergence of the upper level jet over the
arca where the severe weather subscquently oc-
cured. Thus, the Tiros-N data were able to de-



lineate the precursor conditions of severe weather
development.

Geostationarv-satellite-derived winds often were
obtained simultaneously with Tiros-N overpasses.
The capability was developed to use Tiros-N sound-
ings to assign pressure heights to these winds. Eval-
uations suggest that the cloud-height determination
is considerably improved by merging these data
sources. This procedure was used at the University
of Wisconsin to determine cloud heights from Goes
I-derived winds over the Indian Ocean during the
Global Weather Experiment.

Monitoring Global Radiation. Radiation budget
data were derived from the Tiros-N Advanced Very
High Resolution Radiometer beginning January 1,
1979. Data from the Tiros-N satellites, like the
ITOS series, include measurements from which
various heat budget components are derived and
mapped globally on different time scales. These
heat budget components are important diagnostic
tools for meteorological and climatic studies and
a source of information to the growing number of
scientists interested in climate fluctuations. These
data also provide information on the radiative
régimes of the Earth, and they yield indirect evi-
dence on variations in cloudiness, ice and snow
cover, and other heat sources.

The Earth Radiation Budget (ERB) experiment,
carricd on Nimbus 7 (launched October 24, 1978),
continued to monitor solar output during 1979.
The derived solar constant remained at a value of
1376 watts per square meter. The ERB experiment,
by observing in detail both incoming and outgoing
radiation, will provide accurate information on the
Earth’s radiation budget as a function of location
and time.

Environmental Warning Services. On selected
days from March through June 1979, NESS op-
erated GOES satellites in a special three-minute-
interval imaging mode to support the Severe En-
vironmental Storms and Mesoscale Experiment
(SESAME) . The objective of Sesame is to use a
combined set of satellite and conventional observa-
tions to allow meteorologists, for the first time, to
observe convective cloud and storm development
with a resolution in space and time comparable to
the scales of the atmospheric phenomena being ob-
served. Metcorologists are trying to determine the
fine-scale, short-lived mechanisms that trigger
thunderstorms and thunderstorm systems which
produce hail, tornadoes, and damaging winds. Ad-
ditional support consisted of communications ser-
vices and the provision of the new electronic satel-
lite image video display system. This system was
placed at NOAA’s National Severe Storms Labora-
tory, Norman, Oklahoma, for use by the researchers.

In addition to being the first integrated use of satel-
fite data, this also was the first field use of an elec-
tronic satellite image animation device. The bene-
fits of satellite data and satellite image animation to
the research were convincingly demonstrated on
Avbril 10. 1979, when tornadoes along the Red River
Valley devastated the towns of Vernon and Wichita
Falls, Texas, and Lawton, Oklahoma. Satellite data
called attention to this threat and allowed fore-
casters to sound an early alert, thus preventing the
possibility for further loss of lives and property.
The data from Project Sesame are currently being
analyzed.

NESS's Satellite Field Services Stations (SFSS)
were instrumental in many new environmental
warning activities during 1979. One of the primary
functions of the SFSS is to support the National
Weather Service (NWS) by providing interpreta-
tion of GOES images to improve the accuracy of
routine forccasts and to provide timely scvere
weather warnings to the public.

In response to a demonstrated need to improve
marine and coastal weather services in the Gulf of
Mexico, a Gulf of Mexico satellite support unit was
staffed in June 1979 and located with the Kansas
City SFSS. In 1980, the “Gulf Support Unit” will be
moved to Slidell, Louisiana and will be collocated
with the NWS Forecast Office.

In 1979, NESS’s Synoptic Analysis Branch placed
into opcration a procedure for estimating precipita-
tion intensities from GOES satellite images. These
precipitation estimates were provided as input to
the NWS forecasts of possible flash-flood events.
The most notable event for which rainfall estimates
were provided was the Pearl River flood in Missis-
sippi. Rainfall estimates also are provided for the
International Water Commission (United States
and Mexico) and are useful for planning the regula-
tion of water flow in the Rio Grande River.

In research, infrared measurements from geo-
stationary satellites continued to be used in a statis-
tical approach to measuring rainfall for input to
the NWS river-flow models. While a correlation
was found between infrared cloud-top temperatures
and rainfall, results were improved by adding other
meteorological variables derived from a combina-
tion of satellite measurements and conventional ob-
servations. Testing the repeatability of these rela-
tionships under various meteorclogical conditions
continues.

NOAA'’s National Hurricane ind Experimental
Meteorology Laboratory has continued to use satel-
lite data for its research into hurricanes and con-
vective cloud systems. Satellite dita were collected
over Hurricanes David and Frederic as these storms
passed over Hispaniola, Cuba, and the United
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States. Simultaneous data also were collected by
NOAA's research aircraft. Aircraft data included
low-level wind fields, storm intensities, and digitized
radar depicting the rain distributions with time.
Aircraft and satellite data sets will be used to study
the degree to which cloud motions represent winds
at the lower levels, the accuracy of storm intensity
estimates from satellites when compared with ob-
served values, the accuracy and detail of rainfall
estimates from satellite images when compared with
quantitative atrborne radar measurements, the pos-
sible indications of diurnal variations in the satel-
lite-observed cloud field when compared with radar
observations and observed wind fields, and forecast
changes in storm intensity and motion from satel-
lite-observed cloud characteristics by comparison to
the research aircraft measurements. Wind fields
have been determined from cloud motion in the
outer fringes of hurricanes but not within the inner
core of the storm. Rainfall estimates from satellite
images scem to give reasonable results, but quantita-
tive comparisons over lengthy periods of time have
not heen possible because of little surface truth
data. An accumulation of digitized radar measure-
ments over long periods will provide data for these
comparisons. Satellite storm-intensity cstimates have
been reasonably good, but large errors are occasion-
ally found. Further study of the satellite and con-
comitant aircraft data should provide more reliable
comparisons.

The Navy-NOAA Joint Icc Center became opera- .

tional in June 1979. The Alaskan and Hemispheric
Ice Analyses are now produced at the Joint Ice Cen-
ter at Fleet Weather Facility, Suitland, Maryland.
These ice charts are an important aid to shipping
companies that resupply Arctic ports. The com-
panies can route their ships to avoid severe ice
conditions, reducing the risk of damage and reduc-
ing the costs in time and fuel.

During 1979, the Anchorages SFSS expanded its
operation to provide 24-hour service to Alaska. A
new technique to forecast the intensification of
storm systems in the mid-Pacific and Gulf of Alaska
was operationally tested. Because of the limitations
of numerical forecasting over the oceans, it is often
difficult to locate, track, and forecast the develop-
ment of storms in the mid-Pacific. This technique,
developed at the Anchorage SFSS, uses satellite data
to locate and provide a quantitative estimate of the
central pressure that can be used by NWS forc-
casters to estimate storm severity and issue weather
and gale warnings. Of 81 operational cases, the
SFSS surface pressure forecast guidance averaged
1.28 millibars lower than the observed value; the
numerical predictions of central pressures averaged
15 to 19 millibars higher than observed values.
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Cloud images of the western Pacific Ocean from
Japan's Geostationary Meteorological Satellite are
now available to forecasters at Honolulu and the
National Meteorological Center. These pictures
cover a large area of the Pacific not viewed by
United States geostationary satellites; and they are
an important addition to observing upstream
weather conditions over the open ocean.

In 1979 an operational program was started to
neasure natural passive gnmma radiation by flying
instrumented aircraft over selected arcas of the
north-central Plains. This radiation information is
used to help estimate water content of snow cover.
When used with satellite information on the areal
extent of snow cover, NWS has a powerful new tool
to Dbetter judge the threat of flooding from
sintowmelt.

Deteymining Ocean Conditions. The NOAA Sca-
sat program was subjected to an intensive review
immediately following the satellite’s demise on Oc-
tober 9, 1978. Adjustments were made in the
planned experiment program to account for certain
data which could not be collected. The result was
cancellation of certain experiments. Major emphasis
was directed toward the surface truth areas where
concurrent ship, aircraft, and satellite data were
collected during the 99-day Seasat lifetime. These
were the NOAA-coordinated Gulf of Alaska Seasat
Experiment, the Joint Air Sea Interaction experi-
ment, oceanic tropical and extratropical storms,
Gulf Stream, polar ice and other areas where sig-
nificant surface truth was available.

During its period of operation Seasat covered
most of the 1978 wropical storms. It made 126 passes
over 21 hurricanes and typhoons, 179 passes over
20 wropical storms, and 64 passes over tropical de-
pressions. Scasat radar images were compared wirh
coincident surface observations made hy NOAA
during the Gulf of Alaska experiment. The results
indicate that satellite-borne imaging radars are ex-
tremely valuable tools in the study of ocean surface
and internal waves, surface currents, and mesoscale
atmospheric disturbances.

NOAA’'s Pacific Marine Environmental Labora-
tory (PMEL) provided the meteorological analvsis
of conventional surface observations for comparison
with Scasat scattcrometer wind fields. The scat-
terometer potentially 1s a useful tool for operational
meteorology because it can accurately locate low
pressure  centers, storm  producing regions, and
ronal bands of high winds.

NOAA’s National Hurricane and Experimental
Metcorology Laboratory evaluated the usefulness of
satellite-sensed surface observations in the vicinity
of hurricanes to provide information concerning
the arcal extent of hurricane and gale force winds



and to provide initial data to hurricane forecast
modecls and storm surge models. Data gathered dur-
ing the 1978 huuricane scason by the Seasat micro-
wave scatterometer system have been used in this
study. Preliminary results indicate that the satel-
lite surface wind speeds, below gale force, are over-
estimated by about 15 percent. Although winds in
the hurricane's inner core are not well resolved,
this method of remote sensing offers great poten-
tial in obtaining a snapshot of the hurricane wind
field.

NOAA’s Wave Propagation Laboratory devel-
oped a computer program for estimating significant
waveheight and mean sca level using Seasat radar
altimeter data. Comparisons with sources of surface
truth show agreement for significant waveheights
up to 30 centinicters. PMEL and Geodetic Rescarch
and Development Laboratory investigators com-
pleted the first definitive baseline experiment com-
paring satellite-altimeter-derived  ocean  swrface
topography with shipboard observations. Results
show that the satellite altimeter can measure surface
topography within 10 centimeters of that mgas-
ured with standard shipboard occanographic
measurements.

In 1979, two major occanographic cruises were
conducted to obtain surface truth data to support
the Nimbus 7 Coastal Zone Color Scanner (CZCS)
experiments. The first cruise was conducted in
March 1979 in the Gulf of California, and the sec-
ond cruise was conducted in May and June 1979
in the northwest Atlantic. The cruises were supple-
mented by two field trips to Bermuda to obtain at-
mospheric transmittance measurements. Optical
and biological measurements were obtained from a
wide range of water masses by scientists from NESS,
PMEL, Scripps Institution of Oceanography, Uni-
versity of Southern California, University of Miami,
and San Jose State College. Results from these
cruises provide the first comparisons between re-
motely sensed ocean color from the CZCS, surface-
measured ocean color, and the distribution of sus-
pended particulate matter, especially that associated
with biological activity.

The Gulf Stream Analysis, which began in 1973,
continued to be produced in 1979. Based on high-
resolution infrared images from the Tiros-N and
GOES satellites, the weekly composite map shows
the location of the Gulf Stream, warm and cold
eddies, and the thermal interface between the slope
and shelf waters. Since fish congregate at thermal
boundaries, fishermen use these charts to locate
productive fishing grounds. A related product
which describes only the north or west boundary of
the Gulf Stream also was produced three times a
week. The Gulf Stream Wall Bulletin, broadcast

twice daily over Coast Guard radio, gives a se-
guecnce ol points that represent the west or north
wall of the Gulf Stream. Coastal shipping interests
used this information to route their ships to take
advantage of the ocean currents.

A utageney group conducted a study related to
the development of a National Oceanic Satellite
System (NOSS) and formally published its findings
m March 1979. This group, with representation
from Commerce, NASA, and Defense, focused on
the operational needs of the civil and defense com-
munities requiring oceanographic information, and
on the space and ground system that would be
necessiry to satisly those needs. NOSS would pro-
vide a limited operational demonstration of the
ability of satellites to sense oceanic phenomena.

Determining Lake Conditions. The Great Lakes
lee Analysis was produced twice weekly during the
ice season from January through April 1979. Visible
high-resolution  satellite  images from both the
Tiros-N and GOES sacellites were used to analyze
the ice conditions in the lakes. Ice conditions were
very severe during the second half of February. Be-
tween February 17-22, 1979, all five Great Lakes
were completely frozen except for a small area in
southwestern Lake Ontario and an arca in central
1.ake Michigan. These analyses provide information
to ships navigating this vital waterway.

Determining Hydrological Conditions. Llements
of NOAA, NASA, and the Department of Agricul-
ture cooperated in conducting two soil moisture
ficld missions at the Luverne, Minnesota, hydro-
logic test site in November 1978 and June 1979.
Although the ground data sets have been processed,
aireraft and satellite measurements have not yet
been received. A nuclear-powered, combination
snow-water-cquivalent and soil-moisture gage was
installed, and a Data Collection Platform will be
modified to transmit the data through the GOES
Data Collection System.

NESS continued operational snowmapping from
satellite data for chirty river basins in the United
States and Canada. Snowcover during the 1978-1979
winter scason was found to be slightly below aver-
age in the Pacific Northwest, average in California’s
Sierra Nevada, and above average in the mountains
of Arizona, Colorado, and Wyoming. Snowmapping
of the Missouri River basin (40,700 square kilom-
cters) above Helena, Montana, was begun during
the 1978-1979 season at the request of the Depart-
ment of Agriculture’s Soil Conservation Service and
the National Weather Service. Also, weekly satellite-
derived snow maps for Afghanistan and neighbor-
ing Himalayan nations were begun in April 1979
at the request of Agriculture’s Joint Agricultural
Weather Facility.
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The National Bureau of Standards has studied
the electromagnetic scattering properties of snow-
packs to provide technical data to NASA to develop
new sensor systems for earth observation applica-
tions.

Monitoring Agricultural Conditions. A new pro-
gram was initiated by NESS in 1979 to provide ded-
icated support to NWS agricultural metcorologists
in the states of Oregon, Washington, California,
and Arizona. Satellite data are used to improve frost
forecasts to prevent crop loss. Detailed analyses of
satellite data from polar-orbiting and geostationary
satellites are made and disseminated to the agricul-
tural metecorologists who arc in direct contact with
the fruit growers. These analyses incorporate cloud
cover, movement of clouds, and changes of intensity
of clouds on a mesoscale in areas of concentrated
agricultural activity. Further rescarch is heing con-
ducted to corrclate satellite-derived temperature
and ground-moisture-level measurements with sur-
face-observed data so that future satellite analyses
may be used to reveal actual readings. These read-
ings will be used to establish the probability of frost
with sufficient Iead time to allow producers to take
preventive measures to protect crops.

From November 1974 until November 1978,
NOAA, U.S. Department of Agriculture, and NASA
cooperated in a Large Area Crop Inventory Ex-
periment (LLACIE). The purpose of LACIE was to
determine if satellite crop monitoring and meteoro-
logical observations could be used with climate and
crop-yield models to make timely and accurate esti-
mates of future crop production in the major wheat-
producing countries of the world.

AgRISTARS (Agriculture and Resources Inven-
tory Surveys Through Aerospace Remote Sensing)
is a new project that began in 1979. AgRISTARS
is a cooperative rescarch cffort among five Federal
agencies—Departments of Commerce, Agriculture,
and Interior, Agency for International Develop-
ment, and NASA. The objectives of AgRISTARS
arc to develop an carly warning system able to
detect conditions affecting crop production and
quality and to provide techniques for more accurate
forecasts of domestic and foreign commodity pro-
duction. The AgRISTARS effort will develop and
test techniques using advanced remote sensing data
obtained from NOAA and NASA satellites and se-
lected remote-sensing data from aircraft. While the
potentially most valuable return of AgRISTARS re-
search will accrue from improved information con-
cerning foreign crop production, domestic agricul-
ture information also will be useful. Satellite data
should mean better commodity information at the
county and regional level.

Fisherics Monitoring. During 1979, NESS began
issuing surface temperature maps of the ocean

68

waters adjacent to Alaska. High-resolution infrarved
digital data from Tiros-N are used. Analyses are
prepared weckly for cloudfree areas, and they are
distributed to 35 locations by the National Weather
Service Alaskan facsimile network. The maps also
are mailed to 25 other subscribers. Since the be-
havior of the sca surface temperature field of
Alaskan waters is relatively unknown, these maps
allow researchers, commercial fishermen, and state
and Federal management personnel to study and
correlate fish catch statistics. Since the salmon, hali-
but, and crab fisheries are the economic backbone
of most of coastal Alaska, the value and support
of this product among commercial and recreational
fishermen continues to grow.

The National Fisheries Engineering Laboratory
(NFEL), the National Weather Service, and NASA
are cooperating to develop a small portable satellite
communications terminal for the use of government
observers stationed on foreign and domestic fishing
vessels within the U.S. Fisheries Conservation and
Management Zone (320-kilometer limit). This will
provide the observer with a means to relay weather
data, catch, position, and other information to the
Iand on a nearly real-time basis.

The prototype Marine Mammal Transmitter de-
veloped for tracking porpoise using the Nimbus 7
Random Access Management System was tested in
1979. Field tests of the instrument were conducted
in Hawaiian waters by attaching transmitters to
Hawaiian spotted dolphins and observing their
movement. If these experiments are successful, op-
crational units will be procured for further tagging
experiments in 1980,

NFEIL has modified its cffort to measure ocean
surface circulation using scatterometer data because
of the loss of Seasat. An experiment to determine
surface layer transport in the Gulf of Mexico is
being conducted. Bathythermograph data will be
combined with coastal circulation and open occan
models to develop a complete interactive display
of the Gulf of Mexico's circulation. A grid of 78
stations has been established to determine continen-
tal shelf circulation in homogeneous water masses
to provide insight into the expected sca-level re-
spons¢ to various wind fields. Menhaden and
shivimp data are being obtained to correlate with
these models. The first implementation of the
coastal circulation model for Gulf waters adjacent
to Louisiana and Texas has been completed, show-
ing a correlation between water circulation and
shrimp vield.

Envivonmental Monitoring Using Data Buoys.
In 1979, the NOAA Data Buoy Office converted all
22 of its data buoys to transmit cnvironmental and
communications data through the GOES satellites.
Some buoys were relocated to provide maximum



coverage of the most critical data-sparse marine
areas. Six buoys are located in the Northeast Pacific
and Gulf of Alaska, four are located in the Gulf of
Mexico, ten are located in the Atlantic, and two
are located in a new Great Lakes data buoy net-
work. The Great Lakes network will be expanded
to cight buoys over the next two years. Plans are
also underway to incorporate the 12 Coast Guard
large navigational buoys, located at the sites of
former lightships, into the GOES Data Collection
System. A prototype system now is in opcration on
the Columbia River Bar Navigational Buoy. Both
the data buoys and the navigational buoys provide
meteorological data and surface water temperatures.
Subsurface water temperatures and wave data are
obtained from selected buoys. These data are used
by the National Weather Service for forecasting
and storm warning, by the Bureau of Land Man-
agement for continental shelf assessment, and by
various scientific programs with specialized marine
data requirements. All moored buoys are equipped
with position-fixing systems which permit the Nim-
bus or Tiros-N satellite to locate them when they
go adrift. Most buoys have been modified to usc
the Tiros-N Argos Data Collection System for posi-
tion fixing.

Other Uses of Satellites and Space

International Cooperation

Global Weather Experiment. During the Opera-
tional Year (December 1, 1978 to November 30,
1979) , NESS has archived satellite-derived observa-
tions of cloud-motion vectors, sea surface tempera-
tures, and vertical temperature profiles on magnetic
tapes that are sent to the Special Observing Data
Centre in Sweden. Approximately 40,000 cloud mo-
tion vectors per-month are derived from the GOES
east and west satellites. About 1 million sea-surface
temperatures and 40,000 atmospheric temperature
soundings per month are obtained from the Tiros-N
satellite. The European Space Agency provided the
control and data handling functions of Goes 1, lo-
cated over the Indian Ocean. The University of
Wisconsin processed Goes 1 data to obtain wind
fields over this area. The quantity and quality of
satellite-derived meteorological observations are ex-
pected to greatly enhance the utility of the final
data base obtained from the Global Weather Ex-
periment. These data will be used in global atmos-
pheric modeling research.

