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PRESIDENT'S MESSAGE OF TRANSMITTAL

To the Congress of the United States:

I am pleased to transmit a report of our national progress in aeronautics and
space activities during 1972,

The Apollo program was successfully concluded with the flights of Apollo 16
and 17. These missions were designed to obtain maximum scientific return and
provided almost half the lunar exploration time in the Apollo program. Though it
is far too early to attempt a definitive assessment of the value of this program, it is
clear that one result will be a quantum jump in both our scientific knowledge and our
technological expertise.

Our unmanned satellites include a variety of vehicles ranging from meteorological,
navigational and communication satellites to a new experimental spacecraft pro-
viding information on our resources and environment. Increasing practical applications
for satellite technology confirm the immediate value of our efforts in space, while
observatory satellites and others carrying specialized scientific instruments provide
accurate and dependable data never before available to scientists on earth.

The conclusion of the Apollo program marks only another step in this Nation’s
push into space. In the current year, we expect to launch Skylab, which will permit
extended experimentation in a manned vehicle. After Skylab, a joint mission by this
Nation and the Soviet Union will rendezvous and dock two spacecraft, helping to
link our two space efforts in a mutually productive manner. The space shuttle
presently under development will make the launching of satellites and laboratories
less expensive and more productive. The shuttle will be augmented by the sortie
laboratory which the Western European countries intend to develop as part of our
joint cooperation in space.

The past year has also seen advances in aeronautical research and development.
It should be emphasized that work in this field is particularly vital if America is to
maintain its leadership in the development and production of civil and military
aircraft and engines.

Our efforts in aeronautics and space will continue through programs balanced
at levels which will allow us to meet demands in these and other important domestic

and foreign areas.
W

Tue Wurte Housk,
March 1973
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Introduction

Considerable progress was made in both space and
aeronautics activities in 1972, The achievements of
the United States space program confirm our desire
and our determination to continue space exploration
and the application of space technology to the benefit
of mankind. In aeronautics, while maintaining our
leadership in civilian and military aviation, steps have
been taken to minimize the undesirable environmental
effects of aircraft operations through the introduction
and application of advanced technology.

Completion of the successful Apollo 17 mission brings
to conclusion the Apollo lunar program. Its conclu-
sion realized the accomplishment of one of the six
specific objectives for the United States space program
which was enunciated in March 1970-—the continued
exploration of the moon. From the samples brought
back for study and the instrumentation which continues
to make vital measurements on the lunar surface, the
fundamental history and nature of the moon are being
revealed. The lunar samples and knowledge gained
from the Apollo program will be studied for many
years by scientists from all over the world.

The United States space program is balanced be-
tween exploration, science and applications, and is
designed to accomplish the specific objectives outlined
at the beginning of this decade. Pioneer 10 continues
its epic journey which will take it near the planet
Jupiter and from there it will become the first man-
made object to escape the solar system. Mariner 9
has completed its mission of photographically mapping
the entire surface of Mars and its results have dramat-
ically revised our understanding of that planet. Work
is presently underway which will greatly extend man’s
capability to live and work in space and also to sub-
stantially reduce the cost of space operations. Efforts
are also being taken to apply the advanced technol-
ogies of the space program for the benefit of mankind.

During 1972, the United States continued its desire
to share the new knowledge and benefits derived from

United States Aeronautics
and Space Activities in 1972

space. Further, the United States recognizes that much
more can be accomplished in space activities if the
costs are shared by other countries. Cooperative pro-
grams with the European nations and with the USSR
have been actively pursued. These beginnings hold
promise for increased international cooperation in the
future,

Though perhaps not as spectacular as space, the
aeronautics program includes efforts to help maintain
strength in commercial aircraft sales and superiority
in military aviation. At the same time, programs em-
phasizing research and development activities that will
lead to more comfortable, safe, and convenient air
travel for all have been pursued. Progress has been
made in the development of technology for efficient,
quiet, and clean aircraft engines to reduce undesirable
impact of airplanes on the environment.

This chapter reviews the activity in the United
States space and aeronautics programs in 1972, sum-
marizes the progress made, and emphasizes the need
for continuing a balanced program.

Space

Lunar and Planetary Exploration—During 1972
both manned and unmanned spacecraft explored space
and returned data which will yield for many years to
come significant information on the origin and com-
position of the universe.

The past year saw the completion of the planned
lunar exploration with the flight of Apollo 17. This
mission explored a combination of lunar mountain
highlands and valley lowlands. The data returned will
supply scientists with new information on the early
crust of the moon, large meteorite impacts on the
lunar surface, young volcanic rock, and other important
geological discoveries.

In an earlier mission of the Apollo series, Apollo 16,
in April 1972, achieved several new records. The land-
ing site, the first in the lunar highlands, permitted col-
lection of lunar rock and soil samples believed by some
scientists to be from the oldest region on the moon.



The Apollo 16 and 17 science program included ex-
periments to determine the nature of the lunar interior
and to help unlock secrets about the structure and
evolution of the universe. The lunar science packages
included a seismometer whose emplacement completed
a four-sided network (together with Apollo 12 and 15
instruments) from which many answers to questions
regarding the moon’s interior are being derived.

Another high point in planetary exploration was
achieved by the Mariner 9 spacecraft as it mapped the
entire surface of Mars, stimulating additional inter-
est and revising many prior concepts of the planet.
The major findings obtained from the Mariner 9 space-
craft are: Mars is a geologically active planet with
volcanic mountains taller than those on earth; an equa-
torial crevasse three to four times deeper than the
Grand Canyon marks the surface of the planet; free-
flowing water might have existed during its geologic
history; and its dust storms and clouds are primarily
responsible for the Martian appearance to astronomers,
Mariner also made the first close-up photographs of
the red planet’s tiny moons—Phobos and Deimos.

The Pioneer 10 spacecraft continued its flight to
Jupiter and in the process was the first spacecraft to
probe the cosmic debris forming the Asteroid Belt.
Pioneer will observe Jupiter at close range in Decem-
ber 1973 and then swing by the planet to become the
first man-made object to escape our solar system. Its
complement of scientific instruments continues to col-
lect data on interplanetary magnetic fields and mete-
oroids as well as solar and galactic radiation. Valuable
scientific data on the solar environment was obtained
during the several severe solar storms which occurred
in early August 1972,

A second Pioneer spacecraft is scheduled for launch
during April 1973. The primary objectives of this mis-
sion include exploration of the interplanetary medium
beyond the orbit of Mars and examination of the en-
vironmental and atmospheric characteristics of the
planet Jupiter. A valuable dividend from the two
Pioneer missions will be the information and tech-
nology derived to improve the operational capability
for long-duration flights to the outer planets.

Another Mariner spacecraft is scheduled to be
launched during October /November 1973 and has as
its primary objective the first exploration of the planet
Mercury. On its way to Mercury the spacecraft will fly
close by Venus and the high resolution TV cameras
on board will take pictures of both planets.

The Mariner 9 findings have laid the groundwork
for America’s next venture to Mars—the Viking launch
to search for evidence of life on the planet. Two Viking
spacecraft are planned to soft land on the Martian
surface in 1976. While scientific emphasis will be placed
on obtaining data relative to the search for life, addi-
tional science results will aid in understanding the
evolution of Mars and the solar system. The two
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separate Viking spacecraft are scheduled for launch
in 1975.

During 1972 a Mariner Jupiter/Saturn project was
defined. This project involves two launches in 1977
of spacecraft which will fly by Jupiter some one and
one-half years after launch and will reach Saturn some
three and one-half to four years after launch. In addi-
tion to obtaining information on these planets, the
spacecraft trajectories will be designed to provide data
from flybys of Saturn’s rings and of the various mas-
sive satellites of both these planets.

Physics and Astronomy.—The physics and astronomy
program was conducted on a broad front during 1972.
Basic scientific data on the sun, planets, stars, and
interstellar matter were acquired from orbiting opera-
tional spacecraft.

Orbiting Astronomical Observatory-3 (OAQO-3)
was launched in August 1972. This satellite, named
Copernicus in honor of the 500th Anniversary of the
birth of the well-known Polish astronomer, has as its
primary objective the acquisition of high resolution
ultraviolet spectra of stars necessary to investigate the
composition and physical state of matter in interstellar
space. In combination with OAO-2, launched in 1968,
basic scientific data on planets, stars, nebulae, and gal-
axies are being obtained. Among data acquired for the
first time are ultraviolet observations of Uranus and
observations of a super-nova. The Orbiting Solar Ob-
servatory—7 (OSO-7), launched in 1971, has continued
to observe a number of significant events and phe-
nomena of the sun. Nuclear reactions in solar
flares were confirmed for the first time by OSO-7
observations.

Two Explorer class satellites were launched in 1972:
an Interplanetary Monitoring Platform, designated Ex-
plorer 47, to make long term observations of the earth-
sun relationships; and a Small Astronomy Satellite-B
(SAS-B) designated Explorer 48, to measure the spa-
tial and energy distribution of primary galactic and
extra-galactic gamma radiation. In addition, SAS-A,
launched in 1970 as Explorer 42, continued to provide
data on spatial X-ray sources. Data acquired by this
satellite led to discovery of binary star systems and lent
possible support to the theories of “Black Holes” being
massive stars that have collapsed to the point where
gravitational forces prevent the escape of visible light.

An Atmospheric Explorer program is underway,
with the first launch scheduled for late 1973. This
program will investigate the earth’s lower thermosphere
where most of the chemical and energy conversion
processes occur. High Energy Astronomy Observatories
(HEAO) are being planned to perform an extensive
study of celestial X-ray, Gamma-ray, and Cosmic-ray
phenomena.



Space Applications—Major advances in space appli-
cations were made during 1972. Earth resources,
weather and communications satellites were orbited
and are providing data to aid in solving some of the
problems of man on earth. Near term follow-on efforts
will employ both manned and unmanned spacecraft
to continue to provide the benefits available from space
applications.

Launch of the first Earth Resources Technology
Satellite (ERTS) took place in July 1972. This space-
craft is providing data to help us learn to cope with the
earth’s environmental problems, as well as the critical
needs caused by the increasing demands placed on our
natural resources. ERTS is a modified version of the
Nimbus experimental weather satellite. Among the
many potential uses, ERTS data have been used to
demonstrate that coastal circulation patterns are re-
vealed by sediment distribution shown in the photo-
graphs; ERTS photos were used to show that dumping
of acid wastes outside of designated areas off New York
harbor can be detected. The first in a new series of
operational environmental satellites, NOAA2, was also
placed in earth orbit during the vear. The NOAA2
satellite is commanded and controlled by the National
Oceanic and Atmospheric Administration’s National
Environmental Satellite Service. This satellite, the first
to obtain vertical temperature measurements of the
atmosphere on a near-global basis, represents a major
step in acquiring the data necessary for accurate long
range weather forecasting.

The first satellites of the Defense Satellite Communi-
cations Systems (DSCS) Phase I1 became operational
during the year. These satellites provide communica-
tions in support of critical command, control, intelli-
gence, and warning needs to satisfy unique require-
ments of the President, Department of State, and
other special users.

The final prelaunch phases of the Skylab program
are now progressing satisfactorily. These consist of
system checkout and detailed mission planning aimed
at the flight of the nation’s first manned orbiting labora-
tory in the spring of 1973. The Skylab experimental
space station will include experiments in earth re-
sources, solar astronomy, and space applications
involving the efforts of approximately 250 foreign
professionals in addition to the over 350 American
investigators currently on board.

International Cooperation—On May 14, the Presi-
dent signed a space cooperation agreement with the
USSR which features plans for a joint docking mis-
sion of U.S. and Soviet-manned spacecraft in 1975.
The agreement also endorsed at the highest level a
variety of ongoing cooperative programs in such areas
as space meteorology, space biology and medicine,
space science, and the use of space for studies of the
natural environment. These activities are proceeding in

a very satisfactory manner. The initial study and de-
sign activity required to implement the docking of a
U.S. Apollo and a Soviet Soyuz spacecraft is proceed-
ing satisfactorily. Joint working groups have been
formed and have met periodically throughout the year
in both Houston and Moscow. Initial design of a com-
mon docking adapter has been completed and detailed
designs are in progress.

Significant progress was also made in defining
European participation in the post-Apollo program.
Discussions with members of the European Space Con-
ference concerning their development of a Sortie Labo-
ratory as part of the post-Apollo program have been
proceeding. The Sortie Laboratory is envisioned to be
a low-cost payload carrier to increase the capability of
the space shuttle to perform manned and man-tended
research in space science and applications.

On October 9, the President announced a policy
for launch assistance to other countries and interna-
tional organizations. The availability of these launch
services makes it possible for other nations to have
access to the advantages of space.

The Definitive Agreements for the International
Telecommunications Satellite Organization, INTEL
SAT, have been negotiated and will enter into force
in February 1973. They will replace Interim Arrange-
ments negotiated in 1964 by 11 countries including the
United States, and in which 83 countries now partici-
pate as metnbers. The United States has actively en-
couraged acceptance of the new agreements which are
intended to provide the basis for the global commercial
telecommunications system using satellite technology.

Launch Vehicle Development.—Design and develop-
ment of the space shuttle transportation system was
initiated in 1972. It will consist of a reusable rocket
booster for launch from earth and an airplane-like,
manned reusable orbiter for flight into orbit to con-
duct space missions and return. The shuttle will be
capable of delivering and retrieving from orbit un-
manned and manned spacecraft, including commu-
nications, weather, navigation, and earth resources
satellites. The shuttle will have a significant effect on
the economies of space operation. It will afford two
principal types of cost savings; reduced launch costs
and reduced payload costs. The former are attributable
to the reuse capability of the orbiter and booster. The
latter are attributable to the ability to retrieve and re-
furbish satellites and the relaxation of weight and vol-
ume constraints that have heretofore increased satellite
development and production costs.

Aeronautics

Issues of aeronautical policy were the focus of the
Civil Aviation Research and Development (CARD)
study, which was completed in 1971. A CARD Review
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Group was formed early this year, with participation
by NASA, DOT, and the NASC staff. In addition to
providing continued CARD-type policy guidance, the
Review Group is preparing a CARD Implementation
Plan to assure appropriate visibility, coordination, and
effectiveness of government programs for civil aviation
R&D.

A third model (L-1011) of wide-bodied jet trans-
port joined the civil aircraft fleet this year. While
production was terminated for one early generation
jet transport (DC-8), worldwide sales continued with
other civil jet transports. In one case (the B-727),
sales have far exceeded early forecasts. For the first
time in aviation history, over 1000 jet transports of one
basic model have been sold.

Research programs for Advanced Transport Tech-
nology (ATT) and Advanced Supersonic Technology
(AST) continued with active industry participation.
The ATT program is developing technologies appli-
cable to the next generation long haul subsonic air
transports. Exploratory flight research of the super-
critical wing is one outstanding example of progress.
Supersonic flight technology applicable to large air-
craft is being developed under the AST program in
the absence of a national supersonic aircraft develop-
mental effort.

Paralleling the introduction of quiet, clean, wide-
bodied jet aircraft to the world’s airlines, research
continues on the further reduction of jet transport noise
and harmful exhaust emissions. The joint NASA/DOT
Noise Abatement Office serves as a focal point for in-
vestigating solutions to aircraft noise problems. The
introduction of advanced technology and identifica-
tion of effective means of quieting current aircraft of
older design will permit additional reductions in future
fleet noise levels. FAA and NASA research and flight
tests continue in order to determine development op-
tions for noise reduction. In addition, NASA con-
tinued ground tests of experimental quiet engines to
advance technology development for future aircraft
applications.

Both NASA and DOD engine technology programs
are investigating combustion phenomena in order to
determine ways of reducing exhaust emissions to de-
sired levels. The Climatic Impact Assessment Program
continued towards the goal of assessing, by mid-1974,
the effect of high altitude subsonic and supersonic air-
craft upon the world’s climate.

As the year ended, the Air Force awarded contracts

for design refinement and final cost effectiveness analy-
sis of an advanced medium STOL transport (AMST)
intended to replace the C-130 tactical transport. A
development program for AMST would provide some
technological advances applicable to future civil Short
Take-Off and Landing (STOL) and other aircraft
which would incorporate powered lift technology. Ex-
ploratory tests of powered lift technology were initiated
by NASA this year with a small airplane.

Further significant developments occurred in mili-
tary aeronautical programs during 1972. The AX close-
support airplane competitive fly-off was successfully
completed in December. The F-15 advanced tactical
fighter made its first flight this year and is undergoing
scheduled development tests. The B-1 bomber fabri-
cation continued in support of a first flight milestone in
early 1974. Lightweight fighter prototype aircraft are
also under fabrication and scheduled to enter a com-
petitive fly-off phase in 1974.

Navy evaluation of the F-14A carrier-based ad-
vanced tactical fighter continued during 1972, and
the first two squadrons were commissioned. First flight
of the S-3A, a jet-powered replacement for the aging
S-2 carrier-based anti-submarine warfare airplane,
took place in January; carrier suitability and avionic
system tests are now underway.

