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PREFACE

P L AT SN D TN 6 3B TS L A S ST St <+ - mas e e m o

THE MATERIAL in this booklet is a re-
print of a portion of that which was prepared
by NASA’s Office of Space Science and Ap-
Dlications for presentation to the Congress of
the United States in the course of the fiscal
year 1968 authorization process. It is believed
to be of such general usefulness that it is
being made available in this form to a wider
audience.

A large part of the text is directed toward
some of the issues that have been raised by
the congressional committees. There is a dis-
cussion of basic research, its value as a source
of knowledge, techniques and skills that go
into the rdevelopment of technology, and prac-
tical applications. Also discussed is the im-
portance to the strength, well being, and
security of our Nation of a continuing level
of effort in basic research, of which space
rescarch is an important and fruitful
component.

In addition, appendixes are-provided to
permit delving deeper into specific aspects
of the subject should the reader wish to do so.
Several of the appendixes are devoted to a
review of the efforts of the Office of Space
Science and Applications in the past and a
discussion of the potential for the future.
In particular, attention is called to the last
appendix, which lists some of the practical
benefits stemming from, contributing to, or
likely to come from, the research in NASA’s -
Advanced Research and Technology,
Manned Space Flight, Space Science and
Applications, and Technology Utilization

programs.
HoMer E. NEWELL,

Associate Administrator for
Space Science and Applications.
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Introduction

I am pleased to have the privilege of addressing the Committee on Aero-
nautical and Space Sciences on the subject of our national space science and
applications program. I this tenth year of the Space Age there is much to re-
port both on progress-and vn opportunities for the future. ‘

When we began our space program, we did so with a very limited capability.
We mounted, therefore, a strong effort to develop the technical and operational
capability needed to accomplish our objectives in space. At the same time,
b with the strong support of the Congress and the country, we were &ble to under-
k take a substantial program in both science and applications.

- Now, after a decade of hard work, we have built up a substantial space
capability. Reliable space vehicles are available ranging all the way from small
3 sounding rockets to the Saturn I and Titan III class vehicles, with the still

larger Saturn V imminent. Automated techniques of space exploration and
k application have matured while chalking up a long string of successes in Mariner,
3 Ranger, Surveyor, Lunar Orbiter, IIxplorers, Geophysical and Solar Observa-
tories, Tiros and Nimbus, Syncom, the Applications Technology ‘Satellite, and
many others. The capability of man to operate in space is emerging as Gemini
winds up a brilliant series of flights, as the Apollo program proceeds, and as we
start work on the Apollo Applications Program.

As a result of our hard-won gains, we can begin to devote a greater proportion
of our space efiort to practical applications and scientific and technological re-
E search. The future holds much promise of even greater returns on our invest-
e | ment than the remarkable output of the past.

In the first decade of the Space Age, we have also hammered out a better
. understanding of what space means to us, and how it can contribute in many
i ways to important national objectives. We have come to perceive the im-
portance of challenging, broad, scientific and technological efforts to the techni-
3 cal health of the nation, and to appreciate the importance of the space effort in
this respect. Many countries have come to equate preeminence in space with
3 technical leadership on Earth. As a result, scientific and technological prestige
o derived from successes in space have a definite influence at the negotiating table,
and on where other nations seek guidance and buy technological products, serv-
L ices, and training. One of the most imnortant returns from an overall space
: capability ig our ability to control our ow.: destiny in space and in the ‘Space Age,
3 - and to avoid a situation in which another country could restrict our use of space
E or our freedom of action in space. These points are developed at greater length ;
A in Appendix I. ;
3 Our rapidly developing capability has enabled us to achieve many successes
in the past, and now affords us a wide range of choices of profitable missions to
. undertake in the future. I propose in Chapter I to discuss in broad perspective
progress and opportunities in space science. In Chapter II I will discuss space
9 applications. In Chapter III I will review the Fiscal Year 1968 budget request
5 for the Space Science and Applications Program.

et

. : CHAPTER 1. PROGRESS AND OPPORTUNITIES IN SPACE SCIENCE

Space science

The rocket, satellite, and space probe are powerful tools for scientific research.
E: With them the investigator has been able to tackle many important and funda- E
mental problems that could not be attacked effectively hitherto. With space
techniques observations can now be made that are simply impossible at the sur- , 3
face of the Earth at the bottom of our obscuring and distorting atmosphere. As
a consequence, space science has had a major impact on many of the major
scientific disciplines, stimulating and enlarging their scope, and adding to the
power of their assault on the frontiers of ignorance. We shall discuss this point
at some length a little later.
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In broad perspective space science includes two major areas of research (fig.

109) :
Exploration of the solar system.
Investigation of the universe.

The first category includes the scientific investigation of our Earth and its_

atmosphere, the Moon and planets, and the interplanetary medium. The nature
and behavior of the Sun and its influence on the solar system, especially on the
Earth, are of prime importance. With the availability of space techniques, we
are no longer limited in direct observations to a single body of the solar system,
but may now send our instruments and even men to explore and investigate other
objects in the solar system. The possibility of comparing the properties of the
planets in detail adds greatly to the power of investigation of our own planet.
Potentially far-reaching in its philosophical implications, is the search for life on
other planets.

The fundamental laws of the universe in which we live are the mvst important
objects of scientific search. Space techniques furnish a most poweriml means of
probing the nature of the universe, by furnishing the opportunity to ¢hserve and
measure from above the Earth’s atmosphere in wavelengths that cannot penetrate
to the ground. There is also the opportunity to perform experiments on the scale
of the solar system using satellites and space probes to study relativity, to delve
into the nature of gravitation, including a search for the existence of gravitational
waves.

Historical perspective

Seizing upon the opportunities before us, in the very first months and years
of the Space Age, this country undertook as diverse a program of space science,
technology, and applications as its limited capability would permit. In the brief
span since those years of early decision, all of the first generation missions under-
taken in our mational space flight program have been brought to flight stage;
except for the Orbiting Astronomical Observatory (OAO) all have achieved
successful flights, and we are on the verge of success with that project. It is
significant that the OAO is in many respects the most difficult and most advanced
of the scientific missions undertaken by this country.
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Except for the extensive sounding rocket program, the record is set forth on
the table of figure 110. Scientific successes recorded in the table include dozens of
4 Explorers (atmosphere; magnetosphere; geodesy; space environment), Orbiting
4 Solar Observatories (Sun), Orbiting eophysical Observatories (multidiscipli-
nary studies covering the atmosphere, magnetosphere, Sun, and space environ-
ment) ; many satellites launched for other countries in cooperative programs
b (atmosphere; ionosphere; Sun; space environment), the Ranger and Surveyor
4 lunar missions (Moon), Pioneer deep space probes (space environment), and the
E Mariners to Venus and Mars (planets; space environment). As I mentioned in
. . the introduction, a later paper will discuss the very successful and productive
3 applications program.

Figure 111 lists the second@ round of missions undertaken in our space
program since 1960. Many of these have also come to fruition. Eminently satis-
fying has been the brilliant Gemini program, in which many scientific experiments
have been carried out (Earth and weather photography; space environment;
astronomy ; bioscience). The second generation missions include advanced Ex-
plorers, such as the Interplanetary Monitoring Platform, called IMP, (space
environment), and the GEOS and Pageos geodetic satellites (Earth structure:
mapping). Of the new international cooperative satellites, the second Canadian
Alouette (ionosphere; cosmic rays) and the Italian San Marco (atmosphere) R
- launches were highly successful. New and improved Pioneers even now are i
i orbiting the Sun, sending back important data on solar activity and the inter- ' , ‘;4
b planetary mediurz. Spectacular pictures of the Moon from our two Lunar ;
Orbiters have appeared on front pages of newspapers around the world.

2 The year 1966 saw a spectacular assault on the secrets of the Moon with Sur- _
P ! veyor and Lunar Orbiter automated spacecraft. These achievements are beauti- ' A
fully symbolized by Lunar Orbiter’s memorable photograph of the Earth dom- :

4
B

: inating the sky above the lunar horizon (fig. 112). While missions such as

NASA MISS!GNS STARTZD BEFORE 1 JANUARY 1961

4 : DATE OF TOTAL SUCCESSES

MISSION FIRST SUCCESS TO 31 JAN 1967
VANGUARD* 17 MAR 1958 ) 2
EXPLORER* o -1 FEB 1958 25
PIONEER** ‘ 3 MAR 1959 2
ORBITING SOLAR OBSERVATORY 7 MAR 1962 2

ORBITING ASTRONOMICAL OBSERVATORY

fadzied SUeliiii e LR

. . ORBITING GEOPHYSICAL OBSERVATORY 7 JUN 1966 1
INTERNATIONAL 26 APR 1962 2 :
RANGER , 28 JUL 1964 3
' SURVEYOR 30 MAY 1966 1
) MARINER 21 AUG 1962 2 >
ECHO , 12 AUG 1960 2 ;
] RELAY 13 DEC 1962 2 :
{ TIROS 1 APR 1960 10
NIMBUS 28 AUG 1964 2 "
; MERCURY (MANNED) 5 MAY 1961 6
LITTLE JOE 4 OCT 1959 7
SATURN - 21 OCT 1961 13
CENTAUR*** 21 NOV 1963 7
DELTA 12 AUG 1960 4
SCOUT=*** ' 1 JUL 1960 3
* PART OF IGY BEFORE CREATION OF NASA
** STARTED BY USAF
*** STARTED 8Y ADVANCED RESEARCH PROJECT AGENCY (ARPA) :
**++ |NCLUDES LAUNCHES FOR DOD AND AEC NASA § 67-1637
’ 2167

F16URE 110

a2 ot S et A AR A 8 R A AN A e e A S SRR S M S S R G e el



]
i
.;_ :
368 NASA AUTHORIZATION FOR FISCAL YEAR 1968 i ,
. <
NASA MISSIONS STARTED AFTER 1 JANUARY 1961 1
4
MISSION DATE OF TOTAL SUCCESSES :
FIRST SUCCESS T0 31 JAN 1967 b
: i
ADVANCED EXPLORER 26 NOV 1963 3 ;
NEW PIONEER 16 DEC 1965 2 ;
NEW INTERNATIONAL 27 MAR 1964 3 {
LUNAR ORBITER 10 AUG 1965 2 j j
APPLICATIONS TECHNOLOGY SATELLITE 6 DEC 1966 1 i 3
SYNCOM 26 JUL 1963 2 §
GEODETIC 6 NOV 1965 2 ; :
ESSA* 3 FEB 1966 4 " ‘
BIOSATELLITE -- E
PEGASUS 16 FEB 1965 3 : .
FIRE 14 APR 1964 2
REENTRY 18 AUG 1964 2
SERT ' 20 JUL 1964 1
RAM -
GEMINI (MANNED) : 23 MAR 1965 10 i §
APOLLO (MANNED) -- i !
LITTLE JOE 11 28 AUG 1963 4 ; g
NON-NASA MISSIONS
TELSTAR =100 192 2
INTELSAT 6 APR 1965 3 (Vehicle 3
Only) 3
NASA § 67-1638
* BUILT AND LAUMCHED BY NASA FOR ENVIRONMENTAL 2-1-67
SCIENCE SERVICES ADM INISTRATION
Ficure 111 7
t :
SPACE SCIENCE AND APPLICATIONS !
]
]
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these were capturing most of the headlines as well as the public imagination,
they were also being matched by equally significant progress in other areas,
including pertinent and supporting ground-based research.

The accomplishments of the past two years have cleariy established the
capability of this nation to carry out successfully complicated automated science
and applications missions in space. We have made substantial progress in the

. development of a manned capability for similar purposes. A strong base has

been laid for continuing success in whatever space missions we may undertake.

By way of comparison, the Russians continue to publish at an increasing rate
in the area of space science, as is shown in the analysis of Appendix II, which
was compiled by NASA’s Goddard Institute for Space Studies. Nevertheless,
the United States has maintained a lead through 1965. It will, however, be
important to watch for what effects the recent increase in automated exploration
of the Moon and cislunar space will have on both the absolute and relative
numbers of Soviet space ‘science publications,

Time for decision

Many of our first and second generation projects have been completed or are
nearing completion. The space research effort has been abundantly fruitful
in enswering first and second generation questions about our space environment,
and in turning up a whole new generation of fundamental and important ques-
tions, and potentially fruitful practical applications. To answer these new
questions and to continue advancing in this important field, it is time to select
Yriew missions to replace old ones.

The importance of this point may be seen from figure 113. This chart shows the
flight activity in the Space Science and Applications Program since 1960. Flights
to which we have committed ourselves are shown as launched or scheduled.
They are subdivided into major missions requiring Agena, Centaur, or Saturn
launch vehicles, and small spacecraft requiring the Scout or Delts launch vehicles,
The number of scheduled missions is seen to decrease rapidly to zero in the early
1970’s. The:? is both the opportunity to introduce new missions into the seience

0SSA FLIGHT MISSIONS

NUMBER OF
MISSIONS

2%
22
20
18

16
14
12
10

AGENA/CENTAUR :
SATURN :

LAUNCHED OR SCHEDULED

S N & o o
I

Cy 60 61 64 65 66 67 68 69 70 71 72 13 714 15

NASA S 67-605
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and application program, and the necessity to do so, to tackle the new problems
we now have before us, to keep in trim the magnificent team that we have put
together, and to maintain our forward thrust. The Fiscal Year 1968 budget in-
cludes funds to conduct work on additional missions as indicated in the chart.
"These missions, which include Voyager, will be discussed by Mr. Edgar Cort-
right in a later paper.

The proposed new work is selected from a wide range of choices now open to
us, because of our growing space capability. When the Space Age began, we as
a nation were constrained to responding to the challenge represenied by Sput-
nik I with whatever we could do in space. A decade later the situation is en-
tirely different. The number of space goals that are now within reach is so great
that we can set aside the question of what ¢can we do and turn our attention
to what should we do.

The importance and value of options now open to us in science are discussed
in the next section.

The impact of space research vn Science

The impact of space research on science has already been appreciable, inter-
national in scope. With the Space Age, a new phrase came into use; spece science,
meaning basic scientific research in or directly related to space. Space science
is, however, not a new science or even a new scientific discipline. Rather, it is
the extension of numerous classical disciplines by the application of space tech-
niques to the solution of important scientific problems. Therein lies the vitality
of space science. that it contributes in powerful ways to the broadening and
strengthening of science right here on Earth.