Sharing Data. More than 120 countries now avail
themselves of the medium-resolution Automatic
Picture Transmission services provided by the

polar-orbiting Tiros-N system satellites, and at least
16 countries now have the capability to receive
High Resolution Picture Transmissions and Direct
Sounder Broadcasts from which atmospheric tem-
perature/humidity profiles may be generated.
While the primary applications of these direct read-
out transmissions are in storm detection and avia-
tion forecasting, these satellite observations also are
supporting special hydrologic, oceanographic, agri-
cultural, and other operational and research pro-
grams overseas. Sea-ice reconnaissance, snow accu-
mulation and melt, agricultural weather forecasts,
locust control activities, and pelagic fish migration
and harvesting are among the many activities being
supported by direct readout of satellite data.

Environmental Satellite Assessments. Precipita-
tion estimates from Tiros-N and GOES satellite
images are used by the Environmental Data and
Information Service to directly support the Depart-
ment of State’s Agency for International Develop-
ment (AID) disaster assistance effort. These assess-
ments evaluate the effects of weather variables on
crops in the developing nations of Africa, Southeast
Asia, and the Caribbean basin, alerting AID of
potential droughts, floods, and other weather-
induced natural disasters. This support has enabled
earlier shipments of food and improved efficiency
in planning and implementing emergency opera-
tions.

Domestic Activities

Demographic Studies. The Census Bureau is us-
ing Landsat data to update its statistics on land and
water areas of the United States for the 1980 Decen-
uial Census. Digitized county boundaries are being
fitted to screen-displayed Landsat images, and
through interactive processing, land is separated
from water. Area measurements are then extracted
for both of these surfaces. This new technique is
considerably more accurate and cost-effective than
the conventional methods used in past census
operations.

Landsat data also are being studied for a possible
future census application under the terms of a
NASA Applications Pilot Test agreement. In 1979,
investigations tested the use of computer-processed
Landsat data for showing land-cover changes and
delineating urban zones around two sample metro-
politan areas. Digital registration has been accom-
plished for Landsat scenes over several different
years, and these are being processed to show any
significant land-cover change. The results will be
compared with interpreted changes detected on air-
craft photography for the same time period.
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Determination of the Earth’s Shape and Gravity
Field

The National Ocean Survey (NOS), as a part of
its mission to maintain a network of accurately
positioned ground stations for geodetic surveying
and mapping, continues its work with NASA to
evaluate applications of space systems to geodesy
and geodynamics. In its continuing investigations
into Very Long Baseline Interferometry (VLBI), a
system based on interferometric observations of ex-
tragalactic radio sources, NOS is establishing a net-
work of three observatories to regularly monitor
polar motion and universal time. Two of the three
required stations, located near Ft. Davis, Texas,
and Westford, Massachusetts, are scheduled for test
operations in 1980. This network should be capable
of determining polar motion to # 10 centimeters
and universal time to * 0.1 millisecond over 8
hours. NOS continues to collect satellite Doppler
data for precise positioning to compare with other
newly developed space technology, such as Iunar
laser ranging, satellite laser ranging, and VLBIL
Satellite Doppler data also are used as inputs to
the model of the Earth being refined by the Dop-
pler orbital computations in the international
polar motion experiment.

Studies of ways in which the signals from the
Global Positioning System (GPS) satellites can be
used to measure crustal movement and in general
surveying requirements are being carried out by
the National Burcau of Standards (NBS). the Jet
Propulsion Laboratory, the Naval Surface Weapons
Center, a joint Massachusetts Institute of Technol-
ogy-Draper Laboratories group, and the National
Geodetic Survey. The work at Geodetic Survey and
NBS has shown theoretically that phase-difference
measurements on signals reconstructed from the in-
coming GPS signals are capable of accurately deter-
mining the baseline between the receivers with only
two hours of observations per site.

NOS also published a new global model for the
Earth's gravity field based on the density layer
method. Alumeter observations from the Geody-
namics Fxperimental Ocean Satellite (Geos 3)
and gravity, Doppler, and satellite triangulation
data were used. NOS began an analysis of altimeter
data from Seasat and provided assistance to the
Jet Propulsion Laboratory in preparing data reduc-
tion programs. Altimeter data have been used to
obtain elevation variations over land. NOS also
prepared a study on Gravsat, a proposed pair of
low-altitude satellites that sense high-frequency
variations in the gravity field. This study confirmed
that at an alutude of 200 kilometers the system can
recover gravity data within 3 milligals over one-
degree blocks.
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Satellite Communications

Public Service Satellites. The National Telecom-
munications and Information Administration
(NTIA) was instructed through the President’s Na-
tional Civil Space Policy to stimulate the aggrega-
tion of potential public service users of communica-
tions satellite services, drawing on technology
already in existence, and to work with the Agency
for International Development and the Department
of Interior in translating domestic experience in
public service programs into programs for less de-
veloped countries and remote territories. The In-
teragency Committee on Satellite Telecommunica-
tions Applications (ICSTA), chaired by NTIA and
representing 18 Federal agencies, has brought about
progress in the first of these three missions, market
aggregation. With ICSTA guidance and support an
operational public service satellite and cable televi-
sion network began service in October 1979. In-
itially offering 22.5 hours a week of accredited col-
lege courses and other public services to residents
and educational agencies in Appalachia, in 1980
this network will extend its services nationwide.

In fulfilling its international mission in public
service satellites, NTIA has established collabora-
tive relationships with the Agency for International
Development (AID) and the Department of the
Interior. The support is designed to provide basic
telephone and broadcast programming to remote
areas of lesser developed countries via communica-
tions satellites.

Technical Support Activity. NTIA’s Institute for
Telecommunications Sciences (I'TS) is currently un-
dertaking a series of studies to investigate the poten-
tial impact of the operation of the envisioned Satel-
litc Power System (SPS) upon the ionosphere and
telecommunications systems. SPS would be a geo-
stationary satellite system with solar collectors and
is one of a number of alternative energy sources
under investigation by the Department of Energy.
The system would involve the transfer of solar
energy from geostationary satellites to the surface
of the Earth. This energy transfer could lead to
substantial heating of the ionosphere which could
adversely affect the performance of telecommunica-
tions systems.

ITS has reviewed the GOES satellite certification
standards and recommended some revision to
NOAA that arc necessary since the GOES Data
Collection System will be integrated into a world-
wide network. I'TS also witnessed certification tests
at two private contracting companies who have de-
veloped new Data Collection Platform radio sets
for use by local, state, and federal agencies.

International Communications Policy. NTIA's
Office of International Affairs participates in the



development of international satellite policies and
agreements. In addition to the traditional oversight
that NTIA cxercises over Comsat’s INTELSAT
activities, responsibilities pertinent to Comsat’s
participation in the International Maritime Satel-
lite Organization (INMARSAT) also were assumed
by the agencv. NTIA ensures that Comsat does
not participate in a manner contradictory to U.S.
telecommunications policy.

NTIA has continued its role as monitor and co-
ordinator of the government’s use of the radio-
frequency spectrum. In that capacity, I'TS—through
participation with the International Radio Con-
sultative Committee, an agency of the International
Telecommunications Union, and the Interdepart-
ment Radio Advisory Committee—contributed to
the preparation of the United States position relat-
ing to satcllite communications for the 1979 Gen-
eral World Administrative Radio Conference.

Commercial Satellite Service. The International
Maritime Satellite (INMARSAT) Organization
was implemented in 1979 by a commitment of
funds from participating countries or entities. The
Comsat  General Corporation  has  been  desig-
nated in law to be the United States entity in IN-
MARSAT. The U.S. Maritime Administration and
the Coast Guard are working with Comsat to
define appropriate safety services for incorporation
into INMARSAT.

The Maritime Administration successfully con-
cluded its research and development program that
provided computer-assisted  fleet management
through Maritime Satellite (MARISAT) communi-
cations to ten U.S.-flag ocean carrier companics.
This cffort provides a satellite communications
network that links the corporate offices of the ship-
ping companies directly with the ships. Future
efforts will focus on the further development of
shipboard management information needs and re-
quirements that will provide the framework for IN-
MARSAT utilization.

Satellite Irequencies. The feasibility of using the
Orbiting Standards Platform (OSP) satellite to ac-
curately measure radiated fields and antenna prop-
erties of satellite communication links and compo-
nents has been investigated jointly by the National
Bureau of Standards (NBS), NASA’s Goddard
Space Flight Center, the Institute of Telecom-
munications Sciences, and Comsat ILaboratories.
Heavy usc of the electromagnetic spectrum in the
geostationary orbit has increased interference be-
tween different satellite systems and is providing
the impetus for extensive frequency reuse. For this
reason, and because of higher investment costs of
satellite replacement and new satellite deployment,
it was found that a standards satellite would serve a
unique and cost-effective function in making crit-

ical measurements on geostationary satellites before
and after launch.

Satellite Time Service. Distribution of National
Bureau of Standards (NBS)-referenced time code
at 468 MHz from two of NOAA's Goes satellites
was continued and improved during 1979, An NBS-
developed instrumentation system was installed at
NOAA's Command and Data Acquisition station,
Wallops, Virginia. The new system provides more
reliable and stable timing signals for a variety of
applications in navigation, communications, clec-
tric power network operations, and scientific data
monitoring throughout the Western Hemisphere.

Space Support Activities

Measurement and Calibration Services

The National Burcau of Standards (NBS) is
providing calibrations and standards to support the
Space Shuttle program. This has included develop-
ment of standards for near and vacuum ultraviolet
primary and transfer sources, including new instru-
ments for direct inflight calibrations, for solar
physics radiometry; construction of an instrument
for the determination of ozone cross-section data;
development of research standards for halocarbons
and nitrous oxide; and development of a chamber
to calibrate vacuum ultraviolet spectrometers.

NBS has provided radiation data for space shield-
ing requircnients. The longer duration of present
and planned satellite missions and the increasing
use of radiation-sensitive metal-oxide, semiconduc-
tor devices make it huportant to have accurate csti-
ntates of radiation dose levels inside spacecraft.

Applications of Space to Science and Technology

In preparation for the Space Shuttle program,
NBS is investigating fundamental measurement
problems which may be studied in the micro-gravity
environment of space. These include the mecha-
nisms through which gravity interferes with nearly
all measurements of equilibrium properties of fluids
close to the liquid-vapor critical point; methods for
control of convection cffects during alloy solidifica-
tion, including expected cffects from micro-gravity;
and methods for determining the thermophysical
properties of reactive materials by use of container-
less techniques possible in space.

Experimental and theoretical studies are being
carried out, as part of NASA’s Lewis Research Cen-
ter’'s Space Shuttle combustion research program,
to determine the effects of gravity on flame inhibi-
tion by halogens. Improved understanding of com-
bustion mechanisms will provide information
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needed to better define the application of halocar-
bons as flame inhibitors both in the Space Shuttle
and terrestrial environments.

Solar Activity

The International Solar Maximum Year (ISMY)
program, began in August 1979, will continue
through February 1981. This period coincides with
the solar cycle maximum (sunspot surge). Constel-
lations of satellites poised around the Sun and
Earth will record detailed development of active
regions on the solar surface, and arrays of Earth-
surface solar observatories will coordinate their
viewing of the growth of these regions. In particu-
lar, scientists with experiments on board the Solar
Maximum Mission satellite, to be launched in early
1980, are receiving support from a Space Euviron-
ment Services Genter (SESC) unit established at
Goddard Space Flight Center. Data from the Tiros-
N and the three International Sun-Earth Explorer
satellites will be available for operational use by
SESC in late 1980.

Space and Atmospheric Research

Space Physics

Interplanctary Physics. The effect of coronal mass
motion, initiated by solar {lares and other transient
disturbances on the Sun, was examined by NOAA's
Space Environment Laboratory (SEL) in coopera-
tion with the NASA Marshall Space Flight Center,
the Harvard College Observatory, and the Univer-
sity of Alabama, Huntsville. Major features of
coronal transient events, such as their expanding
bubble-like characteristics and the development of
shock waves, were successfully described by theoret-
ical computer simulations. Additional studies have
been made on muld-dimensional, time-dependent
simulations of the interplanetary consequences of
these solar disturbances.

Magnetospheric Physics. Significant advances in
the understanding of the dynamics of the ring cur-
rent (produced by geomagnetically trapped charged
particles comprising the Van Allen radioactive
belts) have been made by SEL scientists. Following
carlier laboratory studies defining the importance
of ions heavier than hydrogen, further study has
indicated an important aspect of ring current en-
hancement during geomagnetic disturbances. A
physically consistent theory of the production of
magnetosplieric electric fields responsible for the
acceleration of auroral clectrons has been formu-
lated.
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The comprehensive data base provided by the
two International Sun-Earth Explorer satellites
now extends over more than a year, providing long
time, spatial, and energy resolution data throughout
the region surrounding the Earth out to its ap-
proximate apogee of 21 Earth radii. Analysis tech-
niques have been developed which enable the mo-
tion of the magnetospheric boundary to be
determined near satellite crossing. A wave structure
also has been found on that boundary which pro-
vides information on the naturc of the interaction
and momentum and energy transfer from the solar
wind into the magnetosphere. The coupling of the
solar wind and the magnetosphere and the explo-
sive cnergization of charged particles in the mag-
netospheric tail—responsible for auroral precipita-
tion of encrgetic particles and for magnetospheric
substorms—are crucial to the understanding of the
global dynamics of the magnctosphere.

Stellar Atmospheres. The National Bureau of
Standards (NBS) has been developing the absolute
radiometric calibration techniques and the spectro-
scopic analysis methods for reliable measurement
of plysical properties (temperatures, densitics,
velocities, and magnetic fields) in solar and stellar
plasmas. Using data obtained from the Copernicus
and International Ultraviolet Explorer satellites,
NBS is applying these methods to the analysis of
ultraviolet spectra from the quiescent and flaring
chromosplieres of single and close binary stars
cooler than the Sun. X-ray observations with the
High Energy Astronomy Observatorics (HEAO 1
and 2) are being used to model the hot coronae in
stars cooler than the Sun and to study stellar flares.

Aeronautical Programs

Aeronautical Charting

The National Occan Survey (NOS), which pub-
lishes and distributes the nation’s domestic acro-
nautical charts, has developed a new bound-volume
format for Instrument Approach Procedure Charts
(IAPCs). These charts portray all acronautical data
required to make an instrument approach to air-
ports in the contiguous United States, Puerto Rico,
and the Virgin Islands. This replaces the tradi-
tional loose-leaf volume which pilots had to man-
ually update every 14 days. NOS now issues 15
bound volumes containing all current Federal Avia-
tion Administration (FAA)-approved TAPCs every
56 days. Changes in procedures, within the pul)lica-
tion cycle, are issued in a single-volume at the 28-
day mid point of the cycle. The next 56-day issue
incorporates these changes and replaces all preced-
ing volumes.



The expanded use of the National Airspace Sys-
tem has increased the demand for more contvolled
airspace and for applicable aeronautical charts and
services. At the request of the FAA, NOS began
development of 20 Minimum Instrument Flight
Rule (IFR) Altitude Sector Charts, which provide
air traffic controllers with minimum IFR altitude
information for radar vectoring and off-airway op-
erations. NOS also has compiled a special-use¢ Ter-
minal Area Control Chart for the Saranac ILake,
New York, area to accommodate the heavy air traf-
fic expected for the 1980 Winter Olympics.

Safety Services

The National Bureau of Standards (NBS) has
developed a modulation factor standard to support
the FAA's Instrument Landing System (ILS), which
provides landing guidance to aircraft when visual
guidance is not available. The NBS standard fur-
nishes the highly accurate (within 0.2 percent) test
signals for calibrating the FAA’s clectronic instru-
ments that are used to install and maintain ILS
apparatus at airports. It will be used by avionics
manufacturers and commercial and private carriers
to cnsure covrect operation of on-board instruments.
NBS also has developed phasc-angle standards for
the calibration of test equipment for the VOR navi-
gation system.

Forecast Guidance

The NWS National Metcorological Center
(NMC) developed several forecast models to provide
improved forccasts basic to safe and economic air-
craft operations. During 1979 an optimum inter-
polation scheme was developed that updates the
models by incorporating winds and temperatures
measured from high altitude jet aircraft along
standard routes. In addition, global synoptic strato-
spheric analyses and predictions have enabled NMC

to provide valuable support to the ozone monitor-
ing program. Studies are being conducted to deter-
mine the eflects of cabin ozone on passengers and
crews of stratospheric flights.

Auntomation of Airways Observations

NWS, in cooperation with the FAA, has devel-
oped a system to measure automatically surface
wind and altimeter settings and to generate a voice
report which is automatically transmitted to the
pilot through aeronautical navigation aids. The
prototype of this device, called Wind, Altimeter,
and Voice (WAVE), is being tested at Frederick,
Maryland. Automated weather observations have
been made more complete by the addition of new
cloud cetling and visibility measuring equipment at
airports. Seven ol the new improved automatic ob-
servation stations were installed during 1979, as well
as 16 remote, unmanned, automatic weather obser-
vition stations. Weather information from the
latter two types of automatic observing stations is
not transmitted directly to pilots but is added to
the national aviation weather reporting system and
used Dby forecasters to monitor rapid weather
chunges.

Automated Route Forecasts

NWS is cooperating with the FAA to develop
a system to provide automated route forecasts to
pilots. This is a large effort that requires the devel-
opment of a new data base of objective weather
information. Operationally, this grid data base
would be computersearched to provide specific
route forecasts which could be delivered to the pilot
by machine-generated voice. Importaut to this new
system is the development of a forecaster-computer
interface so the data base can be continually
updated.
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Introduction

Since the early 1960s, the Department of Encrgy
(DOE) and its predecessor agencies have dedicated
their specialized skills to the support of the United
States space program. The carliest Navy navigation
satellite, launched in 1961, delivered a mere 2.7
watts of clectric power derived from the decay heat
of the radioisotope plutonium-238 acting upon
thermoelectric couples carried by the 2.3-kilogram
unit. By contrast, the most recent outer planetary
spacecraft launched by NASA in August-September
1977 each carried three multi-hundred watt genera-
tors supplying a total of 475 watts of electric power.
The dramatic photographs transmitted from Voy-
agers 1 and 2, revealing hitherto unknown details
of the topography of Jupiter and its moons, were
possible only through the use of such space nuclear
power systems. Continuing progress is being made
in the directions of compactness, lighter weight,
and improved efficicncy and safety.

Progress in Space Applications of Nuclear Power

DOE provides substantial support to the U.S.
space program through its technology development
and production cfforts on nuclear-powered clectric
gencrators for current and potential NASA and
DoD missions.

Radioisotope Thermoelectric Generators (RT Gs)

To achiceve a state of readiness for the increas-
ingly rigorous demands for safety and performance,
continuing progress must be made at many points
along the frontier of techinology. During 1979, the
multi-hundred watt generator, already performing
yeoman sevvice on DoD’s Lincoln Experimental
Satellites and on board the Voyager 1 and 2 outer
planetary spacecraft, was upgraded by sclection of
an improved iridium-tungsten alloy for the fuel
capsules and by application of composite fiber
graphites in thie heat source acroshell. The more
ductile and thermally stable iridium capsule mate-
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rial will improve the safety index for the next mis-
sions. The composite fiber graphite, shown by blast
overpressure testing to be stronger than bulk graph-
ite, also leads to an improved safety index, as well
as to a modest weight reduction.

These improved heat source materials and com-
ponents entered the production phase for the
NASA Galileo mission (Jupiter Orbiter/Probe)
scheduled for launch in early 1982, Unfortunately,
sclenide-based thermoelectric clements, expected to
provide approximately 10 percent conversion effi-
cieney for the Galileo mission, failed to show ade-
quate stability and power output in prototype
ground test generators. As a consequence, the deci-
sion was made to reinstate use of silicon-germanium
converters, already performing reliably on the
DoD ILes 8/9 and NASA Voyager spacecraft.

The spacecraft designer continually strives to
support a maximum of scientific experiments or in-
formational /navigational systems at a minimum
pavload weight. The eclectric  power-producing
generator is vital to either of these functions and it
too must be optimized at the maximum power out-
put per umit ol weight. The General Purpose Heat
Source (GPHS) was developed to provide a ver-
satile, modular plutonium-238 fueled unit suitable
for mumerous space applications, yet showing im-
proved specific power (watts per pound) and safety
index. The improved iridium-tungsten alloy and
the composite fibrous graphites already mentioned
are applied in the construction of the fuel module
components. Fach module, fueled with four 62.5-
thermal-watt plutonium-238 fuel pellets, 1s designed
to survive potential accidental reentries and to im-
pact the Earth with minimal consequences.