The Army prototype advanced attack helicopter
program was redirected in 1972, as a result of a special
task force evaluation, towards a lower cost, more sur-
vivable, and somewhat smaller design. Industry pro-
posals for a revised but highly effective weapon system
are due in 1973. Other Army programs for the heavy
lift helicopter (HLH) and the utility tactical transport
aircraft system (UTTAS) continue on schedule.

Summary

Reviewing this year’s space and aeronautical activi-
ties, it is clear that 1972 was a year of significant,
advanced accomplishments in lunar exploration, ex-
ploration of the planets and the universe, and in aero-
nautical concepts. In addition, a balanced program has
been initiated to continue exploration in space, space
science studies, application of space for benefits on
earth, and the development of new technology for
space and aeronautics.

The activities summarized above are reported in
more detail in the following chapters of this report.
Each of the sixteen agencies involved has provided
the report carried under its seal.
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Introduction

The National Aeronautics and Space Council was
established by the National Aeronautics and Space Act
of 1958 to advise and assist the President on matters
pertaining to aeronautics and space activities conducted
by the departments and agencies of the United States.
That same Act also established the National Aero-
nautics and Space Administration.

The Vice President of the United States is the Chair-
man of the Council; its members are the Secretary of
State, the Secretary of Defense, the Secretary of Trans-
portation, the Administrator of the National Aero-
nautics and Space Administration, and the Chairman
of the Atomic Energy Commission.

The Executive Secretary and Council staff act in an
advisory capacity throughout the year in providing
technical inputs to the Executive Office of the Presi-
dent regarding aeronautics and space programs. In this
respect the relative priorities of various U.S. aero-
nautics and space programs with respect to national
goals are examined and the effects of proposed program
funding revisions and projections evaluated. The Coun-
cil staff continually reviews the aeronautics and space
policies and programs of all governmental agencies with
a view toward sponsoring interchange of technical in-
formation, avoiding duplication of effort, and assuring
that programs are consistent with national goals. Where
problems arise which transcend the jurisdiction of in-
dividual organizations they are brought to the atten-
tion of the affected Council members through the
Executive Secretary. Affected Council members fre-
quently meet to consider important issues which do not
require the involvemnent of the full Council. The Coun-
cil staff also provides a means for interchange of ideas
between industry and government on aeronautics and
space matters involving several agencies.

Studies and Reports

Typical of the activities of the Executive Secretary
and Council staff are the reviews conducted at the re-
quest of the President or his staff. During 1972 studies
relating to the problems of the aerospace manufactur-
ing and air transport industries were continued. In ad-
dition to adverse effects on these industries caused by
the Nation’s transition from a wartime to a peacetime
economy, the influence of growing foreign competition

National Aeronautics
and Space Council

is becoming more evident. The magnitude of these
problems, their impact on the national economy and
security were examined and policy options developed
for Executive and Council consideration.

The dominant position which the United States has
held for many years in the area of international sales
of commercial and military aircraft is being challenged
by a coalition of foreign competitors supported by their
respective governments. Paradoxically, agreements be-
tween United States and foreign companies for joint
aerospace ventures also exist and others are under seri-
ous discussion. The Council staff continually reviews
these challenges to our aeronautical leadership, identi-
fies key policy options, and provides support to con-
cerned Executive and Council organizations. A staff
report was prepared which suggested government ini-
tiatives in the area of Foreign Military Sales.

Last year the Council staff supported a joint DOT/
NASA study to examine the options for national policy
with respect to civil aviation research and development
(CARD). During 1972 the Council staff supported a
joint DOT /NASA review group in the preparation of
an implementation plan on CARD recommendations.
The plan, which details selected member agency pro-
grams responsive to the broad CARD guidance, will
provide a medium for an annual technical and policy
accounting of these programs.

Council staff members provided interagency coordi-
nation which led to start-up in November of develop-
ment programs for prototype military STOL aircraft
and civil STOL research aircraft. Council staff work
has also contributed to progress in government research
to find ways to quiet older noisy civil aircraft, to estab-
lish requirements for environmentally acceptable future
aircraft, and has assisted in the understanding of the
necessary balance between noise regulations and tech-
nology, and other demands on critical resources.

The Executive Secretary and Council staff assisted
in the formulation of European participation in the
Post-Apollo Program. Members of the European Space
Conference were encouraged to develop such a Sortie
Laboratory, a manned scientific laboratory for use in
conjunction with the Space Shuttle.

Building on last year’s Interagency Ad Hoc Study
Group report on earth resources survey efforts, the
Executive Secretary consulted with members of inter-
ested government agencies and the Office of Manage-
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ment and Budget to aid in structuring the newly
established Interagency Coordinating Committee for
Earth Resource Survey Programs (ICCERSP). This
committee is intended to insure that the individual
agency activities results in an integrated and productive
program.

Other Activities

The Council is represented by the Executive Secre-
tary as Chairman of one interagency subcommittee of
the National Security Council and by staff on others
which discuss and advise on international cooperation
in aeronautics and space. The Executive Secretary
participated as a member of the U.S. delegation which
went to Japan to review Japanese progress in space

III

Introduction

The past year witnessed the President’s go-ahead
decision for development of the reusable Space Shuttle,
the conclusion of the Nation’s successful lunar landing
program, and preparations for the 1973 Skylab mis-
sions. Highlighting unmanned spacecraft programs
were the launch of a Pioneer two-year flight to Jupiter
and the orbiting of the first Earth Resources Technol-
ogy Satellite.

Aircraft noise abatement was assigned a high prior-
ity during 1972, and noteworthy progress was made in
the development of a quiet, short-takeoff-and landing
transport aircraft. NASA also began flight tests of its
Supercritical Wing test aircraft.

In a year marked by considerable activity in inter-
national affairs, this country and the U.S.S.R. moved
to fulfill the NASA/Soviet Academy of Sciences agree-
ment of January 1971 on space science and applica-
tions and to conduct a joint experimental flight during
1975 to test compatible rendezvous and docking sys-
tems.

During 1972 NASA also launched an Intelsat com-
mercial communications satellite for the Communica-
tions Satellite Corporation and an ITOS-D opera-
tional meteorological satellite for the National Oceanic
and Atmospheric Administration of the Department
of Commerce. Further, an Orbiting Astronomical Ob-
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(and aeronautics) activities in relation to the manu-
facture under license and launching of Thor Delta
launch vehicles and to propose joint aircraft develop-
ment ventures with U.S. industry.

Staff members participate in many interagency
panels and committee meetings such as the NASA/
DOD Aviation and Astronautics Coordinating Board
(AACB) and its panels, the NASA/DOT Short Haul
Working Group, the NASA /USAF National Aeronau-
tical Facilities requirements review, the Space Trans-
portation Systems Committee and the Interagency
Coordinating Committee for Earth Resource Survey
Programs. The Council staff also reviews and approves
proposals for use of radioisotopes in space and aids in
preparation of the President’s Annual Report on Aero-
nautics and Space to the Congress.

National Aeronautics and
Space Administration

servatory (named Copernicus in honor of the Polish
astronomer) was placed in orbit to investigate stellar
phenomena, and galactic and intergalactic media.

Manned Space Flight

Apollo 16.—The fifth Apollo manned lunar missio.

was launched on April 16, 1972, carrying the crew
John W. Young, Commander; Thomas K. Mattingly
11, Command Module Pilot; and Charles M. Duke,
Jr., Lunar Module Pilot. The landing in the Descartes
area was 230 meters NW of the planned target point.
At the beginning of EVA-1, the crew deployed and
activated the Apollo Lunar Surface Experiments Pack-
age (ALSEP) and other experiments. During ALSEP
deployment, the heat flow experiment cable was inad-
vertently pulled loose at its central station connector
and that experiment was abandoned. Approximately
42 pounds of samples were collected during the 7-hr.
11-min. EVA and total distance travelled by the LRV
was 4.2 km.

The second traverse of 11.4 km took place during
EVA-2 and took the crew half way up 500-meter
high Stone Mountain, 4.1-km south of the LM. The
lunar roving vehicle provided excellent mobility and
stability, achieving eleven to fourteen kilometers per
hour (kph) over rocky, cratered surfaces and easily
climbing 15- to 20-degree slopes at about 7 to 8 kph.



About 71 pounds of samples were collected during this
7-hr. 23-min. EVA. EVA-3 lasted 5 hrs. 40 min. The
LRV traverse was 4.5 km to North Ray Crater, the
largest yet explored on an Apollo mission. Rocks were
sampled, one about house-size, another with perma-
nent shadowed area in the lee of the sun line and
interesting “drill-like holes” normal to its surface.
Approximately 100 pounds of samples were collected
during the 11.4-km traverse and the film cassette from
the far ultraviolet camera was retrieved after recording
11 planned celestial targets.

The Apollo 16 Far Ultraviolet Camera/Spectro-
graph Experiment, the first lunar astronomical observ-
atory, allowed scientists for the first time to examine
the whole Earth atmosphere and geocorona from out-
side the Earth’s environment. The hydrogen in the
geocorona is believed to be derived from the break up
-of water vapor in the Earth’s upper atmosphere.

The 71-hour stay in the Descartes area featured ex-
cellent experiment, LRV, TV, and crew systems op-
eration; revised theories of Cayley formation ; provided
less evidence of volcanism than expected and the high-
est recordings of local magnetic field of any Apollo
landing site. 1809 frames of 70 mm film and 41, maga-
zines of 16 mm film were exposed during the 20-hour
14-minute total EVA time. One hundred eleven docu-
mented samples totaled approximately 213 pounds.
LM ascent from the lunar surface, rendezvous, and
docking were normal.

During transearth coast final detailed objectives were
completed and an 18-min. TV press conference was
conducted. CM separation, entry, and descent were
normal, with water landing 0.3 NM from the planned
target point and 3.4 NM from the recovery ship on
April 28, 1972.

Total time for the Apollo 16 mission was 266 hours.

Apollo 17.—The final lunar mission, scheduled for
launch at 9:53 p.m. EST on December 6, was delayed
for 2 hours 40 minutes by a tank pressurizing problem;
actual liftoff came at 12:33 a.m. on December 7, but
from then on the flight went with smoothness and pre-
cision. The last was also the best.

Apollo 17 was planned to accomplish selenological
inspection, survey, and sampling of materials and sur-
face features in a preselected area of the Taurus-
Littrow region of the Moon; emplace and activate
surface experiments; and conduct in-flight experi-
ments and photographic tasks. Flight crew members
were Commander, Captain Eugene A. Cernan (USN) ;
Command Module Pilot, Commander Ronald E.
Evans (USN) ; Lunar Module Pilot, Dr. Harrison H.
Schmitt (PhD).

The countdown proceeded smoothly until T-30 sec-
onds when an automatic cutoff occurred. After a re-
cycle and hold at T-22 minutes an additional hold was
called at T-8 minutes.

The hold was caused by a failure of a function in
the terminal count sequence card which monitors
S-IVB LOX tank pressurization. A workaround to
jump the failed function was analyzed and checked-
out on the breadboard at MSFC and a decision was
made to proceed with the countdown which then pro-
ceeded smoothly.

Earth parking orbit, translunar injection, translunar
coast, lunar orbit insertion, and S-IVB stage impact
were all nominal. The S—-IVB impacted the lunar sur-
face at 4°12’ South and 12°18’ West and was recorded
by the Apollo 12, 14, 15 and 16 ALSEPs.

The lunar landing occurred on December 11, 1972,
at the Taurus-Littrow site. Total EVA time was 22
hours, five minutes and six seconds, total distance
traveled in the lunar rover was 35 Km (22 nm) and
115 Kg (250 Ibs) of lunar samples were returned.

Ascent, rendezvous, docking, LM impact, transearth
injection, coast, reentry, landing and astronaut recov-
ery were all nominal. Total mission time was 301 hours
and 51 minutes.

The Apollo 17 site, Taurus-Littrow, was the first
selected largely in response to new knowledge acquired
on earlier missions. Similarly, the science instruments
placed on the lunar surface and those used on the
traverses and in orbit were designed predominantly to
obtain data useful in solving problems whose very
existence could not be predicted prior to the first sev-
eral Apollo flights.

The sample objectives at Taurus-Littrow were
clearly defined: (1) try to find some of the youngest
lunar material in order to determine whether lunar
volcanism ceased three billion years ago as pre-Apollo
17 data indicate; (2) look for signs of volcanic activity
possibly indicative of the presence of volatiles; and
(3) obtain highland rocks, hopefully igneous, which
might indicate what occurred on the Moon between
four and four and one-half billion years ago, a time for
which our record is limited. Although sample analysis
has only just started, the commentary and descriptions
of Geologist-astronaut Schmitt and Astronaut Cernan
indicate that there is good probability that all sample
objectives were met. In particular, the orange rocks
and soil found at a probable volcanic crater on EVA-2
appear to have been caused by volatile-rich volcanism
of a relatively recent age (i.e., possibly billions of years
after the last mare outpourings three billion years
ago). Highlands breccias were abundant at South
Massif and highlands igneous rocks, all possibly older
than four billion years, were sampled at the North
Massif. Overall, the variety of rocks and soil, and thus
the scientific value, is greater than that found on any
prior mission.

The Apollo Lunar Surface Experiments Package
was successfully deployed on EVA-1. The Heat Flow
Experiment already indicates that the high value
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found at Apollo 15 is not anomalous. The Mass Spec-
trometer and Meteoroid Detector are in good shape
and undergoing pre-operation conditioning on the
lunar surface. The Tidal Gravimeter is currently in-
operative and, unless a workaround procedure is
found, will constitute the only failure of the mission.

The valley of Taurus-Littrow was an ideal spot to
operate three new geophysical experiments designed
to detect layering. The Seismic Profiling, utilizing eight
explosive charges and the LM Ascent-stage impact,
and the Traverse Gravimeter, obtained data indicating
that layered igneous rocks, similar to those sampled on
the traverses, probably extend to depths of at least a
kilometer. The Surface Electrical Properties experi-
ment will complement the data from these other
traverse experiments.

All orbital experiments performed successfully. The
ultraviolet spectrometer detected a hydrogen atmos-
phere two orders of magnitude less abundant than
predicted. The infrared spectrometer detected many
thermal hot spots and showed the first convincing evi-
dence for the existence of lunar cold spots. The pre-
liminary lunar radar sounder telemeter data indicate
layering in upper surface of the Moon but verifica-
tion must await data reduction of the optical re-
corder film recovered during CMP Ronald Evans’
EVA during Transearth Coast. It also provided several
orbits of altitude profile data which will be integrated
with laser altimetry. Lastly, the camera systems oper-
ated as planned and obtained significant new photo-
graphic coverage with which to conduct photogeologic
studies and with which we can construct accurate
topographic products. Apollo 17, building upon the
foundation of all earlier U.S. lunar missions, can be
called the most scientifically rewarding Apollo mission.

Continued Exploration of the Moon.—With the suc-
cessful completion of Apollo 17, nine teams of astro-
nauts have made the epic journey to the Moon and
12 Americans have walked the lunar surface. These
men have returned some 360 kg (800 Ibs.) of lunar
sample for analysis and have established a network of
geophysical stations on the Moon.

While the flight portion of Apollo was completed
with Apollo 17, we have only begun to reap the full
benefits of the program. The geophysical stations are
expected to operate for several years, laser ranging to
the lunar reflectors will continue for at least a decade,
and detailed analysis of the lunar samples and photog-
raphy will continue through the seventies.

We do not need to wait, however, to see that we
already know more about the Moon than we might
reasonably expect from the sampling of six rather iso-
lated points on its frontside surface. In fact, lunar
scientists speak in terms of Moon-wide chemistry,
structure, and processes. They are able to do this

largely because of the extensive and sophisticated re-
mote sensing conducted from lunar orbit on Apollo.
The remotely-sensed data, when correlated with geo-
physical station and sample information, enables the
broad extrapolation of landing site results to those vast
unsampled regions of both the near and far sides of the
Moon.

The lunar program has also shown that the Moon
is a unique and extremely advantageous platform from
which to study the Earth and outer space as demon-
strated by the laser ranging, far ultraviolet astronomy
and cosmic ray experiments and the solar wind studies.
The Laser Ranging Retroreflector Network was de-
ployed during Apollo Missions 11, 14, and 15, and from
it the McDonald Observatory in Texas now routinely
obtains ranging accuracies to the Moon of a few cen-
timeters. These accuracies make it possible to study the
motions not only of the Moon, but also of Earth.

The study of the Moon’s rocks and soil, all older than
3 billion years, is providing data pertaining to that
period of time where the Earth’s history has been
obliterated.

Lunar highlands rocks returned to Earth via Apollo
have been found to be rich in calcium and aluminum.
Called anorthosites, these rocks are believed to be part
of the early lunar crust. Anorthosites are rare on Earth
but enigmatic and potentially very significant to the
unraveling of early Earth history. The fact that they
occur only in very ancient Earth rocks, those over 114
billion years old, has suggested to some scientists that
they may be related to the Earth’s primordial crust.
But there is no generally accepted way to produce
anorthosites by melting rocks now thought to exist in
the Earth’s interior.

ASTP.—The Apollo/Soyuz Test Project is a joint
U.S.-U.S.S.R. Earth orbital mission to test a com-
patible rendezvous and docking system.