Let us illustrate the above point by discussing several specific examples., It
sh. 1 suffice to consider four major disciplines: geoscience, physics, astronomy,
and bioscience. All of these disciplines are thoroughly involved in the pursuit
of our objectives of exploring the soiar system and investigating the universe.

Geoscience

The impact of space techniques upon the geosciences, i.e., the study of our Earth,
has been truly dramatic. Through the space approach, geoscience has been
strengthened and extended in four significant ways:

By providing powerful new tools.

By opening up new areas of geoscience.

By extending geoscience to other planets.

By drawing geoscience, astronomy, and physics closer together.

Let us discuss these four points in order.

New tools jor geoscience

First, sounding rockets and satellites have furnished a powerful new line
of attack on old problems. One of these problems is the investigation of the
Earth’s upper atmosphere beyond the reach of aircraft and balloons. Those
familiar with this field are keenly aware of the struggles, starting in the early
1900’s and extending over nearly half a century, to glean information from
various indirect sources about the properties and behavior of the high at-
mosphere., Some remarkably good detective work was done, but progress was
slow and very uncertain. There were simply too many parameters not subject
to direct measurement to permit achieving unambiguous answers.

With the sounding rocket, and later the artificial Earth satellite, the pace
of definitive observation and measurement increased by orders of magnitude.
The pressure and density of the atmosphere were determined to heights of
thousands of miles. Molecules and ions in the upper atmosphere were identified.
It was found that in the middle ionosphere ionized oxygen atoms appear (fig.
114) instead of the neutral oxygen molecules found at sea level. Still higher
is a region dominated by helium, and even farther out a region of predominantly
hydrogen. Atmospheric motions, the aurora, and other high altitude phenomena
came under the revealing scrutiny of spaceborne instrumentation,

It was possible to observe the solar spectrum at various altitudes, thereby
determining where the different solar wavelengths are absorbed in the atmos-
phere. These data are critical to understanding the influence of the Sun upon
our atmospheric environment.

It is the word “environment” that is the key to the practical importance of
much of space science. Through the results of space research we understand
better the nature and behavior of our environment, and its influence upon our
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FIGURE 114

lives. With such knowledge we are better able to cope with the problems of
living in the Earth environment and of using the Earth and space environment
to full advantage.

For example, understanding the lower atmosphere and its behavior is es-
pecially significant at this time when we are wrestling with the possibilities of
actually modifying weather to serve practical needs, such as enhancing water
supplies, decreasing lightning hazard, protecting crops from storm damage,
and perhaps in the more distant future even taming the hurricane and the tor-
nado. The atmosphere affects the design of airplanes, missiles, and satellites;
and has a major influence on various forms of radio communication, including
the guidance and control of our own rockets, and the detection and interception
of enemy missiles.

The problem cf atmospheric pollution, which affects us all, needs thoughtful
and searching attention. Urban smog is no longer an occasional phenomenon,
but is a threat to most large cities. The frequency of smog in the Los Angeles
area is well known (fig. 115). Smogs of London, New York City, and Pitts-
burgh have been highly distressing, even fatal to some. One solution to this
problem would be to stop burning fuels for home and industry, stop driving
automobiles, and forego those activities that inject contaminants into the
atmosphere, and to understand thoroughly the behavior of our atmosphere, and
what our activities do to it, so that we may devise ways of living and working
that leave our environment unharmed.

The above are obvious examples of the direct practical application of knowl-
edge about our environment. But there are hidden importances that may
escape attention until too late if we do not continue to press for a clear perecep-
tion of man’s environment and his role in it. Let me cite two examples.

The amount of carbon dioxide in the atmosphere has increased eight percent
in the last 60 or 70 years. Over this period there has been a great growth in
industrial activity and in the use of the internal combustion engine. Since
carbon dioxide in the atmosphere absorbs heat radiated from the ground, in-
creasing carbon dioxide content implies a gradually increasing temperature
at the Earth’s surface. It would take only a few degrees rise in the average

e R T AP e At oot W0 ST S T e S R e e S A T

oy i

R TR
P SIS

ey

e e

o e e -

PR R L S

e DT e N 1 T

D T

R B B,

e

b A A AT

LR AR

v

L




K.
g
A:
#

L s s o
ekl

Zuledo ol

T e e S Thid 1 R AN )

372 NASA AUTHORIZAZLION FOR FISCAL YEAR 1968

e
AT

¥ e

GEMINI V PHOTO
SOUTHERN CALIFORNIA

oo NASA S67-1644
2-14-67

FicURe 115

temperature of the atmosphere to cause profound changes in climate, the melt-
ing of the polar ice caps, with sufficient changes in sea level to inundate low-
lying land masses such as Florida. It has been suggested that the melting of
Arctic and Antarctic ice would soon lead to an increase in the Earth’s cloud
cover followed by increased and widespread snowfall. This could be the start
of the next great ice age.

Even more subtle is the influence we may be exerting on the ultimate sources
of life-giving oxygen in our atmosphere. It was once a favorite theme of
science teachers to point out that, although the atmosphere is not a chemical
compound, nevertheless, the proportions of the major constituents like nitrogen
and oxygen are dbsolutely unchanging. This point of view, however, is an illu-
sion fostered by the vastness of the atmosphere and the extreme slowness of
changes. But, changes do occur, as illustrated by the previous example of
the carbon dioxide content of the air.

The fact is that oxygen is constantly being removed from the air, for example,
by oxidation of the rocks of the Earth’s crust. This loss is offset by the escape
to the atmosphere of oxygen from the oceans where oxygen is continually being
released by photosynthesis in marine plants. There are indications that marine
life is absorbing and being affected by pesticides and herbicides that are being
washed into the oceans. Since there is no known buffer or stabilizer for the
equilibrium of oxygen in the photosynthesis-atmosphere cycle, the amount of
oxygen in the atmosphere may be expected to decrease as the balance of ithe
plant and animal ecology of the oceans is drastically disturbed. Because there
are now about a half million tons of oxygen per inhabitant on Earth, and be-
cause any changes will appear to be quite slow, harmful iong-term effects will
not be easily perceptible in the critical early stages. The concern is that by the
time significant changes are evident, it may :already be too late to remedy ‘the
situation. The consequences of ignorance are potentially so drastic that the
investment in knowledge becomes a must.

The story of our atmosphere is as fascinating as it is important. In these
few paragraphs I have no more than touched upon the subject. A more de-
tailed account is given in Appendix III: “The Story of the Earth’s Atmosphere,”
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written by Dr. Robert Fellows, Planetary Atmospheres Program Chief, Office
of Space Science and Applications, NASA Headquarters.

The significance of the atmosphere in our lives is clear. The interplanetary
medium and the Sun have a related importance. The Sun literally controls the
state and behavior of the Earth’s atmosphere (fig. 116) by transmitting pro-
digious quantities of energy to Earth through the interplanetary medium. Thus,
from the practical importance of scientific research on our local environment,
we are inevitably led to the importance of investigating our space environment.

Because of its importance in assessing our investment in space research, I have
discussed briefly the practical importance of thoroughly understanding our en-
vironment. Let us return now to the original point we were making, that space
techniques have enabled geoscience to take a more effective approach to the solu-
tion of some long-standing problems. The investigation of the Earth’s atmos-
phere, a significant parc of our local environment, was one of those problems,

Land and water, too, are important parts of our environment that space tech-
niques are helping us to investigate. By observing the effect of the Earth’s gravi-
tational field on the orbits of artificial Earth satellites, it has been possible
to analyze the gravitational field to a high degree of accuracy, to deduce the
strength of the Earth’s upper mantle, to describe in considerable detail the true
shape of the Earth, and hence to improve our mapping capabilities. Earth pho-
tography, like that from the various Gemini missions, adds new power and per-
spective in studying geography (fig. 117), geology (fig. 118), hydrology (fig. 119),
glaciology (fig. 120), oceanography (fig. 121), forestry (fig. 122), and agriculture
(fig. 1%3). The potential of these areas of science for practical returns is
tremendous.

New areas of geoscience

The second impact of space research upon geoscience is in the opening up of
new, unsuspected areas in the discipline. Investigation of the Earth’s magneto-
sphere is an entirely new aspect of geoscience, which began with James Van
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DARK STREAKS REPRESENT DISCHARGE OF COOL GROUNO WATER
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IR TEMPERATURE SENSING
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Allen’s discovery of the radiation belts. Indeed, the magnetosphere is new, coined
to designate that region of the interplanetary medium over which the Barth’s
magnetic field has a dominating influence.

Occupying a cavity carved out of the solar wind by the Earth’s magnetic field,
as shown in figure 124, the magnetosphere is enveloped on the sunward side by
an immense shock wave that sweeps around the Earth in much the same way that
an aerodynamic shock wave accompanies a supersonic aircraft. The magneto-
pause, or boundary of the magnetosphere, lies behind the shock wave, while
within the magnetosphere itself are the trapped radiations that comprise the
Van Allen Belts. These radiation belts are a sort of no-man’s land where radiation
intensities are too high to permit any prolonged manned operations.

While the magnetosphere reaches a distance toward the Sun of 10 or 15 Earth
radii from the Earth, in the anti-solar direction the Earth’s field lines are swept
out by the solar wind to great distances. The total extent of this magnetospheric
tail, which some have likened to that of a comet, is still not known, although it
clearly reaches well beyond the distance of the Moon’s orbit (fig. 125). Explorer
XXXIII has provided data on the magnetospheric tail from a distance of 75,000
miles beyond the Moon’s orbit. Moreover, instruments in the deep space probe
Pioneer VII have detected some effects of the Earth on the solar wind at more
than four million miles beyond the Earth.

The study of the magnetosphere is inextricaply interwoven with investigations
of the aurora, magnetic storms, and magnetic fluctuations, communications dis-
turbances, and weather anomalies on the one hand, and of the interplanetary
medium and solar activity on the other. To understand the important relations
among these various phenomena, we are now investigating the dynamics of the
magnetosphere. With such studies we expect to learn about the detailed mecha-
nisms by which the Sun exerts its control on the Earth’s atmosphere.

A discussion of the Barth’s magnetosphere is given in Appendiz IV: “The
Solar Wind and the Earth’s Magnetosphere,” by Dr. George Pieper, Assistant
Director for Space Sciences, Goddard Space Flight Center.

The existence of an Earth’s magnetosphere immediately suggests the possi-
bility of other planetary magnetospheres, the study of which may shed still
further light on solar-planetary relationships. The instruments on Mariner IT and
Mariner IV, however, have shown that Venus and Mars have weak magnetie
fields, if any, and hLence do not have pronounced magnetospheres like that of
Earth. On the other hand, radio wavelength emissions from the planet Jupiter
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indicate that Jupiter has an extensive magnetosphere, reaching to millions of
miles from the planet itself (fig. 126). It is clear, from the intensity of these
radio emissions, that the Jupiter radiation belis are at least a thousand times
more intense than those of the Earth,

It may even be correct to think of our Earth as revolving within a solar
magnetosphere. Perhaps interplanetary space divides into two regions: a solar
magnetosphere region enveloping the nearer planets, and the remote reaches of
the solar system where galactic space conditions prevail. A challenging problem
of space research is to find and probe the boundary between these two regions
and to enter and study the true interstellar medium.

Geoscience and the other planets

The third profound impact that space activities are having on geoscience in-
volves the planets. The domain of geoscience has grown to include many bodies
of the solar system. No longer must the geoscientist be content with only one
sample of the solar system, namely, the Earth. Now automated instruments,
and later men, can go to the Moon and planets (fig. 127), to ask of those other
bodies the same questions that the scientist has long been asking about the
Earth. The theories, instruments, and skills needed and developed to study the
Earth can now be applied to investigating the Moon and planets at firsthand
(fig. 128). Conversely, improvements in instrumentation achieved to further the
study of the planets directly benefit the investigation of the Earth.

The need for lighter, compact, reliable, and sensitive scientific instrumenta-
tion and advanced techniques for observation and analysis from spacecraft and
on the lunar surface has resulted in new designs and miniaturized instruments,
such as mass spectrometers, gas chromatographs, differential thermal analyzers,
diffractometers, spectrometers, radiometers, radar transmitters and receivers,
gravimeters, seismometers, '‘nd magnetometers. Many, if not all, of these will
find application to BEarth problems, including the search for new sources. As an
example, the small X-ray diffractometer developed for iuse on a Surveyor Space-
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o RN

eraft to make mineralogic determinations on the lunar surface appears to be :
more effective than some much larger laboratory instruments. i

Comparative studies of the planets and their atmospheres, ionospheres, and 1
: magnetospheres, promise increased understanding of our own planet. The in- 3
vestigation of solar-terrestrial relationships can now become the study of solar- 3

planetary relationships. If it is true, as has been suggested, that the composition
of Jupiter is essentially that of the primordial material from which the solar

: : system formed, the study of Jupiter, fascinating and important in itself, should b
L also assist in probing into the origins of the solar system and our Earth.
4 The important scientific problems that are involved in the study of the planets,

and their bearing on our understanding of the Earth, are developed at length in : d

Appendix V: “The Planets,” by Dr. Robert Jastrow, Director, Institute for Space
» Studies, Goddard Space Flight Center, and Dr. William Brunk, Program Chief,
¥ : Planetary Astronomy, Office of Space Science and Applications, NASA Head-
: quarters.

Partnership among geoscience, astronomy and physics

Finally, the fourth impact of space research on geoscience is the drawing to- :
! gether of physics, astronomy, and the geosciences in the study of solar-terrestrial 3
i relationships, and in the comparative study of the Earth, Moon, and planets. ’
The investigation of the Moon and planets has long been in the domain of
astronomy. Now, as instruments, and later man, reach these other bodies of
the solar system, the investigation of them extends into the geosciences.
Modern Earth-based telescopes have made it possible to view the Moon in
great detail. However, the best photographic resolutions have been on the order
of a half mile, and visual resolutions only a little better (fig. 129). When :
Ranger took its pictures of the Moon, figuratively speaking it put into the 3
hands of the astronomer a telescope a thousand times as powerful as any
hitherto available. Objects less than two feet in size could be resolved in the
best of the Ranger and Lunar Orbiter pictures (fig. 130). When Surveyor
landed, it provided the astronomer with still further improvement in resolu-
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tion, by another factor of one thousand (fig. 131). But at that point, because
the spacecraft actually landed on the lunar surface and demonstrated the
ability to place equipment and instruments on the Moon itself, it brought
about the fusion of astronomical and geoscience interests in lunar geologic
investigations.

The contribution of space science to planetary geology is reviewed in Ap-
pendix Vi: “Planetology,” by Verl R. Wilmarth, Program Chief, Planetology,
Office of Space Science and Applications, NASA Headquarters.