The GPHS modules and the silicon-germanium
thermoclectric converter couples are specified for
the NASA International Solar Polar Mission. With
continuing  design  refinements and analytical
studies, and by planned improvements to the power
system, the performance level of the generators
should attain a specific power of approximately 5.5
watts per kilogram. The spacecraft requirement for
286 watts clectric at beginning of life, and 275 watts
alter two years of service, is expected to be met by



a radioisotope thermoelectric generator (RTG)
comprising 18 heat source modules, weighing in at
52 kilograms. This mission represents a new chal-
lenge in coordination—to ensurce compatibility of
componcents with both the NASA and European
Space Agency (ESA) spacecraft as well as to achieve
appropriate trajectories in  opposite  directions
through the plance of the ecliptic and over/under
the poles of the Sun.

Dynamic Isotope Power Systems

In FY 1978, two compctitive radioisotope-fucled
dynamic power systems were compared. These sys-
tems were the Brayton Isotope Power System and
the Organic Rankine Cycle System. Both were de-
signed toward an output power of 1.3 electrical
kilowatts. Ground demonstration tests were con-
ducted on systems representing the current state-of-
the-art in matevials selection, component design,
and operational controls. Upon critical evaluation,
the Organic Rankine Cycle unit was selected for
further development and verification of perform-
ance, reliability, and longevity.

The Dynamic Isotope Power System was designed
and tested in anticipation of missions requiring 1-2
kilowatts of power. Expected efficicncies in the 18-~
25 percent range would encourage consideration
of the nuclear option for power output in this
range, since compactness, longevity, and high per-
formance were attributes of these dynamic systems
also. Studics directed toward potential DoD appli-
cations werc conducted in depth, with particular
emphasis upon the Nuclear Integrated Multi-Mis-
ston Spacecraft.

The Dynamic Isotope Power System originally
was planned for operational testing in the DoD
space test program, to be launclied in late 1982 or
early 1983. But during the ground demonstration
activity in 1978, thie DoD clected to defer the space
test program and to encourage instcad a continued
technology verification program which would im-
prove cfhciency of the conversion system and cn-
hance the reliability and performance level of
sclected components. This program is expected to
continue through FY 1980, and will include a 5000-
hour endurance test to validate the engineering
and design improvements. Upon completion of this
test, further dynamic system activity is contingent
upon the availability ol appropriate mission models,
DoD user agency schedules, and reimbursable
funding.

Space Reactor Technology

On the basis of prior studies conducted by the
Advanced Space Power Working Group, a joint

DoD/DOE committee to examine potential mission
requirements for a space reactor in the late 1980s,
a technology development program was initiated
in FY 1979. The objective is to establish the tech-
nology basc for a high-temperature, compact spacc
nuclear eclectric reactor system, producing power
in the 10-100 kilowait range. The five-year pro-
gram is to complete development of reactor com-
ponent technology that will support a future system
demonstration to be scheduled and funded by the
user agency.

Among the applications envisioned for this re-
actor system are a power supply for spacebased
radar operating with satellite power stations, clec-
tronic mail systems, advanced television coverage.
holographic teleconferencing facilities, and other
svstems for potential civilian and military assign-
nments.

During FY 1979, a comprchensive report was is-
sucd by the Tos Alamos Scientific Laboratory, en-
titled “Seclection of Power Plant Elements for
Future Reactor Space Electric Power Systems”
(1.A-7858) . In the preliminary design, these power
plant clements include a uranium-oxide-fueled re-
actor providing thermal power to an advanced sili-
con-germanium thermocelectric converter via molyb-
denum heat pipes, with sodinm as working fluid.
The radiator system also employs heat pipes
anchored to a titanium structure, to dissipate the
excess reactor heat into space.

Advances in Supporting Technology

To meet the continuing escalation of require-
ments for mission performance, reliability, and
safety, corresponding advances must be achieved in
fuel preparation, capsule production and welding,
process control, quality assurance, and reliability
evaluation. To this end, the Savannah River Plu-
tonium Fuel Fabrication Facility is currently pro-
ducing ceramic fuel spheres for the multi-hhundred
watt generators for the NASA Galileo mission; to
increase the specific power for this and subsequent
heat sources, the assay of the plutonium-238 oxide
feed material has been increased. The Plutonium
Experimental Facility, also at Savannah River, is
carrying out preliminary experiments in the fab-
rication of the 62.5-watt pellets soon to be produced
for the International Solar Polar Mission genera-
tors. The 62.5-watt fuel form, its fabrication proc-
css, design refinements, and encapsulation technol-
ogy were originated by the Los Alamos Scientific
Laboratory.

Operational and recntry analyses performed by
the Battelle Columbus Laboratories assisted in the
development of the GPHS module. Associated test-
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ing and evaluation activities were performed by the
Air Force Weapons Laboratory, the Naval Nuclear
Weapons Center, and the Applied Physics Labora-
tory of The Johns Hopkins University. The com-
posite fibrous graphites were tested for blast over-
pressure resistance by the lLos Alamos Laboratory
with the Teledyne Energy Systems staff also fulfill-
ing a significant role in the assessment of improved
graphites.

Reliability engincering requirements have been
reviewed by the Sandia Laboratories and DOE, and
an updated program requirements document was
issued. The intent of the increasingly rigorous re-
liability effort is to outline to contractors and bid-
ders the basic practices which must be pursued to
provide continued positive assurance that reliability
requirements for space missions will be met.

Status of Prior Missions

Data vansmittals from the Pioncer 10 and 11
and Viking I and 2 telemetry systems indicate that
the radioisotope generators arc performing essen-
tially as anticipated at this point in their life cycle.
The multi-hundred watt generators on hoard the
NASA Vovager 1 and 2 spacccraft provide the
power for the scientific experiments, as well as the
data and photographic transmittals of the fascinat-
ing views of Jupiter and its moons received duving
carlier months in 1979. Similar favorable status has
been reported for the communications satellite svs-
tems performing on the Les 8/9 missions for DoD.
In summmary, a reliable performance data base is
well established, presaging equivalent or superior
performance for nuclear-powered spacecralt in the
future.

Satellite Power System

The concept of a Satellite Power System (SPS) in
geostationary orbit, employing massive collectors to
capture solar energy, concentrating it, and beaming
it to Earth antennas, has been studied since 1968.
In 1977, the DOE and NASA started a 3-vear assess-
ment of the SPS concept to begin learning about
the technical and economic feasibility, the environ-
mental and socictal impacts, and the merits of SPS
relative to other future energy options. A national
team is making cxcellent progress toward the
study’s planned completion date in 1980.

NASA has specified a reference SPS around which
the assessment is being made. Also DOE has iden-
tified cmerging technological developments which
mright be incorporated to SPS" advantage. Experi-
mental studies to determine the clfects of micro-
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waves (the mecans for transmitting the energy from
the satellite to Earth) on biological systems—bees,
rodents, birds, and ultimately on man—have been
started. The effects of the deployment and opera-
tion of the SPS on the environment, on the at-
mosphere, and on space workers are being assessed.
Experiments measuring the impact of the SPS
niicrowave beam on telecommunications and elec-
tronic systems are underway. Some 40 generic sys-
tems that can be impacted are identified, including
radars, microwave links, computers, and satellites.
Mitigating strategics for most of these systems are
arc being studied.

In the socictal assessment, eligible rectenna sites
are heing found, tentative materials requirements
are being established, the U.S. institutional issues
are being studicd, the international implications
are being assessed, and the need for public involve-
ment is being recognized and fostered. Preliminary
assessments of the costs, performance, health and
safety impacts, and land requircments for SPS and
other future energy options are being made.

Nuclear Waste Disposal

In support of the NASA-DOE study of the poten-
tial for nuclear waste disposal in space, a bascline
operational scenario was selected during 1978, using
the Space Shuttle to place waste into a long-term
stable solar orbit between Earth and Venus. In
1979, alternative space concept definitions werc
further cvaluated to cnable an early decision re-
garding future studics.

Remote Sensing of Earth

Several DOE programs benefit from the data
provided by NASA-developed satellites that carry
instruments  sensing  the Earth's surface and at-
mosphere. Examples of present activities include
enhancement of exploration technology for ura-
nium, natural gas, and oil: geological characteriza-
tion of potental nuclear waste disposal sites; and
survey ol other potential energy facility sites for
cnvironmental and scismic suitability. Increased
use of data from existing, planned, and future satel-
lite platforms in these and other energy-related ac-
tivities is anticipated.

Nuclear Test Detection

Development of satellite-borne nuclear surveil-
lance began in the early 1960s and led to the Vela
Hotel program. Because of its specialized knowledge
of nuclear explosion characteristics and capability
to detect and measure output radiations, the



Atomic Energy Commission, one forerunner of the
DOE, was tasked to design and develop the detector
instrumentation for the proposed satellites, while
DoD managed program activitiecs and schedules.
The Vela satellites were launched into Earth orbits
of about 112,000 kilometers—far enough out so that
one satellite could view nearly half the Earth's sur-
face and most of outer space. Six pairs of Vela satel-
lites were placed into orbit between 1963 and 1970.
Successive satellites carried improved instrumenta-
tion for nuclear-explosion surveillance.

The nuclear surveillance mission of the Vela
satellite program is now incorporated into other
multi-mission DOD spacecraft and DOE retains
responsibility for design, fabrication, test, calibra-
tion, and launch and operational support of the
instrumentation subsystems for nuclear test detec-
tion. In support of this responsibility, DOE con-
ducts a vigorous rescarch and development program
to meet changing detection requirements as well as
to develop a detailed understanding of the radia-
tion environment of space.
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Introduction

The Department of the Interior is responsible for
administering the nation’s public lands and for
maintaining a balance between the use and con-
servation of natural resources on these lands. Effec-
tive resource management and research require ac-
curate and timely data, whether collected on the
ground, from high- or low-altitude aircraft, or from
satellites. In some investigations data from various
scusors such as multispectral scanners, cameras, and
radars are useful. To collect data, the department
relies on aircraft for acquiring aerial photographs,
carrying experimental airborne instruments, and
executing programs such as sclection of utility
corridors, cadastral surveys, and resource inven-
torics.

The need for surveying and repetitive monitoring
of vast and often inaccessible areas has also created
a growing interest in data obtained from Earth-
orbiting satellites, primarily from the experimental
Landsat system because of its synoptic, repetitive,
and uniform coverage. Digital Tandsat data have
made possible the extraction of information by
computerized techniques. Because of the flexibility
that digital data offer in collecting and managing
large volumes of information, resource managers in
seven burcaus of the department are incorporating
varying amounts of this new technology into their
routine activities, such as estimating ground water
use and determining the movement of sea ice.

Earth Resources Observation Systems Program

The Earth Resources Observation  Systems
(EROS) Program is administered for the Interior
Department by the U.S. Geological Survey (USGS).
The purpose of the EROS program is to develop,
demonstrate, and cncourage applications of re-
motely sensed data acquired from aircraft and
spacecraft.

The key facility of the EROS program is the
EROS Data Center (EDC) in Sioux Falls, South
Dakota, which is the principal archive for remotely
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sensed data collected by USGS and National Aero-
nautics and Space Administration (NASA) aircraft,
and by Landsat, Skylab, Apollo, and Gemini space-
craft. EDC now serves as the national distributor of
Landsat products to all agencies of the Federal
government and the public. Sales for fiscal year
(FY) 1979 amounted to about $3.4 million, about
65 pereent of which was Landsat data.

Improvements in Landsat Data Processing and
Handling

Digital image processing systems installed in 1978
at NASA’s Goddard Space Flight Center (GSFC)
and at EDC were placed in production on February
1. 1979, and have offered major improvements in
the quality of Landsat data available to the user.
In addition, a domestic satellite cominunications
link (Domsat) became operational in May 1979,
allowing transfer of current Landsat data from re-
ceiving stations in Alaska and California to GSFC,
and from GSFG to EDC via a telemetry link instead
of the postal service.

The EDC data base was improved by indexing
(but not archiving) all Landsat data holdings ac-
quired by reception stations in foreign countries.
This is the first international Landsat data base
in existence and establishes in the United States a
single worldwide point of contact for Landsat data.
Current participants in this data base integration
include the European Space Agency (with process-
ing centers in Italy and Sweden), Brazil, and Can-
ada. Data listings from Japan, Australia, India,
Argentina, and other locations will be added in the
near future.

Continued improvements are planned for the
next year, including modification of the digital im-
age processing system at EDC to accept unresam-
pled Landsat data and to perform geometric
corrections.

Training Programs

Training in the form of workshops @nd courses at
EDC is provided at cost for resource specialists and



land managers interested in remote sensing tech-
nology. Approximately 25 workshops are offered
each year to about 500 scientists, both domestic and
forecign. After 5 years of conducting 120 training
sessions involving more than 2500 participants, the
Center has noted a shift in demand away from gen-
eral, introductory remote sensing courses toward
courses that emphasize specific scientific disciplines
or resource information and management tech-
niques. The Center also cooperates with qualified
universities in presenting workshops on techniques
and on applications to specific disciplines. These
workshops are offered to practicing professionals,
through university extension programs.

Applications and Research

In addition to data distribution and training,
EROS activities include technical assistance and
rescarch in the applications of remotely sensed data
to Farth resources investigations. Computer-assisted
image analysis techniques are developed, demon-
strated, and documented in the Data Analysis T.ab-
oratory at EDC in response to the needs of user
agencics. Cooperative demonstrations and research
projects develop and test techniques feasible for op-
erational use. Following are some examples of
promising new cooperative projects with potential
for routine use in the department.

Land Use and Land Cover Maps. In late March
1979, a nuclear accident occurred at the Three Mile
Island power plant near Harrisburg, Pennsylvania.
The location of this power plant on the Susque-
hanna River, 16 kilometers from the state capital,
raises the question of where such plants should be
located in terms of the hazards to nearby urban,
industrial, and agricultural arcas. To aid in evaluat-
ing and recommending solutions for control of such
hazards, a special land use and land cover map.
keyed to political units and census statistical areas,
was digitized from high-altitude aircraft data by a
computer-driven plotter. The computer-drawn map
was then placed over a standard USGS topographic
quadrangle at the same scale of 1:100,000. Nineteen
detailed land use categories were identified by colors
and shading patterns. Rings at 8-kilometer inter-
vals and place names were added for evaluation
of potential hazards and for site planning. The
remotely sensed digital data used in constructing
this Jand use and land cover map were obtained
from a data base compiled in 1978 as a cooperative
effort between the Pennsylvania Department of En-
vironmental Resources and the Geological Survey.

Archeology. The National Park Service (NPS),
working in close cooperation with EROS and sev-
eral other Federal agencies and major universities,

is using remotely sensed data, primarily from air-
cralt but supplemented by Landsat, to identify and
evaluate historic and prehistoric cultural resources
in the national parks. In the San Juan Basin Re-
gional Uraninm Study, sponsored by the Bureau of
Indian Affairs, remotely sensed data from aircraft
and Landsat are being nsed to assess the effects of
uranium exploration and development upon the
parks and archeological sites and upon the culture
ol the Navajo Indians living in the region.

Ground MWater Use. The USGS has the responsi-
bility to estimate the quantity of water our nation
uses annually for industrial, domestic, and agricul-
tural purposes. An important part of this respon-
sibility is o determine the ground-water pumpage
for irrigation of crops. Techniques have been de-
veloped to utilize Landsat data to determine the
arcas of crops nrigated and to use these data in
conjunction with selective sampling of pumpage at
well heads to estimate the total quantity of water
pumped. Results from demonstration projects in
the Suwanee River Water Management District,
Florida, and an cight-county site in the tri-State
arca of Colorado, Nebraska, and Kansas, indicate
that the inclusion of Tandsat data improves the
reliability of the water-use estimates, shortens the
time for analysis, and costs less than estimates based
upon conventional methods alone.

Monitoring Snowmelt Runoff. The USGS partici-
pated with NASA, the National Oceanic and At-
mospheric Administration (NOAA), and the Salt
River Project, Arizona, in developing methods to
monitor rapidly changing snow conditions and to
predict snowmelt runoff quantities using satellite
imagery and radio-transmitted hydrologic data re-
layed by satellite to ground receiving stations.
These data were made available to officials of the
Salt River Project and were used for near real-time
management decisions involving reservoir opera-
tion. Use of the satellite relayed data and satellite
imagery has improved the accuracy of short-term
runoff prediction and the cfficiency of reservoir
operations.

Sea Ice. From data obtained during the Nimbus 5
experiment, the USGS produced a remarkable time-
lapse movie covering several years’ collection of
satellite microwave images of the Arctic Polar Re-
gion. The movie dramatically displays the growth,
distribution, and breakup of sea ice. This clear
demonstration of the dynamic nature of the Beau-
fort Sea should be of value to navigators of ships,
geologists interested in offshore petroleum explora-
tion, and planners of logistic operations.
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Monitoring the Environment

Land Inventories

EDC and the U.S. Fish and Wildlife Service are
cooperating in a project to demonstrate the use of
Landsat data in an inventory of the vegetation and
land cover of wildlife habitats.

EDC is also cooperating with the Bureau of Land
Management (BLLM) in a demonstration project to
cvaluate the application of remote sensing technol-
ogy to mapping and inventorying vegetation on
BLM lands. Multispectral scanner digital data ac-
quired by lLandsat and digital terrain data were
used to classify approximately 100 square kilome-
ters in northwestern Arizona into nine land cover
types using the interactive image analysis system at
EDC. Large-scale aerial photographs were used to
determine the vegetation type of sclected picture
elements. Results showed that integration of digital
Landsat data and terrain data can significantly im-
prove the accuracy of vegetation classification,

Scientists from the U.S. Forest Service Northern
Forest Fire Laboratory are also attcmpting to use
digital Landsat data and terrain data to identify
forest vegetation classes that can be used to map
forest fire fuels over large areas. The data will then
be llSCd for m;lnngemcn[ Zl('[iOllS to I‘C(llI(TC ﬁI‘C
hazards.

The NPS completed a project for the Everglades
National Park with the assistance of EDC. A hydro-
logic model for Shark Slough was developed that
required information on water depth, volume, and
temporal changes in the water margins of the
slough. By using data from Landsat and 76 mecas-
urement stations, water depth and volume were
determined. One of the more interesting findings
was that a 10-fold decreasec in the water volume
halved the slough margin.

The NPS also used enhanced Landsat images in
their New Arca Studies Program. The images were
photographically cnlarged and manually inter-
preted to provide general vegetation, land use,
landform. drainage, and other land cover informa-
tion. A significant aspect of these projects was that
they were all completed in two or three weeks at a
cost of ouly a few thousand dollars.

Environmental Impact of Fuels Exploration and
Development

The Burcau of Mines, Office of Surface Mining,
and EROS provided support for the development
of minicomputer digital equipment and analytical
techniques for monitoring surlace mining opera-
tions using Landsat data. Low-cost systems were de-
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veloped and installed at Stanford University and at
the Technology Application Center of the Univer-
sity of New Mexico. Field investigations using these
systems were conducted in New Mexico, Oklahoma,
and South Carolina.

The Conservation Division of the USGS, working
with the EROS program, has been closely monitor-
ing the blowout from Mexico’s Pemex oil well Ixtoc
1 in the Gulf of Mexico. The monitoring has been
done in collaboration with the U.S. Coast Guard
and NASA. Landsat data were used to detect and
delineate oil floating westward from the well in
the Bay of Campeche to the coastline between Vera
Cruz and Tampico and then northward into Texas
waters between Brownsville and Galveston. A
mosaic of four Landsat images, prepared by the
Survey, was used as a guide for July flights of the
Coast Guard C-130 Airborne Oil Surveillance Sys-
tem aircraft to oil-contaminated areas and to aid
NOAA's scientific support coordinator and the
Coast Guard's on-scene coordinator in predicting
when oil from the runaway well would reach U.S.
waters.

Alaska

Near-real-time satellite data are being used in the
Quick-T.ook Project to produce sea-surface tempera-
ture maps for the fishing industry, analyses of sea-
ice conditions for personnel working offshore on
the ice in the Beaufort Sea, and images showing the
location of fires. The project uses data from the
Defense Meteorological Satellite, NOAA satcllites,
and Landsat. Information provided by the images
led to the evacuation of a drill rig on ice in the
Beaufort Sea and prediction of an outburst from a
glacier-dammed lake west of Anchorage.