In June 1972, the Apollo Program Director was
appointed Apollo/Soyuz Test Project Director in the
Office of Manned Space Flight, Washington, D.C.
Joint Working Groups with members from each
country have been established to address the major
technical subjects involved in the project. These Joint
Groups continued to define program details in a meet-
ing at Houston in July and at a meeting in Moscow
in October of this year. Follow-on meetings were held
in November and December 1972. The Apollo space-
craft for the test mission will be a modified version of
the Command and Service Module flown during early
lunar landing missions, and will incorporate a Dock-
ing Module and Docking System. The basic space-
craft was manufactured and checked out for the
Apollo Program and has been in storage. Modifica-
tions will be required as a result of unique mission
requirements, including additional propellants for the
reaction control systems, heaters for thermal control,



and controls and displays for the Docking Module, a
cylindrical structure, about 5 feet in diameter and 10
feet in length. Equipped with the necessary stored
gases, displays, and controls, it will serve as an airlock
for the internal transfer of crewmen between the two
spacecraft.

On its forward end there will be the new periph-
eral, universal docking device being designed by
the U.S. and the U.S.S.R. Radio communications,
docking displays, and antennas will also be mounted
on the Module. The Soyuz spacecraft to be used by
the U.S.S.R. has been the primary manned vehicle
for the Soviet space program since it was introduced
in 1967, and consists of an Orbital Module, a Descent
Module, and an Instrument Module, to include the
compatible rendezvous and docking equipment.

The mission is scheduled to begin no earlier than
July 15, 1975, with the launch of a Soyuz-type space-
craft which will be inserted into a circular rendezvous
orbit with a nominal altitude of 230 km and an in-
clination of 51.6 degrees. The first Apollo launch
opportunity will occur about 7.5 hours after the Soyuz
lift-off.

After separation from the second Saturn stage
(S-IVB), Apollo will turn around, dock and extract
the Docking Module internally mounted in the adapter
area in essentially the same fashion as the Lunar
Module is extracted on current lunar missions. The
Apollo Command and Service Module will then have
the docking module attached in place of the Lunar
Module. The Apollo spacecraft will perform the ma-
neuvers necessary for rendezvous and then dock with
the Soyuz using the universal mechanism on the
Docking Module. For about 2 days, astronauts and
cosmonauts will exchange visits between vehicles. Ad-
ditional tests of the docking mechanism are planned
and, after final separation, the two spacecraft will con-
duct independent activities before re-entry.

Skylab Program.—Delivery of the Skylab modules to
KSC for the initial missions was completed in October.
In step with the hardware program has been the train-
ing of our astronauts and the refinement of mission
planning. Changes in operational concepts and pro-
cedures have resulted from special tests and simulations
conducted with astronaut crews in preparation for
launching this country’s first experimental space
station.

Additionally, the unique Skylab Student Project
has completed its selection of experiments from
among the thousands submitted, and these are now
being integrated into the experiment program.

Finally, Skylab has been given extensive interna-
tional support for many experiments in earth resources,
solar astronomy and space applications involving the
efforts of about 250 foreign professionals and more
than 350 American investigators.

The final prelaunch phases of the Skylab Program
are now in progress, consisting of equipment check-
out, launch preparations, astronaut training, and
mission planning. Attention is now focused on activi-
ties at the Kennedy Spaceflight Center. These include
extensive checkout and launch preparation operations,
changeout of some items that could not be accom-
plished prior to delivery, stowage of consumables, sys-
tems tests, stacking of the modules on the launch
vehicles, and movement to the launch pad. This will
be followed by count-down demonstration tests and a
final flight readiness review. At present, KSC activities
are on schedule for the launch of the Skylab Workshop
on April 30, 1973, followed by the first crew launch
on May 1, 1973.

With the selection of the flight crews in January
1972, an active training program of approximately
2200 hours was begun. Included in the training pro-
gram, and first used in February 1972 is the Skylab
Simulator, designed to provide training in the opera-
tion of the major Skylab systems including Electrical
Power, Environmental Control, Communications, and
Solar Experiments. An Apollo Command Module
simulator, modified for Skylab, has been in use since
May. A number of other simulators are also being used
for training and mission planning.

The first rehearsal, conducted in January, simulated
the flight control activities that take place in the Mis-
sion Control Center at MSC. The second, held in May,
included flight planning, as well as flight control ele-
ments. Flight control specialists, program personnel,
and many scientist experimenters took part.

In September the astronauts simulated flight opera-
tions which covered launch and rendezvous of the
CSM with the Skylab, activation of the Skylab, some
typical in-orbital days, deactivation of the Skylab, and
return to Earth.

The “Skylab Medical Experiments Altitude Test”
was conducted in an altitude chamber for 56 days, from
July 26 to September 20, 1972, at the Manned Space-
craft Center, to obtain baseline medical data for a
typical Skylab mission under the expected Skylab envi-
ronmental conditions (5 psia, 70 percent oxygen and
30 percent nitrogen), except for zero gravity. The test
results showed no significant physiological changes due
to test duration or conditions.

In 1972 the breadth of the scientific and technologi-
cal investigations associated with Skylab has been sig-
nificantly increased. This came about through: selec-
tion of the Earth Resources Experiments investiga-
tions; the addition of new experiments; the efforts of
existing Principal Investigators to bring additional
talent into their areas of investigation; and through
general efforts to achieve a maximum of scientific
product from the Skylab data. Overall, the 70 special
purpose instruments aboard the Skylab will gather
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data for about 290 distinct investigations. Over 600
senior scientists are now formally associated with the
program.

During the year the Solar Astronomy Principal In-
vestigators have established agreements for joint in-
vestigations with over 40 astronomers and physicists
in the USA and abroad to assure a thorough problem-
oriented attack on solar physics. Concurrent ground-
based observations in accessible wavelength regions,
and X-ray and gamma-ray spectroscopy from sound-
ing rockets and balloons will provide needed supporting
data to the space-born observation programs and will
multiply the solar physics return from both activities.

The Earth Resources Experiment Package (EREP)
hardware has been completed and installed in Sky-
lab flight vehicles. The six high-performance sensors
in this experiment facility will be used to gather in-
formation to be utilized by scientists world-wide. Their
investigations, using the Earth resources data acquired
from space, will include studies of the atmosphere, the
oceans, geology, environmental quality and agriculture.

More than half of the 300 proposals received from
potential EREP investigators have been selected for
inclusion in the Skylab Program. A third of these
represent participation by scientists of foreign nations,
making this a truly international undertaking.

The preflight phases of the Skylab Student Project
were nearly completed during 1972. Early in the year
approximately 3,400 proposals were received from all
areas of the country. From these, 301 regional winners
were selected and given suitable recognition, and a fur-
ther selection resulted in the 25 national winners rep-
resenting 18 different states. Of the 25, 11 required
new hardware; the remaining 14 will be able to carry
out their experiments using data from existing hard-
ware. :

Space Shuttle—In the Space Shuttle Program sig-
nificant progress was made during 1972. After two
years of intensive study, undertaken by NASA with the
assistance of major aerospace companies, it was deter-
mined conclusively that development of a low-cost
transportation system based on a reusable vehicle was
both economically and technically feasible. Accord-
ingly, the President decided in January 1972 that
NASA should proceed with development of the Space
Shuttle.

The configuration selected offers maximum eco-
nomic advantages with minimum technical risk. The
reusability concept makes it possible to reduce trans-
portation and payload costs projected for the 1980%.

Configuration—The Space Shuttle is a two-stage
vehicle, consisting of an orbiter with an externally at-
tached hydrogen/oxygen tank and two solid-fuel rocket
boosters. This combination is launched vertically, with
the twin boosters and orbiter main engines firing in
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parallel. At an altitude of 40 km (25 miles) the boost-
ers are detached and descend by parachute, so that they
may be recovered, refurbished and reused. The orbiter
vehicle continues its flight, using its own propulsion
systems and jettisons the external tank after entering
Earth orbit. Upon completion of its mission the orbiter
returns to Earth and lands like a conventional airplane.

Missions.—This configuration provides the flexibility
necessary to place a wide variety of payloads, into
Earth orbit for scientific, commercial and military space
operations. Integrated space operations may include:
the placement of unmanned satellites into low Earth
orbit; the delivery of satellites and propulsion stages
into high Earth orbit for scientific exploration or deep
space probes; the conduct of man-tended experiments
in low Earth orbit by means of a “sortie laboratory”.
In the case of unmanned payloads, the Space Shuttle
will deliver, deploy and revisit satellites to service, up-
date, repair, and retrieve them.

Shuttle Economics.—In comparing the costs of con-
ducting space operations utilizing a Space Shuttle in
lieu of expendable launch vehicles, significant savings
have been identified. These savings result from reusing
the Shuttle, providing accessibility in space to payloads
and spacecraft, and the capability to retrieve and reuse
payloads. Of the savings expected to be realized, 62
percent would result from retrieval and reuse of pay-
loads and 38 percent from lower launch costs and in-
creased vehicle reliability.

Management Concepts—Another major decision
made in 1972 was the selection of the management con-
cept for the Space Shuttle Program. This concept calls
for a small program staff at NASA Headquarters in
Washington, while day-to-day management of the pro-
gram is delegated to a “lead center” (the Manned
Spacecraft Center, Houston, Tex.). Systems integra-
tion will be the responsibility of the orbiter prime con-
tractor, who will be supervised in this task by personnel
from MSC. The Marshall Space Flight Center,
Huntsville, Ala., -will be responsible for development
and testing of the Shuttle main engine, the external
tank and the solid rocket booster. Launch and landing
operations (including vehicle refurbishment) will be
conducted at the Kennedy Space Center and at Van-
denberg Air Force Base depending upon mission re-
quirements. Close cooperation will be maintained
with the United States Air Force.

Environmental Impact.—In 1971 a draft environ-
mental impact statement was prepared and distributed
to the Council of Environmental Quality, the Office
of Management and Budget, the Environmental Pro-
tection Agency, and the Departments of Transporta-
tion, Defense, and State. Based on comments received
from these agencies, the potential environmental im-



pact of the Space Shuttle was analyzed in 1972. It was
agreed that the potential for adverse effects on the en-
vironment would be small, of limited duration and
confined to narrow geographic areas.

Technology Development—The Space Shuttle repre-
sents, in effect, a “second generation” space transpor-
tation system and will take maximum advantage of
advanced technologies, some of which were developed
during earlier manned space flight programs but were
not applied since those programs had matured to a
point where it would have been uneconomical to make

major changes.

Contractor Selection.——In July 1972 the Space Divi-
sion of North American Rockwell was selected as the
prime contractor for orbiter development and systems
integration. A letter contract was signed on August 9
and negotiations for contract finalization were begun.
The Rocketdyne Division of North American Rock-
well, which had been selected as the prime contractor
for development of the Space Shuttle main engine, was
awarded a definitive contract on August 11, 1972. This
contract provides for the delivery of propulsion-test
and flight-rated engines. Seven of these are to be used
during the development phase, with the balance des-
tined for operational flights.

Program requirements for the external tank and
solid rocket booster were definitized and work was be-
gun on the preparation of procurement packages for
these major Shuttle components. Major emphasis will
be placed on low-cost manufacturing and tooling tech-
niques to reduce unit costs to acceptable levels. The
external tank will be fabricated and assembled in the
government-owned plant in New Orleans, La.

Program Baseline.—The approved program baseline
calls for the delivery of two orbiter vehicles during
the development phase of the program; plans call for
three additional vehicles to be delivered during the
operational phase. The Shuttle main engines, the ex-
ternal tank and solid rocket boosters will be furnished
to the orbiter contractor by the government, with the
Space Division of North American Rockwell respon-
sible for integration of all Space Shuttle systems ele-
ments. First horizontal flight is planned in the mid
1970’s and the first manned orbital flight in the late
1970’s.

Mission Planning.—Work continued to define pay-
load requirements and to plan missions which will
make maximum use of Shuttle capabilities. Discussions
were begun with potential users and an organizational
framework was established, which would insure close
cooperation with user organizations.

Shuttle Operations—On April 4, 1972, Dr. James C.
Fletcher, the NASA Administrator, announced that
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the Shuttle would operate from the Kennedy Space
Center in Florida and Vandenberg Air Force Base in
California. It was determined, after a thorough review
of 150 potential launch sites, that those two existing
facilities offered major advantages with respect to cost,
safety, operational requirements and environmental
impact.

In early 1972 the Sortie Laboratory was suggested as
a potential activity for European study and develop-
ment. Active study of the Sortie Lab was undertaken
by ESRO and a decision whether or not to proceed is
under consideration.

Space Tug.—Conceptual studies of the Space Trans-
portation System include a propulsive stage that is
carried into low Earth orbit by the Space Shuttle.
The primary function of this reusable upper stage,
termed Space Tug, would be to extend the operating
regime beyond the Space Shuttle to include orbital
plane changes, operations to and from higher energy
orbits extending to geosynchronous positions, and
Earth escape missions. The Tug could be used for
orbit placement, retrieval, stage/payload reuse and
in-on-orbit refurbishment, for civil and military pro-
grams.

In early 1972, Tug definitions studies under spon-
sorship of the European Space Conference (ESC)
were conducted by the European Launcher Develop-
ment Organization (ELDO) in coordination with
NASA. NASA later initiated a major planning activity
to define and assess options that would provide an in-
terim Tug capability at about the same time the Shut-
tle is initially operational. This effort is being well co-
ordinated with associated Air Force work in this area
and joint funded Tug study activities will be imple-
mented in fiscal year 1973.

Life Sciences.—Advances to date on “early warning”
disease detection systems, and medical diagnosis to
remote areas by otherwise unavailable specialists show
great promise for application to the general public.

Development of a new concept in space suits for
Space Shuttle application is rapidly moving along.
The space suit is lightweight—less than 12 pounds;
utilizes new soft fabric joint technology in shoulders,
elbows, and knees; incorporates a soft, stowable visor-
helmet; and provides short term comfort of five hours
at the operating pressure. Suits will not require custom
fitting, and can be reused.

Cooperation with the U.S.S.R. in the medical area
is also continuing.

Remote Medical Diagnosis—NASA and HEw have
begun a joint effort which ultimately will extend to
remote areas the health care facilities and expertise
heretofore only available in large metropolitan medical
centers. The concept to be employed is based on tech-
niques used in tracking the health status of astronauts
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during space flight. The system will make maximum
use of advanced computers and modern communica-
tions to transmit patient medical data from a remote
site to urban control centers, where physicians will
diagnose ailments and prescribe treatment to be ex-
ecuted by trained medical assistants at the remote
location.

Advanced Program Studies—These studies focused
on the missions, systems, and interface studies needed
to support the effective utilization of the space trans-
portation systemn based on the Space Shuttle.

Studies of the hardware and operating interfaces
between the Space Shuttle, the Space Tug and a rep-
resentative group of potential future space payloads
produced a conceptual definition of appropriate inter-
face equipment. Also investigated were the launch site
service interfaces for the Space Tug, and the dynamics,
control and capture of tumbling spacecraft.

During 1972 the Materials Science and Manufactur-
ing in Space (MS/MS) program, sponsored by OMSF,
conducted two small “demonstration” experiments on
the Apollo 16 and 17 lunar missions, added a group
of ten new experiments to the Skylab mission, and con-
siderably expanded its activities aimed at preparing
payloads for the Space Shuttle. The new Skylab ex-
periments will use a small, multipurpose furnace sys-
tem added to the payload in 1972. Proposals were so-
licited in January, and eight United States and two
foreign scientists were selected to participate.

A Mission and Payload Integration Office (MPIO)
has been established in OMSF. This new office is re-
sponsible for the planning, direction and coordination
of payload activities between the various elements of
the Space Shuttle, Tug, and Sortie Lab within OMSF
and the payload sponsor in NASA and other govern-
ment agencies. The primary objective of the MPIO
is to assure the compatibility of the Shuttle, Tug, and
Sortie Lab with the payloads to be flown on these ve-
hicles. Payload/mission trade studies have been initi-
ated and will be continued.

The MPIO has also been assigned the responsibility
for periodic updating of the NASA Mission Model.
The Mission Model displays, in abbreviated format,
planned and potential space missions scheduled to be
flown in the period extending from 1973 through 1990.

Studies of sonic boom and effects of exhaust efflu-
ents as related to Shuttle flights have been conducted
and will be continued into the coming year. Cryogenic
technology, structures, thermal control, propulsion and
space power devices are typical of the tasks under de-
velopment. Lightning warning and control in the
launch area, development of short pulse lasers, control
components and solar cell energy wheel systems are
other areas of promising developments.

Initial study activity leading to agreement with the
Soviets for the Apollo/Soyuz Test Project was coordi-
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nated within the Advanced Development Office. With
emphasis now shifting to the study of a Space Tug,
system developments applicable to this type vehicle
are being planned.

Space Science

Mariner Mars.—Mariner 9 was launched successfully
on May 30, 1971, and was placed in orbit about Mars
on November 13, 1971. The spacecraft remained oper-
ational until October 27, 1972, approximately one
year after orbital insertion. Despite a severe dust storm
during the first 14 months of its orbital lifetime, it
mapped 100 percent of Mars to an optical resolution
of about 1 km by taking nearly 7,400 pictures of the
planet and its satellites. It also mapped large por-
tions of the planet in the infrared and ultraviolet
spectra providing information on the atmospheric
temperature and composition including definite identi-
fication of water vapor features, and on the surface
characteristics including many elevation measure-
ments. In addition, it provided a Mars gravity contour
map, more precise information on the ephemerides of
Mars, and conducted a relativity experiment as part
of the celestial mechanics experiment. Finally, the
S-band occultation experiment provided temperature
and elevation profiles for major areas of the planet.