In a similar way, studies of cosmic rays, plasmas, and magnetic fields in
space, and of their relationship to the Earth’s magnetosphere, have brought
physics and gecscience into a close partnership. The physicist finds in the
magnetosphere and interplanetary space a gigantic laboratory in which he can
study plasmas and magnetohydrodynamics under conditions not afforded to him
on the ground. He is even able to conduct some controlled experiments as was
done in the generation of artificial radiation belts by high altitude nuclear
explosions, or as may be done by flying high energy particle accelerators, and
then using satellite instrumentation for measuring their effects on the magneto-
sphere and upper atmosphere. But in pursuing these studies, the physicist is at
the same time tackling problems of great interest to geoscience. These points
are discussed in more detail in Appendix IV.

Physics

The principal importance of space to the field of physics is in providing
what amounts to a gigantic new laboratory for the conduct of research., We
already touched upon this point briefly in mentioning the growing partnership
between physics and geoscience. The vacuum of interplanetary space is just
not attainable in the BEarth-based laboratory. In this vacuum, the plasmas and
magnetic fields furnished by the Sun can be used to investigate magnetohydro-
dynamics, collisionless shock waves, and other phenomena not possible to in-
vestigate on the ground. Also, streaming through interplanetary space are
galactic cosmic rays of far greater energy than can be generated on Earth in
any accelerator now in existence or contemplated. These particles are available
to the high energy physicist as research tools in his search for fundamental
particles and the ultimate structure of matter.

With satellites and space probes, experiments can be conducted on the scale
of the solar system. With our developing manned spaceflight capabiiity, even
those requiring the presence of man can be undertaken. Very dense artificial satel-
lites carrying accurate nuclear clocks, can be used to check various aspects of the
theory of relativity. Such checks have been carried out on the ground, but the in-
accuracies involved make it important to pursue other methods of investigation
as well.

The fundamental nature of gravitation is still not understood. The emplace-
ment of high precision corner reflectors on the Moon, to be used with lasers on
the Earth to obtain a very accurate determination of the relative positions of
Barth and Moon, may permit us te use the Earth-Moon system as a detector of
gravitational waves. It is suggested that such waves may be generated by super-
novae explesions, in which vast quantities of matter are destroyed by conversion
into energy. Or perhaps through other measurements we may be able to detect
whether the expansion of the universe has an effect on the value of Newton’s
gravitational constant, which gives the strength with which matter attracts
matter.

Astronomy

One can predict an impact of space techniques upon astronomy as profound as
that upon geoscience. Throughout most of its past, astronomy was confined to
observations in the narrow visible window (fig. 132), augmented in the last few
decades by observations in some of the radio wavelengths. A truly remarkable
astronomical theory has been built upon these observational results. But that
very theory emphasizes that some of the most important information about the
galactic medium and processes, such as the birth, evolution, and demise of celes-
tial objects, is contained in the X-ray, ultraviolet, and infrared wavelengths that
are prevented by the atmosphere from reaching the ground.

This is not idle speculation. Already rocket observations have revealed dozens
of X-ray sources on the celestial sphere (fig. 133). Such intense X-ray sources
were not predicted by astronomical theory, and their discovery has raised nu-
merous difficult questions. The explanation of these sources is one of the major
astronomical problems of the day.
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The discovery of X-ray sources by space techniques, and of the very puzzling
radio galaxies and quasars by ground-based techniques, underscores a very im-
portant point. In the future development of astronomy, both ground-vased and
space techniques must and will become close partners in extending the frontiers
of knowledge about the cosmos. Peering some distance into the future, one can
visualize an astronomical facility in orbit about the Earth. Like its ground-
based counterparts, such as the Mt. Wilson or Mt. Palomar observatories, the
orbiting facility would consist of numerous specialized instruments (fig. 134) :
a large optical telescope for stellar and galactic research, some smaller stellar
telescopes, solar instruments, and probably X-ray and radio telescopes. These
telescopes would be outfitted with spectographs, coronagraphs, and a variety
of detectors in various wavelength regions. The facility would be basically au-
tomated, but man-tended. In normal operation, it would be controlled remotely
from the ground, and shared by astronomers in much the same way as our fa-
cilities on mountain-top observatories. From time to time astronauts would
visit the facility, to repolish teiescope mirror surfaces, to accomplish routine
maintenance operations or make necessary repairs, to update equipment or add
new features, and sometimes to conduct photographic astronomical missions.
For this last operation, photographic plates would be exposed, using one or
more of the telescopes, and then would be returned to Earth for processing and
analysis. Such an astronomical facility, once established could remain one of the
basic tools of astronomical research for a long tiine to come.

These points are elaborated in Appendix VII: “Astronomy as a Space Science,”
by Dr. Henry Smith, Deputy Diicctor, Physics and Astronomy Programs, Office
of Space Science and Applications, NASA Headquarters, in which Dr. Smith
discusses the important problems of astronomy today and how space astronomy
has contributed and is contributing to their solution,

Bioscience

The last of the disciplines that we shall use to illustrate the impact of space
research on science is in the life sciences, Space science enters upon the scene
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at a time when some of the most fundamental questions about the physies and
chemistry of life are yielding to the penetrating researchers of modern biology.
The fundamental roles of deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA) in biological materials and processes, the genetic code, and the chemical
basis for memory processes, are becoming understood. In this climate the dis-
covery of life on another planet of the solar system would serve to illuminate
terrestrial bioscience researches, in addition to having a tremendous philosophical
impact. . ]

Life on Earth is ubiquitous. Virtually everywhere we search for it, we find
it, often in microbial form. It shows up in the dryest of deserts (fig. 135), and
in the hotitest (fig. 136) and coldest (fig. 187) of climes. There are even worms
that live in glaciers (fig. 138). ~

Life has existed on Earth for eons of time. Fossils of bacteria have been dis-
covered in specimens of chert (a sedimentary form of quartz) (fig. 139) 3.1 bil-
lion years old. Other fossil remains also support the conclusion that there have
been living forms on Earth for billions of years.

Life is very persistent. The horseshoe crab of today (fig. 140) bears a remark-

- able resemblance to the trilobites of half a billion years ago. Some bacterial

forms of -today appear to have survived through eons (fig. 141). Some forms
thrive in what we would regard as extremely hostile environments, such as an
atmosphere of ammonia. The organism tardigrade (fig. 142) can. be completely
desiccated to look like a little flaky ecrystal, and upon being resupplied with
water revives and resumes its normal life cycle.

The chemistry of life is remarkably uniform. The nucleic acids and proteins
are invariably basic constituents of living matter. The very complicated DNA
molecule, deoxyribonucleic acid (fig. 143), furnishes the means by which genetic
information is stored in the cells of living organisms, and by means of which their
growth and specialized development are controlled. Many organic molecules

" have right-handed and left-handed forms. It is an interesting fact that biological

substances never use both right and left-handed forms of a specific substance,
For example, all living species use left-handed amino acids.
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In sum, the chemistry of life on Earth is such as to suggest that given the
right environmental conditions and adequate time, life :1l inevitably result,
Furthermore, it appears highly likely that the basic chemistry of life will be
e , the same wherever it is found.

This is the framework in which we are investigating the behavior of ter-
4 restrial life under space conditions. By sending various forms of life aloft in
satellites and space probes, we can search into what are the relative roles of
chemistry and of Barth conditions, such as gravitation and the day-night cycle,
in the evoiution of life and life processes as we now know them.
) This is also the framework of interest in the possibility that there may be
. some forms of life on Mars or Venus. Environmental conditions on Mars may
k- well have been adequate for the formation of life, although the apparent lack of
water raises serious doubts in the minds of some scientists. The apparently high
surface temperature of Venus, above the melting point of lead, is too hot for
4 life. Bu! some investigators suggest that improved temperature measurements
3 may show that the surface is considerably cooler than most scientists now believe.
E Others sugyest that mountains or perhaps the poles on Venus may provide a
temperate environment. In either case, Venus might be capable of supporting
the development and preservation of life. Were life to be found on another planet,
5 our experience on Earth suggests that it would be basically similar to terrestrial
1 i life in its chemistry. Having been formed under different conditions from those
k. i on Earth, however, extraterrestrial life may show some significant large-scale
differences. The comparison of this similar, yet somewhat different, life with that
} on Earth should prove most illuminating to biolcgical research. Moreover, there
may be much to learn of the chemical steps toward life on a planet unmodified
by the activity of living organisms. Hence, even if life is not found on Mars or
Venus, the investigation of the state of evolution of the planet’s chemistry will
still be important biologically.

Voyager is the long-term program for the exploration of the solar system with
3 instrument unmanned spacecraft. The systematic investigation of Mars is pres-
3 ently a major objective of the Voyager program. The scientific objectives are di-
rected particularly toward obtaining information on the nature and existence of
extra-terrestrial life, and the characteristics, evolution, and. environment of the
planet. The first operational mission in this series is scheduled for the 1973 Mars
opportunity. It is currently planned to place the spacecraft in orbit about
the planet and to land instrumented payloads on the surface. Subsequent mis-
sions to Mars in 1975 and beyond are planned. Missions to Venus and to the
other planets are also under consideration.
< In the Voyager program special emphasis is directed toward experiments
P ) having biological relevance. Virtually all information concerning a planet will
3 have some biological relevance. For example, physical environmental factors
; such as the range in surface temperatures snd the nature of the atmosphere
govern the chemical species and reactions which may exist. Deviations from %
inorganic equilibrium, such as the presence of mixtures of chemical compounds
which in the long run are thermodynamically improbable in the absence of life
processes, are of extreme interest. The presence and distribution of atmospheric
water vapor and of ground water are of crucial importance. The detection
and identification of organic compounds in the surface and subsurface materials
may provide vital clues to the chemistry of extraterrestrial life, extant or :
extinct.

Should life be found on Mars or Venus, this will virtually establish the high
probability of the formation of life whenever the envircnmental conditions
are appropriate, and make if highly likely that life exists in other solar systems
of the universe. Should life not be found on Mars or Venus, this will not estab-
lish the opposite conclusion, but rather will simply leave the question still open.

Both lines of research in space biology, i.e., the study of terrestrial life in
space and the search for extra-terrestrial life, have potentially far-reaching
implications. It is for this reason that, in spite of the deep importance, excite-
ment, and interest of the problems under attack in Earth-based laboratories, a
‘ substantial number of competent researchers in the life sciences have chosen to ‘
4 devote a sizable effort to space bioscience. A more detailed discussion of the
- objectives and opportunities in this important field is given in Appendix VIII: ;
“Space Research and Progress in Biological Science,” by Dr. Orr E. Reynolds, 9
Director, Bioscience Programs, Office of Space Science and Applications, NASA p:
Headquarters. E:
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The impact of space research on academic institutions

Space science has become an important iield of investigation in our universities.
Because of the substance and importance of science problems that we can now
attack in the space program, it is essenfial that we strive to achieve a strong,
working relationship, a partnership, with the scientific community. CTompetent
first-rate scientists and their students are interested in and recognize the im-
portance of space science. We are in a position to invest in their careers or in
a substantial fraction of their careers.

It is this that we need to do as a country. It is not enough to support an experi-
ment now and then, or here and there. That will not produce the result I believe
we seek. The result we seek is a substantial advancement in a number of impor-
tant disciplines that are bound to underlie our approaches to solutions to prac-
tical problems of a technical nature, that will affect and assist us in how we
tackle problems of an economic and sociological nature, that will a’so affect how
we view ourselves as we bargain around the political conference table.

The quantum of progress to seek is the reshaping of one generation’s thinking
into a new collection of concepts for the next generation to reshape in turn. Space
science is doing just that in a number of important scientific disciplines as
emphasized in the previous section.

Because of the important challenges of space science, over 200 colleges and uxi-
versities have involved themselves in space research. The major fraction of sur
space science research is carried out in these institutions. At present, approxi-
mately 1500 faculty members and over 2000 graduate students are actively en-
gaged in space science and technology. In addition, under NASA’s sponsorship
there are at present some 3600 students now studying for doctoral .degrees by
working on space-related problems in some 30 academic disciplines.

This partnership with the scientific community contributes high-quality re-
search to the space program on the one hand, and enriches graduate education in
science and engineering on the other. The effect is rlso to strengthen the national
base of knowledge and understanding, and living competence, which are the foun-
tainhead of all practical technical applications.

The practical importance of space scicnce

Following this presentation will come a review of practical applications of
space knowledge and technology. The value of such 2pplications is clear in the
very telling of them. The import of the investment in them is immediately under-
standable in the direct way in which they rieet human needs and aspirations. Yet
basic research, of which space science is un important segment, is equally im-
portant to the total well-being of our nation. I should like in the next two sections
to develop this noint further to explain why we so urgently request your support
of a balanced, vigorous, space science effort as an essential part of our total
national space program.

What is science?

It is with considerable trepidation that I have attempted in the few pages of
Appendix IX to define what science is. Many authors, themselves illustrious sci-
entists, have undertaken this task, and have considered it necessary to devote
whole books to the subject. It is a way of life, not always understood by those
whe do not live it. Yet, its influence rests upon all of modern society, being seen
;mt only in the objects of everyday living but also in our concepts and patterns of

hought.

Science is a dynamic activity. It is not a static collection of facts and ideas.
It is the process byr which scientists, individually and collectively, work together
to devise a commor ly accepted explanation of the universe about them. It involves
observation and n.easurement, imagination, induction, hypothesis, generaliza-
tion, deduction, test, communication, and mutual criticism, in a never ending
round of assaults on the unknown or poorly known.

The scientist observes and measures objects and phenomena of the physical
world. To experimental results he applies imagination in an effort to discern or
induce laws of action or behavior of matter and energy. He generalizes from the
collection of observations and measurements, and relationships and laws, that
he has accumulated, to develop tneories that can in some coherent way explain
what is going on. Theories are then used to predict new phenomena and new
laws as yet unobserved, and these predictions serve as guides to new experiments
and observations.
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The scientist maintains a continual communication with his colleagues in a va-
riety of ways subjecting his results to the clese scrutiny of his peers. This com-
munication is carried out through tle scientific literature, in scientific meetings, 4
and in informal meetings scientist-to-scientist. So important is the role of com- ; 4
munications among scientists, in the process of mutual criticism which it serves, ‘ :
that one author was led to assert that modern science 8 communication.