BLM and several other agencies have been using
a Meteor Burst Communications System  (transmis-
sion of short messages over ionized trails left by
meteors entering the upper atmosphere of the
Earth) in Alaska over the past few years, BLM will
be testing meteor burst communications in con-
junction with aircraft on-board navigation systéms
to automatically relay aircraft positions from re-
mote arcas independently of aircraft elevation or
terrain. This system will greatly enhance the safety
and dispatch capability of flights in inaccessible
areas,

Data Acquisition through Satellite Relay

The USGS continued to expand the number of
platforms transmitting environmental data through
the Geostationary Operational Environmental
Satellite (Goes). An increase to 150 platforms was



in part necessary because the use of Landsat to relay
data was discontinued. The USGS has also con-
tracted with  Comsat General Corp. to test a
pilot real-time information scrvice involving 75
hydrologic data-collection platforms. This pilot test
service will begin operation in late 1980.

The BLM is concluding a project with the U.S.
Forest Service to provide standard Remote Auto-
matic Weather Stations for Fire Management by
relayving data through the Goces satellite.

The Water and Power Resources Service began
construction of its Hvdromet and Metcorological
Surface Observation Network (Mesonet) svstem
and contracted with Colorado State University
(CSU) to analyze cloud systems by the use of satel-
lite data. The Hydromet system will collect hydro-
logic and meteorologic data from sensors on 70 data
collection platforms and then transmit these data
via ‘the Goes satellite to a receiving antenna in
Boise, ldaho. Mesonet is a solar-powered network
of 150 portable mcteorological stations that use a
Goces satcllite-computer link to cnable scientists to
monitor weather developments in great detail even
though they occur over large arcas many miles
away. The weather data will be relayed to a ground
receiving station at Wallops Island, Virginia. The
CSU study will support two Bureau research proj-
ects: the High Plains Cooperative Project in grow-
ing-scason rainfall management, and the Sierra
Cooperative Pilot Project in winter snowfall en-
hancement.

Geology

Mineral Exploration

Landsat imagery and aerial photographs are
used by the department as a tool for mineral ex-
ploration and to improve the quality and speed of
mincral resources mapping.

In the southern Powder River Basin, Wyoming,
many of the uranium producing arcas arc obscured
by vegetation that covers 50-75 percent of the
ground. A Landsat computer-enhancement tech-
nique was developed to map the regional vegetation
variations that reflect subtle changes in lithology,
chiefly the proportions of sandstone and mudstone.
By this technique it was discovered that uranium
deposits are associated with a particular lithology

that has an intermediate sandstone/mudstone ratio. .

Lineament analyses were used to develop a model
for the influx of uranium-bhearing groundwater into
the basin and subsequent deposition of uranium.
In a jointly funded United States-Mexico experi-
mental project in northern Sonora, Mexico, analysis
of lineaments and limonitic occurrences seen in

Landsat images was used to identify promising arcas
for more detailed geologic mapping and geochemi-
cal surveys. Strike-frequency analysis of mapped
lincaments indicated the presence of two statis-
tically significant trends, northeast and northwest.
At least four northeast-trending lineament zones
were defined and ave interpreted to be structural
rones that were tlte primary regional control of min-
eralization in the porphyry copper deposits of north-
ern Sonora. Although northwest-trending structures
also appear to have influenced the localization of
ore dceposits, these are pervasive structures which
are not uscful as regional prospecting guides. In
contrast, the northeast-trending lincament zones are
localized and systematic and are characterized by
concentrations of limonitic hvdrothermally altered
rocks, occurrences of known copper deposits, and
anomalously high lcad content in stream sediment.
These data, along with other geochemical and geo-
physical data, have resulted in the identification of
several areas of exceptional economic potential, and
this approach has become an integral part of the
mineral appraisal studies being conducted by the
department.

Ficld investigations in the Williamsport Valley,
Pennsylvania, to identify lincaments shown on
Landsat return beam vidicon images revealed the
presence of six discrete fault zones whose strike 1s
subparallel to the trend of the Appalachian folds.
These zones range from 0.5 to 1.75 kilometers in
width and from at least 10 kilometers to more than
50 kilometers in length. Many thrust faults of only
a few centimeters displacement are present within
cach zone and occur at low angles in the beds of
“staircase-type” folds. The extreme degree of fault-
ing and staircase-type structurcs may indicate frac-
ture porosity traps for gas and oil at depth.

Other programs using remote sensing techniques
include nuclear waste disposal, mineral resource ap-
praisal, gcothermal studies, and volcanic hazards.

Lunar and Planetary Studies

Studies of the moon and of data from the two
successful Viking missions to Mars are continuing,
but the flybys of Voyagers 1 and 2 past Jupiter and
the mapping of the Venusian surface using the
Pioncer radar altimeter have provided the most
significant findings. Preliminary studies of the four
large Galilean satellites of Jupiter indicate a great
diversity in surface composition and morphology.
Dark areas on Io may be flows of molten sulfur, and
volcanic eruptions were actually observed. Europa
has a system of long, linear structures. Ganymede is
probably composed of an ice-rock crust over a dom-
inantly water mantle. Callisto possessed an cnor-
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mous multi-ring impact basin. On Venus, the
Pioneer satcllite is providing data for a radar map
of 70 percent of the surface of the planet. Early
results indicate the presence of active volcanoes and
some high mountains.

Cartography

Studies to develop techniques for applying satel-
lite data to cartography concentrated on the use of
Landsat 3 data. Computer programs were prepared
that use the Hotine Oblique Mercator (HOM) and
Space Oblique Mercator (SOM) projections for
Landsat data. These programs compute geographic
latitude and longitude coordinates from the HOM
or SOM coordinates or vice versa. Additional in-
vestigations produced the specifications of map
projections for other satellite applications. Geo-
metric considerations for a mapping satellite system
were studied.

Landsat Image Maps

Experimental image maps of the coal-rich areas
of Montana and Wyoming were prepared from
Landsat data. A unique map combining Landsat
ASS imagery with line-map data for the Wenachee,
Washington. 1°X2° quadrangle was printed at a
1:250.000 scale. This map meets national map ac-
curacy standards for the accuracv of horizontal posi-
tions at that scale and was selected as a prototype
for use in arcas of Latin America where data for
larger scale maps are not available.

High-Altitude Aerial Photography

A program of high-altitude aerial photography
mapping administered by the U.S. Geological Sur-
vey for several government agencies has as its goal
complete coverage of the conterminous United
States. A solicitation for bids for photographs of
about one-fifth of the country was issued near the
end of 1979. The photographs will be acquired
simultaneously with two different focal-length cam-
eras and will be on both color-infrared and black-
and-white film. The scales of the negatives will be
approximately 1:60,000 and 1:80,000, respectively.
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International Activities

Under the U.S. Foreign Assistance Act, USGS
participates with the Agency for International De-
velopment (AID) in a technical assistance program
to aid developing countries in Earth-science and
engineering applications. These countries fre-
quently request assistance in remote sensing as the
most feasible wayv of solving some of their environ-
ntental and resource problems.

Four-week international remote sensing work-
shops are given at EDC twice a year as part of this
program. In FY 1979, 37 scientists from 18 foreign
countries attended the workshops. EDC also coor-
dinated a training course in remote sensing under
the auspices of the Circum-Pacific Council in Hono-
lulu, Hawaii, for some 60 scientists from Pacific and
Far East countries. A remote-sensing training work-
shop was held in the People’s Republic of China
during June 1979 at the Scientific Research Insti-
tute for Petroleum Exploration and Development,
Ministry of Petroleum.

Advanced training courses in geologic interpreta-
tion, land use planning and environmental applica-
tions, and digital image processing were conducted
for foreign participants by the USGS Center for
Astrogeology in Flagstaff, Arizona, during the year.
A new course for foreign Earth scientists, covering
the basic principles of digital image processing, is
to be held at the USGS National Center in FY
1980.

Another international activity of USGS is coop-
eration in scientific research and the exchange of
intformation. Landsat imagery is an important com-
ponent of several ongoing tasks under a long-term
USGS cooperative agrecment with Saudi Arabia.
Digitally enhanced imagery is used cxtensively in
geologic interpretation and as a base for geologic
and geographic maps and mosaics at scales ranging
from 1:100,000 to 1:2,000,000.

In addition, USGS scientists participate in many
assistance programs and consultations in the devel-
oping countries. A current AID-sponsored project
in Tunisia, for example, is developing skills in
production and interpretation of satellite imagery
for investigations in geology, hydrology, pedology,
erosion, desertification, and pollution.

A remote sensing project, led by USGS, is part of
the International Geological Correlation Program,
which is jointly sponsored by United Nations Edu-
caional, Scientific, and Cultural Organization and
the International Union of Geological Sciences.



Vi1

Introduction

The Department of Transportation, through its
aviation component, the Federal Aviation Adminis-
tration (FAA), engages in extensive aeronautical
research, development, test, and evaluation activ-
ities. These support the basic responsibilities of
FAA to regulate air safety, ensure the safe and cffi-
cient utilization of the nation’s airspace by both
civil and military users, and foster the development
of civil aeronautics and air cominerce.

Aviation Safety

FAA’s research, development, and engineering
programs in aviation safety are designed to demon-
strate the technical, operational, and economic fea-
sibility of improving aircraft performance and rais-
ing the performance standards for pilots and other
airmen. During 1979, FAA continued to work in
concert with NASA and the Department of Defense
to improve the safety of both fixed-wing and rotor-
type aircraft; major emphasis was placed on post-
crash fires, airframe crashworthiness, turbine-
engine ingestion, and icing. New means of
preventing or deterring acts of terrorism or other
violence aboard aircraft and at airports were vigor-
ously pursued. In the area of aviation medicine,
FAA sought to identify and climinate biomedical
factors in aviation accidents and to improve the
performance, health, and safety of pilots, ground
personnel, and passengers. The knowledge acquired
in all of these programs enables FAA to improve
contemporary and future aircraft and cnsure the
issuance of appropriate new standards, certification
criteria, and regulations.

Fire Safety

FAA continued to work toward improving the
chances of aircraft occupants surviving an impact-
survivable crash involving a fuel-fed fire. Large-
scale fire tests were conducted that simulate what
actually happens inside an aircraft fuselage during
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various types and stages of fires. These tests, uti-
lizing a C-183 fusclage to simulate a full-scale, wide-
body jet, were conducted at the National Aviation
Facilities Experimental Center, in Atdantic City,
New Jersey. The tests were designed to measure
carbon monoxide levels, smoke intensities, and heat
released inside the fuselage from a fire fed by an
exterior burning fuel without any contribution
from interior cabin materials. Similar tests will in-
clude burning interior materials to establish their
contribution.

Fuel-fed fires can kill all the survivors of an im-
pact-survivable aircraft accident. Fuel spewed from
ruptured tanks forms fine mist-like particles that
readily ignite and then create an all-consuming fire
ball. In attacking this problem, FAA directed its
efforts toward the development of a fuel additive
that would minimize the formation of the mist-like
fuel particles and thereby reduce the possibilities
of a fire ball being created. Numerous small and
mid-sized tests simulating spillage from a ruptured
fuel tank in the presence of an ignition source were
conducted during 1979. Varying amounts of addi-
tive and levels of ignition intensity were used in
order to cstablish parameters for the large-scale
tests, which were conducted during the latter part
of the year.

Such considerations as the stability of the modi-
fied fucl in storage and handling and during trans-
port within the various aircraft systems were also
investigated. A simulation test was conducted to
determine how well the modified fuel could pass
through an aircraft system; the test results were
promising. The compatibility of the modified fuel
with engine components is being determined in a
joint cflort between FAA and NASA. All aspects of
this investigation to date have been encouraging.

FAA was also engaged during the year in im-
proving and expanding a mathematical model
developed by the FAA to simulate aircraft cabin
fire. The model is being validated by comparing its
results with those obtained from on-going FAA-
NASA cabin-fire tests. The validated model will be
used to evaluate concepts to improve cabin-fire
safety through compartmentation, and the agency
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plans to sponsor a workshop to encourage and facil-
itate nse of the completed model by industry. In
concert with this effort, improved evacuation tech-
niques arc being developed for incorporation into
existing and future aircraft designs.

Finally, FAA made good progress during the year
toward a ‘“combined hazard index” identifying
cabin intevior materials that will not contribute to
the hazards of a fire. This index takes laboratory-
scale data generated from burning small samples of
material and, by using a mathematical model, iden-
tifies the flammability, smoke, and toxic gas cmis-
sion characteristics of the materials.

Aviation Security

Efforts to deter acts of terrorism and sabotage
aboard aircraft and at airports concentrated on im-
proving techniques for detecting ecxplosives in
checked baggage and other items. A transportable
baggage bomb detector was constructed and readied
for airport testing. Enforcement officials were pro-
vided with the vapor characteristics of a broad
range of explosives for use in evaluating screening
units in an operational airport environment.

Small animals continued to be tested for their
potential in detecting the minute quantities of
vapors emanating from explosives. The behavior
of these antmals was assessed under actual airport
operating conditions. The animals’ performance is
being compared with that of electronic vapor de-
tectors. Additionally, the characteristics of a screen-
ing system emploving dual-energy x-ray techniques
(including computer-aided tomography) were de-
veloped and made available to users.

Airport Pavement

Airport pavements must be cvaluated periodi-
cally for their strength characteristics and load-
carrying capabilitics. Conventional testing methods
call for cutting test pits measuring 1.2 squarc meters
into the airport pavement, conducting plate-bearing
tests, and sampling materials. This method is both
costly and time-consuming and requires shutting
down thie runway or taxiway. An alternative, non-
destructive testing method has been developed, how-
ever, which climinates digging pits and minimizes
the time runways are shut down. Vibration is ap-
plied to the pavement, its deflection is measured,
and its strength and load-carrying capability is
calculated by a computer. Seminars explaining this
technique were held at four airports, and the details
of this method were provided to airport operators.

In another development, FAA continued to de-
termine the optimum groove configuration to im-
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prove runway traction during wet weather.
Grooving configurations, installed while bituminous
surfaces were still plastic, were tested during 1979.
These tests have now been completed.

Aviation Medicine

As aviation technology expands and grows in
complexity, advances in air safety depend increas-
ingly upon a Dbroader understanding of human
capabilities and limitations and of the relationship
between the operator and the machine in the aero-
nautical environment. Assessing and improving the
performance of the human operator, whether in
the cockpit or in the control tower, thercfore, is a
primary arca of exploration for the FAA medical
research program.

FAA recently applied simulation theory to all
phases of air traffic controller selection, assessment,
job structuring, and training. The objective of the
program was to develop a performance-based system
to evaluate a controller from initial selection as a
candidate through his or her progression as a
trainee to full proficiency. New selection tests were
developed and  administered experimentally  to
students entering training and to personnel on the
job at operational facilities. These tests produced a
higher correlation with air traffic controller success
than any other tests used in previous cvaluation
studies. They promise to be significantly better for
screening applicants.

New skill tests were also developed and used,
along with instructor evalunations, to mcasure how
well students applied knowledge and skills during
the first months of training. Data collected from
these measurenients were used to assess and improve
the quality of training and to evaluate candidates
at the end of their course. The net result has been
a continuing internal self-improvement system that
improves training and selection and promises to
provide quality controllers at lower cost.

Other Safety Developments

In other safety developments, FAA

e Continued to investigate the new technologies
cmployed in the new gencration of cnergy-
cficient transport aircraft that use active con-
trol systems and digital avionics. Fixed-wing
aircraft systems were validated in 1979 using
simulation methods.

e Developed helicopter crash scenarios to inves-
tigate the feasibility of using gencral aviation
crashworthiness models for helicopters.

e Began a joint program with the U.S. Army to
establish parameters upon which icing criteria
for helicopter certification could be based.



e Continued research on general-aviation pilot
training and certification, general-aviation air-
craft cockpit standardization, and crash-impact
design standards for general-aviation aircraft.
Factors relating to the recognition of stall and
spin were identified, and the next phasc of pilot
judgment training was begun. Experimental
training syllabi were developed for both flight
instructors and student pilots; the goal is to
produce better and safer civil pilots by ex-
posing them to a structured judgment training
program.

Air Traffic Control and Air Navigation

Discrete Address Beacon System

FAA currently uses the existing Air Traffic Con-
trol Radar Beacon System (ATCRBS) as the pri-
mary mecans of tracking and surveillance in air
traffic control automation operations. In this sys-
tem, when an airborne transponder is triggered by
ground interrogators, it responds by transmitting
the aircraft’s identity and altitude. ATCRBS, how-
ever, has one scrious shortcoming—a limited ability
to separate transponder replies coming from aircraft
in the same immediate vicinity. Air Traffic Control
Radar Beacon transponders respond indiscrimi-
nately to all ground station interrogations; this
causes overlapping and garbling of transponder
replies and seriously limits the system’s ability to
meet the demands of the automated air traffic con-
trol system.

To overcome this difficulty, FAA has developed
an improved ATCRBS, the Discrete Address
Beacon System (DABS), which assigns a unique
address code to each aircraft. The airborne DABS
transponder will respond only if an intcrrogation
contains this code. This ability to interrogate dis-
cretely makes the Discrete Address Beacon System a
natural digital data link between the ground-based
air traffic control system and aircraft. DABS also
has the capability to provide an automatic ground-
derived traffic advisory and separation assurance not
available with the ATCRBS. Transition from the
Air Trafic Control Radar Beacon System to the
Discrete Address Beacon System will require be-
tween 10 to 15 years to complete.

FAA has ordered three engineering models of the
discrete system. Two models were delivered in
1978; the third, delivered in April 1979, possesses
the ground-based separation assurance capability.
The three models have been installed in the vicin-
ity of FAA’s National Aviation Facilitics Experi-
mental Center, where they are currently undergoing
test and evaluation.

Microwave Landing System

Activities with o Microwave lLanding System
(MLS) proceeded as scheduled. FAA has devel-
oped three versions of a Microwave Landing Sys-
tem: o basic wide aperture, a basic narrow aperture,
and a small community svstem. The basic narrow
aperture and small community systems have been
tested and evaluated. Testing of a basic wide sys-
tem, intended for large airports, was begun during
1979 at NASA's Wallops Flight Center. Meanwhile,
other cllorts were divected toward (1) the develop-
ment and international approval of International
Civil Aviation Organization (ICAO) Standards
and Recommended Practices, (2) drafting imple-
mentation and transition plans, and (3) establish-
ing final production specifications for hasic narrow
and small community systems.

The Systems Test and Evaluation Program
(STEP) currently underway provides user commun-
ities with “hands on” experience with an MLS and
permits the gathering of “live” operational data
for usc in developing handbooks, siting standards,
and flight inspection procedures. During the first
phase of the program, small community systems will
be installed at Philadelphia International Airport,
Washington National Airport, and Bader Field
(Atlantic City) carly in 1980. A basic narrow system
has already been installed at Washington National
Airport; tests and calibration flights began in late
1979. Planning for the second phase of the program
includes  the procurement of 16 microwave
systems—cight small community and eight basic
narrow.

Wind Shear

FAA's wind shear program is designed to detect
and forecast hazardous wind-shear conditions and
assist pilots in coping with them. The major por-
tion of this program is scheduled to be completed
in 1980.

Flight profile simulations, conducted in coopera-
tion with NASA, have been completed and have
formed the basis for an Advance Notice of Proposed
Rulemaking, issued by FAA in May 1979. The ad-
valuce notice proposes to require that passenger-
carrying aircraft be equipped with devices that will
display wind-shear information to the pilot. Many
airlines have already incorporated the results of
these simulation studies in their standard training
procedures.

As part of the effort to mitigate the effects of
low-level wind shear on aircraft terminal opera-
tions, FAA developed and tested the Low-Level
Wind Shear Alert System (LLWSAS). The system
consists of remoted anemometers mounted between
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6 and 12 meters above the ground in the approach
and departure corridors of a number of the nation’s
busiest airports. Wind data from the remoted
anemometers arc reported to a central airport loca-
tion (normally the air traffic control towers) for
processing and comparison with data sensed by the
centerfield anemometer. When a vector difference
of at least 28 kilometers per hour is detected, an
alert is displayed in the air trafic control tower
cab. Installation and commissioning of these sys-
tems began in September 1978, Development of
forecasting techniques for predicting low-level wind
shear conditions 1s continuing.