Mariner 9 has been more than 100 percent success-
ful in meeting all of the objectives of both the basic
90-day mission and the 9-month extended mission.
The results of Mariner 9 have completely rewritten
the book of knowledge on Mars and have completely
changed the previous image of the planet.

Mars has now been identified as a live, dynamic,
evolutionary planet with dust storms, changing cloud
formations and volcanoes instead of a barren, dead,
Moon-like planet.

Mariner Venus/Mercury ’73.—During 1972 develop-
ment continued on the Mariner spacecraft scheduled
to be launched from Cape Kennedy during the Octo-
ber/November 1973 opportunity, which has as its
primary objective the first exploration of the planet
Mercury.

On its way to the closest planet to the Sun, the
spacecraft will fly within 5,3000 kilometers (3,300
miles) of Venus, where it will receive an increase in
speed and the necessary trajectory deflection to reach
Mercury.

The high-resolution TV cameras aboard the space-
craft will take the first TV pictures of both planets.
A total of 5,500 pictures of Venus, and 2,000 pictures
of Mercury are scheduled to be taken. The average
resolution of these pictures is expected to be two kilo-
meters (1%4 miles), but selected targets will be photo-
graphed at a 100-meter (110-yard) resolution.

Other science instruments aboard the spacecraft



will investigate the composition, color and circulation
patterns of Venus’ clouds. These same instruments
will also investigate the surface of Mercury, measure
any atmosphere present, and explore its environment
both on the approach and departure legs of the en-
counter trajectory.

Final assembly of the Launch Vehicle (Atlas Cen-
taur D-1A) has been started, and will be completed by
January 1973.

The assembly of the Flight Spacecraft will begin in
January 1973 and is scheduled for completion during
April 1973. System and environmental testing will be
completed by August 1973.

Pioneer.—Two interplanetary Pioneer spacecraft have
been designed for exploratory missions to fly to Jupi-
ter. Pioneer 10 was launched on March 2, 1972, while
Pioneer G will be launched in the April 1973 time
period. Once it successfully achieves its trajectory it
will be designated as Pioneer 11. These spacecraft each
carry 11 separate scientific instruments to explore the
interplanetary medium beyond the orbit of Mars, to
determine the size, density and velocity of meteoroids
and asteroids in the asteroid belt and to examine, dur-
ing a close flyby, the environmental and atmospheric
characteristics of the planet Jupiter.

The information and technology derived will im-
prove the operational capability for long-duration
flights to the outer planets—Saturn, Uranus, or
Neptune.

Following the March 2 launch of Pioneer 10, the
scientific instruments were turned on and checked out
and 10 of the complement of 11 began to collect data
on the interplanetary medium (magnetic fields, mete-
oroids, solar and galactic radiation.) The eleventh in-~
strument is designed for the Jupiter encounter phase
and therefore remains inactive for the greater part of
the interplanetary cruise phase. With the exception of
some anomalies, all subsystems and experiments have
continued to function satisfactorily. During early Au-
gust 1972, when several severe solar storms occurred,
scientific data on the solar environment was collected
simultaneously from both Pioneer 10 and Pioneer 9
{(launched Nov. 8, 1968) at their different heliocentric
distances.

Acceptance testing of the flight article Pioneer G
was conducted throughout the latter part of the year
following the integration of the experiments and space-
craft subsystems in June 1972.

Helios—This program, first conceived in 1966 as a
cooperative endeavor between the United States and
the Federal Republic of Germany, is planned for one
mission in 1974 and a second in two years to investigate
the properties and processes in interplanetary space in
the direction of and close to the Sun (within approxi-
mately 0.25 of the distance from the Sun to the Earth).

The United States will provide three scientific experi-
ments to complement the seven Germah experiments;
will launch the spacecraft; provide tracking and data
acquisition facilities and personnel; and will provide
technical assistance to the German personnel in test-
ing the spacecraft and in the review of the spacecraft
design and the spacecraft test program. The Federal
Republic of Germany will design, develop and fabricate
the spacecraft (as well as the seven experiments),
and will operate it during each 130-day mission.

During the year a substantial test phase was com-
pleted with two developmental models (the spacecraft
and thermal models) of the spacecraft. The engineer-
ing models of both the U.S. and German scientific
instruments were delivered for integration with the
spacecraft and subsequent testing. The spacecraft de-
sign review, conducted in Germany by a NASA team,
essentially completed the design phase for the space-
craft and the scientific instruments.

Viking—The exploration of Mars will enter a new
phase in 1976 when two Viking landers are scheduled
to reach its surface and begin their detailed scientific
investigations.

Scientific emphasis will be placed on obtaining data
relevant to the search for life on Mars. Additional
science results will help us understand the evolution
of Mars and the solar system. Two separate Viking
spacecraft are scheduled to be launched in August-
September 1975, to reach and orbit Mars in June-
August 1976, Each spacecraft will first inspect the pre-
selected landing sites, then separate into two parts: an
Orbiter which will continue to conduct visual, thermal,
and water-vapor mapping of the planetary surface;
and a Lander which will analyze the atmosphere as it
descends and then will conduct varied surface experi-
ments.

Progress during the year included completion of the
preliminary design reviews for the Orbiter, Lander, and
Launch and Flight Operations systems.

Most of the instrument and subsystem development
tests were completed, leading to the beginning of pro-
totype hardware fabrication. Three of the science in-
struments—for biology, meteorology and organic anal-
ysis of the soil—were simplified to keep within cost,
weight, and schedule constraints, As a result of the
science findings from the Mariner 9 mission, a new
science experiment for inorganic analysis of the soil
was added to the payload to increase the geological
results from Viking.

Outer Planets Missions—The Outer Planets Mis-
sion, Mariner Jupiter/Saturn (MJS77), is planned to
take advantage of a favorable planetary alignment that
occurs in the latter half of the 1970’s, by using the
gravity-assist “swingby” technique to explore these two
planets.
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The M]JS77 mission will involve two launches in
1977 of spacecraft which will fly by Jupiter some 1
years after launch and, after being accelerated by Jupi-
ter’s gravity and orbital velocity, will fly on to reach
Saturn some 3% to 4 years after launch.

Mission and spacecraft design studies have been
underway to maximize the science return for the mis-
sion. The design calls for two identical spacecraft
based primarily on Mariner/Viking Orbiter designs,
making maximum use of leftover Viking hardware
where possible. An Announcement of Flight Oppor-
tunity (AFO) was issued to the scientific community
to solicit experiments for the mission. The proposals in
response to the AFO have been evaluated and the sci-
ence payload selected. Detailed design of the mission
and refinement of the spacecraft system have con-
tinued.

Orbiting Observatories.—Two OAO satellites are now
orbiting the Earth and are currently obtaining scien-
tific data on planets, stars, nebulae and galaxies. OAO-
2, launched December 7, 1968, has this past year ex-
tended the ultraviolet spectral coverage of both galac-
tic and extra-galactic objects that has advanced our
understanding of the true nature of these objects. The
first ultraviolet observations of Uranus have been ob-
tained, and complete light curves of eclipsing variable
stars have been produced, permitting more detailed
analysis of the outer atmospheres of these stars than
has been possible before. The first observations of a
super-nova are being interpreted as an expanding gas
cloud.

In its 4 years of operation OAO-2 has obtained
over 13,000 observations of celestial objects with the
University of Wisconsin experiment, and over 3,500
observations with the Smithsonian Astrophysical Ob-
servatory experiment. OAO-3 (Copernicus), whose
primary objective is to obtain high resolution ultra-
violet spectra of stars necessary to investigate the com-
position and physical state of matter in interstellar
space and stellar sources, was launched August 21.

In its first few months of operation, OAO-3 has
observed a number of “bright” stars, both reddened
and unreddened, which may give important informa-
tion on mass loss from extended stellar atmospheres
and on the nature of interstellar clouds.

The X-ray experiment on OAO-3 has observed a
number of X-ray sources and was able to correlate
in soft X-rays a recent giant radio wave outburst from
the X-ray source Cyg XR-3.

The Orbiting Solar Observatory-7 (OSO-7),
launched in September 1971, has continued to ob-
serve a number of significant events and phenomena
of the Sun. Techniques for forecasting the appearance
of active regions on the Sun have been improved. This
will aid in the study of the Sun’s effects on the Earth’s
environment. Nuclear reactions in solar flares were
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confirmed for the first time by OSO-7 observations of
gamma ray emission lines from nuclear reacting prod-
ucts. Development of the last spacecraft of the OSO
Series, OSO-1, continued during 1972.

High Energy Astronomy Observatory (HEAO)—
Studies continued on the HEAQ missions to investigate
celestia] X-ray, gamma-ray, and cosmic-ray phe-
nomena.

Explorer and International Satellites—An Inter-
planetary Monitoring Platform (IMP) designated Ex-
plorer 47 was launched on September 22, 1972. The
IMP series was established to make long-term obser-
vations of Earth-Sun relationships, particularly the
outer magnetosphere, the magnetosheath and the in-
terplanetary medium. Earlier IMP’s have mapped in
broad detail the interplanetary region, the Earth’s
magnetosphere, solar and galactic cosmic rays, and
other complex solar-terrestrial relationships.

A cooperative mission with Germany, AEROS, was
launched in December to measure the main aero-
nomic parameters of the upper atmosphere and the
solar ultraviolet radiation in the wavelength band of
main absorption.

SAS-B, Explorer 48, the second in the Small As-
tronomy Satellite series, was launched in November
1972 by an Italian team from the San Marco facility
off the coast of Kenya, Africa. SAS-B is designed to
measure the spatial and energy distribution of primary
galactic and extra-galactic gamma radiation.

SAS-A, Explorer 42, since launch in December 1970
has provided a continuing stream of highly significant
scientific information. In addition to cataloging to date
some 160 X-ray sources and discovery of X-ray pulsars
which appear to differ in some respects from the more
commonly known radio pulsars, other unique informa-
tion includes the discovery of binary star systems iden-
tified solely on X-ray data and possible data to support
the theories of “Black Holes” which are massive stars
that have collapsed to the point where gravitational
forces prevent the escape of any electromagnetic radi-
ation including visible light.

Atmosphere Explorer—The three-mission Atmos-
phere Explorer (AE-C, D, E) program represents
NASA'’s primary effort in investigating the largely un-
explored region of the lower thermosphere, the region
where the bulk of solar energy is absorbed and most of
the chemical and energy conversion processes occur
which govern the structure and properties of the upper
atmosphere.

This year was devoted to the completion of the
spacecraft and experiment final designs, fabrication
of spacecraft and experiment hardware, procurement
of the data handling system, and the initiation of the



integration and test phase of the AE-C mission which
is scheduled for launch in late 1973.

Sounding Rockets, Balloons, and Aircraft—The
NASA Airborne Science Program uses aircraft to make
scientific measurements not possible from the Earth.
The program is currently using a 30-cm diameter tele-
scope installed in a Lear Jet which is capable of operat-
ing at altitudes near 15 kms (50,000 feet). One of
the far-reaching results of this program has been the
detection of enormous amounts of radiation emitted
by gas and dust clouds in our galaxy at these long wave-
lengths.

In 1972 the manufacture and assembly of the 91-
cm (36-inch) infrared telescope was completed. In-
stallation of the telescope into a C-141 aircraft was
started. Initial observations are scheduled for 1973.

-The NASA Sounding Rocket and Balloon Program
launched 84 rockets from sites including: Wallops Sta-
tion; White Sands Missile Range; Ft. Churchill, Can-
ada; Sweden; Alaska; Hawaii; and Norway. About 50
research teams from universities, private industry,
NASA centers, other U.S. Federal Government agen-
cies and foreign governments were supported. A rocket
launched from WSMR gathered X-ray data of suf-
ficient precision to confirm that the binary star HZ
Herculis is a source of X-ray emissions. A rocket flight
gave information indicating that approximately four
per cent of all hydrogen atoms are in molecular form,
along the path toward the star Delta Scorpii. This is
only the second positive detection of interstellar mole-
cular hydrogen.

There were 55 balloons launched from sites includ-
ing: Palestine, Tex.; Ft. Churchill, Canada, and Aus-
tralia. The balloons ranged from 0.008 million cubic
feet to 46 MCF (the largest balloon ever flown suc-
cessfully) ; the most common size was 11 MCF. A
balloon launched in September 1972 carried an infra-
red experiment which directly observed a 3° K temper-
ature for the cosmic background, strongly supporting
the “Big Bang” theory of the origin of the universe.

Physics and Astronomy Shuttle Sortie Payloads.—
Possibilities for operating national physics and astron-
omy research facilities on the Space Shuttle by pro-
viding the capability for conducting unique experi-
ments or observations of specific phenomena are being
investigated. These facilities could encompass both
laboratories and observatories configured as Shuttle
payloads and operated by scientists on the Shuttle.
Each payload could be flown several times per year
and have an operational lifetime compatible with
traditional ground-based facilities.

Launch Vehicle and Propulsion Program.—The
Scout launch vehicle successfully orbited five satellites
this year. The Meteoroid Technology Satellite

(MTS-A) was launched from the Wallops Station
launch site in Virginia; three missions, the Transit
Improved Navigation Satellite, European Space Re-
search Organization/ESRO—4, and the German co-
operative Satellite/ AEROS were flown from the
Western Test Range in California; and the Small
Astronomy Satellite (SAS-B) was launched from the
San Marco Range off the east coast of Africa under
a cooperative reimbursable launch services contract
with the Italian Centro Ricerche Aerospaziali. The
five missions extended the Scout launch record to 28
consecutive successes—a new record for U.S. launch
vehicles. The Scout Program has now sustained a 100
percent reliability record since September 1967.

In January, the HEOS II mission was successfully
launched for the European Space Research Organiza-
tion (ESRO) on a Delta vehicle.

This was followed by another successful launch for
ESRO when the TD-1 satellite was launched in
early March. In July one of the most significant mile-
stones in the history of the Delta Program was
achieved with the launch of the ERTS-1 satellite. The
launch vehicle/Delta 89 flew with the following first-
flight items: first flight using nine solids (strap-on
solids to the Thor booster) ; first flight of the spring
separation system; first flight of the Delta inertial
guidance system (DIGS); and first flight of the AJ-
10-138 second stage propulsion system on Delta.

The vehicle performed flawlessly and placed the
satellite into a nearly perfect orbit. A little over a
month later, Explorer 47 (IMP-H) was launched
using for the first time the extended Thor booster and
the TE-364—4 motor third stage on a Delta mission.
In November, ANIK I was successfully launched for
the TELESAT Canada Corporation. This was the
first mission requiring the new eight-foot diameter
fairing (called “straight eight” Delta). The “year of
firsts” for Delta was completed with the successful
launch of Nimbus V in December.

The Atlas-Centaur launch vehicle successfully com-
pleted the launch of four missions during this period,
including two INTELSAT IV launches for the Com-
munications Satellite Corporation, an Orbiting Astro-
nomical Observatory (OAO-C) called Copernicus,
and the Pioneer G launch to Jupiter. The launching
of Pioneer G marked the first flight of the TE-364—4
solid rocket motor and resulted in the highest velocity
ever achieved by a man-made satellite and the first
man-made object to escape the gravitational pull of
the Sun.

Applications Programs

On December 3, 1971, NASA announced the estab-
lishment of the Office of Applications within the Head-
quarters organization. At that time the personnel,
programs, and functions of the Earth Observations
Programs Division and the Communications Programs
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Division were transferred to the new office from the
Office of Space Science and Applications. That office
was renamed the Office of Space Science. The Deputy
Associate Administrator for the Office of Manned
Space Flight was appointed to head the new Office of
Applications.

In March 1972, the Applications Program Integra-
tion Board was established. This board is comprised of
the Deputy Administrator, all Associate Administra-
tors, and the Directors of field installations. The
purpose of the board is to provide a mechanism for
negotiating support with the cognizant Associate Ad-
ministrators and Field Installation Directors for spe-
cific elements of the NASA Applications Program, and
for establishing a consistent approach to institutional
support. As a further effort to develop field installation
support and to increase the depth of program staffing,
the Applications office employed the Lead Center con-
cept. This involves the assignment of program develop-
ment effort by major discipline areas to selected field
installations, as an extension of the cognizant Head-
quarters office.

A very important part of the development of the Of-
fice of Applications is the addition of a User Affairs
Division. This Division is intended to increase the
responsiveness of applications programs to those whose
technological requirements might be satisfied by NASA
capabilities. It will also assist these potential users in
identifying their program areas wherein NASA can
make valuable contributions. The Lead Center orga-
nizations will add depth also to this critical two-way
flow of information.