This process or activity that we call science has developed its rules on the E
basis of hard and searching experience. Recognizing that physical science can- 3
not attain the absolute in knowledge, the scientists have sought to substitute E:
for the unobtainable absolute the attainable utmost in objectivity. The scientific
tradition, while demanding of each individual the maximum of insight, ingenuity,
imagination, discernment, and invention,—that is, the utmost in subjectivity,— ]
nevertheless wrings out as much of the personal equation as possible in demand- .
ing that the individual subject his thoughts and results to the uncompromising 2

&

serutiny of his skeptical peers. This tradition the members of the scientific com-
munity accept without reservation. This acceptance gives to science and scientists
a2 urity not only of knowledge but of method that encircles the world and
transcends political divisions.

This then is the process by which secientists throughout the world join hands,

a8 it were, in advancing human knowledge. This is the process from which
come the knowledge, ideas, and principles used in practical applications of a
technical nature. Moreover, just as practical returns stem from scientific re- 4

search, so does scientific research beneft from the practical results of applied
research and development. The achievements in electronics, power supplies,
& structures, materials, rockets, etc., contribute fully as much to the advancement
of scientific techniques as results of science did {o make the engineerilng achieve-
ments possible. In this partnership of science and technology and engineering,
Science plays a role of especial importance to our society.

The importance of science in our society

The reward of knowledge is in practical benefits to be found throughout the
world. In addition to these tangible benefits are the intangible ones of increased
wuderstanding on the part of humans of their place in the scheme of things. The
battle against ignorance is a never ending one, but each new concept, accepted
78 the result of increased understanding, has its beneficial influence on the
enlightenment of mankind.

Today, many of the world’s population are aware of the world as a body of
a solar system in a galaxy among millions of other galaxies. These people can
perceive of man in a historical and cosmolegical perspective that did not exist
) in centuries past. It may be hoped that, as this understanding and these concept
spread to more and more of the world’'s peeple, this common bond of understand-
ing will give not only increased motivation to solve peaceably the problems that
beset the world, but also increased means for doing so.

Recently a colleague of mine had occasion to review the history of research
into the nature of electricity. A sketch of that history is attached as Appendix X:
“A Brief History of Research in Electricity,” by Dr. John Naugle, Deputy Asso-
ciate Administrator for Space Science and Applications (Sciences), NASA
Headquarters. The story illustrates many important points.

At first, progress was slow and sporadic. Early results appeared largely un-
connected. The times when mew ideas and observations would appear were un-
predictable, as were the sources. Many people from many countries made funda-
mental contributions. Because of the wide geographic range of contributors, no
individual or group was in a position to halt, by a unilateral decision, the flow
of new knowledge about electricity.

Perhaps the most startling lesson is that for centuries electrical research
had no apparent practical value. From 600 B.C. until Christmas Day, 1821, when
Faraday constructed the first primitive electric motor, no substantial practical
application of the gcadually accumulating knowledge of electricity was apparent,
even in concept. Ten years later, in 1831, Faraday showed that a voltage could
be generated by moving a conductor through a magnetic field, and thus estab-
lished the basis for the electric generator. Since that time how fabulously,
extravagantly, overwhelming productive research into the nature of electricity
has been: The electric motor, electric power, refrigeration, air conditioning,
lighting, heating, automobile ignition systems, electronics, radio aad television,
industrial process controls, automation techniques, and mammoth computers, are
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but a mere beginning to a long list. In a very real sense the nuclear age is an
extension of research into the nature of electricity.

Such stories could be told in other fields: mathematies, mechanics, physics of
fluids, states of matter, the geosciences, chemistry, and biology to name but a
few. Similar lessons may be drawn from all these histories. Chapter X of A
SHORT HISTORY OF SCIENCE, Doubleday Anchor Books, 1959, contains
some very perceptive observations by Dr. F. Sherwood Taylor, Director of the
Science Museum, South Kensington, London, England. I should like to quote
Dr. Taylor:

“There is . .. always some time-lag between the discovery of a scientific
princiyie and its use to satisfy human needs . . . Thus we shall find that it was
principally eighteenth-century science that was utilised by the industry of the
early nineteenth century, while the great discoveries of the time bore fruit only
in the middle and later years of the nineteenth century.

“, . . the application of the first principles of the science of heat to the erude
pumping engines of the mid-eighteenth century had enabled James Watt, after
1780, to produce efficient engines which could turn the wheels and shafis of
hundreds of machines. Just before the nineteenth century began the world came
to realise the possibilities of the steam-driven machine, and for fifty years after,
the story of industry is making, improving and finding uses for steam engines.”

“We may say, indeed, that the electrical discoveries of the period 1800-1835
became fruitful only in the period 1870-1900.”

“Again, one of the greatest discoveries in physics, the demonstration that
light . . . has the character of a transverse wave-motion, was made in the years
1800-1820; but this discovery scarcely had any effect upon the optical industries
until the closing years of the century.”

“In the years between 1803 and 1808 was made the greatest advance in the
history of chemistry—the atomic theory of John Dalton . . . The atomic theory
led at once to the idea of chemical equivalents and forraulae; these were the
foundation of the theory of chemical analysis, which made possible the scientific
control of the chemical industry . .. Yet ... it was not until the 1850’s . . . that
the atomic theory had its triumph, serving in its new form to evolve the wonder-
Tul structure of organic chemistry, with its beneficent drugs, beautiful dyes—
and destructive explosives.”

A vigorous, balanced, national effort in basic research inevitably leads to
a rich harvest of practical applications. Both the source and timing of those re-
turns are not predictable in advance. It is usually a slow process for new knowl-
edge and concepts produced by basic research to work their way into practical
uses. Nevertheless, all practical technical applications rest on a broad and
fundamental understanding which only a healthy and continuing program of
basic research can attain and maintain. History fully substantiates this point.
In NASA, our Technology Utilization Program is designed not only to speed up
the feedback from space research into other areas of technical application, but
also to document the process and its results. By its very nature that program
can, at most, uncover only a small part of the total return. Yet, what it does
reveal is quite impressive.

For several years now, we in the Office of Space Science and Applications have
provided a list of both factual and potential practical benefits from basic and
applied research throughout the NASA Program. While recognizing that we
cannot predict with certainty, we have, nevertheless, permitted ourselves to
speculate on ways in which results from the various scientific disciplines may
well find their way into solving practical problems.

Our list for this year is contained in Appendix XI. The examples and ideas
came from NASA Centers and other sources. We have listed the benefits under
several headings: national security ; industry and manufacture; construction in-
dustry ; communications; weather; power sources and public utilities; trans-
portation and commerce; health and medicine; Earth resources; food and ag-
riculture ; science; education and welfare; social and political. I believe the
Committee Members will find Appendix XI well worth reading,

fu particular, I should like to call attention to a letter from Dr. Edwin G.

Scimeider, Vice President-Engineering, Sylvania Electronics Systems. Dr.

Schneider speaks from extensive experience with Department of Defense and
NASA contracts. He writes in part: “It is my belief that the technology being
developed under NASA and DoD contracts is being applied to commercial prod-
ucts at a rate which is limited only by the ability of engineers to assimilate the
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knowledge and ability of industry to carry new product ideas all the way through
to the market place . . . The concern expressed by various groups over the ap-
parent lack of transfer of technology from NASA and DoD appears to me to be
based on an imperfect understanding of the engineering process and an unwar-
ranted expectation that much of the transfer will be easily recognizable as hard-
ware end items.” Dr. Schneider identifies publication of new information in the
technical literature, interchange of duties of commercial engineers between gov-
ernment and non-government work, and the stimulation by government to in-
dustry to support their own development of new and more capable devices as being
the primary means of transfer. These comments confirm our belief that much
transfer occurs that is not and can never really be identified. The listings devel-
oped in the NASA Technology Utilization Program, and the examples included
in Appendix XTI lend support to Dr. Schneider’s position.

Much of the harvest from today’s investment in basic research will be reaped

. by our children and our grandchildren. In fact, what we are accomplishing in

basic research today constitutes a legacy which our descendants have a right
to expect from us. Just as today’s technical capability rests on yesterday’s
research, so will tomorrow’s capability rest on today’s research.

As we give strong support to applied research and development, because we
can see clearly the practical return and expect to enjoy it soon, we must remem-
ber to sow the seed for the more distant harvest. We must keep alive the unr
derstanding of the vital, fundamental, indispensable role of basic research in
continuing technical strength, and sustain the patience needed to make and main-
tain the necessary investments in basic research.

The United States leads in science today. We lead in space science. It is a
leadership that we have earned, and must earn again, and again, or lose it. It
is a leadership that is under constant challenge and can easily be lost through
apathy and undernourishment, and with it technological leadership.

With your support I believe we can maintain our lead. But it will not be
easy. The Soviet pace in planetary exploration, and their mounting pace in
exploration of the Moon pose a real challenge that we can meet only by maintain-
ing the momentum we have built up in our own space program. We ask your
support of the President’s budget that we may follow through on the good start
that the United States has made.

CHAPTER II. SPACE APPLICATIONS PROGRAMS

It is very clear to many of us that the fundamental scientific knowledge
evolving from the National space program will have a profound effect on the
life of man in the future. There is in addition a very great potential for the
immediate application of space, satellites, and man in space to solve some of the
problems which man faces here on Earth today—or will face very shortly. It is
this area of NASA’s activities that we refer to as the Space Applications Pro-
gram.

To paraphrase Socrates speaking about 400 B.C.: “We who inhabit the Earth,
dwell like frogs at the bottom of a pool. Only if man could rise above the summit
of the air could he behold the true Earth, the world in which we live.” (“Phaedo”
by Plato, E. P. Dutton & Co.) Socrates could hardly have understood how
prophetic his statement of 2400 years ago was, for it has only been in the last
few years that we have been able to rise above our atmosphere and fully ap-
preciate the power of observing our own Earth from that vantage point.

['m sure that most of us have become familiar with some of the putential uses
of satellites in the fields of communications and meteorology, but we have Just
begun to appreciate the real potential in these fields, as well as the possibilities
in many others such as geodesy, geology, hydrology, cartography, navigation, air
traffic control, oceanography, and even geography. .

I should like to review for you briefly some of the more apparent potent.lal
practical uses of space. Figure 144 categorizes the applications into four major
groups: Geodesy, Communications and Navigation, Meteorology, and Earth
Resources Survey. I will speak to each of these in turn, but would like at this
time to call your attention to the fact that there are many applications or
services that can be provided by satellites under these four general headings.
Note, for instance, the many kinds of communications services listed, each re-
quiring unique consideration and a varying challenge in technological develop-
ment. This list is for your reference and is intended to point up the fairly large
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SPACE APPLICATIONS

@®GEODESY
WORLD GEODETIC REFERENCE SYSTEM
DEFINE GRAVITY FIELD

O®COMMINICATIONS & NAVIGATION
POINT-TO-POINT INTERCONTINENTAL
SMALL TERMINAL MULTIPLE ACCESS
NAVIGATION-TRAFFIC CONTROL
DATA RELAY: EARTH - LUNAR = PLANETARY

| VOICE BROADCAST
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GEOGRAPHY & CARTOGRAPHY
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WATER RESOURCES & POLLUTION CONTROL
OCEANOGRAPHY
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number of very practical potential applications of space which are currently
under some degree of consideration. I am sure that it is by no means a complete
list of possible space applications, for use of the vantage point of space is still
in its infancy and we have yet to visualize many of its potentials. Perhaps, as
Socrates suggested, it is only through being in space that we shall fully under-
stand the Earth and the uses to which we can put this vantage position of
space.

Geodesy

Until 1958 the progress in defining the shape of the Earth was slow. 'The
Greeks at about 600 B.C. (fig. 145) postulated a spherical Barth and estimated
the circumference with remarkable accuracy. The next step did not occur until
the 17th Century when Sir Isaac Newton recognized the flattening of the Earth
at the poles. But the next real advance had to wait for the space era.

The use of satellites for geodetic purposes falls into two categories as shown
in Chart SA67-2017. First, to establish a common world geodetic reference sys-
tem and secondly, to accurately define the gravity field of the Earth.

A common geodetic reference system bears directly on our ability to map the
‘ surface of the Earth. The cartographers have long been plagued by the fact
| that there does not exist a single reference system today, but instead there are
' about 80 more or less independently derived reference systems called datums
' (fig. 146). Satellites are being used today to tie these independently derived

datums together with accuracies commensurate with those of the individual
j datums.
| Of equal importance to the determination of the size and shape of the Earth
is a definition of its gravity field. One of the most important scientific con-
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SIZE, SHAPE, AND GRAVITY FIELD, OF EARTH
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tributions of satellite geodesy has been the determination of the large scale
features of this force-field. The primary result of this determination has been
to raise questions. Through attempts at answering these questions, satellite
geodesy has had an appreciable impact on the direction of scientific investigation
in many areas of the Earth Sciences. As an example: one of the first results
of satellite geodesy was an improved value for the flattening of the Earth which
was determined to be significantly greater than that derived from the best
theory available, Suggested explanations have ranged from a gradual decrease in
the Earth’s speed of rotation to a lag in the Earth’s adjustment to the ending
of the last ice age. The resolution of this inconsisteicy between the measured
and theoretical values has important implications with respect to the wresent
structure and strength of the Earth’s interior and its past history.

Our space operations, too, are dependent upon the accurate description of the
gravity field. As this description improves, we improve orbit predictions and
orbit control. We will also be able to know more precisely the position of our
satellites in space and how to separate the effect of gravity on the satellite from
other effects of the environment such as those of air drag and solar radiation.

We are well on our way toward the establishment of a World Geodetic Ref-
erence System with an accuracy of 10 meters. By using such satellites as Echo
I and II, Pageos, and GEOS-I, a great deal has been accomplished toward this
goal over the past year. We have established the relative positions of 12 of the
required 75 control points (fig. 147) around the Earth with the required accuracy
and expect to establish several more with the data obtained in 1967,

We have also in 1966 made strides in geodetic instrumentation accuracy which
shows promise for the future. This improved accuracy might be of appreciable
assistance if applied in the future in the determination of the shape of the ocean

OBJECTIVE 1
(ESTABLISH A WORLD REFERENCE SYSTEM)

RELATIVE POSITION OF 12 CONTROL POINTS DETERMINED -

NASA SA 67-1225
12-13-66

FIGURE 147
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surface, 'the tracking of land motions (Earth tides), and in the support of our
Earth Resources Survey and Earth Sciences Programs.