Electronic Tabular Display System

Althouglt a significant degree of automation has
been introduced in the 20 air route traffic control
centers located in the contiguous 48 states, many
routine functions are still being performed man-
ually by air trafhc controllers—especially the updat-
ing and posting of flight progress strips in controller
consoles and the manual entry of new flight data
into the en route computers.

In January 1979, FAA awarded a contract to de-
velop an engineering model of an Electronic Tab-
ular Display System (ETABS). Its design objective
is to provide a more cfficient method of displaying
and updating flight plan data, thereby climinating
the nced for paper flight-progress strips. The poten-
tial payoft is significantly improved control-tcam
efficiency and productivity. During 1979, an in-
depth cvaluation of ETABS was conducted by a
team of experienced field personnel to judge its im-
pact on operations and maintenance in field facil-
ities. The evaluation team strongly supported the
operational concept and identified factors that will
be considered during implementation planning to
minimize the impact on field facilities.

Terminal Information Processing System

The Terminal Information Processing System
(TIPS) is an air traffic control terminal automation
program that has the potential for increasing the
productivity of the terminal controller. Through
the automated features of the TIPS computer and
associated clectronic displays, terminal controllers
will be provided with an improved system for proc-
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essing and distributing flight data and other essen-
tial operational information. Today these tasks are
performed manually at the terminals; flight data
are distributed by means of paper flight progress
strips that are cumbersome to handle and require
manual updating.

A procurement contract has been awarded for
the development of a prototype TIPS system. The
prototype will be installed in the terminal test bed
at the National Aviation Facilities Experimental
Center 1 1980 for test and evaluation.

Airport Surface Traffic Control

The goal of this research and development pro-
gram is to develop automation and surveillance aids
for airport surface traffic control to minimize sur-
face traffic delays and provide safer airport opera-
tions under all weather conditions. A major ele-
nicnt in this development activity is a new radar—
Airport Surface Detection Equipment (ASDE-3),
which will provide improved aircrafe detection dur-
ing fog and rain. A prototype ASDE-3 was delivered
to the National Facilities Experimental Center
in August 1979 and is now undergoing test and
cviluation.

Vortex Advisory System

The Vortex Advisory System (VAS) is designed
to permit better utilization of airport capacity by
minimizing the impact of trailing wake vortices on
the sequencing and spacing of aircraft in arrival
and departure corridors. This system deploys a
nctwork of anemometers located in the runway ap-
proach rones to measure wind conditions, the major
clement influencing vortex stability. These data
arce fed into a processor, where the conditions are
analyzed and sent to the air traffic controller, who
then establishes aircraft separation parameters. The
system s cwrrently being evaluated at Chicago’s
O’Hare International Airport and is scheduled to
be commissioned carly in 1980.

On-going and future work includes development
ol techniques to select improved locations for
weather sensors, refinements to the algorithms, as-
sessment of the possibility of decreasing departure
spacing, and a manned flight simulation to assess
the vortex hazard as it relates to aircraft spacing
and alttude of encounter in the approach corridor.



Appendixes

APPENDIX A-1

U.S. Spacecraft Record

Earth orbit Earth escape Earth orbit Earth escape
Year A - Year
Success  Failure Success Failure Success  Failure  Success Failure
1957 ...l 0 1 0 0 1969 ... ... 58 1 8 1
1958 .. ... ... ... 5 8 0 4 1970 .. ... 36 1 3 0
1959 .. ... ...l 9 9 1 2 1971 .. ...l 45 2 8 1
1960 ............ ... .. 16 12 1 2 1972 ...l 33 2 8 0
1961 ... 85 12 0 2 1978 oo 23 2 8 0
1962 .. ..o 55 12 4 1 1974 ..o 27 2 1 0
1968 ..o 62 1 0 0 1975 ... 30 4 4 0
1976 ... ... ... ... 33 0 1 0
1964 ........... ... ... 69 8 4 0
1977 ...l 27 2 2 0
1965 .................. 93 7 4 1
1 1978 .. ... ... 34 2 7 0
1966 . ................. 94 12 7 1 1979 18 0 0 0
1967 .................. 78 4 10 0 T e
1968 .......... ... . ... 61 15 3 0 Total ............. 941 129 79 15
! This Earth escape failure did attain Earth orbit and therefore is This tabulation includes spacecraft from cooperating countries
included in the Earth orbit success totals. which were launched by U.S. launch vehicles.
NoTes: The criterion of success or failure used is the attainment “Escapk” flights include all that were intended to go to at least an
of Earth orbit or Earth escape rather than a judgment of mission altitude equal to lunar distance from Earth.

success.

APPENDIX A-2

World Record of Space Launchings Successful in Attaining Earth Orbit or Beyond

; People’s : European

Year I;:x;::;i U.S.S.R. France Italy Japan RCpl.l:l,bliC Australia Klij:lgﬁn sz?cee

of China g Agency
1957 . ... Ll e
1958 ........... .. ... 5 L e
1959 ... ... ... 10 - 2
1960 ................. 16 < 2P
1961 ................. 29 P
1962 ................. 52 20
1963 ... ... .. ..., 38 L7
1964 .. ... ... ... .. 57 B0
1965 ... ... 63 48. ... ..., L
1966 ................. 73 44........... O
1967 ................. 57 66........... 2. 1o Lo
1968 ................. 45 7 S
1969 ................. 40 T0
1970 ... ... ... 28 8l1........... 2. R D ... ... 1.
1971 ..o 30 8%........... 1......... T2 2. 1o oo
1972 ... ... 30 T4. .. 1o P
1973 ... 23 86 . . e e
1974 ... L. 22 8l.. .. ... T2 L
1975 ...l 27 89........... S ... 2. .
1976 ... 26 99, ) S 2O P
1977 ... 24 98. . e
1978 ... ... 32 88. .. 3. Lo
1979 ... 16 B7. . D 1.....
Total ........... 743 1250.......... 10.......... 8......... 15.......... 8. ......... 1o..o....... 1o......... 1.....
! Includes foreign launchings of U.S. spacecraft. spacecraft. Some launches did successfully orbit multiple

Note: This tabulation enumerates launchings rather than spacecraft.
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APPENDIX A-3

Successful U.S. Launches—1979

Launch date (G.m.t.)
Spacecraft name
Cospar designation
Launch vehicle

Spacecraft data

Apogee and
perigee
(kilometers)
Period
Inclination to
equator
(degrees)

Remarks

Jan. 30

Scatha (STP P78-2)
7A

Delta

Feb. 18

Sage (AEM B)
13A

Scout

Feb. 24

Solwind (STP P78-1)
17A

Atlas F

Mar. 16
Defense
25A

Titan 111D

Mar. 16
Defense
25B

Titan 111D

May 4
Fltsatcom 2
38A
Atlas-Centaur

May 28

Defense

44A

Titan 111B-Agena
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Objective: To place satellite into a highly elliptical orbit
of sufficient accuracy to allow the spacecraft to achieve
its final elliptical orbit. Satellite carried 12 experiments
to identify and measure sources of electrical charge
buildup on the spacecraft.

Spacecraft: Cylindrical shape, 1.7 m in diameter and
1.8 m high. Three 3-m booms, one 2 m, and one 7 m,
all for deployment of experiments; and a 100-m tip-to-
tip electric field antenna. Weight at liftoff: 658.8 kg,
and 343 kg after jettison of the apogee motor.

Objective: To develop a satellite-based remote sensing
technique for measuring stratospheric aerosols and
ozone, to map vertical extinction profiles of strato-
spheric aerosols and ozone, to investigate the impact of
natural phenomena such as volcanoes and tropical
storms, and investigate the sources and sinks of strato-
spheric ozone and aerosols.

Spacecraft: Consists of an instrument module containing
the Sage (Stratospheric Aerosol Gas Experiment) sen-
sor and its supporting equipment and a base module.
Base module contains all the subsystems necessary to
support and control the total satellite. Two solar pad-
dles are mounted on the satellite structure. SAGE sen-
sor is a four spectral channel radiometer which
measures the extinction of solar radiation during solar
occultation. Weight: 147 kg.

Objective: To gather data on solar wind, sunspots, solar
flares, electron build-up in polar regions, and distribu-
tion of aerosols and ozone 1n the atmosphere.

Spacecraft: Carries gamma ray spectrometer, particle
counter, coronagraph, extreme-UV monitor, extreme-
UV spectrometer, solar x-ray spectrometer/spectro-
heliograph, x-ray monitor, and aerosol monitor.
Weight: 1331 kg.

Objective: Development of spaceflight techniques and
technology.
Spacecraft: Not announced.

Objective: Development of spaceflight techniques and
technology.
Spacecraft: Not announced.

Objective: To launch spacecraft into successful transfer
orbit.

Spacecraft: Hexagonal shape, composed of payload
module and a spacecraft module, 6.7 m high. Weight
at liftoff: 1867 kg. Weight after apogee motor fire:
1005 kg.

Objective: Development of spaceflight techniques and
technology.
Spacecraft: Not announced.

43,214
27,581
1416.2

7.8

661
548
96.7
54.9

601
576
96.2
97.6

246
170
88.5
96.3

625
616
97.0
95.7

35,829
35,753
1436
2.6

292
144
88.7
96.4

U.S. Air Force/NASA spacecraft suc-
cessfully orbited by NASA launch
vehicle. Apogee kick motor fired Feb.
2, placing satellite in correct orbit.
Spacecraft returning data. Still in
orbit.

Successfully launched by NASA. First
instrument sunrise/sunset events
taken Feb. 21. Scientists, using Sage
sensor, tracked material deposited in
stratosphere by volcano La Soufriere
on St. Vincent in the Caribbean,
which erupted April 13, 14, and 17,
ejecting ash and volcanic gases into
the surrounding atmosphere. Ozone
and aerosol measurements provided
by Sage agree with ground-truth
observations. Worldwide distribution
of concentration of stratospheric aero-
sols currently being measured.

Air Force test program flight for Naval
Research Laboratory with Defense
Research Projects Agency instrument.
Successfully placed in correct orbit.
Still in orbit.

Decayed Sep. 29, 1979.

Still in orbic.

Second of five planned satellites, suc-
cessfully launched by NASA for the
Navy and the Dept. of Defense.
Apogee kick motor fired May 6.
Satellite despun May 7. Spacecraft
placed in desired synchronous orbit at
23° west longitude. All spacecraft
systems turned on and operating
nominally. Still in orbic.

Decayed Aug. 26, 1979.



APPENDIX A-3—Continued

Successful U.S. Launches—1979

Launch date (G.m.t.)
Spacecraft name
Cospar designation
Launch vehicle

Spacecraft data

Apogee and
perigee
(kilometers)
Period
Inclination to
equator
(degrees)

Remarks

une 2

Ariel 6 (UK 6)
47A

Scout

June 6

AMS-4

50A
Thor-Burner 2

June 10
Defense
535A

Titan IIIC

June 27
Noaa 6
57A

Atlas F

Aug. 10
Westar 3
72A
Delta

Objective: To place satellite in successful orbit. Space-
to investigate cosmic radiation.

Spacecraft: Cylindrical body, 130.8 cm high, 69.6 cm
in diameter; spin stabilized. Spacecraft power supplied
by four solar arrays mounted on deployable booms,
with a span of 274 cm. Scientific payload consists of
three experiments: cosmic ray detector and two x-ray
experiments. Weight: 154 kg.

Objective: To support the Defense Meteorological Satel-
lite Program.

Spacecraft: 1.2 m wide, 5.9 m long. Has solar arrays.
Is 3-axis stabilized. Has visual and IR day and night
imagery in resolutions of 3.7 and 22 km, scanning an
area 2964 km wide as it moves along its orbit. Also has
temperature/moisture sounder, precipitating electron
spectrometer, and a density sounder. Transmits both
in real time and from tape. Weight: 476 kg.

Objective: Development of spaceflight techniques and
technology.
Spacecraft: Not announced.

Objective: To launch spacecraft into a Sun-synchronous
orbit of sufficient accuracy to enable spacecraft to ac-
complish its operational mission requirements.

Spacecraft: Launch configuration, including the apogee
boost motor, is 371 ¢cm high and 188 cm in diameter.
Solar panels deploy in orbit. Spacecraft structure com-
posed of four major elements: reaction control equip-
ment support structure (RSS); equipment support
module (ESM); instrument mounting platform (IMP);
and solar array. The basic structure is identical to the
DMSP Block 5D2. Instruments include: Advanced
Very High Resolution Radiometer (AVHRR), Data
Collection and Location System (DCS), Space Environ-
ment Monitor (SEM), Total Energy Detector (TED),
Medium Energy Proton Electron Detector (MEPED),
High Energy Proton-Alpha Detector (HEPAD); and
the Tiros Operational Vertical Sounder (TOVS) com-
posed of three instruments: High Resolution Infra Red
Sounder (HIRS/2), Stratospheric Sounding Unit
(SSU), and the Microwave Sounding Unit (MSU).
Identical instruments carried on Tiros-N launched
Oct. 13, 1978. Weight: 723 kg.

Objective: To launch spacecraft into synchronous trans-
fer orbit. Satellite to provide transmission of television,
voice, and other data throughout the continental
United States, Alaska, Hawaii, and Puerto Rico.

Spacecraft: Drum-shaped cylinder 156 cm high and 191
cm in diameter, a 153-cm-wide circular directional
antenna affixed to top of spacecraft: spin stabilized.
Provides 12 color TV channels, 600 two-way telephone
calls, or millions of bits of high-speed data for com-
merical users in the U.S. Weight at launch: 576 kg.

658
596
97.3
55.8

838
827
101.4
98.7

36,260
35,800
1448.0

1.9

826
810
101.3
98.8

35,794
35,780
1436.2

0.0

Successfully

Sixth satellite in cooperative U.S./

United Kingdom program. Spacecraft
launched successfully by NASA. 100th
launch of Scout booster. Turned over
to the United Kingdom on June 2.

Still in orbit.

Still in orbit.

launched by a USAF
launch team for NASA and NOAA
using a reconditioned booster sup-
plied by the Air Force. Noaa 6 was the
first NOAA-funded operational
spacecraft of the Tiros-N series.
Joined Tiros-N as part of a two-
satellite system. Apogee kick motor
fired June 27. Spacecraft turned over
to NOAA for operation July 16.

Third in a series of three satellites, suc-

cessfully launched by NASA for
Western Union Telegraph Company.
Apogee kick motor fired Aug. 11 and
satellite placed in stationary
equatorial synchronous orbit in a
storage mode at 91° west longitude,
due south of New Orleans and above
the Galapagos Islands.
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Successful U.S. Launches—1979

Launch date (G.m.t.)
Spacecraft name
Cospar designation
Launch vehicle

Spacecraft data

Apogee and
perigee
(kilometers)
Period

Inclination to

equator
(degrees)

Remarks

Sept. 20
HEAO 3

82A
Atlas-Centaur

Oct. 1
Defense
86A

Titan IIIC

Oct. 30
Magsat (AEM C)
94A

Scout

Nov. 21
DSCS 11I-13
98A

Titan IIIC

Nov. 21
DSCS 11-14
98B

Titan IIIC

90

Objective: To study gamma ray emmissions, with high
sensitivity and resolution, over energy range of 0.06
MeV to 10 MeV; to measure the isotopic composition
of cosmic rays from lithium through iron; to measure
the composition of cosmic rays heavier than iron; and
to operate the spacecraft and acquire scientific data for
at least 6 months.

Spacecraft: Similar in design to HEAO 1 and 2. Hex-
agonal experiment module approximately 3.35 m long
and 2.7 m in diameter. Octagonal equipment module
83.8 cm high and 152.4 cm in diameter. Three ex-
periments carried on experiment module: High Spec-
tral Resolution Garnma Ray Spectrometer, Isotopic
Composition of Primary Cosmic Ray Experiment, and
Heavy Nuclei Experiment. Weight: 2898 kg, including
1314 kg of experiments and a 37.6-kg separation
system.

Objective: Development of spaceflight techniques and
technology.
Spacecraft: Not announced.

Objective: To obtain accurate, up-to-date, quantita-
tive description of the Earth's magnetic field, develop
worldwide vector magnetic field model, compile
crustal magnetic anomoly maps, interpret anomolies in
conjunction with correlative data of Earth’s crust, in-
crease understanding of the origin and nature of the
geomagnetic field and its temporal variations.

Spacecraft: Consists of instrument module comprised of
optical bench, star cameras, attitude transfer system,
magnetometer boom and gimbal systems, scalar and
vector magnetometers and precision Sun sensor; base
module contains the central column, 8 trusses, thermal
control louvers, forward and after honeycomb decks,
four double-hinged solar panels, electrical power sup-
ply system, command and data handling system. 164
cm high, 874 cm with trim boom extended; 77 cm in
diameter with solar panels and magnetometer boom
extended; 722 cm length along flight path—
magnetometer boom and solar array deployed.
Spacecraft 3-axis stabilized. Weight: 183 kg.

Objective: Military communications.

Spacecraft: Drum-shaped 2.7 m in diameter, 1.8 m high,
with two dish antennas 1.1 m each, giving an overall
length of 4 m. Solar cells provide 535 watts at launch.
Communications repeater in X-band has 410 MH:z
bandwidth, 1300 circuits, power output of 20 watts
from each of two traveling wave tubes. Has both Earth
coverage and narrow coverage antennas. Weight: 565

kg.

Objective: Military communications.
Spacecraft: Same as preceding.

501
486
94.5
43.6

41,497
30,443
1445.5

7.5

351.9
578.4
93.90
96.79

35,789
35,609
1431.0

2.5

36,375
35,788
1451.0

2.5

Spacecraft successfully placed in orbit

by NASA. Third in a series of three
High Energy Astronomical Obser-
vatories. One of two primary tape
recorders failed, backup recorder
switched into operation and is perfor-
ming satisfactorily. Data being receiv-
ed. Satellite surveyed the galactic
plane for gamma rays by the end of
the year.

Still in orbit.

Launched successfully by NASA. Third

in a series of low-cost modular design-
ed satellites, designated Applications
Explorer Missions. Star cameras turn-
ed on and vector magnetometer
measurements begun next day. Nov. 1
sensor boom deployed to planned
length of 6 m, and scalar
magnetometer measurements in-
itiated.

Sull in orbit.

Still in orbit,



APPENDIX A-3—Continued

Successful U.S. Launches—1979

Apogee and
Launch date (G.m.t.) (k};erlgt:e
Spacecraft name S ft d 1I<’)mie§rs) R Xs
Cospar designation pacecraft data Inch €r1o emar
Launch vehicle nclination to
equator
(degrees)
Dec.7 Objective: To launch spacecraft into successful transfer 36,124 Third in a series of satellites, success-
RCA orbit. Satellite to provide television, voice communica- 166.3 fully launched by NASA for RCA
101A tions, and high-speed data transmission to all 50 states. 637 American Communications, Inc.
Delta Spacecraft: Box shape, 120 cm by 162 cm for the base- 23.8 Spacecraft supposed to be placed over
plate and 117 cm for main body height. Each bifold equator at 132° west longitude. Con-
solar array is 155 cm by 226 cm. Solar panels fold tact with satellite lost when apogee
against transponder body during launch. Four- boost motor fired Dec. 10. Subsequent
reflector antenna. Three axis-stabilized. Weight: 895 attempts to locate spacecraft have
kg. been unsuccessful.
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APPENDIX B-1

U.S. Applications Satellites 1975-1979

Date Name Launch Vehicle Remarks
COMMUNICATIONS

May 7, 1975 Anik 3 (Telesat 3) Thor-Delta (TAT) Launched for Canada.

May 22, 1975 Intelsat IV (F-1) Atlas-Centaur Eighth in high-capacity series. Positioned over Indian Ocean.

Aug. 27, 1975 Symphonie 2 Thor-Delta (TAT) Launched for France and West Germany. Positioned over the Atlantic.

Sep. 26, 1975 Intelsat IV-A (F-1) Atlas-Centaur First of a new series double the capacity of its predecessors. Positioned
over the Atlantic.

Dec. 18, 1975 RCA-Satcom-1 Thor-Delta (TAT) Launched for RCA as first of their communications satellite series.
Positioned over the Pacific.

Jan. 17, 1976 CTS 1 Thor-Delta (TAT) Canadian-U.S., most powerful experimental satellite.

Jan. 30, 1976 Intelsat IV-A (F-2) Thor-Delta (TAT) Positioned over Atlantic.

Feb. 19, 1976 Marisat 1 Thor-Delta (TAT) For maritime use by Comsat, over the Atlantic.

Mar. 15, 1976 LES 8/9 Titan IIIC Experimental satellites with radioisotope power sources.