Earth Resources Technology Satellites.—Perhaps the
most important single applications program event dur-
ing 1972 occurred on July 23, when the first Earth
Resources Technology Satellite (ERTS 1) was suc-
cessfully launched from the Western Test Range on a
Delta launch vehicle. The accurate polar orbit
achieved allows the satellite to cross over the equator
at about 10 a.m. each day, phased with regard to the
rotation of the Earth to cause the satellite to cross the
same area of Earth every 18 days for repetitive cover-
age. The objective of this mission is to obtain multi-
spectral earth resources imagery for 330 selected in-
vestigations in areas such as agriculture, forestry,
geology, geography, oceanography, ecology, and en-
vironmental quality.

Earth Observations Aircraft Program.—In 1972,
as in past years, the Earth Observations Aircraft Pro-
gram (EOAP) served as a major source of remote
sensing data for the Earth Resources Survey investiga-
tive program and continuing support was provided to
in-house and interagency surveys and to sensor de-
velopment efforts. The major portion of the 1972 air-
craft program effort resulted from the requirements
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generated by ERTS and Skylab investigations for sup-
porting data in the new EOAP role as an integral part
of prototype space-borne remote-sensing systems.

Accomplishments included the completion in March
of the ERTS simulation undertaken with the new
high altitude aircraft. These two aircraft were later
used to acquire data for several agricultural investiga-
tions during the early 1972 growing season. Because
of delays in the launch of ERTS 1, an essential segment
of data would have been missed, had it not been for
the use of the aircraft. Since the launch of ERTS 1,
all EOAP aircraft have been engaged in a supporting
role.

To date some 150 overflights of ERTS 1 test sites
have been accomplished. With the assistance of the
USAF, NASA remote-sensing aircraft also acquired
photomosaic data needed for Skylab astronaut simula-
tor training and for the development of on-board data
files needed for site recognition in operating the EREP
5191 Infrared Spectrometer sensor.

During 1972, NASA aircraft contributed to several
disaster surveys in cooperation with NOAA and the
State of California. Disaster survey flights included
two forest fires in California, a dike break and sub-
sequent flooding in California and the flood damage
associated with Hurricane Agnes.

Nimbus.—Another major event during 1972 was the
launch into polar orbit of Nimbus 5 (E) on Decem-
ber 12, on a Delta launch vehicle from the Western
Test Range. This mission carries six major experiments
to improve remote sounding of the atmosphere from
orbital altitudes and to extend this capability to cloud-
covered areas and to higher altitudes. These kinds of
data are needed for research which could lead to im-
proved long term weather for forecasting and increased
understanding of atmospheric processes.

This mission also carries a surface composition map-
ping radiometer (SCMR) to determine the composi-
tion of the surface by measurement of the modification
of the thermal emission of igneous rock. Contracting
for the experiments for the next mission, Nimbus F,
was completed during early 1972 and the develop-
ment effort more than half completed by the end of
the year. Nimbus F is planned for a mid-1974 launch.

Improved TIROS Operational System—On Octo-
ber 15, 1972, the NASA-developed ITOS-D mission
was launched by NASA into a polar orbit on a Delta
launch vehicle from the Western Test Range. The cost
for this mission (the spacecraft and launch services)
is fully reimbursed by the National Oceanic and At-
mospheric Administration (NOAA) and the post-
launch designation of the mission is NOAA 2. In ad-
dition to the cloud cover imaging sensors carried by
the previous TIROS missions, NOAA 2 carries a ver-
tical temperature profile radiometer. This sensor,



which provides the first operational temperature pro-
file sounding capability, stems from development work
done in support of the Nimbus missions. The space-
craft was checked out by NASA and turned over to
the National Environmental Satellite Service (NESS)
on November 8 for operational service. Follow-on mis-
sions are planned at the rate of about one per year for
the next 3 years.

Applications Technology Satellites—The Applica-
tions Technology Satellite (ATS) F is a multi-user
communications experiments satellite. It is a heavy
and complex spacecraft involving a large deployable
parabolic antenna, an accurate three-axis, Earth-
oriented stabilization system and a sophisticated com-
munications transponder. The ATS-F mission also
carries several multidisciplinary experiments that bene-
fit from the synchronous orbital altitude of the ATS
mission. During 1972 a major review was undertaken
to reestablish a proper schedule phasing between the
various elements of the project.

The Department of Health, Education, and Wel-
fare (HEW), and the Corporation for Public Broad-
casting (CPB) will make use of ATS-F in coordina-
tion with the Rocky Mountain Federation area, the
State of Alaska, and the Appalachian Regional Com-
mission. This effort involves the demonstration of edu-
cation and health care by satellite. Experiment coor-
dination and working group meetings have been held
and operations planning is on schedule. The users have
educational and broadcasting groups under contract
to generate the programs that will be used. In addi-
tion, separate contracts have been let to develop an
evaluation subproject to help evaluate the results of
these experiments. One year after launch ATS-F will
be repositioned over the Indian Ocean to allow the gov-
ernment of India to conduct a one-year instructional
television experiment. The receiving hardware being
developed by India appears to be on schedule for a
mid-1975 start, and television tapes are being prepared.

During 1972 the ATS 1, 3, and 5 missions continued
to perform valuable services well beyond their design
lifetimes. In addition to the well known synchronous
altitude imagery of the Earth which has located and
tracked many hurricanes, these missions have provided
experience to many users in communications.

Synchronous Meteorological Satellites—The objec-
tive of the Synchronous Meteorological Satellite
(SMS) project is to develop a geostationary satellite
system which will meet the National Operational
Meteorological Satellite System (NOMSS) require-
ments as specified by NOAA. Meteorological satellite
imagery to date has found its main strength in the
integrative effect of orbital altitudes. Such large-
scale imagery can afford to be intermittent in coverage
as provided by the ITOS missions. However, short-

term, local-area forecasting can be helped immeasur-
ably by near-continuous observation of short-duration
phenomena such as severe weather features. These
phenomena are frequently of such a size and have
a brief lifetime in comparison to large-scale systems
that they pass through the relatively coarse mesh of
the conventional, land-based observational network.
This short-term weather forecasting and satellite ob-
servational requirement will be met with the capa-
bility of the SMS spacecraft, which will carry the
large and sophisticated Visible and Infrared Spin Scan
Radiometer (VISSR) sensor.

This sensor can take full-Earth disk pictures every
half-hour, day or night. Additionally, the SMS system
provides for the collection of environmentally signifi-
cant data from up to 10,000 sensing platforms in
remotely located sites. Both raw and processed envi-
ronmental data can be distributed to small regional
forecasting or warning stations by using the data relay
capabilities of SMS. SMS experienced a deep and
thorough management review during 1972. This re-
view determined that advanced design features had
been incorporated into the spacecraft design which
had not been adequately assessed in the program defi-
nition estimates, As a result the launch of SMS-A
has been delayed about ten months to late 1973, with
SMS-B scheduled for early 1974. During 1972 the
SMS spacecraft design and verification was completed
and the thermal/structural model fabricated and
tested. Also, the VISSR engineering and prototype
models were completed.

Global Atmospheric Research Programs.—The
Global Atmospheric Research Program (GARP) is
the research arm of the international World Weather
Program as contrasted to the operational branch, the
World Weather Watch. Research in GARP is aimed
at providing scientific knowledge needed to improve
the range and accuracy of weather forecasts, to deter-
mine the feasibility of large-scale weather modifica-
tion, and to assess the long-term effects of pollutants
on the atmosphere. In pursuing these objectives, the
program will center on the following tasks: (1) the
design and testing by computational methods of a se-
ries of theoretical models of the atmosphere to permit
a more precise description of the significant physical
processes and their interactions; and (2) observational
and experimental studies of the atmosphere to provide
the data from various sources that are required for
the design of such theoretical models and the testing
of their validity. An interagency and international ef-
fort is necessary to execute these tasks.

The National Oceanic and Atmospheric Adminis-
tration (NOAA) is the coordinator of U.S. participa-
tion in GARP. NASA has been assigned two major
tasks: conduct of a Data Systems Test (DST) and
preparation of the Plan for the First GARP Global
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Experiment (FGGE). During 1972 NASA completed
an overall project plan for NASA participation in
GARP, and a detailed plan for the DST. The DST
is a year-long activity to take place during 1974.

Earth and Ocean Physics Program.—The Earth and
Ocean Physics program plan was completed during
1972. This comprehensive plan sets forth the objec-
tives and activities envisioned for the Earth and Ocean
Physics Applications Program (EOPAP) over the next
decade. This applications program is based on the dis-
ciplines of Earth and ocean dynamics. Its primary
goals are to identify, develop, and demonstrate relevant
space techniques that will contribute significantly to the
development and validation of predictive models for
earthquake hazard assessment, ocean-surface condi-
tions, and ocean circulation. In related program areas,
the GEOS-C mission is planned for launch in the sec-
ond half of 1974. Some of the objectives of the GEOS-
C project are to demonstrate the feasibility of satellite
altimeters for measuring the topography of the ocean
surface, and contribute to the calibration and improve-
ment of ground and satellite systems (such as C-band
radar and satellite to satellite tracking) that can be
applied to problem solving in the Earth physics disci-
pline. During 1972, the final configuration of the
GEOS-C spacecraft was resolved with the decision
to include an intensive data rate mode in the altimeter
radar, and work on the development of the spacecraft
was begun.

A significant amount of planning was also accom-
plished during 1972 on technical details leading to the
Laser Geodetic Satellitte (LAGEOS). The LAGEOS
concept is a very dense (high mass/area ratio) laser
reflector satellite which will provide a permanent
reference point in a very stable orbit for preci-
sion Earth-motion measurements such as crustal mo-
tions, fault motions, polar motion and Earth-rotation
variations, solid Earth tides and other kinematic and
dynamic parameters associated with earthquake anal-
ysis. In the fall of 1972, the San Andreas Fault
Experiment (SAFE) got underway with the establish-
ment of laser ranging sites on Otay Mountain near
San Diego and on Mount Shasta near Quincy, Calif.
The baseline between these two sites nearly parallels
the San Andreas Fault. By determining the distance
between the two sites, and what changes occur over
time, the relative motion of the crustal plates causing
the fault can be inferred. This information will form
the basis for estimating the rate of energy build-up
in the fault area. Initial data was acquired during the
last few months of 1972.

Aeronautics and Space Technology

Quiet Engine Program.—A major accomplishment in
the experimental Quiet Engine Program was made this
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April with demonstrations of the Quiet Engine with
complete nacelle treatment. The noise levels demon-
strated were even lower than the original goals of
the program. Comparing the flyover noise of a DC-8
with a hypothetical aircraft using the NASA Quiet
Engine shows that takeoff noise is reduced by 26
EPNdB and approach noise by 29 EPNdB. The ex-
tremely low noise levels of the Quiet Engine are actually
14 EPNdB below the current regulated levels of FAR
36 at takeoff and 17 EPNdB lower at approach.

A second Quiet Engine utilizing a higher top speed
fan was completed and testing began at the contrac-
tor’s test site in March. Noise levels of a fully suppressed
configuration were slightly higher than those of the
first Quiet Engine.

Clean Combustor Program.—Research is continuing
in the important area of engine exhaust emission pol-
lution reduction. The knowledge gained from research
to date will be incorporated in a new technology pro-
gram started in late 1972, the Clean Combustor Pro-
gram, aimed at the development and demonstration of
a practical combustor with very low pollutant emission
levels. The goal is to reduce carbon monoxide and un-
burned hydrocarbon levels by at least 60 percent and
the level of oxides of nitrogen by 75 percent, and to
emit no visible smoke.

Advanced Supersonic Technology.—The Advanced
Supersonic Technology program continued to provide
an expanded technology base in the technical disci-
plines of propulsion, structures and materials, aerody-
namics, and stability and controls. This expanded tech-
nology base can give the industry of our country the
technology option to proceed with the development
of an environmentally acceptable and economically
viable supersonic transport if and when it is determined
that it is in the national interest to initiate such a
program. Airframe and engine systems studies are
underway to assess the impact of new technologies
on the concepts and characteristics of supersonic air-
craft for the 1985-1990 time period, to identify major
technology problems, and to submit recommendations
for research programs. The airframe systems contrac-
tors are the Boeing Co., Seattle, Wash.; McDonnell-
Douglas Aircraft Corp., Long Beach, Calif.; and
Lockheed Aircraft Corp., Burbank, Calif. The engine
systems contractors are General Electric Co., Cincin-
nati, Ohio and United Aircraft Corp., Pratt & Whit-
ney Division, East Harford, Conn.

Hypersonic Research Engine—The hypersonic re-
search engine project was initiated to advance the
technology of air-breathing propulsion for hypersonic
flight. Last year, a test program was completed which
verified the validity of flight-weight, hydrogen-cooled
engine structural design and fabrication techniques in



an environment simulating Mach 8 flight. Currently,
a model incorporating combustion capability is being
tested at Mach numbers of 5 to 7 in the Lewis Re-
search Center hypersonic test facility at Plum Brook,
Ohio. This test program will be completed early in
1973.

NASA-USAF YF-12 Flight Research Program.—
Two YF-12 aircraft are involved in the supersonic
flight research program conducted at the NASA
Flight Research Center, Edwards, Calif. Early in 1972,
one of the aircraft completed the flight portion of the
structures program and has recently completed static
and thermal laboratory tests in the High Temperature
Loads Calibration Laboratory.

The second aircraft was acquired from the Air
Force to conduct propulsion research. The instrumen-
tation was installed in May 1972 and flight tests were
initiated immediately to obtain data on the steady state
performance characteristics of the air induction system
and dynamic distortion measurements. The two YF-12
aircraft completed 20 flights in 1972.

Noise Reduction Flight Procedures Experiments.—
NASA, in conjunction with an airline, has demon-
strated with operational equipment in a Boeing 727
aircraft that two-segment approaches are operationally
feasible and can result in significant noise reduction in
the airport community.

Joint DOT/NASA STOL Operating Experiments
Program.—The objective of this program is to de-
velop a data base for use by industry and government
in establishing system concepts, design criteria, and
operational procedures for STOL aircraft, STOL avi-
onics, and air traffic control. This will be accomplished
through analysis, simulation, and flight tests.

Flight experiments will include the use of research
aircraft equipped with an avionics system with suffi-
cient capability and flexibility to allow investigation
of alternative avionics functional configurations, flight
paths, operational procedures, levels of automation,
and landing aids.

An advanced integrated avionics and display sys-
tem has been developed. Unique flexibility has been
obtained by the use of a single, general-purpose digital
computer for all navigation, guidance control, and
display computation. Modularity of the software in-
sures easy change of the experiments. Flight experi-
ments are now scheduled for April 1973.

STOL Air Traffic Control Integration Simulations
have been conducted to determine the airspace, air
traffic control equipment, and handling techniques to
accommodate the STOL aircraft in a downtown
STOLport and at STOL runways at major hub air-
ports. The design characteristics, avionics equipment,
and flight procedures required to operate the STOL

aircraft in the ATC system have been determined dur-
ing the simulation. STOL operations can be accommo-
dated in high-density terminal areas.

Aircraft Wake Turbulence—NASA is accelerating
its research on wake turbulence, the swirling air masses
which trail from the wing tips of aircraft in flight.

Vortices coming from large, heavy aircraft can be
hazardous to other aircraft encountering these strong
winds. NASA’s Ames, Flight, and Langley Research
Centers and Marshall Space Flight Center are engaged
in wake turbulence research, using wind tunnels, water
tanks, instrumented aircraft and towers, laser doppler
velocity measuring systems and analytical techniques.

General Aviation Aircraft—A program to demon-
strate an application of technology developed for com-
mercial transports to light general-aviation aircraft has
entered the flight test phase. A representative high-
wing general-aviation aircraft has been modified with
an advanced technology wing optimized for cruise
flight. Conventional approach and landing character-
istics are provided through the use of high-lift slotted
flaps, Krueger leading-edge services and aerodynamic
spoilers both for lateral control and flight path control.
Initial results of the flight program have shown the
expected increase in cruise speed and a marked im-
provement in idle qualities and gust response
characteristics.

Short Take Off and Landing Aircraft (STOL).—
The C-8 augmentor-wing STOL research airplane was
delivered to NASA in July 1972, following modification
to incorporate a high-lift concept which previous
wind-tunnel model tests have shown to have promising
performance and safety characteristics. By Septem-
ber 1972, the aircraft had been calibrated for the
research proposed, and procedures for operating the
vehicle in the STOL configuration had been estab-
lished. A program was then initiated to measure in
flight the low-speed aerodynamic, stability, control,
performance and noise characteristics of the research
aircraft, to verify the results obtained in the wind-
tunnel, and to determine operational characteristics
and limitations. The program is a joint one with the
Canadian Department of Industry, Trade, and
Commerce. :

Wind-tunnel model research on the STOL augmen-
tor-wing concept continued with emphasis on means
of reducing the noise to a level acceptable in civil trans-
port operation, and in comparing high and low pres-
sure ratio augmentors. Small-scale model tests were
completed which compared the characteristics of the
augmentor-wing concept with four other promising
STOL high-lift concepts: an internally blown flap; a
conventional flap with deflected thrust; and exter-
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nally-blown flaps with the engines mounted either be-
low or above the wing.