The geodetic program is not only a cooperative effort between many agencies
of our government but, in addition, geodesy has traditionally served as a basis for
international cooperation. Satellite geodesy has furthered that tendency. Through
such organizations as the International Uniou of Geodesy and Geophysics
% (IUGG) and the Committee on Space Research (COSPAR), many nations are
continuing to work together to set down requirements, plan observational pro-
grams, and share results.

Communications and nevigation

, We are all familiar with the fact that we have already established the tech-
H nology for the use of satellites for large volume point-to-point or intercontinental
communications. The current satellite systems are bringing about healthy com-
: petition with the older conventional systems such as cables; this is evidenced
in recently reduced cable and combined rates, a long-term saving that comes back
directly to the individual citizen. We are proud of the role that NASA has played
in the development of this new industry and we are continuing to support the
! ' launches required by the Communications Satellite Corporation as stipulated in
the Communications Satellite Act of 1962. '

But the potential uses of satellites in the broad area of communications are
many (fig. 148); the ultimate and complete potential is probably beyond our
ability to predict. We can, however, foresee the extension of the advantages of
satellites for communication between smaller and smaller ground terminals in
larger and larger numbers. Today, economic use of satellites is restricted to large
volume ‘traffic through a rather small number of very large ground terminals
which cost millions of dollars. Foreseeable increases in satellite size and. power
will permit economical direct participation by even larger numbers of smaller
traffic-producing areas in satellite systems. Achievements of large-scale multiple
access to relatively small and inexpensive Earth terminals could ultimately
make it economical for many more areas and nations to have their own Earth
terminals. This direct access to a global satellite system would eliminate’ the
need to cross political boundaries and territories for such access.
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3 If we carry this small station capability one step further and combine it with
3 | a position determination capability using that same satellite system, we can fore-

see the development of an air and sea navigation and traffic control satellite
s system in combination with normal communications functions. Such a capability

R CRRIALS 7, RIS BB TR T

;| 3 is already needed on the North Atlantic air routes to permit a closer and safer
e 4 spacing of aircraft within the optimum air lanes and to provide up-to-date

H § a weather and sea state information to pilots and ship captains in order to improve

i : the economy, comfort, and safety of their journey. In the case of accidents or

4 other emergencies, this communications and location capability could be of great
', help in alerting rescue forces to the emergency and in directing them accurately
and expeditiously to the scene for rescue operations.
g We have already moved a long step forward in our ability to communicate with
4 small terminals and with aircraft with the technology being developed in our
current Applications Technology Satellite program. ATS-TI is being used in ex-
perimental programs to develop our multiple access communications capability ‘
and our ability to communicate with aircraft, as shown in figure 149. Nine com- ;
mercial airlines, both foreign and domestic, as well as the Federal Aviation
Agency and the Department of Defense, are participating in this part of the ATS
program, and are developing their own aircraft equipment and techniques for
working with satellites,

It is also quite likely as we go to more sophisticated spacecraft in our space
program for lunar exploration, and interplanetary and galactic exploration, that
we shall need the help of data relay satellites to provide for the high communi-
cations capacities required. A data relay satellite system about the Earth could
minimize the requirements for continuing expensive major additions to the global
o network of tracking, command, and data acquisition stations. It could preclude
4 the necessity for carrying on board satellites the data recorders which are cur-
rently necessary because many satellites are out of sight of data readout stations
for a large percentage of their orbits. Such recorders have been a constant re-
liability problem in our current scientific and applications satellites, and have :
often been the limiting factor in useful satellite lifetime. : ;
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Lunar and planetary orbiting data relay satellites could provide for continuous
communications with orbiters and landers when they are obscured from the
g Earth, and could minimize power required on board the research spacecraft or
3 lander for communications over the interplanetary distaiices back to Earth.

i As our ability to fly larger spacecraft and carry more power into space pro-
gresses, it will be possible to provide for television transmission for community
3 services, i.e., to specially designed receivers at costs that might be practical for
E use by schools, or for viewing by groups of people, or perhaps in villages where
such services are sorely needed. The capability could be achieved without the
many ground transmitter stations required today to cover large areas.

As we progress further, the direct broadcasting of voice or eventually even
television through a satellite to conventional radio or television sets in the home
may be possible. The satellite size and power requirements for the latter dictate
i ~ that such systems cannot be made available until near the end of the next decade.
‘We recognize the many poiicy problems involved in many of these applications
E of space, such as broadecasting. The United States is studying and developing the
3 potential and the technical possibilties in these areas and is seeking technical 3

solutions to minimize problems of international and political concern. In this 3

regard, NASA plays an active role in advising other agencies of the Government
| on these applications.
; ! In addition to being of potential economic benefit to the United States and the
b other advanced nations of the world, exploitation of this application of space
could result in important political and social benefits to developing nations. A
voice or TV direct broadcast capability could bring the advantages of modern
mass communications to regions lacking adequate broadcasting networks for edu-
cational and informational programs. This could provide modern teaching tech-
niques to these areas, provide education in elementary health and hygiene, and ;
encourage tendencies toward regional cohesion, especially toward the use of a :
: common language in areas where many languages or dialects are currently in : 3
A use. In pursuing the development of such a capability the United States could
b: demonstrate to the world the vigor of our space research and development effort,
and our willingness to use our strengths on behalf of those developing nations
E which are currently unable to participate in space actlvity.

Finally, an important aspect of our effort in space communications is to deter-
E mine how we can conserve one of the Nation’s and the world’s most vaiuable re-
sources—the radio frequency spectrum. The spectrum is, after all, absolutely
. limited by physical laws. With space systems we may be able to use effectively
areas of the spectrum not usable with Earth-based systems. By more effective
utilization of those frequency bands in which the space systems are efficient, we
can minimize the Earth-based system use demands on the spectrum. As a matter
of fact, in some cases we have found it possible with our satellite systems to
share frequencies with Earth-based communications services. Thus we can make
dual use of areas of the spectrum without interference between ground and space
systems. NASA works closely with the Office of Telecommunications Manage-
c ment of the Office of Emergency Planning, and its Interdepartmental Radio Ad-
visory Committee ; and the Federal Communications Commission on these matters.

Meteorology . '

Meteorology is another major field that has already utilized the vantage point : 3
3 " of space in an operational system. This operational system provides daily obser- i &
vation of the global cloud cover (fig. 150). This clowd cover is the most visible
ﬁ and dramatic indication of the dynamic state. of the Earth’s atmosphere. In

g s

addition to a determination of large scale atmospheric circulations, delineation ' 5
‘ of jet streams, mountain lee waves, and wind shedrs; such presentations reveal
-V ‘ storms and the type of the storm, and permit monitoring the progress of storms g

from creation to dissolution, thus providing a sound basis for issuing warnings. 4
One of the most striking benefits accruing from our current satellite view from 4
above is our ability to observe the birth, progress, and death of the kind of
major storms that leave major disaster in their wake when they are unforeseen.

In 1966 we saw the establishment of the operational satellite system: for the
Environmental Science Services Administration (ESSA) based on satellites and
instruments developed in the TIRCS and Nimbus research programs. The role
played by the operational system in weather forecasting is indicated schematic-
ally on figure 151. This chart indicates the relationship between storm size and
the period over which its behavior can be predicted and indicates by the stippled 3
area the capabilities of our current operational systems including the TIROS
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Operational Satellite (TOS) or ESSA satellites. The extension of these capabili-
ties as indicated by the barred and cross-hatched areas will be discussed later.
The current systems permit forecasting the behavior of larger scale weather
phenomenon including storms of the wscale of hurricanes and cyclones over a
period of one or two days.

The quality of the predictions within this stippled area wiil be improved
greatly when nighttime cloud cover observations become available. The period
between observations of a particular area would then be reduced from 24
hours with the current daylight cloud cover observations to 12 hours with both a
day and a night observation. The changing characteristics and behavior of
storms could be more closely monitored and their future behavior predicted.
Such a nighttime cloud cover observing capability was developed in the Nimbus
program and will be incorporated in the next generation of operational metero-
logical satellites towards the end of this decade.

The current operational system supplies only periodic observations of a given
location. However, many of the most violent but small scale storms such as torna-
does and thunderstorms have durations of only a few hours, and can develop,
wreak havoe, and dissipate without being observed by such satellites. To provide
adequate warning of these storms, there must be a capability for continuous obser-
vation of localized phenomena. A satellite in synchronous ‘orbit offers the poten-
tiality for the required continuous observations and would permit short term fore-
casting of these events as shown in the barred area of the chart. Dramatic prog-
ress was made toward developing this capability in 1966 with an Applications
Technology Satellite, ATS-I. The camera system used was a spin scan variety
and provided frequent pictures of the whole Earth’s dise. Pictures can be taken
with this camera system every 20 minutes, if necessary, to watch and measure
the progress of the weather. A sequence of pictures taken 23 minutes apart on
January 24, 1967, is shown on figure 152. Although. the general features appear to
be unchanged, a detailed examination of these pictures reveals that some changes
are taking place, e.g., the clouds are decreasing to the right of the center of the
major storm located in the upper left of the photographs, starting with the one

A MORNING'S WEATHER
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THE WEATHER CHANGES-DAY BY DAY
SEQUENCE OF ATS-1 PICTURES OF THE PAGIFIC

JAN 17, 1967 . JAN 18, 1967

F1cUureE 153

labeled 09:03 A.M. Though this type of data is very new, some progress has
been made toward determining wind speed and direction from such pictures.
Another aspect of these pictures appreciably more obvious to the untrained eye
; is the weather changes that occur day-by-day as shown in figure 153. This :
' sequence clearly shows major weather patterns moving, disappearing, and reform- s
ing on a daily basis. The great potential value of observations such as these
has been recognized and forms the basis for plans for the establishment of a i
synchronous operational meteorological satellite system.

While the short range predictions of the weather are important to our daily
activities and in the saving of lives and property, the utility of that service
! would have a many fold increase if such predictions could be extended over a
longer period, perhaps as much as two weeks or more.

The National Academy of Sciences-National Research Couicil in a 1965 report
estimated the potential savings to the United States alone as a result of such
long range forecasting could approach 2% billion dollars annually (Economic

g gt YT Ly

;! Benefits from Oceanographic Research, NAS-NRC Publication 1228, 1965). 3
E The ingredients needs to provide these forecasts are an adequate model of the : :
- : atmosphere, suciently large computers, and quantitative measurements of the
A ! : atmospheric structure including such parameters as pressure, temperature,
. ; moisture content, and wind velocity at various altitudes on regular periodic

#
3
#
g
i
&
4+
b
N

schedules over the entire Earth. Atmospheric models exist and with additional
empirical data can be refined. Computer technology exists today. It remains ;
. only to develop techniques for the acquisition of the atmospheric structure data
i (as indicated in fig. 151) to make possible the 1 to 2 week forecasts of larger E
{ scale weather. 4
The World Weather Watch (WWW) Program was established by the World 3
‘ Meteorological Organization (WMOQ) in recognition of the possibility of realiz-
| ing accurate extended forecasting. Basic to the implementation of the WWW is
- the development of the appropriate satellite systems. It is the prime purpose of ;
the Nimbus research satellite program to develop this technology. In this pro- b
gram technioues and sensors are being developed to probe the atmosphere re-
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motely and directly. Using the radiation emitted, absorbed, and reflected by
the Earth and its atmosphere, satellite instrumentation will provide the measure-
ment of the required parameters of the atmospheric structure.

Earth resources survey

As the world’s population continues to grow, our need to develop, protect, re-
plenish, and use our natural resources wisely becomes more apparent and urgent.
Tke air and atmosphere are resources of the Earth as are the oceans, fresh water,
ice packs, forests, minerals, tillable land, etc. Efficient utilization of these re-
sources not only includes discovery and management, but also detection and
control of pollution which is becoming an exiremely important factor. In many
areas this need is reaching crisis proportions. Fortunately, with the advent of
the space age, new techniques are being discovered and developed to assist us
in meeting this crisis. For nearly two years now, we have been exploring the
use of both manned and automated spacecraft to develop the potential of flying
instruments in space that will permit unique observations of the state and con-
dition of our agricultural, water, forestry, mineral, land, and marine resources.
These can be used by resource managers for effective decisionmaking. Much
of our work to date has been done with aireraft, and with information which
we have been able to extract from data obtrined by existing satellites such as
TIROS, Nimbus, ATS, and, of course, from fthe valuable photographs taken by
the astronauts of the Mercury and Gemini programs. Based on this experience it
appears that the vantage point of space offers a number of unique advantages
for Earth resources surveys, and we intend to pursue these advantages vigor-
ously.

In the areas of geography and cartography space offers great promise in re-
ducing the cost of mapping the Earth, as shown in figure 154. As the chart
demonstrates, space photography can greatly reduce the number of photographs
required to update our national series of topographic maps. In addition, it
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MOSAI

e -

C & GEMINI

IV PHO

4

e W T e ISy

MOSAIC ' GEMINI I PHOTO
ER RICHART, SAHARA DESERT, MAURITANIA
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THE BEOROCK SHOWN IN THE SPACE PHOTOGRAPH, BUT NOT COVERED IN THE PHOTOMOSAIC, INDICATES THAT THIS REGION
4 HAS BEEN STRUCTURALLY OEFORMED.
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FIGURE 155

should be noted that the number of accurately located ground control points
required to convert space photography to topographic base maps is more than ;
three-hundred times less than with photographs acquired from aircraft. The : :
Department of Interior estimates that the value of up-to-date topographic maps
is worth nearly $700 million annually to our national economy. Synoptic photogra-
phy from space also often provides us with a clearer picture of many large
geographic features than is possible with a mosaic of photographs taken from
aircraft as is clearly apparent in figure 155.

Imagery from space also permits us to study many remote areas which are
potentially rich in mineral resources. Many of the world’s major ore bodies are
related to fractures (faults) in the Earth’s crust. The view from space frequently
permits us to detect and trace such fractures better than we can from airborne
or surface surveys. Figure 156 shows one of the faults (fractures) to the right
of the center which was detected by Gemini photography, while figure 157 shows
how the position of fault intersections is related to the location of known major
copper deposits in Arizona. Most of the copper ore bodies in this area are lo- 4
cated near the intersection of major faults.