Mar. 26, 1976 RCA-Satcom 2 Thor-Delta (TAT) Second of three.

Apr. 22, 1976 NATO IIIA Thor-Delta (TAT) First of new series.

May 13, 1976 Comstar I Atlas-Centaur Placed over Pacific for AT&T by Comsat.

June 10, 1976 Marisat 2 Thor-Delta (TAT) For maritime use by Comsat, over the Pacific.

July 8, 1976 Palapa 1 Thor-Delta (TAT) Indonesian domestic communications.

July 22, 1976 Comstar 2 Thor-Delta (TAT) Placed south of the United States for AT&T by Comsat.

Oct. 14, 1976 Marisat 3 Thor-Delta (TAT) Placed over Indian Ocean.

Jan. 28, 1977 NATO IIIB Thor-Delta (TAT) Second of a new series.

Mar. 10, 1977 Palapa 2 Thor-Delta (TAT) Indonesian domestic communications.

May 12, 1977 DSCS 11-7,8 Titan IIIC Defense communications (dual launch).

May 26, 1977 Intelsat IV-A (F-4) Atlas-Centaur Positioned over Atlantic.

Aug. 25, 1977 Sirio Thor-Delta (TAT) Italian experiment.

Dec. 15, 1977 Sakura Thor-Delta (TAT) Japanese experiment.

Jan. 7, 1978 Intelsat 1V-A (F-3) Atlas-Centaur Positioned over Indian Ocean.

Feb. 9, 1978 Fltsatcom 1 Atlas-Centaur First of a new Defense series.

Mar. 5, 1978 Oscar 8 Thor-Delta (TAT) Secondary payload with Landsat 3, replacement for Oscar 6 for
amateur radio communications.

Mar. 31, 1978 Intelsat IV-A (F-6) Atlas-Centaur Positioned over Indian Ocean.

Apr. 7, 1978 BSE Thor-Delta (TAT) Japanese experimental direct-broadcast satellite for television; named
Yuri; domestic satellite.

May 11, 1978 OTS 2 Thor-Delta (TAT) European Space Agency experimental relay satellite; domestic satellite.

June 29, 1978 Comstar 3 Atlas-Centaur Positioned south of U.S. over the equator by Comsat; domestic satellite.

Nov. 19, 1978 NATO I1IIC Thor-Delta (TAT) Final one of this military series.

Dec. 14, 1978 DSCS II-11,12 Titan IIIC Defense communications (dual launch).

Dec. 16, 1978 Anik 4 (Telesat D) Thor-Delta (TAT) Launched for Canada; domestic satellite.

May 4, 1979 Fltsatcom 2 Atlas-Centaur Second of a new DoD series.

Aug. 9, 1979 Westar 3§ Thor-Delta (TAT) Launched for the Western Union Co. as part of their domestic com-
munications links.

Nov. 21, 1979 DSCS II-13,14 Titan 111C Defense communications (dual launch).

Dec. 2, 1979 RCA-Satcom 3 Thor-Delta (TAT) Launched for RCA, but contact lost during orbit circularization.

WEATHER OBSERVATION*

Feb. 6, 1975 SMS 2 Thor-Delta (TAT) Second full-time weather satellite in synchronous orbit.

June 12, 1975 Nimbus 6 Thor-Delta (TAT) To build numerical models for Global Atmospheric Research Program.

Oct. 16, 1975 Goes 1 Thor-Delta (TAT) First fully operational synchronous-orbit weather satellite.

July 29, 1976
June 16, 1977
July 14, 1977

Nov. 23, 1977
May 1, 1978

June 16, 1978
Oct. 18, 1978

Oct. 24, 1978

June 6, 1979
June 27, 1979

Jan. 22, 1975

Mar. 5, 1978
Apr. 26, 1978

Noaa 5 (ITOS-H)
Goes 2

Himawari
Meteosat

AMS 3

Goes 3

Tiros-N

Nimbus 7

AMS-4
Noaa 6

Landsat 2

Landsat 3§
HCMM (AEM-1)

Thor-Delta (TAT)
Thor-Delta (TAT)
Thor-Delta (TAT)
Thor-Delta (TAT)
Thor-Burner 2
Thor-Delta (TAT)
Atlas F

Thor-Delta (TAT)
Atlas F
Atlas F

Second generation operational satellite.

Second of this series.

Japanese geosynchronous satellite.

European Space Agency geosynchronous satellite.

A DoD meteorological satellite.

Third of this series for NOAA.

First of a third generation for NOAA, also experimental satellite for
NASA.

Last of this experimental series for NASA.

A DoD meteorological satellite.

Like the current DoD meteorological satellites.

EARTH OBSERVATION

Thor-Delta (TAT)

Thor-Delta (TAT)
Scout

Second experimental Earth resources technology satellite. Acquired
synoptic multi-spectral repetitive images that are proving useful in
such disciplines as agriculture and forestry resources, mineral and
land resources, land use, water resources, marine resources, mapping
and charting, and the environment.

Third experimental Earth-resources satellite.

Experimental, low-cost, limited-function heat-capacity mapping mis-
sion for Earth resources.

* Does not include Department of Defense weather satellites which are not individually identified by launch.
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U.S. Applications Satellites 1975-1979

Date Name Launch Vehicle Remarks
June 27, 1978 Seasat 1 Atlas F Proof-of-concept oceanographic-phenomena data-collection satellite.
GEODESY
Apr. 9, 1975 Geos 3 Thor-Delta (TAT) To measure geometry and topography of ocean surface.
May 4, 1976 Lageos Thor-Delta (TAT) Laser geodynamic satellite.
NAVIGATION
Oct. 12, 1975 Tip 2 Scout Transit Improvement Program.
Sep. 1, 1976 Tip 3 Scout Transit Improvement Program.
June 23, 1977 NTS 2 Atlas F Forerunner of Navstar Global Positioning System.
Oct. 28, 1977 Transit Scout Developmental model.
Feb. 22, 1978 Navstar 1 Atlas F Global Positioning System satellite.
May 13, 1978 Navstar 2 Atlas F Global Positioning System satellite.
Oct. 7, 1978 Navstar 3 Atlas F Global Positioning System satellite.
Dec. 11, 1978 Navstar 4 Atlas F Global Positioning System satellite.
APPENDIX B-2
U.S.-Launched Scientific Payloads 1975-1979
Date Name Launch Vehicle Remarks
May 7, 1975 SAS-C (Explorer 53)  Scout Measure x-ray emission of discrete extragalactic sources. (ltalian-
launched.)
June 21, 1975 Oso 8 Thor-Delta (TAT) To study minimum phase of solar cycle.
Aug. 9, 1975 COS-B Thor-Delta Extraterrestrial gamma radiation studies. (ESA European satellite.)
Oct. 6, 1975 Atmosphere Thor-Delta Photochemical processes in absorption of solar energy.
(Explorer 54)
Nov. 20, 1975 Atmosphere Thor-Delta Photochemical processes in absorption of solar energy. Measure spatial
(Explorer 55) distribution of ozone.
Mar. 15, 1976 Solrad HiA/HiB Titan I1IC Measure radiation and particles at close to 120,000 km circular.
May 22, 1976 P-76-5 Scout Plasma effects on radar and communications.
July 8, 1976 SESP 74-2 Titan 1IID Particle measurements up to 8000 km.
Apr. 20. 1977 Geos Thor-Delta (TAT) European Space Agency, study of magnetic and electric fields from geo-
synchronous orbit (not attained.)
Aug. 12, 1977 HEAO 1 Atlas-Centaur X-ray and gamma ray astronomy.
Oct. 22, 1977 ISEE 1,2 Thor-Delta (TAT) Magnetosphere and solar wind measurements (for NASA and European
Space Agency respectively).
Jan. 26, 1978 IUE Thor-Delta (TAT) Ultraviolet observation of astronomical phenomena, in elliptical geo-
synchronous orbit.
July 14, 1978 Geos 2 Thor-Delta (TAT) European studies of magnetosphere, in geosynchronous orbit.
Aug. 12, 1978 1SEE 3 Thor-Delta (TAT) International Sun-Earth Explorer, in halo orbit near Earth-Sun libra-
tion point.
Oct. 24, 1978 Cameo Thor-Delta (TAT) Barium and lithium cloud experiments, carried in rocket body of Nim-
bus 7 launcher.
Nov. 13, 1978 HEAO 2 Atlas-Centaur High-resolution observations of astronomical x-ray sources.
Jan. 30, 1979 Scatha Thor-Delta (TAT) Measurement of sources of electric charge buildup on spacecraft.
Feb. 18, 1979 Sage Scout Measurement of stratospheric aerosols and ozone.
Feb. 24, 1979 Solwind Atlas F Measurement of solar wind, electron buildup in polar regions, aerosols,
and ozone.
June 6, 1979 Ariel 6 Scout Measurement of cosmic radiation (United Kingdom payload).
Sep. 20, 1979 HEAO 3 Atlas-Centaur Gamma and cosmic ray emissions.
Oct. 30, 1979 Magsat Scout Detailed current description of Earth’s magnetic field and of sources of

variations.
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APPENDIX B-3

U.S.-Lauched Space Probes 1975-1979

Date

Name

Launch Vehicle

Remarks

Aug. 20, 1975

Sep. 9, 1975

Jan. 15, 1976

Aug. 20, 1977

Sep. 5, 1977
May 20, 1978

Aug. 8, 1978

Viking 1

Viking 2

Helios 2

Voyager 2

Voyager 1
Pioneer Venus 1

Pioneer Venus 2

Titan IITE-Centaur

Titan IIIE-Centaur

Titan IIIE-Centaur

Titan IIIE-Centaur

Titan IIIE-Centaur
Atlas-Centaur

Atlas-Centaur

Lander descended, landed safely on Mars on Plains of Chryse, while
Orbiter circled the planet photographing it and relaying all data to
Earth. Lander photographed its surroundings, tested soil samples for
signs of life, and took measurements of the atmosphere.

Lander descended, landed safely on Mars on Plains of Utopia, while
Orbiter circled the planet photographing it and relaying all data to
Earth. Lander photographed its surroundings, tested soil samples for
signs of life, and took measurements of the atmosphere.

Flew in highly elliptical orbit to within 41 million km of the Sun,
measuring solar wind, corona, electrons, and cosmic rays. Payload
had same West German and U.S. experiments as Helios 1 plus a
cosmic-ray burst detector.

Jupiter and Saturn flyby mission. Was to swing around Jupiter in July
1979 and arrive at Saturn in 1981, possibly going on to Uranus by
1986.

Jupiter and Saturn flyby mission. Passing Voyager 2 on the way, was to
swing around Jupiter in Mar. 1979 and arrive at Saturn in Nov. 1980.

Venus orbiter; achieved Venus orbit Dec. 4, returning imagery and
data.

Carried 1 large, 3 small probes plus spacecraft bus; all descended
through Venus atmosphere Dec. 9, returned data.
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APPENDIX C

History of U.S. and Soviet Manned Space Flights

Spacecraft Launch Date Crew Flight time Highlights
Vostok 1 Apr. 12, 1961 Yuri A. Gagarin 1h 48 min.  First manned flight.
Mercury- May 5, 1961 Alan B. Shepard, Jr. 15 min. First U.S. flight; suborbital.
Redstone 3
Mercury- July 21, 1961 Virgil 1. Grissom 16 min. Suborbital; capsule sank after landing.
Redstone 4

Vostok 2 Aug. 6, 1961 Gherman E. Titov 25 h 18 min.  First flight exceeding 24 h.

Mercury-Atlas 6 Feb. 20, 1962 John H. Glenn, Jr. 4 h 55 min.  First American to orbit.

Mercury-Atlas 7 May 24, 1962 M. Scott Carpenter 4 h 56 min.  Landed 400 km beyond target.

Vostok 3 Aug. 11, 1962 Andrian G. Nikolayev 94 h 22 min.  First dual mission (with Vostok 4).

Vostok 4 Aug. 12, 1962 Pavel R. Popovich 70 h 57 min. Came within 6 km of Vostok 3.

Mercury-Atlas 8 Oct. 3, 1962 Walter M. Schirra, Jr. 9 h 13 min. Landed 8 km from target.

Mercury-Atlas 9 May 15, 1963 L. Gordon Cooper, Jr. 34 h 20 min.  First U.S. flight exceeding 24 h.

Vostok 5 June 14, 1963 Valeriy F. Bykovskiy 119 h 6 min. Second dual mission (with Vostok 6).

Vostok 6 June 16, 1963 Valentina V. Tereshkova 70 h 50 min.  First woman in space: within 5 km of Vostok 5.

Voskhod 1 Oct. 12, 1964 Vladimir M. Komarov 24 h 17 min.  First 3-man crew.
Konstantin P. Feoktistov
Dr. Boris G. Yegorov

Voskhod 2 Mar. 18, 1965 Aleksey A. Leonov 26 h 2 min. First extravehicular activity (Leonov, 10 min).
Pavel 1. Belyayev N

Gemini 8 Mar. 23, 1965 Virgil I. Grissom 4 h 53 min. First U.S. 2-man flight; first manual maneuvers in
John W. Young orbit.

Gemini 4 June 3, 1965 James A. McDavitt 97 h 56 min.  21-min. extravehicular activity (White).
Edward H. White, 11

Gemini 5 Aug. 21, 1965 L. Gordon Cooper, Jr. 190 h 55 min. Longest-duration manned flight to date.
Charles Conrad, Jr.

Gemini 7 Dec. 4, 1965 Frank Borman 330 h 35 min. Longest-duration manned flight to date.
James A. Lovell, Jr.

Gemini 6-A Dec. 15, 1965 Walter M. Schirra, Jr. 25 h 51 min. Rendezvous within 30 cm of Gemini 7.
Thomas P. Stafford

Gemini 8 Mar. 16, 1966 Neil A. Armstrong 10 h 41 min.  First docking of 2 orbiting spacecraft (Gemini 8
David R. Scott with Agena target rocket).

Gemini 9-A June 3, 1966 Thomas P. Stafford 72 h 21 min.  Extravehicular activity; rendezvous.
Eugene A. Cernan

Gemini 10 July 18, 1966 John W. Young 70 h 47 min.  First dual rendezvous (Gemini 10 with Agena 10,
Michael Collins then Agena 8).

Gemini 11 Sept. 12, 1966 Charles Conrad, Jr. 71 h 17 min.  First initial-orbit docking; first tethered flight;
Richard F. Gordon, Jr. highest Earth-orbit altitude (1372 km).

Gemini 12 Nov. 11, 1966 James A. Lovell, Jr. 94 h 35 min. Longest extravehicular activity to date (Aldrin, 5
Edwin E. Aldrin, Jr. h 37 min).

Soyuz 1 Apr. 23, 1967 Vladimir M. Komarov 26 h 37 min. Cosmonaut killed in reentry accident.

Apollo 7 Oct. 11, 1968 Walter M. Schirra, Jr. 260 h 9 min. First U.S. 3-man mission.
Donn F. Eisele
R. Walter Cunningham

Soyuz 3 Oct. 26, 1968 Georgiy Beregovoy 94 h 51 min. Maneuvered near unmanned Soyuz 2.

Apollo 8 Dec. 21, 1968 Frank Borman 147 h 1 min. First manned orbit(s) of Moon; first manned
James A. Lovell, Jr. departure from Earth’s sphere of influence;
William A. Anders highest speed ever attained in manned flight.

Soyuz 4 Jan. 14, 1969 Vladimir Shatalov 71 h 23 min. Soyuz 4 and 5 docked and transferred 2 cos-

Soyuz 5 Jan. 15, 1969 Boris Volynov 72 h 56 min. monauts from Soyuz 5 to Soyuz 4.
Aleksey Yeliseyev
Yevgeniy Khrunov

Apollo 9 Mar. 3, 1969 James A. McDivitt 241 h 1 min.  Successfully simulated in Earth orbit operation of
David R. Scott lunar module to landing and take-off from
Russell L. Schweickart lunar surface and rejoining with command

module.

Apollo 10 May 18, 1969 Thomas P. Stafford 192 h 3 min. Successfully demonstrated complete system includ-
John W. Young ing lunar module descent to 14,300 m from the
Eugene A. Cernan lunar surface.

Apollo 11 July 16, 1969 Neil A. Armstrong 195 h 9 min. First manned landing on lunar surface and safe
Michael Collins return to Earth. First return of rock and soil
Edwin E. Aldrin, Jr. samples to Earth, and manned deployment of

experiments on lunar surface.

Soyuz 6 Oct. 11, 1969 Georgiy Shonin 118 h 42 min. Soyuz 6, 7, and 8 operated as a group flight with-
Valeriy Kubasov out actually docking. Each conducted certain

Soyuz 7 Oct. 12, 1969 Anatoliy Filipchenko 118 h 41 min.  experiments, including welding and Earth and
Vladislav Volkov celestial observation.
Viktor Gorbatko

Soyuz 8 Oct. 13, 1969 Vladimir Shatalov 118 h 50 min.

Aleksey Yeliseyev
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History of U.S. and Soviet Manned Space Flights

Spacecraft Launch Date Crew Flight time Highlights
Apollo 12 Nov. 14, 1969 Charles Conrad, Jr. 244 h 36 min. Second manned lunar landing. Continued man-
Richard F. Gordon, Jr. ned exploration and retrieved parts of Surveyor
Alan L. Bean 111 spacecraft which landed in Ocean of Storms
on Apr. 19, 1967.
Apollo 13 Apr. 11, 1970 James A. Lovell, Jr. 142 h 55 min. Mission aborted due to explosion in the service
Fred W. Haise, Jr. module. Ship circled Moon, with crew using
John L. Swigert, Jr. LEM as “lifeboat” until just prior to reentry.
Soyuz 9 June 1, 1970 Andrian G. Nikolayev 424 h 59 min. Longest manned space flight to date, lasting 17
Vitaliy I. Sevastianov days 16 h 59 min.
Apolio 14 Jan. 31, 1971 Alan B. Shepard, Jr. 216 h 2 min. Third manned lunar landing. Mission demon-
Stuart A. Roosa strated pinpoint landing capability and con-
Edgar D. Mitchell tinued manned exploration.
Soyuz 10 Apr. 22, 1971 Vladimir Shatalov 47 h 46 min. Docked with Salyut 1, but crew did not board
Aleksey Yeliseyev space station launched Apr. 19. Crew recovered
Nikolai Rukavishnikov Apr. 24, 1971,
Soyuz 11 June 6, 1971 Georgiy Timofeyevich 570 h 22 min. Docked with Salyut 1 and Soyuz 11 crew occupied
Dobrovolskiy space station for 22 days. Crew perished during
Vladislav Nikolayevich ffnal phase of Soyuz 11 capsule recovery on
Volkov June 30, 1971.
Viktor lvanovich Patsayev
Apollo 15 July 26, 1971 David R. Scott 295 h 12 min. Fourth manned lunar landing and first Apollo “J”
Alfred M. Worden series mission which carry the Lunar Roving
James Bensen Irwin Vehicle. Worden’s in-flight EVA of 38 min 12 s
was performed during return trip.
Apollo 16 Apr. 16, 1972 John W. Young 265 h 51 min. Fifth manned lunar landing, with Lunar Roving
Charles M. Duke, Jr. Vehicle.
Thomas K. Mattingly, II
Apollo 17 Dec. 7, 1972 Eugene A. Cernan 301 h 52 min. Sixth and final Apollo manned lunar landing,
Harrison H. Schmitt again with roving vehicle.
Ronald E. Evans
Skylab 2 May 25, 1973 Charles Conrad, Jr. 627 h 50 min. Docked with Skylab 1 for 28 days. Repaired dam-
Joseph P. Kerwin aged station.
Paul J. Weitz
Skylab 3 July 28, 1973 Alan L. Bean 1427 h 9 min. Docked with Skylab 1 for over 59 days.
Jack R. Lousma
Owen K. Garriott
Soyuz 12 Sept. 27, 1978 Vasiliy Lazarev 47 h 16 min.  Checkout of improved Soyuz.
Oleg Makarov
Skylab 4 Nov. 16, 1973 Gerald P. Carr 2017 h 16 min. Docked with Skylab 1 in long-duration mission;
Edward G. Gibson last of Skylab program.
William R. Pogue
Soyuz 13 Dec. 18, 1973 Petr Klimuk 188 h 55 min. Astrophysical, biological, and Earth resources ex-
Valentin Lebedev periments.
Soyuz 14 July 3, 1974 Pavel Popovich 377 h 30 min. Docked with Salyut 3 and Soyuz 14 crew occupied
Yuriy Artyukhin space station for over 14 days.
Soyuz 15 Aug. 26, 1974 Gennadiy Sarafanov 48 h 12 min. Rendezvoused but did not dock with Salyut 3.
Lev Demin
Soyuz 16 Dec. 2, 1974 Anatoliy Filipchenko 142 h 24 min. Test of ASTP configuration.
Nikolai Rukavishnikov
Soyuz 17 Jan. 10, 1975 Aleksey Gubarev 709 h 20 min. Docked with Salyut 4 and occupied station during
Georgiy Grechko a 29-day flight.
Anomaly Apr. 5, 1975 Vasiley Lazarev 20 min. Soyuz stages failed to separate; crew recovered
Oleg Makarov after abort.
Soyuz 18 May 24, 1975 Petr Klimuk 1511 h 20 min. Docked with Salyut 4 and occupied station during
Vitaliy Sevastiyanov a 63-day mission.
Soyuz 19 July 15, 1975 Aleksey Leonov 142 h 31 min. Target for Apollo in docking and joint experi-
Valeriy Kubasov ments ASTP mission.
Apollo July 15, 1975 Thomas P. Stafford 217 h 28 min. Docked with Soyuz 19 in joint experiments of
Donald K. Slayton ASTP mission.
Vance D. Brand
Soyuz 21 July 6, 1976 Boris Volynov 1182 h 24 min. Docked with Salyut 5 and occupied station during
Vitaliy Zholobov 49-day flight.
Soyuz 22 Sep. 15, 1976 Valeriy Bykovskiy 189 h 54 min. Earth resources study with multispectral camera
Vladimir Aksenov system.
Soyuz 23 Oct. 14, 1976 Vyacheslav Zudov 48 h 6 min.  Failed to dock with Salyut 5.
Valeriy Rozhdestvenskiy
Soyuz 24 Feb 7, 1977 Viktor Gorbatko 425 h 23 min. Docked with Salyut 5 and occupied station during
Yuriy Glazkov 18-day flight.
Soyuz 25 Oct. 9, 1977 Vladimir Kovalenok 48 h 46 min. Failed to achieve hard dock with Salyut 6 station.
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History of U.S. and Soviet Manned Space Flights