Vertical Take Off and Landing Aircraft (VTOL).—
Research on the lift-fan VTOL transport concept
included wind-tunnel tests of the cruise characteristics
of small unpowered models of designs having several
pod-mounted arrangements, to determine the most at-
tractive configuration for planned powered-model
tests. The large-scale model of a lift-fan transport is
being modified to incorporate tip podded lift fans for
full-scale wind-tunnel tests in 1973. Measurement of
the jet noise of a lift-fan aircraft (the NASA XV-5B
fan-in-wing research aircraft) in flight and in the Ames
40- by 80-foot wind-tunnel showed good agreement
and indicated the future potential of predicting aircraft
flyover noise characteristics from large-scale powered
model tests in the tunnel.

Basic studies continued at the Langley and Ames
Research Centers, generally in joint programs with the
Army, to aid in the development of rotorcraft with
improved performance and reduced vibration and
noise. Initial study was made under contract of such
concepts as the variable-geometry rotor, air mass injec-
tion at the tip of the rotor blade, and of tip geometric
changes intended to alter the vortices, resulting in a
reduction of rotor noise and vibration. Follow-on large-
scale wind-tunnel and flight studies are planned.

VTOL handling-quality and pilot-display require-
ment research included continued use of the CH-46
variable-stability helicopter at the Langley Research
Center. Early in 1972, this aircraft carried out the
first fully automatic landing by a full-scale manned
helicopter at a predetermined spot. Flight path angles
from 6° to 15° were covered. This capability, when
fully developed, will aid future VTOL operation in
poor visibility weather.

Transonic Maneuverability.—The joint United
Kingdom-NASA program to investigate the use of
thrust vectoring for improved maneuverability was con-
tinued. Initial flight tests using a Hawker-Siddeley-
Kestrel P-1127 at the NASA Langley Research Center
and a Harrier prototype in the United Kingdom to
document the effect of thrust vectoring on acceleration,
deceleration, and turn performance were completed.
A related program to check out and validate the Lang-
ley Differential Maneuvering Simulator for evaluating
the effectiveness of vectoring in forward flight has also
been completed. The results of these studies show
promise of significant improvements in combat
maneuverability.

Advanced Transport Technology.—The objective of
the Advanced Transport Technology program is to ex-
pedite technology advances to assure that the next gen-
eration of U.S. air transports will be competitive on
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the world market and will have acceptable environ-
mental and safety features.

During the past year, in-house and industry-funded
systems studies (airframe and propulsion) were com-
pleted. These systems studies were conducted to: (1)
examine the practical application, to postulate new
subsonic/sonic transport designs, of projected advances
in the key disciplines of aerodynamics, structures, pro-
pulsion, controls and avionics (including air traffic
control interfaces); (2) identify the technology ad-
vances offering the greatest potential economic and
competitive position benefits; and (3) define the ac-
tions required to bring the advanced technologies to
a state of readiness for industry utilization by the late
1970’s.

Studies indicate that the application of supercritical
aerodynamics and related configuration technology,
engine noise and emission suppression techniques, com-
posite structures, and active control systems result in
a quieter, safer, more economical subsonic/sonic
transport having greater productivity than the current
wide-body jet transports. The combined advanced
technologies of supercritical aerodynamics, active con-
trol systems, and composite materials when incorpo-
rated in a three-engine, 195-passenger, 3,000-nautical-
mile aircraft with a reduced noise level of 10 EPNDdB
below FAR 36, result in a 50 percent increase in return
on investment compared with equivalent current-
technology transports with noise similarly suppressed.
This increase, if realized, would represent a return
on capital investment equal to the total average annual
profits of the U.S, trunks over the past several years.

As a result of the systems studies, research and de-
velopment activities required to bring each promising
technology area to an acceptable state of readiness have
been identified, and these technology needs have been
factored into on-going NASA programs.

Flight tests were continued to examine two applica-
tions of the supercritical wing—a thick wing to permit
structural weight savings, and a wing designed for high-
speed cruise. A joint program with the Navy,
incorporating a thick wing on a T-2C trainer to in-
vestigate the performance of the wing at moderate
subsonic speeds, was completed. Performance, pressure
distributions, buffet, and shock-boundary layer charac-
teristics were investigated. The preliminary results re-
ported last year have been substantiated by later flights:
the drag of the T—2C with thick supercritical wings at
the design Mach number is identical to that of the
T-2C with the conventional thin wing; the lift coeffi-
cients for the buffet onset is greater for the supercritical
wing for all Mach numbers up to the maximum Mach
number tested; and the boundary layer velocity dis-
tributions in the region of the shock showed similarity
to wind-tunnel measurements. This validates the new
wing design concept as providing better structural



efficiency and maneuvering performance than the old
concept.

The first phase of the high-speed supercritical wing
flight tests on a TF-8A airplane was also completed.
Performance, pressure distributions, stability and con-
trol, buffet, and flutter were investigated, and wake
surveys were made. The drag and handling qualities
reported last year have been substantiated by later
flights and were as predicted from wind-tunnel tests.
Beyond the predicted buffet onset, buffet was intense
but not severe, and no flutter was experienced.

Upon completion of the first phase tests, the airplane
was modified to contain side fairings designed to further
minimize drag. Wind-tunnel investigations have indi-
cated that improvement of the overall area distribu-
tion for the existing test vehicle through the addition
of fuselage fairings will allow the supercritical wing
to achieve near optimum performance.

Community Response to Aircraft Noise.—The Stan-
ford Research Institute, under NASA Langley contract,
studied in the laboratory the electro-encephalographic
and behavioral responses of eight women subjects dur-
ing sleep. The aircraft noise stimulus intensities were
101, 113, and 119 PNdB for subsonic jet fly-over and
.67, 2.50 and 5.0 psf. for for the simulated sonic booms.

The data analysis showed that women were
awakened by approximately 42 percent of the fly-over
noise and by approximately 15 percent of the simulated
sonic booms. When this data was compared to that
of earlier studies using men as subjects it was found
that women were awakened more frequently by the
subsonic jet noise than were men, while men were
awakened more frequently by the simulated sonic
boom. Additional work on sleep disturbance is under-
way ; once enough data is collected to clearly establish
trends of sleep disturbance, it will be submitted to other
interested agencies, such as EPA, DOT, and HUD for
possible inclusion in models describing the community
response to aircraft noise.

A unique facility has been completed under a NASA
Langley grant with Columbia University. The facility
is located off-campus northeast of the John F. Kennedy
International Airport. It is designed to analyze com-
munity response to aircraft noise, under laboratory
conditions, while simulating take-off, landing and side-
line noise. The laboratory is so designed that it ap-
pears to be a modern living room. Subjects view
television and the background noises of the room are
precisely controlled. Simulated aircraft sounds are
controlled for intensity, frequency, duration and direc-
tion. The laboratory is currently being used to evaluate
the acceptability of the quieter engines demonstrated
by the FAA JT8D nacelle.

Head-Up Display for Air Transports—A head-up
display (HUD) designed to improve approach and

landing precision under visual flight rule (VFR) con-
ditions has been certificated by the FAA for use on Pan
American World Airways’ Boeing 747 jet transports.
NASA Ames Research Center and Pan American, co-
ordinating with the FAA, have also conducted studies
both in a simulator and in flight which indicate that
the HUD may be useful in flying steep approaches for
noise abatement.

Studies at Ames are being continued to optimize the
information content and symbology in the HUD and to
evaluate the tradeoffs between a HUD and a ground
VASI (Visual Approach Slope Indicator}).

Aircrew Thermal Protection.—The pilots of heli-
copters operating in hot, humid areas such as the south-
eastern United States and southeast Asia are sometimes
subjected to heat loads so severe that their bodies can-
not maintain normal temperature. Due to power and
weight limitations total cockpit cooling is impractica-
ble. In laboratory and field tests, conducted by the
Ames Research Center, a new liquid-cooled helmet con-
cept has been proven an effective way to improve sub-
jective comfort and physiological heat balance without
extensive suit cooling or air conditioning. The liquid-
cooling fabric is integrated into a standard Army heli-
copter helmet without changing its fit or structure.
The helmet is attached to a cooling unit by a quick-
disconnect, zero-leak, connector. The connector is a
special walk-away design which may be separated in-
stantly by a pull by the helmet. The cooling unit weighs
only 5 Kg (11 pounds), draws 16 amps of 28VDC cur-
rent, and has no moving parts except a circulating
pump. The liquid-cooling liner with its tubing and
attachments adds about one-fourth Kg (9 ounces) to
the weight of the helmet.

Military Support Programs.—In a continuing effort
to more effectively make NASA’s capabilities available
for support of the military, a NASA aeronautical en-
gineer has been co-located in the USAF Prototype Pro-
gram Office at Wright-Patterson AFB, Dayton, Ohio.

Rotor Systems Research Aircraft.—The joint NASA/
Army program established in November 1971 for the
procurement and flight test of two Rotor Systems Re-
search Aircraft was continued through 1972. The
Rotor Systems Research Aircraft will be used to flight
test the most promising of new advanced rotor con-
cepts. First flight is expected to take place in early
1976. Costs and management are shared equally by
NASA and the Army.

Tilt Rotor Research Aircraft—The joint NASA/
Army program established in November 1971 for the
procurement and flight test of two Tilt Rotor Research
Aircraft was continued through 1972. Two competi-
tive preliminary design contracts were awarded in Oc-
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tober. Evaluation of these designs will result in the se-
lection of a single contractor to complete the detail
design, fabricate, and flight test the Tilt Rotor Re-
search Aircraft. First flight is expected to take place in
late 1975. Costs and management are shared equally
by NASA and the Army.

Transonic Aircraft Technology Program (TACT).—
The joint NASA /USAF program for the procurement
and flight test of a superficial wing on an F-111
aircraft was continued through 1972.

An F-111 aircraft was assigned to the program in
February 1972. Baseline flights with the unmodified
F-111 were completed in October 1972 and instru-
mentation and preparation for modifications to the air-
craft to receive the supercritical wings has begun. The
supercritical wings are nearing completion and first
flight of the F~111 with supercritical wings is expected
to take place in late summer 1973.

Space Shuttle.—Evaluation of the aerothermodynamic
characteristics of candidate Space Shuttle configura-
tions was continued. With the decision to use recover-
able solid rocket engines for launch with both solid
rockets and orbiter engines burning simultaneously
(parallel-burn concept), an extensive wind-tunnel
study has been undertaken to determine the rocket
plume effect on aerothermodynamic characteristics.

Planetary Entry Technology.—During 1972, progress
has been made in developing thermal protection ina-
terial for use on planetary entry probes. A reflecting
type heat shield has been recommended for study
since it has the potential of reducing the heat shield
weight and thereby permitting additional instrumenta-
tion in a probe.

Further studies of graphite, a candidate heat shield
material for planetary entry, were accomplished in the
past year. In order to study mass loss rates, a high-
power gas dynamic laser was used as a source of radi-
ative heating to drive graphite to its sublimation tem-
perature. Study has shown that much higher mass loss
rates are experienced in a simulated high-temperature
environment than can be predicted by theory.

Lifting-Body Flight Research.—The joint NASA/
Air Force Lifting-Body Flight Research Program has
been underway for several years and has developed
a valuable technology base for safely landing manned
space-type vehicles in a horizontal mode. The three
vehicles used in this program (the M2, HL-10, and
X-24A) have demonstrated that the safe operation of
these vehicles in supersonic and transonic flight, as
well as during landing, can be accomplished by man.
These flights have increased the confidence in the de-
velopment and use of horizontal landing vehicles such
as the reusable Space Shuttle. During 1972, the M2-
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F3 was the only aircraft flown in this program and
completed a total of nine flights. These flights had
the objectives of investigating the stability and con-
trol of this vehicle over the operational speed range
and of investigating an improved rate command aug-
mentation system combined with a previously tested
reaction control system.

Filamentary Composite Materials in Structural Ap-
plications.—Filamentary composite materials com-
posed of strong fibers of boron or carbon imbedded in
a plastic or metallic matrix have been investigated for
some time as a possible alternate to conventional met-
als for aircraft and spacecraft structures. These fi-
brous composite materials hold promise of significant
weight savings over metallic structures. The structural
weight thus saved could improve performance of mili-
tary vehicles and increase passenger capacity or lower
cost operation of civilian airliners. These materials,
however, do not behave under load like metals do;
NASA is working to gain fuller understanding of their
behavior.

During the past year NASA has conducted pro-
grams to advance basic understanding of composites
and is proceeding to design and build components
that will be installed on aircraft to demonstrate two
types of application. One concept is called “selective
reinforcement” of metal parts and makes use of the
strength and stiffness properties of the composite by
attaching it to a metal structure in areas where the
composite will produce the greatest benefit. This con-
cept has been applied to the tail cone of a CH-54B
Army helicopter and is planned for the wing box of a
C-130 aircraft. Another concept is the “all composite”
structure. Planned applications of this concept in-
clude wing spoilers, fairings, and panels on commer-
cial transport aircraft.

Multichannel Photoelectronic Sensor.—A miniature
photoelectronic device, which exceeds the capabilities
of 10 ordinary photomultiplier tubes, has been devel-
oped for the observation and analyses of remote stars.
The heart of the device is an array of 10 miniature
channel electron multipliers which initiate cascades of
secondary electrons and result in output pulses with
gains as high as a factor of 100 million. Star intensi-
ties can be investigated with orders of magnitude of
greater sensitivity than is possible with photographic
plates and 10 times more quickly and precisely than
can be done with standard photoelectronic devices.

Optical Mass Memory Technology.—Optical memory
technology is being developed for storing large quanti-
ties of data on-board space vehicles. During the past
year, a demonstration optical memory system capable
of storing 10° bits of data in an area of one square
inch has been constructed and operated. Read-write



techniques using laser beams are being examined. Ma-
terials for storing data are being evaluated.

Digital Fly-By-Wire Experimental Program.—The
first flight of a piloted aircraft in which the control
surfaces are moved through electrical signals inputs
and digital computers with no mechanical reversion
capability was made by NASA at the Flight Research
Center on May 25, 1972.

The flight involved a modified F-8 aircraft uti-
lizing Apollo derived hardware in place of its original
mechanical control system to demonstrate the feasi-
bility of this space-developed technology in aeronau-
tics. When fully developed, this can improve perform-
ance and reduce weight and cost of future generation
civil air transports.

CV 990 Shuttle Autoland.—A program to evaluate
power-off automatic landings such as those anticipated
for the Space Shuttle has been successfully completed
by NASA’s Ames Research Center in 1972 using a CV
990 aircraft. The system installed in the aircraft for
this program provided terminal area energy manage-
ment and landing guidance, utilizing a digital com-
puter for central management with conventional radio
and aircraft navigation aids. The flight tests indicated
that unpowered automatic or manual landings of a
Shuttle orbiter are possible with existing ground navi-
gation aids,

General Aviation Low Cost Control and Display
Systems.—Recent advancements in NASA’s continu-
ing program to enhance the safety and utility of general
aviation aircraft have allowed design of a new split-
surface control system and a low-cost flight director
display system, which minimize pilot workload by pro-
viding limited augmented stability for the aircraft and
by combining several individual displays into one to
lower the pilot’s scan pattern.

VTOL Autoland System.—Continuing its research to
bring downtown vertiports into practical reality,
NASA’s Langley Research Center demonstrated a
VTOL automatic-landing system concept early in 1972
with a totally automatic landing on a CH 46 helicopter.
The helicopter used a vertical velocity command system
concept developed at Langley. The concept is being
explored further to determine mechanizations for cost-
effective commercial applications.

Approach Guidance Experiment MM 71.—A novel
guidance technique, which combines onboard observa-
tions of planetary satellites against a star background
through existing science television cameras with space-
craft radio tracking, has been verified during the Mari-
ner Mars 1971 mission.

The technique reduced guidance errors to less than

half of the originally predicted errors, and the im-
proved accuracy permits up to 50 percent payload
weight increases for future outer planet missions.

Detectors for Near Infrared Radiation.—Industrial
researchers working on a GSFC contract developed
a sensitive detector for laser radiation at 1.06 microns.
Efficient detectors will permit direct detection of com-
munications signals without the necessity of expensive
and inefficient frequency doubling.

Solid Propulsion Technology.—The Astrobee F, an
advanced technology, low-cost sounding rocket system
finished its test program during this report period. The
3,000-1b. solid-fuel motor boosts a 400-pound payload
to about 200 miles. Advanced features include: a
propellant design which develops an initial high boost
thrust of 40,000 lbs. for two seconds, then drops to a
sustaining level of 10,000 pounds for 50 more seconds;
a new low-cost propellant composition which is more
resistant to temperature extremes; and a one-piece-
molded plastic nozzle. The program was climaxed by
a successful launch in September. Performance was un-
usually close to predictions—altitude was 124 miles, vs.
126 miles predicted and the ground impact was within
5 miles of the expected point, 95 miles away. Nego-
tiations are in progress to procure more flight systems.
This program has been an excellent example of pre-
dicting a need, developing a technology to meet the
need, and transferring the result to a user.

The environmental impact of the exhaust products
of solid propellant boosters has been of interest in past
years because of the use of Scout, Delta, and Titan ITI
C/D launch vehicles. The decision to use solid boosters
on the shuttle has renewed this interest. Solid boosters
of this type exhaust hydrogen chloride (HC1) gas,
and aluminum oxide dust along with other gases.
Although there have been no problems from firings
of any operational solid boosters, a research program
has been started to develop a better understanding of
the composition of the exhaust, its interaction with
the atmosphere and its effect on the ecology.