Satellites can also be of great value in gathering data through space
photography which will help us determine arable land as well as soil which is ’
not suitable for agriculture due to unfavorable salinity or othe. chemical con-
stituents. While figure 158 is a photograph taken by an aircraft, it represents the
usefulness of photographs taken from space. In this picture we have been able
to determine that the areas of unhealthy cotton and bare soil have a much higher
salinity than the areas where the cotton is healthy. Similar infrared photo-
graphs, such as figure 159, can show the onset of the insect disease in our forests, 5
i the diseased irees showing up differently on infrared film. While these films
- were taken from aircraft, we believe that appropriate surveys of food and
9 forest areas can be made from space and that the data can be handled auto-
. ; matically by computers to distinguish the conditions of the various types of
E | | crops and soils.

e Kk T+ B AR AERSS S AN e Aa sk ot

i G S RN L

¥ <.,':

SO S5 e g

e T T T N R N A S 1y s

it b

oo

s
i
2

.
S LRI ARV i 2




NASA AUTHORIZATION FOR FISCAL YEAR 1968

407

IRAN

DASHT.1.LUT DESERT IN
VICINITY OF KERMAN,

NOTE THE LARGE SCISSORS
FAULT OF RECENT ORIGIN
CUTTING ACROSS SEDIMENTARY
ROCK STRATA FOLDED INTO
COMPLEX ANTICLINAL AND
SYNCLINAL MOUNTAIN RANGES

TAKEN ON GEMINI Y, 26
AUGUST 1965 ON 69TH
REVOLUTION OF THE SPACE-
CRAFT AT AN APPROXIMATE
ALTITUDE OF 110 NAUTICAL
MILES

T

NASA SA66-15704
6-21-66

EXPLANATIQN

MAJOR LINEAMENT
TRENDS

© METALLOGENIG BELT
= FAVORABLE FOR
COPPER DISCOVERY
AS DEFINED BY
HIGH CONTENT OF
TRACE ELEMENTS IN
CHALCOPYRITE AND
SPHALERITE CRYSTALS
INTRUSIVE
{CRETAGEOUS OR
YOUNGER) ASSOCIATED
WITH MAJOR COPPER
DEPOSIT OF HYORO-
THERMAL ORIGIN

ORE DEPOSIT

{PRE - CAMBRIAN) OF
HYDROTHERMAL
ORIGIN

MAJOR STRUCTURAL PATTERNS
IN THE SOUTHWESTERN COPPER REGION

F1cuRre 157

iy

i




S I,

St LR P e S

o

Rl Ler e AT s e A

R

1
f
é
H
f

ST o o A

i
i
|
@

£
R LT TR WA, T Teivee

v
¥
)
3
§;

¢ v e e e oe

“

3
E
!
-

P U3 EaoT

.
E
3
!

SEN S

Ul i Lt

e o )
fmiInaT

AR E R T3

408 NASA AUTHORIZATION FOR FISCAL YEAR 1968

SOPIE HPRSREA ) 2]

LEGEND
. HEALTHY COTTON

. UNHEALTHY COTTOR
. BARE SOIL

. P1G WEEDS IN WET
AREA, MINOR SORGHUM

5. PIG WEEDS ABOVE
SHORT SORGHUM

6. DRY TOPSOIL BETWEEN
ROWS OF SORGHUM

7. BARE SOIL BETWEEN
ROWS OF SORGHUM
HIGH MOISTURE CONTENT

& W N e

LY WY

FIGURE 158

We can do a great deal from space toward surveying our fresh water situation.
Figure 160 indicates that lake colors can be correlated with the biological, chemi-
cal, sediment, and pollutant content. We have also learned that infrared imag-
ery can be utilized to locate fresh water which is escaping along our coast lines
(fig. 161). It has been estimated that such water losses of this type may amount
to about one-sixth of the total fresh water available to our ever-increasing popu-
lation. After detecting such escape areas it is possible to save this water by
locating suitable water wells inland from them. Using infrared techniques, we
have also been able to locate areas of water which have been trapped by faults
in the Earth's crust (fig. 162). The dark areas on this chart show the location
of near surface water.

Glaciers are an important source of fresh water and their grewth and de-
cline (fig. 163) are very sensitive indicators of the available supply.

Satellites such as Nimbus have demonstrated their capability for monitoring
the thermal characteristics and sea-state of the oceans which, because of their
vast size and dynamic nature, are very difficult to map by any other mean:.
Figure 164 shows that we are able to map the Gulf Stream by satellite. The
Bureau of Commercial Fisheries has told us that there is a close correlation be-
tween fishery production and the thermal characteristics of the ocean and that
they are very interested in having us develop more accurate spaceborne instru-
ments for monitoring these thermal conditions, since this could significantly
improve the efficiency of our fishing fleet.

This country today must purchase from foreign fishing fleets over half of the
fish products consumed in the U.S. annually. The prospects of transforming
fish into a high protein general purpose food which is currently being viewed
as a potential partial solution to the world food shortage problem will demand
an even more efficient world fishing industry. It should be noted that the Food
and Drug Administration very recently approved the use of high protein fish
flour for human consumption.

Imagery from space can also assist in mapping navigation routes in coastal
and shoal water areas and in helping us to control and counteract silting in our
maiar harbors and navigable rivers. Figure 165 shows the clarity with which
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USE OF AERIAL EKTACHROME INFRARED FILM
TO DETECT INSECT INFESTED TIMBER IN OREGON.
DAMAGED TREES APPEAR BLUE - GREEN
AND HEALTHY TREES APPEAR RED OR PINK

r‘ L ﬁ‘
e LR N .
;" b S

- - v
NASA ST66-15105 1-20-66

wo s
oy

'

AL R

GEMINI VI PHOTOGRAPH
OF LAKES SOUTH OF ADDIS ABABA,
ETHIOPIA

(EFCY R

DIFFERENCES IN WATER COLOR CAN
BE RELATED TO SEDIMENTATION AND
CHEMICAL AND BIOLOGICAL CONTENT

NASA SA67-2014
2-24-67

I'IGURE 160
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DARK STREAKS REPRESENT DISCHARGE OF COOL GRWHD WATER

 INFRARED IMAGE (IN THE 4.5-5.5 MICRON RANGE] OF HILO, HAWAL,
SHOWING ESCAPE OF FRESH WATER (COLD) INTO THE OCEAN,
WATER WELLS SUITABLY LOCATED COULD TAP THIS VALUABLE RESOURCE.

NASA MO SAGD-1S8M1

f , Ficure 161

. PRE-SUNRISE IR IMAGE — SHOWS RELATIVELY COOL
{DARK) GROUND UP HILL (AT TOP) AND ALONG THE
FAULT, AS WELL AS IN STREAM BEDS CROSSING IT.
THIS SHOWS THE DISTRIBUTION OF RELATIVELY MOIST
GROUND AND THAT THE FAULT ZONE SEEMS TO SERVE AS .
A PARTIAL GROUND WATER BARRIER, IN THE DEEPEST
GULCHES AND ALONG THE FAULT THE BLACKEST (OR
COOLEST) SPOTS ARE ACCUMULATIONS OF WIND-BLOWN
TUMBLEWEEDS WHICH ACT AS INSULATION,
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b. AERIAL PHOTOGR!\PH — OF SAME AREA SHOWS ;
TOPOGRAPHIC EXPIESSION OF THE FAULT ZONE. :

NASA 5266-15504
8-2-4%

F1oURE 162
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NASA SA67-1985
2-23-67

F1cURE 163

the bay shelf £nd sand bars shew up in this imagery, and figure 166 shows the
utility of space photography in charting shoal water areas. Ultimately, space-
borne instrumentation may permit observation of the sea-state and wave
heights of our oceans.

Although it will not be possible to acquire all of the needed Earth resources
data by sensors located directly in the satellites, it is possible to supplement
such data by locating surface instruments such as buoys, water gauges, strain
gauges, and so forth, at strategically located positions on the surface of the
Farth, as suggested in figure 167. These surface instruments could transmit the
data to satellites which would relay the data to central data handling stations.

We are excited about the great potential of this Earth resources survey area,
and we in NASA have been working with all the appropriate and interested
government agencies, including the Departments of Agriculture, Commerce, and
Interior, as well as many universities and research organizations, to make a
truly national assessment of the potential of this area. It is our conclusion that
the time is now right and urgent to bring specifically designed space experi-
ments to bear upon the solution of the many pressing Earth resources problems
which are being compounded by our population and industrial growths.

Space applications summer study

To assist us in our program planning and in evaluating the relative importance
of pursuing these various goals, the National Academy of Sciences has agreed
to sponsor a Summer Study to be held in two parts in the summers of 1967 and
1968. The purpose of the study is to bring to bear the best independent scien-
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SAMPLE OF USEFUL EARTH RESOURCES DATA OBTAINED BY NIMBUS Il

NIMBUS I HIGH RESOLUTiON
INFRARED IMAGERY CLEARLY
DEPICTS THE GULF STREAM.
TEMPERATURE VALUES WERE
DETERMINED BY MICRO-
DENS ITOMETER,

NIMBUS IR IMAGERY CAN BE
VERY USEFUL IN DETERMINING
THE LOCATION, D1STRIBUTION,
AND MOVEMENT OF THE MAJOR
OCEAN WATER MASSES,

STUDIES OF THIS NATURE WILL
BE OF GREAT VALUE TO OCEAN-
OGRAPHERS, METEOROLOGISTS,
AND TO THE WORLD'S FISHING
AND SHIPPING INDUSTRIES.

NASA HQ SA67-15431

VIEW OF THE MOUTH OF THE
COLORADO RIVER

TAKEN FROM GEMINI 4 IN JUNE 1965
WITH A HASSELBLAD 500C, ALHTUDE'
OF 10-120 N. MI. THE SONORA DESERT
OF MEXICO OCCUMES THE LOWER RIGHT
HAND PART OF THE PHOTO.

NASA $M5.15543
7-6-65

FIGURE 165 -
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GEMINI V PHOTOGRAPH OF GREAT BAHAMA BANKS

DEPTH OF WATER ON
BANK IS 5 TO 25 FEET
WHILE IN TONGUE OF THE
OCEAN {IN LOWER LEFT)
IT IS OVER ONE MILE DEEP

NASA SA67-1613

FicuRreE 166

»

~ EARTH RESOURCE SURVEY DATA
WHICH CAN BE COLLECT

- g

SENSOR
AIRCRAFT

F1eUuBRE 167
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tific and technical talent in the country in reviewing the possible applications
of space to the needs of mankind. To assist the Academy in planning for this
Study, we are in the final stages of preparing a comprehensive basic resource
document which outlines our program thinking and rational, and summarizes
our work done to date, our efforts currently underway, and our program plans
for the future. We are encouraging broad participation in this Summer Study
to assure that the final output reflects the outlock and views of potential users
and people knowledgeable on matters of broad policy and economic implications,
as well as those of scientists and engineers.

Summary

In the foregoing discussion I have attempted to illustrate some of the more
apparent and more immediate applications of space. The Space applications
that have been reduced to some operational practice such as communications,
meteorology, navigation, and geodesy, and those that will be developed have
had and will continue to have a rather substantive impact on our economy and
our everyday lives. Communications satellites are already routinely providing
reliable telephone communications on practically a global basis and we are
having events of international significance brought into our living rooms
through intercontinental television. A new industry has been estahlished.

Meteorological satellites are today providing a major input to our daily
weather prediction. Satellite wutilization for navigation, traffic control and
search, and rescue purposes will be an important factor in economic utilization
of the air corridors and our use of the oceans.

The potential of satellites to distribute or broadcast news, educational and
cultural programs to populations of entire nations or regions must be seriously
studied, for there is probably no other single effort that could more directly con-
tribute to the rate of progress of developing areas and to understanding among
men,

The potential importance of being able to monitor and survey from space and
consequently protect sur natural and cultural resources must be neither under-
nor over-estimated. The prudent and efficient utilization of the resources avail-
able to us on Earth is mandatory and urgent. The role that satellites can and
should play must be developed with a sense of urgency.

Progress in the future, however, can be expected to proceed at a mnch more
rapid pace than in the past ; for the space tools of today are much more sophisti-
cated than those of a few years ago. Launch vehicle capability and reliability
have grown considerably. The establishment of a manned capability in space
will permit more rapid development of required technology and instrumentation
for subsequent transfer to automated operational systems of the next generation.

There is no question that the United States has been effective in and has been
recognized for its role in the exploitation of space for the benefit of mankind.
Many nations throughout the world now understand the potential economic
return, both directly and in terms of the technical base developed by the U.S., in
the pursuit of these very important and powerful uses of space.

It is because of the early start in the area of communications and meteorclogy
that the U.S. enjoys this position today. It is because of the support of Congress
in the early days of the space pros=am that research and development programs
were successfully executed, resulting in the new communications capability and
in the beginning of the global understanding of the weather and our Earth itself
that we enjoy today. Extension of these services and full development of the
potential of space applications will surely have a profound and immediate effect
on our everyday lives here on Earth.

CHAPTER IIL. BUDGET REQUEST FOR SPACE SCIENCE AND APPLICATIONS PROGRAM

I am particularly pleased to report to you this year on the outstanding pro-
gress which has been made in the scientific exploration of space and in the
practical application of space flight to the benefit of man. Your Committee may

" Jjustly take pride in these accomplishments, for, without your strong support, the

United States would not now hold a position of strength in this important area.
Such leadership must be held as well as earned. We must continue to press for-
ward with this vital program. The opportunities which lie ahead are even more
exciting and important than those already realized.
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Mission record

The program which we propose this year is solidly based on a history of out-
standing accomplishments in space about the Earth, the Moon, and the planets.
The 1966 series of dramatic successes with second and third generation auto-
mated spacecraft demonstrated striking advances in the utility, durability,
versatility, and effectiveness of this equipment. The flights of Nimbus II, OGO
I11, Surveyor I, Orbiters I and II, and the Applications Technology Satellite I
were highlights. The scientific and praciical significance of the results of this
program have been described in the preceding chapters.

Those of you who worked with us during the early years of the space program
will particularly appreciate the mission record for Calendar Years 1965 and
1966 (fig. 168, fig. 169, and fig. 170). Twenty-three of the 28 NASA science and
applications missions were successful. In addition, all 5 non-NASA-developed
payloads and the joint U.S./Canadian Alouette, for which we held vehicle re-
sponsibility, were successfully launched. Further the Atlas Centaur development

program was successfully completed and Centaur was used to launch Surveyors
Iand II.

Level of activity

The Space Science and Applications Program is at its peak level of activity—
and accomplishment. All but two of the many automated spacecraft systems
begun since the start of the space program have achieved a fully developed
status. Many have been or will soon b: phased out, having successfully achieved
their cbjectives. The time has now come to replace those objectives set in the
early 1960’s with equally imaginative and challenging goals for the future. There
are many important opportunities from which to choose.

Because of budgetary constraints, it was necessary to operate the Space Sci-
ence and Applications Program at $607.1 million in Fiscal Year 1967, as sum-
marized below and in fig. 171.