Spacecraft Launch Date Crew Flight time Highlights
Soyuz 26 Dec. 10, 1977 Yuriy Romanenko 898 h 6 min. Docked with Salyut 6. Crew returned in Soyuz 27;
Georgiy Grechko crew duration 2314 h.
Soyuz 27 Jan. 10, 1978 Vladimir Dzhanibekov 1514 h, Docked with Salyut 6. Crew returned in Soyuz 26;
Oleg Makarov crew duration 142 h 59 min.
Soyuz 28 Mar. 2, 1978 Aleksey Gubarev 190 h 17 min. Docked with Salyut 6. Remek was 1st Czech cos-
Vladimir Remek monaut to orbit.
Soyuz 29 June 15, 1978 Vladimir Kovalenok 1911 h 23 min. Docked with Salyut 6. Crew returned in Soyuz 31;
Aleksandr Ivanchenkov crew duration 3350 h 48 min.
Soyuz 30 June 27, 1978 Petr Klimuk 190 h 4 min. Docked with Salyut 6. Heraszewski was lst Polish
Miroslaw Heraszewski cosmonaut to orbit.
Soyuz 31 Aug. 26, 1978 Valeriy Bykovskiy 1628 h 14 min. Docked with Salyut 6. Crew returned in Soyuz 29;
Sigmund Jahn crew duration 188 h 49 min. Jahn was Ist Ger-
man Democratic Republic cosmonaut to orbit.
Soyuz 32 Feb. 25, 1979 Vladimir Lyakhov 2596 h 24 min. Docked with Salyut 6. Crew returned in Soyuz 34;
Valeriy Ryumin crew duration 4200 h 36 min, or 175 days.
Soyuz 33 Apr. 10, 1979 Nikolay Rukavishnikov 47 h 01 min. Failed to achieve docking with Salyut 6 station.
Georgiy lvanov Ivanov was first Bulgarian cosmonaut to orbit.
Soyuz 34 June 6, 1979 (unmanned at launch) 1770 h 17 min. Docked with Salyut 6, later served as a ferry for

Soyuz 32 crew while Soyuz 32 returned un-
manned.
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U.S. Space Launch Vehicles

APPENDIX D

T}(x_rust Max. Max. Payload (kg)
. in !
Vehicle Stages Propellant® Kilo- dia. Height 555-km o First
newtons) (m) (m) orbit 2P launch
Scout ............... 1. Algol IIIA . ... ... ... Solid ........... 481.0 1.12 21.95 186* 38.64 1972(60)'
2, Castor ITA .......... Solid ........... 281.0
$. AntaresIII ....... ... Solid ........... 83.1
4. Altair III ........ ... Solid ........... 26.2
Thor-Delta 2900 series .1. Thor plus 9 TX LOX/RP-1 ..... 911.9 2.44 35.36 17694 476* 1973(60)"
354-5 .. ... Solid ........... 440.42
2. Delta (DSV-3) ....... N,O,/Aerozine ... 45.8
3. TE364-4 ........... Solid ........... 66.7
Atlas F/TE 364-4 ... .. 1. Atlas booster &
sustainer .......... LOX/RP-1 ..... 1970.6 3.05 25.91 14974 1977(60)'
2. TE364-4 ........... Solid ........... 66.7
Atlas-Agena .. ........ 1. Atlas booster &
(SLV/SA) ......... LOX/RP-1 ..... 2237.5 3.05 40.54 27224 4544 1968(60)'
2. Agena ............. IRFNA/UDMH .. 71.2
Titan I1IB-Agena ... .. 1. LR-87 ............. N,0,/Aerozine . .. 2353.1 3.05 48.46 3614 $727° 1966
2. LR-91 ............. N,0,/Aerotine ... 444.8
3. Agena ............. IRFNA/UDMH .. 71.2
Titan IIIC ........... 1. Two 5-segment
3.05mdia. ........ Solid ........... 10413.3 3.05 40.54 — 14647 1965
2. LR-87 ............. N,O,/Aerozine ... 2353.1 3.05
8. LR-91 ............. N,O,/Aerozine . .. 444.8
4. Transtage .......... N,O,/Aerozine . .. 71.2
Titan III(23)D ........ 1. Two 5-segment
3.05-mdia. ........ Solid ........... 10413.3 $.05 46.94 11,182° 1971
2. LR-87 ............. N;O,/Aerozine . .. 2353.1
3. LR-91 ............. N;O,/Aerozine . . . 444.8
Titan I1I(34)D ... ... .. 1. Two 5% -segment
3.05mdia. ........ Solid ........... 11555.6 3.05 49.13 12,545% 1981
2. LR-87 ............. N,O,/Aerozine . .. 2353.1
8. LR-91 ............. N,O,/Aerozine . .. 444 .8
Titan I11(34)D/IUS ... .1. Two 5}%-segment
3.05mdia. ........ Solid ........... 11555.6 3.05 48.00 1818% 1818° 1981
2. LR-87 ............. N,O,/ Aerozine . 2353.1
5. LR-91 ............. N,O,/Aerozine . .. 444.8
4. IUS lst Stage ........ Solid ........... 191.3
5. IUS 2nd Stage ....... Solid ........... 71.2
Thor LV-2F .......... 1. Thor ............... LOX/RP-1 ..... 756.2 2.44 28.77 512 1976(66)"
2. TE364-4 ........... Solid ........... 66.7
3. TES364-15 .......... Solid ........... 44.5
Thor SLV-2A/Block
BD-2 .............. 1. Thor plus 3 LOX/RJ-1 ...... 756.2 2.44 24.23 653'° 1980(63)
TX 354-5 ......... Solid ......... .. 689.52
2. TES64-4 ........... Solid ........... 66.7
3. TES64-15 .......... Solid ........... 44.5

! The date of first launch applies to this latest modification with a

date in parentheses for the initial version.

2 Set of 3.

? Propellant abbreviations used are as follows: Liquid Oxygen
and a modified Kerosene —Lox/RP,R]: Solid propellant combining
in a single mixture both fuel and oxidizer —Solid; Inhibited Red
Fuming Nitric Acid and Unsymmetrical Dimethylhydrazine —
IRFNA/UDMH; Nitrogen Tetroxide and UDMH/N,H,—N,0,/

Aerozine.
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* Due east launch.
5 Polar launch 185 km.

® Polar 185 km (nominal).

' Synchronous equatorial (nominal).

& Polar 185 km (current estimate).

? Synchronous equatorial (current estimate).
'® Polar 838 km (from WTR).



APPENDIX E-1

Space Activities of the U.S. Government
HisTorIicAL BUDGET SUMMARY — BUDGET AUTHORITY

(In millions of dollars)

NASA icul-
Fiscal Year Toral Space’ Defense Energy gz:; Interior Agt:lrceul NSF gp??t!
1959 .......... ... ... 330.9 260.9 489.5 34.3 B S S B 784.7
1960 . ................. 523.6 461.5 560.9  43.3 .1 1065.8
1961 .................. 964.0 926.0 813.9 67.7 S .6 1808.2
1962 .................. 1824.9 1796.8 1298.2 147.8 50.7 1.3 3294.8
1963 ... ... L 3673.0 3626.0 1549.9 213.9 43.2 1.5 5434.5
1964 .................. 5099.7 5016.3 1599.3 210.0 2.8 3.0 6831.4
1965 . ... ... L 5249.7 51387.6 1573.9 228.6 12.2 3.2 6955.5
1966 .................. 5174.9 5064.5 1688.8 186.8 26.5 3.2 6969.8
1967 .................. 4965.6 4830.2 1663.6 183.6 29.3 . c 2.8 6709.5
1968 ... ... ... 4587.3 4430.0 1921.8 145.1 28.1 .2 .5 3.2 6528.9
1969 ... 3990.9 3822.0 2013.0 118.0 20.0 .2 N 1.9 5975.8
1970 . ... ... L 3745.8 3547.0 1678.4 102.8 8.0 1.1 .8 2.4 5340.5
1971 ... 3311.2 3101.3 1512.3 94.8 27.4 1.9 .8 2.4 4740.9
1972 ... 3306.6 3071.0 1407.0  55.2 31.3 5.8 1.6 2.8 4574.7
1978 ... 3406.2 3093.2 1623.0 54.2 39.7 10.3 1.9 2.6 4824.9
1974 ... ... 3036.9 2758.5 1766.0  41.7 60.2 9.0 3.1 1.8 4640.3
1975 . ... 3229.1 2915.3 1892.4  29.6 64.4 8.3 2.3 2.0 4914.3
1976 ... 3550.3 3225.4 1983.3  23.3 71.5 10.4 3.6 2.4 5319.9
T.Q. 2 ... 931.8 849.2 460.4 4.6 22.2 2.6 .9 .6 1340.5
1977 ... 3817.8 3440.2 2411.9  21.7 90.8 9.5 6.3 2.4 5982.8
1978 .. ... ... ... 4060.1 3622.9 2728.8 34.4 102.8 9.7 7.7 2.4 6508.7
1979 ... 4595.5 4030.4 3211.3 58.6 98.4 9.9 8.2 2.4 7419.2
1980 Est. .............. 5266.9 4696.6 4003.4 54.2 90.7 11.7 13.1 2.4 8872.1
1981 Est. .............. 5514.6 4989.1 4910.7 50.8 92.9 12.1 15.7 2.4 10073.7
! Excludes amounts for air transportation (subfunction 402). Source: Office of Management and Budget.

? T.Q.—Transitional Quarter.

U. S. Space Budget-Budget Authority 1970-1981

{May not add due to rounding)

BILLIONS OF
DOLLARS

10.0

N 3.1 3.1 29 3.2

28
1.0 - —-l —-‘ — _— -—J . ot —i — —
08
1970 1971 1972 1973 1974 1975 1976 t.0.1/ 1977 1978 1979 1980 1981
EST. EST.
1/ T.Q.- TRANSITIONAL QUARTER
2/ EXCLUDES AMOUNTS FOR AIR TRANSPORTATION

DEFENSE

D NASA 2/

SOURCE: OFFICE OF MANAGEMENT AND BUDGET



APPENDIX E-2

Space Activities Budget

(In millions of dollars)

Budget Authority Outlays
1979 1980 1981 1979 1980 1981
Actual Est. Est. Actual Est. Est.

Federal space programs:

NASA! 4030.4 4696.6 4989.1 3743.9 4471 .4 4675.1

Defense .............. ... ... 3211.3 4003.4 4910.7 2891.8 3472.7 4277.3

Energy ...t 58.6 54.2 50.8 54.7 58.4 50.7

COmMMErce . ............ooiiviveiiiinnemnnn, 98.4 90.7 92.9 97.4 89.8 91.9

Interior ....... .. ... e 9.9 11.7 12.1 9.9 11.2 11.8

NSF 2.4 2.4 2.4 2.4 2.4 2.4

Agriculture ... ... ... oo 8.2 13.1 15.7 8.2 13.1 15.7

Total .......... ... 7419.2 8872.1 10073.7 6808.3 8119.0 9124.9

NASA:

Space flight ............................. ... 2432.6 2846.9 3185.7 2216.8 2745.1 2945.7

Space science, applications, and technology . . .. .. 1224.2 1415.3 1403.7 1153.1 1315.8 1309.5

Air transportation . ........................ .. 519.1 570.3 525.5 443.3 528.3 537.5

Supporting operations .............. ... ...... 382.9 437.3 452.8 383.3 413.4 423.0

Lessreceipts ... ... -93 -2.9 -3.1 -9.3 -2.9 —-3.1

Total NASA . ... ... ... ... ... 4549.5 5266.9 5514.6 4187.2 4999.7 5212.6

' Excludes amounts for air transportation. Source: Office of Management and Budget.

Aeronautics Budget

(In millions of dollars)

Budget Authority

1979 1980 1981
Actual Est. Est.
Federal aeronautics programs:
NAS A 519.1 570.3 525.5
Department of Defense? . ... ............. ... .. ... ... .. i 2239.7 2223.2 2149.1
Department of Transportation® ........................ ... ... 90.8 92.0 87.0
Total ... 2849.6 2885.5 2761.6
! Research and Development, Construction of Facilities, Research ? Federal Aviation Administration Research and Development.
and Program Management.
2 Research, Development, Testing and Evaluation of aircraft and
related equipment. Source: Office of Management and Budget.
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White House Fact Sheet
November 20, 1979
Management of U.S. Civilian
Remote Sensing Activities

The President today announced the designation of the Commerce Department’s
National Oceanic and Atmospheric Administration (NOAA) to manage all opera-
tional civilian remote sensing activities from space. This designation is one of several
policy decisions announced today after a review of civilian space policy mandated by a
Presidential Directive in October, 1978.

Early in his administration, the President directed a comprehensive review of
space policy. The review, completed in May, 1978, resulted in a Presidential Directive
that established a national space policy framework. It created a Policy Review Com-
mittee on Space, chaired by the Director of the Office of Science and Technology
Policy, Frank Press. One of the tasks of the Policy Review Committee has been to assess
the Nation'’s future civil space remote sensing requirements. That review was the basis
for the policy decisions announced today.

Designation of a single agency, NOAA, to manage all civil operational satellite
activities will lend itself to further integration and potential cost saving in the future.
NOAA'’s experience in successfully operating and managing three generations of
weather satellites prepares it to assume the responsibility for land remote sensing in ad-
dition to its ongoing atmospheric and oceanic activities. NOAA's first action will be to
develop a transition plan in coordination with other appropriate agencies for moving
to a fully integrated satellite-based land remote sensing program.

Initially, our operational land remote sensing efforts will rely on experience de-
rived from the Landsat program. Landsat was begun in 1972 by NASA as a satellite
effort specifically designed to observe surface features of the earth.

The President’s decision establishes a three-part framework to serve remote sens-
ing activities:

—Integration of civilian operational activities under NOAA.

—Joint or coordinated civil/military activities where both parties’ objectives can
be best met through this approach.

—Separate defense activities which have no civilian counterpart.
Other space policy decisions developed by this review and announced today are:

—The Commerce Department will seek ways to further private sector oppor-
tunities in civil land remote sensing activities, through joint ventures with industry, a
quasi-government corporation, leasing, etc., with the goal of eventual operation of
these activities by the private sector.

— We will continue the policy of providing Landsat data to foreign users, and
promoting development of complementary and cooperative nationally operated
satellite systems so as to increase benefits for all nations.

—The Department of Commerce will establish and chair a Program Board for
continuing federal coordination and regulation of civil remote sensing activities. The
involved federal organizations will be represented (i.e., the Department of Defense,
Interior, Agriculture, State, Transportation, and Energy, and NASA, CIA, AID, and
EPA). The National Governors’ Association and the National Conference of State
Legislatures will be invited to participate.
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—Separate weather programs for the military and civil sectors will be maintained
under the Departments of Defense and Commerce because of their differing needs.
We will continue procurement of current spacecraft until development of a new
system design is justified. Future polar orbiting satellite development and procure-
ment will be jointly undertaken by Defense, Commerce and NASA to maximize
technology-sharing and minimize cost.

—Ocean observations from space can meet common civil and military data re-
quirements. Accordingly, if we decide to develop ocean satellites, joint Defense/Com-
merce/NASA management of the program will be pursued.
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Arrenoix G

The United Nations Moon Treaty

The Moon Treaty has been under discussion since late 1971 when the General
Assembly adopted resolution 2779, in which it took note of a draft treaty submitted by
the U.S.S.R. and requested the Committee on the Peaceful Uses of Outer Space
(COPUOS) and its legal Subcommittee (LSC) to consider the question of the elabora-
tion of a draft international treaty concerning the Moon on a priority basis.

The draft Moon Treaty is based to a considerable extent on the 1967 Outer Space
Treaty. Indeed, the discussion in the Outer Space Committee confirmed the
understanding that the Moon Treaty in no way derogates from or limits the provisions
of the 1967 Outer Space Treaty.

The draft Moon Treaty also is, in its own right, a meaningful advance in the
codification of international law dealing with outer space, containing obligations of
both immediate and long-term application to such matters as the safeguarding of
human life on celestial bodies, the promotion of scientific investigation and the ex-
change of information relative to and derived from activities on celestial bodies, and
the enhancement of opportunities and conditions for evaluation, research, and ex-
ploitation of the natural resources of celestial bodies.

The General Assembly, by concensus, opened the treaty for signature on
December 5, 1979.

This appendix presents the text of the draft treaty in the left column on each
page; in the right column, opposite the appropriate sections of the text, are some com-
ments by the Department of State on the attitude of the United States regarding
particular provisions.
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Treaty Text

Commentary by Department of State

Draft agreement governing the activities of States on
the moon and other celestial bodies.

The States Parties to this Agreement,

Noting the achievements of States in the exploration
and use of the moon and other celestial bodies,

Recognizing that the moon, as a natural satellite of
the earth, has an important role to play in the explora-
tion of outer space,

Determined to promote on the basis of equality the
further development of co-operation among States in
the exploration and use of the moon and other
celestial bodies,

Desiring to prevent the moon from becoming an
area of international conflict,

Bearing in mind the benefits which may be derived
from the exploitation of the natural resources of the
moon and other celestial bodies,

Recalling the Treaty on Principles Governing the
Activities of States in the Exploration and Use of Outer
Space, including the Moon and Other Celestial
Bodies, the Agreement on the Rescue of Astronauts,
the Return of Astronauts and the Return of Objects
Launched into Outer Space, the Convention on Inter-
national Liability for Damage Caused by Space Ob-
jects, and the Convention on Registration of Objects
Launched into Outer Space,

Taking into account the need to define and develop
the provisions of these international instruments in
relation to the moon and other celestial bodies, having
regard to further progress in the exploration and use
of outer space,

Have agreed on the following:

Article I

1. The provisions of this Agreement relating to the
moon shall also apply to other celestial bodies within
the solar system, other than the earth, except in so far
as specific legal norms enter into force with respect to
any of these celestial bodies.

2. For the purposes of this Agreement reference to
the moon shall include orbits around or other trajec-
tories to or around it.