Laser energy has been used to operate mechanical
devices without any gas-producing pyrotechnic. A ruby
laser pulse through a glass window onto a thin film
of aluminum on a plastic sheet causes a brief, but
intense pressure pulse of considerable power. For in-
stance, in one experiment a piston restrained by a
250N (55 Ibs) shear wire was freed and driven 2.5cm
(1 in). Such a pin puller or pusher is a common actuat-
ing device in spacecraft systems, and is normally driven
by pyrotechnic charge which develops shocks. The laser
system has no shock, is not affected by long-term stor-
age, by radiation or heat, and can be remotely activated
without connecting wires. In another application, this
same system was used to simultaneously ignite a series
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of widely separated pyrotechnic squibs through sepa-
rate 3.7 meter (12 ft) long fiber optic cords.

Planetary Spacecraft Propulsion—The JPL Space
Storable Propulsion Module Technology program di-
rected toward advanced planetary spacecraft propul-
sion, progressed into system demonstration testing.
Initial system feasibility was demonstrated by modifying
surplus Mariner 71 orbiter propulsion hardware for
the space storable flox monomethylhydrazine propel-
lant combination and conducting system testing under
simulated space conditions in the Air Force TAPR
test facility at Edwards Air Force Base, Calif.

Shuttle Auxiliary Propulsion.—The Shuttle auxiliary
propulsion technology program was redirected to Earth
storable and monopropellant hydrazine design concepts
due to the shift of the Shuttle orbiter to external main
propellant tankage. Contracts were awarded to evalu-
ate long life, reusable engine and propellant system
component designs. The oxygen-hydrogen auxiliary
propulsion technology work was discontinued except
for propellant conditioning system and thruster con-
tracts that were nearing completion.

Electric Propulsion.—High specific impulse propul-
sion systems are of interest because of their potential
for reducing cost to carry out future space missions.
Current programs in electric thrusters, the only known
practical rocket engines capable of achieving specific
impulses in excess of 100C seconds, are aimed at devel-
oping the technology for both primary and auxiliary
propulsion.

In the area of primary propulsion for high energy
interplanetary and geocentric missions, a 1500-hour
functional demonstration test was completed on an
integrated breadboard of an electric propulsion system
operating in a closed loop, automated mode. This
test has provided the initial experience in the integra-
tion, operation, and interactions between components
of an electric propulsion system.

In the area of auxiliary propulsion, initial testing of
a small one millipound ion engine system for flight on
the Application Technology Satellite (ATS)-F as an
experiment to demonstrate north-south station keep-
ing has been successfully completed. A second ion
engine experiment has undergone over 8000 hours of
endurance testing without failure.

Liquid Propulsion Technology.—A major focus of
the liquid rocket propulsion program is the increase of
useable life of rockets. Some deep space missions will
require flight durations of up to 10 years, and other
missions will realize large cost savings from re-using
rocket stages many times. To predict how long metal
and plastic parts can function after exposure to liquid
propellants, a number of new concepts have been
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evaluated. The goal is to trace the processes involving
degradation of materials by sensitive short-time tests,
eliminating the need for life tests which could last for
many years. It has been shown that there are three
methods sensitive enough to detect .02 parts per billion
of iron, chromium and other metals. The first employs
radioactive tracers and uses nuclear counting devices
to measure the amount of material. The second method
is based on neutron activation of the trace elements
resulting from reactions with propellants, followed by
detection of the resultant radioactivity. A third method
recovers the trace elements in organic complexes called
chelates, and finally measures the amount present.
These tests offer good promise of providing accelerat-
ing aging procedures for predicting lifetime of propul-
sion systems.

Another aspect of long life systems is the need to

\inspect them after a use to determine if something

has failed or is wearing out. Methods for non-destruc-
tive inspection of parts of rocket motors have been
evaluated with good results. The approach involves a
combination of ultrasonic scan, holographic diffrac-
tion patterns, and acoustical shock wave emission
scan. It shows the state of brazed or diffusion-bonded
joints, common in rocket motors, and can indicate
when joints are weakening, before failure has occurred.

A basic research program has been started to dis-
cover concepts which could provide large increases in
the specific impulse of rockets. The individual tasks,
some at universities and some at NASA Research Cen-
ters, include investigations of atomic hydrogen, acti-
vated helium, and other new concepts. If successful,
the specific impulse of chemical rockets will be in-
creased by more than 100 per cent above current levels.

Reusable Oxygen-Hydrogen Propulsion.—Reusable
vehicles offer the key to low cost space transportation
in the future. The Lewis Research Center is working
on the technology of high performance, reusable oxy-
gen-hydrogen propulsion systems applicable to upper
stages that could deliver significant payloads to geo-
synchronous orbit and beyond and then return to the
Space Shuttle low Earth orbit for recovery and reuse.
Studies to define the optimum high performance re-
usable engine for such an application were initiated.
Work also started on developing design analyses and
fabrication techniques that will maximize combustion
chamber low-cycle thermal fatigue life, necessary for
extended reusability.

Solar and Chemical Power Systems.—Advancements
were made in furthering the reliability and lowering
the cost of solar and chemical power systems.

A new effect in solar cell fabrication was identified,
wherein an electric field at the rear of the cell can be
employed to increase cell voltage and efficiency. This
effect is being investigated experimentally and theoret-



ically, together with other methods of increasing cell
efficiency.

Investigations were underway toward reducing solar
cell cost, both for space use and potential terrestrial
applications. Two promising approaches were being
pursued, i.e., fabrication of single crystal silicon cells
in ribbon form and development of automated cell as-
sembly concepts such as FEP covered modules.

NASA now has the first operating cells of a new type
nickel-cadmium battery which are virtually non-gas-
sing. These cells, currently under test, offer a signifi-
cant advancement in battery life and reliability.

Studies and analyses were completed and work ini-
tiated toward development and demonstration of high
voltage (100-16,000 volts) dc power processing and
distribution systems, as needed for future large aero-
space vehicles. Experimental solid state control and
protection devices were delivered.

Space Nuclear Systems Program.—The space nuclear
program investigated ways to use atomic energy in
the research and development of power and propul-
sion systems.

The power. systems investigated are designed to
deliver power from watts to hundreds of kilowatts.
Advanced nuclear propulsion concepts promise specific
impulses (I,,) as high as 5,000 seconds with long
system life.

Systems Design Studies (Experimental Programs).—
Development of the 75,000-lbs.-thrust nuclear rocket
engine was terminated. Definition effort was conducted
on a small nuclear rocket engine in the 15,000-20,000
Ibs. thrust range. The program also included advanced
propulsion comparison studies aimed at determining
which of four advanced propulsion systems (i.e., chemi-
cal, solar-electric, nuclear-electric, and nuclear rock-
ets) would be best suited for the conduct of missions
under consideration for the 1980’s and beyond.

In the space nuclear program, highlights during the
year included the following: the successful test series of
the Los Alamos Scientific Laboratory Nuclear Furnace
(NFX1) containing advanced solid-core reactor fuel
elements at the Nuclear Rocket Development Station
in Jackass Flats, Nevada; the launch of the Pioneer F
spacecraft powered by four SNAP-19 RTG’s in March
1972; and the launch of the Transit Navigational satel-
lite into Earth orbit in September 1972. In December,
Apollo 17, containing the fifth SNAP-27 powered
ALSEP, was launched to the Moon.

New Tunable CO, Laser—The GSFC laser team has
developed a new, small size waveguide capillary CO,
laser. The tuning range of the laser is in excess of
=700 MHz, enough to compensate for the doppler fre-
quency shift encountered in tracking and communi-
cating between a geosynchronous satellite and a low

orbit satellite. The tuning is accomplished by changing
the length of the laser cavity and the device will permit
coherent communication and tracking of space ve-
hicles, hitherto impossible at CO, wavelengths.

Frequency Multiplication at Light Wavelengths.—
Stanford University researchers working on a NASA
grant have succeeded in tripling light frequencies. The
technique uses a mixture of an inert gas (Xenon) and
a metal (rubidium) vapor at a temperature of about
500° C. This permits direct conversion of radiated
light, from infrared to ultraviolet, without multiple
doubling as it was necessary before, and opens new
possibilities and applications in microscopy, spectros-
copy, air pollution studies, combustion engine exhaust
studies and possibly in thermonuclear fusion.

Precision Tracking Technique.—GSFC has developed
an improved laser tracking technique which gives meas-
urement precision of about 10 centimeters, down from
25 centimeters of previously best measurements. The
technique is based on tracking of the centroid of the
laser pulse rather than the very often highly distorted,
leading edge. This kind of precision will be invalu-
able in studying of tectonics motions of the Earth crust,
earthquake faults, polar caps and other geological
phenomena, and may assist in predicting earthquakes
and volcanic eruptions.

Tracking and Data Acquisition

The Tracking and Data Acquisition Program con-
tinued to play a significant part in support of
NASA flight missions—both manned and unmanned.
During the year, the tracking networks furnished sup-
port to two manned lunar landing missions, Apollo 16
and 17. Throughout these missions, the network sta-
tions relayed realtime color television which permitted
millions of Americans to visually accompany the astro-
nauts to the Moon and back.

The networks also supported over 50 other flight
projects, several of which were launched during 1972.
The new launches included the first Earth Resources
Technology Satellite, and Pioneer F, the first spacecraft
launched to Jupiter.

In addition, progress continued on the construction
of two new large antenna facilities in Australia and
Spain.

Spaceflight Tracking and Data Network.—The
Spaceflight Tracking and Data Network: (STDN)
reflects a combining of the Satellite Network and
the Manned Space Flight Networks. This change
brings the budget structure into alignment with
NASA’s longer-range plan to merge the capabilities
of the two networks into a single integrated network
of fewer stations to support all Earth-orbital missions.
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The STDN will continue to provide support to the
manned program on a priority basis from the eleven
land stations, four instrumented aircraft, and one in-
strumentation ship which formerly comprised the
Manned Space Flight Network. The past year’s opera-
tional activities of these facilities were highlighted by
the support rendered to the Apollo 16 and 17 missions.

On both missions, from launch until splashdown,
the network served as the vital communications link
between the in-flight astronauts and the ground con-
trollers in the Mission Control Center (MCC) at
Houston, Texas. The network not only transmitted
data critical to the success of the missions, but also
provided the means for millions of persons to share
the experiences of the astronauts as they watched on
their television sets.

Apollo 16 was plagued by a number of technical
problems at various points in the flight, but all were
successfully overcome through the teamwork of the
astronauts and ground personnel, working closely to-
gether by means of the communications link.

Apollo 17, after its initial problem during count-
down, went smoothly. On both missions, while the net-
work stations were supporting the astronauts on the
lunar surface, the same facilities were tracking the
command ship orbiting the Moon. Also, the stations
were simultaneously receiving and recording data from
the Apollo lunar surface experiment packages
(ALSEP) deployed by the crews of previously com-
pleted landing missions as well as those emplaced by
the current ones. Adding to this workload were sub-
satellites placed in orbit by Apollos 15, 16, and finally,
17.

During the Apollo 16 and 17 missions the network
transmitted liftoff of the lunar modules for the first
times televised by a camera left at each landing site,
remotely controlled from the Houston Control Center.

With the successful completion of the Apollo 16
mission, the network prepared for the launch of the
next major NASA mission, the Earth Resources Tech-
nology Satellite (ERTS-1). Launched July 24 into
a perfect polar orbit, ERTS-1 placed new requirements
on the Tracking and Data Acquisition Program in the
area of data processing.

A major new data processing facility was required
to process the large quantity of video data transmitted
by ERTS. The facility, located at the Goddard Space
Flight Center (GSFC), became operational early this
year and its performance to date in support of ERTS
has been excellent. Shortly after the launch of ERTS-1,
the image data processing facilities at GSFC began
supporting users of the data from the Return Beam
Vidicon and multi-spectral scanner sensors on the
spacecraft. At present, this facility is handling some
13,000 scenes per week.
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In addition to providing information to those 300
investigators who are individually under contract to
NASA, copies of all information processed by the facil-
ity are sent to both NOAA and the Department of In-
terior’s facilities at Sioux Falls, South Dakota, at the
same time the primary users receive their data. The
information at the Sioux Falls Facility is in the public
domain, available to anyone for a nominal fee.

During the year, the network rendered support to
over 50 other NASA flight projects, including the Or-
biting Astronomical Observatory, OAO-3. The space-
craft, named Copernicus in honor of the famous 15th-
century Polish astronomer, was successfully launched
from Cape Kennedy on August 21.

The network also continued its support to projects
of the Department of Defense, other Government agen-
cies such as the National Oceanic and Atmospheric
Administration, and other countries and international
organizations engaged in space research.,

Deep Space Network.—During the reporting period,
the Deep Space Network (DSN) continued its support
of NASA’s planetary and interplanetary space flight
missions. The standard 26-meter-diameter antenna
stations located around the world and the 64-meter-
diameter antenna at Goldstone, Calif.,, provided sup-
port for the extended mission activity of the Pioneer 6,
7, 8, and 9 spacecraft in orbit around the Sun. Selected
DSN stations were also used in joint operations with
the Spaceflight Tracking and Data Network in sup-
port of the Apollo 16 and 17 missions.

Adding significantly to this workload was the launch
of Pioneer 10 on March 2 ,1972. One of the most diffi-
cult scientific space experiments ever undertaken by
NASA, Pioneer 10 levied many new and complex re-
quirements on the ground network. For example, when
the spacecraft reaches the vicinity of Jupiter next De-
cember it will have traveled about a half-billion miles
in approximately 2 years. During this entire period the
network must provide continuous coverage to monitor
the spacecraft’s condition and its 13 experiments,
about twice the number carried by early Pioneer
spacecraft in solar orbit.

As Pioneer 10 continues toward Jupiter, construction
work is progressing well on two large antenna facilities
needed to support the encounter phase of the mission
in December 1973. The new antennas, updated dupli-
cates of the 64-meter Goldstone antenna, are being
constructed in Spain, forty miles from Madrid, and
in Australia at Tidbinbilla, a short distance from Can-
berra. Although designed, constructed, and required to
meet the increasing demands of the planetary program,
the antennas will also be used to support other projects,
including radio science activities. The Goldstone an-
tenna, in fact, played a prominent role in support of
Apollo.

In late July 1972 the Pioneer 7 spacecraft was in



solar orbit some 312 million kilometers (194 million
miles) from the Earth when its radio transmissions
ceased. Flight directors for the project theorized cor-
rectly the problem which caused the spacecraft to stop
transmitting data to the Earth, and by analyzing past
tracking data were able to determine the spacecraft’s
position in space. Turn-on commands were sent to
Pioneer 7 from the 64-meter Goldstone antenna and
35 minutes and 624 million round-trip communica-
tions kilometers later, the Goldstone antenna received
a strong signal from the spacecraft.

Network support to the highly successful Mariner 9
project was terminated on October 27 when the space-
craft on-board gas supply, needed to operate the atti-
tude control system, was depleted.

Since mid-July the Deep Space Network has been
collecting precision tracking data to test Einstein’s
general theory of relativity which states that electro-
magnetic radiation—in this case the spacecraft radio
signal—passing close to the Sun will be slowed by the
Sun’s gravitational field. Scientists will compare these
tracking data to similar data acquired from the Mari-
ner 6 in 1970,

International Affairs

The principal events affecting the NASA interna-
tional program in 1972 were the May 24 US/USSR
Agreement Concerning Cooperation in the Explora-
tion and Use of Outer Space and the European deci-
sion to proceed with system definition studies of a
Sortie Laboratory for use with the Space Shuttle,

US/USSR Cooperation—The May 24, 1972, U.S./
U.S.S.R. Agreement Concerning Cooperation in the
Exploration and Use of Outer Space committed both
countries to:

Fulfill the NASA /Soviet Academy of Sciences
agreement of January 1971 on space science and
applications.

Conduct a joint experimental flight during 1975
to test compatible rendezvous and docking systems.

In space science and applications, the principal de-
velopments have been continued exchange of lunar
samples, exchange of findings from United States and
Soviet missions to Mars, joint working sessions on ex-
ploration of the planets, work on a common system of
lunar coordinates, exchange of detailed physiological
data from the Soyuz and Apollo programs, exchange of
meteorological data acquired by meridional sounding
rocket networks in the eastern and western hemi-
spheres, and progress in defining coordinated projects
in remote sensing of the environment, as well as experi-
ments designed to advance knowledge of temperature
sounding from satellites and microwave observations
of such parameters as sea surface roughness and
temperature.
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In the case of the 1975 experimental mission; Joint
U.S./U.S.S.R. Working Groups met in Houston in
July and agreed on three basic documents to govern
future work. They further agreed on detailed technical
documents defining such subjects as timelines for crew
transfer activities, requirements for the docking sys-
tems, and radio and cable communications between
the Apollo and the Soyuz spacecraft, and on a launch
sequence that would provide maximum flexibility in
launching and rendezvous opportunities. At a meeting
in Moscow in October, joint working groups made sub-
stantial progress in a number of project areas, includ-
ing the atmospheric pressures to be maintained in the
Apollo and Soyuz spacecraft during the docked phase,
the definition of launch windows and trajectory plan,
and the attitude profile and control of the spacecraft
during rendezvous and docking.