Space Science and A pplications Program Fiscal year | Fiscal year | Fiscal year
1966 1967 1968

Physies and astronomy. ... e, $142, 7563, 000 | $129,800,000 | $147, 500, 000
Lunar and planetary exploration _ . ... . _.___.___... 204,300,000 | 169, 400, 000 142, 000, 000
4 T 17,096, 700 10, 450, 000 71, 500, 000
Sustaining university program. ... . _____ . ___. 46, 000, 000 , 000, 000 20, 000, 000
Launch vehicle development_. ... ...___________._.____.____| 57,780,000 | 31,200,000 | _____ _______
Launch vehicle procurement_.________ 178, 700, 60N , 400, 165, 100, 000
BioSeience. - .. , 400, 000 41, 550, 000 44, 300, 000
Space applieations_. _ ... 78, 053, 000 71, 300, 000 104, 200, 000

Motal . e 759,092,700 | 607, 100, 000 694, 600, 000

We deferred not only new starts but also followon buys of developed equipment.
The Advanced Orbiting Solar Observatory was cancelled. Surveyor, Orbiter,
and probably the Orbiting Geophysical Observatory (OGO) are being phased out
earlier than originally planned. The result of these actions has been to reduce
flight activity in the present program to about 809 of the current level by 1970,
with a corresponding serious reduction in anticipated results. The President’s
Fiscal Year 1968 budget will enable us to reverse this trend and will give us an
opportunity to hold the leadership in space we have so laboriously won. We feel
that the outstanding results of the program to date fully justify your continued
strong support.

In Fiscal Year 1968, an increase in the budget for the Office of Space Science
and Applications (OSSA) is proposed. This budget of $694.6 million is never-
theless below those of Fiscal Years 1964, 1965, or 1966 for this program. It will
provide a sufficient level of activity to insure capitalizing in the 1970’s on some
of the opportunities which lie ahead.

The importance of this budget to the flight program is illustrated in figure 89.
This chart shows the flight activity in the Space Science and Applications Pro-
gram since 1960. The number of launched or scheduled missions is seen to de-
crease rapidly to zero in the early 1970's. Additional missions included in the
Fiscal Year 1968 budget are shown to fall off rapidly also. Because of the typical
three-year procurement lead time for all but the simplest spacecraft, it is in-
evitable that this downward trend continue until about 1971. 'The course of the
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SPACE SCIENCE AND APPLICATIONS
CY 1965 SCIENTIFIC SATELLITES CY 1966
EXPLORER XXVIl...ovviiiiereeniennennerennnns SUCCESS EXPLORER XXXI e iitiiiiiiiieiitinnneeineinnnennees SUCCESS
EXPLORER XXV oiieeiirininieeininnininins SUCCESS EXPLORER XXXIl .ot oiiiittiiiiieiiiinnnnnieensesacannnn SUCCESS
EXPLORER XXIX ..evieieininiiininisirennens SUCCESS ORBITING ASTRONOMICAL OBSERVATORY |I....... FAILURE
EXPLORER XXX ..vivverireneririeneinenesannenns SUCCESS ORBITING GEOPHYSICAL OBSERVATORY |i........ SUCCESS
[ o] o 2 | I PR eereeneeen SUCCESS BIOSATELLITE I ...iviniineiiiiieiiiiiinineneeneneneenen FAILURE
[0 0 X ol e VEHICLE FAILURE
[0 c] o N | R FAILURE
ALOUETTE Il .ooiiiiiiiiiinivinerencsececeaneens SUCCESS
NASA $67-602
1-5-67
Ficure 168
SPACE SCIENCE AND APPLICATIONS
CY 1965 DEEP SPACE PROBES CY 1963
RANGER VI .vvvierinriiinnieeereenorenssene SUCCESS PIONEER VIl ucun vt iiiinivrenennnanes SUCCESS
RANGER IX o oiviiiinransecsersnssssssssssee SUCCESS SURVEYOR L..ivnivrnnirnrreecenerencennasnnnne SUCCESS
PIONEER Vil cervnneriveeinrenncenesnnenenseases SUCCESS SURVEYOR Il euneiininrieiiniennnencennnannses FAILURE
LUNAR ORBITER §...uevienivenineneiennennes SUCCESS
LUNAR ORBITER 10....ccecvvrnnrerenrerensens SUCCESS
LAUNCH VEHI CLE DEVELOPMENT
CENTAUR (AC=5)...uuineinininininninrecnaes FAILURE CENTAUR (AC=8).......cc00vurenemrennnrnes FAILURE
CENTAUR (AC=6)....ccr..crvninrrvnenacanenns SUCCESS CENTAUR (AC=9)........0nvernneenerennanes SUCCESS
SCOUT EVALUATION (VEHICLE A).......... SUCCESS
NASA $67-6/3
1-5-67

Fiaure 134
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SPACE SCIENCE AND APPLICAT.ONS
MISSION RECORD CY 1965-1966
CY 1965 SPACE APPLICATIONS CY 1966
TIROS IX L A LLSIISTIPTORII SUCCESS ESSA | 1 iiiiiiiiiiuiiiiiieiinesreerrernesesnesssnnnneesses SUCCESS
TIROS X(OT=1)....0oocvirinivnnininns SUCCESS ESSA Il.uiuiiiii e ceenn e, SUCCESS
(337 N 1 SRR SUCCESS
NIMBUS 11, e SUCCESS
PAGEODS....c.iiivitie i ee e, SUCCESS
APPLICATIONS TECHNOLOGY SATELLITE I........ SUCCESS
NON-NASA MISSIONS
INTELSAT<I {EARLY 8IRD 1)...... LAUNCH SUCCESS INTELSAT f1......iiiiniinniiiniirennne, LAUNCH SUCCESS
EXPLORER XXX...cooovnvnennnens LAUNCH SUCCESS OVedrermmeiiiinnin i, LAUNCH SUCCESS
FRENCH ..oiuiveiiiniinenernees LAUNCH SUCCESS
NASA $67-628
1-5-67
FI1GURE 170
MILLIONS SPACE SCIENCE AND APPLICATIONS
OF BUDGET HISTORY
DOLLARS
800
100 - LAUNCH VEHICLE PROCUREMENT 7
600
LAUNCH VEHICLE DEVELOPMENT
—’4‘
500 -=z-
SPACE APPLICATIONS -
400 -
LUNAR & PLANETARY —‘ngm
360 =
200 —
/ PHYSICS AND ASTRONOMY = —— — = —
100 ;
0 T SUSTAINING UNIVERSITY PRGGRAN N
FY 1962 1963 1964 1965 1986 1967 1968
NASA 567-404
1=5-47
Ficure 171
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program beyond that date will depend on Fiscal Year 1969 and later funding,
but it is our intention and conviction that the space science and applications ac-
complishments of the 1970’s will be even more productive than those of the 1960’s.

Future opportunities

New mission activity which is covered in the Fiscal Year 1968 budget is shown
in figure 90, along with the funding required in that year. Each of these projects
will be discussed later. By way of introduction, however : Voyager is a major
program of great importance and far-reaching significance. Because of its im-
portance, specific anthorization is being requested. It is designed to explore
Mars and Venus with the combined orbiter-plus-lander technique used so success-
fully on the Moon. The first flight would be a Mars mission in 1973. Fiscal Year
1962 funds would cover the detail design (Phase C) of the Voyager systems.
See figure 99 which further illustrates the Voyager design and development
philosophy. The spacecraft bus will fly to the planet, inject itself and the landing
capsule into planefary orbit, and continue to function in orbit as a scientific
observatory. The technologzy for this system evolves directly from Mariner,
Orbifer, and 0GO. The 5000 to 7000 pound entry capsule and landing system
evolve directly from Surveyor and Apollo technology. This system includes an
automated surface laboratory weighing from 860 to 1500 pounds. This laboratory
will conduct physical, chemical, and biological experiments under the direction
of a team of scientists on Earth. Twe complete systems will be launched with
a single Saturn V launch vehicle,

Mariner Mars *71 is a project to extend the use of the Mariner Mars '69 design
by including an atmospheric entry probe which would not survive imnact. It
would directly measure and confirm key atmospheric properties of Mars in
advance of the first Voyager mission, and permit adjusting the Voyazer mission
profile and experiments for optimum performance. Development of the sterilized
probe would constitute an important technological forerunner to the more com-
plex Voyager effort. The Mariner system would also be adaptable to Venus flights
beginning in 1972, Fiscal Year 1968 funds would permit Phase C detail design for
the Mars mission in 1971.

As a clever approach to their solar studies, the Massachusetts Institute of
Technology has designed the Suntlazer deep spac2 probe. This relatively simple
system of solar satellites would be launched to escape velocity by Scout vehicles.
Immediate initiation of flicht hardware would lead to flizhts in 1968.

Preliminary design (Phase B) is proposed for a Voice Broadcast Satellite
with Fiscal Year 1968 funds. This system could broadcast high quality FM
voice material directly into the home over continental areas. This type of satel-
lite could be a particular boon to developing nations with inadequate broadcast
and distribution systems of their own. Ultiniately, broadcast satellites will re-
place conventional radio and television distribution systems with improvement
in quality and reduction in cost. If followed up with Phase C funds in Fiscal
Year 1969, such a system could fly in 1972.

A new Applications Technology Satellite configuration is proposed to develop

. the technology of high gain, precisely steerable antennas in synchronous Earth

orbit. This technology will be applicable to advanced -radio and television broad-
cast satellites, navigation and traffic control satellites, data collection and trans-
mission satellites, and other practical uses. The narrow beam parabolic antenna
planned for this satellite minimizes spacecraft power requirements and ground
station complexity. Fiscal Year 1968 funds will allow completion of preliminary
design and initiation of a Phase C detail design. First flight would be in 1971.

The Nimbus followon effort reflects our conclusion that an improved version of
the current Nimbus weather satellite is the best approach to continuing R&D in
satellite meteorology. The need is definitely for heavier instruments, increased
power, and long lifetimes. This ic particularly true during the research period
when various instruments are being tested and compared for suitability for
operational use.

Program plans and progress

I would like now to direct your attention to the content of the various sub-
divisions of the OSSA program, and to the considerable progress which has
been made during 1966.

Physics and astronomy programs

Simply stated, these programs are directed toward fundamental scientifle
studies of the Earth, Sun, and stars. The physics of space around the Earth en-
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compasses the atmosphere, ionosplziz, and magnetosphere. Solar physics in-
cludes the fundamental processes tui’«y place within the Sun, its atmosphere,
and its radiations. In addition, we a1» - ncerned with the effect of solar emana-
tions upon the Harth itself. Our wori in space astronomy is largely comple-
mentary to ground-based asironomy in that it concentrates on cbserving the
celestial sphere in such wavelengths as long-wave radio, ultraviolet, X-rays, and
gamma rays, which are not observable from the Earth’s surface. From these ob-
servations could come revolutionary new concepts in our understanding of the
universe.

Mastery of these various areas of space science is necessary before we can
truly say with confidence that we understand this newly-accessible medium
through which we fly.

To conduct this research, it is necessary to utilize sounding rockets, satellites,
and deep space probes, in combination with a strong program of Earth-based
laboratory research as summarized below, see also figure 91.

Fiscal year | Fiscal year | Fiscal year
1966 1067 968

SuPponmg research and technology/advanced studies. .......{ "$20,594,000 | $19,900, 000 $19, 900, 000
Solar observatories. .o oo em e 19, 052, 000 , 800, 000 11, 900, 000
Astronomical observatories. . ...ceu o camccceccmcca—e- 22, 300, 000 27,700, 000 40, 600, 000
QGeophysical observatories. . oo 28, 215, 000 24, 000, 000 20, 000, 000
Plomeer e cmm——————————— 12, 700, 000 7,200, 000 7,500, 000
EXPIOTOTS. . oo e e e cm e m;m— e m————————— e om 18, 592, 000 19, 200, 000 21, 600, 000
Sounding rockets.. . oo 19, 300, 000 20, 000, 000 22, 000, 000
SuNblazer. - e a feme e mcmm e e e ae 2, 000, 000
Data analysis. .o e 2, 006, 000 2,000,000 2,000, 000

Total. e e e emmm e mamcam e m e mn—————— 142,753,000 | 129,800,000 147, 500, 000

The Supporting Research and Technology (SR&T) Program, which is planned
to continue at the 1967 level, funds the work of thc scientists in their labora-
tories evolving new concepts, preparing new experiments for possible space
flight, or analyzing data from past flights. Frequently, before a new experiment
is considered for inclusion on a satellite or deep space probe, it is first flown in
a sounding rocket.

The Sounding Rocket Program serves the dual function of flight qualifying
new experiments and of conducting basic research in that region of the atmos-
phere and ionosphere not accessible to balloons or satellites. A slight increase
in sounding rocket funding is required because of the increasing complexity of
instrumentation and the need for larger rockets.

The Explorer and International satellites continue as versatile and effective
means of exploring space in the vicinity of the Earth with a wide diversity of
objectives and orbits. In 1966 we successfully launched Explorer XXXII to probe
the upper atmosphere, and Explorer XXXIII to monitor the interplanetary
medium outside of the magnetosphere as well as to study the wake of the
Earth, which has now been detected in the solar wind as far away as 4 million
miles. A slight increase in the funds for Explorers is required as we extend
satellite observations into the fields of X-ray astronomy and radio astronomy.

Initial results from Pioneer VI provided new insight into the propagation of
solar cosmic rays and the temperature of the solar wind. Pioneer VII was
also placed in orbit about the Sun in 1966 to monitor the interplanetary field.
These two new Pioneers, teamed with Explorer XXXIII and Mariner IV, are
now providing coverage of the propagation of solar disturbances at points
widely distributed around the Sun. This program will continue at its present
level throughout solar ‘“maximum.” .

With the launch of the Orbiting Solar Observatories (0SO) D and E, study
of processes taking place within the Sun 'will continue in 1967, to be followed by
three more OSO’s through solar maximum in 1969. Funding requirements are
up slightly from 1967 as we enter this period of increased activity. The relatively
continuous monitoring of the Sun with the OSO spacecraft will be supple-
mented by the detailed observations of Apollo Telescope Mount (ATM).

Funding requirements for Orbiting Geophysical Observatories (OGO) con-
tinue to decrease as the program approaches possible phaseover to a simplified
version for cost reduction. The OGO’s, which have been much more successtul
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than their official rocord indicates, provide a means of simultaneously carrying
as many as 25 well-integrated experiments into the magnetosphere, or alterna-
tively into the upper atmosphere. Simultaneous measurements of this type may
prove to be the only way to unravel some of the more subtle and fundamental
secrets of these environments.