3. This Agreement does not apply to extrater-
restrial materials which reach the surface of the earth
by natural means.

104

There has been considerable discussion of Article I
of the draft treaty. The United States accepts the
Quter Space Committee’s conclusions as to this ar-
ticle—namely, first, that references to the moon are
intended also to the references to other celestial bodies
within our solar system other than the earth; secondly,
that references to the moon’s natural resources are in-
tended to comprehend those natural resources to be
found on these celestial bodies; and, thirdly, that the
trajectories and orbits referred to in Article I,
paragraph 2, do not include trajectories and orbits of
space objects between the earth and earth orbit or in
earth orbit only. In regard to the phrase “earth orbit
only”, the fact that a space object in earth orbit also is
in orbit around the sun does not bring space objects
which are only in earth orbit within the scope of this
treaty.



Article II

All activities on the moon, including its exploration
and use, shall be carried out in accordance with inter-
national law, in particular the Charter of the United
Nations, and taking into account the Declaration on
Principles of International Law concerning Friendly
Relations and Cooperation among States in accord-
ance with the Charter of the United Nations, adopted
by the General Assembly on 24 October 1970, in the
interest of maintaining international peace and securi-
ty and promoting international co-operation and
mutual understanding, and with due regard to the
corresponding interests of all other States Parties.

Article IIT

1. The moon shall be used by all States Parties ex-
clusively for peaceful purposes.

2. Any threat or use of force or any other hostile act
on the moon is prohibited. It is likewise prohibited to
use the moon in order to commit any such act or to
engage in any such threat in relation to the earth, the
moon, spacecraft, the personnel of spacecraft or man-
made objects.

3. States Parties shall not place in orbit around or
other trajectory to or around the moon objects carry-
ing nuclear weapons or any other kinds of weapons of
mass destruction or place or use such weapons on or in
the moon.

4. The establishment of military bases, installations
and fortifications, the testing of any type of weapons
and the conduct of military manoeuvres on the moon
shall be forbidden. The use of military personnel for
scientific research or for any other peaceful purposes
shall not be prohibited. The use of any equipment or
facility necessary for peaceful exploration and use of
the moon shall also not be prohibited.

Article IV

1. The exploration and use of the moon shall be the
province of all mankind and shall be carried out for
the benefit and in the interests of all countries, ir-
respective of their degree of economic or scientific
development. Due regard shall be paid to the interest
of present and future generations as well as to the need
to promote higher standards of living conditions of
economic and social progress and development in ac-
cordance with the Charter of the United Nations.

Article II reaffirms the application of the Charter of
the United Nations and of international law to outer
space. While the Charter predates man’s entry into
space, its principles and provisions, including those
relating to the permissible and impermissible uses of
force, are as valid for outer space as they are for our
seas, land, or air. The United States welcomes the in-
ternational community’s reaffirmation in the Moon
Treaty of this essential point.

Article III contains a statement of the principle that
the celestial bodies and those orbits around them and
to them are only to be used for peaceful —i.e., non-
aggressive — purposes.

Paragraph 2 of Article 111 spells out in some detail
some of the consequences to be drawn from Article II.
Specifically, paragraph 2’s purpose is to make clear
that it is forbidden for a party to the Moon Treaty to
engage in any threat or use of force on the moon or in
other circumstances set forth in paragraph 2 if such
acts would constitute a violation of the party’s interna-
tional obligations in regard to the threat or use of
force.

105



2. States Parties shall be guided by the principle of
co-operation and mutual assistance in all their ac-
tivities concerning the exploration and use of the
moon. International co-operation in pursuance of this
Agreement should be as wide as possible and may take
place on a multilateral basis, on a bilateral basis, or
through international intergovernmental organiza-
tions.

Article V

1. States Parties shall inform the Secretary-General
of the United Nations as well as the public and the in-
ternational scientific community, to the greatest ex-
tent feasible and practicable, of their activities con-
cerned with the exploration and use of the moon. In-
formation on the time, purposes, locations, orbital
parameters and duration shall be given in respect to
each mission to the moon as soon as possible after
launching, while information on the results of each
mission, including scientific results, shall be furnished
upon completion of each mission. In case of a mission
lasting more than 60 days, information on conduct of
the mission including any scientific results shall be
given periodically at 30 days’ intervals. For missions
lasting more than six months, only significant addi-
tions to such information need be reported thereafter.

2. If a State Party becomes aware that another
State Party plans to operate simultaneously in the
same area of or in the same orbit around or trajectory
to or around the moon, it shall promptly inform the
other State of the timing of and plans for its own
operations.

3. In carrying out activities under this Agreement,
States Parties shall promptly inform the Secretary-
General, as well as the public and the international
scientific community, of any phenomena they discover
in outer space, including the moon, which could en-
danger human life or health, as well as any indication
of organic life.

Article VI

1. There shall be freedom of scientific investigation
on the moon by all States Parties without discrimina-
tion of any kind, on the basis of equality and in ac-
cordance with international law.

2. In carrying out scientific investigations and in
furtherance of the provisions of this Agreement, the
States Parties shall have the right to collect on and
remove from the moon samples of its mineral and
other substances. Such samples shall remain at the
disposal of those States Parties which caused them to
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be collected and may be used by them for scientific
purposes. States Parties shall have regard to the
desirability of making a portion of such samples
available to other interested States Parties and the in-
ternational scientific community for scientific in-
vestigation. States Parties may in the course of scien-
tific investigations also use mineral and other
substances of the moon in quantities appropriate for
the support of their missions.

3. States Parties agree on the desirability of ex-
changing scientific and other personnel on expeditions
to or installations on the moon to the greatest extent
feasible and practicable.

Article VII

1. In exploring and using the moon, States Parties
shall take measures to prevent the disruption of the ex-
isting balance of its environment whether by introduc-
ing adverse changes in such environment, its harmful
contamination through the introduction of extra-
environmental matter or otherwise. States Parties shall
also take measures to prevent harmfully affecting the
environment of the earth through the introduction of
extraterrestrial matter or otherwise.

2. States Parties shall inform the Secretary-General
of the United Nations of the measures being adopted
by them in accordance with paragraph 1 of this article
and shall also to the maximum extent feasible notify
him in advance of all placements by them of radio-
active materials on the moon and of the purposes of
such placements.

3. States Parties shall report to other States Parties
and to the Secretary-General concerning areas of the
moon having special scientific interest in order that,
without prejudice to the rights of other States Parties,
consideration may be given to the designation of such
areas as international scientific preserves for which
special protective arrangements are to be agreed in
consultation with the competent organs of the United
Nations.

Article VIII

1. States Parties may pursue their activities in the
exploration and use of the moon anywhere on or below
its surface, subject to the provisions of this Agreement.

2. For these purposes States Parties may, in par-
ticular:

(a) Land their space objects on the moon and
launch them from the moon;

Article VII contains important protections for the en-
vironment of celestial bodies. The United States en-
dorses the Committee’s understanding that the
language of this article is not intended to be read in
such a way as would result in prohibiting the exploita-
tion of natural resources to be found on celestial
bodies but, rather, that any such exploitation is to be
carried out in such a manner as to minimize, insofar as
possible, disruption of or adverse changes in the en-
vironment.
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(b) Place their personnel, space vehicles, equip-
ment, facilities, stations and installations anywhere on
or below the surface of the moon.

Personnel, space vehicles, equipment, facilities, sta-
tions and installations may move or be moved freely
over or below the surface of the moon.

3. Activities of States Parties in accordance with
paragraphs 1 and 2 of this article shall not interfere
with the activities of other States Parties on the moon.
Where such interference may occur, the States Parties
concerned shall undertake consultations in accordance
with article XV, paragraphs 2 and 3.

Article IX

1. States Parties may establish manned and unman-
ned stations on the moon. A State Party establishing a
station shall use only that area which is required for
the needs of the station and shall immediately inform
the Secretary-General of the United Nations of the
location and purposes of that station. Subsequently, at
annual intervals that State shall likewise inform the
Secretary-General whether the station continues in use
and whether its purposes have changed.

2. Stations shall be installed in such a manner that
they do not impede the free access to all areas of the
moon of personnel, vehicles and equipment of other
States Parties conducting activities on the moon in ac-
cordance with the provisions of this Agreement or of
article I of the Treaty on Principles Governing the Ac-
tivities of States in the Exploration and Use of Outer
Space, including the Moon and Other Celestial
Bodies.

Article X

1. States Parties shall adopt all practicable
measures 1o safeguard the life and health of persons on
the moon. For this purpose they shall regard any per-
son on the moon as an astronaut within the meaning of
article V of the Treaty on Principles Governing the
Activities of States on the Exploration and Use of
Outer Space, including the Moon and Other Celestial
Bodies and as part of the personnel of a spacecraft
within the meaning of the Agreement on the Rescue of
Astronauts, the Return of Astronauts and the Return
of Objects Launched into Quter Space.

2. States Parties shall offer shelter in their stations,
installations, vehicles and other facilities to persons in
distress on the moon.
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Article XTI

1. The moon and its natural resources are the com-
mon heritage of mankind, which finds its expression in
the provisions of this Agreement and in particular in
paragraph 5 of this article.

2. The moon is not subject to national appropria-
tion by any claim of sovereignty, by means of use or oc-
cupation, or by any other means.

3. Neither the surface nor the subsurface of the
moon, nor any part thereof or natural resources in
place, shall become property of any State, interna-
tional intergovernmental or
organization, national organization or non-
governmental entity or of any natural person. The

nongovernmental

placement of personnel, space vehicles, equipment,
facilities, stations and installations on or below the sur-
face of the moon, including structures connected with
their surface or subsurface, shall not create a right of
ownership over the surface or the subsurface of the
moon or any areas thereof. The foregoing provisions
are without prejudice to the international régime
referred to in paragraph 5 of this article.

4. States Parties have the right to exploration and
use of the moon without discrimination of any kind on
a basis of equality, and in accordance with interna-
tional law and the terms of this Agreement.

5. States Parties to this Agreement hereby under-
take to establish an international régime, including
appropriate procedures, to govern the exploitation of
the natural resources of the moon as such exploitation
is about to become feasible. This provision shall be im-
plemented in accordance with article XVIII of this
Agreement.

6. In order to facilitate the establishment of the in-
ternational régime referred to in paragraph 5 of this
article, States Parties shall inform the Secretary-

The common heritage concept, which was initially
suggested by Argentina, but formally proposed by the
United States in 1972, is set forth in Article XI,
paragraph 1, which makes it clear that its meaning,
for purposes of the Moon Treaty, is to be found within
the Moon Treaty itself. Likewise, its meaning in the
Moon Treaty is without prejudice to its use or meaning
in any other treaty.

Article XI, paragraph 5, makes it clear that the par-
ties to the treaty undertake, as the exploitation of the
natural resources of the celestial bodies other than the
earth is about to become feasible, to enter into
negotiations to establish a mutually acceptable inter-
national régime to govern the exploitation of those
mineral and other substantive resources which may be
found on the surface or subsurface of a celestial body.
Each of the participants in a régime conference will, of
course, have to evaluate any treaty that emerges from
the conference in the light of its own national interests.
For the United States, this would require a conclusion
that the treaty is balanced and reasonable and would
then, as a constitutional matter, require submission to
the Senate for its advice and consent, just as we have
sought and obtained advice and consent to United
States ratification of the four outer space treaties now
in force.
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General of the United Nations as well as the public
and the international scientific community to the
greatest extent feasible and practicable of any natural
resources they may discover on the moon.

7. The main purposes of the international régime
to be established shall include:

(a) The orderly and safe development of the
natural resources of the moon;

(b) The rational management of those resources;

(c) The expansion of opportunities in the use of
those resources;

(d) An equitable sharing by all States Parties in the
benefits derived from those resources, whereby the in-
terests and needs of the developing countries as well as
the efforts of those countries which have contributed
either directly or indirectly to the exploration of the
moon shall be given special consideration.

8. All the activities with respect to the natural
resources of the moon shall be carried out in a manner
compatible with the purposes specified in paragraph 7
of this article and the provisions of article VI,
paragraph 2, of this Agreement.
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The draft Moon Treaty, as part of the compromise
by many delegations, places no moratorium upon the
exploitation of the natural resouces on celestial bodies
by States or their nationals, but does provide that any
exploitation of the natural resources of celestial bodies
be carried out in a manner compatible with the pur-
poses specified in paragraph 7 of Article XI and the
provisions of paragraph 2 of Article VI. The United
States views the purposes set forth in paragraph 7 as
providing both a framework and an incentive for ex-
ploitation of the natural resources of celestial bodies.
They constitute a framework because even exploita-
tion which is undertaken by a State Party to the Treaty
or its nationals outside of the context of any such
régime either because the exploitation occurs before a
régime is negotiated or because a particular State may
not participate in the international régime once it is
established, will have to be compatible with those pur-
poses set forth in Article XI, paragraph 7, of the Moon
Treaty.

This same paragraph is also an incentive. By setting
forth now the purposes governing exploitation of
natural resources, uncertainty is decreased and both
States and private entities may now find it possible to
engage in the arduous and expensive efforts necessary
if exploitation of the natural resources of the celestial
bodies is ever to become a reality. Especially vital in
this regard is the fact that Article XI(7)(d) recognizes
that an equitable sharing of the benefits derived from
the natural resources of celestial bodies necessitates
giving special consideration to those who have con-
tributed directly to the exploration of the moon, as
well as to the needs of developing countries and those
who have indirectly contributed to the moon’s explora-
tion. This language also reflects the international
cooperation that exists today in telecommunications
and other practical applications of space —for exam-
ple, Intelsat, Intersputnik and Inmarsat, where those
States who have expended large resources, either
public or private, to develop space systems to exploit
these applications have equitably shared the benefits
with the international community.

Article XI, paragraph 8, not only covers and sets the
standards for the general right to exploit natural
resources (in a manner compatible with Article XI(7))
but also is intended to ensure that the unrestricted
right to collect samples of natural resources is not in-
fringed upon and that there is no limit upon the rights
of States Parties to utilize in the course of scientific in-



Article XI1

1. States Parties shall retain jurisdiction and con-
trol over their personnel, vehicles, equipment,
facilities, stations and installations on the moon. The
ownership of space vehicles, equipment, facilities, sta-
tions and installations shall not be affected by their
presence on the moon.

2. Vehicles, installations and equipment or their
component parts found in places other than their in-
tended location shall be dealt with in accordance with
article V of the Agreement on Assistance to
Astronauts, the Return of Astronauts and the Return
of Objects Launched into Outer Space.

3. In the event of an emergency involving a threat
to human life, States Parties may use the equipment,
vehicles, installations, facilities or supplies of other
States Parties on the moon. Prompt notification of
such use shall be made to the Secretary-General of the
United Nations or State Party concerned.

Article XIIT

A State Party which learns of the crash landing,
forced landing or other unintended landing on the
moon of a space object, or its component parts, that
were not launched by it, shall promptly inform the
launching State Party and the Secretary-General of
the United Nations.

Article XIV

1. States Parties to this Agreement shall bear inter-
national responsibility for national activities on the
moon whether such activities are carried on by govern-
mental agencies or by non-governmental entities, and
for assuring that national activities are carried out in
conformity with the provisions set forth in the present
Agreement. States Parties shall ensure that non-
governmental entities under their jurisdiction shall
engage in activities on the moon only under the
authority and continuing supervision of the ap-
propriate State Party.

2. States Parties recognize that detailed ar-
rangements concerning liability for damage caused on
the moon, in addition to the provisions of the Treaty
on Principles Governing the Activities of States in the
Exploration and Use of Outer Space, including the
Moon and Other Celestial Bodies and the Convention

vestigations, such quantities of those natural resources
found on celestial bodies as are appropriate for the
support of their missions.
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on International Liability for Damage Caused by
Space Objects, may become necessary as a result of
more extensive activities on the moon. Any such ar-
rangements shall be elaborated in accordance with the
procedure provided for in article XVIII of this Agree-
ment.

Article XV

1. Each State Party may assure itself that the ac-
tivities of other States Parties in the exploration and
use of the moon are compatible with the provisions of
this Agreement. To this end, all space vehicles, equip-
ment, facilities, stations and installations on the moon
shall be open to other States Parties. Such States Par-
ties shall give reasonable advance notice of a projected
visit, in order that appropriate consultations may be
held and that maximum precautions may be taken to
assure safety and to avoid interference with normal
operations in the facility to be visited. In pursuance of
this article, any State Party may act on its own behalf
or with the full or partial assistance of any other State
Party or through appropriate international procedures
within the framework of the United Nations and in ac-
cordance with the Charter.

2. A State Party which has reason to believe that
another State Party is not fulfilling the obligations in-
cumbent upon it pursuant to this Agreement or that
another State Party is interfering with the rights which
the former State has under this Agreement may re-
quest consultations with that Party. A State Party
receiving such a request shall enter into such consulta-
tions without delay. Any other State Party which re-
quests to do so shall be entitled to take part in the con-
sultations. Each State Party participating in such con-
sultations shall seek a mutually acceptable resolution
of any controversy and shall bear in mind the rights
and interests of all States Parties. The Secretary-
General of the United Nations shall be informed of the
results of the consultations and transmit the informa-
tion received to all States Parties concerned.

3. If the consultations do not lead to a mutually ac-
ceptable settlement which has due regard for the
rights and interests of all the States Parties, the parties
concerned shall take all measures to settle the dispute
by other peaceful means of their choice and ap-
propriate to the circumstances and the nature of the
dispute. If difficulties arise in connexion with the
opening of consultations or if consultations do not lead
to a mutually acceptable settlement, any States Party
may seek the assistance of the Secretary-General
without seeking the consent of any other State Party
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concerned, in order to resolve the controversy. A State
Party which does not maintain diplomatic relations
with another State Party concerned shall participate in
such consultations, at its choice, either itself or
through another State Party or the Secretary-General,
as intermediary.

Article XVI

With the exception of articles XVII to XXI,
references in this Agreement to States shall be deemed
to apply to any international intergovernmental
organization which conducts space activities if the
organization declares its acceptance of the rights and
obligations provided for in this Agreement and if the
majority of the States members of the organization are
States Parties to this Agreement and to the Treaty on
Principles Governing the Activities of States in the Ex-
ploration and Use of Outer Space, including the Moon
and Other Celestial Bodies. States members of any
such organization which are States Parties to this
Agreement shall take all appropriate steps to ensure
that the organization make a declaration in accord-
ance with the foregoing.

Article XVII

Any State Party to this Agreement may propose
amendments to the Agreement. Amendments shall
enter into force for each State Party to the Agreement
accepting the amendments upon their acceptance by a
majority of the States Parties to the Agreement and
thereafter for each remaining State Party to the
Agreement on the date of acceptance by it.

Article XVIII

Ten years after the entry into force of this Agree-
ment, the question of how the review of the Agreement
shall be included in the provisional agenda of the
United Nations General Assembly in order to consider,
in the light of past application of the Agreement,
whether it requires revision. However, at any time
after the Agreement has been in office for five years,
the Secretary-General of the United Nations, as
depository, shall, at the request of one third of the
States Parties to the Agreement and with the concur-
rence of the majority of the States Parties, convene a
conference of the States Parties to review this Agree-
ment. A review conference shall also consider the
question of the implementation of the provisions of ar-
ticle XI, paragraph 5, on the basis of the principle
referred to in paragraph 1 of that article and taking
into account in particular any relevant technological
developments.
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Article XIX

1. This Agreement shall be open for signature by
all States at United Nations Headquarters in New
York.

2. This Agreement shall be subject to ratification
by signatory States. Any State which does not sign this
Agreement before its entry into force in accordance
with paragraph 3 of this article may accede to it at any
time. Instruments of ratification or accession shall be
deposited with the Secretary-General of the United
Nations.

3. This Agreement shall enter into force on the
thirtieth day following the date of deposit of the fifth
instrument of ratification.

4. For each State depositing its instrument of
ratification or accession after the entry into force of
this Agreement, it shall enter into force on the thir-
tieth day following the date of deposit of any such in-
strument.

5. The Secretary-General shall promptly inform all
signatory and acceding States of the date of each
signature, the date of deposit of each instrument of
ratification or accession to this Agreement, the date of
its entry into force and other notices.

Article XX

Any State Party to this Agreement may give notice
of its withdrawal from the Agreement one year after its
entry into force by written notification to the
Secretary-General of the United Nations. Such
withdrawal shall take effect one year from the date of
receipt of this notification.

Article XX1I

The original of this Agreement, of which the
Arabic, Chinese, English, French, Russian and
Spanish texts are equally authentic, shall be deposited
with the Secretary-General of the United Nations, who
shall send certified copies thereof to all signatory and
acceding States.

IN WITNESS WHEREOF the undersigned, being
duly authorized thereto by their respective Govern-
ments, have signed this Agreement, opened for
signature at New York on
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