Under an earlier NASA/Soviet Academy agreement
of October 1965, a Joint U.S./U.S.S.R. editorial board
is reviewing chapters prepared for inclusion in a joint
review of space biology and medicine.

Post-Apollo Participation.—Significant progress was
also made in defining European participation in the
post-Apollo program. Discussions with members of
the European Space Conference concerning their de-
velopment of a Sortie Laboratory as part of the post-
Apollo program have been proceeding. The Sortie
Laboratory is envisioned to be a low-cost payload
carrier to increase the capability of the Space Shuttle
to perform manned and man-tended research in space
science and applications.

On October 9, the President announced a policy
for launch assistance to other countries and interna-
tional organizations. The availability of these launch
services makes it possible for other nations to have
access to the advantages of space.

International Satellite and Probe Launchings—
During 1972, one cooperative and five reimbursable
international launchings were conducted:

HEOS A-2, an ESRO-built scientific satellite
was launched January 31 by NASA on a reim-
bursable basis on a Delta vehicle from the Western
Test Range (WTR) to conduct interplanetary
physics investigations.

TD-1, an ESRO satellite (the largest- and
most complex scientific satellite yet built in Eu-
rope) was launched March 12 on a Delta on a
reimbursable basis from WTR to conduct a variety
of stellar astronomical observations.

ANIK-1, a Canadian operational telecommu-
nications satellite was launched November 9 on
a Thor Delta on a reimbursable basis from Cape
Kennedy.

Explorer 48, a gamma-ray astronomy satellite
was launched November 16 by Italy for NASA
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on a reimbursable basis from the Italian San
Marco Platform off the coast of Kenya.

ESRO-4, an ESRO scientific satellite to inves-
tigate particles and fields in the ionosphere and
lower magnetosphere was launched November 20
on a Scout vehicle from WTR on a reimbursable
basis.

AEROS, a cooperative aeronomy satellite carry-
ing U.S. and German scientific experiments was
launched December 16 on a Scout vehicle from
WTR.

An agreement was reached with Spain to fly a Span-
ish ionospheric beacon satellite (INTASAT) in 1974.
Work also continued on several major cooperative
projects, including HELIOS, the German solar probe;
CTS, a Canadian experimental communications tech-
nology satellite; ANS, a Dutch ultra-violet and X-ray
astronomy satellite; and UK-5, the fifth in a series
of UK./U.S. scientific satellites to conduct stellar
X-ray observations.

Foreign Participation in Approved NASA Missions.—
Three foreign experiments were selected for flight on
NASA missions. BIOSACK 11, a German experiment
to study the biological effects of cosmic radiation flown
on Apollo 17, carried further the investigations begun
with a similar type experiment flown earlier in the year
on Apollo 16. Two foreign experiments (one from
Japan and one from Belgium) were selected to utilize
the multipurpose electric furnace facility aboard Sky-
labin 1973.

Announcements of Flight Opportunity (AFO).—
During 1972 NASA issued 19 announcements oppor-
tunities to participate in NASA programs through
development of experimental flight hardware, member-
ship in misison definition teams, conduct of ground-
based investigations, and analysis of data. Programs in-
cluded in these solicitations included materials science
and space manufacturing experiment proposals for
Skylab, proposals to use an airborne infrared observa-
tory on a C~141 jet transport and selection of Science
Working Teams for the proposed Mariner Jupiter/
Saturn planetary mission. In response to these an-
nouncements NASA received more than 140 letters of
intent and/or proposals involving foreign participation.
The evaluation of these proposals is in most cases still
underway.

Earth Resources.—One hundred seven foreign investi-
gations proposed by 94 scientists in 38 countries and
two international organizations were selected for post-
flight analysis of data returned by the Earth Resources
Technology Satellite-1. In addition some 44 investiga-
tions which will use the data returned from the Earth
Resources Experiment Package aboard Skylab have
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been approved. The remote sensing cooperation agree-
ments with Mexico and Brazil were also extended.

Sounding Rocket Programs.—New agreements for
sounding rocket and/or meteorological rocket programs
were signed with Norway, Sweden, Germany, United
Kingdom, Brazil, and France/India. During the year,
launchings occurred from ranges in India, Argentina,
Brazil, Spain, Canada, Norway, and Sweden.

Lunar Sample Program.—Fifty foreign scientists are
participating as Principal Investigators in the Apollo 16
program. Proposals for analysis of samples returned by
the Apollo 17 mission were received at NASA in Octo-
ber and selection will be announced in early 1973.
Countries and organizations currently having approved
investigators are Australia, Belgium, Canada, Repub-
lic of China (Taiwan), ESRO, Finland, France, Ger-
many, India, Italy, Japan, Norway, South Africa,
Switzerland and the United Kingdom.

Tracking and Data Acquisition Cooperation.—In
preparation for support of Project Skylab two new
agreements were signed in 1972; an agreement between
the United States and Canada providing for establish-
ment of a temporary space tracking facility in New-
foundland, and a memorandum of understanding
between NASA and the Argentine National Commis-
sion for Space Research authorizing the stationing of
a NASA tracking and data acquisition ship, the USNS
VANGUARD, in an Argentine port. Continuance of
a satellite telemetry/telecommand station of the
European Space Research Organization (ESRO) in
Fairbanks, Alaska, was arranged through extension
of the 1966 agreement between ESRO and the United
States establishing the station.

New tracking and data acquisition assistance by
NASA to other countries included support of the
launching of the Japanese Radio Exploration satellite
in August and accommodation at NASA’s Hawaii
tracking station of an ESRO transportable ground
facility required to read out directly the ESRO TD-1
satellite, which suffered tape recorder failure.

Industry Affairs

Inventions and Contributions Board.—The Board,
under recent revised NASA patent regulations, has
been given greater latitude in recommending the
granting of patent licenses and patent waivers to in-
dustry. This year the Board made recommendations
on 102 petitions for patent waivers received from
NASA contractors and recommended the granting
of approximately $90,000 in awards for scientific and
technical contributions by NASA and contractor
employees.



Industrial Relations—Coordination between the
Headquarters Industrial Relations staff and Center
management eliminated any adverse impact of labor-
management problems on overall Agency goals and
important launches.

Master Buy Plan Procedure.—After a test procedure
over two years, NASA has formally adopted the
Master Buy Plan Procedure. Under this procedure,
each installation submits a Master Buy Plan to NASA
Headquarters, prior to the beginning of a fiscal year,
and lists thereon every known procurement which is
expected to exceed an established dollar level for that
installation. This procedure will: reduce the number
of procurement actions requiring Headquarters ap-
proval; permit better visibility of those procurement
actions submitted to Headquarters; permit better
planning of workload and more effective use of per-
sonnel resources at both Headquarters and installation
levels; shorten the review and approval cycles at Head-
quarters; and increase the responsibility and authority
of each installation.

Small Business and Minority Business Programs.—
During fiscal year 1972 small business firms received
$164 million in direct NASA procurement awards,
which was 7.6 per cent of NASA’s total awards to all
business firms. Additionally, small firms received in
excess of $125 million in subcontract awards from
major NASA prime contractors. During this same pe-
riod, NASA more than doubled its total awards to
small minority firms in placing $3.2 million in con-
tracts under authority of Section 8(a) cf the Small
Business Act.

Cost Accounting Standards.—Regulations have been
issued to implement initial requirements of the Cost
Accounting Standards Board, an independent body
established by Congress to regulate the accounting
practices used by Federal contractors in connection
with the pricing and administration of negotiated de-
fense contracts. The activities of the Cost Accounting
Standards Board are designed to achieve uniformity
and consistency in the cost accounting practices em-
ployed by contractors.

Presently, Board requirements, as implemented by
Agency regulations, deal primarily with various aspects
of the requirement that would have the contractor
disclose and adhere to his cost accounting practices, in-
cluding compliance with applicable cost accounting
standards promulgated by the Board. Agency regula-
tions also prescribe the contractual provisions to be
employed, and provide the necessary procedural guid-
ance for the administration of the Board’s require-
ments.

Reliability and Quality Assurance—Efforts to im-
prove microelectronics reliability continues with the
establishment and implementation of a NASA-wide
standardization program for obtaining qualified micro-
circuits. Coordination with the Department of De-
fense and other government agencies in the develop-
ment of microcircuit specifications, and testing and
inspection techniques, in which NASA is a leading
developer, continues to improve the product as well
as government relations with industry.

Progress in avoiding or minimizing parts, materials
and process failures continues with the release of an
Experience Handbook summarizing accumulated data
on basic design and application problems from NASA
Alert reporting system.

Cost effective methods for obtaining electronic parts,
while maintaining or improving uniformity and relia-
bility, continue to be implanted and evaluated for
possible adoption NASA-wide.

Stabilization of Prices, Rents, Wages, and Salaries.—
The Procurement Office, NASA Headquarters, has
served as the focal point in NASA’s implementation of
the contracting aspects of Executive Order Numbers
11627 and 11640, as amended, providing for stabiliza-
tion of prices, rents, wages, and salaries. Procurement
personnel were directed to consider as a decisive factor
whether contractors are in compliance with the stabi-
lization program in all of their transactions. Contractors
are required to certify that they are in complete com-
pliance with Executive Order 11640, if applicable, and
that insofar as the Executive Order is applicable,
amounts invoiced under contracts will not exceed the
lower of the contract price or the maximum levels
established in accordance with the Order.

Technology Utilization Program

The Technology Utilization Office is charged with
the Agency’s prime responsibility for stimulating non-
aerospace application of NASA technology. The pro-
gram employs a variety of broadly disseminated tech-
nical publications and highly focused problem-solving
teams in assisting users in the public and private sec-
tors of the economy.

The 1972 program has been directed toward the
continued expansion of the technology base and in-
dustrial response capability and increased effort to
apply NASA technology to specific problems in health/
medical care, air and water pollution, transportation,
urban construction and fire safety.

Publications and Dissemination.—The inventory of
NASA Tech Briefs—single-page announcements of
specific new materials, devices or methods—increased
by 720 during 1972 to a total of 5,143. Approximately
1,600,000 copies were distributed to over 100,00 firms,
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research groups and individuals throughout the United
States. More than 100 significant scientific and tech-
nical publications were produced.

The six NASA-sponsored Regional Dissemination
Centers—located in Connecticut, Indiana, North
Carolina, Pennsylvania, New Mexico, and Califor-
nia—continued to expand their subscriber enrollment,
adding 200 industrial and public sector organizations
nationally. The services available to the more than
1,800 clients were increased to include NASA patent
information and patent licensing assistance.

The Computer Software and Management Infor-
mation Center (COSMIC) in Athens, Georgia, in-
creased its computer program inventory to more than
1,100. A total of 2,499 program tapes and documenta-
tion were sold to industrial, university and government
customers,

Technology Applications Projects.—The Technology
Utilization Program’s efforts to apply NASA tech-
nology to problems in areas of public concern were
greatly expanded through the initiation of 31 new ap-
plications engineering projects at eight NASA field
centers.

Staff scientists and engineers at Marshall Space
Flight Center, Jet Propulsion Laboratory and Langley
Research Center are adapting existing NASA tech-
nology to improve prosthetic devices for the handi-
capped, working in conjunction with the Veterans’
Administration Hospital (Miami) and Prosthetics
Center (New York City), Walter Reed and Hunts-
ville hospitals and the National Academy of Science
Committee on Prosthetics Research and Development.

Other projects now underway include:

Adaptation of NASA power supply technology
to rechargeable cardiac pacemakers (Goddard
Space Flight Center— Johns Hopkins University).

Modification of vitreous carbon-graphite com-
pounds for use in bio-compatible devices for im-
plantation (Marshall Space Flight Center—
Rancho Los Amigos Hospital, Los Angeles).

Application of NASA reliability, quality as-
surance and safety procedures to medical instru-
mentation in hospitals (Manned Spacecraft Cen-
ter—Boeing Co.—Baylor University).

A low-cost chemical drug detector using chro-
matography (Ames Research Center with the
Army Surgeon General and New York City).

Use of ultrasonic techniques in cataract sur-
gery (Lewis Research Center—Baylor University).

Several Technology Ultilization projects in air pol-
lution have been closely coordinated with EPA. Ex-
amples are two projects initiated (1) to adapt a NASA
hydrogen detection system to measure hydrocarbons
and methane concentrations in auto exhausts, smoke-
stack discharge, and ambient air; and (2) to use laser
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radar techniques to measure and track hazardous aero-
sols in the atmosphere in several locations in California.

Fire safety has received specific program attention
through projects jointly defined with the National Bu-
reau of Standards Office of Fire Research and Safety
and with a user design committee representing seven
major cities. An improved fireman’s self-contained
breathing apparatus is being developed by the Crew
Systems Division of the Manned Spacecraft Center.

Interagency Cooperation.—A broad range of ties with
other Federal agencies has been developed or strength-
ened during 1972. Cooperative arrangements for pur-
poses of technology dissemination have been expanded
with SBA, AEC, and the National Technical Informa-
tion Service (U.S. Department of Commerce). In ad-
dition to those mentioned, joint project activities have
been established with the National Eye Institute, Na-
tional Academy of Engineering, HUD, DOT, Depart-
ment of Interior, EPA, and U.S. Postal Service.

Equal Employment Opportunity Program.—To de-
velop a more comprehensive Equal Employment
Opportunity (EEO) program, EEO was transferred
from NASA’s Personnel Office and combined with the
Agency’s Contract Compliance Office to form an in-
dependent Equal Employment Opportunity Office,
reporting to the Associate Administrator for Orga-
nization and Management. The new Office will be
directly responsible to the Administrator and Deputy
Administrator.

Research Grants and Contracts

NASA funded 1,574 project-oriented research grants
and contracts at 219 universities with obligations of
$119 million to support research related to the mission
of the Agency. Considerable emphasis this year has
been placed on science involving unmanned explora-
tions, Earth observations, and aeronautics. The Agency
made project research grants to 20 predominately
black colleges and universities in 1972.

The Office of DOD and Interagency Affairs con-
tinued to coordinate and monitor activities involving
the National Academies of Sciences and Engineering;
Federal Council for Science and Technology; Inter-
agency Committee for Marine Science and Engineer-
ing; Intergovernmental Personnel Act; U.S. Bureau
of Standards studies on the impact of increased use of
the international metric system of units; interagency
activities associated with the Mississippi Test Facility
where in 1972 the Coast Guard joined other agencies
in conducting research; significant foreign activity and
achievements in aerospace endeavors; and the ex-
change of technology between NASA and other
agencies.



This office also continued to be active in coordinat-
ing NASA’s Earth observations programs—remote
sensing of the environment from aircraft and space-
craft—at the policy level with other agencies including
the White House, Office of Science and Technology,
National Aeronautics and Space Council, Department

Introduction

Significant progress in space communications and
technology was a highlight of the Department of De-
fense space programs for 1972. Launched in 1971, the
first two satellites of Phase II of the Defense Satellite
Communications System (DSCS), became operational
early in 1972, although operational problems with one
of these satellites later prevented its use. A new devel-
opment earth terminal was placed into service to ex-
tend the operational use of the DSCS. Development
of the Navy Fleet Satellite Communications System
continued and the contract for five Atlas-Centaur
launch vehicles was awarded late in the year. Agree-
ments were negotiated in 1972 with the United King-
dom (U.K.), NATO, and the Soviet Union. The U.K.
and NATO agreements provide for the development
and launch of additional advanced communications
satellites for use in the U.K. Skynet II and NATO
Phase ITI communications satellite systems. The agree-
ment with the U.S.S.R. provides for the implementa-
tion of an improved Direct Communications Link
(DCL) between the two governments. The Soviet
Molnyia II and the Intelsat communications satellites
will be used.

Important milestones were passed in the major
aeronautics programs.

The first prototype B-1 bomber aircraft is in final
assembly while the prototype engine has accumulated
over 300 test hours toward flight certification. A recent
design change in the engine nacelles of the B-1 will
reduce weight and cost with a minor change in aircraft
performance. Over 500 of the F/FB-111 aircraft have
been delivered and the F-111 force had passed 200,000
total flying hours by September with the lowest acci-
dent rate of any modern day Air Force fighter aircraft.
First flights of the A-9 and A-10, prototype aircraft
in the A-X program, occurred in May. The aircraft

of State, Department of Defense, and others. There
has also been considerable effort in effecting a tech-
nology interchange between NASA and other agencies
in the areas of remote sensing equipment, procedures
for processing and handling data, and in data interpre-
tation and analysis techiques.

Department of Defense

were delivered to the Air Force for the flight evalua-
tion that was completed in December. The Navy F-14
carrier-based tactical fighter has accumulated over
1700 flight hours and has successfully fired a variety
of missiles. The Air Force F-15 advanced tactical
fighter flew for the first time in July and its develop-
ment program proceeds on schedule.

Development of the lightweight fighter prototype
was continued to determine the feasibility and opera-
tional practicality of low cost, high performance, rela-
tively austere fighter aircraft that incorporate new aero-
dynamic concepts