The Orbiting Astronomical Observatory (OAO) continues as our most complex
spacecraft and our most difficult undertaking among the orbiting observatories.
Many believe i t¢ be one of the most important projects in the space program.
It is an essential stepping stone in developing the capability to conduct astronomi-
cal observations from space. The technology of continuous precision pointing
under semi-automated direction from Earth-based astronomers over long periods
of time appears desirable for still larger observatories of the future. The forth-
coming experience with the ATM solar observations from manned spacecraft will
further define the most effective approach to orbital astronomy for the future.

The OAO series had its first Alight in 1966, one which ended in failure., ‘Working
closely with the Goddard Space Flight Center and its contractor, Grumman Air-
craft Company, we conducted a number of investigations of this failure and
the OAO system. The iesults of these reviews have been released publicly. In
summary, we found that the probable direct and immediate cause of the loss of
the OAO-1 was a failure in the Battery Charge and Sequence Controller that
appears to have resulted in overcharging, overheating. and eventusal failure of
a battery pack and the power system. Further, it is believed that the major
disruption to the operation of the OAO probably was caused by arcing in the star
trackers. Advantage is being taken of the time required to rectify the failure
areas to incorporate other improvements to inecrease the probability of success
on the second flight, which has been delayed until 1968. The budget for OAO is
up in riscal Year 1968, and accounts for $12.9 million of the $17.7 million
increzse in the Physics and Astronomy Program budget. However, the actual
accrued costs for Fiscal Year 1968 will remain quite close to those in Fiscal
Year 1967, which were higher than the budgeted amount dae to carryover of
prior year funds.

The last budget item to be discussed here is the Sunblazer, which I introduced
earlier. At this point, I would like to mention there is available for the Commit-
tee’s perusal a pamphlet providing a more detailed description of the Sunblazer
program. This relatively inexpensive family of small Scout-lJaunched solar probes
constitute an important step in our exploration of the Sun as well as an effort
to capitalize on small probe techniques for deep space exploration.

Some of the major accomplishments of the Physics and Astronomy Program
are summarized. Figure 172 shows the relative orientations of the two highly

" eccentric orbits of OGO I and OGO III which were designed to study the mag-

netosphere. As the Earth rotates about ¢the Sun, the magnetosphere rotates with
respect to these orbits and is thus surveyed in great detail. The orbital plane
of OGO II, which was placed in a low nearly-polar orbit to investigate the inter-
face between the atmosphere and magnetosphere, is also shown. OGO IIT was
the only official success since it was the only OGO to maintain 3-axis attitude
stabilization. However, OGO I has continued effective operation since September
1964. The OGO’s have yielded more data than all other geophysical satellites
combined. Over 100 publications and reports at scientific meetings have pre-
sented the important results of the OGO investigations. Recently all three OGO’s
were in simultaneous operation providing unprecedented coverage.

Figure 173 summarizes some of the scientific highlights in the Physies and
Astronomy Program in 1966. These important findings in the vast new lab-
oratory of outer space are typical of the steady returns to science which have
been forthcoming since the start of the space program. Their long-range impact
on the evolution of science at home and abroad will be felt for years to come.

Lunar and planetary programs

The objective of these programs is the explcration of the Moon, the planets
and their moons, and the astercids and comets which make up our solar system.
From these explorations, we are rapidly coming to understand our solar system
much better, and we hope to unravel many of its mysteries. Such knowledge
must include the history of biological evolution in the solar system, in which
Mars is currently considered the most probable abode for extratefrestrial life.

The fact that we are now technologically ready to undertake exploration
of the planets with automated spacecraft is reflected in the distribution of funds
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ORBITING GEOPHYSICAL OBSERVATORIES

0GO-I ( SEPT 1964)

©® CONTINUOUS EFFECTIVE
OPERATION

" @ PROVIDED DETAILED
DEFINITION OF
MAGNETOSPHERE AND

- BOUNDARY CHARACTERISTICS

® CORRELATIONS WITH IMP,
PIONEER, MARINER

0GO-ITT ( JUNE 1966 )
® OPERATING

46 DAYS OF CONTINUOUS
ACTIVE STABILIZATION

SUN @ IMPORTANT LOW ENERGY
ELECTRON MEASUREMENTS

ORSITAL
OGO-IT ( OCT 1965 ) PLANE

® OPERATING

® OBSERVED FOUR MAJOR SOLAR
FLARES AUGUST-DECEMBER 1966
OGO~

® CORRELATIVE MEASUREMENTS ( 46
EXPERIMENTS ) FOR 2 WEEKS W|TH

O FIRST GLOBAL WORLD OGO IAND OGO TI-.
MAGNETIC SURVEY
@ DETECTED NEW LOW
FREQUENCY RADIOWAVE 80W SHOCK
PHENOMENA NASA 567-609
1=5-67

FIGURE 172

PHYSICS AND ASTRONOMY
SCIENTIFIC HIGHLIGHTS 1966

1. BRIGHTEST CELESTIAL X-RAY SOURCE DISCOVERED TO BE REMNANT OF AN OLD NOVA (EXPLODED STAR).

2. PROVED TECHNIQUE OF BARIUM RELEASE OUTSIDE EARTH'S ATMOSPHERE, AND FIRST DETECTED ELECTRIC
FIELDS IN SPACE.

3. DISCOVERY-OF PREDICTED HELIUM "WHISTLER" SIGNALS IN SPACE, PERMITTED NEW, SENS{TIVE- -
MEASUREMENT OF HELIUM COMPOSITION IN UPPER ATMOSPHERE (ALOUETTE m.

4. DISCOVERY OF ANOMALOUSLY LOW AND FLUCTUATING IONIZATION HIGH ABOVE EARTH'S POLAR ZONE.

3. FIRST ACTUAL MEASUREMENT OF {ON WAKE OF A SPACECRAFT (GEMINI 10, It) MOVING THROUGH THE
IONOSPHERE .

6. INTENSIVE OBSERVATION OF SUN'S CORONA DURING INCIPIENT NEW SOLAR CYCLE, USING A TOTAL
ECLIPSE, AND SOUNDING ROCKETS CARRYING HIGH RESOLUTION X-RAY AND UV TELESCOPES.

7. PYONEER VI PROVIDED CLEAR EVIDENCE THE EARTH'S GEOMAGNETIC WAKE EXTENDS AT LEAST FOUR
MILLION MILES IN SPACE.

8. DISCOVERY OF ENERGETIC ELECTROMS ASSOCIATED WITH SOLAR FLARES (MARINER IV).

9. DISCOVERY OF NEW MAGNETOSPHERIC OSCILLATORY RESPONSES TO INTERPLANETARY STORMS

(IMP, OGO). NASA 567-610
1-5-67
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in the Fiscal Year 1968 budget for lunar and planetary exploration as sum-
marized below, see also figure 92.

Lunar and Planetary Exploration Fiscal year | Fiscal year | Fiscal year
’ 1966 1967 1968
Supporting research and technology/advanced studies. _...__. $23, 000,000 | $20, 900, 000 $20, 800, 000
BUrVeyOr T 104, 634, 000 84, 500, 000 42, 200, 000
Lunar orbiter. ... _________________ Tt , 081, 28, 800, 000 10, 000, 000
Mariner._..______._ e e memaccemememameeeeeecooon e cr————— 17, 685, 000 35, 200, 000 , 800, 000
Ranger..._____._. G e oo 1,000,000 | o |eeoeeo__
117 204,300,000 | 169, 400, 000 142, 000, 000

Supporcing Research and Technology ( SR&T), which is held at the Fiscal Year
1967 level, undergirds the future development of the program by providing new
scientific experiments and required technology in direct support of lunar and
planetary missions. Past investment in this effort has laid the groundwork for
the planetary exploration which we now propose.

We have achieved sufficient success early in the Surveyor and Lunar Orbiter
programs to feel confident that the initial needs of the Apollo program can be
met with the seven Surveyors and five Orbiters now under contract. We are even
hoping that at least one of the Orbiters can be utilized exclinsively for scientific
observations in regions other than the Apollo landing zone. Accordingly, the
followon procurements of those spacecraft will be indefinitely deferred in order
to make funds available for planetary exploration. Should the sum total of knowl-
edge abcut the Moon gained from Ranger, Surveyor, Orbiter, Apollo—and Luna—
indicate the desirability of extensive lunar expleration throughout the 1970’s,
automated lunar spacecraft would be reinstated in the program as required to
sSupplement manned missions.

Before discussing the planetary portion of the program, let me take a moment
to summarize the outstanding results of the lunar program during 1966. The
successful landing of Surveyor I within a few miles of its target in Oceanus
Procellarum was a highlight of the year. From lift-off at Cape Kennedy through
its transmission of over 11,000 pictures and its resurrection on the second lunar
day. the mission of Surveyor I was perfect. See figure 93 which shows some
samples of Surveyor’s photography. The terrain was found to be similar to the
mare areas previously observed by the Rangers and by Luna IX in that it was
gently undulating and pocked by craters of all sizes. Rocks similar to those first
observed by Luna IX may be seen nearby and one of these is shown enlarged in
figure 93. An important new finding was the presence of large rock fields in the
distance, apparently associated with ejecta from large craters. A magnified view
through Surveyor’s zoom lens is dlso shown in the chart. These individual rocks
are as large as several yards across. Lunar Orbiter photography has shown such
rock piles to be uon-uniformly distributed over the lunar surface.

By viewing the 1- to 2-inch depression made by Surveyor’s footpads, and by
analyzing the accelerations and strain-gauge -neasurements during landing, it
has been possible to tell a good deal about tt: properties of the surface. The
surface appears to consist of loosely-constituted and moderately-cohesive particu-
late matter of generally small size. The Surveyor exerted from 6 to 10 pounds-
per-square-inch force on the surface. The surface bearing strength is thus at
least this great and more likely higher. The consistency of the surface material
seems much like dried .silt; one could scoop it up with his hands, and would
sink in slightly when walking across it. Luna XIII subsequently confirmed these
determinations of surface properties.

The first two Lunar Orbiter missions were also extremely effective. Orbiters I
and IT photographed 28,000 square miles of 22 primary Apollo sites at a resolution
of about 25 feet, as shown in figure 174. In addition, four thousand square miles
covering 13 of the 22 primary sites were photographed at a high resolution ‘of
about 3 feet by Orbiter II. Lunar Orbiter III has just recently successfully com-
pleted photographing an additional 12 potential Apollo sites. See figure 94 which
illustrates the effectiveness of this photography. The left-hand photograph shows
an area of 4.7 x 6.3 miles at the 25-foot resolution. These photos are taken in stereo
pairs and make possible a rapid evaluation of large areas and the elimination of
obviously poor terrain. The right-hand photograph is a 2300 x 3100 foot portion
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LUNAR ORBITER 1 AND il PHOTO COVERAGE = .
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Figure 174

of the area in the photograph at the left as observed with the high resolution
camera. Objects three feet or smaller are clearly discernible in the original
negatives.

A detailed recounting of the many scientific findings in this wealth of data is
not possible herein. The roughness of the surface was found to be highly vari-
able, even within the maria. The dark maria are the smoothest regions. Numerous :
small sites have been found which appear useable for landing with the Apollo ‘
LEM spacecraft. However, none have been found which fully meet the initial
Apollo site specifications for smoothness, slopes, and radar approach topography. ' :
The best landing sites found to date are from 10% to 15% cratered and typically '
contain about 10,000 hazardous craters within the Apollo 16-square-mile disper-
sion ellipses. Piloting at touchdown will thus be important in the LEM landing.
Mass wasting and slumping of material in response to gravity appears to be an
important process in modifying the surface. Importantly, the surface shows evi-
dence of volcanic activity. There seems little doubt that the Moon will be a
highly interesting object of exploration.

See figure 97 for ar ~blique photograph of the crater Marius and its “hills,”
made with one »f * > “irbiter’s film frames which must be exposed periodically
during long intervas .+ tween primary site photography. About 150,000 square
miles of additional froantside coverage were obtained in this manner, as well as
about 4 million square miles of high quality lunar farside photography.

From a technological point of view, the control of the Orbiter in its flight about
the Moon was extremely precise. The spacecraft responded to thousands of com-
mands and executed hundreds of attitude changes. Apolune and perilune were
controlled to within a mile. Cameras were pointed with high accuracy at the lunar
sites. Orbiter and Surveyor demonstrated much of the technology required for
zoyager, which will extend the orbiter/lander exploration mode to Mars and

enus.

The reduction of $61.1 million in lunar exploration, because of an early phase-
out of Surveyor and Orbiter, is offset by an increase in Fiscal Year 1968 of $33.7
million in the Mariner program to probe Mars and Venus, and $61 million in the
Voyager program leading to automated surface exploration of these planets.




S RN STM T SN VR LM 1 & S T # T,

e

TR

R T

PRI TR

3
i

T A e T P ny

KR T DR L

O T S 2T

N

i
v

s Nerrige 2330

424 NASA AUTHORIZATION FOR FISCAL YEAR 1968

During 1966, excellent progress has been made in preparing for the Mariner flight
to Venus in June of 1967, and the two flights to Mars in 1989. In addition, studies
have been completed on how to adapt the 1969 spacecraft to carry atmospheric
probes to Mars and Venus in 1971 and 1972 respectively. Adapting Mariner to
carry a several-hundred-pound probe appears practicable and highly desirable in
its own right, as well as an asset to planning the final details of the Voyager
mission. Accordingly, $10.1 million are included to initiate this development.
There is available to the Committee a summary description of the most recent
additions to the Mariner program.

Voyager program

The Voyager program, summarized in Table 4 and Chart S67-1615 constitutes
what many consider to be the most important undertaking in deep space explora-
tion since Project Apollo was authorized in 1961.

Fiscal year | Fiscal year | Fiscal year
1966 1967 1968

8 acec_rag; systextn------.- ...................................... $8, 191, 000 $1, 300, 000 sgi, %, 888

apsuie bus system. ... e , 600,
Surface laboratory system. ..o i 7, 622,000 8, 100, 000 24, 000, 000
Xoyager biological 1aboratory..-- ... .o C 1, 000, 000 450, 000 2, 500, 000
aunch vehiele system. ... - ... 210, 000 500, 000 1, 500, 000
Mission operations. ..o oo 74,000 100,000 500, 000
B 7 17,097, 000 10, 450, 000